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PREFACE

BETWEEN the IPhysiology of Man and that of the Domestie
Animals there i1s no fundamental difference, and most of our
knowledge of human physiology has been acquired from
experiments upon the lower animals. But while the tissues
of a man, a dog, and a horse act much in the same manner,
the mode of nutrition of these tissues is somewhat different,
and requires special attention in the case of each.

In this volume the attempt is made to give the essentials
of general physiology and of the special physiology of the
domestic animals in a form suitable to the requirements
of Students and Practitioners of Veterinary Medicine. The
book 1s not intended to take the place of the demonstrations
and practical work from which alone physiology can be
properly learned, but merely to supplement these and fo
focus the information derived from them.

The student must take every opportunity of acquiring a
really practical knowledge, and, to facilitate the more direct
association of the practical and systematic study of physi-
ology, throughout these pages references are made to de-
seriptions of the experimental and chemical work which the
student should try to do for himself or have demonstrated
to him. The histological structure of the tissues and organs
which is now studied practically in every school is here
described only in so far as it is essential for the proper
understanding of their physiology.

D.HF
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INTRODUCTION

PHYSIOLOGY is really an older science than anatomy, for even
before any idea of pulling to pieces, of dissecting the animal
machine had suggested itself to our forefathers, erude specula-
tions in regard to the causes and nature of the various vital
phenomena must have been indulged in—speculations based
upon the vivid belief in the action of spiritual agencies, and
perhaps unworthy of the name of science. Still the physiology
of to-day is the offspring of such speculations.

Organs and Funetion.—The first great and true advance
was through anatomy. As that science showed how the body
is composed of distinet and different parts, it became evident
that these parts or organs had separate actions or functions;
and hence arose the important conception of the co-relation of
argan and function.

From the early metaphysical speculations to such {true
induetions was a great stride, for a scientific method of advance
had been established.

Ever since this, until quite recent times, physiology has
followed in the footsteps of anatomy, or, to use a more com-
prehensive term, of morphology. The connection between
organ and funetion having been demonstrated, the questions,
Why are these various funetions connected with the respective
organs 7 why should the liver secrete bLile and the biceps
muscle eontraet ? next forced themselves upon the attention.

Tissues and Funetion.—Again anatomy paved the way for
the explanation. The dissecting knife and the early and
defective microscope showed that the organs are composed of
certain definite structures or fissues, differing widely from one
another in their physical characters and appearance, and, as
physiologists soon showed, in their functions., It now becane

xili



xiv INTRODUCTION

evident why the liver secreted and the biceps contracted:
the one is composed of secreting tissue and the other of
contracting tissue.

Cells and Funetion.—Physiologists and anatomists alike
devoted their energies to the study of these various tissues,
and, as the structure of the microscope improved, greater and
greater advances were made in their analysis, till at length
Schwann was enabled to make his world-famous generalisation,
that all the tissues are composed of certain similar elements
more or less modified, which he termed cells, and it became
manifest that the functions of the different tissues are due to
the activities of their cells.

The original conception of the cell was very different from
that which we at present hold. DBy early observers it was
deseribed as composed of a central body or nueleus, surrounded
by a granular cell substance with, outside all, a cell membrane.
As observations in the structure of the cell were extended,
it soon became obvious that the cell membrane was not an
essential part, and later, the discovery of cells without any
distinet nucleus rendered it clear that the essential part is
the cell substance, and this substance Von Mohl named
protoplasm, by which name it is since generally known.

Protoplasm and Funetion.—So far physiology had followed
in the tracks of anatomy, but now another science became
her guide. Chemistry, which during the last century has
advanced with enormous strides, and has thrown such im-
portant light upon the nature of organic substances, now lent
her aid fo physiology; and morphologists having shown that
the vital unit is essentially simply a mass of protoplasm, the
seience of life bids fair to become the science of the chemistry
of protoplasm.

The prosecution of physiology on these lines is still in its
infancy, but already it has changed the whole face of the
science. Physiology is no longer the follower of anatomy.
It is become its leader, and at the present time, as we shall
afterwards see, not only the various activities, but also the
various structural differences of the different tissues, are to be
explained in terms of variations in the chemical changes in
protoplasm,

In the study of physiology this order of evolution must be
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reversed, and from the study of protoplasm the advance must

be made along the following lines ;:—

1. Protoplasm—the physical basis of life ; its activities and
nature,

2

. Cells.—Manner in which protoplasmn forms the vital units
of the body.

3. Tissues.—Manner in which these are formed by cells.
Their structure, physical and chemical properties, and
vital manifestations,

4. Nutrition of Tissues.
@, Fluids bathing the tissues—
Blood and Lymph.

b. Manner in which fluids are brought into relationship
with tissues—
Circulatory System.

¢. Manner in which substances necessary for the tissues
are supplied to these fluids—
Respiratory System.
Digestive System.
Food, its nature and quantity.

. Chemiecal changes in the tissues generally—
Metabolism and Heat Produection.

e. Manner in which the waste products of tissues are
eliminated—Exeretion, Hepatic, Renal, Pulmonary,
Clutaneons,

5. Reproduection and Development.






PART I

SECTION I
ProTorLASM

THE first step in the study of physiology must be to aequire as
clear and definite a conception as possible of the nature of
protoplasmic activity in its most simple and uncomplicated
form, for in this way an idea of the essential and non-essential
characteristics of life may best be gained.

I. Strueture.—D’rotoplasm is a semi-fluid transparent viscous
substance. It usually occurs in small individual particles—

(4)

()

FiG. 1.—(a) Foam structure of a mixture of Olive Oil and Cane Sugar ; (&) Reticu-
lated strueture of Protoplasm ; (¢) Reticnlated structure of Protoplasm in
the cell of an earth-worm (affer BUTscaLr).

CeLLs—more or less associated, but it may occur as larger
confluent masses—PLASMODIA,

Sometimes protoplasm seems perfectly homogeneous, but
generally a reticulated appearance can be made out even in the
living condition (fig. 1), and from this it has been concluded
that there is a more solid part arranged like the fibres of a

sponge, or like the films of a mass of soap-bubbles, with a more
I
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fluid interstitial part. In all protoplasm, therefore, there seems
to be a certain amount of organisation, and in certain ecells this
organisation becomes very marked indeed.

II. Physiology.—A knowledge of the essentials of the physi-
ology of protoplasm may be gained by studying the vital
manifestations of one of the simplest of living things, the yeast
plant (Saccharomyeces Cerevisze).

This plant consists of very minute oval or spherical bodies
frequently connected to form chains, each composed of a harder
outer covering or capsule and of a softer inner substance which
has all the characters of protoplasm.

Its physiology may be studied by placing a few torule in a
solution, containing glucose, C;H,,0,, and urea, CON,H,, with
traces of phosphate of soda, Na,HPO,, and sulphate of potash,
K50,

If the vessel be kept all night in a warm place the clear
solution will in the morning be seen to be turbid. An
examination of a drop of the fluid shows that the turbidity is
due to the presence of myriads of torule. In a few hours the
few torule placed in the fluid have inereased many hundred-
fold. The whole mass of yeast has grown in amount by the
growth and multiplication of the individual units,

This power of growth and reproduection under suitable con-
ditions is the essential eharaecteristic of living matter.

What are the conditions necessary for the manifestation of
these phenomena of life ?

1. If the yeast be mixed with the solid constituents of the
solution in a dry state no growth or reproduction oceurs,
Water is essenticl,

2. If the yeast, mixed with the solution, be kept at the
freezing point no growth takes place, but this proceeds actively
at about 36° C. A cerloin temperature is necessary for the
vitality of protoplasm. 1In the absence of these conditions, proto-
plasm is only potentially alive, and in this state it may remain
for long periods without undergoing any change, as in the seeds
of plants and in dried bacteria.

The conditions essential for the manifestations of life being
present, in order that the growth of the yeast may take place,
there must be :—
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() A SuppLY oF MATERIAL from which it can be formed,
(6) A SuppLy oF ENERGY to bring about the construction,

(z) The chemical elements in protoplasm are carbon, hydro-
gen, oxygen, nitrogen, sulphur, and phosphorus. These elements
are contained in the ingredients of the solution used. If yeast
be sown in distilled water, even if it be kept at a temperature
of 36 C., it does not grow.

(b) The energy is got by the breaking down of the sugar,
C;H,,0,, into alecohol, C.H 0, and carbon dioxide, CO,. Such a
breaking down of a cmnplex into simpler molecules liberates
energy, as is well seen when nitro-glycerine explodes, breaking
into carbon dioxide, water, oxygen, and nitrogen—

2C,H,(NO,), =600, +5H,0+ 0+ 6N.

The energy can be used for the performance of work of any
kind, as, for example, the work of building up a fresh quantity
of the yeast plant out of the substances contained in the
solution. The history of the yeast plant shows that proteplasm,
when placed in suitable conditions, has the pvwer of breaking down
certain complex substances, and of wtilising the energy liberated
Jor buwilding tself wp. It is this power which has enabled
living matter to exist and to extend over the earth.

How does protoplasm liberate the potential energy of such
substances ?

The answer to this question has been given by the demon-
stration by Buchner that the expressed juice of the yeast torule
acts on the sugar in the same way as the living yeast. The
yeast therefore manufactures something which splits the sugar.
This something belongs to the group of Enzymes or Zymins
which play so important a part in physiology generally. These
enzymes all act by bastening reactions which go on slowly
without their presence, but they do not themselves take any
direct part in the reaction. Hence a very small quantity may
bring about an extensive change in the substance acted upon.
For the manifestation of their activity they require the presence
of water and a suitable temperature—in the case of the yeast
enzyme about 36° C. is the best. At lower temperatures the
reaction becomes slower and is finally stopped, and at a higher
temperature it is delayed and finally arrested by the destruetion
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of the enzyme. Sometimes these enzymes lead to a complete
decomposition of the substance upon which they act, but this
is often prevented by a checking influence exerted by the
accumulation of the products of their action, e.g. by the aleohol
developed from the sugar. With certain enzymes at least, the
action may actually be reversed if the enzyme is brought in
contact with the final products of decomposition. Thus the
enzyme which splits esters into their components may cause a
linking of those components to form esters. In this respect they
simply aid the establishment of an equilibrium between the
component substances in the reaction.

The general action of the enzymes has been termed kata-
Iytic. It may be compared to the action of an acid in the
inversion of cane sugar—

C:ﬂHv.z'Du o H20 =2 (CEHLEDG)'

Here the acid merely hastens a reaction which would go on
slowly in the presence of water alone,

The precise way in which such katalytic actions are brought
about is still not quite clear, but there is evidence that the
agent acts as a middle-man between the reacting substances, in
the case of H,O, taking up the O and then liberating it—in the
case of the decomposition of cane sugar taking up H,O and
handing it on; just as in the oxidation of glucose, which oceurs
when it is boiled with an alkali, a metallic oxide, such as
cuprous oxide, may take oxygen from the air and hand it on to
the glucose, thus making the oxidation more rapid.

Living yeast differs from these dead substances simply in
the fact that it uses the energy liberated from the glucose. In
virtue of this, the yeast has the power of repair and of growth.

But protoplasm is also constantly breaking down, and if
yeast be kept at a suitable temperature in water without any
supply of material for construction, it gives off carbon dioxide
and decreases in bulk on account of these disintegrative
changes, These are as essenfial a part of the life of living
matter as the building-up changes, and it is only when they
are in progress that the latter arve possible,

Protoplasm (living matter) is living only in virtue of its
constant chemieal changes, metabolism, and these changes
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are on the one hand destructive (kafabolic), on the other
constructive (anabolic). Living matter thus differs from
dead matter simply in this respect, that side by side with
destructive changes, constructive changes are always going
on, whereby its amount is maintained or increased.

Hence our conception of living matter is not of a definite
chemical substance, but of a substance constantly undergoing
internal changes. It might be compared to a whirlpool con-
stantly dragging things into its vortex, and constantly throw-
ing them out more or less changed, but itself continuing
apparently unchanged throughout. Hoppe-Seyler expresses
this by saying: “The life of all organisms depends upon, or,
one can almost say, is identical with, a chain of chemical
changes.,” Foster puts the same idea in more fanciful
langnage: “ We may speak of protoplasm as a complex sub-
stance, but we must strive to realise that what we mean by
that is a complex whirl, an intricate dance, of which, what
we call chemical composition, histological structure, and gross
configuration are, so to speak, the figures.”s

The rate of these chemieal processes may be quickened or
slowed by changes in the surroundings, and such changes are
called stimuli. If the stimulus increases the rate of change, it
is said to excife; if it diminishes the rate of change, it is said
to depress. Thus the activity of the changes in yeast may
be accelerated by a slight increase of the temperature of the
surrounding medium, or it may be depressed by the addition
of such a substance as chloroform water.

While the continuance of these chemical ehanges in proto-
plasm is life, their stoppage is death. For the continuance
of life the building.up changes must be in excess of or equal
to the breaking-down. The evolution of energy must be
sufficient for growth and maintenance. It is only the surplus
over this which is available for external work. In youth the
surplus energy is largely used for growth, in manhood ior
work. When failure in the supply or in the utilisation of the
energy-yielding material occurs, the protoplasm dwindles and
disintegrates. Death is sudden when the chemical changes
are abruptly stopped, slow when the anabolic changes are
interfered with. The series of changes which occur between
the infliction of an incurable injury and complete disintegration
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of the tissue constitute the processes of Neerobiosis, and their
study is of importance in pathology.

III. Chemistry.—It is impossible to analyse such an ever-
changing substance as protoplasm, and although what is left
when these chemical changes are stopped can be examined,
such analyses give little insight into the essential nature of
the living matter.

That substances of great complexity take part in the con-
gtant whirl is shown by the analyses of what is left after
death. Five or six elements—carbon, hydrogen, oxygen,
nitrogen, sulphur, and phosphorus—are present, and these
are linked together to form molecules of enormous size.

Water is the most abundant constituent of protoplasm,
amounting, as it does, to about 75 per cent.

The Solids, constituting the remaining 25 per cent., con-
gist chiefly of a series of bodies closely allied to one another
and called “chief substances” or Proteins. In addition to
these, certain inorganic salts are found in the ash when
protoplasm is burned, indicating the presence of Porassiom
and CALciuM along with ProspHorUS and SULPHUR. The
inorganic salts, and especially their kations, appear to be of
considerable importance in maintaining the activity of proto-
plasm, and their possible mode of action will be considered
later. Small and varying quantities of Fars, and of Carso-
HYDRATES, with traces of a number of other organic sub-
stances which need not here be enumerated, are also usually
present.

Of these substances the Proteins alone have to be con-
sidered here, since they constitute the really imporfant part
of the material,

PROTEINS

White of egg or the juice of meat may be taken as examples
of such proteins dissolved in water with some salts. If the
salts be separated, and the water carefully driven off at a low
temperature, a pure protein is left.

(A) Physical Charaeters.—The proteins from the residue of
living matter—the Native Proteins, as they may be called—
have a white, yellow, or brownish colour. In structure they
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are usually amorphous, but many have been prepared in a
erystalline condition, and it is probable that all may take a
crystalline form. The erystals vary in shape, being usually
small and needle-like, but sometimes forming larger rhombie
plates. Some proteins form apparent solutions in walter,
others require the presence of neutral inorganic salts, others
of an acid or alkali, while some are completely inscluble
without a change in their constitution. All are insoluble in
alecohol and” ether.

When in solution, or apparent solution, the native pro-
teins do not dialyse through an animal membrane. They
are ecolloids. Other colloidal bodies reacting much like the
proteins have been prepared synthetically by chemists—e.g.
by heating together amido-benzoic acid and phosphoric an-
hydride. Like other colloids proteins tend to coagulate, form-
ing a clot just as, for instance, silicic acid may clot when
carbon dioxide is passed through its solution. The native
proteins are coagulated by simply heating their solution.

All proteins rotate the plane of polarised light to the left.

(B) Chemistry.—Proteins contain the following chemieal
elements: carbon, hydrogen, oxygen, nitrogen, and sulphur,
in about the following percentage amounts:—

C. H. N. 8. 0.
52 7 16 1 24

It is important to remember the amounts of nitrogen and
carbon, since proteins are the sole source of the former
element in the food and an important source of the latter.

As regards the number of atoms of these elements which
go to form a single molecule, information has been obtained
by studying compounds with various metals. The following
probable formula of the molecule of the chief protein of the
white of egg is given simply to show how complex these
substances are: C,,H 00N ,048..

The econstitution of the protein molecule has been investi-
gated first by studying the products of the decomposition
of the molecule by various agents, and second by attempting
to build up the molecule by the synthesis of the products of
disintegration.
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1. Produects of Decomposition

The native proteins in solution tend to break down into a
series of simpler bodies, and this decomposition is greatly hastened
by the action of acids or alkalies or of certain enzymes. A series
of more and more simple molecules are thus produced which, as
they decrease in complexity, give solutions which are less and
less colloidal and less and less easily precipitated by alcohol
or by neutral salts, till, finally, products are yielded which no
longer give the protein tests, which are freely soluble in aleohol,
and which have the characteristics of amino acids. Along with
these, certain by-produets are also given off.

The different stages of the disintegration of the native protein
molecule may be arranged as follows ! :—

- T 4 O
Native Proteins. "'_é E :g é - | 5
é"i |22 = 0 9
e~ [FaEl |7
Protenses, 1 o Eﬁl e
m——-— ? \C}
Peptones, E | O ]
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. = [
Dipeptides. =2 S I O
£o — !
8 e )
Amino Acids =
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i z
[ g e
| 2 == o :
2 g : _E £
e o= g S 2 =
e = == =
E ES E EE E
| = <& = e =

Of the mon-amino aeids thus formed, Leucin—amino-caproic
acid—is generally the most abundant.

Of the mon-amino acids linked to the benzene nucleus, Tyrosin
—in which amino-proprionic acid is linked to a benzene ring
with one H replaced by OH—is the most important.

! For a short account of the chemistry of these products of disintegration,
see Appendix,
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It is these acids with the benzene ring which give the xantho-
proteic test—an orange colour when ammonia is added to a
protein heated with nitric acid.

In most proteins the di-amino aeids are less abundant than
the mon-amino, and in some they are absent. But in a simple
form of protein, discovered by Kossel, linked with nucleic acid
in the heads of spermatozoa and called by him Protamine, these
diamino acids constitute about 80 per cent. of the molecule.

While these amino acids are normally converted to urea
before being excreted, in certain states of the metabolism they
appear in the urine,

The amides are always present in small amount, linked
together as in biuret HLN—CO—NH—CO—NH,, and it is these
which give the biuret test—the pink or violet when sodie
hydrate is added to the protein with which a trace of cupric
sulphate has been mixed.

The pyrrhol derivatives are ring formations of four carbons
linked by an amidogen,

H—C—C—H
]
H—C C—H
bV
N
|
H

They are seen in indol and its derivatives, where a phyrrhol
ring is attached to the benzene ring, thus
f-\\
2
| iy
S
N Y

I
H

They are apt to split off from the protein still linked to amino-
acetic acid (see p. 381).

The presence of indol in the protein molecule explains the
purple reaction when a protein is treated with glyoxylic acid
and sulphurie acid—Adamkiewiez's reaction.
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2. Synthesis of the Products of Disintegration

Emil Fischer and his co-workers have succeeded in building
up from the amino acids a series of bodies containing two, four,
and as many as ten of the amino acid molecules, linked to one
another in series, the OH of the hydroxyl of one being linked on
to the amidogen of the other with the giving off of H,0, thus:—

H OOHHH H O
R e
>N¢_G—C = T o ol
S |

" H

Amino-acetic acid. Amino-acetic acid.
Glyein. Glyein.

Glyceyl-glyein.

This he calls glyeyl-glycin,—the amino acids which have lost
the OH of the acid being characterised by the terminal /.

Such compounds he ecalls Peptides, characterising them,
according to the number of molecules linked, as Di-, Tri-,
Tetra-, and Poly-peptides,

Some of the higher of these give the hiuret test for proteins
from the presence of the linked CO.NH, group; and if an acid
with the benzene ring is in the chain, they also give the xantho-
proteic test.

He has also succeeded in building the pyrrhol derivative,
pyrrholidine earbonic acid, or prolin as he calls it, into
polypeptides.

(C) Classification of the Proteins'’
(A) Simple Proteins

1. Native Proteins.—These proteins, either alone, or combined
with certain other substances, are constant ingredients of dead
protoplasm and of the fluid constituents of the body. They are
distinguished from all other proteins by being coagulated on
heating,

There are two groups—Globulins and Albumins—the former
characterised by being insoluble in distilled water, by requiring
the presence of a small quantity of a neufral salt to form a

! The general tests for proteins and the methods of separating the different
proteins must be studied practieally, (Chewmical Phaysiologu.)
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solution, and by being precipitated from solution by half
saturating with ammonium sulphate.

2. Proteoses (P’roteins with a less complex molecule than
albumins and globulins).—They may be formed from albumins
(albumoses) and globulins (globuloses), by the action of super-
heated steam and during digestion. Under the influence of
these agents, the complex molecule splits into simpler molecules
and takes up water,

These proteoses form a series between the original proteins
on the one hand, and the peptones or simplest proteins on the
other. They may be divided into two classes:—

() Those nearly allied to the original proteins—Proto-
proteoses, which are precipitated in a saturated solution of
sodinum chloride, NaCl,

(b) Those more nearly allied to the peptones—Deutero-
proteoses, which are not precipitated in a saturated solution
of NaCl, but are precipitated by a saturated solution of
ammonium sulphate.

3. Peptones.—These are products of the further splitting of
proteoses. Their characteristic reaction is their solubility in
hot saturated ammonium sulphate solution. They diffuse very
readily through an animal membrane.

(B) Conjugated Proteins

Proteins have a great tendency to link with other sub-
stances, and the following compounds are thus produced :—

(1) Proteates (Meta-proteing) are formed by linking acids
or alkalies to the native proteins,

(2) Nueleins, so called because their existence was first
demonstrated in the nuclei or central parts of the cells of the
body, may readily be split into a protein part and into nueleie
acid, a phosphorus-containing material of definite composition,
having an acid reaction, and containing about 10 per cent. of
phosphorus. In certain places the amount of nucleic acid is
large in proportion to the protein, in others it is small. The
term nuelein is usually confined to the former, nucleo-albumin
to the latter of these. From the pure nucleic aecid, which
occurs along with protamine in the heads of spermatozoa, to the
proteins almost free of phosphorus there is a continuous series,



12 VETERINARY PHYSIOLOGY

Nueleic acid, when decomposed, yields phosphorie acid and a
series of bodies called the purin bodies which belong to the
class of diureides, and consist of two more or less modified urea
molecules linked together by an oxy-acid with three carbons
in series (see p. 427).

(3) Phospho-proteins.—Other compounds of proteins with
phosphorus-containing molecules occur which do not yield purin
bodies when decomposed. Of these vitellin, the protein of the
yolk of egg, is an example.

(4) Histones are probably proteins linked to protamine.
They oceur in the globin which may be separated from blood
pigment. They have a basie reaction.

(5) Glyco-proteins. — Proteins are linked with sugar-like
substances to form ecompounds, the best-known example of
which is Muein (see p. 23).

(6) Chromo-proteins.—In the pigment of the blood (Hemo-
globin) proteins occur linked to an iron-containing molecule
(p. 219).

(C) Selero-Proteins

These are substances produced by protoplasm which are closely
allied to the proteins—XKeratin, Collagen, and Elastin. Their
nature is considered under the tissues in which they are found.



SECTION 11
Tue CELL

ProtorLasM occurs in the animal body as small separate masses
or CELLS. These vary considerably in size, but, on an average,
they are from 7 to 20 micro-millimetres! in diameter. The
advantage of this subdivision is obvious. It allows nutrient
matter to reach every particle of the protoplasm. In all higher
animals each CELL has a perfectly definite structure. It con-
sists of a mass of protoplasm, in which is situated a more or less
defined body, the nucleus.

(A) Cell Protoplasm

This has the structure already described under protoplasm,
and in different cells the retieulum or eyfomitoma is differently
arranged. In some cells there is a condensation of the re-
ticulum, round the periphery, to form a sort of cell membrane.

At some point in the protoplasm of many cells, one or two
small spherical bodies, the eentrosomes (fig. 2), are found, from
which rays pass out in different directions. For the detection
of these bodies special methods of staining and the use of very
high magnifying powers are required. They will be again
considered when dealing with the reproduction of cells.

The cell protoplasm frequently contains granules, either
formed in the protoplasm (p. 23), or consisting of material
ingested by the cells.

In the protoplasm, vacuoles are sometimes found, and from
a study of these vacuoles in protozoa, it appears that they are
often formed round material which has been taken into the
protoplasm, and that they are filled with a fluid which can
digest the nutritious part of the ingested particles. In some
cells, vacuoles may appear in the process of disintegration.

In certain cells protoplasm undergoes changes in shape.
This may well be studied in the white cells in the blood of

I The micro-millimetre is the t5%5th of a millimetre.
3
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the froz or newt. Processes are pushed out, and these are
again withdrawn, or the whole cell may gradually follow the
process, and thus change its position. The processes are called
pseudopodia (false feet), and the mode of movement, from its
resemblance to that seen in the ameba, is called ameeboid.

The part played by the network (cytomitoma) and the more
fluid part (cytoplasm) in these movements is not clearly under-

Fra. 2. —Diagram of a Cell to show structure of Protoplasm and Nueleus, In
the protoplusm—d, attraction sphere enclosing two centrosomes; ¥

L]

vacuole ; €, included granules ; D, plastids, present in some cells. In the
nuclens—FE, nueleolus ; F, chromatin network : @, linin network ; A,
karyosome or net-knot (Wirsox).

stood. The pseudopodia are at first free of network; but
whether the Huid is pressed out by contraction of the meshes,
or whether it actively flows out, is not known. In some cells
among the protozoa movements take place along some definite
line, and the reticulum is arranged more or less parallel to the
line of movement. Such contractile processes, from their re-
semblance to muscles, have been termed myoids. In other
protozoa the pseudopodia manifest a to-and-fro rhythmic waving
movement, which may cause the cell to be moved along, or may
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cause the adjacent fluid to move over the cell. Such mobile
processes when permanent have been called eilia.

These movements are modified by the wvarious STIMULI
which modify the activity of the chemical changes in the
protoplasm (p. 5). Thus, cooling diminishes, and finally stops
them. (Gentle heat increases them, but when a ecertain
temperature is reached, they are stopped. Drying and various
drugs, such as chloroform, quinine, ete., also arrest the
movements,

Changes in the surroundings may cause either contraction
or expansion, may repel or attract. When an attracting or a
repelling influence, a positive or negative stimulus, acts at
one side of the cell—unilateral stimulation—it may lead to
movement of the cell away from it or towards it. Movements
are produced by wvarious chemical substances (ehemiotaxis),
or by light (phototaxis), or by electricity (galvanotaxis). If
the action is towards the stimulus, it is said to be posifive,
if away from it, negafive.

Chemiotaxis is the attraction or repulsion produced by one-
sided application of chemical stimuli, This is well seen in
the plasmodial masses of wmthalium septicum which grow on
tan. Oxygen and water both attract it towards them, and
exercise a positive chemiotaxis, It is also seen in the stream-
ing of the white cells of the blood to disintegrating tissues,
or to various micro-organisms which have to be destroyed to
prevent their poisoning the organism, and in the attraction
exercised by the ovam upon the male element in reproduction.

Barotaais is the effect of unilateral pressure or mechanical
stimulation. Many protozoa appear quite unable to leave
the solid substance—eyg. the microscope slide—with which
they are in contact, the unilateral pressure seeming to cause
a positive attraction in that direction.

Phototaxis,—Light, which plays so important a part in
directing the movements of the higher plants, also acts
positively or negatively on many unicellular organisms. Thus
the swarm spores of certain alge are positively attracted by
moderate illumination, streaming to the source of light, while
they are negatively stimulated by strong light, and stream
away from it. Light also plays an important part in directing
the movements of certain bacteria.
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Thermotaris—The unilateral influence of temperature is
well seen in the plasmodium of @thalium septicum which
streams from cold water towards water at a temperature of
about 30° C.

Galvanotaris—As would naturally be expected from its
stimulating action, a current of electricity has a most power-
ful effect in directing the movements of many cells. Certain
infusoria when brought between the poles of a galvanic battery
may be observed to stream towards the negafive pole.

The effects of this unilateral stimulation are of great
importance in physiology and pathology, since they explain
the streaming of lencocytes to attack micro-organisms and
other poisons to the animal body, and since they seem to
explain many of the apparvently volitional acts of unicellular
organisms. Many of these organisms appear definitely to
select certain foods, but in reality they are simply compelled
towards them by this unilateral stimulation.

(B) Nucleus

(1) Strueture.—The nucleus, seen with a moderate mag-
nifying power, appears in most cells as a well-defined eircular
or oval body situated towards the centre of the cell (figs. 1 (¢)
and 2). Sometimes it is obseured by the surrounding proto-
plasm. It has a granular appearance, and usually one or
more clear refractile bodies—the nueleoli—are seen within it.
It stains deeply with many reagents of a basic reaction, such
as h@matoxylin, carmine, methylene blue, etc. In some cells
the nucleus is irregular in shape, and in some it is broken
up into a number of pieces, giving the cell a multi-nucleated
character.

It is usually composed of (a) fibres arranged in a complicated
network (fig. 2). These fibres appear to be of two kinds: (1)
forming a network similar to the eytomitoma—the linin net-
work (&); and (2) forming generally a coarser network, the fibres
of which have a special aflinity for basic stains—the chromatin
network (). The chromatin substance contains a large amount
of nucleic aeid, and its richness in phosphorus has been de-
monstrated by treating the cells with ammonium molybdate
and pyrogallol, which colours parts rich in phosphorus of a
bréown or black tint.
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The chromatin fibres vary in their arrangement in different
cells. Usually they form a network, but occasionally they
are disposed as a continuous skein. In nuclei, with the former
arrangement of fibres, swellings may be observed where the
fibres unite with one another—the nodal swellings, or karyo-
somes, distinct from the nucleolus. The resting nucleus appears
to be surrounded by a distinet nueclear membrane, which is, how-
ever, probably really a basket-like interlacement of the fibres
at the periphery.

Between the fibres is (&) a more fluid material which may
be called the nuclear plasma or karyoplasm. Digestion in the
stomach removes the nuclear plasma, but leaves the network
unacted upon,

(2) Funetions.—The part taken by the nucleus in the general
life of the cell is nol yet fully understood. 1st. It exercises
an influence on the nutritive processes, since it has been
observed in certain of the large cells in lower organisms that
a piece of the protoplasm detached from the nucleus ceases to
grow, and, after a time, dies. Important interchanges of material
go on between the nucleus and the protoplasm. 2ad. It is
the great reproductive organ of the cell, probably playing an
important part in transmitting inherited characters (see p. 194).

Reproduction of Cells

Cells do not go on growing indefinitely. When they reach
a certain size they generally either divide, to form two new
cells, or they die and undergo degenerative changes. The
reason of this is possibly to be found in the well-known physical
fact that, as a sphere increases in size, the mass increases more
rapidly than the periphery. Hence, as a cell becomes larger
and larger, the surface for nourishment becomes smaller and
smaller in relationship to the mass of material to be nourished.
Probably the altered metabolism so produced sets up the changes
which lead to the division of the cell. These changes have now
heen very carefully studied in a large number of cells, and it
has been shown that the nucleus generally takes a most
important part in division.

Mitosis.—In a cell about to divide, the first change is a
general enlargement of the nucleus. At the same time the

centrosome becomes double, and the two portions travel from
2
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one another, but remain united by delicate lines to form a
spindle-shaped structure (fiz. 3, 1). The spindle passes into
the centre of the nucleus, and seems to direct the changes in the
reticulum. The nuclear membrane disappears, and the nucleus
is thus not so sharply marked off from the cell protoplasm.
The nucleoli and nodal points also disappear, and with them all
the finer fibrils of the network, leaving only the stouter fibres,
which are now arranged either in a skein or as loops with their
closed extremity to one pole of the nucleus and their open

(3) (4)

Fic. 3.—Nucleus in Mitosis : (1) Convoluted stage ; (2) Monaster stage ;
(8) Dyaster stage ; (4) Complete division.
extremity to the other. The nucleus no longer seems to
contain a network, but appears to be filled with a convoluted
mass of coarse fibres, and hence this stage of nuclear division is
called the convoluted stage.

The spindle continues to grow until it occupies the whole
length of the pucleus. The two centrosomes are now very
distinet, and from them a series of radiating lines extends out
into the protoplasm of the cell.

The nuclear loops of fibres break up into short, thick pieces ;
and these become arranged around the equator of the spindle
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in a radiating manner, so that when the nuecleus is viewed
from one end it has the appearance of a rosette or a con-
ventional star, This stage of the process is hence often called
the single star or monasfer stage (fig. 3, »).

Each loop now splits longitudinally into two, the divisions
lying side by side (fig. 3, 2).

The next change consists in the separation from one another
of the two halves of the split loops—one half of each passing
up towards the one polar body, the other half passing towards
the other. It is the looped parts which first separate and
which lead the way—the open ends of the loops remaining in
contact for a longer period, but, finally, also separating. In
this way, around each polar body, a series of looped fibres gets
arranged in a radiating manner, so that the nucleus now
contains two rosettes or stars, and this stage of division is
hence called the dyaster stage (fig. 3, 3).

The single nueleus is now practically double. Gradually
in each half finer fibres develop and produce the reficular
appearance. Nuclear nodes, nucleoli, and the nuclear mem-
brane appear, and thus two resting nuclei are formed from
a single nucleus. DBetween these two nuclei a delicate line
appears, dividing the cell in two, and the division is accom-
plished (fig. 3, 4).

The network of the nucleus of actively dividing cells is rich
in nucleic acid, but in ecells which have ceased to divide, in
which the nucleus has eeased to exercise its great reproductive
function, the amount of phosphorus—i.e. of nucleic acid—
diminishes, and may be actually less than the amount in the
cell protoplasm,

Amitotie Division.—In some cells the nucleus does not
appear to take an active part, the cell dividing without the
characteristic changes above discussed.



SECTION TII1I
Tue TisSUES

From the protoplasm of the cells the various tissues of the
body—bone, cartilage, muscle, etc.—are formed. The structure
of these must be studied practically ; all that will be attempted
here is to indicate how they are formed from the primitive
cell.

The human body is originally a single cell, and from this,
by division, a mass of simple cells is produced. In the embryo,
these cells get arranged in three layers—an outer, a widdle,
and an inner—the epiblast, mesoblast, and hypoblast (fig. 176,
p. 445).

(A) THE VEGETATIVE TISSUES

The Vegetative Tissues are those which support, bind to-
gether, protect, and nourish the body. They may be divided
into the Epithelial Tissues, formed from the epiblast or hypo-
blast, and consisting of cells placed upon surfaces, and the
Connective Tissues developed from the mesoblast, and consisting
chiefly of formed material between cells.

1. EPITHELIUM
1. Squamous Epithelium—

(«) Simple Squamous Epithelium.—This is seen lining the
air vesicles of the lungs. It consists of a single layer of flat,
scale-like cells, each with a central nueleus. The outlines of
these cells are made manifest by staining with nitrate of silver,
which blackens the cement substance between the cells.

(b) Stratified Squamous Epithelium (fig. 4).—The skin and
the lining membrane of the mouth and gullet are covered by
several layers of cells. The deeper cells divide, and as the
young ones get pushed upwards towards the surface, and away
from the nourishing fluids of the body, their nutrition is
interfered with, and the protoplasm undergoes a change into a

20
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body closely allied in composition to the proteins, keratin,
This substance is a hard, horny material, which is well seen in
the nails and hair, and in the
horns and hoofs of certain °
animals. It first makes its ap-
pearance as a number of little
masses or granules in the cells,
and these run together to fill
the cells which from pressure
become flattened out into thin
scales. : Fre, 4. —Stratified Squlnm.u.usF i-

Keratin forms an admirable il Foii G e P
protective covering to the body,
not only on account of its hardness and toughness, but
because poisons cannot readily pass through it, and also
because it is not easily acted on by chemicals. Like the
proteins, it contains carbon, hydrogen, oxygen, nitrogen, and
sulphur; and the first four of these elements are in about
the same proportion as in the proteins. But the sulphur is
in greater proportion (3 to 5 per cent.), and readily enters
into combination with various substances. Hence, lead solu-
tions colour keratin black by forming the black sulphide
of lead, and are largely used as hair dyes (see Chemical
Plysiology.)

(¢) Transitional Epithelium.—A slightly modified stratified
squamous epithelium lines the urinary passages. It is charac-
terised by the more columnar or pear-like shape of the deeper

layers of cells.

2. Columnar Epithelium (fig. 5, @).— The inmost set of
cells in the embryo lining the stomach and intestine, elongate
at right angles to their plane of attachment, and become
columnar in shape. The free border of the cells looks like
a hem, an appearance which is due to a series of short rods
placed side by side. Probably this is a special development
of the reticulum of the protoplasm. The great function of
this form of epithelinm is to take up the digested matter
from the stomach and intestine, and to pass it on to the

blood.
Among these columnar cells a certain number of peculiarly
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modified cells, ehalice cells, are always found. They are
larger than the columnar cells, and somewhat pear-shaped,
being attached by their small extremity. Their protoplasm
is collected at their point of attachment, while the body of
the cell is filled with mucin, a clear, transparent material.

3. Seereting Epithelium.—A number of ecells, having for
their funetion the production of some material which is to be
excreted from the cell, are arranged as the lining of depres-
sions, the glands.

The simplest form of gland is the simple tubulor—a test-
tube-like depression, lined by secreting cells. Instead of
being simple, the fube may be branched, when the gland is
said to be racemose. In many glands the secreting epi-

Fic. 5.—(a) Columnar Epithelinm from the small intestine ; (5) Ciliated
Epithelinm from the trachea.

thelium is confined to the deeper part of the tube, the
alveolus or acinus (fig. 6), while the more superficial part
is lined by cells which do not secrete, forming the duet.

In many situations several simple glands are grouped
together, their ducts opening into one common duet, and
a compound gland results,

Secreting epithelinm varies according to the material it
produces.

(A) Mucin-secreting Epithelium.—Many glands have for
their function the production of mucus, a slimy substance
of use in lubricating the mouth, stomach, intestine, ete.
The acini containing such cells are usually large. The cells
themselves are large, and are placed on a delicate basement
membrane, a condensation of the subjacent fibrous tissue,
which bounds the acinus. The nuclei are situated near
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to the attached margin of the cells, which are somewhat
irregular in shape, and are packed eclose together. Their
appearance varies according to whether the gland has been
at rest or has been actively secreting.

LBesting Stafe.—In the former case, in the fresh condi-
tion, the cells are large, and pressed closely together. Their
protoplasm is filled with large shining granules. After treat-
ment with reagents, each cell becomes distended with clear,
transparent muein formed by the swelling and coalescence
of the granules.

After Activity—After the gland has been actfively secret-
ing, the cells are smaller and the granules are much less

%*“Wﬁiﬁ{%

Fic. 6.—A Zymin-secreting Gland, to show an acinus lined by secreting
cells eontaining zymogen granules and the duet.
numerous, being chiefly situated at the free extremity of the
cell, and leaving the nucleus much more apparent.

This form of epithelium, during the resting condition of
the gland, takes up nourishing matter and forms this mucin-
yielding substance. During the active state of the gland,
the mucin-yielder is changed to muecin, and is extruded from
the cells into the lumen of the gland.

Mucin is a substance of great importance in the animal
economy. When precipitated and freed from water it is
white and amorphous. On the addition of water it swells
up and forms a glairy mass. In the presence of alkalies it
forms a more or less viscous solution, and from this solution
it is precipitated by acetic acid. In composition it is a pro-
tein linked to a molecule allied to the sugars, glucosamine
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CeH,,NH,O,, and is therefore called a glyco-protein. When
boiled with an acid it yields sugar. (See Chemical Physiology.)

In adult life the great function of mucin is to give to
certain secretions a slimy character which renders them of
value as lubricants.

(B) Zymin-secreting Epithelium.—Another form of seeret-
ing epithelium of great importance is that which forms the
various juices which act upon the food to digest it. These
Juices owe their activity to the presence of enzymes or zymins.

A zymin-forming gland after a prolonged period of rest
shows cells closely packed together, so that it is difficult to
make out their borders. The protoplasm is loaded with
granules which are much smaller than those seen in the
mucin-forming cells, and which do not swell up in the same
way, under the action of reagents. The nucleus is often
obscured by the presence of these granules,

When the gland has been actively secreting, the granules
become fewer in number, and are confined to the free ex-
tremity of the cell; they are obviously passing out. The
cell becomes smaller, and its outline is more distinet and
the nucleus more apparent.

The granules which fill the cells are not composed of the
active enzyme. If extraects of the living cells be made, they
are inert, and it is only after the granules have left the cell,
or are in the process of leaving, that they become active.
Hence, the granules are said to be composed of zymin-
forming subsfance or zymogen.

The series of changes are parallel to those described in the
mucin-forming ecells. During the so-called resting state of
the gland, the cells are building up zymogen. When the
gland is active, the cells throw off the material they have
accumulated, and it undergoes a change to zymin.

(C) Excreting Epithelium does not manufacture materials of
use in the animal economy, but passes substances out of the
body. Such epithelium is seen in the kidneys, sweat glands,
sebaceous glands, mammary glands, and perhaps in the liver.
The cells are composed of a granular protoplasm, in which the
presence of the material to be excreted either in its fuily
elaborated condition, or in process of preparation, may fre-
quently be demonstrated—e.g. fat globules, iron containing
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particles. These cells do not merely take up material from the
blood and pass it ouf, but they may profoundly alter it before
getting rid of it.

4. Ciliated Epithelium (fig. 5, p. 22).—The cells are usually
more or less columnar, and the free border is provided with a
series of hair-like processes, the ciliz, which vary in size in
different situations.

In the living state the cilia are in eonstant rhythmie motion,
each cilium being suddenly whipped or bent down in one diree-
tion, and then again assuming the erect position,

All the cilia on a surface work harmoniously in the same
direction, and the movement passes from the cilia of one cell to
those of the next in regular order, beginning at one end of the
surface and passing to the other.

As a result of this constant harmonious rhythmic movement,
any matter lyiug upon the surface is steadily whipped along it ;
and since the cilia usually work from the inner parts of the body
to the outside, this matter is finally expelled from the body.

The movements of the cilia are dependent on the changes in
the protoplasm, and everything which influences the rate of
chemical ehange modifies the rate of ciliary movement, which
may thus be taken as an index of the protoplasmic activity,

II. CONNECTIVE TISSUES

1. Mucoid Tissue.—The cells of the mesoblast of the embryo,
which at first lie in close apposition with one another, become
separated, remaining attached by elongated processes. Between
the cells, a clear, transparent substance makes its appearance,
forming a soft jelly-like tissue. This tissue is widely distrib-
uted in the embryo as a precursor of the connective tissues, .
and after birth it is still to be seen in the pulp of a developing
tooth and in the vitreous humour of the eye (fig. 7).

2. Fibrous Tissue—As development advances, the cells of
mucoid tissue elongate and become spindle-shaped, and are con-
tinued at their ends into fibres (fig. 8). These cells are often
called fibroblasts.

The connective tissues are thus clearly distinguished from
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the epithelia by having the formed material befuween and not
un the cells. They are composed of the following parts :—
I. Formed material.
() Fibres.
(b)) Matrix.
IT. Spaces (Connective Tissue Spaces).
ITI. Cells.

I. Formed Material.—(A) Fibres (fig. 9)—1st. Non-elastic
(White Fibres). These are delicate, transparent fibrils arranged
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F1e. 7.—Mucoid Tissue from an embryo rabbit.

in bundles, which do not branch, and which have a mucin-like
matrix between them. They are composed of a non-elastic
substance, collagen. This is closely allied to the proteins, and

Fie. 8. —Fibroblasts from young fibrous tissue,
gives the protein reactions faintly, but it does not yield tyrosin
when decomposed, while it does yield amino-acetic acid. It is
insoluble in cold water, but swells up and becomes transparent
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in acetic acid. It has a great affinity for carmine, and stains a
pink colour with it. When boiled, it takes up water to form a
hydrate, Gelatin, a substance soluble in hot water, and forming
a jelly on cooling. (See Chemical Physiology.)

2nd. Elastic Fibres. These are highly refractile elastic fibres,
which branch and anastomose with one another. They are
composed of Elastin, a near ally of the proteins, which is ingoluble
both in eold and hot water, and is not acted on by acetic acid.
It stains yellow with pieric acid, and has no affinity for carmine.

(B) Matriz.—This is composed of the mucus-like material
which is so abundant in the feetal mucoid tissue.

According to the arrangement of these fibres, and to the
preponderance of one or other variety, various types of fibrous
tissue are produced.

i

Fig. 9.—Bundles of White Fibres, with Fibroblasts (z) and Elastic Fibres
anastomosing with one another ().

When a padding is required, as under the skin and under
mucous membranes, the fibres are arranged in a loose felt work
to constitute areolar tissue.

In fascia, in fendon sheaths, and in flat tendons, the fibres
are closely packed together to form more or less definite layers.
In fendons and [ligaments the fibres run parallel and close
together. In ordinary tendons, where no elasticity is required,
the fibres are of the white or non-elastic variety. In licaments
where elasticity is desirable the elastic fibres preponderate.

I1. The spaces of fibrous tissue vary with the arrangement of
the fibres. In the loose areolar tissue under the skin they are very
large and irregular, in fascia they are flattened, while in tendon,
where the fibres are in parallel bundles, they are long channels.

ITI. The cells of fibrous tissue (Fibroblasts) vary greatly in
shape. In the young tissue they are elongated spindles, from
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the ends of which the fibres extend. In some of the loose
fibrous tissues they retain this shape, but in the denser tissues
they get squeezed upon, and are apt to be flattened and to
develop processes thrust out into the spaces.

In certain situations, peculiar modifications of Fibroblasts
are to be found—

(A) Endothelium.-——When these cells line the larger connec-
tive tissue spaces they become flattened, and form a eovering
membrane, called an endothelium. Such a layer lines all the
serous cavities of the body, and the lymphatics, blood vessels,
and heart, which are all primarily large connective tissue
spaces. To demonstrate the outlines of these cells it is neces-

F16, 10.—Fat Cells stained with osmie acid, and lying alongside
a small blood vessel.
sary to stain with nitrate of silver, which has a special affinity
for the interstitial substance, and which thus forms a series
of black lines between the cells.

(B) Fat Cells.—In the areolar tissue of many parts of the
body fat makes its appearance in the cells round the smaller
blood vessels, and when these cells occur in masses Adipose
Tissue is produced.

Little droplets of oil first appear, and these become larger,
run together, and finally form a large single globule, distending
the cell, and pushing to the sides the protoplasm and nucleus as
a sort of capsule (fig. 10).

If the animal be starved, the fat gradually disappears out of
the cell, and in its place is left a clear albuminous fluid which
also disappears, and the cell resumes its former shape.
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The fats are esters usually of the triatomic alecohol glycerin—

OH
C,H 5{ OH
OH
by the replacement of the hydrogen of the hydroxyl molecules
by the radicles of the fatty acids.
The most abundant fatty acids of the body are :—

Palmitie Aeid, C;H,,0,0H
Stearic Aecid, C,;H,.0,0H
Oleic Aeid, C,H,,0,0H

and from these the three fats—

Palmitin, C;H(O,C,,H;,0), = C,,H, 0,

Stearin, C,H (O, C,;H,,0),=C,H,,,0,

Olein, C;Hy(0,C\H,,0), = C; H 4,0,
are produced,

[t will be observed that the molecules of these fats are
very rich in carbon and hydrogen, and very poor in oxygen—
.e. they contain a large amount of material capable of being
oxidised, and thus capable of affording energy in the process
of eombustion.

The fats resemble one another in being insoluble in water,
but seluble in ether and in hot alecohol. As the alechol cools,
they separate out as crystals. They differ from one another in
their melting point, palmitin melting at the highest and olein
at the lowest temperature. Fat which is rich in palmitin
and stearin, as ox fat, is thus hard and solid at the ordinary
temperature of the air, while fats rich in olein, as dogs’ fats, are
semi-fluid at the same temperature. The olein acts as a solvent
for the fats of a higher melting point. (For tests, see Chemical
Physiology.)

The functions of adipose tissue are twofold :—

1st, Mechanical.—The mass of adipose tissue under the skin is
of importance in protecting the deeper structures from injury.
It is a cushion on which external violence expends itself.
Further, this layer of subcutaneous fat prevents the loss of heat
from the body, being, in fact, an extra garment.

2nd, Chemical—Fat, on account of its great quantity of
unoxidised carbon and hydrogen, is the great storehouse of
energy in the body (p. 393).
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(C) Pigment Cells.—In various parts of the eye the connec-
tive tissue and other cells contain a black pigment—Melanin.
The precise mode of origin of this pigment is not known. It
contains carbon, hydrogen, nifrogen, oxygen, and it may also
contain iron. It may be formed directly in the cells, or it
may be produced by the cells from the pigment of the blood.
Its function in the eye is to prevent the passage of light
through the tissues in which it is contained.

The cells containing the pigment are branched, and in many
cases they possess the power of movement. This is specially
well seen in such cells in the skin of the frog, where contraction
and expansion may be easily studied under the microscope. DBy
these movements the skin, as a whole, is made lighter or darker
in eolour. The movements of these cells are under the control

of the central nervous system.

2. Lymph Tissue.—One peculiar modification of fibrous tissue
is often deseribed as a special tissue under the name of Lymph
Tissue. 1t is composed of a delicate network of white fibres, the
interstices of which communicate with lymphatic vessels, and
contain masses of simple protoplasmie cells, lymphocytes, often
in a state of active division. So numerous are these that it is
impossible to make out the network under the miecroscope
until they have been removed by washing.

Lymph tissue is very widely distributed throughout the body,
and is of great importance in connection with nutrition.

3. Cartilage.—While fibrous tissue is the great binding
medium of the body, support is afforded in feetal life and in
certain situations in adult life by cartilage.

When cartilage is to be formed, the embryonic cells become
more or less oval, and secrete around them a clear pellucid
capsule. This may become hard, and persist through life,
as in the so-called pairenchymatous curtilage of the mouse’s
ear,

(1) Hyaline Cartilage—Development, however, usually goes
further, and before the capsule has hardened, the cartilage cells
again divide, and each half forms a new capsule which expands
the original capsule of the mother cell, and thus increases the
amount of the formed material. This formed material has a
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homogeneous, translucent appearance, and a tough and elastic
consistence, and cuts like cheese with the knife (fig. 11).

The formed material of cartilage is not a special substance, but
a mixture of chondroitin-sulphuric acid with collagen in com-
bination with proteins. Chondroitin when decomposed yields
glucosamine, a sugar-like substance containing nitrogen, and
glycuronic acid, another substance closely related to the sugars
(p- 23).

Cartilage is surrounded by a fibrous membrane, the peri-
chondrium, and frequently no _ e
hard and fast line of demareca-
tion can be made out between
them. The fibrous tissue gradu-
ally becomes less fibrillated—
the cells become less elongated
and more oval, as if the inter-
fibrillar substance increased in
amount and became of the same
refractive index as the fibres.
During old age a fibrillation of
the homogeneous-looking carti-
lage is brought out, especially = i AR
in costal Eﬂrtila_gﬁ’ };.Jr the de- Fia. 11.-—Hyuliua Carf:ilage covered
position of lime salts in the oy penidiaBsiigy
matrix, between the fibres. It was long ago shown that in
inflammation of cartilage this fibrillation appears; and by
digesting in baryta water, a similar structure may be brought
out. The close connection of cartilage with fibrous tissue is
thus clearly demonstrated.

Such homogeneous or hyaline cartilage precedes most of the
bones in the embryo, and covers the ends of the long bones in
the adult (articular cartilage), forms the framework of the
larynx and trachea, and constitutes the costal cartilages.

(2) Llastic Fibro-Cartilage—In certain situations—e.g. in the
external ear—a specially elastic form of cartilage is developed,
elastic fibres appearing in the cartilaginous matrix, and forming
a network through it.

(3) White Fibro-Cartilage—In other situations—e.g. the
intervertebral discs—a combination of the binding action of
fibrous tissue with the padding action of cartilage is required ;




32 VETERINARY PHYSIOLOGY

and here strands of white fibrous tissue with little islands of
hyaline cartilage are found. It is also found when white
fibrous tissue, as tendon, is inserted into hyaline cartilage,
and is really a mixture of two tissnes—white fibrous tissue
and cartilage.

4, Bone.—The great supporting tissue of the adult is BoNE.

(1) DEVELOPMENT AND STRUCTURE.—DBone is formed by a
deposition of lime salts in layers or lamelle of white fibrous
tissue; but while some bones, as those of the eranial vault, face,
and clavicle, are produced
entirely in fibrous tissue,
others are preformed in car-
tilage, which acts as a scaf-
folding upon which the for-
mation of bone goes on.

Intra - membranous  Bone
Development.—This may be
well studied in any of the
bones of the cranial vault
where - cartilace is absent
(fig. 12).

At the centre of ossifica-
4 : Pr tion the matrix between the
a0 e fibres becomes impregnated
Fie. 12.—Intra-membranous Bone i}&?el-up- with lime Bﬂitﬁ, C-hi.ﬂﬁ}’ the

ment in the lower jaw of a fwtal cat. phosphate and carbonate.

Above, the process of ossification is seen How this depﬂﬁitlﬂl’l takes

shooting out along the fibres, and on the . :
lower surface the process of absorption is plﬂﬂe is not known e and

going on. Two osteoclasts—large multi- how far it is dEPE'}lldﬁﬂt on
nucleated cells—are shown to the left. the action of cells has not
been clearly determined. As a result of this, the con-
nective tissue cells get enclosed in definite spaces, lecune,
and become bone corpuscles, Narrow branching channels
of communication are left hetween these lacun®, the
cwnaliculi. This deposition of lime salts spreads out irregu-
larly from the centre into the adjacent fibrous tissue, and
this advance is preceded by a line of actively growing cells,
sometimes called osteoblusts. The fully formed adult bone,
however, is not a solid block, but is composed of a compact
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tissue outside, and of a spongy bony tissue, cancellous fissue, in-
side. This cancellous tissue is formed as a secondary process.
Into the block of calcareous matter, formed as above deseribed,
processes of the fibrous tissue burrow, carrying in blood vessels,
lymphatics, and numerous cells, This burrowing process seems
to be carried on by the connective tissue cells, which eat up
the bony matter formed. In doing this they frequently
change their appearance, becoming large and multi-nucleated
(osteoclasts). Thus the centre of the bone is eaten out into
a series of channels, in which the marrow of the bone is
lodged, and between which narrow bridges of bone remain.

Fig. 13. —Intra-cartilaginous Bone Developmenrt. A phalanx of a fwtal finger
showing the formation of periosteal bone round the shaft ; the opening
up of the curtilage at the centre of ossification ; the vascularisation of
the cartilage by the invasion of periosteum ; and the calcification of the
cartilage round the spaces.

It is by the extension of the calcifying process outwards,
and the burrowing out of the central part of the bone, that
the diploé and cancellous tissue are produced.

Intra-cartilaginous Bone Development.—In the bones pre-
formed in cartilage, the process is somewhal more complex,
although all the bone is formed in connection with fibrous
tissue, the cartilage merely playing the part of a scaffolding
and being all removed. Where the adult bone is to be pro-
duced, a minute model is formed in hyaline cartilage in the
embryo, and this is surrounded by a fibrous covering, the
perichondrium. In the deepest layers of this perichondrium

3



34 VETERINARY PHYSIOLOGY

the process of calcification takes place, as deseribed above,
and spreads outwards, thus encasing the cartilage in an ever-
thickening layer of bone (fig. 13). This was demonstrated
by inserting a silver plate under the periosfeum, and showing
that bone was deposited outside of it.

At the same time, in the centre of the cartilage, at what
is called the centre of ossification, the cells begin to divide
actively, and, instead of forming new cartilage, eat away
their capsules, and thus open out the cartilage spaces
(fig. 13). Into these spaces processes of the perichondrium
bore their way, carrying with them blood vessels, and thus
rendering the cartilage vascular (figz 13). The vas-
cularisation of the centre of the ecartilage having been
effected, the process of absorption extends towards the
two ends of the shaft of cartilage, which continues to
elongate. The ecartilage cells divide and again divide, and,
by absorbing the material between them, form long irregular
canals running in the long axis of the bone, with trabecul=
of cartilage between them. Into these canals the processes
of the periostenm extend, and fill them with its fibrous
tissue. A deposition of lime salts takes place upon the
trabeculz, enclosing cells of the invading fibrous tissue, and
thus forming a crust of bone, while the cartilage also becomes
calcifiad. If this calcification of the cartilage and deposition
of bone were to go on unchecked, the block of cartilage
would soon be converted to a solid mass of caleified tissue.
But this does not occur. For, as rapidly as the trabeculz
become ecalcified, they are absorbed, while the active changes
extend farther and farther from the ecentre to the ends of
the shaft, The centre is thus reduced to a space filled by
fibrous tissue which afterwards becomes the bone marrow.

The process of absorption does not stop at the original block
of cartilage; but after all of this has been absorbed, the bone
formed round the cartilage (the periosteal bone) is attacked
by burrowing processes from inside and outside, which hollow
out long channels running in the long axis of the bone.
These are the Haversian SPees (ﬁg_ 14). Round the inside
of these, calcification occurs, spreading inwards in layers, and
enclosing connective tissue cells, until, at length, only a
small canal is left, an Haversian canal, containing some
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connective tissue, blood vessels, lymphaties, and nerves, with
layer upon layer of bone concentrically arranged around it.
This constitutes an Haversion system. In this way the
characteristic appearance of the shait of a long bone is
produced (fig. 14), with layers of calcified fibrous tissue, the
bone lamell®, arranged as Haversian, interstitial, peripheral,
and medullary lamellze,

One important function performed by the cartilage is in
bringing about the inecrease in Jlengih of the bones. In
addition to the centre of ossification in the shaft, at each

[

Fic. 14. —Cross section through part of the shaft of an adult long bone to show
the arrangement in lamelle distributed as Haversian (1), interstitial
(2), peripheral (3), and medullary (4).
end of the bone one or more similar centres of ossification
form, These are the epiphyses. Between these and the
central rod of bone—the diaphysis—a zone of ecartilage
exists until adult life, when the bones stop growing. In
this zone, the cells arrange themselves in vertical rows, divide
at right angles to the long axis of the bone and form
eartilage. This cartilage as it is formed is attacked by the
bone-forming changes at the diaphysis and epiphyses, but
the amount of new cartilage formed is proportionate to this,
and thus a zone of growing cartilage confinues to exist until
early adult life, when epiphyses and diaphysis join and
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growth in length is stopped. The rate and extent of this
growth of the cartilage has an important influence on the
growth of the individual,

(2) CapmisTeY.—The composition of adult bone is roughly
as follows :—

Water, 10 per cent.
Solids, 90 per cent.
Organie, 35 per cent.—chietly collagen.
Inorganie, 65 per cent.
Calcium phosphate, 51.
W carbonate, 11.
,,  Hueride, 0-2.
Magnesium phosphate, 1.
Sodium salts, 1.

The points to be remembered are the small amount of
water, the large amount of inorganic matter, chiefly calcic
phosphate, and the nature of the organic matter—collagen.

(&) THE MASTER TISSUES OF THE BODY, MUSCLE
AND NERVE

By means of the epithelial and connective tissues the body
is protected, supported, and nourished. It performs purely
vegetative functions, but it is not brought into relationship
with its environments. By the development of nerve and
muscle the surroundings are able to act upon the body, and
the body ean react upon its surroundings.

These tissues may therefore be called the Master Tissues, and
it is as their servants that all the other tissues functionate,

So far as the chemical changes in the body are concerned,
muscle i8 more immportant than nerve, for three reasons—
First, it is far more bulky, making up something like 42 per
cent. of the total weight of the body in man; second, it is
constantly active, for even in sleep the muscles of respiration,
cireulation, and digestion do not rest; and third, the changes
going on in it are very extensive, since its great function is to
set free energy from the food. So fur as the melabolisin of the
body is comcerned, muscle is the master tissue. For muscle we
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take food and breath, and to get rid of the waste of muscle
the organs of excretion act. Hence it is in connection with
muscle that all the problems of nutrition—digestion, respira-
tion, circulation, and exeretion—have to be studied.

I. MUSCLE

The two great functions of musele are—
To perform mechanical work,
To liberate heat.

1. MuscLE AT REST

Structure : Chemistry and Physical Characters

The first trace of the evolution of musele is found among
the infusoria, where, in certain cells, in parts of the proto-
plasm, the network or cytomitoma is arranged in long parallel
threads in the direction of which the cell contracts and
expands, Such a development has been termed a myoid.

1. Structure of Musele

Even a cursory examination of mammalian musecle shows
that those of the trunk and limbs, skeletal museles, are
different from those of such internal organs, as the bladder,
uterus and alimentary canal, visceral museles.

The viseceral museles appear to be formed from cells similar
to ordinary connective tissue cells. These elongate, acquire a
covering, and their protoplasm becomes definitely longitudinally
fibrillated by the arrangement of the cytomitoma. They thus
become spindle-shaped cells, varying in length from about 50 to
200 micro-millimetres., A covering membrane, the sarcolemnma,
develops. This is thin, but tough and elastic, and it adapts
itself to the surface of the cell, unless when this is excessively
shortened, in which case the sarcolemma may be thrown into
folds, which give the cell the appearance of cross-striping.
The nuclens is usually long, almost rod-shaped, and is
independent of the eytomitoma (fig. 15, a).

The skeletal museles develop from a special set of cells,
early differentiated as the musecle-plates in the mesoblast
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down each side of the vertebral column of the embryo. Each
cell elongates. The nucleus divides across, but the cell,
instead of also dividing, lengthens and continues fo elongate
as the two daughter nuclei again divide. The cytomitoma
becomes arranged longitudinally, and a series of transverse
markings appear across the cell. Lastly, a covering, the
sareolemma, develops, and the fully-formed fibre is produced
(fig. 15, b).

This consists of three parts—

1. The Sarcolemma is a delicate, tough, elastic membrane
closely investing the fibre, and attached to it at Dobie’s lines.

2. The Musele eorpuscles consist of liftle masses of proto-
plasm each with a nucleus, which lie just under the sarcolemma.

3. The Sarcous substance is made up of a series of longi-
tudinal fibrils consisting of alternate dim and clear bands—the

it fi

Fic. 15.—{a) Fibres of Visceral Musele ; (b) Fibres of Skeletal Muscle to show
sarcolemma, musele corpuscles, and sareous substance composed of fibrils
showing transverse markings.

former staining deeply’ with eosin. In the middle of the
clear band is a narrow dim line, Dobie’s line. The fibres
and fibrils tend to break across in the region of the clear
band, showing that they are weakest at that part. The clear
band differs from the dim band, not only in not taking up
eosin, but also in the fact that it entirely prevents the passage
of polarised light except in one position of the analysing
prism, while the dim band allows polarised light to pass,
whatever be the position of the prisms,

A probable explanation of these facts is that the sarcous
substance is made up, like other protoplasm, of a mitoma and
plasma; that the mitoma is arranged in a series of longitudinal
fibres, which are broader and stronger in the dim band, and
lie closely applied to one another, side by side, while in the
clear band they are thinner, and are separated from one

another by plasma ; and that at Dobie’s line there is a swelling
on each fibril,
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2. Chemistry of Muscle

Like all other living tissues, muscle is largely composed of
water. It contains about 75 per cent. The 25 per cent.
of solid constituents is made up of a small quantity, about
3 per cent, of ash, and 22 per cent. of organic substances.
The ash consists chiefly of potassium and phosphorie acid, with
small amounts of sulphuric and hydrochlorie acids and of sodium,
magnesium, caleium, and iron. The sulphurie acid is derived
from the sulphur of the proteins, and a part of the phosphorie
acid 1s derived from the phosphorus of the nucleins of muscle,
and probably from other organic combinations,

1. Proteins.—Of the organic constituents, by far the greater
part is made up of Proteins. These may be divided into—

(#) Those soluble in neutral salt solutions.
(b) Those insoluble in them.

(¢) The first class of bodies consists entirely of three
globulins. Two of these—Myosinogen and Paramyosinogen—
have the peculiar property of clotting under certain condi-
tions, to form what is called Myosin, and this process, which
oceurs after death, is the cause of death stiffening. The
post-mortemn change is supposed to be brought about by the
development of an enzyme, since a glycerine extract of dried
muscle rapidly causes the formation of myosin. The third
globulin, Myoglobulin, does not undergo this change. These
three proteins are contained in the plasma—the juice which
can be expressed from muscles kept near the freezing point.
If the plasma is warmed it rapidly clots, just as it does
post-morten.

(b) The insoluble protein of muscle, Myostromin, seems
to be of the nature of a nuclein, and probably forms the
framework of the fibres, It is always mixed with the eollagen
of the fibrous tissue of muscle, and it may be separated by
dissolving it in ecarbonate of soda solution, from which it
may be again precipitated by weak acetic acid. (Chemical
Physiology.)

Collagen derived from the fibrous tissue holding the musele
fibres together is also present, and yields gelatin on boiling.
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In addition to the proteins, small quantities of other organie
substances are found in muscle,

2. Carbohydrates.—Glucose (C;H,,0.) is present in musele,
as in all other tissues.

Glycogen a(C.H,,0.)—a substance closely allied to ordinary
starch, but giving a brown reaction with iodine—is always
present in musecle at rest. If the muscle has been active,
the amount of glycogen diminishes, being probably econverted
to glucose, and used for the nourishment of the tissue. (For
the chemistry of the carbohydrates, see p. 344.)

3. Fat is present in small quantities in the fibres, and often
in very considerable quantities in the fibrous tissue between
the fibres,

4. Inosite, formerly called muscle sugar, is present in small
amounts. It is not a sugar, but a benzene compound.

5. Sareolactic Aeid.—Hydroxy-propionic acid—

H OH O
el
H—C—C—C—0—H

=
H H

This dextro-rotatory isomere of ordinary lactic acid is in-
creased in muscle during activity and during death stiffening,

6. Extraetives.—If dried musecle is treated with alcohol a
series of bodies containing nitrogen may be extracted. The
chief of these is Creatin, or methyl-guanidin-acetic acid.
Guanidin  CNH(NH,), is a near ally of urea CO(NH,),
being formed by replacing the O with NH.

Methyl-gnanidin is produced by replacing an H in guanidin
by CH,—

NH CH,
Il
HQN——G—NE—H
If this is linked to acetic acid—

H_NCH|H O
I
H,N—C—N--C—C-—0H

Methyl-guanidin | H acetic acid
is produced.
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7. The Colour of Musele varies considerably, some muscles
being very pale, almost white in colour—e.g. the breast muscles
of the fowl; others again being distinctly red, even after all the
blood has been removed. This red colour is, in some cases, due
to the presence of the pigment of blood, kemoglobin, but in
certain muscles it is due to a peculiar set of pigments,
Myoh®matins, giving different reactions from the blood
pigment.

3. Physieal Characters of Muscle

1. Muscle is translueent during life, but, as death stiffening
sets in, it becomes more opaque,

2. Muscle is markedly extensile and elastie. A small foree
is sufficient to change its shape, but when the distorting force
is removed it returns completely to its original shape, provided
always that the distortion has not overstepped the limits
of elasticity.

When a distorting force is suddenly applied to muscle—e.g. if
a weight is suddenly attached—the distortion takes place at
first rapidly, and then more slowly, till the full effect is pro-
duced. If now the distorting force is removed the elasticity
of the musele brings it back to its original form, at first rapidly,
and then more slowly. (Practical Physiology.)

The advantages of these properties of muscle are, that every
musele in almost all positions of the parts of the body is
stretched between its point of origin and insertion. When it
contracts it can therefore act at once to bring about the
desired movement, and no time is lost in preliminary tightening.
Again, the force of contraction, acting through such an elastic
medium, causes the movement to take place more smoothly, and
without jerks. Experimentally, too, it has been ascertained
that a force acting through such an elastic medium produces
more work than when it acts through a rigid medium,.

The extensibility of musele is of value in allowing a group
of museles to act without being strongly opposed by their
antagonistic group. For instance, suppose the extensor muscles
of the arm were not readily extensile, when the flexors acted, a
large amount of their energy would have to be employed
in elongating the extensors, Similarly the elasticity of the
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museles tends to bring the parts back to their normal position
when the muscles have ceased to contract. It must not,
however, be imagined that, in all movements of one set of
muscles, the antagonistic muscles are relaxed, although they
may be elongated. Often they are in a state of activity so as
to guide the movements which are being produced (see p. 58).

Tonus of Musele.—The tense condition of resting muscle
between its points of origin and insertion is not merely due to
passive elasticity, but is in part caused by a continuous con-
traction kept up by the action of the nervous system. If the
nerve to a group of museles be cut, the muscles become soft and
flabby and lose their tense feeling.

3. Heat Production.—Muscle, like all other living proto-
plasm, is in a state of continued chemical change, constantly
undergoing decomposition and reconstruction. As a result of
this chemical change, heat is evolved. But the heat evolved
during rest of muscle is trivial.

4. Eleetrieal Conditions.—Muscle when at rest is iso-electrie,
but if one part is injured, it acts to the rest like the zinc plate
in a galvanic battery—becomes electro-positive ; and hence, if a
wire passes from the injured to the uninjured part round a
galvanometer, a current is found to flow along the wire from
the uninjured to the injured part, just as, when the zine and
copper plates in a galvanic cell are connected, a current flows
through the wire from copper to zine. This is the Current of
Injury (p. 63). (Practical Physiology.)

92, MuscLE IN AcCTION
A. Skeletal Muscle
1. Methods of making Musele Contract

Skeletal musecle remains at rest indefinitely until stimulated
to contract, usually by changes in. the nerves. We desire to
contract our biceps: certain changes occur in our brain, these
set up changes in the nerves passing to the biceps, and the
muscle contracts,

Can skeletal muscle be made to contract without the inter-
vention of nerves—can it be direetly stimulated ?

To answer this, some means of throwing the nerves out of
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action must be had recourse to. If curare, a South American
arrow poison, be injected into an animal—e.g. into a frog, the

brain of which has been destroyed—it soon loses the power of
moving. When the nerve to a muscle is stimulated, the muscle
no longer contracts. But, if the muscle be directly stimulated by
any of the various agents to be afterwards mentioned, it at once
contracts.

It might be urged that the curare leaves unpoisoned the
endings of the nerve in the muscle, and that it is by the
stimulation of #/fiese that the muscle is made to contract. But
that these are poisoned is shown
by the fact that if the artery to
the leg be tied just as it enters
the musele, so that the poison
acts upon the whole length of
FhB Il!:}l"'r'e Sapep® e I]l':-".-I“I-"E EI."L Fia. 16. —Curare Experiment to show
Higs 1 the InlIISEIE, stimulation s::i;ttit; NErves |.-xlmﬁa:r1tnmu'am, but
of the nerve still causes muscu- nerve endings protected on the left
lar contraction. Only when the side; while on the right side the
curare is allowed to act u pon the curare is_ allowed to reach the nerve

: ; endings in the muscle,

nerve endings in the muscle does

stimulation of the nerve fail to produce any reaction in the
muscle, while direct stimulation of the musele causes it to con-
tract. This clearly shows that it is the nerve endings which
are poisoned by curare, and that therefore the application of
stimuli to the muscle must act directly upon the muscular
fibres (fig. 16). (Practical Physiology,)

Muscle, however, is more rexdily stimulated through its
nerves, and a knowledge of the points of entrance of the nerves
into muscles, the mofor points, is of importance in medicine
in indicating the best points at which to apply electrical
stimulation (fig. 17).

Various means may be used to make the musecle contraet,

Ist. Various chemical substances when applied to a muscle
malke it contract before killing it, while others kill it at once.
Among the former may be mentioned dilute mineral acids and
metallic salts. (Practical Physiology.)

2nd. A sudden mechanical change such as may be produced
by pinching, tearing, or striking the muscle will cause it to
contract. (Practical Physiology.)
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3rd. Any sudden change of temperature, either heating or
cooling, stimulates muscle. A slow change of temperature
has little or no effect. - Every muscle, however, passes into
a state of contraction, heat stiffening, when a sufficiently high

M, Lriceps (long head)

B trigepa {inner bead)

murn.{

M. Bevor carpl ninaris

N, fex. diglitor. commun.
prafood,

LL fex. digitor. subiim, "‘ M, Box. digitor, aublim.
{dlgitd 11, ex LIL)
M. flex. digit. sabl. (digit. : M. fex pollicis
R et - e
Uingr . Mediga

A, palmards brey, — M. abductor pollis, ey,

M. abdloetor digits min, M opposens pollisl
M. Eoxor digit. min.
M. oppovens digit. mia, KL Bes. poll. brev
Mo lumm-i;aau{:. M. addactar pollic, Lier

Fie. 17.—Motor Points of Arm.,

temperature to coagulate its protein constituents is reached.
This, however, is not a true living contraction. (Practical
Physiology.)

4th. Muscle may also be made to contract by any sudden
change in an electric current passed through it, whether the
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current be suddenly allowed to pass into it or suddenly eut out
of it, or whether it is suddenly made stronger or weaker.
(Practical Physiology.)

This method of stimulating muscle is constantly used in
medicine. [t is a matter of no importance how the eleetricity
is proeured, but most usually it is obtained either—

1st. Directly from a galvanic battery or electric main; or
2nd, From an induetion coil,

If a galvanic battery or current from the main be used—(1)
On making (closing) the current, and upon breaking (opening)
the current, a contraction results. While the current is flow-
ing through the musecle, the muscle usually remains at rest; but
if the current is suddenly increased in strength or suddenly
diminished in strength, the muscle at once contracts, With
strong currents a sustained contraction—galvanotonus—may
persist while the current flows. (Practical Physiology.)

It is the suddenness in the variation of the strength of the
current rather than its abselute strength which is the factor in
stimulating, as may be shown by inserting some form of
rheonome into the cirenit by which the current may be either
slowly or rapidly varied.

(2) If a current be made weaker and weaker, breaking ceases
to canse a contraction, while making still produces it. That is,
the stimulus on making is stronger than that on breaking.

(3) The two poles do not produce the same eflfect. The
negative pole or kathode—that coming from the zine plate of
the battery—causes contraction of the muscle on closing; while
the positive pole or anode causes contraction at opening. This
may be summarised as follows :—

1. Contraction on closing ; contraction on opening.
2. Closing contraction stronger than opening contraction.
3. Contraction at kathode on closing, at anode on opening.

L. L kR
2. CC=>C0O
3. CKC CAO

How can these facts be explained ?
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Electrotonus

A study of the influence of the current on the musecle while
it is passing through it throws important light on this point.
(Practical Physiology.)

While the current simply flows through the musele no con-
traction is produced, but the excitability is profoundly modified.

tound the kathode it becomes more easily stimulated, while
round the anode or positive pole it becomes less easily stimulated.
This may be expressed by saying that the part of the muscle
under the influence of the kathode is in a state of Latelectrotonus,
of increased excitability or of more unstable equilibrinm, while
the part of the musecle under the influence of the anode is in a
state of anelectrofonus, of decreased excitability or of more stable
equilibrium. Now it is well known that any sudden disturbance
of the equilibrium or balance of a series of bodies 1s apt to
cause them to fall asunder. For instance, if from a house of
cards one card is suddenly drawn out, the whole structure
passes into a condition of unstable equilibrium and is apt to
fall to pieces. So with a musele, if it be suddenly made unstable,
as at the kathode on closing, a breaking down occurs and a
contraction results. On the other hand, suppose a house of
cards is built and made extra stable by introducing some
additional cards at the foundation, then if these cards are
suddenly withdrawn the chances are that the house falls to bits.
So with a musele. When the current is opened the removal of
the state of increased stability at the positive pole may cause
a breaking down and produce the anodal opening contraction.

The study of electrotonus thus explains why any sudden
change in the flow of eleetricity through a musele stimulates it.
[t further explains why the stimulation and econtraction start
from the kathode on closing and from the anode on opening ;
and why the closing contraction is stronger than the opening,
sinee the sudden production of a condition of actual instability
must act more powerfully than the simple sudden removal of a
condition of increased stability.

This law of Polar Excitation, while it applies to musecle and
nerve, does not apply to all protoplasm. Thus ameba shows
contraction at the anode and expansion at the kathode when a
galvanic current is passed through it.
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When the galvanie eurrent is used to stimulate musecles
through the skin in man or in other living animals, the different
action of the two poles is not so marked as in the excised
muscle of the frog, because the current, passing through the
skin above the muscle to enter the body, flows not along but
ather across the muscle, and thus, under each pole applied to
the skin there iz on one side of the muscle the effect of an
entering current—anode—and on the other, of a leaving
current—~mkathode (fig, 18). Thus the same bit of musecle or
nerve is subjected to anelectrotonus on one side and katelectro-
tonus on the other, and the effects of the two poles, and there-

Kathmle Anodes

1 % A A

Fr6. 18.—Eleetrical Stimulation of human muscle or nerve to show the passage
of the current across the structure, and the consequent combination of
effects under each pole. W, making or closing the current ; B, opening or
breaking the current. W, weak ; M, medium ; S, strong current.

fore of closing and of opening, tend to be combined, although
the influence of the pole placed immediately above the muscle
predominates. Hence with a strong current contraction oceurs
both on closing and on opening at both poles. As the current
is weakened, the eontraction at the kathode on opening first
disappears, because the anode is not predominant. Next, con-
traction at the anode on opening disappears because the anodal
stimulation is so much weaker than the kathodal. Then, the
contraction at the anode on closing goes because the kathode
is not predominating; and, finally, the contraction at the
kathode on closing also disappears, When the muscle is in
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one stage of the degeneration which follows separation from its
nerve, the anodal closing contraction (fig. 18, Anode M) becomes
much exaggerated. This is called the reaction of degeneration.

When musele is stimulated by induced eleetrieity (fiz. 20)

LT]] ! i ’I'|

Electric l‘ ‘ |
R

Current. i

Make. Break, Make. Break.
[l III |I
Contraction [ \ \ )‘
of Muscle. (| | J
Kathode. Anode KEathode. Anode,
Galvanic. Induced.

Fie. 19. —To show separation of make and break stimuli and of anodal and
kathodal effects when a galvanic current is used, and their combination
when the induction coil is used,

the question is much easier, for, with each make and break or
each sudden alteration in the strength of the primary circuit,
there is a sudden appearance and
equally sudden disappearance of a
flow of electricity in the secondary
coil. If, therefore, wires from the
secondary coil are led off to a muscle,
each change in the primary ecircuit
causes the sudden and practically
simultaneous appearance and disap-
pearance of an electric current in the
musecle, and this of course causes a
contraction. But here the effects of
closing and opening the current are
practically fused, and hence the influ-
ence of the anode and kathode, and
of closing and opening, need not
be considered (fig. 20). (Practical

Al

Fig. 20.—Course of Electric
Current in primary circnit
{lower line), and in secomnd-
ary circuit (upper line) of
an induction coil. Observe
that in the secondary the
make (upstroke) and break

{downstroke) are combined,
and that a stronger current
is developed in the second-
ary circuit upon breaking
than upon making the
primary circuit.

Plysiology.)

It must, of course, be remembered,
that in an induction coil the opening
of the primary ecircuit produces a
more powerful eurrent in the second-
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ary coil than the closure of the primary circuif, and therefore a
more powerful stimulation of the muscle (fig. 20).

2. The Changes in Musecle during Contraction
I. Change in Shape

The most manifest change is an alteration in the shape of
the musele. It becomes shorter and thicker, This anyone
can see by studying their own biceps muscle. Contraction
of musele, however, is not a necessary resulf of excitation.
Thus, a part of a muscle when dipped in water may fail to

contract when stimulated, but may mani- =
fest its excitation by conducting the i
impulse to the part of the muscle not in = ¥
the water and thus making it contract. o

In skeletal musele the shortening and
thickening of the muscle as a whole is
due to the shortening and thickening
of the individual fibres and their fibrils.

In these fibrils the shortening and

Fig. 21.—Contracticn of

thickening is most marked in the dim
band. The elear band also shortens, and
at the same time it becomes darker till,
in the fully contracted muscle, it may be
as dark as the dim band (fig. 21).

These appearances may best be ex-
plained on the assumption that the fibrils
are the part of the fibre which shorten

Skeletal Muscle — re-
laxed above, contracted
below, 4 is a diagram
of the change ina fibril ;
B shows the shading of
the clear band ; and €'
shows the absence fof
any alteration in the
inflngnce of the two
bands on polarised

and thicken, and that these fibrils chiefly oL

shorten where they arve thickest—in the dim band. At the
same time, by the contraction of the fibrils in the elear band,
adjacent dim bands may be supposed to be pulled nearer to one
another, and to cast a shadow over the clear band. That no
actual chemical change takes place in either band seems to be
indicated by the facts that they retain their reaction to polarised
light and staining reagents,

Usually the contraction of a muscle oceurs simultaneously
in all the fibres. This is because a nerve fibre passes to every

4



50 VETERINARY PHYSIOLOGY

muscular fibre, and sets all in aetion together. When, as
sometimes oeccurs in disease, the nervous mechanism acts
abnormally, the muscular fibres may not all act at once, and
a peculiar fibrillar twitching of the musele may be produced.

If the musele be directly stimulated at any point, the
eontraction starts from that point and passes as a wave of
contraction outwards along the fibres. This may be seen by
sharply percussing the fibres of the pectoralis major in the
chest of an emaciated individual. The rate at which the
wave of contraction travels is ascertained by finding how
long it takes to pass between any two points at a known
distance from one another. Its wveloecity is found to vary
much according to the kind of muscle and the condition of
the muscle. In the striped muscular fibres of a frog in good
condition it travels at something over thiee mefres per second.
When the musele is in bad condition the wave passes more
slowly, and in an exhausted muscle it may remain at the
point of stimulation. (Practical Physiology.)

The cause of the propagation of this wave is simply the
continuity of the musele fibres. The fibres stimulated are
set in action, and the evolution of energy in these stimulates
the adjacent fibres, and so the contraction passes along the
muscle as a flame passes down a trail of gunpowder.

Contraction of Muscle as a whole may best be studied
under the following heads:— ;

1st. The eourse of contraction.
2ad, The extent of contraction.
ard, The foree of contraction.

lst. Course of Contraection (fig. 22).

By attaching the muscle (M) to a lever (L), and allowing
the point of the lever to mark upon some moving surface,
a magnified record of the shortening of the musele when
stimulated may be obtained.

A revolving cylinder covered with a smoke-blackened,
glazed paper is frequently used for this purpose, and to
stimulate and mark the moment of stimulation an induction
coil (p.c., sc), with an electro-magnetic marker (7.M.), intro-
duced in the primary ecircuit, may be employed.
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To find the duration of the contraction, a tuning fork,
vibrating 100 times per second, may be made to record its
vibrations on the surface. (Practical Physiology.)

o . A
Al gt

€3 il

SR S

k l::.r..

Fig, 22.—A, Method of Recording Muscular Contraction. B, Key to Parts of
Apparatus, Af, Muscle attached to erank lever L. p.e., Primary circuit,
and, s.¢., secondary circuit of an induction coil with short cireniting key,
%', in secondary circuit, B, Galvanic cell, and, X, a mercury key for
closing and opening the primary cirenit. 7.0, A lever moved by an
electro-magnet placed in the primary circuit and marking the moment of
stimulation. In A, a tuning fork beating 100 times per second is shown
recording its vibration on the drum.

5.C,
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In this way such a tracing as is shown in fig, 23 is pro-
duced.

From this it is evident that the muscle does not contract
the very moment it is stimulated, but that a short latent
period supervenes between the stimulation and the contrac-
tion. In the musele of the frog attached to a lever this
usually oceupies about j;th second ; but if the change in the
muscle is directly photographed without any lever being
attached to it, this period is found to be very much shorter.

The latent pe,rmd 1s followed by the period of contraection.
At first it is sudden, but 1t
becomes slower, and finally
stops. Its average duration
in the frog’s muscle is about
+i5th second.

The period of relaxation
follows that of contraction,

Fre. 23.—Trace of 8imple Muscle Twitch and it depends essentially

(1) showing periods of latency, contrac- o

of stimulation (2) ; and a time record musecle, whereh}' it tends to

made with a tuning fork vibrating 100 pecover its shape when the

times per second (3). distorting force is removed.
The recovery is therefore at first fast and then slow, and it
lasts in the frog’s muscle about 13;th second.

The whole contraction thus lasts only about sth second
in the frog’s muscle. In mammalian muscle it is much
shorter, and in the muscle of insects shorter still.

2nd. Extent of Contraection.

While, as will be afterwards considered, the extent of con-
traction is modified by the strength of stimulus and the state
of the muscle, the total extent of contraction is primarily de-
termined by the length of the muscle. 1f a muscle of two
inches contracts to one-half its length, the amount of con-
traction is one inch, but if a muscle of four inches contracts
to the same amount, it shortens by two inches.

Srd. Force of Contraction is measured by finding what
weight the muscle can lift, and the absolute foree of a musele
may be expressed by the weight which is just too great to be
hfted. The lifting power of a muscle depends primarily upon
its thickness or sectional arex. The absolute force of a muscle
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may therefore be expressed per unit of sectional area. In
man the absolute force per 1 sq. em. is from 5000 to 10,000
orams, The forece of contraction is, however, modified
by so many other conditions that no definite ficure can
be given.

The force of contraction during different parts of the con-
traction period may be recorded by making the musele pull
upon a strong spring, so that it can barely shorten. The
slight bending of the spring may be magnified and recorded
by a long lever, and in this way it is found that the ordinary
eurve of contraction gives a fair representation of the varia-
tions in the force. This method of recording the force of con-
traction is sometimes called the isometriec method, in distine-
tion to the isotonie method of letting the musele act on a light
lever.

In clinical medicine the DYNAMOMETER is used for measuring
the force of museular contraction. (Practical Physiology.)

The contraction of muscles in the body of the mammal may
be studied by recording their thickening by Marey’s muscle
forceps, in which a tambour placed between the limbs of a
pair of forceps is pressed upon by the contraction of a muscle
or group of muscles lying between the opposite limbs, and
transmits the pressure to another tambour which carries a
recording lever. (Practical Physiology.)

II. The Factors modifying the Contraction

1. Kind of Fibre.—In sieletal muscles the pale fibres contract
more rapidly and completely than the red fibres, which contain
more sarcoplasm and nuclei. The peculiarities of the con-
traction of visceral muscles will be considered later (p. 70).

2. Species of Animal—In vetebrates the contraction of the
muscles of warm-blooded animals is more rapid than the con-
traction in cold-blooded animals. The most rapidly contracting
muscles are met with in insects.

3. State of the Musele.—(1) Continued Erercise—If a muscle
is made to contract repeatedly, the contractions take place more
and more sluggishly. At first each contraction is greater in
extent, but, as the contractions go on, the extent diminishes as
fatigue becomes manifest, and stimulation finally fails to call
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forth any response. This eondition is probably caused by the
accumulation of the produets of activity in the muscle acting as
poisons upon its protoplasm, for the same phenomena may be
induced by the application of dilute acids and certain other
drugs, and may be removed for a time by washing out the
musele with salt solutions (fig. 24). (Practical Physiology.)

(2) Temperature—If a muscle be warmed above the normal
temperature of the animal from which it is taken, all the phases
of contraction become more rapid, and the contraction is at first
increased in extent, but subsequently decreased in force. If,

on the other hand, a muscle be
cooled, the various periods are pro-
longed. At first the contraction
becomes greater and more power-
ful, but as the cooling process goes
— on it becomes less and less, until
F'Eﬁ:ﬁ;ﬂf“ﬂ:‘fﬁ:ﬁ ":;:::1';11 finally the most powerful stimuli

(1) the first trace : (2) a trace Produce no effect. Cooling has thus

after moderate exercise ; (3) a practically the same effect as fatigue

Fl‘i‘l(‘.ﬂ when rﬂ.l.igllﬂ has been {ﬁg* E_L) (Iﬁ-ﬂﬂjigﬂﬁ Pf;y_g-igfﬂgy)

Indueet (3) Many drugs modify muscular
contractions, eg. veratrin enormously prolongs the relaxation
period. (Practical Physiology.)

5. Strength of Stimulus.—A stimulus must have a certain
intensity to cause a contraction. The precise strength of this
mianimum stimulus depends upon the condition of the muscle.
The application of stronger and stronger stimuli causes the
muscular contraction to become more and more rapid, more
and more complete, and more and more powerful. DBut increase
in the conlraction is not proportionate to the increase in the
stimulus, If the stimulus is steadily increased, the increase in
contraction becomes less and less. This may be represented
diagrammatically in the accompanying figure, where the con-
tinuous lines represent the strength of the stimuli and the
dotted lines the extent of the contractions (fig. 25).

After a certain strength of stimulus has been reached,
further increase of the stimulus does not cause any increase
in the muscular contraction. This smallest stimulus which

causes the maximum muscular contraction is called the
optimwim stimulus,

—
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Increasing the strength of the stimulus shortens the latent
period, but lengthens the periods of contraction and relaxation.
(i. Resistance to Contraction—Weight to be Lifted.—Start-
ing from the extent of muscular contraction without any load
it is found that small weights attached to the muscle actually
increase the extent of contraction, but that greater weights

5L

=

Con.

—

|
L

A B C

Fig, 25, —Influence of increasing the Strength oi the Stimulus upon the con-
traction of Skeletal Muscle. Sf, the stimulus; Con., the resulting
contraction. A, a subminimal stimulus; B, the minimum adequate
stimulus ; €, the optimum stimulus.

diminish it, until finally, when a sufficient weight is applied,
the musele no longer contracts at all, but may actually slightly
lengthen, because its extensibility is increased during contraction
(fig. 26, a).

The application of weights to a muscle causes the latent
period and period of contraction to be delayed, while it renders

i b

Fic, 28, —Influence of Load on a Muscular Contraction. () The effect of in-
creasing the load on the extent of contraction ; (b) the effect of load on
the course of contraction,

the period of relaxation more rapid, and an over-extension may
be produced followed by a recovery resembling a small after-
contraction (fig. 26, b). (Practical Physioloyy.)

7. Eleetrotonus..—As already explained, the passage of a
galvanic current through a muscle decreases its contractility
at the anode and increases it at the kathode.
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8. Successive Stimuli—So far, we have considered the
influence of a single stimulus on the shape of muscle. But
in nearly every muscular action the contraction of the muscles
must last mueh longer than 4;th of a second.

How is this continued contraction of muscles produced ?
To understand this it is necessary to study the influence of a
series of stimuli on muscle.

If, to a frog’s muscle which takes {1;th of a second to confract
and relax, stimuli at the rate of five per second are applied, it
is found that a series of simple contractions, each with an
a b c interval of {,th of a second between
them, is produced (fig. 27, 1). If the
stimuli follow one another at the rate
of ten per second, a series of simple
1 | contractions is still produced, but now
with no interval between them.
Noaa If stimuli be sent more rapidly to

/] the muscle, say at the rate of twelve
./ | | per second, the second stimulus will
cause a contraction before the contrac-

/ \ tion due to the first stimulus has
|

entirely passed off (fig. 27, 2). The
: second contraction will thus be super-
F1c. 27.—Effect of a series of imposed 'on the first, and it is found
Stimuli on Skeletal Muscle. . :
(See text.) that the second contraction is more
complete than the first, and the third
than the second. But while the second contraction is markedly
greater than the first, the third is not so markedly greater than
the second, and each succeeding stimulus causes a less and
less increase in the degree of contraction until, after a certain
number, no further increase takes place, and the degree of con-
traction is simply maintained,

When the contractions follow one another at such a rate that
the relaxation peviod of the first contraction has begun, but is
not completed, before the second contraction takes place, a lever
attached to the muscle, and made to write on a moving surface,
produces a toothed line. The contraction is not uniform, but
is made up of alternate shortenings and lengthenings of the
muscle. This constitutes “ incomplete tetanus.”

If the second stimulus follows the first so rapidly that the

3

[
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_confraction period has not given place to relaxation, then the
second contraction will be superimposed on the first, the third
on the second, and so on eontinuously and smoothly without any
slicht relaxations, and thus the lever will deseribe a smooth
line, rising at first rapidly, then more slowly, till a maximum
is reached, and being maintained at this till the series of stimuli
causing the eontraction 18 removed, or until fatigue causes
relaxation of the muscle, This is the condition of *complete
tetanus” (fig. 27, 3). (Practical Physiology.)

The rate at which stimuli must follow one another in order
to produce a tetanus depends on a large number of factors.
Anything which inereases the duration of a single contraction
renders a smaller number of stimuli per second sufficient to
produce a tetanus, and thus all the various factors modifying
a single muscular contraction, modify the number of stimuli
necessary to produce a tetanus (see p. 53). D’Arsonval has
shown fthat an alternating current with very frequent in-
terruptions *of about 1,000,000 per second causes no con-
traction.

Every voluntary eontraection of any group of the musecles is
probably of the nature of a tetanus; and the question thus
arises, at what rate do the stimuli which cause such a tetanus
pass from the spinal cord to the muscles ?

In a tracing of a continued voluntary contraction, indica-
tions of about ten variations per second are to be seen, while
the rate of the clonic tremor of the leg which may be produced
during fatigne by supporting the weight of the leg on the toes
is about ten, backward and forward movement, per second, and
in various morbid muscular spasms the rate is about the
same,

All this would seem to indicate that the number of stimuli
which pass to human musele from the central nervous system
is probably about ten per second.

It has, however, been found that passing a strong galvanic
current into a muscle may lead to rhythmie contraction, and
hence it is possible that the contractions of muscle induced by
the central nervous system way be caused by a continued
discharge from the nerve centres.
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1II. Mode of Action of Muscles

The skeletal muscles act to produce movements of the body
from place Lo place, or movements of one part of the body on
another. This they do by pulling on the bony framework to
cause definite movements of the various joints.

The muscles are arranged in opposing sets in relationship
to each joint—one cauging movement in one direction, another
in the opposite direction—and named according to their mode
of action, flexors, extensors, adductors, abductors, ete. DBut
in the production of any particular movement—say flexion of
the forearm at the elbow—not only are the museles manifestly
causing the movement in contraction, but the opposing group,
the extensors, are also in action to guide and direct the force
and extent of the movement. This Co-operative Antagonism

Fic, 28.—The three types of lever illustrated by the movements
at the ankle joint.

of groups of museles is of very great importance, since it
explains many of the results observed in paralysis. Thus, if
the extensors of the hand be paralysed, as in lead palsy, it is
found impossible to clench the hand although the flexors are
intact, Again, if part of the brain which causes flexion of
the hand of the monkey be stimulated, and the nerve to the
fHexors divided, the co-operative action of the extensors brings
about an extension of the hand. In many movements some of
the antagonistic musecles are relaxed under the action of their
nerves (see p. 41).

The musecles round the various joints act on the bones,
arranged as a series of levers, of the three classes (fig. 28).

1st Class.—Fulerum between power and weight, In the
ankle this is seen when, by a contraction of the gastrocnemius,
we push npon some object with the toes.

2nd Class.— Weight between fulerum and power. In rising
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on the toes the base of the metatarsals is the fulerum, the
weight comes at the ankle, and the power on the os caleis.

3rd Class.—Power between fulerum and weight. In raising
a weight placed on the dorsal aspect of the toes by the contrac-
tion of the extensors of the foot, we have the weight at the toes,
the power at the tarsus, and the fulerum at the ankle.

In the other joints, actions involving the principle of each of
these levers may be found.

IV. Work of Muscle

As a result of the changes in shape, muscle performs its great
funetion of doing mechanical work; and the most important
question which has to bhe considered in
regard to muscle, as in regard to other
machines, is the amount of work it can
do.

Since the work done depends upon the
weight moved and the distance through
which it is moved, the work-doing power
of musecle is governed by the force of
contraction, which determines the weight Fis. 20.—Inlluence of the
which can be lifted, and by the amount length of a Muscle upon

: X the work done.
to which the musele can shorten, for
this will govern the distance through which the weight may
be moved.

It has been already shown that the force of contraction
depends chiefly upon the sectional area of a musele. A thick
musgcle is stronger than a thinner one, But, on the other hand,
the amount of contraction depends upon the length of the
muscle, since each musele can contract only to a fixed proportion
of its original length. A glance at the diagram will at once
make this plain (fig, 29).

The size of the musele is thus the first great faetor which
governs its work-doing power. But the many factors influenc-
ing the force of musceular contraction also influence the work-
doing power of the muscle (see p. 53).

One factor requires special consideration, namely, the Load.

We have already seen that as the load is increased the
extent of contraction is diminished,
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The following experiment will illustrate the influence of
increasing the load on the work-doing power of a muscle—

Load in Space through which Work in Gram,
Grams, litted in mm. mm,

0 X 45 - 0-0
20 3 30 — 600
40 X 2:37 = 94-8
G0 X 2:00 == 1200
80 X 175 == 1400
100 X 1:2 = 120-0

It will be seen that increasing the load at first increases the
amount of work done, but that after a certain weight is reached,
it diminishes it. There is, thevefore, for every muscle, so far
as its working power is concerned, an optimum load.

In studying the amount of work a muscle or set of muscles
can do, the element of #ime¢ must always be considered.
Obviously contracting muscles will do more work in an hour
than in a minute. Hence in trying to form any idea of the
amount of work a musele can do, this must be expressed in
work units per unit of bulk and per unit of time. The work
unit generally employed is the kilogram-metre—the work
required to raise one kilogram to the height of one metre
against the force of gravity.

Various instruments—Ergometers—have been devised for
measuring the amount of work done by wvarious groups of
museles under different conditions.

The average working capacity of skeletal musele may be
estimated as follows:—A labourer who raises 130,000 kilos
through one metre during his eight hours of work does a good '
average day’s work. His muscles weigh about 25 kilos, and
thus each gram of his musele will do 5 kilogram-metres per
diem, or ("06 gram metres per second.

When required, much larger amounts of work can be done
for short periods. It has been calculated that in the sprint of
a 100 yards race, work is done at something like 2 gram metres
per second, about thirty times the rate at which a labourer’s
muscles work. But to increase the rate at which work is done
requires an increase in the expenditure of the energy-yielding
materials in greater proportion than the increased work—just
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as to increase the speed of a ship or an engine requires an
increase of coal consumption in a proportion roughly correspond-
ing to the square of the increased speed.

V. Heat Produetion in Musecle

In muscle, as in other machines, by no means the whole
of the energy rendered kinetic is used for the production of
mechanical work. In a steam-engine much of the energy is
dissipated as heat, and the same loss occurs in muscle.

If heat is given off when a muscle contracts, either the
muscle itself, or the blood coming from it, will become
warmer. Hence to detect such a charge some delicate method
of measuring changes of temperature must be employed.
The mercurial thermometer is hardly sufficiently sensitive,
and, therefore, the thermo-electrical method is most generally
employed. Various forms of thermopile may be used.

The rise of temperature in a muscle after a single con-
traction is extremely small, but after a tetanie contraction,
lasting for two or three minutes, it is very much greater.

The amount of heat produced may be caleulated if («) the
weight of the muscle; (b)) its temperature before and after
contraction ; and (¢) the specific heat of muscle, are known.

The specific heat of wmuscle is slightly greater than that
of water, but the difference is so slight that it may be
disregarded. If, then, a muscle of ten grams had a tempera-
ture of 15° C. before it was made to contract, and a temperature
of 15:05° C. after a period of contraction, then 05 gram-
degrees of heat have been produced ; i.e heat sufficient to raise
the temperature of 0-5 gramme of water through 1° C. The
heat units employed are the small and large calorie—the
small calorie the heat required to raise one gram of water
through one degree Centigrade, and the large Calorie—written
with a large C—the heat required to raise a kilogram of water
through one degree Centigrade.

The amount of heat produced by musele in different
conditions varies so greatly that it is unnecessary to consider
it further.

Relationship of Heat Produetion to Work Produetion.—
Since it is possible to measure both the mechanical work
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done by a muscle and the amount of energy dissipated as
heat, it is possible to determine the relationship of these to
one another, and thus to compare muscle with other machines
as to proportion of energy which is utilised to produce work.
To make this comparison it is necessary to be able to convert
“work units” into “heat units,” and vice verse. [t has been
found that 045 gram-degrees or small calories are equivalent
to 1 kilogram-metre,

The proportion of work to heat is not constant. By
gradually increasing the stimulus both work production and
heat production are increased, but the latter is increased
more rapidly, and reaches its maximum sooner. Again, as
muscle becomes exhausted, its heat production declines more
rapidly than its work production. Exhausted muscle, there-
fore, works more economically. If an unloaded muscle is
made to contract no work is done and all the energy is
given off as heat, and the same thing happens where a
musele is so loaded that it cannot contract when stimulated.

But the point of practical importance to determine is—
How much of the emergy liberated by muscle in normal
conditions is usually used for mechanical work, and how much
is lost as heat? It will afterwards (p. 339) be shown that
all the energy of the body comes from the food, and the
amount of energy yielded by any food may be determined by
burning it in a calorimeter (see p. 341). To determihe the
energy used in mechanical work some form of work measurer
or ergometer may be used—eg. a wheel turned against a
measured resistance. By converting the work units of the
work thus done into heat units, and subfracting this from
the total energy of the food, the energy lost as heat may be
determined, and thus the relationship between work produc-
tion and heat production may be found By experiments on
men, horses, and dogs, Zuntz has found that about one-third of
the energy liberated may, under favourable conditions, be avail-
able for mechanical work, while two-thirds is lost as heat. The
proportion of energy evolved in mechanical work and heat in
normal men has been also studied by Atwater by means of the
Respiratory Calorimefer (see p. 408). In these experiments
only about six per cent. of the energy was used for mechanical
work and the rest was lost as heat. Compared with other
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machines, such as steam-engines, muscle must be regarded as
an economical worker, and it has the advantage that the
heat liberated is necessary to maintain the temperature at
which the chemical changes which are the basis of life can

go on.

VI. Eleetrical Changes in Musele

When a musecle contracts certain electrical changes oceur.
These may be best studied in the heart, which is a muscle
which can be exposed without injury. With other muscles
the injury inflicted in isolating them sets up electrical currents
of injury (p. 42).

Fic. 80.—To show electrie current of action in a muscle (a) compared with that
in a galvanic cell (1), The contracting part of the muscle is shaded,
(g) Galvanometer. |

If one end of a wire be brought in contact with the base of
the ventricle by means of a non-polarisable electrode (in which
some material which does nut act upon the musele and is not
acted upon by the musecle is in contact with it), and another
wire be similarly connected with the apex, and if these wires
are led off round a galvanometer, it will be found that with
each contraction of the heart an electric eurrent is set up, the
one part of the heart becoming first positive and then negative
to the other part.

This means that, when the contraction occurs, the part. which
first contracts becomes of a higher electric potential than the
rest of the musecle, so that electricity flows from it to the
uncontracted part in the organ, and from the uncontracting
part to the contracting part in the wire round the galvano-
meter. The contracting part is thus similar to the positive
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element of a battery, the zinc; the uncontracting part to the
negative element, and the wire coming from the contracting
part will, therefore, correspond to the negative pole—that from
the uncontracting part to the positive pole.

It has now been shown that this current of action occurs
along with, and does not precede, the period of contraction.
The electrie change in contracting muscle may be demonstrated
by laying the nerve of one muscle-nerve preparation over the
muscle of another muscle-nerve preparation or over the beating
heart, when it will be found that the first musele contracts with
each contraction of the second, being stimulated by the current
of action, (Practical Physiology.)

VII. Extensibility of Muscle

The extensibility of musele is increased during contraction so
that the application of a weight causes a greater lengthening
than when the musele is at rest.

3. The Chemieal Changes in Musele and the
Source of the Energy evolved

Chemical changes are constantly going on in muscle and
the study of these chemieal changes in resting muscle and
in the contracting muscle explains the source of the energy of
musecle. Disintegration leads to the liberation of energy and
construction leads to the repair of the muscles and to the
storage of energy.

No part of physiology is of more importance; for it is the
chemical changes in muscle which give rise to the great
waste products of the body, and it is to make good these
losses that fresh nourishment has to be supplied. The
chemical changes in musecle therefore govern both the intake
and output of matter from the body.

By studying the question from a number of different
standpoints, and by comparing the results so obtained, a
fairly clear conception of the chemical changes and the
source of muscular energy has been obtained.

1. Composition of Musecle before and after Contraction.—
The method which most naturally presents itself is to take
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two museles or groups of museles corresponding to one
another, and to examine the chemistry of one hefore it has
been made to contract, and of the other after it has been
contracting for some time.

Resting muscle is alkaline; but if an excised muscle, out-
side the body, be kept contracting for some time, it becomes
acid, and this acidity is dune to the appearance of carbon
diozide and surcolactic acid. Muscle in the body does not
become acid, because the alkaline lymph at once neutralises
the acid which is produced.

Again, after contraction, the glyeogen of the muscle is
found to be diminished. But the most important change is
that the amount of ecawrbon dioxide, CO, which can be ex-
tracted from musele is very greatly increased.

As yet the changes, if any, in the profeins of muscle
during contraction have not been fully investigated, and
the results of the work accomplished on the nitrogenous
extractives, which are formed by the decomposition of the
proteins, are not trustworthy. They seem to indicate that
these bodies are increased during muscular contraction in
the excised muscle. These changes in a muscle may be diagram-
matically represented as follows :—

+ Carbon dioxide.

+ Sarcolactic aeid.

+ Nitrogenous extractives ?
— Glycogen.

The results obtained by this method of investigation are
thus of considerable value, but alone they give us no clear
idea of the nature of the chemical changes.

2. Respiration of Execised Muscle.—DBy enclosing the excised
muscle in a closed space containing air of known composition,
and by investigating the changes in the components of the air
after the musele has either been kept at rest for some time or
made to contract, important light has also been thrown on
these chemical changes.

It has been found that the resting muscle constantly takes

5
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up oxygen from the air round about it, and constantly gives
off earbon dioxide. In contracting, more carbon dioxide is
given off, and wsually the amount of oxygen taken up is also
increased (fig. 31).

Heve we have at once evidence that muscle breathes, and
that this process of respiration is increased during muscular
activity. The affinity of muscle for oxygen is very great, so
great that it can actually
take oxygen out of chemiecal
combipations. If alizarin
blue be injected into the vein
of an animal, the blood be-
comes blue, but the muscles
remain colourless, having
reduced the pigment to a
colourless condition. When
freely exposed to air after
Fic. 81.—Respiration of muscle in a closed death, the blue colour re-

chamber. turns.

3. Changes in the Blood passing through Musele.—For the
investigation of this the hind legs of a dog have been used,
The blood going to one leg, and the blood coming from the
other, are collected at the same time. It is found that the
blood in passing through the muscles has gained carbon dioxide
and lost oxygen. If the muscles be kept comtracted, it is
further ascertained that the amount of carbon dioxide gained
is increased, while wsuelly the amount of oxygen taken up
is also increased. This observation confirms the investiga-
tions on the changes in the air surrounding a muscle.

But the solid constituents of the blood are also changed. 1f
the muscles have been contracting, the blood is found to
contain sarcolactic acid probably combined with ammonia.

We shall afterwards find that blood contains small quantities
of glucose, C;H,0;  As it passes through musele it loses some
of this, even when the muscle is at rest, and a much larger
amount when the muscle has been active.

The changes in the profeins of the blood going to and coming
from muscle have not been properly investigated.

Some observers have obtained resuits which seem to indicate
that the amount of jfuf which is found in the blood is
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diminished as the blood passes through the musecles, but
whether this diminution is greater during muscular activity
has not been studied.

MUSCLE.

f GLUCOSE
:FﬁT o
L OEXYGEN

\ . SARCOLACT IC ACID
T CARBON QICXIDE

T —— ey,

/3 BLOOD =

FiG. 82.—Exchanges between muscle and blood,

Such direct observations on musecle and the blood nourishing
it indicate that constant chemical changes are going on when
the muscle is at vest. It is constantly giving off earbon dioxide
and constantly consuming oxygen, glucose, and possibly fats
and proteing, When doing work these chemical changes
become more active. We may compare resting musecle in its
chemical changes to an engine with its fires banked down.
Active muscle is comparable to the engine with its fires in full
blast.

4. Effects of Museular Work upon the Exereta.— Another
method of study has yielded results of very great value—
the investigation of the effects of muscular work upon the
excreta.

Not only is muscle the most bulky and most constantly
active tissue, but it is the tissue in which the most extensive
chemical changes occur in the liberation of the energy for
work and heat production; and hence, the waste products of
the body are chiefly derived from muscle, and their amount
and character must afford an indication of the changes in
that tissue.

This was long ago recognised, but the older experimenters
did not sufficiently realise that the exeretions are modified
by the amount and character of the food taken, and hence
their results ave of little value. In studying the influence
of muscular work on the excreta, food must be withheld or

must be unvarying during the experiment.



68 VETERINARY PHYSIOLOGY

If this precaution is taken, it is found that the exeretion
of the various elements composing muscle is modified by
musecular work.

Attention has chiefly been divected to the variations in the
output of earbon and nitrogen, the two most important elements
in muscle. the former mainly appearing as carbon dioxide in the
expired air, the latter as urea in the urine. It has been found
that if a fasting or underfed animal is made to do work the
excretion of both these elements is increased, the carbon
proportionately to the work done, the nitrogen in quantities
not strictly proportionate to the work, being greater the more
underfed the animal is and the harder the work done, and
being less the better nourished the animal is or the less the
work that is done (fig. 33, 1).

It a lean animal be fed on an exclusively protein diet, the

WoRK WORK WoR
Coz co co
/ : / |
M
REST WORK REST WoR REST WNRK
1 2 3

Fic. 33.—To illustrate the influence of Museular Work upon the Exeretion of
Carbon and of Nitrogen—(1) in a fasting or nnderfed animal ; (2) in an
animal fed on proteins ; (3) in an animal on a normal diet.

excretion of carbon and nitrogen is increased, practically
proportionately to the work done (fig. 33, 2).

But if the animal be well fed on an ordinary diet, contain-
ing proteins, carbohydrates, and fats, the performance of
muscular work increases the excretion of carbon proportion-
ately to the work done, but may cause only a very slight
increase in the excretion of nitrogen (fig. 33, s).

From the inecreased excretion of nitrogen and earbon the
consulnption of proteins may be calculated, since proteins
contain 16 per cenf. of nitrogen and 52 per cent. of earbon—
i, 34 times more carbon than nitrogen. Each gram of
nitrogen excreted thus represents the breaking down of 625
grams of protein, and it is accompanied by 34 grams of

carbon. If more carbon is execreted, it must come from
carbohydrates or fat.
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Proceeding in this way, it is found that in the fasting
animal and in the animal fed on proteins, the musecles get
their energy chiefly from proteins, but that in an animal on an
ordinary diet the museles get it chiefly from the earbo-
hydrates and fats of the food.

An example of such an investigation may be given.
Suppose that an animal during a period of rest excretes
daily 10 grams of nitrogen, and that it then does 100,000
kgms. of work, and during the next three days the excretion
of nitrogen is raised 2 grams above the 10 per diem. This
means that 2x6-25=123 grams of protein has been decom-
posed. Now the amount of energy which can be liberated
from 1 gram of protein has been found to be equivalent to
1738 kgms. (kilogrammetres), and therefore the 125 grams
decomposed in the experiment is sufficient to yield 21,635
kgms. of energy, about 20 per cent. of the total energy
expended in the work. The rest of the energy must be
derived from fats and carbohydrates.

5. A study of the ordinary diet of animals doing muscular
work corroborates the conclusions arrived at by an examina-
tion of the excreta. The diet of a horse on hard museular work
consists of something like the following proportions of food
constituents per 1000 kilos. of body weight :—

Amount, Yielding Calories.
Proteins . : . : 2.300 9,500
R A 800 7,500
Carbohydrates . : . 12,500 50,000
67,000

The energy is here expressed in heat units, Calories—the
amount of heat required to raise 1 kilogram of water
through 1 degree centigrade. Of the total 67,000 Calories of
energy daily taken in the food, only 14 per cent. is derived from
proteins, the rest comes from the carbohydrates and fats,

Thus during muscular work the three great constituents
of the body and of the food—proteins, fats, and carbohydrates
—are broken down to liberate their energy, and apparently
the muscle tends to use the non-nitrogenous fats and carbo-
hydrates in preference to the proteins. Only when forced
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to do so does it take a large proportion of its energy from
these substances.

It may be urged that in athletic training proteins must be
a source of energy, since experience has taught that they are
of such value. But their great value is as material from
which the energy-liberating machine, the muscles, can be
built up and increased, so that it can dispose of larger and
larger quantities of food.

Muscle then is a maechine whieh has the power of liberating
energy from proteins, fats, and ecarbohydrates, but it uses
proteins more especially in construction and repair.

The muscles liberate energy from these substances by
breaking them down into simpler molecules, just as a blow
cauges the disintegration of nitro-glycerine and liberates its
stored energy. There is not such a direct oxidation as occurs
in the coals in the furnace of an engine, for, if this were so,
the consumption of oxygen would always be equivalent to
the elimination of carbon dioxide and the other products of
disintegration. It has, however, been shown that a frog,
deprived of all free oxygen by placing it in the receiver of
an air pump and then transferred through mercury to an
atmosphere of nitrogen, still continues to produce carbon
dioxide. This means that 1ts oxygen must be intramolecular,
must be in the muscle molecule, like the oxygen of nitro-
glycerine, Probably the presence of this oxygen is one of
the causes of the instability of the molecule.

The muscle then takes these substances into itself—malkes
them part of ifs molecule—assimilates them before breaking
them down. It is not necessary to suppose that all the
substances are equally intimately associated with the muscle
protoplasm. In all probability the protein becomes much
more truly a part of the muscle than the carbohydrates and
fats, but with each one of them it is essential that it should
come into the domain of the musele and not simply remain
in the blood and lymph, in which it cannot be used.

B, Visceral Muscles

In several important respects the visceral muscles differ in
their mode of action from the skeletal muscles.

-
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1. Their connection with nerves is by no means so definite
and precise, for, instead of each nerve-fibre ending in a muscle-
fibre, the nerves to non-striped muscle form an irregular
network upon them, and the musele-fibre appears to be capable
of action, possibly before these nerves have developed in the
embryo and when the influence of these nerves has been cut
off in the adult. In the intestine the mode of action of the
muscles is largely dominated by the plexus of nerves (see
p. 385).

2. The great features of the action of visceral muscle are
—1st, its tendency to sustained tonie contraction; and 2nd,
its spontaneous regular rhythmic contraction and relaxation.

1st. The continuous slight tonic contraction is seen in all the
visceral muscles ; and, while it may be increased or diminished
by the intervention of nerves, it appears to be chiefly an
expression of the continuous metabolism of the musele proto-
plasm.

2nd, The rhythmic contractions and relaxations are nof
equally manifest in all situations, nor are they so continuous ;
but they are well marked in the museles around such hollow
viscera as the intestines, bladder, and uterus. Like the tonic
contractions, they are to a certain extent independent of nerve
action, but are influenced by 1it.

These contractions recur at regular intervals of wvarying
duration. Each contraction lasts for a considerable period—
gsometimes over a minute—and the relaxation is correspond-
ingly long. Everything which increases the rate of chemical
change increases the rapidity of the rhythm. Thus warming
the muscle and the action of a galvanic current have this
action,

3. When the musecle is at rest, a contraction may be pro-
duced by any of the modes of stimulation which will cause
the skeletal muscles to contract; and it may thus be demon-
strated that the latent period is very long.

4. Unlike skeletal muscles, the extent of contraction is
not increased by increasing the strength of the stimulus,
The smallest available stimulus causes the maximum con-
traction; but if the same stimulus is repeated at regular
intervals the resulting contractions become greater and
greater during the application of the first four or five stimuli,
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so that the record of a series of contractions has a somewhat
stair-like appearance.
d. A series of stimuli do not cause a tetanus, but simply
increase the rapidity and force of the individual eontractions.
Cardiac Musele physiologically resembles other visceral
muscles, but its period of contraction is shorter and its
rhythm generally more rapid.

4, DEatH or MuscLE

The death of the musecle is not simultaneous with the
death of the individual. For some time after somatic death
the muscles remain alive and are capable of contraction under
stimulation. Gradually, however, their irritability diminishes
and finally disappears. They arve then dead, and neerobiotic
changes begin. The first of these—Rigor Mortis—is a disin-
tegrative chemical change whereby carbon dioxide and
sarcolactic acid are set free, and, at the same time, the soluble
myosinogen changes to the insoluble myosin and the muscle
becomes contracted, less extensile, less elastie, and more opaque.
The contraction is a feeble one, and since it affects flexors and
extensors equally, it does not generally alter the position of the
limbs, although it may sometimes do so. As these changes
oceur, heat is evolved and the museles become warmer,

The time of onset of rigor varies with the condition of the
muscles. If they have been very active just before death
stiffening tends to appear rapidly.

It lasts for a period which varies with the species of animal
and with the condition of the muscles, and as. it disappears
the muscles again become soft, and the body becomes limp.
In all probability this latter change is due to a solution of
the myosin by an enzyme like that of the stomach—pepsin—
which seems to exist in all the tissues. This can act only
in the presence of an acid, and the appearance of sarcolactic
acid, therefore, allows it to come into play,
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II. NERVE

It is through the nerves that our surroundings act upon us,
and through nerves that our muscles are made to respond
appropriately to the surrounding conditions.

1. Struecture and Development

In unicellular organisms changes in the surroundings act
directly on the cell protoplasm, e.g. an amceba, when touched,
draws itself together. DBut, even in these simplest organisms,
certain kinds of external eonditions will produce one kind of
change, while others will produce a different one, as has been
shown in considering unilateral stimulation (p. 15). Even
among unicellular organisms—e.g. among the infusoria— animals
are found in which the cell is differentiated into a receiving
and reacting part. Poteriodendron, a little
infusorian sitting in a cup-like frame, con-
sists of a long process or cilium extending
up from a cell while a contractile myoid
attaches the cell to the floor of the cup.
When the ecilinm is touched the myoid con-
tracts, and draws the ereature into the pro-
tection of its covering.

In more complex multicellular organismn,

. in medusa, the different parts are con-
nected to one another by a network of
protoplasmic strands, which bring each part _
: : . . . Fic. 34, — Poterio-
into relationship with the others, and thus A s Hian
secure co-ordinate reaction to any stimulus. trate the first stage
A similar network exists and performs im- in the evolution of
portant functions in the wall of the aliment. % "eW AT
ary canal of vertebrates. e

In more highly orgamised animals, where the reaction has to
be more definitely appropriate to the surrounding conditions,
and where the complexity of the mechanism involved is greater,
there iz a development by which special conditions at special parts
of the surface each lead to special reactions. This is brought
about by the establishment of a nervous system—a mechanism
which may be compared to a series of shunting stations between
the receptive mechanism on the surface and the rexciing mechan-
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ism—the muscles, glands, ete. To form this, a part of the
epithelial covering of the embryo sinks inwards as a canal
composed of the surface cells, and these cells form functional
conneetions with the surface on the one hand and with the
reacting structures on the other. At first the cells composing
this tube are undifferentiated and alike, but later some of them
throw out processes towards the surface and others towards

[ b e
Fia. 86. —Tu show a receiving (¢) and a reacting Neuron (), each with dendrites

at its extremities, and their connection to one another through a
Synapsis (&).

the reacting structures, and these are connected, not by actual
continuity, but by coming in close relationship to one another
in a series of branching processes, forming a synapsis (fig. 35).
Each of the units so formed has been called a neuron; and a
neuron may be defined as one of the cells with all its processes
which build up the nervous system. These neurons may be

Fig, 36. —(a) A Nerve Cell with Nissl’s granules : () a similar cell
showing changes on section of its axon.
divided into the receiving and reacting series, but in structure
they are alike,

The shape and characters of the eells, and their position upon
the processes of the neuron—the fibres—vary greatly, but
they have all the following characters in common:—They are
nucleated protoplasts, the protoplasm of which shows a well-
marked nefwork, in the meshes of which a material which
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stains deeply with basic stains, and which seems to be used up
during the activity of the neuron, may accumulate in granules.
The granules formed of this material are generally known as
Nissl's granules (fig. 36).

These cells give off at least one process, which continues for
some istance, as the axon. Frequently other processes are
given off, which may either pass away as fibres, or may, while
still in close proximity to the cell, form a branching system of
dendrites. The axons end in much the same manner, so that
all the processes are essentially the same. These processes are
fibrillated, and the fibrillee may be traced through the protoplasm
of the cells (fig. 37). In many cases the dendrites show little
buds or gemmules upon their course, and, according to some
observers, it 18 through these
that one neuron is brought into
definite relationship at one time
with one set of neurons, and
at another with other adjacent
neurons. There 1s also some
evidence that the dendrites as a
whole may expand and contract,
and thus become counected with
those of adjacent neurons.

Axon.—The axon process, as it  Fig. 37.— A Nerve Cell highly
passes away from the cell, becomes magnified to show passage of
a Nerve Fibre, and acquires one %:T;‘:”m L L L
or two coverings. '

1. A thin transparent membrane, the primitive sheath or
neurilemma, is present in all peripheral nerves. DBetween it
and the axis eylinder there are a number of nuelei surrounded
by a small quantity of protoplasm, the nerve corpuseles. The
mode of origin of these is unknown. Fibres with only this
sheath have a grey colour, and may be called non-medulluted
fibres.  They are abundant in the visceral nerves,

2. A thick white sheath—the medullary sheath or white
sheath of Schwann—which gives the white colour to most of
the nerves of the body, appears somewhat late in the develop-
ment of many nerve fibres. It lies between the primitive
sheath with the nerve corpuscles and the axon. It is not
continuous, but is interrupted at regular intervals by con-
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strictions of the neurilemma at the nodes of Ranvier (fig. 38).
It is composed of a sponge-work or felt-work of a horn-like
material—mneuwro-keratin—the meshes of which are filled with
a peculiar fatty material.

The nerve fibres run together in bundles to constitute the
nerves of the body, and each bundle is surrounded by a dense
fibrous sheath, the perineuriuin. When a bundle divides, each
branch has a sheath of perineurium, and in many nerves this
sheath is continued, as the sheath of Henle, on to the single
fibres which are ultimately branched off from the nerve.

2. Chemistry of Nerve

The chemistry of neuron cells and their processes has been
deduced from a study of the chemistry of the grey matter of
the brain where they preponderate, while the chemistry of the
white sheath is indicated by the analyses of the white substance
of the brain, which consists chiefly of medulluted fibres,

Fic. 88 . —Pieces of two white Nerve Fibres,

The grey matter contains over 80 per cent. of water. The
solids consist of rather less than 10 per cent. of proteins.
Two globulins, one coagulating at 47° C. and the other at 73°
to 75°C., and a nucleo-proteid coagulating at 56° to 60°C.,
have been isolated. TLecithin and cholesterin, each to about
3 per cent., are the other important constituents.

The white matter contains only about 70 per cent. of
water. The proteins, similar to fhose in the grey matter,
constitute between 7 and 8 per cent. Lecithin occurs in
about the same amount as in the grey matter, but cholesterin
constitutes no less than 15 or 16 per cent.

From the fatty material of the white sheaths various
complex substances have been isolated. The most abundant
of these has been called protagon. It yields stearic acid;
hence it is allied to the fats, and it contains nifrogen and
phosphorus. Its constitution is not known. Along with
protagon, or as a result of its decomposition, leeithin occurs.
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This is a fat in which one of the acid radicles is replaced by
phosphoric acid linked to cholin.

Fatty acid.
Glycerol { Fatty acid.
Phosphorie acid.

Cholin,
H H OH
] CH,
HO—C—C--N &CH,
e | CH,
.
Hydroxyethyl. | trimethyl ammoninm
hydroxide.

The chief interest of cholin is that it is toxic, and some of
the symptoms oceurring in degenerative changes of the nervous
system may be due to its presence. It is closely allied to
musecarin, a very powerful vegetable poison.

Cholesterin, like the glycerine of ordinary fats, is an aleohol,
but it is monatomic—C,,H, HO—and it is capable of linking
with fatty acids. It is very soluble in hot alcohol, and crys-
tallises out on cooling in characteristic square plates, with a
noteh out of one corner.

3. Physiology of Nerve

The neurons form a most intricate labyrinth throughout all
parts of the body, and more especially throughout the central
nervous system. Kach is brought into relationship with many
others by its dendritic terminations, and there is a continued
interaction between them, the activity of any one influencing
the activity of many others. In this way the constant activity
of the nervous system, which goes on from birth to death, during
consciousness and in the absence of consciousness, is kept up.

[t is unnecessary and gratuitous to invoke the conception
of automatic action on the part of any portion of the nervous
system. Throughout life these neurons are constantly being
acted upon from without, and activity once started by any
stimulus sets up a stream of action which may be co-existent
with life.
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1. Stimulation of Neurons.—Neurons, like all other
protoplasm, react to changes in external conditions; they
are capable of stimulation. A neuron is usually stimulated
from one or other of its terminal dendritic endings, either by
changes in the tissues round these or by changes in other
neurons. Thus (fig. 35) a neuron may be thrown into aclion
by changes in the tissue af its extremity, and a second may be
stimulated by the activity of the former. They may also be
stimulated at any part of their course, as may be demonstrated
by pinching the ulnar nerve behind the internal condyle
of the humerus,

Means of Stimulation.—Just as with musele, so with neurons ;
any sudden change exeites to activity—be this change a
mechanical one, as in pinching a nerve, or a change in the
temperature, or in the electric conditions in its neighbourhood,
or in the chemical surroundings of the nenron—agents which
withdraw water, like glycerine, stimulating most strongly,
All that has been said of the stimulation of muscle applies
to the stimulation of nerve (see p. 42 ef seq). (Practical
Physiology.)

The eondition of the neuron modifies the effect of the
stimulus, and the condition of other neurons modifies the
ultimate result of the stimulus on the body.

The excitability of a neuron is modified by many factors.
It may be increased by a slight cooling, but is decreased at
lower temperatures. 1t is inereased by warming up to a certain
point. Dhrywag at first increases excitability, then abolishes
it, During the flow of an electric current it is increased
in the neighbourhood of the negative pole, decreased around
the positive pole, in the same way as in muscle (see p. 42).
It is influenced by many ehemieal substances, some of which
increase its execitability in small doses, and diminish it in
larger doses; some again even in the smallest dose depress its
activity, e.g. potassium galts. Confinued aclivity has no effect
on the excitability of axons, and the phenomena of faticue are
not manifested in them.

2. Manifestations of the Aetivity of Neurons.—So far as is at
present known, the activity of neurous is not accompanied by
any obvious change in them, although it is possible that
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movements of the dendrites or of the gemmules upon them
may occur. The activity of neurons is made evideni—

(#) By their action upon other structures, ey, muscles,
glands, ete., either (a) directly or () indirectly through other
neurons.

(b) By changes in the consciousness,

(¢) By electric changes in the neurons,

(#) and (#) Action on other Structures.—The activity of the
outgoing neurons—neunrons conducting impulses from the central
nervous system to musecles, glands, ete.—is manifested by changes
in the museles or other structures to which they go: while the
activity of ingoing neurons is made evident by their action on
outgoing neurons to muscles, ete., and sometimes by modi-
fications in the state of consciousness, which may be of the
nature of a simple brief sensation, or, by the implication of a
number of other neurons, may develop into a series of changes
accomypanied by a corresponding series of sensations.

Very interesting results follow from this fact that the
activity of neurons is made manifest by changes in the
struetures to which they pass, Langley has demonstrated
that if the vagus, which conduects downwards to the abdominal
viscera, be cut, and the cervical sympathetic, which conducts
upwards to the head, be also cut, and the central end of the
vagus united to the peripheral end of the sympathetie, fibres
grow outwards from the vagus into the sympathetic, and when
the vagus is stimulated, the results which naturally follow
stimulation of the sympathetic occur. Kennedy has shown
that, if the nerves to the flexors and the nerves to the ex-
tensors of a dog's forelimb be cut, and the central end of
the former united to the peripheral end of the latter, and
vice versd, co-ordinate movements oecur, and that if that
part of the brain which naturally causes extension be stimu-
lated, flexion oceurs. He has applied the information thus
gained to the treatment of abnormal conditions in the human
subject. In a woman who suffered from spasmodie action of
the muscles of the face supplied by the seventh cranial nerve,
he divided this nerve and connected its peripheral end with
the central end of the spinal accessory and thus secured a
complete recovery.

(¢) Eleetrical Changes.—The part of the neuron in action is
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electro-positive to the rest of the neuron, just as the contracting
part of a musele is electro-positive to the rest (p. 63).

3. Conduetion in Neurons.—When a neuron is stimulated
at any point, some time elapses before the result of the
stimulation is made manifest, and the farther the point
stimulated is from the structure acted upon, the longer is
this latent period. This of course indicates that the change,

e

Fic. 39.—M, Muscle attached to erank lever marking on revolving drum. The
secondary cireuit of an induction coil is connected with a commutator,
with the crossed wires removed so that the current may be sent either
through the wires going to the nerve at 4 far from the muscle, or at B,
a point at a measured distance nearer the musele, On the drum, 4
represents the onset of contraction on stimulating at 4, and B the onset
on stimuiating at B. To secure stimulation in each case with the drum
in the same position, the make and break of the primary circunit is cansed
by the point & touching and quitting the peint F.

whatever it is, does not develop simultaneously throughout
the neuron, but, starting from one point, be it at one end or in
the middle, travels or is conducted along. The rate of eon-
duction may be determined by stimulating a nerve going to a
muscle at two points at known distances from one another, and
measuring the ditference of time which elapses between the con-
traction resulting from stimulation at each (fig. 39). (Practical
Physiology.)
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The rate of econduction varies considerably; everything
stimulating protoplasmic activity accelerating, and every-
thing depressing protoplasmic activity diminishing it. Under
normal conditions in the fresh nerve of the frog, the nerve
change travels abont 33 metres per second.

Factors modifying Conduetion.—Conduction is modified
by the temperature. Cooling a nerve lowers its power of
conduetion, gently heating it increases it. Various drugs which
diminish protoplasmic aetivity —eg. chloroform — diminish
conduction. The eleefric current acts differently on conduction
and on execitability. While a weak current has little or no
effect, a strong current markedly decreases conductivity round
the positive pole, and to a less extent decreases it at the
negative pole, so that the general effect of a strong current is
to decrease conductivity.

From this influence of the electric current upon ewcitubility
and conductivity certain differences are to be observed in the
effects of stimulating an exposed nerve with currents of various
strengths and different directions downwards 7o the muscle or
upwards from the muscle, These have been formulated as
Plliiger’s Law ; buf since they have no bearing upon the stimula-
tion of unexposed nerves in the living body they need not
here be considered.

By using the electric changes as an index of nerve action,
it has been found that when a neuron is stimulated in the
middle, the change travels in both directions, although its
result is made manifest only by the action of the structure at
one end ou which it normally acts. This two-way conduction
may also be demonstrated by the experiment of paradoxical
contraction, in which, by stimulating the branch of the sciatic
nerve of the frog going to the muscles of the thigh, the nerve
fibres to the gastrocuemius lying alongside of them are also
stimulated, and cause that muscle to contract. That this does
not ocenr when impulses from the central nervous system pass
along the nerve is because the strength of these impulses, as
indicated by the electrical change, are very much weaker than
those caused by dirvect stimulation. (Practical Physiology.)

Classifieation of Neurons by the direction of Conduction.—

Since a nerve is normally stimulated from one or other end,
and hence conduets in one direction, and since the passage of
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impulses along it are made manifest by changes in the structure
to which it goes, it is possible to classify nerve fibres according
to whether they conduct to or from the central nervous system,
and according to the structure upon which they aet.

To find out the direction of conduction and the special
mode of action of any nerve, two methods of investigation
are employed —

1sf, The nerve may be cut, and the results of section studied.

2nd. The nerve may be stimulated, and the result of
stimulation noted.

Usually these methods are used in conjunction; first, the
nerve is cut, and when the changes thus produced have been
noted, the upper end and the lower end of the cut nerve are
stimulated.

It is, of course, only if a nerve is constantly transmitting
impulses that section reveals any change. If the nerve is not
constantly active, stimulation alone will teach anything of its
functions,

Outgoing or Efferent Nerves.—Section of certain nerves
produces a change of action in museles, glands, efe, or, if the
nerve is not constantly acting, stimulation of the peripheral end
of the cut nerve causes some change in the activity of these
structures. Stimulation of the central end of such wnerves
produces mo effect. These nerves therefore conduct impulses
from the central nervous system outward.

Many of these nerves produce an increase on the aectivity
of the parts to which they go, but others diminish or inhibit
activity, The former class may be called augmentor nerves,
the latter inhibitory nerves.

The augmentor nerves may further be divided into groups
according to the structures upon which they act. Those act-
ing on musele may be called motor nerves; those acting to
cause secretion from a gland, secrefory mnerves; those acting
to constrict blood vessels, vaso-constrictor nerves.

The inhibitory nerves may be similarly subdivided into mus-
culo-inhibitory, seeveto-inhibitory, and vaso-inhibitory nerves.

Ingoing or Afferent Nerves.—Section of another set of
nerves may produce loss of sensation in some part of the
body. When the peripheral end of the cut nerve is stimu-
lated no result is obtained. When the central end is stimu-
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lated, sensations or some kind of action results, Such nerves
obviously conduct to the central nervous system. Those
which, when stimulated, give rise to sensations may be called
sensory: those which give rise to some aection are called
excito-reflex, because the action which results is produced by
what is called reflex action. But these are not distinet from
one another, and a nerve which at one time when stimulated
will cause a sensation, may at another time cause a reflex
action without sensation. As an example of such a nerve
we may take the branches of the fifth cranial nerve which
pass to the conjunctiva of the eye. When the conjunctiva is
touched—i.e. when this nerve is stimulated—the orbicularis
palpebrarum is brought into action through the seventh
cranial nerve, and the eye is elosed. The conjunctival branch
of the fiith cranial nerve is thus an exveifo-motor nerve.

When the terminations of the lingual branch of the fifth
nerve in the tongue are stimulated the result is a free flow
of saliva, through the action of the seventh nerve and the
gecretory branches of the glosso-pharyngeal. The lingual
nerve is thus ereito-secrefory.

Stimulation of the nerves from any part—e.g. by a mustard
blister—causes relaxation of the blood vessels of the part,
and such afferent nerves may be called excito-vaso-inhibitory.

Many nerves of the body contain both afferent and efferent
nerve fibres, and are called mixed nerves.

The passage of exeitation from one neuron to others in such
aetions occupies a very appreciable time.

In the case of reflex closure of the eye, about ‘06 second
elapses between the touching of the eye and the resulting
“wink.”

Knowing the rate at which nerve changes pass along nerves,
and knowing the length of the ingoing and of the outgoing
neurons, the time taken in the passage of the change along
these is readily calculated. In a relex wink it is about
‘01 second.

Hence only one-sixth of the total ‘latent time” of the reflex
action is occupied in the passage of the change along the
neurons, and ‘05 second, or five-sixths of the whole is taken up
in the passage of the change from one neuron to another.
Obviously the synapsis between the dendrites of the neurons



84 VETERINARY PHYSIOLOGY

offers a resistance, and this resistance varies with the condition
of the neurons invelved, pessibly with the condition of the
dendrites which form the synapses.

If the toe of a frog deprived of its brain is pinched, the leg
is drawn up; but if a dose of strychnine is first administered,
even touching the toes causes a violent spasm of every muscle in
the body. The resistance is decreased. If, on the other hand,
a dose of bromide of potassium has been administered, or if
ice be put on the back of the animal, much more powerful
stimulation is required to produce any reaction. The resistance
is increased. The activity of the central synapses may be
inereased or diminished in various ways, and hence it is never
easy to predicate the ultimate result of any stimulation of the
nervous system. But, other things being equal, the strength
of stimulus applied to the first neuron—that is, the extent of
excitation—directly affects the extent of the resulting action.
(Practical Physiology.)

The nature of the * impulse” which passes along a nerve
is due to changes in the axis cylinder, since this, without its
sheath, can conduet. Further, it is dependent on the vitality of
the nerve. Death of the nerve, as when it is heated to 47° C,,
at once stops the transmission of an impulse,

We may at once dismiss the idea that the impulse is due to
a flow of electricity. Eleetricity travels along a nerve at about
300 million metres per second, a velocity much higher than that
of the nerve impulse.

Two possibilities remain. The impulse may be of the
nature of a molecular vibration, such as occurs in a stetho-
scope which conducts sound vibration, or it may consist of
a series of chemical changes such as cause the activity of
protoplagm generally.

In considering this matter it must be remembered that
the amount of energy evolved in a nerve impulse need not
be great. All it has to do is to sferf the activity of the part
to whieh it goes. Hence if chemical changes are the basis
of the impulse, these may be extremely small in amount and
difficult to detect, while at the same time recuperation may
be extremely active.

As a matter of fact, the evidence of chemical changes in
nerve fibres is entirely wanting. No change in reaction,
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no heat production, and no phenomena of fatigue can be
demonstrated.

4. The function of the cell is to preside over the nutrition
of the neuron. If any part of the neuron is eut off from its
connection with the cell, it dies and degenerates (see p. 173).

In the cat, excitability disappears after three days, and the
white sheath shows dezeneration changes in eight days. The
fatty matter runs into globules and stains black with osmie
acid even after treatment with chrome salts (Marchi’s method).
This seems to be due to the fact that osmic acid acts upon
the unsaturated oleic acid, and that in the normal nerve this is
oxidised by the chrome salt, whereas in the degenerated nerve
so much is set free that it cannot all be oxidised, and therefore
stains with osmic acid. The white substances gradually
disappear. At the end of a month the phosphorus has all gone,
and by the end of about forty-four days the fat can no longer be
detected. At this stage Marchi’s method is useless, and the
degenerated fibres may be demonstrated by the fact that they
do not stain with osmic acid or with Weigert’s hematoxylin
method, which stains the white sheaths of normal fibres, As
the degeneration advances, the axis cylinder breaks down and
the nerve corpuscles proliferate and absorh the remains of the
white sheath, so that nothing is left but the primitive sheath
filled by nucleated protoplasm. Into this, axons may grow
downwards from the central end of the nerve, and regeneration
may oceur. This generally begins after forty-four days and is
well marked after about one hundred days.

Some investigators have maintained that regeneration oceurs
by the development of new fibrils in the degenerated nerve
itself, but the mass of evidence indicates that when an apparent
peripheral regeneration has occurred it has been due to the
ingrowth of axons from adjacent cut nerves.

The cell of the neuron appears to have the power of aec-
cumulating a reserve of material as Nissl's granules, for it
has been found that after continued action these granules
diminish in amount. The nueleus, too, would seem to have
the power of giving off material for the nourishment of the
neuron, since in conditions of excessive activity it has been
found shrunken and distorted.
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SECTION 1V
Tk NEURO-MUscUurLAr MECHANISM

TuEe study of the physiology of musele and nerve leads to the
consideration of how the neuro-museular mechanism acts, so
that (1st) the various visceral muscles respond appropriately
to the conditions in which they are placed, and (2nd) so
that the co-relationship of the animal with its surroundings
may be maintained.

We shall at present deal with the second of these. leaving
the former for consideration when studying the physiology of
the viscera.

1. THE NEURAL ARCS

The neuro-museular mechanism is controlled by three chains
or arcs of nmeurons, consisting of ingoing neurons on the one
gide and outgoing neurons on the other.

1. Spinal or Peripheral Are—A. Ingoing (fig. 40, A).—
These neurons start in dendritic expansions at the periphery,
and enter the cord by the superior or dorsal roots of the spinal
nerves. In these roots they are connected with cells by
lateral branclies (see p. 158). When they enter the cord they
either pass to the dorsal portion, and divide into (@) branches
running for a short distance down the cord: (&) branches run-
ning right up to the top of the spinal cord to end in synapses
round masses of eells—the nuclei of the dorsal columns, or,
(¢) either directly or by collaterals, they form synapses with
other neurons. The most important of these in the spinal are
are the neurons in the ventral part from which the ountgoing
fibres spring. The other neurons with which synapses are
formed send fibres either up the same side of the cord or
across to the opposite side. These may be considered as part

of the next two arcs (see p. 170).
By
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B. Outgoing (fig. 40, 5).— From the neurons in the ventral
part of the cord, fibres are given off which pass out in the
ventral roots of the spinal nerves to muscles, glands, and
other reacting structures.

The fibres entering and leaving the base of the brain by the
eranial nerves belong to this arc.

The action of these neurons is controlled and modified by the
two other series of central neurons.

THALAMUS
O E L

Fic. 40.—To show the three Ares in the Central Nervous S8ystem. A4, Peripheral
ingoing nenron giving off collaterals in the cord and some terminating
above in the nuclei of the dorsal eolumns ; B, peripheral ontgoing neurons ;
€, ingoing cerebral neurons ; D, outgoing cerebral neurons, crossing to
the opposite side at [f; F, ingoing cerebellar nearons; F, outgoing
cerebellar nenrons.

2. Cerebral Arc—A. Ingoing (fic. 40, ) —(a) Lower
Neuwrons.—These are the ingoing neurons of the spinal are,
deseribed above.

(b Intermediote Newrons—These start (i.) from the cells in
the nuclei of the dorsal columns, and, crossing the middle
line, run up to the base of the great brain, where they end in
synapses round other cells in the thalamus opticus (fig. 40, () ;
(ii.) from the cells in the spinal cord with which the spinal
ingoing neurons have made synapses. The fibres to the cere-
brum cross in the cord and run up to end in synapses in the
thalamus; (iii.) from the synapses in the base of the brain,
formed by the incoming fibres of the head sense organs. These
fibres also pass up to end in the thalamus. :

(¢) Upper Neurons—From cells in the thalamus, processes
pass up to the cortex of the great brain, to end in synapses
with the neurons situated there.
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B. Outgoing (fig. 40, 1))—The oufgoing neurons start in the
cells of the cortex cerebri, and pass down to the upper part
of the spinal cord, where most of them cross and run down
the lateral column of the spinal cord, giving off collaterals
which end in synapses round the cells in the ventral horn
of grey matter, from which the spinal outgoing neurons pass
to the musecles, ete. Those which do not eross run down the
ventral column of the cord for some distance, and end by
erossing and becoming associated with the cells in the ventral
horn.

3. Cerebellar Arc—A. Ingoing (fig. 40, &) —Some of the
collaterals of the spinal ingoing neurons end in synapses round
a mass of nerve cells at the side of the grey matter of the spinal
cord—the cells of Lockhart-Clarke. From these cells, fibres
extend up at the margin of the cord to the lesser brain or cere-
bellum to form, directly or indirectly, synapses round the cells
in this organ. From the same group of cells other fibres cross fo
the opposite side and run up to the cerebellum. Fibres from the
synapses, formed by the incoming fibres from the labyrinth of
the ear and probably from the eye, also course to the cerebellum,

B. Outgoing (fig. 40, #).—From neurons near the surface of
the cerebellum and in the central nuclei axons extend (&) to the
medulla oblongata, where they end in synapses round a mass
of cells—the nuecleus of Deiters. From these cells, fibres extend
down the lateral columns of the same side of the spinal cord,
and give off collaterals to the cells of the ventral horn of grey
matter. (&) To the cerebrum.

The nervous system may thus be considered as built up of
these three arcs.

1sf. The Spinal arcs consist of the peripheral ingoing neurons
and the peripheral outgoing neuroms. These ares exist not
only at the level of the cord at which the ingoing neuron
enters, but arve placed at various levels above and below this
point (fig. 40).

9ad. The Cerebral arcs consist of (1) the peripheral; (2)
the intermediate; and (3) the upper ingoing neurons; (4) the
central outgoing neurons; and (5) the peripheral outgoing
neurons.
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3rd. The Cerebellar arcs consist of (1) peripheral ingoing
neurons ; (2) the cerebellar ingoing neurons; (3) the outgoing
cerebellar neurons, either direct to the cord or through the
cerebrum ; and (4) the peripheral outgoing neurons,

2. MODE OF ACTION OF THE NEURAL ARCS
A. Spinal Ares in Reflex Action

The mode of action of the spinal ares, uncomplicated by the
influence of the two higher arcs which act upon them, may best
be studied by dividing the spinal cord high up so as to remove
from it their modifying action.

One of the simplest spinal reactions may be studied in
a frog in which the brain has been destroyed. If the animal
be suspended by the head, and one of the toes gently
pinched, the leg is drawn up (Practical Physiology). Here
an impnlse is transmitted up from the ends of the receiving
neuren in the skin to the cord, and this leads to changes
in outgoing meurons which pass to the muscles of the leg fo
make them act in a definite manner to withdraw the leg
from the source of irritation. This is a Reflex Aection, an
action in which, apart from any necessary implication of
consciousness, an external stimulus leads to a definite re-
action through the agency of one or more spinal ares.

The mechanism involved consists in :—

1. The special terminations of the neurons acted upon—the
Receptors.

2. The Conductors—the ingoing and outgoing neurons and
the synapses between these.

3. The reacting organs or muscles, which may be termed
the Effectors.

[t is convenient to deal first with the conductors.

The Conduetors.—These are (1) the ingoing neurons; (2)
the synapses; (3) the outgoing neurons. The mode of action
of this chain differs materially in several points from the action
of single neuron fibres or groups of these which make up the
nerve trunk.

1. Conduction is slower, e there is a longer interval, a
longer latent period, between the application of the stimulus
and the resulting action, Thus the time between the appli-
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cation of a stimulus to a frog’s foot and the drawing up of
the leg is many times longer than the time which would be
taken in the passage of a nerve impulse up to the cord and
down again (Prectical Fhysiology). The change takes an
* appreciable time to pass across the synapse. The duration of
this time varies very greatly and is dependent on the strength
of the stimulus and on the condition of the synapse.

2. While the latent period varies with the strength of
stimulus, there is not the same correspondence between the
strength of the stimulus and the extent of reaction in reflex
arcs as there is in simple nerve fibres, and the extent of the
reaction depends very largely upon the condition of the
synapses. Thus,in a decapitated frog poisoned with strychnine
the least touch produces very powerful reactions, while if ice
be put on the spinal cord, very strong stimulation may call
forth no response (Practical Physiology).

3. When a nerve is directly stimulated, the effect stops
with the stoppage of the stimulus. DBut with reflex ares
the effect may be continued as an after-discharge for some
considerable time after the stimulus is stopped. The extent of
this after-discharge varies with the strength of the stimulus
and with the condition of the synapse (Practical Plhysiology).

4. In a nerve the smallest effective stimulus causes the
passage of an impulse and repetition of the stimulus does
not inerease its effect. But in reflex ares a subminimal
stimulus if repeated again and again breaks down the resist-
ance to its passage across the synapse and leads to a re-
action ; there is a summation of stimuli (Practical Physiology).

5. In a nerve rhythmic stimuli lead to results at the same
rate. But rhythmic stimulation of the receptors of a reflex
arc is apt to set up reflex movements of quite independent
rhythm. This is well seen in the scratch reflex which may be
elicited by stimulating the skin over the shoulder in a dog
with the spinal eord eut across high up. At whatever rate
the stimuli are applied to the skin, the scratch movement
of the hind leg recurs regularly four or five times per second.

6. While a nerve conducts impulses in both directions, a
reflex arc allows its passage across the synapse in one direction
only from the receiving fo the reacting neuron. There is, as
1t were, a valve action.
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7. Nerve fibres do not manifest fatigue, but reflex arcs
readily do so, apparently through a change in the synapses,
and these synapses are also mueh more susceptible to the
influence of poisons—e.g. deficiency of oxygen or the action of
such drugs as chloroform—than are nerve fibres,

8. A nerve may be stimulated again and again at very short
intervals of time. If it loses its exeitability after stimulation
the refractory period is very brief. Reflex arcs manifest much
more prolonged refractory periods, during which it is impossible
to elicit another response. This is of great importance in
preventing confusion of movements. For, since a reflex act
takes an appreciable time to be performed, it is of importance
that it should be completed before another is started.
Sherrington has studied this in “a spinal dog,” a dog with the
spinal cord eut high up. One of the best examples is to be
seen in the result which follows pressing the finger between
the toes of the hind leg; the leg is forcibly extended as in
forward progression, an act in which the other limbs must
take their part before the first leg is again extended. Here a
refractory period of very considerable duration supervenes on
stimulation to allow of the other legs acting in proper sequence.

The spinal reflexes are definite and purposive in character.
This may be shown by placing on the thigh of a decerebrated
frog a little piece of blotting paper dipped in acetic acid.
Definite and purposive movements for the removal of the
paper are made by the leg, movements involving the co-
ordinated and orderly consecutive action of certain muscles
and the relaxation of other muscles (Practical Physiology).
This implies the co-ordinated action of a number of outgoing
neurons in response to a particular stimulation of a few in-
going neurons, a co-ordinated action involving exeitation of
certain muscles and inkibition of others. This co-ordination
in action must owe its origin to a process of evolution by which
appropriate lines of conduction have been established in the
gpinal eord.

The reciprocal exeitation and inhibition of muscles is a feature
of very great importance.’ It has been very fully studied by
Sherrington in the “spinal dog.” Exeitation and inhibition
may oceur («) at the same time as when the flexors contract
and the extensors are inhibited in drawing up the leg, or (b)



o

NEURO-MUSCULAR MECHANISM 93

they may follow one another as in the scratch reflex, which
may be elicited when the skin over the shoulder of the dog

is stimulated. The hind leg then performs rhythmie seratching
movements, involving alternate contraction and relaxation of

the flexor muscles.

The mechanism involved in the ordinary

flexion action of seratching is indicated in fig. 41.
That speeific channels for exeitation and inhibition do not

exist 1s shown by the fact
that under the influence of
strychnine, the inhibitory

effects may be abolished and

converted to exeitor effects.
As a result of this, havoe is
played with the co-ordina-
tion of the reflexes.

A simple uncomplicated
reflex action probably does
not exist, for every ingoing
impression sets up a series
of changes which in turn act
upon the reflex arc. Thus
an ingoing impulse from the
skin sets up reflex contrac-
tion of musecles, and this
contraction stimulates per-
ipheral structures in the
museles, tendons, and joints,
from which impulses pass in-
wards to act upon the are.
At the same time changes
in the viscera may be pro-
duced which lead to exeita-
tion of ingoing fibres, and
these again react upon the
central synapses (fig. 42).

i -

Fie. 41.—To show play of different Reflex

Arcs upon a motor neuron FU' to the
vasto-crureus muscle of dog, e, Stimu-
lation of the ear, tail, fore foot, and
pressure on the pad of the hind foot of
the same side, all eanse exeitation, as
also do stimulation of the shoulder of
the opposite side and nocuous stimuli of
the opposite hind foot. On the other
hand, it is inhibited by stimulation
of the shoulder of the same side, as
in the scrateh reflex and by nocuous
stimuli of the hind foot of the same
side. (SHERRINGTON.)

The activity of every spinal are is carried on alongside that
of many others, and each of these may materially modify its
character. Two reflexes induced by similar stimulation from
adjacent areas may reinforce one another and increase the
general reaction. On the other hand, two stimuli of different
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kinds from the same area may induce one or other reflex.
Thus, while pressing the finger in the pad of the dog’s foot
causes the extensor thrust, injurious stimuli cause a flexion-with-
drawal of the foot. When the two stimuli are applied at once,
one or other, but not a combination of the reflex actions, will
manifest itself. In the per-
formance of each of these
reflexes the same outgoing
nerve paths are employed,
and in the eontest between
the two stimuli one of the
stimuli overcomes and re-
places the other. In this
way inco-ordinate mo ve-
ments by mixtures of re-
flexes are prevented.

The ingoing fibres are pro-
bably five times as numerous
as the outgoing fibres, and
each one of them is con-
Fie, 42.—To show the way in which the I.'.EEEE(.L or may become fune-

dilferent reflex arcs react on one another., tiunally connected, with

S, sl:iu.; M, musele ; F, viscus ; €, spinal many different combinations

cord with synapses, (M‘DoveaLL.) ;

of outgoing fibres. Hence
it 1s difficult to get a reflex which does not interfere with
others, either by inecreasing or antagonising them. The out-
going paths are merely passive channels in the hands of certain
ingoing reflex paths. In illustration of this, Sherrington cites
the outgoing motor neuren to the vasfo-crureus of the dog, and
in fig. 41 shows how this is the common path to different re-
flexes induced by different stimulation of different parts of the
body. Some stimuli excite its activity and may be grouped
together as “allied ”; others inhibit its activity and thus act as
“ antagonistic” to the former group.

Spread of Reflexes.—While with gentle stimuli many re-
flexes tend to manifest themselves in the outgoing neurons of
the same region of the cord, other reflexes, such as the serateh
reflex of the dog, always involve neurons in widely different
regions. DBut even in reflexes which are localised when gentle
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stimuli are applied, and which tend to spread under the
influence of powerful stimulation, the spreading occurs along
definite lines for each type of stimulation. Thus, the ordinary
flexion-withdrawal of the foot on stimulation is at first confined
to the ham-string museles, but, as the stimulus is increased in
strength, the movement spreads to involve the flexors of the
hip and knee, extension of the opposite hind leg, then exten-
sion of the fore limb of the same side and flexion at the elbow
of the opposite fore limb with some extension of the wrist,
turning the head towards the same side, often opening of the
mouth and lateral deviation of the tail. Thus a reflex figure

a b c

0 \

Fis. 43. —Reflex figures struck in deerrebrated eat on stimulating a fore and
a hind paw. (SHERRINGTON.)

tends to be struck, and in the striking of this figure the
stimuli from the museles and joints set up by each stage of the
movements probably play a very important part (fig. 43).
These definite channels of spread of reflex action appear to
have been developed by the progress of evolution.

The Reeeptors.—It is much more easy to elicit reflex action
hy acting upon the neuron-termination than by acting upon the
nerve in its course. This may be demonstrated by observ-
ing the relative strengths of the pinch which it is necessary
to apply to the skin of the foot of the frog and to the
exposed sciatic nerve in order to produce a reflex contraction
of the museles. The receptors have the property of lowering
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the threshold of effective stimulation. When the mechanisms
involved in the special senses are studied (p. 100 ef seq.) it
will be found that special receptors are developed, each
variety of which lowers the threshold of excitability of the
arc for one kind of stimulus and inereases it for all others.
It is by this arrangement that different kinds of change
each produce their appropriate result.

Classification of Receptors.—It has been already seen that
different reflexes of the cord may be evoked by different kinds
of stimulation from without. Different stimuli each call forth a
distinctive response. Thus, an injurious stimulus to the foot
causes a flexion and withdrawal of the leg, while pressure
between the toes causes an extension. Various receptors are,
as it were, tuned to special kinds of stimulation. Those which
respond to stimuli from without may be called extero-ceptive.

They may be roughly classified into those responding to
injurious stimuli, noci-ceptive, and those responding to non-
injurious stimuli. Those connected with the cord respond to
stimuli resulting from changes in close proximity to the body,
such as touch, the addition or withdrawal of heat, the
application of chemical substances.

But spinal reflexes are not only evoked by stimulation from
the outside of the animal, but also from stimulation of the
inside, e.g. stimulation of the inside of the stomach. The
receptors situated in these viscera may be called intero-
ceptive.

Yet another set of stimuli come into play in spinal reflex
action. The end organs of neurons in the muscles, tendons and
joints may be stimulated by the reflex response of the museles,
and may in turn set up reflex action often sustained and tonic
in character and of great importance in determining the posture
assumed, These receptors, slimulated by the condition of the
animal’s own tissues, may be termed proprio-ceptive (see fig. 42).

Stimulation of the extero-ceptive receptors plays the chief
part in inttiating movements, stimulation of the proprio-ceptive,
as a result of these, in guiding and co-ordinating the movements.
The proprio-ceptive reflex when induced may reinforce the extero-
ceptive reflex which started it, or it may evoke compensatory
movements, bringing the part back to its former position.
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. Brain Ares in Reflex Action

It is obviously of importance to an animal that its anterior
end, which in progression first comes into relationship with any
change in its surroundings, and in which is situated the mouth,
by which it feeds and therefore exists, should be well provided
with receptors, so that through them appropriate reactions of
the whole body to changes in the conditions may be produced.

Hence it is in connection with the head that the most com-
plex development of extero-ceptive receptors (see p. 104) oceurs,
Some of them, as those in eonnection with the spinal cord, respond
to stimuli in close proximity, e.g. the sensitive tactile whiskers
of the cat, and the receptors in the mouth, which produce
different reactions to mocuous and non-nocuous stimuli. But
in addition to these, others are developed which are acted upon
by stimuli coming from a distance, eg. light, sound, volatile
chemical substances, and these may be called distanee receptors.
Their great importance is that by their aection the body is
prepared for the more immediate contact with the external
condition, and is adjusted either to escape nocuous agencies
or to seize nutritive material, e.g. in the capture of prey. So
important is the action of these distance receptors in the higher
animals, that a mass of nerve tissue, the cerebrum, iz developed
to bring about the reaction of the head and body generally to
these stimuli. In order that these reactions to the distance
receptors may be properly co-ordinated with the responses to
the non-distance receptors, such as the organs of touch, these
latter are closely linked to the cerebrum by definite bands of
nerve fibres (fig. 40).

Still further to secure the appropriate and co-ordinated
action of the head and body to these distance stimuli, a
special proprio-ceptive mechanism is developed in the head, a
mechanism which is called into play by movements of the head,
and which thus assists in adjusting the position of the head and
body, just as the action of the proprio-ceptive structures in
muscles assist in adjusting the position of the limbs (see p. 102).
This mechanism is developed from the internal ear, and may be
termed the labyrinthine receptor mechanism (see p. 154),

It is the dominant adjusting or balancing mechanism in the
body and it exercises a constant control over the proprio-ceptive

7
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mechanism connected with the cord. So much is this the case
that its destruction leads to inability to co-ordinate the move-
ments of the eyes, head and limbs, and to loss of muscular tone.
This is seen in the * knock-out ” blow on the jaw, which forces
the condyles against the base of the skull, and by deranging the
action of the labyrinth leads to a sudden and absolute loss
of muscular tone.

Just as the cerebrum is developed in conneection with the
distance receptors of the head, so the cerebellum is developed in
connection with the labyrinthine receptor mechanism. And
just as the non-distance receptors of the cord are connected
up with the cerebrum, so the proprio-ceptive mechanism of
the cord is connected with the cerebellum.

Thus it is that in the higher animals the head receptors and
the brain which is developed in connection with them domin-
ate the cord and control the various spinal reflexes.

So far the reactions of the neuro-muscular mechanism have
been considered simply as an affair of reflexes. But the activity
of the cerebrum is accompanied by changes in conseiousness, and
it is assumed by some that the sfate of consciousness is fhe
determining factor in the result, and hence such actions
have been called voluntary. But sinee in such conditions as
sleep-walking and hypnosis the most complex and selective
actions are performed without the intervention of conscious-
ness, it must be admitted that this metaphysieal pheno-
menon is not an dafegral part of the response of the nervous
systern.

On the other hand, we know that the character of the
reaction to any stimulus is largely dependent upon the state
of the nervous centres. Just as a touch produces a different
effect in a frog poisoned with strychnine and in one under
the influence of bromide of potassium, so a sudden noise may
produce a totally different reaction upon a person with a
fatigued brain or a brain poisoned by aleohol, and upon one
with the brain in a good state of nutrition.

Not only does the temporary state of nutrition thus
modify the result of a stimulus, but the paths of aetion
previously opened and defined through the centres also have
a marked influence. (1) These paths may have been formed
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in past generations and inherited from the parents. In young
fowls, as soon as they are hatched, the acts of walking and
of pecking are at once performed, and in many families
particular gestures or expressions follow certain modes of
stimulation in many different individuals without the con-
sciousness of the person being involved., They are inherited
cerebral reflexes. (2) Paths may also have hbeen developed
in the individual as the result of previous activities of the
nervous mechanism. For, if a given action has once followed
a given stimulus, it always tends to follow it again. This,
in fact, is the basis of all rational education alike in man and in
the horse and dog—to open up paths in the nervous system by
which the most suitable response may be made to any given
stimulus, and to prevent the formation of paths by which
inappropriate reaction may be produced.

5. FATIGUE OF THE NEURO-MUSCULAR MECHANISM

Continued action of the neuro-muscular mechanism leads to
fatigue, and this may best be studied by means of some form of
ergograph, an instrument which enables the response of a muscle
to stimuli to be recorded. If a musecle be “voluntarily” or
reflexly stimulated again and again it finally ceases to react.
But if now the outgoing nerve is stimulated the muscle con-
tracts at once. This shows that fatigue first manifests itself in
the central synapses. If the outgoing nerve be repeatedly
stimulated, after a time the muscle no longer responds, buti
if the muscle be directly stimulated it contracts. The muscle
therefore is not fatigued. Since the electrical changes which
accompany conduction in a nerve still go on, it is obvious that
the nerve still acts. It is therefore the nerve ending in the
musecle which fatigues after the central synapses,

Fatizue is due to the accumulation of the products of the
activity of muscle, and it may be induced in a normal dog by
injecting the blood from a dog which has been fatigued.

In studying the neuro-muscular mechanism it is most import-
ant to keep clearly in mind the meaning of the terms sfimulus,
veaction, and sensafion, (a) Stimulus is the change in the sur-
roundings which produces () the Reaction, the modification in
the action of some part of the body. (¢) Sensation is the
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change in the consciousness which may accompany the appli-
cation of a stimulus and the reaction.

Speecial Neuro-Muscular Mechanisms of the Horse

1. In standing the weight of the body is chiefly slung by the
serrabl magni on the scapule, which are supported by the bony
column of the fore limb, the flexors and extensors maintain-
ing the condition of partial flexion at the elbow joint, and the
bend at the fetlock being supported by the strong superior
sesamoidean ligament. The posterior common ligament of the

Fi6. 44.—The Walk. (ELLEXBERGER.)

carpus is upon the stretch and acts as a further stay. The
hind limbs are used alternately to support the weight of the
posterior part of the body, that not in use being partly flexed
and resting on the toe. From the fact that the hind legs are
less straight than the fore legs, more muscular work is required
in using them as supports.

2. The movements of the horse at the different paces have
been analysed by instantaneous photography,

(1) Walk.—The body being balanced on three legs, as shown
in fig. 44, one fore leg is advanced, the body moves forward
on the eorresponding hind leg and the opposite hind foot leaves
the ground before the fore foot reaches it, so that for a moment
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the horse is balanced on diagonal legs (2). The hind foot
which has left the ground is now advanced, and before it is
planted the corresponding fore foof is lifted (3), and thus, at
this stage, the animal is balanced on the fore and hind leg of
the same side (4). As the hind foot comes to the ground, the
condition described at the starting is again reached and the
process is repeated.

(2) Trot.—The body is driven forward by the alternate pro-
pulsive action of the diagonal fore and hind legs. The near
fore and off hind feet leave the ground together, propelling the
body upwards and forwards (fig. 45,1), and are then advanced

Fia. 45.—=The Trot. (ELLENBERGELRL. )

to again reach the ground, when the off fore and near hind
feet repeat the same movements (3).

(3) Amble.—Here the two legs of the same side act together
as do the diagonal legs in frotting.

(4) Gallop.—Aft one stage of the pace, all the feet are off the
ground and well tucked under the body (fig. 46, 1). One hind
foot, say the near, first reaches the ground (2), and immediately

Kear Hind. 0 Hind, Near Fore. O Fore,

1 alf all ! off ol
a2 o1 off 1 off off
3 ol ol off off
4 off ol o off
i ol | oll on on
B off oll oll o1

after the opposite hind foot is planted in advance of it (s).
The near fore now comes to the ground, and as it does so the
near hind is lifted and the horse rests on diagonal fore and
hind legs (4). Then the off hind foot leaves the ground and



102 VETERINARY PHYSIOLOGY

the animal is now on the near fore foot (5). The off fore foot is
now planted and the near fore leaves the ground i6), and finally
the off fore is also raised and the horse is again in the air.

(5) Canter.—The canter is a less energetic gallop. At one
moment all the feet are off the ground, and they are planted
in the same order as in the gallop—near hind, off hind, near
fore. But while in the gallop the near hind bas left the ground
before the near fore is planted, in the canter all these are on

Fio, 46.—The Gallop. (F. SmiTH.)

the ground at once, and it is only as the off fore comes to the
ground that the near hind followed by the near fore is raised.
The off hind and then the off fore next follow, and all the
teet are again off the ground.

(6) Jump.—The fore legs propel the body upwards, and the
hind legs give a further forward and upward propulsion and
are then fully flexed under the body to clear the obstacle.

The animal alights on its fore feet, one reaching the ground
betore the other.

it e . i
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Tae Foor

The physiology of the foot in the horse in these neuro-

muscular actions is of great importance (fig. 47).
The anatomical study of the structure has taught that the

weight of the body is transmitted through the coronal bone
(second phalanx) (Z.) to the foot, and that the articular

surface of the coronal is larger than that of the pedal bone
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47.—Longitudinal Section of Foot of the Horse.
., coronal bone:;

Fic.
cartilaginous pad ; Pe, pedal bome; P
bone: P.T., perforans tendon,

(third phalanx) (Pe.), so that it rests at its posterior part upon
Further,

the navicular bone (V) and perforans tendon (7.77).
at each side of the pedal bone posteriorly are the large lateral

cartilages with a dense fibrous and fatty mass of tissue befween
The periosteum of the pedal bone is covered by a

them (C).
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dense fibrous tissue which on its surface is raised in numerous
ridges with side branches—the sensitive lamelle, vertical in
direction in front and oblique posteriorly, and on the surface
of these is formed the great epithelial strueture, the borny hoof
(f), comparable to an exaggerated nail. In this the anatomical
point of importance is the fact that it is very dense and hard
in front and softer and more elastic behind, especially in the
region of the prominence on the sole called the frog,

As the foot is brought down the heel first comes to the
ground and, in the natural condition, shock is prevented by
the elasticity of the posterior part of the foot, due to :—

1. The elastic horn of the frog ;

2. The almost transversely disposed lamellae ;

3. The elastic lateral cartilage and intermediate tissune ;

4, The pressure being transmitted from the coronal bone
through the elastic sling of the navieular bone and perforans
tendon.

The alternate compression and expansion of these structures
has the effect of massaging the blood out of the veins of the
foot and of thus assisting its onward propulsion, a matter of no
small importance in such dependent structures as the feet.

As the foot is raised 1t is the toe which last leaves the ground,
driving the body forward and upward, hence the hard resistant
character of the hoof in front, its firm and direct connection
with the pedal bone, the vertical direction of the lamelle, and
the arrangement by which as the eoronopedal joint is flexed the
pressure is transmitted directly from one bone to the other.

4, THE CHIEF RECEPTOR MECHANISMS
THE SENSES

In order that each particular kind of change in the sur-
roundings of the body may produce its appropriate reaction,
" it is essential that the different kinds of changes should act
in different ways—that the contact of gross matter, changes
of temperature, vibrations of the air, vibrations of the ether,
and various chemical changes should produce their special
effects.

To secure this, as we have already seen, special peripheral
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developments of neurons, special receptors, have been evolved
which react more particularly to each of these special kinds of
change. With these peripheral neurons particular parts of the
central nervous system are connected and associated, so that
a special reaction to each of the various kinds of stimuli may
occur. These reactions may be accompanied by changes in the
consciousness—Dby sensations; and since our consciousness is
our instrument of knowledge—our Ego—these sensations
appear to us the chief and most important part of the action
of the mechanism, and hence their activities are often considered
as The Senses. That, in many reactions, sensation is not an
essential part, we have already indicated. Most of our know-
ledge of the senses has necessarily been gained by observation
and experiment on the human subject, and it is perhaps
unjustifiable to assume that the results obtained can be applied
to lower animals. We know that in certain animals certain
receiving mechanisms are specially developed, while in others
other mechanisms are of chief importance. But how far the
activity of these mechanisms affects the consciousness it is
impossible to say,

A. INTERO-CEPTIVE MECHANISM
Common Sensibility

Throughout the infernal organs are various peripheral
terminations of ingoing nerves, some apparently of the nature
of simple dendritic expansions, some of dendritic expansions
enclosed in definite fibrous capsules (Pacinian Corpuscles),
which are called into action by different kinds of stimulation,
nocuous and innocuous, to produce reflex adjustments of the
bodily mechanism either without or with the involution of
consciousness—rthat is, either without or with the production of
sensation (see p. 96). Thus when food is taken into the stomach
it stimulates the ends of the different nerves, and these carry the
impulse up to the central nervous system to produce a reflex
dilatation of the gastric blood vessels,

When the consciousness is involved in the action of these
mechanisms the sensations experienced are generally vague and
difficult to deseribe, and have been grouped under the term of
Common Sensations. The ordinary sensations of thirst and
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hunger are examples of these, sensations which, although due
to changes in the mouth, throat, or stomach, give us information
as to the general needs of the body. Such sensations may be
considered as normal and physiological. But when abnormal
conditions exist in certain localities they produce sensations
such as tiekling, tingling, etec., and generally lead to a reflex
endeavour to remove the abnormal stimulus.

When nocuous stimuli act they generally not only evoke
some reflex adjustment, as when indigestible matter in the
stomach causes vomiting, but they produce changes in the
consciousness which are generally classed as unpleasant or
painful. All pain, since it means a change in consciousness,
is metaphysical. There is not such a thing as “ physical pain.”
The fatigue and other sequences to any kind of pain are
frequently cited as proofs of the influence of the mind on the
body. But we have no right to assume that they are caused by
the “pain” rather than by the physical disturbances in the
nervous system of which the pain is an accompaniment.

[t must be recognised that pain is purely a relative term, and
that conditions which in one individual will cause pain will not
cause it in another, while stimuli which will produce what are
called painful sensations when the nervous system is debilitated
may give rise to sensations not considered as painful when the
Nervous system 1s normal.

The mechanism of common sensibility is not acted on by the
same stimuli in all parts of the body. The mouth and throat
are the parts to which the sensations are referred in abstinence
from fluids, the stomach in the absence of food. The wntestine
appears to give rise to sensation only when abnormally
stimulated. In the skin the mechanism of common sensibility
is 8o closely associated with the mechanism of the tactile and
temperature senses that it is difficult to differentiate them.
Abnormal stimulation of the skin produces painful sensations
very readily, while similar changes in other tissues—c.g.
muscles—cause no modification of conseiousness.

The nerve channels by which the changes producing common
sensibility are transmitfed in the central nervous system are
distinet from those connected with the tactile and other
senses, and common sensibility may persist while the tactile
sense is lost (see p. 109).
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B. PROPRIO-CEPTIVE SPINAL MECHANISM
Kingesthetic or Musele and Joint Sense

The importance of the action of the receptors which are
stimulated by the action of muscles has been indicated in the
study of reflex action (p. 96). A double mechanism is in-
volved—I1st, A mechanism stimulated by the contraction of
the museles: and 2nd, a mechanism acted
on by movements at the joints. The re-
ceptors are of three kinds ;:—

(1st) Musele Spindles—Among the fibres
of the muscles are found long fusiform
structures containing modified parts of the
muscle fibres. Into each spindle a medul-
lated nerve passes and breaks up into a
non-medullated plexus round the fibres
(fg. 48).

(2nd) Ovgans of Golgi arve small fibrous
capsules in the tendons near the muscle g.. 45 _ spucture
fibres into which a medullated fibre enters,  of wmuoscle spindle—
and losing its white sheath forms a plexus  only o fhl'? e
of fibrils with varicosities upon them. :T:;Zl! o ;:I:::i:';

(3rd) Varicose terminations of axons sur-  ,  oter termina-
rounded by fibrous tissues are found in the tion ; 7.8, E.an:-m;}'

1 br . oints. termination on the
Eff}':;:'rﬁ]];::‘ﬂilhelhf":i Eii:ll:inliziz:l ijli} fl ::15113 tion Epi.nmrf e {M
= Rieavpand FAVRE.)

is transmitted to the central nervous system
as to the position and movements of the various parts, and
this, as has been already indicated, although not necessarily
modifying the consciousness, is of the utmost importance in
guiding the movements. When the consciousness is aflected,
valuable information as to the conditions of the surroundings
may be gained. In estimating the weight of bodies, these
sensations are much used. The body to be weighed is taken
in the hand, and by determining the amount of muscular con-
traction required to support or raise it, the weight is estimated.
The shape and size of objects are also determined by this sense
in conjunction with the sense of touch by estimating the
distance through which the limb touching it may be moved in
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different directions. In the dark the distance of objects is also
judged by estimating the extent of movement of the hand and
arm necessary to touch them.

The receptors in deeply seated structures may also be stimu-
lated by pressure from without, for Head has found that after
the cutaneous nerves to a part have been divided, pressure
with the point of a pencil is still felt and well localised.

C. EXTERO-CEPTIVE MECHANISM
The Special Senses

As we have already seen, the outside of the body is richly
supplied with a variety of receptors, each one of which has
a low threshold of stimulation for one particular kind of
stimulus and a very high threshold for all other kinds,

We have further seen that these may be divided into
receptors, stimulated by changes set up close to the body, non-
distance receptors and receptors acted upon by changes which
may originate at a distance—distance receptors. Among the
former may be classed the receptors in the skin and mouth,
and among the latter those in the nose, ear, and eye.

NON-DISTANCE RECEPTORS
(#) For CoxNtact
Tactile Sense

Even after the nerves from a portion of skin have been cut,
contact with the point of a pencil is felt, but a prick with a
sharp pin, heat and cold, and such gentle contact as touching a
hair are no longer felt, and, if a fold of skin is pinched up,
and a pencil pressed on the side of the fold, it is not felt.
This means that deeply-placed receptors, the fibres of which
travel with motor nerves, can be stimulated by pressure
through the skin. This, however, is not the mechanism con-
cerned in true tactile sense.

1. Reeceptors

Tactile corpuscles consist of a naked branching varicose ter-
mination of axons surrounded by sheaths of fibrous tissue,
situated in the papillee of the true skin (fig. 49).
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2, Physiology

The study of reflex action in the “spinal dog” (p. 93) has
revealed how various may be the reactions to different stimuli of
the skin, according to the part stimulated and to the character
of the stimulus. Thus harmful stimulation of the foot causes a
flexion and drawing up of the leg, pressure of the sole with
the finger causes the extensor thrust, Again, gentle stimula-
tion on the shoulder causes the characteristic seratching retlex.

Nocuous stimuli seem to cause a different reflex result from
non-nocuous. They are antagonistic, and the nocuous stimulus
is generally prepotent, and is able
to replace in reflex action the
NON-NOCUOUS, The sensation
which accompanies their stimula-
tion is not that of contact but of
pain, and the central neurons
which transmit such impulses run
independently of those transmit-
ting true touch impulses,

The tactile sense may be best
studied under three heads :—

1. The Power of Distinguish-
ing Differences of Pressure.—
Variations of pressure in time
and space are alone distinguished.

Fig, 49, —Simple form of sensory

nerve termination. In  the
We live under an atmospheric tactile corpusele the nerve fibre
pressure of 760 mm. of mercury, coils round the capsule Dbefore

; : : entering. (DoGIEL.)
but this gives rise to no sensa-

tion. Any sudden increase or diminution of pressure, however,
leads to a marked change of sensation, but a slow change causes
a lesser modification of consciousness.

2. The Power of Loealising the Place of Contact.—
Where the tactile organs are abundant, as in the lips of the
horse, the power of distinguishing aceurately the point touched
18 more acute than in places where these are more scattered.

3. The Power of Distinguishing Contaets in Time. — If
the finger be brought against a toothed wheel rotated slowly,
the contacts of the individual teeth will be separately felt.
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But if the wheel is made to rotate more and more rapidly, the
separate sensations are no longer fel, but a continuous sense
of contact is experienced. (Practical Physiology.) This in-
dicates that, if stimuli follow one another sufficiently rapidly,
the sensations produced are fused. From this it is obvious that
the sensation lasts longer than the stimulus—the contact.

The paths of conduction to and in the central nervous system
and the position of the centre in the brain are considered on
p. 205.

(b) For ApprtioN AND WITHDRAWAL OF HEAT
Thermal Sense

Heat, like light, is physically a form of vibration of the
ether. The temperature sense depends upon the faet that
when heat is withdrawn from the body we have one kind of
sensation which we call cold, and when heat is added to our
body another sensation which we call Zof. This depends upon
the temperature of our body in relationship to the surround-
ings, and not merely on the temperature of surrounding
bodies. If three basins of water are taken, one very hot,
one very cold, and one of medium temperature, and if a hand
be placed, one in the very hot and one in the very cold water
for a short time, and then transferred to the basin with water
at a medium temperature, the water will feel hot upon the
hand that has been in the cold water and cold upon the hand
that has been in the hot water. (Practical Physiology.)

The rate at which heat is abstracted or added is the
governing factor in causing the sensation; a sudden change
of temperature stimulates far more powerfully than a slow
change. For this reason the thermal conductivity of sub-
stances in eontaet with the skin has an influence upon the
gensation. If a piece of iron and a piece of flannel side by
side be touched, the first will feel cold, the second will not,
because the former has high thermal conductivity, the latter
has not, and thus tbe former abstracts heat more rapidly
than the latter.

Certain parts of the skin are stimulated by the withdrawal
of heat, and their stimulation is accompanied by sensations
of cold, while others are stimulated by the addition of heat

o il
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and give rise to a sense of warmth. This may be demonstrated
by taking the cold point of a pencil and passing it over the
back of the hand, when it will be felt as cold only at certain
points ; such points have been called eold spots, while similar
spots stimulated by the addition of heat are called hot spots.
(Practical Physiology.)

The temperature sense is independent of the tactile sense.
The one may be lost and the other retained. It is probable
that the nerve endings in the deeper layers of epithelium
are connected with the temperature sense.

Much light has been thrown by Head on the nature of the
nervous mechanism connected with cutaneous sensibility in
man and probably in the lower animals. He had the radial and
external eutaneous nerves in his own arm divided below the
elbow, and he thus severed all fibres from the skin over an area
on the outside of the hand and fore-arm.

(1) Immediately after the operation he found that the pressure
sense was not lost, and that a touch with a pencil was felt and
well localised. True tactile sense, as tested by touching with a
soft substance like cotton wool, and the sense of pain as tested
by the prick with a pin, were lost. Ulcers tended to form
over the paralysed area.

(2) After seven weeks he found that a prick with a pin could
be felt as a painful sensation, not well localised and radiating
widely. Differences of temperature between ice-cold water and
water at 50° C. could be appreciated, and the cold and hot spots
were sharply defined and reacted as cold to water at 24° C. and
hot to everything above 38° or 40° C. The sensation radiated
widely and was not graduated, the intensity depending upon the
number of spots stimulated, large surfaces at 25° C. giving a
more marked sensation of cold than small surfaces at 0° C.

By the end of 200 days this condition was completely re-
stored over the whole area, and uleers no longer tended to form.
He considers that the nerve structures involved constitute the
great reflex mechanism presiding over the nutrition of the skin.
In action it produces qualitative not quantitative changesin the
consciousness. He terms 1t Protopathie Sensibility.

(3) For more than a year the area remained insensitive to light
touch with cotton wool, then gradually it became sensitive to
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such light contact and to slight differences of temperature,
giving sensations of warmih and coldness as opposed to the
previous sensations of Aot and celd, This he terms Epieritie
Sensibility.

He discovered a small area on his hand in which the
epicritic sense was not lost but the protopathic sense was
lost. Light touch and differences of temperature between 36°
and 45° C. were appreciated, but the difference between water at
50° C, and ice was not felt.

He concludes from this and from the different rate of
regeneration that the two sets of nerves are independent.

Fig. 50,—To show the arrangement of Epicritie, Protopathie, and Deep-ingoing
Fibres in their distribution, and in their course in peripheral nerves and

-o=c=0 Deep I'ibres. (See text.)

He further finds, from the study of cases of nerve section,
that division of a pevipheral nerve leaves sharply-defined areas
of loss of epicritic sense, but great overlaps in the protopathic
sense. On the other hand, when a cord of the brachial plexus
is divided, the area showing loss of protopathic sense is more
sharply defined. When a series of posterior roots are cut,
logs of protopathic and epieritic sensibility correspond. He
concludes that the posterior roots are the units for proto-
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pathic sense, while the peripheral nerves are the units for
epicritic sense (fig. 50).

In the spinal cord there is no indication of separate chanuels
for these two kinds of nerves, but the sensory impulses get
shunted into special tracts for heat, eold, touch, ete. (see p. 206).

He also considers viseeral sensations. He finds that, when
water 1s applied to the imside of the colon, differences of
temperature between 20° and 40° C. are not appreciated, but
ice-cold water is felt as cold and water at 50° C. as hot. The
sensation is not localised. He argues that the viscera have
protopathic but not epieritic sensibility, but he points out that
most of the visceral sensations are due to a sense akin to
the muscle sense.

He concludes that the body within and without is supplied
with protopathic fibres and with fibres associated with sensa-
tion of movement and of pressure, but that to the skin alone
epicritic fibres pass (fig. 50).

How far epicritic sensibility exists in the lower animals it is
not easy to determine. Iossibly it has been evolved in the
primates in connection with the important part played by the
tactile sense of the hand in directing the movements of the
animal,

(¢) For CHEMICAL STIMULI
Sense of Taste

1. Receptors.—These receptors are developed in the mouth
with the object of determining the utilization or rejection
of material taken into the mouth according as it is beneficial
OF NOCUOUS.

The most 1mportant receptors consist of groups of spindle-
shaped cells with which the dendritic termination of the nerves
from the mouth are connected, each group of cells being
surrounded by a series of flat epithelial cells like the staves
of a barrel to form a taste bulb. These taste bulbs are most
abundant at the back of the tongue, on the sides of the large
circumvallate papille which form the prominent V-shaped
line on the posterior part of the dorsum.

2. Connections with the Central Nervous System. — The
posterior third of the tongue is supplied by the glosso-
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pharyngeal nerve. The anterior two-thirds are supplied by
the lingunal of the fifth and the chorda tympani of the seventh.
I't has been maintained that all these fibres enter the medulla by
way of the Gasserian ganglions and the root of the fifth nerve ;
but the study of cases in which the ganglion has been removed
does not support this view, and the evidence seems to indicate
that the fibres enfer the medulla by the roots of the nerve
in which they run.

The position of the receiving centre in the brain is con-
sidered on p. 205.

3. Physiology.—As to the way in which this mechanism
is stimulated our knowledge is very imperfect. In order to
act, the substance must be in solution. The strength of the
sensation depends on the concentration of the solution, upon
the extent of the surface of the tongue acted upon, upon
the duration of the action, and upon the temperature of
the solution. If the temperature is very high or very low
the taste sensation is impaired by the feelings of cold or
heat.

It is most diffieult to classify the many various taste sensa-
tions which may be experienced, but they may roughly be
divided into four main groups :—

1. Sweet. 3. Acid.
2. Bitter. 4. Saline,

Whether different sets of terminations react specially to
each of these is not known, but it has been found that sub-
stances giving rise to the sensation which we call bitter act
best on the back of the tongue, while substances producing
sweet or acid sensations act on the sides and front. Again,
chewing the leaves of gymmnema sylvestre abolishes sensations
of sweet and bitter, but does not interfere with those of acid
and saline, and leaves the tactile sense unimpaired. On the
other hand, cocaine paralyses the tactile sense before it inter-
feres with the sense of taste.

The sense of taste is very closely connected with the sense
of smell, and, when the latter is interfered with, many sub-
stances seem tasteless which under normal conditions have a
marked flavour. i
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DISTANCE RECEPTORS

(¢) For CHEMICAL STIMULI
Sense of Smell

Smell, as Sherrington puts it, is taste at a distance. Just
as the taste organs are stimulated by substances taken into
the mouth, so the olfactory organs are stimulated by volatile
substances inhaled through the nose.

The olfactory organs are the most fundamental of all

v m

R

\.‘H-—- o

Fic. 51.—The Connections of the Olfactory Fibres, .4, olfactory cells; B,
synapses in the olfactory bulb I ; ii., olfactory tracts; iii., olfactory
centre ; iv., decussation of fibres, (HowgLL.)

distance receptors, and they play a most important part in
the life of the lower animals in guiding them to their food and
repelling them from danger, in causing positive and negative
chemiotaxis. In such animals the mechanism is very highly
developed.

1. Receptors.—Over the upper part of the nasal cavity the
columnar epithelial cells are devoid of ecilia, and between them
are placed spindle-shaped cells (fig. 51, 4), which send processes
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through the mucous membrane, and through the cribriform
plate of the ethmoid into the olfactory bulb Z.

In the bulb these neurons form synapses, B, with other
neurons (), the axons of which pass to the base of the
olfactory fracts,

9. Connections with the Central Nervous System.—7The con-
nections of the olfactory fibres with the cortical centre in the
cerebrum (see p. 205) is shown in fig. 51, I/,

3. Physiology.—Stimulation of Meechanism.—To act upon
the olfactory mechanism the substance must be volatile, and
must be suspended in the air. In this condition infinitesimal
quantities of such substances as musk are capable of producing
powerful sensations, The mucous membrane must be moist,
and this is secured by the activity of Bowman’s glands,
situated in the mucous membrane. These are under the
control of the fifth eranial nerve, and section of this leads
indirectly to loss of the sense of smell through dryness of
the membrane.

(6) For Vierariox or ETHER
Sense of Sight
A. General Considerations

While the addition to and withdrawal from the surface of
the body of the slower ethereal waves which are the basis of
heat act upon the special nerve terminations in the skin to
give rise to sensations of heat and cold, a certain range of
more rapid vibrations act specially upon the nerve endings in
the eye to produce molecular changes which in turn affect the
centres in the brain, and play a most important part in the
adjustment of movements for the benefit of the body and which
give rise to changes in consciousness which we call sight. The
range of vibrations which ean act in this way are comparatively
limited, the slowest being about 435 billions per second, the
most rapid about 764 billions. Vibrations more rapid than
this, which are capable of setting up chemical changes, as in
photography, do not produce visual sensations.

The action of light upon the protoplasm of lower organisms
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has been already considered (p. 15), and it has been seen that
it may be either general or umilateral, producing the pheno-
mena of positive and negative phototaxis. In more complex
animals special sets of cells are set apart to be acted on by
light, and these are generally imbedded in pigmented cells to
prevent the passage of light through the protoplasm. Such an
accumulation of cells constitutes an eye, and in the simpler
organisms such an eye can have no further function than to
enable the presence or absence of licht or various degrees of
illumination to produce their effects,

But in the higher animals these cells are so arranged that
certain of them are stimulated by light coming in one direetion,
others are stimulated by light ecoming in another, and while
the former are connected with one set of synapses in the brain,
the latter are connected with another. Thus light coming
from one point will stimulate one set of cells which will excite
one part of the brain, and light from another will act upon
other cells which will excite another part of the brain, and
thus not merely the degree of illumination but the source of
illumination becomes distinguishable,

It is by this arrangement that it becomes possible to form
ideas of the shape of external objects. One directs the eye to
the corner of the ceiling, and the idea that it is a corner is
due to the fact that three different degrees of illumination are
appreciated, and that these can be localised—one above, one
to the right, and one to the left. One set of cells is stimulated
to one degree, another set of cells to another degree, and a
third set of cells to a third degree; and the different stimula-
tion of these different sets of cells leads to a different excita-
tion of separate sets of neurons in the brain. These changes in
the brain are accompanied by the pereeption of the three parts
differently illuminated. From the previous training of the
nervous system we are taught to interpret this as due to a
corner. But this interpretation is simply a judgment based
upon the sensations, and it may or may not be right, and
instead of actually looking at a corner we may be looking at
the picture of one.

From the very first it must be remembered that the modifica-
tion of our consciousness which we call vision is not directly due
to external conditions, but is a result of changes set up in the
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brain. We do not perceive the object we are looking at, but
simply the changes in our brain produced by changes in the
eye set up by rays of light coming from the object.

Usunally such changes are set up by a certain range of
vibrations of the ether, but they may be set up in other ways
—e¢.g. by the mechanical stimulation of a blow on the eye;
but, however seb up, they give rise to the same kind of changes
in consciousness—visual sensation, This fact has been for-
mulated in the doctrine of specific nerve energy, that different
varieties of stimuli applied to the same organ of sense always
produce the same kind of sensation. And the converse that
the same stimulug applied to different organs of sense produces
a different kind of sensation for each also holds good.

The visual mechanism not only gives the power of appre-
ciating the degree and sourece of illumination, but also of
appreciating eolour. Physically the different colours are simply
different rates of vibration of the ether, physiologically they are
different kinds of sensations produced by different modes of
stimulation of the eye. The slowest visible vibrations produce
changes accompanied by a sensation which we call red, the
most rapid vibrations produce different changes which we call
violet. But, as will be afterwards shown, these sensations
may be produced by other modes of stimulating the eye.

The visual mechanism in this way gives a flat pieture of
the outer world, and from this flat picture judgments are formed
of the size, distance, and thickness of the bodies looked at.

The idea of size is based upon the extent of the eye-cells
stimulated by the light coming from the object. If a large
surface is acted upon, the object seems large; if a small
gurface, the object seems small. But the extent of eye-cells
acted on depends not merely upon the size of the object, but
also upon its distanee from the eye, since the further the object
is from the eye the smaller is the image formed. Hence, our
ideas of size are judgments based upon the size of the picture
in the eye, and the appreciation of the distance of the object.
The distance of an object, when over fifty or sixty metres from
the eye, and very probably even when over as little as six
metres, is judged by the modifications in its shading and colour
due to the condition of the atmosphere. A range of hills will
at one time be judged to be quite near, at another time to be
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distant. Since the estimation of the size of an object depends
upon the judgment of its distance, the estimate we form of
the size of such objects as a range of hills is often erroneous.
When objects are near the eye, a special mechanism comes
into play to enable their distance to be determined (see p. 144).

The idea of thickness or contour of an object is also largely
a Judgment based upon colour and shading. When a cube is
looked at, it appears solid because of the degrees of illumination
of the different sides—degrees of illumination which may be
reproduced in a flat pieture of such a cube. When the
object is mear the eyes, by using the two eyes together a
means of determining solidity comes into action in such
animals as monkeys (see p. 144).

B. Anatomy of the Eye

Before attempting to study the physiology of the eye, the
student must dissect an ox’s or a pig's eye, and then make
himself familiar with the mieroscopie structure of the various
parts,

The eye may be described as a hollow sphere of fibrous
tissue (fig. 52), the posterior part, the selerofic (Sel.), being
opagque ; the anterior part, the cornea (Cor.), being fransparent
and forming part of a sphere of smaller diameter than the
sclerotic. Inside the sclerotic coat is a loose fibrous layer,
the choroid (Chor.), the connective tissue cells of which are
loaded with melanin, a black pigment. This is the vascular
coat of the eye—the larger vessels running in its outer part,
and the capillaries in its inner layer. Anteriorly, just behind
the junction of the cornea and sclerotie, it is thickened and
raised in a number of ridges, the ecilivry processes (Cil. M),
running from behind forward and terminating abruptly in
front. In these the cilinry muscle i1s situated. It consists of
two sets of non-striped muscular fibres—first, radiating fibres,
which take origin from the sclerotic just behind the corneo-
sclerotic junction, and run backwards and outwards to be
inserted with the bases of the ciliary processes; second, ecir-
cular fibres which run round the processes just inside the
radiating fibres. The choroid is continued forward in front of
the ciliary processes to the pupil as the dris, and in it are also
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two sets of non-striped muscular fibres—first, the cireunlar
fibres, a well-marked band running round the pupil, and called
the sphincter pupille (Sph.P.) musele ; second, a less well-
marked set of radiating fibres, which are absent in some
animals, and which constitute the dilutor pupille muscle (D.P.).
In the horse the pupil is elliptical, and from the edge of the
iris a process like a small bunch of grapes projects, and, when
the pupil is contracted, nearly
oceludes if.

The membrana nictitans, lving
on the inner aspect of the orbit,
consists of a flexible plate of
elastic fibro - cartilage covered
with conjunctiva. When the
eye is retracted the post-orbital
fat is pushed forwards and
thrusts the membrane over the
inner half of the eyeball.

That part of the eye in front
of the ivis is filled by a lymph-
like fluid, the agueous humouwr,
while the part behind is occupied
by a fine jelly-like mucoid tissue,
the vitreous hwwmour. The vitre-
ous humour is enclosed in a deli-

Fii. 52, —Horizontal section throngh
the Left Eye. Cor., cornea ; Sol.,
sclerotic ; Opt N., optic nerve ;
Chor., choroid ; Cil, M., ciliary
processe:  with ciliary usele ;
D.P, dilator pupille muscle ;

Aph, ., sphincter pupille muscle ;
L., erystalline lens ; S, L., hyaloid
membrane forming suspensory lig-
ament and capsule of lens ; REet.,
retina. The vertical line passing
through the axis of the eye falls

cate fibrous capsule, the hyaloid
membrane, and just behind the
ciliary processes this membrane
becomes tougher, and is so firmly
adherent to the processes that

upen the central spot of the retina.

it is difficult to strip it off. Tt
passes forward from the processes as the suspensory ligament
(S.L.), and then splits to form the lens capsule. In this is
held vhe crystalline lens (L.), a biconvex lens, with its greater
curvature on its posterior aspect, and characterised by its great
elasticity. Normally it is kept somewhat pressed out and
Hattened between the layers of the capsule, but if the suspen-
sory ligament is relaxed its natural elasticity causes it to bulge
forward. This happens when the ciliary muscle contracts and
pulls forward the ciliary processes with the hyaloid membrane,
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Between the hyaloid membrane and the choroid is the
petina (fiet.). This is an expansion of the optic nerve, which
enters the eye at 3 to 4 mm. fo the inner side of the posterior
optic axis (fig. 53). The white nerve fibres pass through the
sclerotic, through the choroid, and through the retina, to form
the white opfic disc, and then losing their white sheath, they
spread out in all directions over the front of the retina, to
form its first layer—the layer of nerve
Sibres (1). These nerve fibres take
origin from a layer of wnerve cells (2)
behind them, forming the second
layer. The dendrites of these cells
arborise with the dendrites for the
next set of neuroms in the third
layer, the internal molecular layer (3).
The cells of these neurons are placed
in the next or fourth layer, the inner
nuclear layer (4), and from these cells,
processes pass backwards to form syn-
apses in the fifth, or owler molecular
layer (5), with the dendrites of the
terminal neurons. These terminal
neurons have their cells in the sixth
or outer nuclear layer (6) of the retina,
and they pass backwards and end in
two special kinds of terminations in
the seventh layer of the retina—the

Fic. 53.—Diagramn of a Sec-

rods and cones (7)- These structures tion through the Retina
are {:Qmpﬂsed of two 513gu1¢]\l;$_“ stained by Golgi’s method,

For description, see text.

somewhat barrel-shaped basal piece, : e
(From VAN GEHUCHTEN,)

and a transparent terminal part which
in the rods is eylindrical and in the cones is pointed. Over
the central spot of the eye in man or apes there are no rods,
but the cones lie side by side, and the other layers of the retina
are thinned out. The rods and cones are imbedded in the last
or eighth layer of the retina—the layer of pigment cells, or
tapelum nigrum. The retina in front thins out, but the tapetum
nigrum, along with another layer of epithelial cells representing
the rest of the retinal structures, is continued forwards over
the ciliary processes and over the back of the iris.
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The blood vessels of the retina enter in the middle of the
optic nerve, and run out and branch in the anferior layer of
the retina.

The interior of the eye may be examined by the Ophthal-
moseope, which consists essentially of a small mirror from
which light can be reflected into the back of the eye, with a
small hole in the centre through which the observer can study
the illuminated part of the chamber. (Practical Physiology.)

C. Physiology

The study of vision may he taken np in the following
order :—

1. The mode of formation of pietures on the nerve struc-
tures (retina) of the eye.
(1) One eye (monocular vision),
A. The method in which rays of light are focussed (di-
optric mechanism).
B. Stimulation of the retina.
(2) Two eyes (binocular vision),
2. The conduction of the nerve impulses from the retina to
the brain,
3. The position and mode of action of the parts of the brain

in which the changes are set up which accompany visual
sensations (the visual eentre).

1. THE MODE OF FORMATION OF PICTURES UPON THE
RETINA

(I.) MoxocurLar Visiox
A. The Dioptric Mechanism

Distant Vision.—The eye may be compared to a photographic
camera, having in front a lens, or lenses, to focus the light
upon the sensitive sereen hehind (fig. 54). The picture is formed
on the screen by the luminous rays from each point outside
being concentrated to a point upon the sereen. This is brought
about by refraction of light as it passes through the various
media of the eye—the cornea, aqueous, erystalline lens, and
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vitreous. The refractive indices of these, compared with air
as unity, may be expressed as follows :—

Cornea . . 133 Lens . . 145
Aqueous . 133 Vitreous o 169

Thus light passes from a medium of one refractive index
into a4 medium of another refractive index—

1. At the anterior surface of the cornea;
2. At the anterior surface of the lens;
3. At the posterior surface of the lens;

and at these surfaces it is bent. The degree of bending
depends upon—I1st, The difference of refractive index; 2nd,

Fic. 54.—To show how parallel rays are brought to a foeus on the retina by
refraction at the three surfaces (z), anterior surface of the cornea; (&),
anterior surface of the lens ; and (¢), posterior surface of the leus,

The obliquity with which the light hits the surface. This
will vary with the convexity of the lens—hbeing greater the
ereater the convexity.

The posterior surface of the lens has the greatest convexity,
with a radius of 6 mm. The anterior surface of the cornea
has the next greatest, with a radius of 8 mm. The anterior
surface of the lens has the least, with a radius of 10 mm,
A ray of light passing obliquely through these media will be
bent at the three surfaces.

These media, in fact, form the physiological lens, a com-
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pound lens composed of a convexo-concave part in fromf, the
cornea and aqueous, and a biconvex part, the crystalline lens
behind. In the resting normal eye (emmetropic eye) the
prineipal foens is exactly the distance behind the lens at
which the layer of rods and cones in the retina is situated, and
thus it is upon these that light coming from luminous points
at a distance is focussed.

Positive Accommodation.—If an object is brought nearer and
nearer to the eye, the rays of light
entering the eye become more and
more divergent, and if the eye be
set so that rays from a distance—
Fie. 55.—To show that rays .. parallel rays—are focussed, then

from distant and nearobjects  rays from a nearer object will be

are not focussed on theretina ¢ 0000 Lehind the retina, and a

at the same time. : .

clear image will not be formed (fig.
55). This means that near and far objects eannot be distinetly
seen at the same time, a fact which can be readily demon-
strated by Scheiner’s Erperiment. (Proctical Plysiology.)

Make two pin-holes in a card so near that they fall within
the diameter of the pupil. Close one eye, and hold the holes
in front of the other. Get someone to hold a needle against a
sheet of white paper at about three yards from the eye, and
hold another needle in the same line at about a foot from

the eye. When the near needle is looked at the far needle
becomes double (fig. 56).

T T

Fic. 56.—5Scheiner’'s Experiment — represents rays from the near needle
and - - - - rays from the far needle.

Objects may be brought nearer and nearer to the eye, and
yet be seen distinetly up to a certain point, the near point of
accommodation within which they eannot be sharply focussed
upon the retina. This, however, requires a change in the lens
arrangement of the eye, and this change, beginning when the
object comes within about 6 metres (the far point of accom-
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modation), becomes greater and greater, till it can increase no
further when the near point is reached. The change is called
positive aeceommodation, and it consists in an increased curvature
of the anterior surface of the lens. This may be proved by
examining the images formed from the three refracting surfaces
(Sanson’s images), when
it will be found that the
image from the anterior
surface of the lens be-
comes smaller and
brighter when the eye

18 directed to a near E : i
Bisnt Ti : Fi1c. 57.—Mechanism of Positive Accommoda-
object. 1¢  examina- tion, The continuous lines show the parts

tion of these 1mages 1s in negative accommuodation, the dotted lines
facilitated by the use the positive accommodation,

of the Phakoscope. (Practical Physiology.)

Positive accommodation is brought about by contraction of
the eiliary musele (see p. 119), which pulls forward the ciliary
processes to which the hyaloid membrane is attached, and thus
relaxes the suspensory ligament of the lens and the front of
the lens capsule, and allows the natural elasticity of the
lens to bulge it forward (fig. 57).

This ehange of positive accommodation is accompanied by a
eontraction of the pupil due to contraction of the sphincter
pupille musele. By this means the more divergent peripheral
rays which would have been focussed behind the central ones
to produce a blurred image are cut off, and spherieal aberration
1s prevented.

The muscles acting in positive accommodation—the ciliary
and sphincter pupille (fig. 57, C.M. and S.P.)—are supplied by
the third ecranial nerve ([71), while the dilator pupille is
supplied by fibres passing up the sympathetic of the neck,
The centre for the third nerve is situated under the aqueduct
of Sylvius, and separate parts preside over the ciliary muscle
and the sphincter pupille (see p. 180).

The sphineter eentre is reflexly called into action, and the
pupil contracted—-1st, When strong light falls on the retina
and stimulates the optic nerve. In this way the retina is
protected against over - stimulation ; 2nd, When the image
upon the retina becomes blurred as the object approaches the
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eye. At the same time the centre for the ciliary muscle
18 also called into play to produce accommodation.

The ecentre for dilatation of the pupil is =ituated in the
medulla oblongata. Like the centre of the sphincter it may
be reflexly excited, stimulation of ingoing nerves causing a
dilatation of the pupil when the medulla is intact (fig. 58).

The dilator fibres pass down the lateral columns of the
spinal cord to the lower cervical and upper dorsal region, where
they arborise round cells in the anterior horn. From these,
fibres pass by the anterior root of the second (2 D.N.), possibly

LIDN

2 DN
DN
E

Fia. 58.—Nerve Supply of the Intrinsic Muscles of the Eye (see text).

also of the first and third dorsal nerves, and, passing up
through the inferior cervical ganglion, run on to the superior
ganglion, where they arborise round cells which send axons
to the Gasserian ganglion of the fifth cranial nerve (77.), and
from there the fibres pass along the ophthalmic division and its
long ciliary branches to the dilator fibres of the iris (D.P.).

The importance of the course taken by these dilator fibres
is considerable, becanse diseases of the spinal cord in the lower
cervical and upper dorsal region (the eilio-spinal region), and
tumours in the upper mediastinum, may interfere with their
action, and by stimulating cause chronic dilatation of the pupil,
or by paralysing prevent dilatation of the pupil. Since the
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dilator muscle fibres of the pupil have not been demonstrated
in all animals, it has been suggested that the nerve may act by
inhibiting the sphincter pupille, but the evidence on this
point is not conclusive.

A peripheral mechanism exists in the musecle of the iris
which may act independently of the central nervous system, as
may be seen in the eye of a decapitated cat, and various drugs
act directly upon it—e.g. physostigmin causing a contraction of
the pupil by acting upon the nerve endings and pilocarpine by
acting on the muscle fibres. Adrenalin causes a dilatation by
acting on the nerve endings and atropine by acting in the same
Way.

Imperfections of the Dioptric Mechanism

(1) Hypermetropia.—The eye is sometimes too short from
before backwards, and thus, in

the resting state, parallel rays

are focussed behind the retina, J P
and in order to see even a
distant object the individual
has to use his positive accom-
modation. As the object is 2

approached to the eye it 1s b

focussed with greater and

greater diiﬁﬂlllh}’, and the near Fia. 5?. —To show t]y! cause of Astig-

point is further off than in the ~ matim. 4, a slight curvature of
. e 58 the cornea in the vertical plane ; B,

emmetropic eye (fig. 5, UJ' more marked curvature in the hori-

The lﬂIlg-Eightﬂd eye differs zontal plane, leading to rays from
from the slightly presbyopic h—a llul'imlltﬁt-l line bl‘i"g] focussed
. , in front of the retina when a¢—a
in the fact that not merely e S N
divergent, but also parallel
rays, are unfocussed in the resting state.

(2) Myopia.—In certain cases the antero-posterior diameter
of the eye is too long, and as a result parallel rays—rays
from distant objects—are focussed in front of the retina, and
it is only when the object is brought near to the eye that
a perfect image can be formed. In such an eye no positive
accommodation is needed till the object is well within the
normal far point, and the near point is approximated to the eye.
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(3) Astigmatism is a defect due to unequal curvature of
one or more of the refracting surfaces in different planes, If
the vertical eurvature of the cornea is greater than the hori-
zontal, when a vertical line 1s looked at, horizontal lines will
not be sharply focussed at the same time (fig. 59).

B. Stimulation of the Retina

1. Reaction to Varying Illuminations.—(1) The Blind Spot.
—At the entrance of the optic nerve the vetina cannot be
stimulated because there are no end organs in that situation.

—_— A

/3

Fie. 60. —Methods of demonstrating the Blind Spot : @, by Mariotte’s
experiment ; b, by moving a pencil along a sheet of paper.

The existence of such a blind spot may be demonstrated—
Ist, By Mariotte’s experiment, which consists in making twoe
marks in a horizontal line on a piece of paper, closing the
left eye, fixing the right eye on the left-hand mark with
the paper held at a distance from the eve, when both marks
are visible, then bringing the paper nearer to the eye, when
jnhe. right-hand mark will first disappear, and, when the paper
15 brought still nearer, will reappear (fig. 60, @) (Practical
Pfrfys.rjumgy}; 2nd, By making a mark on a sheet of paper, and
with the head elose to the paper moving the point of a peneil
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to the right for the right eye, or to the left for the left eye,
when the point will disappear and again reappear (fig. 60, b).
(Practical Physiology.) The eye is blind for all objects in the
shaded region. By resolving the various triangles the distance
of the blind spot from the central spot of the eye may be
determined (8 fo 4 mm.), and the diameter of the blind spot
(1'5 mm.) may also be ascertained.

(2) The Field of Vision.—The rest of the retina forward to
the edge is capable of stimulation, and the whole range of
objects which can be seen at one time con-
stitutes the field of vision, and it may be
indicated by the optical angle subtended by
that range of objects. As the distance from |
the eye increases the field of vision extends,

(3) The layer of the retina capable of :
stimulation is the layer of rods and eones. ~
Thig is proved by the experiment of Pup- Q
kinje’s images, which depends upon the fact
that if a ray of light is thrown through
the sclerotic coat of the eye the shadow of
the blood vessels stimulates a subjacent
layer (fig. 61, ¢), and these vessels appear py; g1.—Toshow that
as a series of wriggling lines on the surface  the hindmost layer
looked at. If the light be moved, the lines  of the retina is stim-
seem to move, and, by resolving the tri- ?.Imd' Abusiinge ¢

= wuEges.; (x, source
angles, it is possible to caleulate the distance  of Light: 5, blood
behind the vessels of the part stimulated,  vessel of retiva; e
and this distance is found to correspond to  Shadow of vessel on
X z rods and cones ; o,
the thickness of the retina. The shadows ;... of shadow
of the blood vessels are not seen in ordinary  mentally projected
vision, because they then fall upon parts of  on to the wall.
the retina which are insensitive. (Practical Physiology.)

The cones are the more specialised elements of the retina,
and they react more particularly to bright light, which soon
exhausts the rods. The rods, again, react to faint illumination.
This explains why it is that, when we go out into a dark night
from a brightly lighted room, we at first can see nothing, but
after a time, when the rods have recovered, we begin to see
objects more distinetly. It also explains why it is that if we

direct our eye to a small faintly shining star we may fail to see
9

e a

—-.._\\ v

o
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it, because its image falls on cones alone, while it becomes visible
if the eye be directed slightly from it. The rods seem incapable
of giving rise to colour sensation, and when the solar spectrum
is looked at in a very dim light it appears as a greyish band of
illumination with the red end wanting, because the slow red
vibrations fail to stimulate the rods. It is because the blue
end of the spectrum is the more active in faint illumination
that the illusion of a moonlight scene may be got by looking
through a blue glass, while looking through a yellow glass
gives the idea of sunlight and brilliant illumination. (Practical
Physiology.)

(4) Modes of Stimulation.—The rods and cones are generally
stimulated by the ethereal light vibration, but they may be
stimulated by mechanical violence or by sudden changes in
an electric current. But, however stimulated, the kind of
sensation is always of the same kind—a visual sensation (see
p. 118).

(5) Of the nature of the ehanges in the retina when stimu-
lated we know little. But we know that—

1st. Under the influence of light the cells of the tapetum
nigrum expand forward between the rods and cones.

2nd. A purple pigment which exists in the outer segment
of the rods is bleached.. Even although there is no purple
in the cones, which alone occupy the sensitive central spot
of the eye, this change in colour suggests that a chemical de-
composition accompanies stimulation.

3rd. Electrical changes oceur.

(6) Fatigue.—If a Dbright light be looked at for some time,
the part of the retina acted upon is temporarily blinded, and
hence when the eye is taken off the bright light a dark spot is
seen, This is sometimes called a negative after image, When
coloured lights are used the phenomena of complemental colours
are produced (p. 135). (Practical Physiologsy.)

Sometimes the stimulation of the retina or of the brain
neurons connected with it may last after the withdrawal of
the stimulus, when a continuance of the sensation—a positive
after image—is seen. This may be observed if, on opening the
- eyes in the morning, a well-illuminated window is looked at and
the eyes closed. A persisting image of the window may be
seen,
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2. The Power of Loecalising the Source or Direction of
Illumination.—This may be determined in the same way as
in studying the sense of touch—by finding how near two
points may be stimulated and still give rise to a double
sensation.

3. Colour Sensation — Physies of Light Vibration.—Physi-
cally the various colours are essentially different rates of
vibration of the ether, and only a comparatively small range
of these vibrations stimulate the retina. The slowest acting
vibrations are at the rate of about 435 Dbillions per second,
while the fastest are not more than 764 billions—the relation-
ship of the slowest to the fastest is something like four to
seven. The apparent colour of objects is due to the fact
that they absorb certain parts of the spectrum, and either
transmit onwards other parts, or refleet other parts. The
vast variety of colours which are perceived in nature is due
to the fact that the pure spectral colours are modified by the
brightness of illumination, and by admizture with other parts
of the spectrum. Thus a surface which in bright sunlight
appears of a brilliant red, becomes maroon, and finally brown
and black, as the light fades. Again, a pure red when diluted
with all the spectrum—i.e. with white light—becomes pink
as it becomes less and less saturated. (Practical Plysiology.)

Physiology of Colour Sensation.—1. The peripheral part
of the retina is eolour blind—is incapable of acting so as to
produce ecolour sensations. This may be shown by means
of the perimeter and coloured chalks. Until the chalk is
brought well within the field of vision its colour cannot
be made out. As the image of the chalk travels in along
the retina it is found that yellow and blue ecan be dis-
tinguished before red and green—that is, that there is a
zone of retina which is blind to red and green, but which
can distinguish blue and yellow. Only the central part
of the retina is capable of being stimulated by all colours.
These zones are not sharply defined, and vary in extent
with the size and brightness of the coloured image (fig. 62).
( Practical Physiology.)

2. While the various sensations which we call colour are
generally produced by vibrations of different lengths falling
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on the retina, colour sensations are also produced in various
other ways.

(#) By mechanical stimulation of the retina. By pressing
on the eyeball as far back as possible a yellow ring, or part
of a ring, may often be seen. (Practical Physiology.)

(b) Simple alternation of white and black upon the retina
may produce colour sensation, as when- a disc of paper
marked with lines is rotated
rapidly before the eye. (Prac-
tieal Physiology.)

3. By allowing different parts
of the spectrum to fall upon

¥ ( = ke eye at the same time, it is
e ¢ possible to produce either a
oy : sensation of while or of some

other part of the spectrum.
(Practical Physiolegy.) To pro-
duce a sensation of white from
two or three different parts of
P gt L Pl the ﬂpe{:m'.um, a due proportion
sation in relationship to the surface of each part must be taken,
of the retina (Colour Perimeter), A since different parts have differ-
indicates the extent of retina stimu-  ent sensational activity., This
part ey capable of stimulstion by Y be represented by a plot-
blue and yellow ; and €, the central ting out the various parts of
part capable also of stimulation by the speetrum on a ecurve, and
teiian pteans joining them to a central spot
by means of lines. The length of the line then represents the
relative sensitive activity of the particular part of the spectrum
to which it passes (fig. 63).

This means that by different modes of E,leulutmn of the
relina the same sensation may be produced. The sensation
of orange may be produced either when vibrations at about
580 billions per second fall on the eye, or when two sets of
vibrations, one about 640 and one about 560 billions, reach it.
By no possible physical combination of the two is if possible to
produce the intermediate rate of vibration.

The sensation of colour, therefore, depends upon the nature
of the change set up in the retina, and not upon the condition
producing that change.
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What we call colours are particular changes in our conscious-
ness which accompany particular changes in our brain neurons
produced by particular changes set up in the retina, in what-
ever way these changes may have been produced.

4. After looking for some time at any one colour, on remov-
ing the colour another appears in its place—the complemental
colour., If the first colour is

Red, the second will be green blue ;

Orange, - blue:
Grreen, A 2 pink ;
Yellow, i " indigo blue ;

and vice versd. (Practical Physiology.)

Theories of Colour Vision.—1. From consideration of the per-
ipheral colour-blind zone
of the retina and of the
more limited area giving
sensations only of blue
and yellow when stimu-
lated, and of the most
limited central part giv-
ing also sensations of
red and green, it would
seem that some special
substance or substances
must exist in each of
these areas which by its or their stimulation give rise to the
various sensations,

2. Considered along with this, the phenomena of comple-
mental ecolours suggest the possibility of there being one
substance which when undergoing one change, say breaking
down, produces yellow, and when undergoing anether change,
say building up, produces blue, and another substance which
when undergoing one change produces red, and another change
produces green. If such a view be correct, it becomes almost
necessary to postulate the existence of another substance
which when stimulated gives rise to sensations which we
call white. Or there might be four different substances, one
when changed giving rise to yellow, another to blue, another
to red, and another to green. When the substance giving

Fic. 63.
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the sensation of yellow is used up, then the parts stimulated
by the rest of the spectrum would react to white light and
give a complemental colour, and so on through the other
substances.

[t has also been suggested that the facts may be explained
on the assumption that there ave three substances in the reftina,
one more especially stimulated by the red rays but also acted
on by the others, one chiefly stimulated by the green rays,
and one chiefly acted on by the blue rays. Such theories,
however, do not call for consideration from the ordinary
student.

Colour-blindness.—While everyone is eolour blind at the
periphery of the retina, a certain proportion of people—about
5 per cent.—are unable to distinguish reds and green, even
at the centre of the retina. It is impossible to say how far
this condition exists in the lower animals.

(IL.) BxocuLAr VISION

In most of the lower animals, the field of vision of each eye
is separate and distinet at all times, but in the horse and dog
the two eyes can be directed forwards so that the fields of vision
overlap as they always do in man and in apes. When in this
position, the combined action of the eyes affords a means of
determining the distance and solidity of near objects.

1. Distance of Near Objeets.—As an object is approached,
the two eyes have to be turned forwards by the internal recti
muscles, and by the degree of contraction of these, an estimation
of the distance is made.

2. Solidity of an Object.—If the object iz near, a slightly
different picture is given on each retina, and experience has
taught us that this sfereoscopic vision indicates solidity.

Movements of Eyeballs.—To secure the harmonious action
of the two eyes, it is necessary that they should be freely
movable. Each eye in its orbit is a ball and socket joint
in which the eyeball moves round every axis (fig. 64). The
axis of the eye (¢) in man and in monkeys, is set obliquely
to the axis of the orbit (4), and the centre of rotation is behind
the centre of the ball. The movements are produced by three
pairs of muscles,
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1. The internal and external recti (LA, and Er.R.).

2. The superior and inferior recti acting along the lines
indicated (S.24.).

3. The superior and inferior obliques acting in the line

(S.ob,).
The internal rectus rotates the pupil inwards,
., external 5 e outwards.
, superior o 2 upwards and inwards.
: . | downwards and in-
, inferior ., - . ‘
| wards.
: ; downwards and out-
superior obligne |, !
wards.
., inferior = = 3 upwards and outwards.
Nusge
In QF, SR
Ex K. InR.
J-OL, _f:l'! .i?

Fig, 64.—The left Eyeball in the  Fie, 65.—The Movements of the Pupil
Orbit, with the Muscles acting cansed by the various Muscles of the
upon it. (Man and Ape.) Eye. (Right Eye.) (Man and dpe.)

In the horse, dog, and other similar animalg the eye is set
more nearly in the axis of the orbit, and the obliques do not
pass backwards upon the ball, but act more purely as rotators;
the superior oblique swinging the outer angle of the pupil
upwards and inwards, the inferior oblique downwards and in-
wards. The superior and inferior recti move the pupil more
directly upwards and downwards.

In the horse and other herbivora a retractor oculi muscle is
inserted all round the ball inside these muscles just deseribed,
and it can retract the eye in the orbit, and at the same time
pushes forward the fatty tissue to which the nictitating mem-
brane is attached and thus thrusts this over the front of the eye.
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When the eyes are allowed to sweep over a landscape or -
any series of objects, or when these move rapidly past the eyes
or the eyes rapidly past them, as in travelling by train, the
axes are directed in a series of glanees to different points, and
the succession of pictures thus got gives the idea of the con-
tinuous series of objects. This jerking movement of the eyes
may be well seen in a passenger
looking out of a railway carriage
in motion.

Nervous Mechanism.—A some-
what complex nervous meehan-
ism presides over these various
movements of the eyes. All the
museles are supplied by the third
eranial nerve, except the superior
oblique, which is supplied by the
fourth nerve, and the external
rectus, which is supplied by the
sixth nerve (fig. 66; see also fig,
95, p. 179).

Fig. 66.—The Nervons Mechan-

ism presiding over the combined
movements of the two Eyes in
man and apes, LI, internal
rectns ; MK, external rectus ;
C.C., eonvergent centre acting
on the internal recti through
the nuclei of the third nerve;
.0, snperior olive (centre for
lateral divergence) acting on the
external rectus of the same side
throngh the nuelens of the sixth,
and on the internal reetus of the
opposite side thronugh the nucleus
of the third : K., ear.

The centres for the third and
fourth nerves are situated in the
floor of the aqueduct of Sylvius
under the corpora quadrigemina,
while the centre for the sixth is
in the pons Varolii (fiz. 96, p,
181, and fig. 95, p. 179). The
various centres are jJoined by
bands of nerve fibres which pass
between the sixth and fourth and
third ecentres, and in part at
least cross the middle line.

A combined mechanism, each part of which acts harmoni-

ously with the other parts, thus presides over the ocular
movements, and this mechanism is controlled by impulses
constantly received from the two retinw, from the ear and
from the brain. Thus in convergence of the optic axes the
parts of the nuclei of the third nerves which supply the
internal recti muscles must act harmoniously together, and
hence a mechanism to direct this convergence may be
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postulated. In lateral deviation of the eyes that part of the
nucleus of the third nerve which presides over the internal
rectus of one side acts harmoniously with the sixth nerve
supplying the external rectus of the other side, and hence it
may be supvosed that a directing mechanism for lateral devia-
tion exists possibly in the superior olive. Similarly a centre or
centres presiding over the movements of the eyes in a vertical
plain may be supposed to exist.

The movements of the eyes involve not merely the con-
traction of definite musecles, but also the co-ordinated inhibition
of others (see p. 138).

2. CONNECTIONS OF THE EYES WITH THE CENTRAL
NERVOUS SYSTEM

From each eye the optic nerve extends backwards and
inwards to join the other optie nerve at the chiasma.

A partial crossing of the fibres takes place in the chiasma, the
extent of decussation varying in different animals and being
fairly extensive in the horse. From the chiasma the two optic
tracts pass upwards round the erura cerebri to end in two
divisions—

1. A posterior division passing to the anterior corpora
quadrigemina on the same side (fig. 67, 4.C.¢.).

2. An anterior division running to the geniculate body on
the posterior aspect of the thalamus opticus (fig. 73, Op. Th.).

The fibres of the posterior termination of the optic tract
end in synapses with neurons in the corpora quadrigemina,
and the fibres of these neurons pass downwards and control
the oculo-motor mechanism already described (fig. 66, p. 136).

The fibres of the anterior division make synapses with other
neurons in the posterior part of the thalamus, and these
neurons send their fibres backwards to the oceipital lobe of
the brain, where they connect with the cortical neurons (fig.
67, Oce., p. 138).

3. THE VISUAL CENTRE

A response to stimulation on the part of the neurons in the
oceipital lobe of the brain (p. 201) is the physical basis of
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visual sensations, and hence this part of the brain is called the
visual centre. Usually the visual centre is stimulated by
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Fig. 67.—The Conncctions of the Retine with the Central Nervous System
in man and apes. R, retine ; Ch., chiasma leading to optic tract;
(. Th., optic thalamus ; 4.C.¢., anterior corpora quadrigemina ; Oe. M.,
oculo-motor mechanism (fig, 66) ; Oec. L., occipital lobe of the cerebrum ;
Teq., tegmentum,

changes in the chain of neurons passing from the retina and

set in action by retinal changes; but direct stimulation of

the occipital lobe may induce visual sensations.

(¢) For VIBRATION OF AIR
Sense of Hearing
1. General Considerations

While through the tactile mechanism differences of pressure
act as stimuli, through the ear certain vibratory changes of
pressure stimulate and may affeet the consciousness. Even
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simple organisms, devoid of any special organ of hearing, may
ve affected by vibratory chances, and in fish it is diffieult
to be certain how far such vibrations produce their effect
through the ear or through the body generally. But in higher
vertebrates it iz chiefly through the ears that they act. In
these there is a special arrangement by which the vibrations of
the air are converted into vibrations of a fluid in a sac situated
in the side of the head into whieh the free ends of neurons
project (fic. 6&).

InT

Fio, 88, —Diagram of the Ear. Fe M, external meatus @ Ty, 1}'!::||I:H|EI' me-

brane ; m., malleus ; 7., incus ; s, stapes; fo., fenestra ovalis; fir.,

fenestra rotunda ; En. 7., Eustachian tube ; »,, vestibule with the utricle

and saccule ; s.¢., semicircular canal ; Coch., cochlea,

The 1mportance of such a mechanism in the anterior part
of the animal in warning it of danger or making it aware of the
presence of its prey is manifest.

In mammals the organ of hearing consists of an external,
a middle, and an internal ear. The first is to conduct the
vibrations of the air to the :-:l-c_'ntu!_, in which these vibrations
produce to and fro movements of a bony lever, by which the
fluid in the third is alternately compressed and relaxed.

3. External Ear
The structure of this presents no point of special physio-
logical interest. In lower animals the pinna is under the
eontrol of muscles, and is of use in determining the direction
from which sound comes.
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3. Middle Ear

The object of the middle ear is to overcome the mechanical
difficulty of changing vibrations of air into vibrations of a
fluid. It consists of a chamber, the tympanie eavity, placed
outside of the petrous part of the temporal bone (fig. 68). TIts
outer wall is formed by a membrane, the membrana tympani
(T%.), which is attached to a ring of bone. Its inner wall
presents two openings into the internal ear —the fenestra
ovalis (f.0.), an oval opening, situated anteriorly and above,
and the fenestra rotunda (.r.), a round opening placed below
and behind. Throughout life these are eclosed, the former by
the foot of the stapes, which is attached to the nargin of
the hole by a membrane, and the latter by a membrane. The
posterior wall shows openings into the mastoid cells, and
presents a small bony projection which transmits the stapedius
muscle. The anterior wall has above a bony canal earrying
the tensor tympani musele, and below this the canal of the
Eustachian tube, which communicates with the posterior nares
(fig. 68, fnal.).

In the tympanie eavity are three ossicles—the malleus (. ),
ineus (i.), and stapes . (s.), forming a chain between the
membrana tympani and the fenestra ovalis. The handle of
the malleus is attached to the membrana fympani, and each
time a wave of condensation hits the membrane, it drives in
the handle of the malleus. This, by a small process, pushes
inwards the long process of the ineus, which thrusts the stapes
into the fenestra ovalis, and thus increases the pressure in the
enclosed fluid of the internal ear. The fenestra rotunda (fr.)
with its membrane aets as a-safety valve. The bones rotate
round an antero-posterior axis passing through the heads of the
malleus and incus. They thus form a lever with the arm to
which the power is applied—the handle of the malleus—longer
than the other arm. The advantage of this is that, while the
range of movement of the stapes in the fenestra ovalis is
reduced, its force is proportionately increased.

The range of movement is still further controlled by fthe
stapedius muscle, which twists the stapes in the fenestra. This
musecle seems to act when loud sounds fall on the ear, and
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when its nerve supply, derived from the facial nerve, is
paralysed, such sounds are heard with painful intensity.

If the membrana tympani is violently forced outwards by
closing the nose and mouth and foreing air up the Eustachian
tube, the incus and stapes do not accompany the malleus and
membrane, since the malleo-ineal articulation becomes unlocked.

The membrana tympani is so loosely slung that it has no
proper note of its own, and responds to a very large range of
vibrations. By the attachment to it of the
handle of the malleus it is well damped, and
stops vibrating as soon as waves of con-
densation and rarefaction have ceased to
fall upon it. The tensor tympani muscle,
supplied by the fifth eranial nerve, has some
action in favouring the vibration of the
membrane, and its paralysis diminishes the
acuteness of hearing,

The Eustachian tube has a double function.
It allows the escape of mucus from the middle

Fi16, 69.—Transverse
Section  through
Cartilaginouslower
part of Eustachian
Tube to show the

ear, and it allows the entrance of air, so that
the pressure is kept equal on both sides of
the membrana tympani. Its lower part is
generally closed, but opens in the act of

Cartilaginous Arch
ent across and the
way in which it is
pulled down and the
tubeopenedinswal-

: : lowing (shaded).
swallowing. It is surrounded by an arch of BHIE Katso)

cartilage, to one side of which fibres of the tensor palati are
attached, so that when this muscle acts in swallowing, the arch
of cartilage is drawn down and flattened, and the tube opened
up (fig. 69).

When the Eustachian tube gets occluded, as a result of
catarrh of the pharynx, the oxygen in the middle ear is
absorbed by the tissues, and the pressure falls. As a vesult,
the membrane is driven inwards by the atmospheric pressure,
and does not readily vibrate, and hearing is impaired.

4, Internal Ear

The internal ear is a somewhat complex cavity in the petrous
part of the temporal bone, the osseous labyrinth. It is filled
with fluid, the perilymph. It consists of a central space, the
vestibule ( 7.), into which the fenestra ovalis opens. From the
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anterior part of this, a eanal makes two and a half turns round
a central pillar, and then, turning sharply on itself, makes the
same number of turns down again, and ends at the fenestra
rotunda. This is the osseous cochlea (fiz. 68, Coch.). The
ascending and descending canals are separated from one an-
other, partly by a bony plate, partly by a membranous partition
—the basilar membrane. Al the base, the bony lamella is
broad, but at the apex its place is chiefly taken by the
membrane, which measures aft the apex more than fen times
its width at the base.
From the posterior and superior aspect of the vestibule a
mechanism unconnected with hearing has been evolved. Three
Sb. semieireular eanals (fig. 70), each
with a swelling at one end, open

into the vestibule. COne runs in the

(D horizontal plane, and has the swell-

/ ing or ampulla anteriorly (fig. 70,

"""" h.e.). The other two run in verti-

P cal planes placed obliquely to the

Fia. 70.—The Relatiomship of 1piqqle plane, as is indicated in fig.
the Semicirenlar Canals to one 5 2 :

another. A.e., hiorizontal canal ; 70. The anterior or superior canal

$.¢., superior canal ; p.e,, pos- (s..), has its ampulla in front and

terior canal. the posterior (p.c.) has its ampulla
kehind. They join tﬂ”‘?ﬂl&l and enter the vestibule by a
common orifice,

In the perilymph of the bony labyrinth lies a complex
membranous bag, the membranous labyrinth.

In the vestibule this is divided into two little sacs, the
utricle, related to the semicircular canals, and the saeecule,
related to the cochlea. They are joined together by a slender
canal. From the saccule comes off a canal which runs into
the cochlea upon the basilar membrane, forming a middle
channel between the other two, the seala media or membranons
cochlea. This terminates blindly at the apex. From the
utricle a membranous canal extends into each of the bony
semicircular canals, being provided with an ampulla, which
nearly fills up the bony ampulla, while the eanal portion is
small, and oceupies only a small part of the bony canal (fig. 68,
p. 139).

In the membranous cochlea the lining cells form the organ
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of Corti (fiz. 71). This is set upon the basilar membrane, and
eonsists from within, outwards, of—1sf. A set of elongated sup-
porting cells; 2nd. A row of columnar cells, with short, stiff,
hair-like processes projecting from their free border; 3rd. The
inner rods of Corti, each of which may be compared to an
ulnar bone attached by its ferminal end, and fitting on to
the heads of the outer rods; 4tk The outer rods of Corti,
each resembling a swan’s head and neck—the neck attached
to the basilar membrane, and the back of the head fitting

e —

Fig. 71.—Transverse Section through one turn of the Cochlea to show the
Organ of Corti on the Basilar Membrane. S§.Jf., scala media; S.V.
scala vestibuli ; 5.7, scala tympani.

into the hollow surface of the inner rods; 5th. Several rows
of outer hair cells, with some spindle-shaped cells among
them ; 64 The outer supporting cells: 7Téh. Lying over
the inner and outer hair cells is the membrana reticularis,
resembling a net, through the meshes of which the hairs
project ;: 8fh. Arching over this organ is a homogeneous
membrane—the membrana tectoria.

The membranous labyrinth is attached to the inner wall
of the bony labyrinth at certain points, through which fibres
of the VIIIL nerve to the terminal organs enter it. One sef
of fibres goes to the utricle and to the ampulle. A quite
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independent set, the true auditory nerve, goes to the saccule
and the cochlea.

The membranous labyrinth has an oater fibrous coat, and
inside this a homogeneous layer which is markedly thick-
ened where the nerves enter it. It is lined by flattened
epithelinm, which becomes columnar, and is covered with
stiff hair-like processes over the thickenings at the entrance
of the nerves. On the top of these hair-like processes lies
a little mass of calcareous nodules imbedded in a mucus-like
substance, the otoliths. In the fish and some lower animals
the otoliths are large structures.

The terminal neuroms of both the vestibule and the
cochlea end in dendrites between the hair cells, and the
cell of these neurons is upon their course to the medulla.

0. Conneection with the Central Nervous System

The VIIL nerve is essentially double, consisting of a
dorsal coehlear or auditory part, and a ventral labyrinthine or
vestibular part.

Cochlear Root (fig. 72).—This is the true nerve of hear-
ing, Its fibres (Coch.K.) begin in dendrites between the hair
cells of the organ of Corti, have a cell upon their course, and
when they enter the medulla branch into two divisions,
which end either in the tuberenlum acusticum or the nucleus
accessorius (V. Aee.), where they form synapses. From the
cells, axons pass (¢) to the oeulo-motor mechanism of the
same side and the opposite side (V. vi), and (b) up to the
cerebrum (CB.) of the same and of the opposite side.

Vestibular Root (fig. 73).—The fibres of this root take origin
in dendrites between the cells of the macule in the ampulle
of the semi-cireular canals and of the saccule, and have their
uerve cells upon their course (Fesdi). As they enter the
medulla they divide into two, forming an ascending and a
descending branch. (1) The ascending branch sends fibres on
to the cerebrum (CB.), and to the superior vermis of the
cerebellom (CBL.). These fibres give off collaterals to the
nuclens of Deiters (V. Deit.), from the cells of which fibres
pass, which divide, some running on the same side, some on
the opposite side; one branch passing up to the oculo-motor
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mechanism (V. vi.), the other passing down the spinal cord
to send collaterals to the cells in the grey matter. (2) The
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Fig. 72.—Connections of Cochlea with Central Nervous System. Coch . R.,
cochlear root of eighth nerve ; . Adce., tuberculum acusticnm and nueleus
accessorius sending fibres to the cerebrum (C'B.) and to the oculo-motor
mechanism (V. vi,); CEL., eerebellum.

descending branch forms connections with the medullary

nuclei as it passes down.

. The Auditory Centre and the Physiology of Hearing

The qualities of sound which can be distinguished by the
sense of hearing are loudness—amplitude of vibration; piteh
—rate of vibration; and quality—the character of the sound
given by the over-tones. The perception of this last is
essentially a perception of piteh,

Loudness.—It is easy to understand how the peripheral

neurons in the internal ear are more powerfully stimulated
1O
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the pitch of a note and the existence of over-tones. The fibres
of the basilar membrane mway be compared to the strings of a
piano, each one of which, or each set of which, will be made to
vibrate by a particular note.

D. PROPRIO-CEPTIVE MECHANISM OF THE HEAD
Labyrinthine Sense

Just as the reflex response of the limbs to external stimuli
leads to a stimulation of the proprio-ceptive mechanism in the
muscles and joints which plays an important part in guiding the
subsequent movement (see p. 107), so the reflex response to visnal
stimuli in the muscles of the head and neck brings into play a
delicate proprio-ceptive mechanism developed from the internal
ear which has an important action in guiding the movements
of the body as a whole, and very specially in guiding the co-
ordinated movements of the eye muscles.

This is the labyrinthine mechanism consisting of the utricles
and the semi-circular canals,

The strueture of this mechanism has been described on p. 142,

The mode of aetion may be analysed by a study of the
sensations which accompany its activity.

That there is no special mechanism making us aware of
uniform movement is proved by the fact that we are not
conscious of whirling through space with the earth’s surface,
and that in a smoothly running train we lose all sense of
forward movement. It is only as the train starts or stops
that we have a sensation of movement or retardation. The
same thing has been demonstrated by sirapping a man to a
table rotating smoothly round a vertical axis and setting the
table spinning. A sense of rotation is experienced as the
table starts, but is lost when the movement becomes uniform,
Stopping the table gives rise to a sensation of being rotated
in the opposite direction.

The semicircular canals are the mechanism which act in
this way. They are arranged in pairs in the two ears. The two
horizontal canals are in a horizontal plane, the superior canal
of one side and the posterior canal of the other are in parallel
planes oblique to the mesial plane of the body (fig. 74, «).

The horizontal canals may be considered as forming the arc
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of a ecirele with an ampulla at each end. The superior canal of
one side has its ampulla in front, while its twin—the posterior of
the opposite side—has its ampulla behind, and they together
form the are of a circle with an ampulla at each end (fig. 74, a).

The membranous canals are very narrow, and oceupy but a
small part of the osseous canals, The membranous ampulle
are large and almost fill the osseous ampulle (fig. 74, ).

If the head is moved in any plane, certain changes will be
set up in the ampulle towards which the head is moving,
and converse changes in the ampulle at the other end of the
arc of the circle.

If, for example, the head is suddenly turned to the right,
the inertia of the endolymph and perilymph tend to make

A/
R

¥

b

FiG, 74.—(a} ﬁrrangemenl: of the semicircular canals on the two sides ; (#) bony
and membranous canal and ampulla to illustrate their mode of action.

them lag behind. Thus the endolymph in the ampulla of the
left horizontal canal will tend to flow into the canal, but the
canal is so small that it will merely accumulate in the ampulla,
and thus a high pressure will be produced (fig. 74, & + +).
The perilymph will tend to lag behind, and a low pressure will
result outside (fig 74, & —). The converse will take place in
the opposite horizontal canal.

When the movement is continued the pressures will be
readjusted, and, on stopping the movement, the opposite con-
ditions will be induced, and a sensation of moving in an
opposite direction will be experienced.

In forward movement, the two superior canals have the
pressure of endolymph inereased in their ampulle—in backward
movement this oceurs in the two posterior canals. In nodding
to the right the superior and posterior canals of the right
ear undergo this change. In all probability the utricle with
its otoliths mounted on the top of the hair cells also plays a
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part in the labyrinthine mechanism. As the head is moved
the pressure of the otolith will change from one part of the
macula to another, and may thus give different stimuli for
different positions of the head.

The importance of this labyrinthine mechanism in museular
eo-ordination is shown by the elfect of its destruction. This
leads to inco-ordinate movements of the eyes, head, and limbs,
and to loss of tone in the musecles. When injury to the
labyrinth is sudden, as when a “knock-out” blow is received
on the chin, driving the condyles of the lower jaw against
the petrous part of the temporal, the general loss of muscular
tone may be so complete that the individual collapses. The
muscles chiefly under the tonic influence of this mechanism
are those of the neck and trunk, and the extensor and abductor
muscles of the limbs of the same side.

Just as the eye dominates the movements of the muscles of
the body through the cerebrum (see p. 142), =0 the labyrinthine
mechanism dominates the fonus of the muscles as a whole through
the cerebellum (zee p. 177).

5. THE CONNECTIONS BETWEEN THE RECEIVING AND
REACTING MECHANISMS

1. THE SPINAL NERVES

The connections between the peripheral receiving mechan-
isms and the central nervous system, the activity of which
leads to the appropriate reaction of museles, have been in part
studied in connection with the various special senses.

The main connecting channels between the peripheral receiv-
ing organs and the central nervous system on the one hand,
and the central nervous system and the reacting structures on
the other, may now be considered more generally.

These connections are seen in their most typical arrange-
ment in the spinal nerves, a pair of which comnes off, one on each
side, from each level of the spinal cord, and passes outwards
between the vertebre.

General Arrangement

These nerves may be classified as ingoing and outgoing,
and they may be divided into those connected with the
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body wall and its appendages and those connected with the
viscera.

A dorsal root (FP.A) comes off from the dorso-lateral
aspect of the cord and has a swelling upon it, the ganglion
of the dorsal root. It joins a wventral root (A.A.) coming
from the ventro-lateral margin. These form the spinal nerve
which i1s distributed to the body wall. Lying in front of this
is a swelling or ganglion (S./.) joined to the nerve by two roots,
a white ramus (W R). and a grey ramus (. R.): and from this
a nerve extends towards the viseera (F.V.). Before this nerve
reaches its final distribution it passes through another ganglion.

Roots of the Spinal Nerves.—The dorsal root is the great
ingoing channel to the spinal cord, and the ventral root is
the great outgoing channel. Section of a series of dorsal
roots leads to (a) loss of sensation in the structures from
which the fibres come, and (b) to a loss of muscular co-ordina-
tion, as a result of cutting off the afferent impressions con-
nected with the kinwsthetic sense (p. 102).

As a result of this section, the parts of the fibres cut off
from the cells of the ganglia on the dorsal root die and
degenerate (see p. 85). Therefore, if the root is cut inside
the ganglion, the degeneration extends inwards and up the
dorsal columns of the cord, and if it is cut outside, the
degeneration passes outwards to the periphery.

Section of the ventral root causes paralysis of the muscles
and other structures supplied by the outgoing fibres, and the
fibres die and degenerate.

The nerve to the somatopleur or body wall (5..V.) is composed
of incoming and outgoing fibres. 1sf. [fncoming fibres are
medullated and take origin in the various peripheral sense
organs. As they pass through the ganglion on the dorsal
root each fibre is connected by a side branch with a nerve cell
—the trophic centre of the neuron—and it then enters the
gpinal cord, and either passes to the dorso-lateral column, or
forms synapses in the cord (see p. 87). 2nd. Outgoing fibres
are medullated, and take origin from the large cells in the
ventral horn of the grey matter of the cord and pass on to
be connected with musecle fibres by end plates or to gland cells
by less definite synapses.

The nerve to the viseera or splanchnopleur (F..V), and to
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the involuntary structures in the somatopleur, contains—1st.
Lncoming Fibres,—These take origin either in definite periph-
eral structures, such as Pacinian corpuscles, or in some less
defined endings, and as medullated fibres pass through the
various ganglia, and have their cell stations in the ganglion
on the ventral root. The nerve fibres coming from Pacinian
bodies and from muscles, like the similar fibres in the somatic
branch, are large and are connected with large cells in the
spinal ganglion, and they become myelinated at the same time.
A set of smaller fibres similar to those coming from the skin in
the somatic branch are also found in the vigeeral branch, and
they seem to be connected with smaller cells in the ganglion.

Fie. 73.—Structure of a Typical Spinal Nerve. P, K., dorsal root jwith
ganglion ; 4.K., ventral root; S.., ganglion of sympathetic chain ;
W.R., its white ramus ; G.R., its grey ramus; F.N., visceral nerve
with collateral ganglion ; S§.N., somatic nerve,

2nd. The Outgoing Fibres are characterised by their small size,
take origin chiefly in a lateral column of cells, which is well
developed in the dorsal region of the cord, and pass out as
medullated fibres by the ventral root. From this they pass
by the whife root to a sympathetic ganglion, whence they may
proceed in one of two ditferent ways (fig. 7d).

() They may form synapses with cells, and fibres from
these cells may pass—

1. Outwards with the splanchnic nerves; or,

2. Back into the spinal nerve by the grey root, and so down
the somatic nerve to blood vessels, muscles of the hairs, sweat
glands, ete. The ganglia from which fibres pass back into spinal
nerve are known as laleral ganglic.
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(b) They may pass through these ganglia on to one more
peripherally situated in which they form synapses and are
continugd onwards, These ganglia from which fibres do not
pass back are called collateral ganglia. DBefore their first
interruption they are fermed pre-ganglionic fibres, after their
interruption posi-ganglionic.

The various fibres after their interruption proceed as non-
medullated or grey fibres to their termination, where they
join a network of anastomosing fibres with cells—a sort of
terminal ganglion. Many drugs have a special action on the
terminal ganglia, ey. apocodein paralyses them, while adrenalin
—the extract of the medullary part of the suprarenals—stimu-
lates certain of them.

The interruption of fibres in ganglia, or their passage
through these structures, has been determined by taking
advantage of the fact that nicofine in one per cent. solution
when painted on a ganglion poisons the synapses but does not
influence the fibres. Hence, when a ganglion is painted with
nicotine, if stimulation of the fibres on its proximal side
produces an effect, it is proved that the break is not in that
ganglion.

The arrangement of epieritie, protopathic and deep fibres
in the neuron and plexuses is considered at p. 170.

Distribution
A, SomaTic FIBRES

() Outgoing Fibres—The course of these must be studied
in the dissecting-room,

(b) Ingoing Fibres—The fibres passing in by each pair of
nerves come from zones of skin encircling the body. These
are, however, interrupted by the limbs. KEach limb may be
considered to be an outgrowth at right angles to the trunk,
composed of a pre-axial and post-axial part.

B, SpLAxcHNIC FIBRES

(#) The Outgoing Fibres may be divided into (fig. 76) —
A. The Thoracico-Abdominal Fibres, which come out in the
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middle region of the spinal cord and pass through the lateral
ganglia of the sympathetic chain—

(1) Head and Neck—These leave the spinal cord by the
upper dorsal nerves and pass upwards in the sympathetic
cord of the neck to the superior cervical ganglion where they

Head
|
| o
2
Thorax .
4
5
&
T
| L]
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Abdomen iz
L.t
2
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Pelvis

Fic. 76.—Scheme of distribution of Splanchnic Nerves.

have their cell stations. From these, fibres ave distributed
to the parts supplied. The chief functions of these fibres
are—I1sf. Vaso-constrictor to the vessels of the face and head ;
2nd. Pupilo-dilator (see p. 126); 3rd. Motor to the muscle of
Miiller; 4¢h. Seecretory to the salivary glands, lachrymal
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gland, and sweat glands. The course of these fibres is of
importance in medicine, since tumours in the upper part of
the thorax may press upon them,

(2) Thorax—The fibres to the thoracic organs also come
off in the upper dorsal nerves, have their cell stations in the
stellate ganglion, and pass to the heart and lungs.

(3) Abdomen.—These fibres come off in the lower dorsal
and upper lumbar nerves. They course through the lateral
ganglia and form synapses in the collateral ganglia of the
abdomen—the solar plexus and the superior and inferior
mesenteric ganglia. From these they are distributed to the
abdominal organs, being vaso-constrictor to the vessels, in-
hibitory to the muscles of the stomach and intestine, and
possibly secretory to the pancreas.

(4) Pelvis—The fibres for the pelvis leave the cord by the
lower dorsal and upper lumbar nerves, and have their cell
stations in the inferior mesenteric ganglia, from which they
run in the hypogastric nerves to the pelvie ganglia. They
are vaso-constrictor, inhibitory to the colon, and motor to the
bladder, uterus and vagina and the retractor penis.

(5) Fore Limb.—These fibres, coming out by the upper and mid
dorsal nerves, have their synapses in the sympathetic ganglia
of the sympathetic chain, and passing back into the spinal
nerves by the grey rami, course to the blood vessels, hairs, and
sweat glands of the limb.

(6) Hind Limb—The fibres take origin from the lower dorsal
and upper lumbar nerves, have their cell stations in the lateral
ganglia, and pass to the leg in the same way as do the fibres
to the arm.

B. The Craniol and Swcral Fibres—These pass out from the
upper and lower ends of the cord, and they do not pass through
the lateral ganglia but have their cell station in some of the
collateral ganglia.

(1) The third eranial nerve carries fibres which have their
synapses in the ciliary ganglion, and pass on to the sphincter
pupillee and ciliary muscle.

(2) The seventh wnerve carries fibres through the chorda
tympani to cell stations in the submaxillary and sublingual
ganglia. These are secretory to the submaxillary and sub-
lingual glands.
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(3) The ninth nerve sends fibres to the parotid gland, which
have their cell station in the otic ganglion.

(4) The vagus sends inhibitory fibres to the heart, which
form synapses in the ecardiac plexus. It also sends motor
fibres to the sophagus and stomach, which, in some animals
at least, have the cell stations in the ganglion of the
trunk. |

(5) The nervi ertgentes come off from the second and third
sacral nerves, and pass to the hypogastric plexus near the
bladder where the fibres have their cell stations. They are
the vaso-dilator nerves to the pelvic organs, inhibit the
retractor penis, and are motor to the bladder, colon, and
rectum.

(b) Ingoing Fibres—The course of these from the viscera
is not so clearly known; but they appear to enter the main
nerve largely by the white rami. In the normal eondition
stimulation of their peripheral endings does not lead fto
modifications of consciousness, and 1s therefore not accom-
panied by pain. DBut in abnormal econditions painful sensa-
tions are produced. In some cases abnormal stimulation
of wvisceral nerves leads to painful sensations referred to
the cutaneous distribution of the spinal nerve with which
they are connected. Thus, disease of the .heart 1is often
accompanied by pain in the distribution of the upper dorsal
nerves in the left arm, with which the wisceral fibres to
the heart are associated.
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2, THE CENTRAL NERVOUS SYSTEM

SPINAL CorRD AND BRAIN

The anatomy and histology of each part of the central
nervous system should be mastered before its physiology is
studied. An outline sufficient to make the description of
the physiology intelligible is all that is given here.

CORPORA
QUARRICEMINA .

HEDULLA

WRD, —

Fig, 77.—Mesial Section through the Brain and upper part of the Spinal Cord
to show the positions at which the sections figured in later diagrams have
been made. Cord, p. 157, fig. 78 ; Medulla, figs. 84 and 85 ; Pons, fig. 87,
p. 173 ; Corpora, fig. 90, p. 179,



A. SPINAL CORD
Structure

I'ng spinal cord is a more or less cylindrical mass of nerve

tissue which passes from the base of the brain down the
vertebral canal.

There are two enlargements upon it, one in
the cervieal region, one in the lumbar region, and from these
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Fi. 78.—Cross Section of the Spinal Cord through the Second Dorsal Segment,
to show disposition of grey and white matter. F., dorsal horn; 4

b
ventral horn with large cells; /7 L., intermedio-lateral horn with small
cells; L., Lockhart Clarke’s column of cells; P.M. and P.L.

dorso-median and dorso-lateral columns : £0.,, direct cerebellar tract

Ase, and Dese. Ant, Lal., ascending and descending ventro-lateral or spina-
ventral tracts ; B. 5., basis bundles ; € Py, erossed pyramidal tract ; 0. Py.,

direct pyramidal tract. On opposite side, tracts which degenerate head-

wards are marked with horizontal lines ; tracts degenerating from the
head with vertical lines. (A4 fter Bruce,)

the nerves to the arms and legs come off. A fine central

canal runs down the middle, and the two sides are almost

completely separated from one another by a ventrul and

a dorsal mesial fissure (fig. 78). Each half is composed of

a core of grey matter arranged in two processes or horns—
LET



158 VETERINARY PHYSIOLOGY

the ventral and dorsal horns (4. and P.)—which divide the
white matter surrounding the grey into a dorsal, a lateral,
and a ventral column. In the dorsal region a lateral horn
of grey matter projects into the lateral column (I.L.). The
grey matter on each side is joined to that of the opposite
side by bands of grey matler; the ventral and dorsal grey
commissures, one below and one above the central canal.

The grey matter is composed very largely of cells and
synapses of neurons supported by branching neuroglia cells,
The cells of the grey matter are largest and most numerous
in the ventral horn, where they constitute the cells from
which the majority of nerve fibres come off. In the dorsal
region a group of cells in the lateral horn, the intermedio-
lateral cells, give off visceral fibres ([.Z.) In the dorsal
region also a set of cells lie on the mesial aspect of the
dorsal horn constituting the cells of Lockhart Clarke (L.C.).

The white substance is composed of medullated nerve fibres
in which the neurilemmal sheath is absent. The fibres chiefly
course up and down the cord, and some run in a horizontal
direction :—1. The fibres of the spinal nerves; 2. Fibres pass-
ing from grey to white matter ; 3. Fibres joining the two sides
of the cord in front of the ventral grey commissure forming
the white commissure.”

Functions

The spinal cord is the great mechanism of reflex action,
aund the great channel of conduction between the brain and
the peripheral structures,

A. REFLEX FuUNCTIONS

If the brain of such an animal as a frog be destroyed, the
animal lies prone on its belly and immovable for any length
of time; but the legs tend to be drawn up alongside the body,
and the muscles are In a state of slight tonic contraction
very different from the Haceid condition found after destruc-
tion of the cord. The study of the spinal reflexes (p. 90) has
shown that the animal has the power of reflew movements with
definile co-ordination of ils muscles, but it lLas no power of
balancing ilself, and manifests no sponfancous movements,
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These reflex funections of the cord in mammals have been
very fully investigated by Sherrington in dogs and cats in
which the cerebrum has been separated from the rest of the
nervous system, and his results have been considered on p. 92.
On suspending such animals in the normal horizontal position,
with legs dependent, it is found that all four legs are in a state
of tonic slight extension as they are in supporting the body,
This he terms  decerebration rigidity.” It appears to be due
to impulses passing down from the semicireular canal mechan-
1sm, which reinforce the spinal reflex arcs, That this is so is
shown by the fact that section of the posterior roots of the

External rotators of hip.

Hamstrings.
Calf musecles and extrinsic musecles
of foot.

Intrinsic muscles of foot,

Musecles of bladder and nrethra.

Extrinsic musecles of foot,

Intrinsic muscles of foot.

Levator and sphincter ani.

F1e. 79.—The Groups of Cells in the Ventral Horn of grey matter at the level
of the 2nd, 3rd, and 4th sacral nerves. (From Bruce.)

spinal nerves removes the rigidity. Stimulation of definite
areas of skin at once causes the animal to strike a special
attitude (p. 95). Thus stimulation of the left fore paw
produces the attitude of walking, which is assumed normally
when that paw reaches the ground. Stimulation of the left
pinna produces the attitude assumed if the animal were

turning away from the stimulus.
The anatomical connection between the different levels of

the cord involved in such reflexes has been demonstrated by
Sherrington by keeping a dog in which the spinal cord is cut
in the neck till all the down-going tracts below the point of
section have completely degenerated so as to leave a clean

LY
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slate, and then cutting the cord at a lower level when the
proprio-spinal fibres connecting the different levels of the cord
degenerate. They are chiefly situated in the lateral columns of
the cord,

In man the cutaneous reflexes connected with various groups
of skeletal museles are definitely associated with different
levels of the cord.

Reflex actions in conneetion with various viseeral museles
are also connected with the spinal cord. Many of these are
complex reflexes involving inhibition of certain muscles and in-
creased action of others, some visceral, some skeletal. The best
marked of these are the reflex acts of miecturition (p. 427),

S

T.

Fic. 80.—The neuro-musenlar mechanism concerned in the knee jerk, and the
time of the kuee jerk (A...) compared with the time of a reflex action
(A.R.).

defeecation (p. 376), ereetion, and ejaculation (p. 434).

The lumbar enlargement is the part of the cord involved.

The synapses in the cord are not only capable of acting
reflexly to set up definite contractions in muscles, but they also
exercise a constant tonie aetion upon them, due to the constant
inflow of incoming impressions (p. 42). When this tonie
action is interfered with by any condition which interferes
with the integrity of the reflex are, the effect of directly
stimulating a muscle is diminished. This is very well seen in
the contraction of the quadriceps extensor femoris which occurs
when the ligamentum patell® is struck sharply, causing a kick
at the knee joint—the knee jerk (fig. 80). When the reflex
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arc in the lower lumbar region of the cord is interfered with,
the knee jerk is diminished or is absent, and when the activity
of the arc is increased, by the removal of the influence of the
brain, the jerk is increased. That the jerk is probably not a
true reflex is shown by the fact that the latent period is very
much shorter than that of most reflex actions (fig. 80). The
reflex are, however, is necessary for the tonus. This tonus is
increased by tension of the muscles and also by fatizue of the
nervous system, and this condition may lead to eramp,

The degeneration of speecial groups of cells—the anterior horn
of grey matter—which follows amputation of the leg at different
levels seems to indicate that the various groups of cells have
definite connections with individual muscles (see fig. 79).

B. CospucTting PATHS

The study of the course of the ingoing and outgoing fibres in
the cord has proved to be one of great difficulty. It is possible
in animals to divide the cord completely or to divide one half,
or to divide any one of the white columns, and to observe any
loss of muscular action which may ensue and to trace the course
of degenerated fibres; but to determine what changes in the
sensibility have resulted on animals, unable to give any expres-
sion to their sensations, is practically impossible.

On the other hand, the clinical method of carefully studying
the changes in sensibility during life and determining post-
mortem the exact site of the lesion which has produced these
symptoms has generally proved somewhat unsatisfactory on
account of the want of precision in the lesions produced by
injury or disease of the cord,

A. Ingoing Fibres.—In the cord there seems to be a sorting of
fibres into those the stimulation of which can effect consciousness
and give rise to sensations and those which simply produce reflex
responses. Thus, those kinwsthetic fibres which give rise to the
musele and joint sense run up in the posterior columns and eross
above the cord, while those which are concerned with the
wneonscious adjustment of muscular action through the agency of
the eerebellum are shunted off through the synapses in Clarke’s
column to the direct cerebellar tract of the same side and the

spino-ventral cerebellar tract of the opposite side. In all
11
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probability fibres connected with the tactile sense are similarly
sorted out, and possibly even those connected with the condue-
tion of thermal and of nocuous stimuli.

As regards the course of the fugoing Fibres, the most valuable
advance has been made by the study of the results of lesions
of the cord in the light of the observations of Head and his
co-workers on the course of these fibres in the peripheral
nerves (see p. 111).

While section of a cutaneous nerve destroys epicritic and .
protopathic sensibility, and leaves deep sensibility intact,
lesions of the spinal cord are apt to interrupt the passage of the
impulses concerned with different /linds of sensation. Thus,
section of a cutaneous nerve abolishes any sensation of pain
from the surface of the skin, but leaves the possibility of the
sensation of pain being produced by severe pressure on deep
structures, while a lesion of the cord is apt to interrupt the
passage of all stimuli producing pain, whether coming by
epicritic, protopathic or deep fibres. A redistribution has taken
place—all the various fibres carrying the impulses derived from
nocuous stimulation have got shunted into one tract carrying
them up to the brain. Similarly the impulses connected with
thermal sensation coming by epicritic and by protopathic fibres,
and those connected with the sense of touch and pressure, each
get shunted into specific tracts (figs. 81 and 82).

This must mean that these impulses get sorted out by
passing through synapses in the cord, and the position of these
synapses and the course of the axons running from them to
the brain have been deduced partly from histological investiga-
tion of the fibres of the posterior roots, partly by careful study
of the symptoms and of the degenerations which follow definite
lesions of the cord.

By the developmental method, by the different characters of
the fibres, and by the degenerative changes, a posterior root has
been divided into four main bundles :

1. A set of large fibres passing forward to form synapses with
the cells of the ventral horn at the same and other
levels of the cord.

2. A second passing up the dorsal columns of the same side,
some running right on to the top of the cord, but many
entering the grey matter as they course upwards.
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3. A third set forming synapses with the cells of Lockhart
(Clarke’s column.

4. A fourth ending at once in synapses with the cells of the
dorsal horn or runmning for a short distance up the
dorsal column before forming synapses.
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OF EPICRITIC SPINAL CORD
PROTO PATHIC AND
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Fig. 81.—To show redistribution of imlu{l:-fe.-a in t]:]rE! cord aud the general
course of impulses of different kinds.

1. The first set of fibres are those concerned in ordinary

simple reflex action (fig. 82, 1). ‘
9 The second set make up the dorsal columns. When
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interrupted the result is a loss of the kinssthetic sense and
a loss of the tactile sense for a short distance below the lesion,
but not of the rest of the tactile sense or of the thermal sense
or of pain. They form synapses in the nuclei of the dorsal
columns in the medulla in which they terminate, and, from
these synapses, fibres cross the middle line to run headwards to
the brain in the fillet (see p. 175) (fig 82, 1 and 4).

E

Fia. §2.—To show redistribution of impulses in the spinal cord. 1 to 5, incoming
fibres of dorsal root; A, tract of kinmsthetic sense: B, tract of un-
conscious impulses for muscular co-ordination and tone ; €, same as B,
but on opposite side; D, tract of impulses of pain. heat and cold ; E,
tract of impulses of tonch and pressure. (Pace May.)

3. From the cells of Lockhart Clarke, with which the third
set, of fibres form synapses—(1) axons sweep outwards to take
up & position on the dorso-lateral margin of the cord and to
constitute the direct cerebellar traet which runs up to the
cerebellum (fig 82, © and B); (2) other axons eross the ventral
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white commissure to the opposite side of the cord and come to
lie on the lateral margin just ventral to the direct cerebellar
tract. They may be termed the ventro-spinal cerebellar traet,
and they too pass to the cerebellum, but by a different route
from those of the direct tract (see p. 177) (fig. 82, 5 and ().

4. The fourth set of fibres form synapses with the cells in
the dorsal horn. From these, axons cross the ventral white
commissure to the opposite side of the cord, and have been
traced headwards to the posterior part of the thalamus opticus.
They may thus be called the spino-thalamie traet. They seem
to run in two groups:—(1) Those concerned with the sensa-
tions of pain, of heat and of cold eross near their point of entry
and take up a position in close association with those of the
ascending ventro-lateral cerebellar tract (fig. 82, D). (2) Those
concerned with the tactile sense, whether of light touch or of
pressure, run for a short distance up the dorsal columns, then
form synapses. The fibres from these cross at a higher level than
the last, and when they have crossed take up a position on the
ventral margin of the cord (fig. 82, £).

As regards the side of the cord on which these fibres lie as
they course upwards to the brain, it has been demonstrated,
by section of one-half of the cord, that sensations of pain,
temperature, and to a less extent of touch, are lost on the
opposite side below the point of section, and that the kin-
m@sthetic sense and partly the tactile sense are lost on the
same side. These symptoms are explained by fig. 81.

The position of the fibres in the different columns of the cord
has been determined by studying the results of section of the
different columns and by following out the degenerations which
result.

The degeneration method, or Wallerian method, is based
upon the fact, that nerve fibres separated from their cell die
and degenerate (see p. 85). These degenerations may be demon-
strated when recent by Marchi’s method of staining, which
depends upon the fact that, while the white sheath of normal
fibres is not stained black when the tissue is placed in a
solution of chrome salt with osmic acid, it is so stained when
it begins to degenerate (p. 85). When, at a later period, the
white sheaths have entirely disappeared, the degeneration 1is
best demonstrated by Weigert’s method of staining the white
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sheaths of normal fibres with hematoxylin, which leaves the
degenerated tracts of fibres unstained. The fbres in the
central nervous system do not regenerate, probably because
they ave devoid of the neurilemmal sheath.

B. Outgoing Fibres.—The course of these fibres is much more
easily determined than that of the ingoing fibres. The effects of
experimental or clinical lesions of the cord upon the museular
movements, the downward degeneration which follows such
lesions, and lastly the fact that, generally speaking, these
outgoing fibres get their medullary sheath at a later date than
the ingoing fibres, all enable the position of the outgoing tracts
to be defined. They may be grouped in four sets—

1. A very strong band of fibres lying in the dorsal part
of the lateral eolumn, just inside the direct cerebellar tract, and
becoming smaller as the posterior part of the cord is reached.
This is the crossed pyramidal tract (tig. 87, C.Py.), which comes
from the cells of the cortex cerebri of the opposite side, and
gives off' collateral branches to the ecells in the wventral horn
of the spinal cord (fig. 41, D), p. 88).

2. Certain fibres from the cortex cerebri do not cross,
but run down, some in the crossed pyramidal tract, some
in the direct pyramidal tract (fig. 87, 0.Py.), which runs
along the margin of the ventral fissure, and extends tail-
wards only into the dorsal region. These fibres decussate in -
the cord.

3. A set of fibres just inside the ventro-lateral ascending
tract, which may be called the wventro-lateral descending tract
(fig. 87, Desc.Ant. Lat.). This comes from Deiters’ nucleus (see
fig. 87), and as it passes down, gives off fibres to the cells in
the anterior horn of the grey matter of the cord. Deiters’
nucleus receives fibres from the cerebellum, and the ventro-
lateral descending tract thus carries down impulses from that
organ.

4. From the red nucleus (p. 184) some fibres pass down the
cord as the prepyramidal tract just ventral to the ecrossed
pyramidal traet.

C. Fibres not Degenerating beyond the Cord.— Proprio-Spinal
Fibres—TRound the grey matter, a band of fibres—the Dasis
bundles (fig. 87, B.B.)—and outside of these, scattered through
the white matter chiefly of the lateral columns, other fibres
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degenerate in the cord and seem to be commissural between
different levels of the grey matter (see p. 167).

Other tracts of fibres have been deseribed, such as Lis-
sauer's tract and the seplo-marginal tract, but their relations
have not been satisfactorily investigated.

B. THE MEDULLA OBLONGATA
1. Structure

The medulla oblongata may be regarded as the upper end
of the spinal cord, which it connects with the brain (fig. 83).
The cord expands and the dorsal median fissure is opened
out, so that the central canal comes to the surface, and
expands into a lozenge-shaped area—the foor of the jourtl
ventricle. The lateral columns of the cord pass outwards
tc the cerebellum to form part of its inferior peduncles—
the westiform bodies. DBetween the lateral and the wventral
columns an almond-shaped swelling, the ofive, appears (fig.
85, 0.). In front of this the medulla is encircled by a mass
of transverse fibres—the middle peduncles of the cerebellum,
or the pons Varcliz (fig. 87, F.). The floor of the fourth
ventricle is constricted above by the approximation of the
superior peduncles of the cerebellum (fig. 83, p.c.s.) to again
become a canal. The grey matter of the cord gets broken up
into separate masses, of which the most important are—

1. The nuclei of the dorsul columns—the nucleus gracilis
and nucleus cuneatus (fig. 84, N.C\ and N.G.)—masses of cells
and synapses in which the fibres of the dorsal columns end,
and from which the upgoing fibres of the fillef start.

2. The inferior olivary wnwelews (fig. 85, 0.), which lies in
the olive, and which is connected by bands of fibres with the
dentate nucleus of the cerebellum (fig. 87, Dent.).

3. The nucleus of Deiters (fig. 87, Deit.), lying higher up in
the pons Varolii, and connected with fibres from the cerebellum
and from the semicircular canals (see fig. 81).

4. The nuclei of the cranial nerves, masses of cells from
which the nerves take origin (fig. 86).
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2. Condueting Paths

A. Ingoing.—1. The dorsal columns of the spinal cord
terminate in two masses of grey matter on each side, the
nucleus gracilis and nueclens cuneatus, From these, fibres

FiG. 83.—View of the Medulla Oblongata, Corpora Quadrigemina, and the Optic
Thalami from above. e.la., posterior columns of cord ; VIII, XII., X,
indicate the roots of these cranial nerves; p.c.d., the restiform body ;
p.com., the middle peduncle of the cerebellum ; p.c.s, the superior
peduncle of the cevebellum ; f.4., the anterior and posterior corpora
quadrigemina ; ¢.0., the optic thalamus with pulvinar (puiv.) and ex-
ternal and internal geniculate bodies behind it; e.p., the pineal body.
The separation of the posterior columus of the cord and the opening out
of the floor of the fourth ventricle is shown. (VaAx GruvcHTEX.)

pass forwards (z.e. towards the ventral aspect of the medulla)
and cross the middle line forming the decussation of the fillet
(fig. 84, F'). The crossed fibres (fig. 85, F.) then pass up in a
vertical series on each side of the middle line until the pons
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Varolii is reached, when they spread out horizontally like
a fan (fig. 87, F.) dorsally to the deep transverse fibres.
Above the pons they divide into two sets (fiz. 90, F) — a
lateral fillet, which ends in the anterior corpora quadrigemina,
and a mesial fillet, which passes on to the optic thalamus, and
there ends by forming synapses.

2. The spino-thalamic tract passes up through the medulla,
and with the mesial fillet ends in the thalamus.

3. The direct cerebellar iract passes up into the restiform

Fie. 84 —Cross Section through Medulla Oblongata above the decussation of the
Pyramids, P.M. and P L., postero-median and postero-lateral tracts of
the cord ; N.G. and N.C., nuclens gracilis and cuneatus, giving off the
fillet fibres erossing at F. ; V., ascending root of fifth nerve ; ., nucleus
of glossopharyngeal nerve; A.f., anterior horn of spinal cord ; P,
the anterior pyramids; D.C., direct cerebellar tract; 4. and D.
Ant. L., ascending and descending antero-lateral tracts. (dffer BrUck.)

body, and so on to the superior vermis of the cerebellum
(p. 182). Its fibres form synapses round cells chiefly on the
opposite side.

4. The wentro-spinal cevebellar {ract passes up beside the
last, but it leaves it in the restiform body and courses forward,
to arch back into the cerebellum round the superior cerebellar
peduncle and to form synapses with the cells of the superior
vermis (fig. 87, p. 173).

B. Outgoing.—1. The fibres from the ecerebral cortex, which
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form in the cord the crossed and direct pyramidal tracts,
pass down in the middle part of the crusta (fig. 90, /%) of the
crura cerebri, and, after coursing between the superficial and
deep transverse fibres of the pons (Hig. 87, £.), come to lie in
the ventral pyramids of the medulla (fig. 84, F.). At the
lower end of the medulla most of these fibres cross (p. 174)
to the lateral column of the cord; sowe, however, run down
the direct and erossed pyramidal tracts of the same side.

2. The fibres of the descending ventro-lateral tract, coming
originally from the deep nuclei of the cerebellum, take origin,

~
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Fio. 85.—Cross Section of Medulla throngh the Olive. The central canal has
opened out to form the floor of the fourth ventricle, 4¢% F., the lateral
columns are passing out to form the inferior peduncles of the cerebellum :
F., fillet ; ¢., inferior olivary nuclens ; P., anterior pyramids; Rest.,

fibres of restiform body; F., ascending root of fifth nerve; FIIL

Aee. N., accessory nuclens of the eighth merve. (dffer Bruce.)

in part at least, in a mass of nerve cells (Deiters’ nucleus), which
lies in the dorsal and lateral part of the pons Varolii (fig. 87,
Deit.).

C. Commissural Fibres.

1. The basis bundles of the cord form in the medulla a strong

band of fibres connecting the grey matter at different levels,
the dorsal longitudinal fusciculus,

&
—

2. A set of fibres run from each olivary body across the

middle line to the dentate nucleus of the cerebellum of the
opposite side.
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2, Cranial Nerves

(Lhe physiology of these showld be studied while dissecting
them.) The nerves springing from and entering the medulla
do not come off in the same regular fashion as do the spinal
nerves, although they, like the spinal nerves, must be con-
sidered as forming part of the spinal arcs. The outgoing
fibres of each spring from a more or less definite mass of cells,
The ingoing fibres generally form synapses with cells arranged
in definite groups. In this way the so-called uuelei of the
eranial nerves arve formed. The position of these is indicated
in fig. 86. In the cranial nerves no sharp differentiation into
ventral and dorsal roots can be made out. Nevertheless
they contain the same component elements as the spinal
nerves, the fibres running either together or separately.

Ingoing Fibres—Somatic and splanchnic fibres (p. 1568) enter
the medulla and have their cell stations in ganglia upon the
nerves.

Outgoing Fibres.—Somatic and splanchnic fibres pass out,
the latter being characterised by their small size, and by
forming synapses before their final distribution.

The XII. (Hypoglossus) is purely a ventral root nerve,
and is motor to the muscles of the tongue.

The X. (Vagus), and the XL (Spinal Accessory) are practically
one nerve, consisting partly of dorsal and partly of ventral
root fibres,. The vagus is the great ingoing nerve from the
abdomen, thorax, larynx, and gullet, while, by outgoing fibres,
passing through it or through the accessorius, it is augmentor
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for the muscles of the bronchi and alimentary canal, inhibitory
to the heart, dilator to blood vessels of the thorax and abdomen,
and motor to the muscles of the larynx and to the levator
palati. The accessorius is also motor to the sterno-cleido-
mastoid and trapezius.

The IX. (Glossopharyngeus) is essentially a dorsal root,
and is the ingoing mnerve for the back of the mouth, the
Eustachian tube, and tympanic cavity. It transmits outgoing
fibres which are motor to the stylo-pharyngeus and middle
constrictor of the pharynx.

The VII. (Facial) is almost purely a ventral root, trans-
mitting the motor fibres to the muscles of expression, and
secretory fibres to the submaxillary and sublingual glands
and the glands of the mouth. It, however, carries ingoing
fibres from the anterior two-thirds of the tongue,

The V. (Trigeminal) is chiefly a dorsal root, but it has a
distinet ventral or motor root which joins it, and carries the
motor fibres to the muscles of mastication. It is the great
ingoing nerve for all the face,

The VI. (Abducens) supplies the external rectus of the eye.

The IV, (Trochlearis) supplies the superior oblique. The
ITI. (Oculo-motorius) supplies all the museles of the eye
except those supplied by VI and IV. The anterior part of
the nucleus consists of small cells and gives off fibres to the
sphincter pupillie and ciliary musecles.

The fibres coming from the nuclei of these cranial nerves
do not always pass out in the nerve itseli. Thus, fibres from
the nuciens of the I[IL. to the orbicularis oculi pass out in
the VII., while fibres for the posterior belly of the digastrie
which pass out in the VII. probably come from the nucleus
of the XIIL

4, Reflexes of the Medulla

The extensive series of synapses in the medulla form
arrangements by which various combined and co-ordinated
movements are controlled, Thus, part of the nucleus of the
vagus governs the movements of respiration, while other parts
preside over the slowing mechanism of the heart, To these
various reflex arrangements the name of centres has been given,
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and their mode of action will be considered when dealing with
the mechanism of circulation, respiration, and digestion.

C. REGION OF PONS VAROLII

This region consists of the upper part of the medulla
embraced by the transverse fibres of the middle peduncles of
the cerebellum (fig. 87).

Fic. 87.—Cross Section through Region of Pons, Cerebellum, and Fourth
Ventricle. 8.V, superior vermis ; R.N., roof nuclens; Deat., dentate
nucleus ; Rest., restiform body; S.P., superior peduncle of cerebellum ;
Deit., Deiters' nucleus ; FL, nuclens of the sixth nerve; F., fillet;
8.0., superior olive; D.T. ond S.T., deep and superficial transverse
fibres ; P., pyramidal fibres. (A47fer BrUCE.)

Outgoing Fibres.—1. The fibres to the face muscles cross the
middle line to become associated with the wvarious nueclei of
the cranial nerves. For this reason a tumour in one siderof
the pons may cause paralysis of the face muscles on one side
and of the muscles of the rest of the body on the opposite side.
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2. Fibres to the limbs and trunk run down between the deep
and superficial transverse fibres (fig. 87, P.).

Ingoing Fibres.—The fillet fibres in the pons, instead of
running up on each side of the middle line, spread out into a
horizontal arrangement above the crossed fibres (fig. 87, F.).

The nueleus of Deiters and the nuclei of various cranial
nerves lie in this region of the brain.

The connections of the transverse fibres are considered
on p. 177.

D. CEREBELLUM

Structure

The cerebellum (fig, 86) or lesser brain lies above the fourth
ventricle, and is joined to the cerebro-spinal axis by three
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Fic. 88, —Diagram of the Arrangement of Fibres and Cells in the Cortex of
the Cercbellum., &.L., moleenlar layer; N.L., nuclear layer; FP.,
Purkinje's cells sending out axons to the deeper ganglia. ({After Rimox
¥ CATAL.)

peduncles on each side (figs. 81 and 89). It consists of a

central lobe, the upper part of which is the superior wvermis

(fig. 87, 8.F.), and two lateral lobes, each with a secondary

small lobe, the foceulus. 1Its surface is raised into long ridge-

like folds running in the horizonal plane, and is covered over
with grey matter, the cortex.
In the substance of the white matter forming the centre of
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the organ are several masses of grey matter on each side, the
most important of which are—1, the roof nueleus; and 2, the
dentate nucleus (fig. 87, E.N. and Dent. ).

The eortex may be divided into an outer somewhat homo-
geneous layer (the molecular layer, fig. 88, G.1.) and an inner
layer studded with cells (the wnwelecar layer, N.L). Between
these is a layer of large cells—the cells of Purkinje (P.).

By Golgi’s method the arrangement of fibres and cells in
the cerebellar cortex has been shown to be as follows :—

Fibres coming into the cortex from the white matter end
either in synapses round cells in the nuclear layer, or proceed
at once to the outer layer (fig. 88). From the cells in the
nuclear layer, processes pass to the outer layer and there form
synapses with other cells. From these, processes pass to the cells
of Purkinje, round which they arborise, and from Purkinje's cells
the outgoing fibres of the cerebellum pass into the white matter,
and so to the deeper ganglia, and to Deiters’ nuclei (fig. 87).

Connections

The cerebellum is connected (fig. 89):—

L With the Spinal Cord.

a. dneoming Fibres—1. The direct cerebellar tract (p. 172)
passes up in the restiform body to end chiefly in the superior
vermis. 2. The ascending veuntro-lateral tract (p. 174) passes
to the cerebellumn in the superior peduncle and ends in
the superior vermis. 3. Fibres from the nuclei of the dorsal
columns of the same side (fig, 84, p. 177) pass in the restiform
body to the cerebellum. 4. Fibres from the vestibular root
of the eighth nerve also pass to the cerebellum (fig. 81, p. 152).

b, Commissural Fibres—Strong bands of fibres connect the
inferior olive of one side with the dentate nucleus of the other.

e. Outgoing Fibres—Fibres pass from the superior vermis
to the deep nuclei, and, from these, fibres run to Deiters’ nueclei
{fig. 87), from which fibres pass down in the descending ventro-
lateral tract of the cord.

ii. With the Cerebrum. —1. The fibres of the middle
peduncles cross in the middle line embracing the medulla,
and forming the pons Varolii, and become associated with cells
from which fibres pass up in the lateral parts of the crura
cerebri to the cerebral cortex (fig. 90, C'C. CC., p. 187).
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2. The fibres of the superior peduncle, coming chiefly from the
dentate nucleus and superior vermis, cross the middle line and
end partly in the red nucleus of the opposite side and partly
in the thalamus opticus (fig. 90, S.C.P,). The red nucleus fibres

Fic, 89.—Connections of the Cerebellum with the Cerebro-spinal Axis
(for explapation, see text).

seem to pass upwards to the cerebrum and downwards into
the pre-pyramidal tract of the spinal cord. How far the former
are upward conducling and how far downward is not definitely
known.

The cerebellum thus constitutes the central part of one of
the great nervous arcs, the ingoing fibres terminating in the
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cortex which sends fibres to the basal ganglia, which in turn
send out the outgoing fibres,

Funetions

Removal of the cerebellum deprives the animal, for a time
at least, of the power of balancing itself. This may be easily
demonstrated in the pigeon (fig. 96, p. 185). But in some
cases, when slowly progressing disease has destroyed the organ,
no loss of equilibration has appeared, and in other cases the
cerebellum has been congenitally almost absent, and yet the
individual has not shown any sign of want of power of main-
taining his balance. KEvidently, therefore, some other part of
the brain can compensate for its absence.

The manner in which the cerebellum acts has been chiefly
elucidated by removing parts of the organ and keeping the
animals under observation for prolonged periods. If one side
of the cerebellum be removed the first symptoms are (1) a tonic
contraction of the muscles of the limbs of the same side by
which the fore limbs may be powerfully extended, and an
arching of the body with the convexity towards the side of the
lesion, while the animal may be driven round its long axis to the
opposite side. (2) These irritative symptoms soon pass off, and
the animal then manifests inadequacy or weakness in the limbs
of the affected side, so that it droops to that side, and, if a
quadruped, may circle to that side. (3) After some weeks these
symptoms disappear, and the loss of one side of the cerebellum is
apparently completely compensated for.

When in the dog compensation has been established,
destruction of the cerebral cortex of the opposite side leads
to a reappearance of the muscular inadequacy.

Electrical stimulation of the cerebellum has yielded results
somewhat difficult of interpretation, but the most recent investi-
gations seem to show that stimulation of the cortex with
currents strong enough to produce movements when applied to
the discharging part of the cerebral cortex (see p. 209) do not
produce manifest effects, but that comparatively weak currents
applied to the basal ganglia do produce movements, the most
manifest of which are the conjugate movements of the eyes,
and the eyes and head to the side stimulated,

It has been further found that powerful stimulation may
12
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also cause flexion of the elbow of the same side and entension
of the opposite elbow wilth entension of the trunk and lower
limbs. This may be associated with the maintenance of the
body in the ereet position and the alternate movements of the
limbs in the act of progression.

Taking into consideration the fact that lesions of the
posterior nerve roots cause loss of muscular co-ordination,
while destruction of the ascending ecerebellar tracts produces
decrease of muscular tone on the same side, it may be
concluded that both the kinwesthetic mechanism, which plays so
important a part in maintaining the balance of the body, and
the labyrinthine mechanism, have an important central station
in the cerebellum. ,

It would thus appear that the cerebellum is to be regarded
as a mechanism supplementary to the great eerebro-spinel mechan-
wsm, and that it has for its purpose move especially the muscular
co-ordination and adjustment required in matntaining the balance.
This it may do in one or both of two ways—

1. By receiving impulses from  without, and sending
impulses downwards to act upon the spinal mechanism.

2. By receiving impulses, and sending impulses upwards
to the cerebrum to modify its action. Channel for such
impulses exists (1) in the fibres of the pons which cross the
middle line to connect with cells from which fibres pass
upwards to the occipital and frontal lobes of the cerebrum
(fig. 41, p. 88) and (2) in the superior pednneles,

To maintain the constant muscular adjustments involved
in balaneing the body an arrangement whereby any dis-
turbance of the equilibrium ean produce an appropriate
reaction is required.

The ingoing impulses which are more especially of serviee
in this way are derived from (1) the kinwsthetic mechanism
(see p. 170); (2) the factile mechanism from the soles of the
feet; (3) the eye; and (4) the labyrinthine mechanism
(p. 152).

When the information as to the relationship of the animal
with its surroundings derived from these various sources is
not concordant—e.¢. when the semicircular canals indicate
movement and the eyes an absence of movement—Dbalancing
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becomes difficult. This may be readily demonstrated by
setting a poker vertically on the floor, holding it in the
hand, placing the forehead on the top, walking rapidly
three times round it, then standing up and trying to walk
out of the room. The sudden stoppage of the rotatory
movement causes a disturbance in the semicircular canals
giving a sense of rotation in the opposite direction, while
the eyes show that no rotation is taking place. The feeling
of giddiness is, however, not the cause of the loss of balanc-
ing, but a mwere accompaniment. (Practical Physiology.)

E. THE CRURA CEREBRI AND CORTORA
QUADRIGEMINA

Above the pons Varolii, the two halves of the medulla
diverge from one another and form the peduncles of the cerebrum

Fig. 90.—Cross Section throngh Anterior Corpora Quadrigemina and Cerebral
Pednncles. 4.5, aqueduet of Sylvius; JIT., nucleus of third nerve;
8.C.P., superior cercbellar peduncles ; F., mesial fillet; F, lateral
fillet ; P., pyramidal tract:; €C, cerebelio-cerebral fibres (Human).

(After BRUCE,)
(fig. 90, CC., P.), while posteriorly the two superior pedunecles

of the cerebellum come together (S.C.P.). Above these, two
swellings develop on each side—the anterior and posterior

corpora quadrigemina (fig. 83, p. 168).
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The erusta, or anterior parts of each peduncle of the cerebrum,
is composed, in its central part, of the pyramidal fibres passing
down from the cerebrum to the spinal cord (.), and, on each
side, of the cerebello-cerebral fibres passing upwards from the
pons (CC.). The posterior part, or fegmentum, contains—1st.
The fillet fibres going partly to the corpora quadrigemina,
partly onwards to the thalamus opticus (F.); 2ad. The nuclei
of the 3rd and 4th ecranial nerves; 3¢d. The fibres of the
superior peduncles of the cerebellum which cross the middle
line (S.C.P); and 4¢th. The red nueclei in which most of
these fibres end.

The funections of this segment of the brain are chiefly con-
ducting, but the anterior corpora yuadricemina form the
shunting station between the incoming fibres of the optie tract
and the oculo-motor mechanism (zee p. 141).

F. THE CEREBRUM
Strueture

Each crus or-pedunele terminates in its half of the cerebrum
(fig. 76, p. 164). As the fibres pass from peduncle to cerebrum
and wvice versd they come into relationship with three masses of
grey matter lying in the midst of the cerebrum. These are the
thalamus opticws, into which the ingoing fibres enter; the
lenticular nueleus, between which and the thalamus the outgoing
fibres run ; and the caudafe nucleus, the main part of which lies
in front of the other two (fig. 91).

The fibres, above these nuelei, spread out to form the corona
radiefa and enter a crust of grey matter, the corfex cerebri,
which covers over the cerebrum, and which in the higher
animals is raised into a number of folds or convolutions
marked off from one another by fissures and sulei.

In the lower vertebrata the differentiation of the cortex from
the basal ganglia is incomplete, and it is only in the higher
mammals, monkeys and man, that the cortex reaches its full
physiological importance.

The structure of the cortex cerebri as regards the arrangement
of cells and fibres is somewhat complex, and varies greatly at
different parts, but the general type is as follows (see fig. 95): —
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A. Cells (fig. 95 A).—1. Plexiform layer. At the surface of
the cortex is a thin layer of small irregular cells.

2. Layer of small pyramidal cells.

3. Layer of medium pyramidal cells,
4. External layer of large pyramidal cells.
Some writers class layers 2, 3, and 4 as one.

5. Layer of stellate cells. This
is a thin but well-defined layer
of minute polymorphie cells lying
rather more than halfway down
the thickness of the cortex.

6. Internal layers of
pyramidal cells

7. Layer of spindle-shapedcells.

B. Fibres.—The relationship of
the medullated fibres to these
layers is shown in fig. 95 B).

1. On the surface is a fibreless
layer.

2. Under this is a thin layer
of more or less horizontal fibres,
the zonal layer.

3. Under this is a thicker ir-
regular layer of fibres, the supra-
radiary layer.

4. Next comes a band of fibres
often so well developed as to make
a white streak in the grey matter.
This is the line of Baillarger. In
the regions of the calcarine fissure
in apes and in man, when it 1s
specially marked, it is known as
the layer of Gennari.

5. Radiary zome. A thick
layer of white fibres chiefly pass-
ing to and from the subjacent
white substance.

It should be remembered that
the layer of stellate cells lie just

outside Baillarger’s layer of fibres.
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Fig. 91.—Diagrammatic Horizon-
tal Section through Base of Cere-
liral Hemisphere, showing (1)
the outgoing fibres for the leg,
arm, and face springing from the
cortex of the rolandic areas, pass-
ing through the internal capsule
between the thalamus and the
lenticular nuclens, The face
fibves cross in the pons, the leg
and arm fibres in the medulla,
(2) The incoming fibres (fillet,
eve) form their stations in the
thalamus, and then pass on to
the cortex
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Fig. 92 shows the way in which the dendrites of these cells
form a dense plexus at the surface and the way in which in- -
coming fibres (1) become associated with them.

Fia. 92.—Diagram of the arrangement of cells in a typical part of the cerebral
cortex. (dfter Rinmox ¥ CATAL.)

This arrangement is considerably modified in certain regions
of the cortex, the large pyramidal cells being best developed

Fic. 93.—Diagram of collateral connections of different parts of the cerebral
cortex. &, b, ¢, pyramidal cells of the cortex, all connected by collateral
branches with other parts of the cortex in the same and in the opposite
hemisphere. @ give off the pyramidal fibres to the cord. (Adfter Rivoxn
Y CATAL.)

in those parts from which the great mass of fibres pass down

to the spinal cord, and being known as the cells of Betz.
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From the various fibres, collaterals come off which connect
different parts of the cortex of the same side, and which also
connect the cortex of one side with that of the other. and
with the basal canoclia (fic. 93).

Fiz. 94, —(a) Sarface of the left Cerebral Hi:mi.-i!-hum af a M r:|]ki=;.,—' to show the
situations of some of the Discharging Mechanisms (front to left) ; {(5) Mesial
Surface of the same Hemisphere (front to vight).

Physiology

1. General Considerations.—The functions of the eerebrum
may be best understood by first contrasting the eondition of
animals with, and of animals without, this part of the brain.

(1) In the frog the cerebral lobes may easily be removed.
The animal sits in its characteristic attitude. When touched
it jumps, when thrown into water it swims. It is a perfect
reflex machine, with the power of balancing itself unimpaired.
But it differs from a normal frog In moving only when
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directly stimulated, and in showing no signs of hunger or of
n ! thirst. A worm crawling in front of it
ekt does not cause the characteristic series of
Wl movements for ifs capture which are

seen in a normal frog,

(2) In the pigeon (fiz. 96, B), removal
of the cerebral hemispheres reduces the
animal to the condition of a somuolent
reflex machine. The bhird sits on its

2 perch, generally with its head turned
back, as if sleeping. If a sudden noise
is made, if light is flashed in its eye, or
if it is touched, it fies off its perch
and lights somewhere else. Clapping the

p hands and letting peas fall on the floor

5

6

TR |

& J

A

Fig. 95.—4, Section of cerebral cortex in the pre-Rolandic lobe—a motor area ;
on the left, under a low power to show the distribution of the cells ; on the
right, a few of the cells from each zone more highly magnified. (For
description of zones, see text.) &, Section throngh Cerebral Cortex in the
region of the calcarine fissure (visual area), stained to show the arrangement
of the fibres (Human), (For description of zones, see text.) (CaMPEBELL.)
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both produce a start, but the bird makes no endeavour to
secure the peas, as it would do in the normal state.

(3) In the dog, by a succession of operations, Goltz
removed the greater part of the cerebral cortex without
causing paralysis of the museles. The animal became dull
and listless, and did not take food unless it was given to it.

It showed no sign of recognising persons or other dogs, and
- did not respond in the usual way when petted or spoken to.
But it snapped when pinched, shut its eyes and turned its
head away from a bright light, and shook its ears at a loud
sound. It did not sit still, but walked constantly to and fro
when awake. It slept very heavily. In fact all the responses
of the animal might be classed as reflex responses to imme-
diate excitation.

FiG. 96.--4, pigeon with the cerebellnm destroyed to show struggle to main-
tain the balance ; B, pigeon with cerebrum removed to show balance
maintained, but the animal reduced to a somnolent condition.

(4) In monkeys, removal of the cerebral cortex leads to
such loss of the so-called voluntary movemenis that all
other symptoms are masked.

After section through the crura cerebri, so as to remove the
influence of the cerebrum, a condition of increased tonie con-
traction of the muscles oceurs known as decerebration rigidity.
This appears to be due to the uncontrolled action of the
kinwsthetic and labyrinthine mechanisms acting through the
cerebellum. It is often well seen in old cases of apoplexy
where a hemorrhage has cut the fibres coming down from the
cerebrum,

By destroying the cerebrum the animal is deprived of a
most important mechanism for the co-ordination of incoming
impressions from the peripherally-placed receptors with the
combinations of museular movements by which appropriate
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reactions are brought about. With the cerebrum intact this
co-ordination is far more complete.

The reactions arve, in part af least, determined by—

(1) The previous training and education of the brain. For,
just as in the spinal cord channels of action are formed, so in
the cerebrum, if a given reaction once follows a given stimulus,
it will tend to follow it again. (@) This training is in part
heveditary. Each individual of a race is born with well- |
established lines of action in the process of development, and
throughout life these inherited channels play an important part
in determining the results of stimulation. (b) But it is alse
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Fig. 87. —Superior and inferior aspects of the brain of the dog to show the varions
sulel and the distribution of the chief receiving and reacting mechanisms.

largely acquired by the individual, since the reception of each
stimulus and the performance of a resulting action, however
this be determined, tends to lay down a path which will again
be followed.

(2) Not only will the previous training of the brain thus aect
as the directive forece in the response to stimuli, but the
nulrition of the brain also plays an important part. The action
of a brain when well nourished and freely supplied with pure
blood is often very different to that of the same brain when
badly nourished or imperfectly supplied with healthy blood.
Since the education of the brain really consists in developing
proper responses to various stimuli, the importance of the brain
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being in a healthy and well-nourished condition during the
training is manifest.

The power of differentiating various stimuli and their reactions
ts correlated with the development of the cerebrum and becomes
more perfect as the animal scale is ascended. The complexity

RECEIVING, DISCHARGING,

/”mu_ ant,

Fia. 98. —Diagram to illustrate different possible channels of cerebral response
to stimulation, and to show how, through reflex action of the lower ares,
the action of the higher ares may bhe simulated.

of the cerebral action in the higher animals has its basis in

the greater number of distinet impressions which have been

received und reacted to. Each separate stimulus leaves its mark
upon the brain, or, as we may say, is sfored in the brain, and each
subsequent similar stimulus is sent into these chanunels, or 1s
assoctated with the past reactions, and thus the present response
is determined. For appropriate reaction the whole mechanism
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must be normal—a very small injury to any part may not only
entirely alter the reactions or conduct of the animal buf may
also modify its mental condition.

Cerebral action frequently goes on without consciousness
being implicated ; but so far as we know, consciousness without
accompanying cerebral action is unknown, and there is evidence
that it is only when the actions of the various parts of the
cerebrum are co-ordinated that eonsciousness is possible. In
cases of Jacksonian epilepsy in man, as a result of a small centre
of irritation on the surface of the brain, a violently excessive
action of the cerebral neurons starts at the part irritated and
passes to involve more and more of the brain. In such fits it is
found that at first the patient’s consciousness is not lost, but that,
when a sufficient area of brain is involved in this excessive and
inco-ordinated action, consciousness disappears.

The study of the action of drugs which abolish consciousness
—=¢.g. chloroform and morphine—on the dendrites of brain cells
suggests a physical explanation of the loss of consciousness. 1t
1s found that these drugs cause a general extension of the
gemmules of all the dendrites; and, if we imagine that the
co-ordinated dction of any part of the brain is secured by
definite dendrites of one set of neurons coming into relation-
ship with definite dendrites of another set of neurons by
their gemmules so as to establish definite paths, the want of
co-ordinate relationship established by the general expansion
would explain the disappearance of the definite sensations
which constitute consciousness,

It is manifest that the range of consciousness must necessarily
be wider where the stored impressions are most abundant, and
where the present stimulus most readily calls into action these
previous lines of cerebral activity. The storage of impressions
is the basis of MEMORY. The power of associating these stored
impressions with the present stimulus is the basis of
RecorLEcTioN. It is the implication of consciousness in this
part of brain action which is the basis of mental activity.

How far the mental action is a mere accompaniment of the
physical changes, and how far it can react upon them, is a
question which cannot be discussed here. But the study of
the insane seems to point to the conclusion that the individual
may do certain things and have certain ideas as concomitants
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of faulty brain action, rather than that his actions are a result
of the modified ideas.

2. Time of Cerebral Action.—The cerebral mechanism takes a
very appreciable time to act, and the time vavies with the
complexity of the action and with the condition of the
nervous apparatus,

Of the time between the presentation of a tlash of light to
the eye or a touch to the skin and a signal made when it is
perceived by the person acted upon,part is occupied by the passage
of the nerve impulses up and down the nerves and in the latent
period of muscle action, but a varying period remains, repre-
senting the time occupied in the cerebral acfion. (Practical
Physiology.)

Prolonged aection of the nerve centres soon leads to a pro-
longation of the reaction time, and the same thing is produced
by the action of aleohol, chloroform, and other poisons.

3. Fatigue of Cerebral Mechanism.—This naturally leads to
the consideration of fatigue of the cerebral mechanism. The
way in which, as a result of poisons, the definite co-relationship
of eertain sets of neurons with certain other sets is probably
abolished by the generalised expansion of the gemmules of the
dendrites has been already dealt with. In all probability the
same thing occurs in fatigue, and by interrupting the definite
chain of action allows rest and recovery to supervene. DBut
continued action may further lead to well-wmarked changes in
the cell protoplasm of the neurons. The Nissl's granules
diminish and the mnuecleus shrivels and becomes poorer
in chromatin,

In all retlex aection, whether spinal or cerebral, it is the
central part of the mechanism which first becomes fatigued.
If, by reflex excitation of the central nervous system of
a frog, muscular movements are caused for some time, the
stimulation ultimately fails to act; bug, if the nerves going to
the museles are stimulated, the muscles at once respond,
showing that the central mechanism has given ouf before the
peripheral structures.

Fatigue of the central nervous system is manifest both
upon the receiving and reacting mechanism; upon the
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receiving, on the physical side by prolongation of the
reaction period, and on the metaphysical side by diminished
power of attention. Upon the reacting side it is shown by
lessened power of museular contraction, (See also p. 53.)

4, Sleep.—Fatigue of the cerebral mechanism is closely
connected with sleep. As the result of fatigue, external
stimuli produce less and less effect, and thus the changes
which are the physical basis of consciousness become less
and less marked. At the same time, by artificial means
stimuli are usually excluded as far as possible. Absence of
light, of noise, and of tactile and thermal stimuli all conduce
to sleep. Consciousness fades away, and, as the cerebral
activity diminishes, the arterioles throughout the body
dilate, and the arterial blood pressure falls, and thus less
blood is sent to the brain, and the organ becomes more
bloodless. The eyelids close, the eyeballs turn upwards,
the pupils contract, and the voluntary museles relax.

The depth of sleep may be measured by the strength of
the stimuli required to overcome it. In man it is usually
deepest at about the end of an hour, and that it then
rapidly becomes more and more shallow, until as the result
of some stimulus, or when the brain has regained its normal
condition, it terminates. In the later hours of sleep the
consciousness may be temporarily aroused without the other
conditions of sleep disappearing, and as a result of this
dreams may ensue. Or, on the other hand, without con-
sclousness being necessarily restored, stimuli may lead to
muscular responses of a perfectly definite and purposive
character, and fo such phenomena as sleep-walking.

Hypnosis is a condition in some respects allied to sleep.
It may be produced in many individuals by powerfully
arresting the attention, and is probably due to a removal
of the influence of the higher centres over the lower. When
the condition iz produced, the respirations and pulse become
quickened, the pupils expand, and the sensitiveness of the
neuro-muscular mechanism 1s so inereased that merely
stroking a group of muscles may throw them into firm con-
traction. The individual becomes a reflex machine even as
regards the cerebral ares, and each stimulus is followed
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by an immediate reaction. The power of suggestion is
exaggerated. If a hypnotised person is told that he sees
anything he acts at once as if he did actually see it.

5. Loealisation of Funections.—The question must next
be considered whether special parts of the brain are more
especially connected with its three great functions—

A. The reception of stimuli,

B. The storing of effects, and the associating of present
stimuli with these stored lmpressions,

. The produetion of the resulting actions.

. Reception of Stimuli.—In investigating the existence of
special mechanisms for this purpose, several methods of inquiry
are available.

1sf. By removing or stimulating parts of the brain in the
lower animals and studying the results,

2nd. By observations during life on the sensations or
absence of sensations in patients suffering from disease of
the brain, and the determination of the seat of the lesion
after death.

3rd. By the histological study of the different parts of the
cortex cerebri,

4th. By the embryological study of the development of the
myeline sheaths of the various bundles of nerve fibres,

1sf, Sensations are the usual accompaniment of the activity
of the receiving mechanism. But in the lower animals it is
not possible to have a direct expression of whether sensations
are experienced or not, and, therefore, in determining whether
removal of any part of the brain has taken away the power
of receiving impressions, we have to depend on the absence
of the usual modes of response to any given stimulus, But
the absence of the usual response may mean, not that the
receiving mechanism is destroyed, but either that the react-
ing mechanism is out of action or that the channels of
eonduection have been interfered with. (See fig. 98.)

Thus, if light be flashed in the eye of a monkey, it re-
sponds by glancing towards the source of illumination ; and if
these movements are absent this may be due (1) to loss of the
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receiving mechanism, to (2) logs of the mechanism ecausing the
movements, or (3) to interruption of the channels between them.

Again, it is quite possible that, after removing the receiving
mechanism in the cerebrum, external stimmuli may lead to
the usual response by acting through lower reflex ares (fig. 98).
[f, for instance, we suppose the receiving part of the cerebrum
connected with the reception of tactile impressions entirely
destroyed, scratching the sole of the foot may still canse the

Fie, 99, —Left Hemisphere of Brain of Chimpanzee to show the results of
stimulating different parts. The Suleus Centralis is the fissure of
Rolando. (From GrUNBAUM and SHERRINGTON.)

leg to be drawn up, just as if a sensation had been experienced.
Here although the upper are is out of action the lower arc
still acts.

In the lower animals, stimulation of a part of the brain,
if it be connected with the reception of impressions, may
cause the series of movements which naturally follow such
an impression. But these movements may also be caused
by directly stimulating the reacting mechanism. When,
however, removal of a part of the brain causes no loss of
power of movement, and yet prevents a stimulus from
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causing its natural response, it is justifiable to conclude that
that part of the brain is connected with reception.

2nd. In man, the chief difficulty of obtaining information
18 in finding cases where only a limited part of the brain is
affected. But such cases have been observed. Tumours of
the inner aspect of an oceipital lobe, for instance, have been
found to be associated with loss of visual sensations without
loss of muscular power, and thus the conclusion has been
drawn that this part of the occipital lobe is the receiving
mechanism for stimuli from the eyes.

drd. When it has been found possible to assign a definite
function to any area of the cortex, the extent and limits of
the area may be determined by the extent and distribution
of the particular character of the arrangement and structure
of the nerve cells.

4th. Flechsig has found that bands of fibres going to certain
parts of cortex get their medullary sheaths earlier than others,
and that the fibres to each part of the cortex become medullated
at a definite date. The areas, the fibres of which first get their
sheath, he calls the primary projection areas, and they correspond
very closely with the receiving areas determined by other
methods (fig. 100 A and B).

Visual Centre (fig. 97).—The way in which the fibres, coming
from the two retine, are connected with each thalamus opticus
and occipital lobe has been already considered, and it has been
shown that the optic tract passes into the geniculate bodies
on the posterior aspect of the thalamus, and that a strong
band of fibres, the optic radiation, extends from these back-
wards to the occipital lobes (fig. 67, p. 138). In man an ex-
tensive lesion of one—say the right—occipital lobe, especially if
on the inner aspect round the calcarine fissure, is accompanied
by no loss of muscular power but by blindness for all objects
in the opposite side of the field of vision—ue. the right side
of each retina is blind. The central spot of neither eye is
completely blinded because the fibres from the macula lutea
only partially decussate at the chiasma,

Stimulation in this region causes movement of the eyes to the
opposite side, as if some object were perceived there.

Histologically this area is characterised by a well-defined

13
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band of white fibres between the layer of stellate cells and
the internal layer of pyramidal cells, the band of Gennari (fig.
95 @, p. 184), and by a characteristic arrangement of cells (fig.
101). This arrangement becomes more and more defined as we
pass from the simpler mammals with separate vision for the two
eyes to the primates with combined vision with the two eyes.

Probably each part of the centre is connected with definite
parts of the two retine. Certain it is that there is no part
of this cortical mechanism connected with the blind spot, and
hence this is not perceived in ordinary vision.

s
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Fie:. 1004, —To show Flechsig's Primary Projection Areas on the inner aspect of the

Cerebral Cortex (see text). (HowegLnr.)

Colour perception seems to be a less fundamental function
of the visual apparatus than perception of the degree and
direction of illumination, and hence colour perception may be
lost in cases of comparatively slight lesions of the ocecipital
lobes without the other functions being impaired. One of the
most recently acquired functions of the mechanism is the
power of appreciating the significance of the signs used in
written language, and it is found that in small and super-
ficial lesions this function may alone be lost.

N N P T
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Flechsig finds that this area is supplied by a band of ﬁbren
which very early get their myelin sheath (fig. 1004 5). '

Around this area is a zone, lesions in which cause dmturhances
in vision less profound in character than those produced in the
region of the calcarine fissure. This zone has a characteristic
cell arrangement, but no line of Gennari. It is very slightly
developed in lower mammals, but becomes well marked in the
primates and especially in man. It is supplied with associating
fibres joining it to the last area, and these fibres become medul-
lated at a comparatively late date,

i _:t-ak‘j. g T o FERY

F1c. 1008.—To show Flechsig’s Primary Projection Areas on the onter aspect of the
Cerebral Cortex (see text). (HowgLL.)

- It would seem as if this were the region in which the
simple visual sensations become associated with the stored
passed experiences so as to give rise to the perception of
the significance of these sensations. It has been termed
the visuo-psyehie area of the cortex (fig. 101).

The visuno-sensory area is united by a strong band
through the middle cerebral peduncle with the cerebellum
(see p. 186), and from it a strong band of fibres passes to
an area in the frontal region, concerned with the movements
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of the eyes, and also connected with the cerebellum through
the peduncle.

While there is good evidence that a special localised area
of the cortex is connected with the reception of stimuli from
the eyes, the evidence of the existence of similar areas or
centres connected with the other organs of special sense is
not so satisfactory.

Auditory Centre. — Ferrier, by removing the superior
temporo-sphenoidal lobe in the monkey, produced no motor
disturbance, but found evidence of loss of hearing in the
opposite ear. When the region was stimulated he found that
the monkey pricked up its ears, and looked to the opposite
side, and he considered that these observations prove the
existence of a special localised mechanism for the reception
of stimuli from the ear. Schifer has removed these con-
volutions from both sides in the monkey, with aseptic
precautions, and kept the animal alive. He failed to find
evidence of loss of auditory sensations. Stimulation of the
ear in such animals still caused the usual muscular response,
But since . lower connections exist between the auditory
nuclei in the medulla and the centres for muscular move-
ment in the spinal cord (fig. 98), this observation cannot
be accepted as excluding the relationship of the superior
temporo-sphenoidal eonvolution to hearing. The existence
of such a relationship is strongly supported by pathological
evidence. Cases of epilepsy have been recorded, in which the
first symptom of the fit was the hearing of sounds, and in which
the lesion was found in this lobe.

The limits of this centre are defined by a characteristic cell
distribution (fig. 101), and around it is an area with a somewhat
different cell arrangement, which is probably the psyeho-auditory
region (fig. 101)—the region in which the changes in the central
region connected with the production of simple sensation are
associated with the stored passed impressions to enable the
nature of the sensation to be comprehended.

The central sensory area is early supplied by medullaterl
fibres (fig. 100B).

Taste and Smell.—The intimate relationship of these senses
renders it probable that their centres are closely associated
in the cortex,
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A study of the development of the olfactory mechanism
throughout the mammalian series throws considerable light upon
the position of the corfical centre. Many mammals depend
very largely upon the sense of smell in their relationship with
the external, while others, e.y. man, use it less, and the cetacea
dojnot use it at all. In the first group, the osmatic mammals,
the olfactory bulbs and tracts are enormously developed (fig. 97).

Each bulb terminates behind in three roots, the inmost
sending fibres across to the opposite side (fig. 51, 1v.), the others
sending fibres to a part of the cortex at the base of brain just
outside the olfactory tracts (fig. 51, 111.). In man and apes, from
the development of the temporo-sphenoidal lobe this region
gets carried outwards and is represented by a swelling, the lobus
pyriformis, on the inner aspect under the uncus (fig. 101). The
cortex in the region indicated in the figure has a peculiar
arrangement of cells. The medullated fibres to this area are
early developed (fig. 1004, 4a).

Ferrier states that removal of the hippocampal convolution,
ineluding the lobus pyriformis in monkeys, leads to loss of taste
and smell, and that stimulation causes torsion of the nostrils
and lips, as if sensations of smell or taste were being
experienced.

Touch.—Ferrier thought that removal of the hippocampal
convolution eaused loss of tactile sense, while Schiifer deseribes
the gyrus fornicatus as the centre for this sense. It has
been objected that in removing this lobe the fibres going to
the areas on the outside of the cortex are apt to be injured.
According to the observations of Mott, when the cortex round
the fissure of Rolando—in which the mechanism for causing
the various combinations of muscular movements is situated—
is removed in the monkey, clips may be attached to the skin
on the opposite side of the body without attracting attention,
while if they are placed on the same side they are at once
removed. He therefore regards the Rolandic area of the brain
as connected with the reception of tactile impressions.

This view is strongly supported by the evidence of morph-
ology. The ascending parietal convolution is early supplied
by medullated fibres coming from the thalamus (fig. 1008 2),
and in it a type of cell distribution similar to that in the
other sensory areas exists (figz. 101). Further, in this region
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Campbell has described degenerative changes as the result
of extensive disease of the posterior nerve roots.

As already indicated, this centre must act as a chart of the
surface of the body, stimulation of any definite part of the
body leading to changes in the definite part of the centre, and

Fre. 101,—To show the mapping out of the Cerebral Cortex on its outer and
inner aspects into areas by the character and distribution of the cells and

fibres. (CAMPBELL.)

these changes are accompanied by sensations referred to’the

part stimulated.
We know nothing of the locality of centres connected with

the thermal and museular senses.

B. Storing and Associating Mechanism.—The existence of a
special part or parts of the brain connected with the storing



OEREBRUM 199

of impressions, so that they may be associated with present
sensations, is indicated by the following considerations :—
It is this association of present stimuli with past sensations
which is the basis of intellectual life, and in man, where
apparently the intellectual funections .are most highly de-
veloped, the frontal and parvietal lobes of the brain are much
larger than in the lower animals. So far stimulation of these
lobes has failed to give indication of resulting sensations or
to produce muscular movements. They may be extensively
injured without loss of sensation and without paralysis, and
hence it has been concluded that the storing and associating
functions must be chiefly located in them. Further, in these
regions the nerve fibres acquire their medullary sheath at a very
late date.

C. Discharging Mechanism.—(«) The position of the discharg-
ing mechanism for cerebral action has been definitely localised,
by pathological and experimental observation, in the cerebral
eonvolutions round, or probably chiefly in front of, the fissure of
Rolando or suleus centralis (fig, 99, p. 192). Destructive lesions
of this area on one side cause a loss of the so-called voluntary
action of groups of muscles on the opposite side of the body.
The cerebral are is stimulated and acts along certain lines—
possibly with the accompaniment of changes in consciousness
and a sensation of decision as to the line of action to be taken
and a desire to accomplish it—but this so-called voliticn is not
accompanied by the appropriate muscular action. From the
frequent involvement of the so-called volition in these actions,
and from the fact that it is the metaphysical changes which
figure in our consciousness rather than the physical changes
which are their basis, we are accustomed to assuine that the
movements produced are the result of volition, and to speak of
them as voluntary movements, and of the brain mechanism
producing them as voluntary centres. There is no harm in
doing so, if we remember that these centres can and do act
without the involvement of consciousness, and, therefore, without
volition ; and that their action generally implies the previous
action of parts of the receiving and associating mechanism of

the cerebrum.
But certain lesions may directly stimulate these centres,
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causing them to act without the previous action of the other
cerebral mechanisms. This is seen in Jacksonian epilepsy,
where, as the result of a spicule of bone or a thickened
bit of membrane, one part of the cortex is from time fo
time excited, and by its action produces movement of certain
groups of muscles.

Experimental observations have fully confirmed and extended
the conclusions arrived at from such pathological evidence,

If parts of these convolutions be excised in the monkey,
the animal loses the power of voluntary movement of certain
groups of muscles, while if they are stimulated by electricity
these groups of muscles respond.

These convolutions, just in front of the fissure of Rolando, may
be considered as a map of the various muscular combinations
throughout the body, the map being mounted so that the lower
part represents the face, the middle part the arm, and the upper
part the leg. KEach large division is filled in so that all the
various combinations of muscular movement are represented
(figs. 99 and 101). It must be remembered that these centres
do not send nerves to single muscles, but act upon groups to
produce definite combined movements, through the lower spinal
centres.

(b) The action of these centres involves not only stimulation of
certain muscles, but the inhibition of others, This is very clearly
shown as regards the eye movements. In the monkey the
resting position of the eyes is straight forward, with the optic
axes parallel. If all the nerves to the ocular muscles be eut this
position is assumed, and if the position of the eye be passively
altered, upon removing the displacing force it springs back to
this position. If the IIL. or IV. nerve of the left side be eut so
that the external rectus alone is unparalysed, then, exciting a
part of the cortex which causes movements of the two eyes to
the opposite side, produces not only a movement of the right
eye in that direction, but a movement of the left eye to the
right as far as the middle line—the position of rest—showing
that the VI. nerve has been inhibited.

Stimulation of the cortex causes flexion more readily than
extension, apparently because the inhibitory mechanism for the
extensors 1s better developed than that for the flexors.
Sherrington finds that under the influence of strychnine or
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of tetanus toxin this condition is reversed, and that stimuli
which in normal conditions will cause flexion now cause powerful
extension, and hence co-ordinated movement is impossible.

(¢) In these motor areas the lesion must be extensive to cause
complete paralysis of any group of muscles. A limited lesion
may simply cause a loss of the finer movements. Thus, a monkey
with part of the middle portion of the Rolandic areas removed
may be able to move its arm and hand, but may be quite unable
to pick up objects from the floor of its cage.

(d) The limits of these areas may be mapped out by the
character and distribution of the cells. The great feature is
the presence of very large pyramidal cells, the cells of Betz, in
the sixth layer of the cortex (fiz. 95). These are confined to
the ascending frontal lobes. DBut in front of this is a region
stimulation of which gives rise to movements, and in which
the cell arrangement is much the same except that the cells
of Betz are absent. Well out in the frontal region is a
pateh, stimulation of which leads to movements of the eyes,
and this region is directly connected by a strong band of fibres
with the occipital lobe and with the cerebellum. It is present
only in animals which employ binocular vision. If has been
suggested that this intermedio-precentral region is specially
connected with the finer and more highly co-ordinated muscular
movements, such as those of the eyes and of the mouth in
speech. .



PART 1I
NUTRITION OF THE TISSUES

SECTION YV
Fruins Baraing THE TISSUES
BLOOD AND LYMPH

THE blood carries the necessary nourishment to the tissues,
and receives their waste products. DBut if is enclosed in a
closed system of vessels, and does not come into direct rela-
tionship with the cells. Outside the blood vessels, and bath-
ing the cells, is the lymph which plays the part of middleman
between the blood and the tissues, receiving nourishment
from the former for the latter, and passing the waste from
the latter into the former.

A. BLOOD

The various physical, chemical, and histological chavacters
of blood must be practically investigated.

I. General Characters

Colour.—Blood changes its colour from purple to cinnabar
red on shaking with air, showing that the pigment of the
blood may exist in two conditions. Elements of Blood.—
Mieroscopie examination shows that blood is composed of a
clear fluid (Liguor Sanguinis or Plasma) in which float
myriads of small disc-like yellowish-red cells (Erythrocytes),
and a smaller number of greyish cells (Leucocytes), and
certain more minute grey particles (Blood Platelets). The
Opaecity of Blood is due to the erythrocytes, and when the
pigment is dissolved out of them by water, and they are
rendered transparent, the blood as a whole becomes trans-
parent and is said to be “laked.” The Specifie Gravity in the
horse is about 1060. It may be estimated by finding the

202
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specific gravity of a sodium sulphate solution in which a drop
of blood neither sinks nor floats. - (Chemical Physiology.)

Taste and Smell are characteristic, and must be experienced,
Reaction.—Blood is alkaline, and the degree of alkalinity is very
constant in health. It is more alkaline in herbivorous than
in carnivorous animals. It is increased during digestion and
diminished after muscular exercise. (Chemical Physiology.)

The cells of the blood constitute about 33 per cent. of its
weight, and the total solids of the blood are about 20 per cent.

Clotting or Coagulation.— In the course of about three
minutes the blood of the dog when shed becomes a solid jelly.
In the blood of the horse the process is much slower and the
blood cells may sink before clotting occurs, thus leaving the
upper part of the clot colourless. The process starts from the
sides of the vessel, and spreads throughout the blood until, when
clotting is complete, the vessel may be inverted without the
blood falling out. In a short time, dvops of clear fluid appear
upon the surface of the clot, and in a few hours these have
accumulated to a considerable extent, while the elot has con-
tracted and drawn away from the sides of the vessel, until it
finally floats in the clear fluid—the Serum. If clotting occurs
slowly, as it does in the horse, the erythrocytes subside, leaving
a layer of clear plasma above, which, when coagulation takes
place, forms a “buffy layer” in the upper part of the clot.
Clotting is due to changes in the plasma, since this fluid will
coagulate in the absence of corpuscles.

The change may be represented thus :—

' 1;1?1:.(1

|
Plasma Corpuscles

Serum Clot
The change consists in the formation of a series of fine
elastic threads of fibrin throughout the plasma, and if red
corpuscles are present they are entangled in the meshes of
the network and give the clot its red colour.
These threads may be readily colleeted in mass upon a
stick with which the blood is whipped as it is shed. The
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red fluid blood which is left, consisting of blood cells and
serum, is said to be defibrinated.

Fibrin is a protein substance. It is slowly dissolved in
solutions of neutral salts. It is coagulated by heat, and 1is
precipitated when an excess of a neutral salt is added. It is
therefore a globulin.

The plasma before clotting and the serum squeezed out from
the clot both contain in the same proportion an albumin
(serum albumin) and a globulin, or series of globulins which
may be classed together as serum globulin. But the plasma
containg a small quantity—about 04 per cent.—of another
globulin (fibrinogen) which coagulates at a low tempera-
ture, and which is absent from serum. It is this which
undergoes the change from the soluble form to the insoluble
form in coagulation. If, by taking advantage of the fact that
it is more easily precipitated by sodium chloride than the
other proteins, it is separated from them, it may still be
made to clot. (Chemical Physiology.)

The substance which usually eauses clotting appears to be
an enzyme, which is formed by the action of caleium salts or
ions on a pro-enzyme set free in the blood. The enzyme may
be called thrombin, and its precursor prothrombin. Oxalates,
when added to blood, precipitate the soluble calcinm salts, and
prevent the formation of thrombin, and thus prevent coagula-
tion, (Chemical Physiology.)

It is not yet quite clear what brings about this change of
prothrombin into thrombin, Calcium salts or ecaleium ions
and prothrombin may exist together without thrombin being
formed, and it has been suggested that another enzyme is
required to activate the thrombin—a thrombokinase as it has
been called. This may be liberated from the cellular elements
of the blood and tissues.

The steps in the process of clotting might therefore be
represented as follows : —

Thrombokinase
Prothrombin  Caleium Salts
Thrombin—->Fibrinogen

R
Fibrin
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Many circumstances influence the rapidity of -clotting.
Temperature has a marked effect ; a low temperature retarding
it, a slight rise of temperature above the normal of the
particular animal accelerating it. If a trace of a neutral salt
be added to blood, coagulation is accelerated; but, if blood be
mixed with strong solutions of salf, coagulation is prevented
because the formation of thrombin is checked. Caleium salts
have a marked and important action, and if they are precipi-
tated by the addition of oxalate of soda, blood will not clot,
apparently because thrombin cannot be formed.

The injection into the blood vessels of a living animal of
commercial peptones, which chiefly consist of proteoses, or of
hirudin, an extract of the head of the medicinal leech, retards
coagulation after the blood is shed. They appear to cause the
development in the liver of some body of the nature of an anti-
thrombin which checks coagulation, and if the liver be exeluded
from the circulation this is not developed

Why is it that blood does not coagulate in the vessels and
does coagulate when shed? Such a general statement is not
absolutely correct, for blood may be made to coagulate in the
vessels of a living animal in various ways. If inflammation is
induced in the course of a vessel, coagulation at once oecurs,
If the inner coat of a vessel be torn, as by a ligature, or if any
roughness occurs on the inner wall of a vessel, coagulation is
apt to be set up. Again, various substances injected into the
blood stream may cause the blood to coagulate, and thus
rapidly kill the animal. Among such substances are extracts
of various organs—thymus, testis, and lymph glands—which
yield thrombokinase, and snake venom which seems to
contain active thrombin. The injection of pure thrombin
does not usually cause clotting, becanse an anti-thrombin is
developed.

Nor does blood necessarily coagulate when shed. If it is re-
eeived into castor oil, or into a vessel anointed with vaseline
and filled with paraffin oil, it will remain fluid for a consider-
able time. Apparently some roughness in the wall of the blood
vessel or of the vessel in which the blood is received is required
to start the process, acting as a focus from which it can spread
outwards.

The advantages of eoagulation of blood are manifest. By
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means of it wounds in blood vessels are sealed and haemor-
rhage stopped.

Although an important and very prominent change in the
blood, clotting is really produced by change in one constituent
of the plasma, which is present in very small quantities.

II. Plasma and Serum

These may be considered together, since serum is merely
plasma wminws fibrinogen. As serum is so much easier to
procure, it is generally employed for analysis,

Both are straw-coloured fluids, the colour being due to a
yellow lipochrome. Sometimes they are clear and transparent,
but after a fatty diet they become milky. They are alkaline
in reaction, and have a speecific gravity of about 1025, They
contain about 90 per cent. of water and 10 per cent. of solids,
The chief solids are the proteins—serum albumin and serum
globulin (with, in the plasma, the addition of fibrinogen).
The proportion of the two former proteins to one another
varies considerably in different animals, but in the same animal
at different times the variations are small. The globulin
probably consists of at least two bodies—euglobulin precipitated
by weak acid, and pseudoglobulin not so precipitated. The
amount of albumin is generally greater when the body is well
nourished. In most animals, they together form about 7 per
cent. of the serum.

The other organic constituents of the serum are in much
smaller amounts, and may be divided into—

1. Substances to be used by the tissues,

Glucose is the most important of these. It occurs only in
small amounts—about 1 to 2 per mille, Part of it is free, but
part is probably combined in organic combinations such as
jecorin. It is probably in larger amount in blood going to
muscles than in blood coming from muscles, and this difference
seems o be specially well marked when the muscles are active,

Fats occur in very varving amounts, depending upon the
amount taken in the food.

2. Substances given off by the tissues.

The chief of these is urea, which occurs constantly in very
small amounts in the serum—about ‘05 per cent. We shall
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afterwards see that it is derived from the liver, and that it
is excreted in the urine by the kidneys.

Creatin (p. 40), with urie aeid (p. 427), and some allied bodies
appear to be normally present in traces, and their amount
may be increased in diseased conditions,

Of the inorganic constituents of the serum the most abund-
ant is cehloride of sodium, but in addition sodium earbonate
and alkaline sodium phosphate are also present. Caleium,
potassium, and magnesium oceur in very small amounts,

II1. Cells of Blood.

1. Leucocytes—White Cells.—These are much less numerous
than the red cells, and their number varies enormously in
normal conditions. On an average there is one to every 400
or 500 red cells.

They are soft, extensile, elastic, and sticky, and each con-
tains a nuecleus and a well-developed double centrosome. In
size they vary considerably, some being much larger than the
red cells, some slightly smaller. The character of the nucleus
varies greatly, and from this and from variations in the proto-
plasm, they may be divided into four classes.

1st. Lymphocyles—Cells with a elear protoplasm and a more
or less circular nucleus. Some are very small, while others
are larger. They constitute about 20 to 25 per cent. of the
leucocytes (fig. 102, b and ¢).

2und. Polymorpho-nuelear levcoeytes, with a much-distorted and
lobated irregular nucleus and a finely granular protoplasm,
whose granules stain with aecid and neutral stains. These
constitute about 70 to 75 per cent. of the leucocytes.

3rd. Eosinophil or exyphil leucoeyfes, with a lobated nucleus
like the last, but with large granules in the protoplasm which
stain deeply with acid stains. From 1 to 4 per cent. of the
leucocytes are of this variety.,

4th, Basophil lewcocytes, practically absent from normal
blood, with a lobated nucleus and granules in the protoplasm,
staining with basic stains.

Miyelocytes ave large leucocytes with a large circular or
oval nuclens and a finely granular protoplasm. They are
not normal constituents of the blood, but appear when the
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activity of the bone marrow is increased in certain patho-
logical conditions.

These various forms have certain properties—(a) Amoeboid
movement. They can, under suitable conditions, undergo
certain changes in shape, as may be readily seen in the blood of
the frog or other cold-blooded animal. The motion may consist
simply of the pushing out and withdrawal of one or more
processes (pseudopodia), or, after a process is extended, the
whole corpuscle may follow it and thus change its place, or
the corpuscle may simply retract itself into a spherical mass,
As a result of these movements the corpusecles, in certain con-

Fii. 102. —Cells of the Blood. a, erythrocytes ; &, large, and ¢, small lym-
phoeyte ; d, polymorpho-unelear leucoeyte ; e, eosinophil lencocyte,

ditions, creep out of the blood vessels and wander into the
tissues ( Diapedesis),

() Phagoeyte aetion—The finely granular leucocytes and
the lymphocytes have further the power of taking foreign
matter into their interior, and of thus digesting it. By this
devouring action, useless and effete tissues are removed and
dead micro-organisms in the body are taken up and got rid of.
This scavenger action of the lencocytes is of vast importance in
pathology.

Chemistry of Leueoeytes.—The nucleus is chiefly made up of
nuclein, and in the protoplasm a nucleo-protein, along with
two globulins and a small amount of an albumin, are found,
Along with fhese protein substances glycogen and a small
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amount of fat are present, while the chief inorganic con-
stituents are potassium salts,

2. Blood Platelets.—These are small circular or oval dis-
coid bodies, about one-third the diameter of a red blood cor-
puscle. Some observers have stated that they contain a
central nucleus. They are very sticky and mass together
when blood is shed and adhere to a thread passed through
blood or to any rough point in the lining of the heart or
vessels. They there form clumps, and from these elumps
fibrin threads are seen to shoot out. They thus appear to
play an active part in clotting. They are present in the blood
of mammals only. Their source is not definitely known, but
it has been suggested that they are the extruded nuclei of
developing erythrocytes.

3. Erythroeytes—Red Cells.—All mammals except the camels
have ecircular, biconecave, discoid erythrocytes, which, when
the blood is shed, tend to run together like piles of coins.
The camels have elliptical biconvex corpuscles. A nuecleus
i3 not present in the fully-developed mammalian erythrocyte.
In birds, reptiles, amphibia and fishes, the corpuscles are
elliptical biconvex bodies, with a well-marked central nucleus.
The size of the erythrocytes is fairly constant in each species
of animal. In the horse they are on an average 6 to 65
micro-millimetres in diameter. The number of red cells in
health is about 7,000,000 per cubic millimetre in the horse ;
but in disease it is often decreased.

The number of corpusecles per cubic millimetre is estimated
by the H@mocytometer. This consists of (1) a pipette by
which the blood may be diluted to a definite extent with
normal salt solution, and (2) a cell of definite depth ruled in
squares, each containing above it a definite small volume of
blood so that the number of corpuscles in that volume may be
counted under the microscope. (Practical Physiology.)

The pale yellow colour of the individual corpuscles is
due to a pigment held in a fine sponge like stroma which
seems to form a capsule round the cell. This pigment may
be dissolved out by various agents, and the action is termed

Hemolysis. It may be brought about in different ways—Ist,
14
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By placing the erythrocytes in a fluid of lower osmotic
equivalent, i.e. of lower molecular concentration, than the
blood plasma and corpuscles. A solution of 09 per cent. of
sodium chloride has the same osmotic equivalent as the plasma
and preserves the corpuscles unaltered; in more dilute fluid
the corpuscles tend to swell up by endosmosis and the pigment
is dissolved out. Erythrocytes may therefore be used as a means
of determining the osmotic equivalent—the molecular con-
cenfration of a fluid. 2nd. By the action of substances which
dissolve some constituent of the stroma, eg. salts of the hile
acids (see p. 376), chloroform, ether, ete. 3rd. By Hemolysins.
The serum of one animal contains a substance, destroyed by
heating to 55° C., which is hemolytic to the blood of animals
of other species, e.g. the serum of eels’ blood contains a powerful
hemolysin for rabbits’ erythroeytes, and the serum of the dog a
less powerful one. Further, by injecting the blood or the
erythrocytes of one species of animal into another species, a
hemolysin is developed which has a specific action on the
erythrocytes of the first species.

Chemistry.—The stroma of the erythroeytes is made up of
a globulin-like substance, in connection with which lecithin
and cholesterin oceur in considerable quantities. Potassium
is the base most abundantly present.

The pigment is Heemoglobin. It constitutes no less than
90 per cent. of the solids of the corpuscles. In many animals,
when dissolved from the corpuscles, it crystallises very readily.
The ecrystals prepared from the human blood are rhombic
plates. When exposed to air they are of a bright red colour,
but if placed in the receiver of an air-pump at the ordinary
temperature they become of a purplish tint. The same thing
occurs if the hemoglobin is in solufion, or if it is still in the
corpuscles. The addition of any reducing agent such as
ammonium sulphide or a ferrous salt also causes a similar
change. This is due to the fact that Awmoglobin has an
affinity for oxygen, which it takes up from the air, forming a
definite compound of a bright red colour in which one mole-
cule of hemoglobin links with a molecule of oxygen, HbO,,
and is known as oxyhsmoglobin.

H@emoglobin is eclosely allied to the ‘proteins, but differs
from them in containing 042 per cent. of iron,
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When light from the sun is allowed to pass through
solutions of blood pigments, certain parts of the solar spectrum
arve absorbed, and when the spectrum is examined dark bands—
the absorption bands—are seen. In a weak solution of oxy-
heemoglobin a dark band is seen in the green and another in
the yellow part of the spectrum between Frauenhofer’s lines
D and E, while the violet end of the spectrum is absorbed
(fig. 103). These bands may be broadened or narrowed by
strengthening or weakening the solution. When the oxygen
is taken away and the purple reduced hsemoglobin is formed,

RED. YELLOW. GREEN. BLuE.
F g

Carbon-monoxide = = 2
Hemoglobin . } ;
Oxyhemoglobin . :

A, tl’ 1}

Hemoglobin

)

Methmmoglobin .
Acid Hematin

1
Redueed Alkaline )
Hematin . . § (|0 : : .

Frc. 108.—Spectra of the more impertant Blood Pigments and their more
important derivatives, (The Spectrum of Acid Hematin is not identical
with that of Methemoglobin. )

a single broad band between D) and E takes the place of the
two bands (fig. 103). (Chemical Physiology.)

The property of taking oxygen from the air and of again
giving it up at a moderate temperature and under a low
pressure of oxygen is the great function of the blood pigment
in the body. The hwmoglobin plays the part of a middle-
man between the air and the tissues, taking oxygen from the
one and handing it on to the others. (Chemical Physiology.)

H®moglobin constitutes about 13 or 14 per cent. of the
blood, but in various diseases its amount is decreased. The
best method of estimating its amount is by Haldane’s Heemo-
globinometer. This consists of two tubes of uniform calibre,
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one filled with a 1 per cent. solution of normal blood
saturated with CO, and another in which 20 emm. of blood
to be examined, measured in a pipefte, is placed in water,
mixed with coal gas to saturate with CO, and then diluted
till it has the same tint as the standard tube. The per-
centage of hemoglobin in terms of the normal is indicated by
the mark on the tube at which the fluid stands. (Chemical
Physiology.)

Metheemoglobin. — Heaemoglobin forms another compound
with oxygen—meth@emoglobin. The amount of oxygen is
the same, but meth®&moglobin must be acted on by the
strongest reducing agents before it will part with its oxygen.
When, therefore, this pigment is formed in the body, the
tissues die from want of oxygen. It may be produced by the
action of wvarious substances on oxyh@moglobin. Among
these are ferricyanides, nitrites, and permanganates. It
crystallises in the same form as oxyhmmoglobin, but has a
chocolate brown colour. Its speetrum is also different from
heemoglobin or oxyh@moglobin, showing a narrow sharp band
in the red part of the spectrum, with two or more bands in
other parts according to the reaction of the solution in which
it is dissolved (fig. 103). It is of importance since it occurs in
the urine in some pathological conditions. In all probability

(0]
the molecule of oxyh®moglobin has the furmulﬂ.—Hh< ks
0

0
while in meth&moglobin the atoms are arranged Hb< :
O

Heemoglobin also combines with certain other gases. Among
these is Carbon monoxide. For this gas himoglobin has a
greater affinity than for oxygen, so that when carbon monoxide
h&emoglobin is once formed in the body, the blood has little
power of taking up oxygen, and the animal dies. This gas is
evolved freely in the fumes from burning charcoal, is present
in coal gas, and is found in the air of coal mines affer
explosions, Carbon monoxide hemoglobin forms erystals like
oxyhemoglobin, and has a bright pinkish red colour, without
the yellow tinge of oxyhmmoglobin. Since after death it does
not give up its earbon monoxide and become changed to purple
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bemoglobin, the bodies of those poisoned with the gas main-
tain the florid eolour of life. Tts spectrum is very like that
of oxyh@®moglobin, the bands being slightly more to the blue
end of the spectram (fig. 103).

It may be at once distinguished by the fact that when
gently warmed with ammonium sulphide it does not yield
reduced hemoglobin.  (Chemical Physiology.)

Decomposition of Hsemoglobin.—Hw®moglobin is a somewhat
unstable body, and, in the presence of acids and alkalies, splits
up into about 96 per cent. of a colourless protein globin
belonging to the globulin group, and about 4 per cent. of a
substance of a brownish colour called hsematin.

The spectrum and properties of this substance ave different in
acid and alkaline media. In acid media it has a spectrum
closely resembling meth@moglobin, but it can at once be dis-
tinguished by the fact that it is not changed by reducing agents.
In medicine it is sometimes important to distinguish between
these pigments since both may appear in the urine. He@matin
in alkaline solution can take up and give off oxygen in the
same way as h@moglobin does. Redueed alkaline hematin or
hs@mochromogen has a very definite spectrum (fig. 103), and its
preparation affords a ready means of detecting old blood stains.
Hzmatin contains the iron of the h@moglobin, and it is this
pigmented iron-containing part of the molecule which has the
affinity for oxygen. Apparently it is the presence of iron which
gives it this property, because, if the iron be removed by means
of sulphurie acid, a purple-colonred substance, tron-free heematin,
hematoporphyrin, is formed, which has no affinity for oxygen.
This pigment oceurs in the urine in some pathological con-
ditions. (Chemical Physiology.)

One point of great interest in the chemistry of hamatin
and its derivatives is that they, like the green chlorophyl of
plants, yield upon decomposition bodies belonging to the
pyrrhol group (see p. 9).

In the liver h@moglobin is broken down to form bilirubin
and the other bile pigments. These are iron-free, and, like
iron-free heematin, do not take up and give off oxygen. But not
only is this iron-free pigment formed from hemoglobin in the
liver, but the cells of any part of the body have the faculty
of changing h@moglobin in blood extravasations into a pig-
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ment known as hsmatoidin, which is really the same as
bilirubin.

Hsemin—the hydrochloride of h@matin—is formed when
blood is heated with sodium chloride and glacial acetie
acid, It crystallises in small steel-black rhombic crystals,
and its formation is sometimes used as a test of blood stains.
(Chemical Physiology.)

The following table shows the relationship of these pigments
to one another :——

ReLATIONSHIP OF HB AND 1TS DERIVATIVES,

Methemoglobin——HbO,——HDbCO

|
Hb

|
B |
Haematin Globin
| t-Contain Iron,

J

Acid Hamatin Alkaline Haematin
|
|

sord) l
Oxidised Reduced
(Hemochromogen)

L
Iron-free Hematin Hamatoidin ;
(Hematoporphyrin) Bilirubin } Iron-free.

IV. Gases of the Blood

The musecles and other active tissues are constantly con-
suming oxygen and constantly giving off carbon dioxide.
The oxygen must be brought to the tissues by the blood,
and the carbon dioxide carried away by the same medium.

Various methods of carrying out the examination of the
gases of the blood have been devised, and many different gas
pumps have been invented in which the gases may be col-
lected in the Torricellian vacuum over mercury., Haldane and
Barcroft have devised a convenient method, which depends
upon the fact that the oxygen can be driven off from blood
treated with dilute ammonia by the addition of potassium
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ferricyanide, and that the carbon dioxide is liberated by
adding an acid. The amount of gas is estimated by measuring
the increased pressure in the tube in which the gas has been
given off.

About 60 c.c. of gas measured at 0° C. and 760 mm. pres-
surve can be exiracted from 100 c.c. of blood. The proportion
of the gases varies in arterial and in venous blood, '

AMOUNT OF GaAsiks PER HuxpreED VoLUMES oF BLoop

Arterial Blood, Venons Blood.
Oxygen : : 20 12
Carbon dioxide . 40 46

There ave two ways in which gases may be held in such a
fluid as the blood—

1st. In simple solution.
2nd. In chemical combination.

Oxygen—At the temperature of the body the blood can
hold in solution less than 1 per cent. of oxygen. Now the
amount of oxygen actually present is about 20 per cent. So
that by far the greater quantity of the gas is not in solution.
We have already seen that it is in loose chemical union with
heemoglobin,

Carbon Dioxide. —In the animal body the blood can dissolve
about 2§ per cent. of carbon dioxide. DBut it may contain
as much as 46 per cent.,, and this is uniformly distributed
between plasma and corpuscles. Hence the greater part of
the gas must be in chemical combination. Analysis of the
ash of the plasma shows that the sedium is more than sufficient
to combine with the chlorine and phosphoric acid, and is
thus available to take up carbon dioxide, as the carbonate
Na,CO, and the bicarbonate NaHCO,  Sodium carbonate
and basic sodium phosphate are therefore present together
in the plasma.

If carbon dioxide is passed into a solution of sodium
phosphate it appropriates a certain amount of the sodium,
changing Na,PO, to NaHPO, This is what happens in the
tissues where CO, is abundant. In the lungs, where the blood
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is exposed to an atmosphere poor in CO,, the P,0, again seizes
on the Na, turning out the CO,.

But the proteins of the blood also aet in the same way as
weak acids, being turned out of their combination with bases
by the mass action of CO,, and thus acting as carriers of CO,.

In the corpuscles the haemoglobin acts as an acid. When
the amount of CO, is great, hemoglobin is turned out of its
combination with bases. DBut when the pressure of CO, is low
the heemoglobin turns it out. For this reason it is possible to
remove all the CO, from whole blood in an air pump, but not
possible to remove it from blood plasma. In fact, the carriage
of carbon dioxide and its exeretion are mainly the result of a
struggle between that gas on the one hand and the proteins and
phosphoric acid on the other, for the bases of the plasma.

Nitrogen.—The amount of nitrogen in the blood is not in
excess of what can be held in solution. and we may therefore
infer that it is simply dissolved in the blood plasma.

V. Source of the Blood Constituents

A. Of the Plasma.—The water of the blood is derived almost
entirely from the water ingested.

The source of the proteins has not been fully investigated.
Undoubtedly they are partly derived, somewhat indirectly as
we shall afterwards see, from the proteins of the food. Very
probably, too, they are in part derived from the tissues. But
the significance of the two proteins, albumin and globulin,
and of their variations has not yet been elucidated.

The glucose is derived from the ecarbohydrates and possibly
from the proteins of the food, and during starvation it is con.
stantly produced in the liver and poured into the blood (p. 395).

The fats are derived from the fats and ecarbohydrates and
possibly from the proteins of the food.

The urea and other waste constituents are derived from
the various tissues,

B. Of the Cells.—I. Leucoeytes.—In the embryo these are
first developed from the mesoblast cells generally. In extra-
uterine life they are formed in the lymph tissue and in the
red marrow of hone.

1. Lymph Tissue (see p. 30) is very widely distributed in
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the body, oceurring either in patches of varying shape and size,
or as regular organs, the lymphatic glands (fic. 104). These
are placed on the course of lymphatic vessels, and consist of
a sponge-work of fibrous tissue, in the interstices of which
are set the patches of lymph tissue or germ centres, each
surrounded by a more open network, the sinus, through which
the lymph flows, carrying away the lymphocytes, which are
the characteristic elements produced, from the germ centres.
Round some of the lymphatic glands of certain animals large
blood spaces or sinuses are seen, and these glands are called
heemolymph glands (figz. 106). They are intermediate between
lymphatic glands and the spleen. When erythrocytes are

F1G. 104.—Section of a Lymph Gland. a, capsule ; b, germ centres of cortex ;
¢, sinuses : d, trabecula ; ¢, germ centres of medulla.

destroyed by hemolytic agents the pigment and the iron
derived from the hemoglobin are often found abundantly in
the cells in the sinuses of lymph and hemolymph glands.

9. Bone Marrow.—The structure of bone marrow is con-
sidered below, but it may be stated here that young leuco-
cytes or leucoblasts, in the condition of mitosis, are abundant,
and that they pass away in the blood stream. They are of
all varieties. In certain pathological conditions the formation
of these cells is increased and a leucoeytosis results (fig. 105).

II. Erythroeytes—In the embryo these cells seem to be
formed by a process of budding from the mesoblast cells,
which become vacuolated to form the primitive blood vessels.
Later they develop in the liver and spleen, but after birth
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they arve formed in the red marrow of bone (fig. 105)
Marrow consists of a fine fibrous tissue with large blood
capillaries or sinuses runming in it. In the fibrous tissues
are numerous fut cells (clear spaces b in fig. 105) and generally
a considerable number of multi-nucleated giant cells or
myelocytes (). In addition to these are the young leucoeytes,
leucoblasts (w.g.h.), and lastly young nucleated red cells, the
erythrobiasts (cf.). After hemorrhage, the formation of these
becomes unusually active, and may implicate parts of the

Fic. 105.—8ection of Red Marrow of Bone. @, lymphoeyte ; b, fat cell ; e
erythroblast ; d, giant cell ; ¢, erythroeyte ; f, erythroblast in mitosis ;
g, weutrophil myelocyte; A, eosinophil myelocyte ; %, eosinophil
lencocyte ; /, polymorpho-nuelear lencoeyte,

marrow not generally concerned in the process, and hence
the red marrow may spread from the ends of the long bones,
where it is usually situated, towards the middle of the shaft.
The nuclei of the erythroblasts atrophy or are shed and the
cells escape into the blood stream. The red marrow has the
power of retaining the iron of disintegrated erythrocytes,
which are often found enclosed in large modified leucocytes
or phagocytes. The iron is often very abundant after a
destruction of erythrocytes.
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VI. Total Amount of Blood in the Body

This was formerly determined by bleeding an animal,
measuring the amount of blood shed, and determining the
amount of h#moglobin contained in it; then washing out the
blood vessels, and after measuring the amount of fluid used,
determining the amount of hemoglobin in it to ascertain the
amount of blood it represented. By this method the amount
of blood was found to be about 4 of the body weight in man.

Haldane and Lorrain Smith have devised a method which
can be applied to the living animal. If depends upon the fact
that, after an animal or person has inhaled carbon monoxide, it
is possible to determine to what proportion the gas has replaced
oxygen in the oxyh@moglobin. If then an individual breathes
a given volume of carbon monoxide, and if a measured speci-
men of blood is found to contain a definite percentage of the
gas, the rest of the gas must be equally distributed through the
blood, and thus the amount of blood may be deduced.

By this method they conclude that the blood is about Sl of
the weight of the body in the human subject.

VII. Distribution of the Blood

Roughly speaking, the blood is distributed somewhat as
follows :—

Heart, lungs, large vessels
Muscles

Liver .

Other organs

s e b e

VIII. Fate of the Blood Constituents

The water of the blood, constantly remewed from outside, is
constantly got rid of by the kidneys, skin, lungs, and bowels.

About the fate of the proteins we know nothing. They
are probably used in the construction of the tissues, but
experimental evidence of this is wanting, . '

The glueose and fat are undoubtedly used up in the tissues,

The urea and waste products are excreted by the kidneys.

The fate of the salts is not fully worked out. The chlorides
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are partly excreted by the kidneys and are partly split up to
form the hydrochloric acid required for stomach digestion.
The phosphates and sulphates are excreted in the urine, but
whether they are also used in the tissues is not known.

The leucoeytes break down in the body—but when and how
we do not know. We shall afterwards find that they are
greatly inereased in nuwber after a meal of proteins, and, since
the increase is transitory, lasting only for a few hours, they are
probably rapidly broken down, possibly to feed the tissues. It
would thus seem that a leucocyte may live for only a short
time in the blood.

The erythroeytes also break down. How long they live is
not known. It is found, after injecting blood, that the original
number of corpuscles is not reached for about a fortnight, and
hence it has been concluded that the corpusecles live for that
period. The experiment, however, is far from conclusive, and
must be accepted with reservation.

Organs connected with Heemolysis.—The process of breaking
down of old erythroeytes and eliminating their pigment is
often called the process of hamolysis. Certain organs appear
to be specially connected with it, but the precise part
played by each of them is not very clearly understood,

That the liver acts in this way is indicated, first, by the
fact that the blood passing from fthe organ during digestion
contains fewer erythrocytes than the blood going to it;
second, by the formation in the liver cells of bile pigments,
which are derivatives of heemoglobin ; third, by the presence of
pigment and of iron in simple combinations in the liver cells
under certain conditions. It is possible that the reabsorbed
salts of the bile acids in the portal blood dissolve the pigment
out of the old erythroecytes, and that the liver cells may then
act upon the liberated pigment. Under ordinary conditions
the liver does not store much iron.

The spleen is generally said to have a similar action. This
organ is composed of a fibrous capsule containing non-striped
muscle and a sponge-work of fibrous and muscular trabecule,
in the interstices of which is the spleen pulp. The branches
of the splenic artery run in the trabeculee, and twigs pass
out from these trabeculs, and are covered with masses of
lymph tissue forming the Malpighian corpuscles. Beyond
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these, the vessels open into a series of complex sinuses lined
by endothelial cells of large size, from which the blood is
collected into channels, the venous sinuses, which carry it
back to branches of the splenic vein in the trabecule. The
pulp is thus comparable with the blood sinuses of the
h&molymph glands, and the spleen may be considered as
being a still further development of the hamolymph gland
(fig. 106). '

S0 far no decrease in the number of erythrocytes in the
blood leaving the spleen has been recorded. In the cells of
the spleen pulp and chiefly in the endothelial cells yellow
pigment and simple iron compounds are frequently vl'nund,

LYMPH
EPLEEX

HAMOLYMPH

Fiz. 106.—To show the relationship of the Spleen to Lymph Glands [and
Hwemolymph Glands. The black indicates lymphoid tissue ; the coarsely
spotted part, lymph sinuses, and the finely dotted part, blood sinuses,
(Lewis,)

indicating that h®moglobin is being broken down. But the

idea that the spleen plays an important part in the actual

destruction of erythrocytes seems to be negatived by the
fact that, when blood is injected, the cells are broken down
no faster in an animal with the spleen intact fhan in an
animal from which the spleen has been removed. While
the spleen appears to have no action in killing and destroy-
ing erythrocytes, its cells, like those of the sinuses of the

Lymph Glands and Hsmolymph Glands, have the power of

taking up dead and disintegrating erythrocytes and storing

the iron for future use in the body. These organs may, in fact,
be regarded as the graves of the dead erythrocytes.
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The non-striped musele in the framework of the spleen
undergoes rhythmic contraction and relaxation, and the
organ thus contracts and expands at regular intervals of
about a minute.

These movements may be recorded by enclosing the organ
in an oncometer, a closed capsule connected with some form of
recording apparatus,

The movements are controlled by fibres leaving the spinal
cord chiefly in the 6th, Tth, and 8th dorsal nerves of both sides.
Strong stimulation of these causes contraction.

B. LYMPH

Characters of Lymph.—The lymph is the fluid which plays
the part of middleman between the blood and the tissues,
It fills all the spaces in the tissues and bathes the individual
cell elements. These spaces in the tissues open into vessels—
the lymph vessels—in which the lymph flows and is conducted
through lymph glands and back to the blood through the
thoracic duet (see fig. 107, p. 225).

Lymph varies in character according to the situation from
which it is taken and according to the condition of the
animal.

Lymph taken from the lymph spaces—e.g. the pericardium,
pleura, or peritoneum-—is a clear straw-coloured fluid. It has
little or no tendency to coagulate. Microscopic examination
shows that it contains few or no cells—any cells which may
exist being lymphoeytes. In reaction it is alkaline. The
specific gravity varies according to its source, being lowest
when from the limbs and highest when from the liver.

Apparently the cause of the non-coagulation of such lymph
is the absence of cells from which thrombokinase may be set
free. If blood or white corpuscles be added to it, a loose
coagulum forms.

If the lymph be taken from lymphatic vessels after these
have passed through lymphatic glands, it is found to contain
a number of lymphocytes, and it coagulates readily.

Chemically, lymph resembles blood plasma in which the
proteins are in smaller amount, but the inorganic salts in
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the same proportion as in the blood. The amount of solids
varies in lymph from different organs,

Lymph of Proteins,
Limbs . : : ; 2-3 per cent.
Intestines . : : : 4-6
Liver : : : . 6-8

In the lymphatics coming from the alimentary canal during
starvation, the lymph has the characters abeve deseribed.
But after a meal it has a milky appearance and is called ehyle.
This milky appearance is due to the presence of fats in a
very fine state of division, forming what is called the molecular
basis of the chyle.

Lymph in various diseases tends fo accumulate as serous
effusions in the large lymph spaces—eg. the pleura, peri-
toneum, pericardium—and these effusions behave differently
as regards coagulation. The following table helps to explain
this (S.A. is Sernum Albumin, 8.G. Serum Globulin) :—

COAGULABILTIY OF LyMPH, SERUM, AND EFFUSIONS,
Hﬂﬁ;ﬁ?ﬂ | Serous Effusion. Serum.
Coag. with [ i =
Coag. Thrombin. Unecoag. Uncoag.
S. A, 8. A. 8. A, 5 8. A. 8. A.
3. G. 3. G. S, G, | 8. G. 3. G.
Fibrinozen. Fibrinogen. Fibrinogen. . j dis
Thrombin., | Thrombin, i | | Thrombin,

2. Formation of Lymph.—Lymph is derived partly from the
blood and partly from the tissues, The formation of lymph
from the blood depends upon the permeability of the walls
of the capillaries and the pressure of blood in the blood
vessels. Thus, although the pressure in the blood vessels of
the limbs is much higher than the pressure in the vessels
of the liver, hardly any lymph is usually produced in the
former, while very large quantities are produced in the latter
—apparently because of the small permeability of the limb
capillaries and the great permeability of the hepatic capil-
laries. The permeability may be increased by anything which
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injures the capillary wall. Thus the injection of hot water
or of proteoses at once leads to an increased flow of lymph.

While the permeability of the vessel wall is the most import-
ant factor controlling lymph formafion, any increase of the
intra-vascular pressure of a region increases the flow of lymph,
and for this reason any obstruction to the free flow of blood
from a part leads to increased lymph production from that
area.

That lymph is also formed from the tissues is indicated by
the fact that the injection of substances of high osmotic
equivalent into the blood—such as sugar or sodium sulphate
—Ileads, by a process of osmosis, to a flow of fluid into the
blood, so that it becomes diluted, and also to an increased
formation of and flow of lymph, and this increase of water in
both can be explained only by its withdrawal from the
tissues.



THE CIRCULATION
I. GENERAL ARRANGEMENT

THE arrangement by which the blood and lymph are dis-
tributed to the tissues may be compared to a great irrigation
system.

It consists of a central force pump—the systemic heart (fig.
107, S.H.)—from which pass a series of conducting tubes—the
arteries—leading off to every part of the body, and ending in

CATF

FiG. 107.—Scheme of the Circulation. S.H., systemic heart sending blood to
the capillaries in the tissues, Cap. The blood brought back by veins and
the exuded lymph by lymphatics, Ly., passing through glinds; blood
sent to the alimentary canal, 4/.¢, and from that to the liver, Liv. ;
blood also sent to the kidneys, Kvéd. ; the blood before again being sent
to the body is passed through the lungs by the pulmonie heart, F.H.

innumerable fine irrigation channels—ihe capillaries (Cap.)—

in the substance of the tissues. From these, a considerable

proportion of the blood constituents is passed into the spaces

between the cells as lymph. From these spaces the fluid is

either passed back into the capillaries, or is conducted away in

a series of lymph vessels, which carry it through lymph glands
225 15
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(Ly.), from which it gains certain necessary constituents, and
finally bring it back to the central pump.

The fluid, which has not passed out of the capillaries into
the tissues, has been deprived of many of its constituents, and
this withdrawal of nutrient material by the tissues is made
good by a certain quantity of the blood being sent through the
walls of the stomach and intestine (A4LC.), in which the
nutrient material of the food is taken up and added to the
blood returning to the heart. At the same time, the waste
materials added to the blood by the tissues are partly got rid
of by a certain quantity of the blood being sent through the
liver and kidneys (Liv. and Kvd. ).

The blood is then poured back, not at once into the great
pump which sends it through the body, but into a subsidiary
pump—the pulmonic heart (P.H.)—by which it is pumped
through the lungs, there to obtain a fresh supply of oxygen,
and to get rid of the carbon dioxide exereted into it by the
tissues. Finally the blood, with its fresh supply of oxygen
from the lungs, and of nourishing substances from the ali-
mentary canal, is poured into the great systemic pump—
the left sidé of the heart—again to be distributed to the
bissues.

Thus the cireulation is arranged so that the blood, exhausted
of its nourishing material by the tissues, is replenished in the
body before being again supplied to the tissues.

The seetional area of this irrigation system varies enormously.
The aorta leaving the heart has a ecomparatively small channel.
If all the arteries of the size of the radial were cut across and
put together, their sectional area would be many times the
sectional area of the aorta. And, if all the capillary vessels
were cut across and placed together, the sectional area would
be about 700 times that of the aorta.

From the capillaries, the sectional area of the veins and
lymphatics steadily diminishes as the smaller branches join
with one another to form the larger veins and lymphatics; but,
even at the entrance to the heart, the sectional area of the
returning tubes, the veins, is about twice as great as that of
the aorta (fig. 132, p. 288).

The eirculatory system may thus be compared to a streaw
which flows from a narrow deep channel, the aorta, into a
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gradually broadening bed, the greatest breadth of the channel
being reached in the capillaries. From this point the channel
gradually narrows until the heart is reached.

Hence the blood stream is very rapid in the arteries where
the channel is narrow, and very sluggish in the capillaries where
the channel is wide, so that in them plenty of time is allowed
for exchanges between the blood and the tissues,

II. THE CENTRAL PUMP—THE HEART

A. Structure

A very simple form of heart exists in the ascidians. At
one point on a large vessel there is a thickening in the wall
composed of non-striped muscular fibres. A contraction is
seen to pass from one end of this to the other at frequent
regular intervals, thus foreing the fluid through the vessels.
The embryonic heart in man has a similar strueture,

In the snail and cuttle-fish, in addition to the contracting
muscular thickening, there is also a thin-walled receiving
chamber into which the blood flows before it is expelled
onwards. The heart is thus composed of two chambers,

1sf. A receiving chamber—the auriele.

2ud. An expelling chamber—the ventriele.

In fish the heart has a similar structure. But in lung-
bearing animals a more complex arrangement is required,
and a double heart is found, one concerned with the pro-
pulsion of blood to the system generally, and hence called
the systemie heart; one propelling blood to the lungs, and
hence called the pulmonie heart. In mammals, the former
chamber is on the left side, the latter on the right. Each
consists of a receiving and expelling chamber—an auricle
and a ventricle.

The walls of these chambers are essentially muscular; but
this muscular layer, or myocardium, lies between two fibrous
layers, the perieardium and the endocardium.

The museulature of the auricles is separate from that of
the ventricles, but some fibres more like ordinary visceral
fibres than eardiac muscle extend from one to the other.
This band of His’ plays a most important part in condueting
contraction started in the auricles to the ventricles. If the
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heart be boiled, the auricles, the aorta and the pulmonary
artery may be separated from the venfricles. This is because
boiling converts fibrous tissue to gelatine and dissolves i,
and it is by white fibrous tissue that the auricles and great
arteries are attached to the ventricles. This fissue is arranged
in three rings, one encireling the opening between the right
auricle and ventricle, and crescentic in shape; one, more
circular in shape, encircling in common the left auriculo-
ventricular and the aortic orifice, and one encircling the
pulmonary opening. The auricles are attached to the auri-
culo ventricular rings above, the ventricles are attached below,
while the valves of the heart are also connected with
them,

The muscular fibres of the aurieles are arranged in two
badly-defined layers—

1st. An outer layer runs horizontally round both auricles.

2nd., An inner layer arches over each auricle, and is con-
nected with the auriculo-ventricular rings.

Contraction of the first layer diminishes the capacity of
the auricles from side to side. Contraction of the second
pulls the auticles downwards towards the ventricles, and thus
diminishes their capacity from above downwards.

The peculiar striped muscle fibres of the auricular wall
extend for some distance along the great veins which open
into these chambers.

The left ventricle forms the cylindrical core to the heart,
and the richt ventricle is attached along one side of it. The
septum between the ventricles is essentially the right wall of
the left ventricle, and it bulges into the right ventricle with
a double eonvexity from above downwards and from before
backwards (figs. 108 and 110).

The muscle fibres of the ventricles are arranged essentially
in three layers

1st. The outmost layer takes origin from the auriculo-
ventricular rings, and passes downwards and to the left till
it reaches the apex of the heart. Here it turns inwards,
forming a sort of vortex, and becomes continuous with the
inmost layer.

2nd. The middle layer is composed of fibres running hori-
zontally round each venfricle. It is the thickest layer of
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the heart, and in contracting it pulls the walls of the ven-
tricles towards the septum ventriculi.

Srd. The inmost layer is continuous with the outmost layer,
as it turns in at the apex. It may be considered as composed
of two parts—

(@) A layer of fibres running longitudinally along the inside
of each ventricle from the apex upwards to the auriculo-
ventricular ring. These fibres are raised into fleshy columns,
the columnze carnes.

(b) A set of fibres, constituting the papillary museles (fig.
109, P.M.), which, taking origin from the apical part of the

Fic. 108, —Cross Section through the Ventricles of the Heart looking towards
Auricles, to show the right Ventricle placed on the Central Core of the
left Ventricle. The cusps of the Auriculo ventricular Valves are also
shown.

ventricles, extend freely upwards to terminate in a series of
tendinous cords (the chordse tendines), which are inserted
partly into the auriculo-ventricular valves, presently to be
described, and partly into the auriculo-ventricular rings.
The papillary muscles are merely specially modified columne
carnee. In many cases, actual muscular processes extend
from the apex of the papillary muscles to the auriculo-
ventricular ring,

In the left wventricle there are two papillary muscles, or
groups of papillary muscles, one in connection with the
anterior wall of the ventriele, and one in connection with the

posterior wall.



230 VETERINARY PHYSIOLOGY

In the right wveniricle there are—I1sf. One or more small
horizontally running papillary muscles just under the pul-
monary orifice, their apices pointing backwards—(fig. 109,
S.F.M.).

2nd. A large papillary musecle taking origin from the mass
of fleshy columns at the apex of the ventricle (4.P. M),

drd. One or more papillary muscles of varying size arising
from the posterior part of the apical portion of the ventricle
(P.P.M)

4fh. A number of small septal papillary musecles arising
from the septum.

Fiu, 108, —The Right Ventricle and Tricuspid Valve to show the relationship of
the Papillary Muscles and Chorde Tendines to the Cusps of the Valve.
[ See text.)
The distribution of the chord® from these musecles will be
considered in connection with the aurieulo-ventricular valves.
In contraction, the outmost and inmost layers of the
ventricles tend to approximate the apex to the base of the
ventricles, but this is resisted by the contracting middle layer.
The apex tends to be tilted towards the right, the papillary
muscles shorten, the columna carne® by their shortening and
thickening encroach upon the ventricular cavity, and help
to abolish it, while the auriculo-ventricular rings are drawn
downwards and inwards towards the septum.,
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The endoecardium forms a continuous fibrous laver. lined
by endothelium, extending from the vessels over the inner
aspect of auricles and ventricles. At certain points flaps of
this endocardium are developed to form the wvalves of the
heart.

In the heart, valves are situated at the entrance to and at
the exit from the expelling eavities. There is thus on each
side of the heart a valve
between the aurieles and
ventricles, and a valve be-
tween the ventricles and the
great arteries.

Aurieculo - ventricular
Valves, —On each side of
the heart the auriculo-ven-
tricular valve is formed by
flaps of endocardium, which
hane downwards from the
auriculo-ventricular ring like
a funnel into the ventricular
cavity, and which are attach-
ed to the apices of the papil-
lary muscles by the chorda
tendines (figs. 109 and 110).

On the left side of the
heart there are two main
cusps, forming the mitral
valves (fie. 110)— Fre, 110, —Vertical Mesial Section through

Heart to show Aorticand Mitral Valves,
. V., right ventricle ; L. V., left ventricle

1sf. An anterior or right

cusp, which takes origin with papillary musecle ; L. A., left anvicle ;
from, and is continuous with, Ao., aorta with anterior cusp on top of

the right posterior wall of  septunn.

the aorta. It hangs down into the ventricle between the
aortic and auriculo-ventrieular orifices, thus dividing the
ventricle into two parts, an aortic and an auricular part.
This eusp is very strong, and in many animals bone is
developed in it towards its base. [t is composed of dense
fibrous tissue, 18 smooth on both sides, and the chorde are
inserted chietly along its edges.

2nd. The posterior or left cusp takes origin from the back
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part of the auriculo-ventricular ring, and hangs in the ventricle
in its relaxed state against the posterior and left wall. It is
smaller and less strongly made than the anterior cusp. The
chorde tendines are not only inserted into its edge, but run
up along its posterior aspect to be inserted into the auriculo-
ventricular ring, and they thus give the posterior aspect of the
cusp a rough ridged appearance.

When the papillary museles contract, the cusps are drawn
tocether. The edge of each cusp thins out to form a delicate
border, which, when the cusps are approximated, completely
seals the aperture.

On the right side of the heart the auriculo-ventricular orifice
is separate from the pulmonary opening, and the three cusps
of the tricuspid valve are developed in connection with the
crescentic opening from the auricle (fig. 108). One rises from
the ring above the septum, and hangs down into the ventricle
upon the surface of the septum. This cusp is small, thin, and
delicate. It is attached by its lower border to the septal
papillary musecles. The chief or infundibular cusp (fig. 109,
L.C) rises from the front part of the ring between the
pulmonary infundibulum and the aurieulo-ventricular opening.
It is connected by its anterior border with the horizontal fibres
from the superior papillary musecles, and by its lower and inferior
border with the chorde from the anterior papillary muscle.
When these two sets of papillary muscles contract, this cusp is
drawn flat against the bulging septum.

The posterior eusp (F.C) takes origin from the posterior and
outer part of the ring, and hangs down into the posterior part
of the ventricle. It is connected by its anterior margin with
the anterior papillary muscle and by its posterior margin with
the posterior papillary musele. Contraction of these muscles
therefore approximate its anterior edge to the infundibular
cusp, its posterior edge to the septal cusp, and pull it towards
the septum.

In both the infundibular and posterior cusps many of the
chorda pass up to be inserted into the auriculo-ventricular ring.

Semilunar Valves.—The valves, situated at the opening of the
ventricles into the great arteries, are also formed as special
developments of the endocardium.

Each is composed of three half-moon-shaped membranous
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pouches attached along their curved margin to the walls of the
artery and upper part of the ventricle, and with their concavities
directed away from the ventricle. In the centre of the free
margin is a fibrous thickened nodule, the corpus Arvantii, from
which a very thin piece of membrane, the lunule, extends to
the attached margin of the edges. A pouch, the sinus of
Valsalva, lies behind each cusp.

The arrangements of these various cusps is of importance in
connection with their action (fig. 110).

Aortie Valve.—The anterior cusp is largest, and lies some-

Fig. 111.—Relations of the Thoracic Viscera in the Horse, €., heart ; Dp.,
the -iiaphrﬂgm; CED, in qrx].li.l'ﬂ.tiﬂn; r'.rl.\'p_, 1n i“EPiI'IH!I.UIL I:F.l'{i'm
ELLENBERGER. )

what deeper in the heart than the others. At each side it 1s
attached to the aortic wall, but below it is attached to the
upper part of the septum ventriculi, so that the base of the
sinus of Valsalva is formed by the upper part of the septum.
At a somewhat higher level is a cusp which is partly attached
to the upper part of the septum, partly to the posterior wall
of the aorta, where this becomes continuous with the anterior
cusp of the mitral. The third cusp is still higher, and is
attached to the aortic wall, where it becomes continuous with

the anterior cusp of the mitral.
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Pulmonary Valve.—The posterior cusp is mounted on the top
of the septum ventriculi, and is at a somewhat lower level
than the other two.

Thus, in each valve, the cusp placed lowest is mounted on
a muscular eushion, the use of which will afterwards be con-
sidered.

Attachments and Relations of the Heart (fiz. 111).—In the
horse the heart hangs downwards from the vertebral column,
and the apex is in relation to the posterior end of the sternum
and a little to the left.

Behind the heart is in relation to the tendon of the
diaphragm.

All round it are the lungs, completely filling up the rest of
the thorax,

The heart is enclosed in a strong fibrous bag, the Perieardium,
which supports it and prevents over-distension. When fluid
accumulates in this bag the auricles are pressed upon and the
flow of blood into them is impeded.

B. Physiology of the Heart
The Cardiac Cyecle

Each part of the heart undergoes contractions and relaxa-
tions at regular rhythmical intervals, and the sequence of
eveids from the ocewrvences of ony one event fo ils vecurrence
constitutes the cardiae cycle.

A. Frog.—In the frog a contraction, starting from the
openings of the veins, suddenly invelves the sinus venosus,
causing it to become smaller and paler. This contraction is
rapid and of short duration, and is followed by a relaxation,
the cavity again regaining its former size and colour. As
this relaxation begins, the two auricles are suddenly contracted
and pulled downwards towards the ventricle, at the same time
becoming paler, while the ventricle becomes more distended
and of a deeper red. The rapid brief auricular contraction
now gives place to relaxation, and, just as this begins, the
ventricle is seen to become smaller and paler, and, if held in
the finger, is felt to become firmer. This event takes place
more slowly than the contraction of either sinus or auricles.
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The chief change in the ventricle is a diminution in its lateral
diameter, though it is also deereased in the antero-posterior
and vertical directions.

During ventricular econ-

traction the bulbus is seen SINUS.
to be distended and to

become of a darker colour,  AURKLES
The ventricular contrac-
tlon passes off suddenly, VENTAILE
the ventricle again be-
coming larger and of a
deep red colour. At this
moment the bulbus aorte
econtracts and becomes
pale and then relaxes

S
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. . For—m———
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F1c. 112, —Scheme of the Cardiac Cyele in
the Frog. 8.5, sinus systole ; 4.8, auri-

before the next ventricu- cular systole ; F.5., ventricular systole ;
lar contraction. (Practical B.S., bulbus systole ; P., rest of all cham-
Physiology.) bers,

Each chamber of the heart thus passes through two phases—
a contraction phase, a systole of short duration, and a longer re-
laxation phase, the diastole. And the sequence of events in the
frog’s heart might be schematically represented as in fig. 112

B. Mammal—1. Rate of Reeurrence.—The rate of recurrence
of the cardiac cyele varies with the animal examined., In
the adult horse it is about 36 to 40 per minute. Many
factors modify the rate of the heart.

Rate of heart per minute in different animals:—

Horse : : : 36 to 40
Bz . : . : 45 to 50
Sheep . ; : 70 to 80
Dog . : . : 90 to 100
“ Rabbit— . : . 120 to 150

1. Period of Life—The following table shows the average
rate of the heart at different ages :—

Hogsg
New born . ; . 92 to 132 per minute.
Under 1 year . . 50 to 68 i

4 years : ; : 50 to 56 i
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2. Temperature of the Body.—The pulse varies with the body
temperature, being inereased as the temperature rises.

3. Muscular Erercise increases the rate of the heart, first by
driving the blood from the muscles into the great veins (p. 291),
and second, by developing substances such as CO,, which act
directly upon the cardiaec and respiratory mechanisms.

4. Stimulation of certain nerves—especially those of the
abdomen—tends to cause a retardativn in the rate of the
heart (p. 256).

2. Sequence of Events,.—The sequence of events making up
the cardiac cycle is simpler in the mammal than in the frog.

The contraction starts in the great veins which enter the
auricles, and spreads down along them to these chambers.
Thig corresponds to the contraction of the sinus in the frog’s
heart. It is followed by a short sharp contraction of the
auricles, which become smaller in all directions and seem to
be pulled down towards the ventricles. The contraction of
the auricles in mammals is not accompanied by so marked a
dilatation of the ventricles as in the frog.

After the auricles have fully contracted, the contraction of
the ventricles begins, and immediately the auricles relax and
resume their original size,

The ventricular contraction develops suddenly, lasts for
some time, and then suddenly passes off.

The contraction of the ventricles is followed by a period
during which both auricles and ventricles remain relaxed.
This is called the pause of the cardiac eycle.

The cardiac eyele in mammals may be represented as in ﬁg 113.

3. Duration of the Phases.— Ventricular systole lasts three
times as long as auricular systole.

The duration of these two phases in relationship to the
pause varies very greatly. Whatever may be the rate of
the heart, the auricular and ventricular systoles do not vary,
but in a rapidly aecting heart the pause is short, in a slowly
acting heart it is long.

4, Changes in the Shape of the Chambers.
1. Awricles.—These simply become smaller in all directions
during systole.
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2. Ventricles. — The changes in the diameters of the
ventricles may be studied by fixing them in the various
phases of contraction and measuring the alterations in the
various diameters,

The shape in diastole may be investigated after death
stiffening has passed off and has left the walls relaxed. The
condition ab the end of syslole may be studied by rapidly
excising the heart while it is still beating and plunging it in
some hot solution to fix its contraction.

The condition in the early stage of systole, before the blood
has left the ventricles, may be studied by applying a ligature
round the great vessels and then plunging the heart in a hot
solution to cause it to contract round the contained blood
which cannot escape.

Measurements of hearts so fixed show that at the begin-

i | :
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Fie. 113.—Scheme of the Cardiae Cyele in the Human Heart. 4.8, auricular
systole ; 77.5., ventricular systole ; F., pause.

ning of contraction the antero-posterior diameter is increased,
while the lateral diameter is diminished. In contracting,
the lateral walls appear to be pulled towards the septum—
the increase in the antero-posterior diameter being largely due
to the blood in the right ventricle pressing on and pushing
forward the thin wall of the conus.

As the ventricles drive out their blood, both antero-
posterior and lateral diameters are diminished—but the
diminution in the lateral direction is the more marked.

There is no great shortening in the long axis of the heart.
Although the contraction of the longitudinal fibres tends to
approximate base and apex, this is in part prevented by the
contraction of the eircular fibres.

5. Changes in the Position of the Heart.—During contraction
the heart undergoes, or attempts to undergo, a change in
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position. In the relaxed condition it hangs downwards and
to the left from its plane of attachment, but when it becomes
rigid in ventricular contraction it tends to take a position at
right angles to its hase—Cor sese erigere, as Harvey describes
the movement. Since the apex and front wall are in contact
with the chest, the result of this movement is to press the
heart more forcibly against the chest wall. This gives rise
to the eardiac impulse which is felt with each ventricular
systole over the preecordium (fig. 111).

=,

Fi6. 114.—Cardiograph consisting of a Receiving Tambour, with a button on
the Membrane which is placed upon the Cardiae Impulse. and a Recording
Tambour connected with a Lever,

[f the chest is opened and the animal placed on its back
this elevation of the apex is readily seen. If the animal is
placeid on its belly, so that the heart when relaxed hangs
forwards, the apex is tilted back during contraction.

The inereased thickness of the heart from before backwards
also assists, to some extent, in the production of the impulse,

In character it is felt as a forward impulse of the chest
wall, which develops suddenly, persists for a short period,
and then suddenly disappears.

The cardiac impulse may be vecorded graphically by means
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of any of the various forms of eardiograph, one of the simplest
consisting of a receiving and recording tambour connected by
means of a tube (fig. 114). (Practical Physiology.)

The form of the trace varies according to the part of the
heart upon which the button is placed, but it has the character
shown in fig. 115 if the button is upon the cardiac impulse.

At the moment of ventricular systole the lever is suddenly
thrown up to a certain level (¢ to &). From this point it
suddenly falls slightly (& to ¢), but is maintained during the
ventricular systole above the abscissa (¢ to d). At the end of
the ventricular systole, as the heart falls away from the chest
wall, the lever falls to its original level (d to ¢). In many
tracings a small rise of the lever may be seen just before the
great upstroke. This corresponds to the contraction of the
auricles.

In various diseases of the heart the eardiogram is materially

Fi6. 115.—Cardiographic Trace. « to d, ventricular contraction.

modified. Hence it is important to have a clear conception
of the various parts of the trace.

The elucidation of the various parts of the cardiogram is
only possible after careful study of the other changes in the
heart during the cycle.

fi. Changes in the Intracardiac Pressure.

These can be studied only in the lower animals.

The most common way of determining the pressure in a
cavity is to conneet it to a vertical tube and to see to what
height the fluid in the cavity is raised. If such .f:‘unetlmd be
applied to the ventricles of the heart, the hlam! in the tube
undergoes such sudden and enormous changes in level that
it is impossible to get accurate results.

The same objection applies to the method of connecting the
heart with a U tube filled with mercury. When this is done
the changes in pressure are so sudden and so extensive that
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the mercury cannot respond to them on account of 1its
inertia. :

Various means of obviating these difficulties have been
devised. One of the best is to allow the changes of pressure
to act upon a small elastic membrane tested against known
pressures. A tube is thrust through the wall of the heart and
connected with a tambour covered by a membrane to which a
lever is attached.

A. Pressure in the Great Veins (small dotted line in fig.
116).—When the auricles contract, the flow of blood from the
great veins into these chambers is arrested, and, as a result,
the pressure in the veins rises. As the auricles relax the
blood is sucked from the veins and the pressure falls, but, as
the aurieles fill up, it again rises. When the ventricles relax
and suck blood from the auricles, blood again flows in from the
great veins and the pressure falls, again to rise as the auricles
and veins are both filled up, towards the end of the pause.

B. Presswre tn the Awricles (dash line in fig. 116).—At the
moment of auricular contraction there is a marked rise in the
intra-auricular pressure. When the auricular systole stops,
the pressure falls rapidly, reaching its lowest level when
the ventricles are throwing their blood into the arteries,
From this point the pressure in the auriecles rises until the
moment when the ventricles relax, when another fall in the
pressure is observed. The pressure remains about constant
from this point until the next auricular contraction.

C. Pressure in the Ventricles (continuous line in fig. 116). —
The intra-ventrieular pressure suddenly rises at the moment
of ventricular systole to reach its maximum. From this it falls,
‘but the fall is gradual, and is interrupted by a more or less
well-marked period during which the pressure remains constant.
As the ventricles relax the pressure suddenly falls to below
zero, and then rises to a little above zero, at which it is
maintained until the next ventricular systole. The diastolie
expansion of the ventricle is in part due to the elasticity of the
museular wall, and in part o the filling of the coronary arteries
which takes place only as the muscular fibres relax.

D. Pressure in the Arieries (dot-dash line in fig. 116)—
The aortic pressure is high throughout. There is a sudden rise
as the blood rushes out of the ventricles. The pressure then



CIRCULATION 241

falls, but the fall is not steady. Often it is interrupted by a
more or less marked increase corresponding to the later part of
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Fic. 116.—Diagram to show the relationship of the events in the Cardiac Cycle to
one another. 4.8, auricular systole ; .5, ventrienlar systole ; /%, pause.

the ventricular contraction. At the moment of ventricular

diastole, the fall is very sharp and is interrupted hyﬁa well-
1
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marked and sharp rise. Following this the fall is continuous
till the next systolic elevation.

In the dog the extent of variation of the pressure in
auricles and ventricles is roughly as follows—measured in
millimetres of mercury—

Lelt Right Right

Ventricle, Ventricle. Auricle,

Maximum . . +140 + 60 + 30
Minimum . el — 115 - 7T

These changes in the pressure in the different chambers are
due

1s. To the alternate systole and diastole of the chambers,
the first raising, the second lowering the pressure in the
chambers.

2nd. To the action of the valves.

7. Action of the Valves of the Heart.
A. Awriculo-ventricular (fig. 117).—These valves have been

1. 2. 3. 4. 5.

F1e, 117, —3State of the varions parts of the Heart throughout the Cardiac Cyecle.
1, auricular systole ; 2, beginning of ventricular systole (latent period) ;
3, period of outflow from the ventricle ; 4, period of residual contraction ;
5, beginning of ventricular diastole,

already described as funnel-like prolongations of the auricles into
the ventricles. They are firmly held down in the ventricular
cavity by the chorde tendine. When the ventricle contracts
the papillary museles pull the cusps of the valves together and
thus ocelude the opening between auricles and ventricles. The
cusps are further pressed face to face by the increasing pressure
in the ventricles, and they may become convex towards the
auricles. They thus form a cenfral core around and upon
which the ventricles contract.

On the left side of the heart the strong anterior cusp of
the mitral valve does not materially shift its position. It
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may be somewhat pulled backwards and to the left. The
posterior cusp is pulled forwards against the anterior.

Un the right side the infundibular cusp of the tricuspid
valve is stretched between the superior and inferior papillary
muscles, and is thus pulled towards the bulging septuin,
against which it is pressed by the increasing pressure inside
the ventricles. The posterior cusp has its anterior margin
pulled forward and its posterior margin backwards, and is
thus also pulled toward the septum. The septal cusp
remains against the septum. The greater the pressure in
the ventricle the more firmly are these cusps pressed against
one another and against the septum, and the more completely
is the orifice between the auricle and the ventricle closed.
On the right side of the heart other factors play an import-
ant part in occluding the orifice; the muscular fibres which
surround the aurieulo-ventricular opening contract, while the
papillary museles pull the auriculo-ventricular ring downwards
and inwards through the chorde which are inserted into it.

Nevertheless the occlusion of this orifice is apt to be in-
complete when the right side of the heart becomes in the
least over-distended, giving rise to a safety-valve action from
the right ventricle.

The auriculo-ventricular valves are open during the whole
of the cardiac cycle, except during the ventricular systole
(fig. 116).

B. Semilunar Valves—Before the ventricles contract these
valves are closed and the various segments pressed together
by the high pressure of blood in the aorta,

As the ventricles contract the pressure in them rises, until
the intra-ventricular pressure becomes greater than the pressure
in the arteries. Instantly the cusps of the valves are thrown
back and remain thus until the blood is expelled. When the
outflow of blood is completed, the cusps are again approxi-
mated by the pressure of blood in the arteries. As relaxation
of the ventricles occurs, the intra-ventricular pressure becores
suddenly very low, and the high pressure of the blood in the
arteries at once falls upon the upper surfaces of the cusps,
which are thus forced downwards and together and thus
completely prevent any back-flow of blood.

The prejudicial effect of too great pressure upon these cusps
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is obviated by the lower cusp being mounted on the top of the
muscular septum upon which the pressure falls—the other
cusps shutting down upon this one (fig. 110).

The Flow of Blood through the Heart

The circulation of blood through the heart depends upon
these differences of pressure in the different ehambers and upon
the action of the valves,

A fluid always flows from a point of high pressure to a point
of lower pressure. We may then consider the flow—

A. From Great Veins into Awricles,—This oceurs when the
pressure in the great veins is greater than the pressure in the
auricles (fig. 116).

The pressure in the auricles is lowest at the moment of their
diastole. At this time there is therefore a great flow of blood
into them, but gradually this becomes less and less, until, when
the ventricles dilate, another fall in the aurieular pressure
takes place and another rush of blood from the great veins
oceurs, Gradually this diminishes, and by the time that the
auricles contract the flow from the great veins has stopped.

The contraction of the mouths of the great veins, which
precedes the auricular systole, drives blood from the veins into
the auricles, and, as these enter into contraction, no flow from
the veins can oceur and no back-flow from the auricles is
possible (fig. 116).

B. From Awricles to Ventricles—As the ventricles dilate, a
very low pressure develops in them, and hence a great rush of
blood oceurs from the auricles. During the passive stage of
ventricular diastole, the intra-ventricular pressure becomes
nearly the same as the auricular, and the flow diminishes or
may stop. When the auricles contract a higher pressure is
developed, and a fresh flow of blood occurs into the ventricles.
When the ventricles contract the auriculo-ventricular valves are
closed, and all flow of blood from the auricles is stopped (fig. 116).

U. From Ventricies to Avteries,—When the ventricles begin
to contract the intra-ventricular pressure is low, while the
Jpressure in the arteries is high and keeps the semilunar valves
shut. As ventricular systole goes on the intra-ventricular
pressure rises, until after about 0403 of a second it becomes
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higher than the arterial pressuve (Lafent Period). Immediately
the semilunar valves are forced open and a rush of blood occurs
from the ventricles (Period of Overflow). This usually lasts less
than 02 second. If the ventricles are acting powerfully, and
if the pressure in the arteries does not offer a great resistance to
the entrance of blood, the ventricles rapidly empty themselves
into the arteries, and the intra-ventricular pressure varies as
shown in fig. 124, b, p. 267. If the heart, however, is not acting
foreibly, or if the arterial pressure offers a great resistance to the
entrance of blood, then the owiflow is slow and morve continued
and in this case the trace of the intra-ventricular pressure
is like fig. 124, a, with a well-marked Period of Residual
Contraction. It is not so much the absolute force of the cardiac
contraction or the absolufe intra-arterial pressure which governs
this, as the relationship of the one to the other. The heart
may not be acting very foreibly, but still if the pressure in the
arteries is low its action may be relatively strong.

The Coronary Arteries, unlike all the other arteries, are filled
during ventricular diastole. During systole they are com-
pressed by the eontracting muscle of the heart, and it is only
when the compression is removed in diastole that blood rushes
into them. This helps to dilate the ventricles.

The interpretation of the various defails of the Cardiogram
is now rendered more easy. The ventricles, still full of blood,
are suddenly pressed against the chest wall in systole. As the
blood escapes into the arteries they press with less force, and
hence the sudden slight downstroke (fig. 115, 4 to ¢j. But, so
long as the ventricles are contracted, the apex is kept tilted
forward, and hence the horizontal plateau is maintained (¢ to o).
The pressure of the apex (isappears as the ventricles relax (e).

Sounds of the Heart

On listening in the region of the heart, a pair of sounds
may be heard with each cardiac cycle, followed by a snmmﬂmb
prolonged silence. These are known respectively as the Firs_t.
and Second Sounds of the Heart (fig. 116). (Practical Physi-

ology. ) ST
By placing a finger on the cardiac impulse while listening
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to these sounds it is easy to determine that the first sound
oceurs synchronously with the cardiac impulse—ue. synchron-
ously with the ventricular contraction.

It develops suddenly, and dies away more slowly. In
character it is dull and rumbling, and may be imitated by
pronouncing the syllable lib. In pitch it is lower than the
second sound.

The second sound is heard at the moment of ventricular
diastole. Its exaet time in the cardiac cycle has been deter-
mined by recording it on the cardiac tracing by means of a
microphone. It develops suddenly and dies away suddenly.
It is a clearer, sharper, and higher-pitched sound than the
first. It may be imitated by pronouncing the syllable
dipp.

According to the part of the ehest upon which the ear is
placed, these sounds vary in intensity. Ower the apical region
the first sound is louder and more accentuated ; over the base
the second sound is more distinetly heard.

The Cuuse of the Second Sound is simple. At the moment
of ventricular diastole, when this sound develops, the only
occurrence which is capable of producing a sound is the sudden
stretching of the semilunar valves by the high arterial pressure
above them and the low intra-venfricular pressure below them.
The high arterial pressure comes on them suddenly like the
blow of a drum-stick on a drum-head, and, by setting the valves
in vibration, produces the sound.

Aortic and Pulmonary Areas.—The second sound has thus
a dual origin—from the aortic valve and from the pulwonary
valve; and it is possible by listening in suitable positions to
distinguish the character of each of these.

The aortic valve is placed behind the sternum at the level of
the lower border of the third costal cartilage, But it is deeply
situated. The aorta, passing upwards and forwards, lies in
elose relationship to the chest wall at the junction of the right
side of the sternum and the right second costal carvilage. The
sound produced by the valve is conducted up the aorta, and
may be heard best in this “aortic area,”

On the other hand, the pulmonary valve lies in close re-
lationship to the anterior chest wall—being covered only by
the anterior border of the left lung—close to the edge of the
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sternum in the second left interspace. The pulmonary element
of the second sound may best be heard here.

The Cause of the First Sound is by no means so simple.
When it is heard, two changes are taking place in the heart,
either of which would produce a sound,

1st. The muscular wall of the ventricles is contracting,

2nd. The stretching of the auriculo-ventricular valves.

lst. That the first factor plays an important part in the pro-
duction of the first sound is proved by rapidly cutting out the
heart of an animal, and while it is still beating—but without
any blood passing through it to streteh the valves—listening
to the organ with a stethoscope. With each beat the lab
sound is distinetly heard.

Apparently the wave of contraction, passing along the
muscular fibres of the heart, sets up vibrations, and when
these are conducted to the ear the external meatus picks out
the vibration corresponding to its fundamental note, and thus
produces the characters of the sound.

2nd. The auriculo-ventricular valves are being closed and
subjected on the one side to the high ventricular pressure and
on the other to the low auricular pressure. If the valves be
destroyed or diseased the characters of the first sound are
materially altered, or the sound may be entirely masked by a
continuous musical sound—a murmur. Again, it has been
maintained that a trained ear can pick out in the first sound
the note corresponding to the valvular vibration

The idea that the impulse of the heart against the chest
wall plays a part in the production of this sound is based upon
the fallacious idea that the heart “/kifs” the chest wall. All
that it does is to press more firmly against it.

Mitral and Tricuspid Arens—On account of the part
played by the valves in the production of the first sound, it
may be considered to be double in nature—partly duoe to
the mitral valve, partly to the tricuspid. The mitral valve
element may best be heard nof over the area of the mitral
valve—which lies very deep in the thorax—but over the
apex of the heart, as at this situation the left ventricle, in
which the valve lies, comes nearest to the thoracic wall and
conducts the sound thither. The tricuspid element may be
best heard over the area of the valve, and in listening to it
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it 18 usnal to go to the right extremity of the area in order,
as far as possible, fo eliminate the mitral sound. The best
situation to select is at the junction of the fifth right costal
cartilage with the sternum.

Cardiac Murmurs.—When the valves are diseased and fail to
act properly, certain continuous sounds called cardiac murmurs
are heard.

These owe their ovigin to the fact that, while a current of
fluid passing along a tube of fairly uniform ecalibre is not
thrown into vibrations and therefore produces no sound,
when any marked alterations in the lumen of the tube
oceur—either a sudden narrowing or a sudden expansion—
the flow of fluid becomes vibratory, and, setting up vibrations
in the solid tissues, produces a musical sound.

Such changes in the calibre of the heart are produced in
two ways :—

1st. By a narrowing, either absolute or relative, of the
orifices between the cavities—sfenosis,

2nd. By a non-closure of the valves—incompetence.

Stenosis. — If one of the auriculo-ventriecular orifices is
narrowed, & murmur is heard during the period at which
blood normally flows through this opening. A reference
to fie. 116 at once shows that this oceurs during the
whole of ventricular diastole, and that the flow is most
powerful during the first period of ventricular diastole and
during auricular systole.

If the aortie or the pulmonary valve is narrowed the murmur
will be heard (fig. 116) during ventricular systole.

The narrowing need not be absolute. A dilatation of the
artery will make the orifice relatively narrow, and will produce
the same result.

Tneompetence.—If the aurieulo-ventrieular valves fail to
close properly, then, during ventricular systole, blood will be
driven back into the auricles, and a murmur will be heard
during this period.

If the aortie or pulmonary valve fails to close, the blood will
regnrgitate into the ventricle from the arteries during ventricu-
lar diastole, and a murmur will be heard during this period.

By the position at which these murmurs are best heard the
pathological condition producing them may be determined.
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Work of the Heart

The heart in pumping blood through it is doing work, and
the amount of work may be expressed in work units—e,g. kilo-
grammetres (see p. 60), The method employed to measure this
in the dog is to determine, by means of the cardiometer, the
amount of blood expelled at
each systole, and to find the
resistance against which it
is expelled. This gives the
factors for determining the
work done at each systole,
and it is easy to calculate |
the total work in any given ' '
period (fig. 118).

)

Nature of Cardiac Contraction

The contraction of the ven-
tricle lasts for a considerable
period—0°3 seconds. Isit of
the nature of a single contrac-
tion, or of a tetanus ?

F16.118.—Roy’s Cardiometer to measure

It is impossible to tetanise
heart musele, even by rapidly
repeated induection shocks.
A single stimulus applied to

the output of Blood from the Heart.
f, heart in cardiometer chamber -
¢, piston recorder working on lever
against rubber band, .

heart musecle produces a single prolonged contraction. Again,
the mode of development of the currents of action does not
indicate anything of the nature of a tetanus. With each beat
of the ventricles the variation in the electric potential begins
at the base and travels rapidly to the apex. This passage of the
contraction wave along the fibres explains the great length of
the ventricular systole as a whole. There can be no doubt
that each contraction of heart muscle is of the nature of a

musecle twiteh. In this respect heart muscle resembles non-

striped musele.

It further resembles it in that the minimum stimulus is
also a maximum stimulus—i.e. the smallest stimulus which
will make the muscle contract makes it contract to the utmost.
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But while this is the case the strength of stimulus necessary
to call forth a contraction varies at different periods. To
produce another contraction while the muscle is already in the
period of confraction is difficult, but as it relaxes it reacts more
and more readily to stimuli. In cardiac muscle, perhaps more
than in any other, the staircase increase in the extent of con-
traction with a series of stimuli is manifested.

In cardiac muscle the greater the vesistance to contraction the
stronger the force of contraction. Hence when extra blood is
poured into the heart from the veins, or when the outflow from
the ventricles into the arteries is impeded, the increased strain
put upon the heart muscle is met by increased contraction, and
the additional work thrown upon the organ is effectually
performed. Not only is this the case when temporary dis-
turbances of the circulation occur, but when these disturbances
are permanent, the heart adapts itself to them, and, if it has
continuously to perform extra work, its muscular wall hyper-
trophies, just as the skeletal muscles grow by continual use. Of
course, to allow such compensation to be established, the blood
supply to the heart musecle must be sufficient, and hence, when
the coronary arteries are diseased, heart failure rapidly ensues.

If the coronary arteries are clamped and then relaxed, a
peculiar fibrillar contraction of the heart muscle ocenrs,

The maintenance of this rhythmic contraction and relaxation
seems to depend greatly upon the presence of certain kations in
the ecirculating blood. A due admixture of salts of sodium,
potassium, and ecalcium is essential. For the frog’s heart
Ringer finds that the proportions which give the best results
are—

NaCl . ; : ; 0-70 per cent.
Kl . : , . 0-03 £
CaCl , ; ; ‘ 0025

3

Since an excess of caleium salts leads to tonie contraction, and
since an excess of sodium or of potassium leads to relaxation,
it has been concluded that these two phases are determined
by the presence of these ions.

How is the Rhythmiec Contraction of the Heart maintained ?

The mechanism is in the heart itself, for the excised heart
continues to heat.
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In considering what this mechanism is, it must be borne in
mind that two distinet questions have to be investigated.

Lst. How does the contraction, once started, pass in regular
sequence from one part of the heart to the other ?

2nd. What starts each rhythmic contraction ?

1sf, Propagation of the Wave of Contraction.—In the
heart of many of the lower animals, and in the embryo of
mammals, no nervous structures are to be found, and the
rhythmic econtraction is manifestly simply a function of the
muscular fibres,

Even in the heart of animals with well-marked nerve cells
in the walls of the heart, and with nerve filwes coursing
awong the museular fibres, the conduetion of the eontraction
is purely a function of the muscles. For if the heart of a
frog be cut across and across, so that all nerve fibres are
severed, the contraction passes along it. The rate at which
the contraction travels is slow, only about 10 to 15 centi-
metres per second.

Sinee in the mammalian heart museular continuity between
auricles and ventricles through the band of His is of small
extent, the wave of contraction is delayed at this point, and
in the dying heart, and in various pathological eonditions, the
contraction frequently fails altogether to pass this block, and
thus the ventricles either stop beating before the auricles, or
respond to every second or third auricular contraction.

2nd. Starting Mechanism of Contraction.—In the early feetal
heart no nerve structures have been found, yet it beats
regularly and rhythmically. 1In the apex of the ventricle
of the frog there are no nerve structures, yet, if the apex be
eut off and repeatedly stimulated at regular intervals with
galvanic making and breaking stimuli, it will, after a time,
begin to contract spontaneously, regularly and rhythmically.
Not only so, but if the apex be tied on to a tube, and a
stream of blood passed through it, it will again start con-
tracting regularly and rhythmically.

These experiments clearly show that regular rhythmic
contraction is a function of cardiac muscle.

In the cardiac cycle in the frog each contraction starts in
the sinus. What part does the sinus take in initiating

contraction ?
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If a ligature be tightly applied between the sinus and
auricles in the frog (Stannius’ Hrperiment), the sinus continues
to beat, and the auricles and ventricle usually stop beating
for a longer or shorter period. But ultimately they begin
to beat again. Hence it would seem that it is not any
special mechanism in the sinus which is essential in starting
cardiac contraction. A ligature subsequently applied between
auricles and ventricle sometimes starts the ventricle, sometimes
the auricles, sometimes neither. Hence we see fthal any
part of the heart has the power of originating vhythmical
contractions, although usually the sinus initiates it.  The
sinus more than any other part of the heart has the
property of rhythmie contraction. (Practical Physiology.)

We have no evidence that the nerve cells in the sinus or
elsewhere have anything to do with this; and so far as
we at present know, the initiation as well as the propaga-
tion of the cardiac contraction is a function of the muscular

fibres.

Srd. Intra-cardiac Nervous Mechanism. — In the frog’s
heart nervous structures exist, and are distributed as
follows (fig. 119) :—

1st. In the wall of the sinus venosus there is a plexus of nerve
cells and nerve fibres constituting the ganglion of the sinus
(Remak’s ganglion).

2ad. In the inter-auricular septum a similar plexus
constitutes the ganglion of the auricular septum,

3rd. In the auriculo-ventricular groove a plexus forms
the auriculo-ventricular ganglion (Bidder’s ganglion). With
these intra-cardiac ganglia the terminations of the nerves
to the heart form definite synapses.

Nerve cells exist in the mammalian heart, but there is not
the same differentiation into distinet groups. Nevertheless
they are abundant round the mouths of the great veins,
round the edges of the inter-auricular septum, and round
the auriculo-veutricular groove.

While there is no evidence that the nervous structures
play an important part in starting or keeping up the con-
tractions, there is evidence that they exercise a checking or
controlling action.
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If the region between the sinus and auricles in the frog’s
heart 1s stimulated by the interrupted current from an
induction eoil, the heart is slowed or stopped. (Practical
Physiology.)

If atropine be first applied electric stimulation is without
result., (Practical Physiology.)

These experiments seem to indicate that there is in the
heart « checking mechanism  which may be stimwlated by
electricity, and which is pavalysed by atropine,

4¢h. Connections of the Heart with the Central Nervous
System.—In the frog a branch from the vagus connects the

Fie. 119, —Scheme of the various chambers of the Frog's Heart and of the
distribntion of the intracardiac nervous mechanism.
central nervous system with the heart. When the branch is
cut no effect is produced, showing that it is not constantly
in action: but when the lower end is stimulated, the heart is
generally slowed or brought to a standstill. Sometimes the
effect is not marked. The reason for this is that the cardiac
branch of the vagus in the frog is really a double nerve
derived in part from the spinal accessory and in part from
fibres which reach the vagus from the superior thoracic sym-
pathetic ganglion. If the spinal accessory is stimulated, the
heart is always slowed; and if the sympathetic fibres are
stimulated, it is quickened. Generally stimulation of the
cardiac branch containing these two sets of fibres simply
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gives the result of stimulating the former, but sometimes
the stimulation of the latter masks this effect. (Practical
Physiology.)

In the mammal three sets of nerve fibres pass to the
heart :—

1st. The superior cardiac branch of the vagus starts from near
the origin of the superior laryngeal nerve, and passes to the
heart to end in the endocardium (fig. 120, S.C0).

2nd. The inferior cardiac branch of the vagus leaves the main
nerve near the recurrent laryngeal, and passes to join the
superficial cardiac plexus in the heart (fig. 120, 2.C\).

ard, The sympathetic nerve fibres come from the superior
thoracic and inferior cervical ganglia, and also end in the
superficial cardiac plexus (fig. 120, S.).

Funections of the Cardiac Nerves.—A. The Superior Cardiac
Branch of the Vagus is an ingoing nerve. Section produces
no effect; stimulation of the lower end causes no effect;
stimulation of the upper end canses slowing of the heart and
a marked fall in the pressure of blood in the arteries, and
it may cause pain. The slowing of the heart is a reflex effect
through the inferior ecardiac branch ; and the fall of blood
pressure, which is the most manifest effect, is due to a reflex
dilatation of the vessels of the abdomen, causing the blood
to accumulate there, and thus to lessen the pressure in the
arteries generally. On account of its effect on the blood
pressure, this nerve is called e depressor nerve.

B. Inferior Cardiae Branch of Vagus.—Section of the vagus
or of this branch causes acceleration of the action of the
heart. The nerve is therefore constantly in action. Stimula-
tion of its central end has no effect; stimulation of its
peripheral end causes a slowing or stoppage of the heart.
It is therefore the checking or inhibitory nerve of the heart.

1. Course of the Fibres.—These fibres leave the central
nervous system by the spinal accessory, and pass to the
heart to form connections with the cells of the ecardiac
plexuses.

2. Cendre.—The fibres arise from a cenfre in the medulla
oblongata, which ecan be stimulated to inecreased activity
either directly or reflexly. (1) Divect stimulation is brought
about by (#) sudden anwmia of the brain, as when the arteries



CIRCULATION 255

to the head are clamped or occluded; (b) increased venosity
of the blood, as when respiration is interfered with: (¢) the

Fie. 120.—Connections of the Heart with the Central Nervous System.
Au., auricle ; F., ventricle ; F.I.C., abdominal vaso-dilator centre ;
(.IC., eardiac inhibitory centre; (.A.C., cardio-augmentor centre ;
S. 0., superior eardiac branch of the vagus ; I.C., inferior cardiac branch
of the vagus with cell station in the heart; 5., cardio-sympathetic fibres
with cell station in the lentieular ganglion ; V.D.A4b., vaso-dilator fibres
to abdominal vessels. The continuous lines are outgoing, the broken
lines are ingoing nerves.

coneurrent action of the respiratory centre (see p. 310). (2)
Reflex stimulation is produced through many nerves. In
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the rabbit stimulation of the 5th cranmial nerve by the inhala-
tion of ammonia vapours has this action, and in all animals
stimulation of the abdominal nerves produces the same effect.
This reflex stimulation of the centre is used to determine its
position in the medulla. It can be induced after removal of
the brain above the medulla, but destruetion of the medulla
entirely prevents if.

3. Mode of Aetion.—These inhibitory fibres appear to act
by stimulating the local inhibitory mechanism in the heart:
and when this has been poisoned by atropine, they cannot
act. According to the observation of Gaskell, they excite
in the heart anabolic changes, since the electric current of
njury is increased when they are stimulated, indicating that
the difference between the living part of the heart and the
Injured part is increased.

4. Result of Action,

(¢) The output of blood from the heart is diminished, and
thus less blood is foreed into the arteries, and the blood
pressure falls (fig. 126).

(6) The rhythm of both auricles and ventricles is slowed,
but the eftect on the auricles is more marked than upon the
ventricles, and the ventricles may show a contraction rhythm
independent of that of the auricles (fig. 121, A.).

(¢) The force of contraction of the auricles is decreased.
In the ventricles the systole becomes less complete and the
cavities Lecome more and more distended, either as a result
of decrease in the force of contraction or as a mechanical
result of the accumulation of blood due to the decreased output
per unit of time. In the heart of the tortoise excitability
and conductivity are decreased, and the auricular contraction
may fail to pass to the ventricles.

C. Sympathetiec Fibres.—The owtgoiitg fibres are the aug-
mentors and accelerators of the heart’s action. When they ave
cut the heart may beat slower. When the peripheral end is
stimulated, the rate and force of the heart are increased.

1. Course of the Fibres—These are small medullated filwes.
They leave the spinal cord by the anterior roots of the 2Znd,
st and 4th dorsal nerves, passing to the stellate ganglion
where they have their cell stations (fig. 120). From the cells
in this ganglion non-medullated fibres run on in the annulus
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of Vieussens, and from this and from the inferior cervical
ganglion they pass out to the muscular fibres of the heart.

2. The Centre 1s in the medulla, and it may be stimulated
by stimulating various ingoing nerves, such as the seiatic: or
it may be set in action from the higher nerve centres in
various emotional conditions,

3. Mode of Action.—The fibres seem to aet (¢) upon the

b

Fre. 121.—Simultaneous Tracing from Auricles and Ventricles. 4., during

stimulation of the vagus; B., during stimulation of the sympathetic.
Each downstroke marks a systole, each upstroke a diastole. (fFrom Rov
e ADAMI.)
muscular fibres, increasing their excitability and condue-
tivity ; (b)) upon the inhibitory mechanism, throwing 1t out
of action.
4, Resull of Action—
(«) The output of blood from the heart is increased, and
the pressure of blood in the arteries is raised.
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(#) The rate of the rhythmic movements of auricles and
ventricles is increased.

(¢) The force of contraction of auricles and ventricles is
increased.

It is probable that the cardiac sympathetic also carries
tngotng fibres which enter the cord in the lower cervical
region. The pain experienced in the arm in heart disease
is generally thought to be due to the implication of these
fibres leading to the sensation which is referred to the cor-
responding somatic nerves (p. 151).

The vagus is thus the protecting nerve of the heart,
reducing its work and diminishing the pressure in the
arteries,

The sympathetic is the whip which forces the heart to
increagsed action in order to keep up the pressure in the
arteries,

III. CIRCULATION IN THE BLOOD AND LYMPH VESSELS

The general distribution of the various vessels—arteries,
capillaries, veins, and lymphatics—has been already con-
sidered (fig. 107, p. 225).

Structure

(Lhe structure of the walls of each must be studied proctically.)

The capillaries are minute tubes of about 12 miero-
millimetres in diameter, forming an anastomising network
throughout the tissues. Their wall consists of a single
layer of endothelium. On passing from the ecapillaries to
arteries on the one side, and to veins and lymphaties on
the other, non-striped muscle fibres make their appearance
encircling the tube. Between these fibres and the endothelium
a fine elastic membrane next appears, while outside the muscles
# sheath of fibrous tissue develops. Thus the three essential
coats of these vessels are produced :—

Tunica intima, consisting of endothelium set on the in-
ternal elastic membrane,

Twnica media, consisting chiefly of the visceral muscular
fibres.

Tuniea adventitio, consisting of loose fibrous tissue.
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The coats of the arteries are thick; those of the veins are
thin. In the large arteries the muscular fibres of the media
are largely replaced by elastic fibres, so that the vessels may
better stand the strain of the charge of blood which is shot
from the heart at each contraction. 1In the veins double
flaps of the tunica intima form valves which prevent any
regurgitation of blood.

The great characteristic of the walls of the large arteries
is the toughness and elasticity given by the abundance of
elastic fibrous tissue, of the small wrferies the contractility
due to the preponderance of muscular fibres,

Physiology

The circulation of blood in the vessels is that of a fluid in a
closed system of elastic-walled tubes, at one end of which (the
great arteries) a high pressure, and at the other (the great veins)
a low pressure, is kept up. As a result of this distribution of
pressure there is a constant flow of blood from arteries to veins.

Many peints in connection with the circulation may be
conveniently studied on a model or scheme made of indiarubber
tubes and a Higginson's syringe. (Practical Physiology.)

A.—BLOOD PRESSURE

The distribution of pressure is the cause of the flow of blood,
and must first be considered.

1. General Distribution of Pressure

That the pressure throughout the greater part of the blood
vessels is positive—greater than the pressure of the atmos-
phere—is indicated by the fact that if a vessel is opened, the
blood Hows out of it, The force with which blood escapes s
a measure of the pressure in that particular vessel. 1f an
artery be cut, the blood escapes with great force: if a vein be
cut, with much less force (fig. 122).

Arteries.—If the pressure in the aorta,in the radial, in
the dorsalis pedis, and in one of the smallest arteries is
measured, it is found that while it is great in the great
arteriess—about 160 mm. Hg in the aorta—it is much less
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in the small arteries. This distribution of arterial pressure
might be plotted out as in fig. 122, 4.

Veins.—If the pressure in. any of the small veins in a
medinm vein, and in a large vein near the heart be measured,
it will be found—

1st, That the venous pressure is less than the lowest
arterial pressure.

2nd, That it is highest in the small wveins, and becomes
lower in the larger veins. In the great veins entering the
heart it is lower than the atmospheric pressure during the
first part of each ventricular diastole (tig. 122, V.).

Capillaries.—The pressure in the capillaries must obviously

160 Ar T Y.

pele)

Fia. 122 —Diagram of the Distribution of Mean Blood Pressure throughout the
Blood Vessels. ., the arteries ; C., the capillaries ; /7., the veins.

be intermediate between that in the arteries and in the
veins.

It is not so easily measured, but it may be approximately
arrived at by finding the pressure which is required to empty
the capillaries—e.g. to blanch a piece of skin.

The pressure in any part of a system of tubes depends upon
two factors—

1st. The force propelling fluid into that part of the tubes.

2nd. The resistance to the outflow of fluid from that part
of the tubes.

The pressure in the Arteries is high, because with each
beat of the heart about 80 grms. of blood are thrown with the
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whole contractile force of each ventricle into the corresponding
artery ; and because the resistance offered to the outflow of
blood from the arteries into the capillaries and veins is enormous.
For, as the blood passes into innumerable small vessels, it is
subjected to greater and greater friction—just as a river in
flowing from a deep narrow channel on to a broad shallow bed
is subjected to greater friction,

Thus in the arteries the powerful propulsive force of the
heart and the great resistance to outflow keep the pressure
high.

When the eapillaries are reached much of the force of the
heart has been lost in dilating the elastic coats of the arteries,
and thus the inflow into the capillaries is much weaker than
the inflow into the arteries. At the same time the resistance
to outflow is small, for in passing from capillaries to veins the
channel of the blood is becoming less broken up and thus
opposes less friction to the inflow of the blood.

When the veins are reached the propelling force of the heart
is still further weakened, and hence the force of inflow is very
small. But, instead of there being a resistance to outfiow from
the veins into the heart, this is favoured by the suction action
of the heart during diastole, and also by the fact that the great
veins, in entering the heart, pass into the thorax, an air-tight
box in which during each inspiration a very low pressure is
developed.

What has been said of the veins applies equally to the
lymphaties.

2. Rhythmie Variations in Blood Pressure

Before considering the exact measurements of pressure in
these different vessels, certain rhythmie variations in pressure
may first be considered.

A. Synchronous with the Heart Beats
Arterial Pulse
With each ventricular systole about 80 grms. of blood are

thrown into the already full arteries, and the pressure in these
vessels is suddenly raised,
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If the finger be placed on an artery, a distinet expansion will
be felt following each systole, and due to this rise of pressure.
This is the arterial pulse.

This expansion develops suddenly and disappears more
slowly. In some cases it may be felt by simply laying the
finger on the surface of the artery without exerting marked
pressure, in other cases it may be necessary to compress the
artery before the pulsation is distinetly felt.

If a vein be investigated in the same way it will be found
that no such pulse can be detected. In fhe capillaries too
this pulse does not exist.

It is best marked in the great arteries, and becomes less
and less distinet as the small terminal arteries are reached.

Cause of Pulse.—The arterial pulse is due to—

1st. The intermittent inflow of blood. The arteries expand
from the sudden increase of pressure due to each sudden flow
of 80 grms. of blood from the heart into the arterial system.

2nd. The resistance to outflow from the arteries into the
capillaries,

If blood could How freely from the arteries into the capil-
laries, then the inrush of blood from the heart would simply
displace the same amount of blood into the ecapillaries and
the arteries would not be expanded. As already indicated,
the friction between the walls of the innumerable small
arterioles and the blood is so great that the flow out of the
arteries is not so free as to allow the blood to pass into the
capillaries so rapidly as it is shot into the arteries. Hence,
with each beat of the heart, an excess of Dblood must
accumulate in the arteries.

3rd, To allow of their expanding to accommodate this excess
of blood their walls must be elastic.

It is upon these three factors that the arterial pulse
depends. Do away with any of them, and the pulse at once
disappears.

Why is there no Pulse in the Veins? — Their walls are
elastic, but, in the first place, instead of there being an
obstruction o the outflow of blood from the veins into the
heart, this is favoured by the suction action of the heartsand
thorax. Hence, even if an intermittent inflow were well
marked, the absence of resistance to outtlow would in itself
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prevent the development of a venous pulse. But the inflow
is not intermittent. With each beat of the heart the blood
does not pass freely from the arteries into the capillaries and
veins, but it only slowly escapes, just as wmwch passing oul
between the beats as during the beats. Hence the most important
factor in causing a pulse, an intermittent inflow, is absent,

With no sudden intermittent inflow, and with no resist-
ance to outflow, the development of a pulse is impossible.

In certain abnormal conditions, where, from the extreme
dilatation of the arterioles, the inflow into the veins is very
free, and where the outflow from the part of the body is not
so free, a local venous pulse may develop.

Characters of the Pulse Wave.—If a finger be placed on
the carotid artery and another upon the radial artery it will
be felt that the artery near the heart expands (pulses) before
that further from the heart.

The pulse develops first in the arteries near the heart
and passes outwards towards the periphery. The reason for
this is obvious. The arteries are always overfilled with blood.
The ventricle drives its contents into this overfilled aorta,
and to accommodate this the aortic wall expands. DBut since
the aorta communicates with the other arteries this increased
pressure passes outwards along them, expanding their wall as
it goes.

The Pulse wave may thus be compared to a wave at sea,
which is also a wave of increased pressure, the only ditfer-
ence being that, while the waves at sea travel freely over the
surface, the pulse wave is confined in the column of blood,
and manifests itself by expanding the walls of the arteries.

[t greatly simplifies the study of the pulse to regard it in
this light, and to stndy it just as we should study a wave
at sea.

1. Velocity—To determine how fast a wave is travelling
we might select two points at a known distance from one
another, and with a watch note how long the wave takes to
puss from one to the other. So with the pulse wave, two
points on an artery at a known distance from one another
may be taken and the time which the wave takes to pass
between them may be measured.

It is thus found that the pulse wave travels at about 9 or
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10 metres per second—about thirty times as fast as the blood

flows in the arteries.

2, Length of the Wave—To determine this in a wave at
sea is easy if we know its velocity and know how long it
takes to pass any one point. Suppose it is travelling at
50 feet per second, and that it takes 1 second to pass a par-
ticular point, obviously it is 50 feet in length. The same
method may be applied to the pulse wave. We know its
velocity, and by placing the finger on an artery we may
determine that one wave follows another in rapid succession,
so that there is no pause between them. Kach wave corre-
sponds to a ventricular systole, and therefore each wave must
last, at any point, just the time between two ventricular
systoles—just the time of a cardiac cyele. There are about
40 cycles per minute—z.e. per 60 seconds; hence each must
last 1'5 seconds. The pulse wave takes 1'5 seconds to pass
any place, and it travels at 10 metres per second ; its length
then is 15 metres. [t is then an enormously long wave,
and it has disappeared at the periphery long before it has
finished leaving the aorta.

3. The Height of the Wave—The height of the pulse wave,
as of a wave at sea, depends prumarily on the pressure caus-
ing it, but the character of the arterial wall modifies it very
largely. Thus the true height of the pulse wave in the great
arteries near the heart is masked by the thickness of the
arterial wall.

Speaking generally, however, we may say that the pulse
wave 1s highest near the heart, and becomes lower and lower
as it passes out to the periphery, where it finally disappears
altogether (fiz. 128). This disappearance is due to its force
becoming expended in expanding the arterial wall,

4. The Form of the Wave.—Waves at sea vary greatly in
form, and the form of the wave might be graphically recorded
on some moving surface such as the side of a ship by some float-
ing body. If the ship were stationary a simple vertical line
would be produced, but if she were moving a curve would be
recorded, more or less abrupt according to her speed. From
this curve the shape of the wave might be deduced, if the
speed of the vessel is known.

The same method may be applied to the arterial pulse.
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By recording the changes produced by the pulse wave as it
passes any point in an artery the shape of the wave may
be deduced.

This may be done by any of the various forms of sphygmo-
graph. (Practical Physiology.)

Such a tracing is not a true picture of the wave, but
simply of the efiect of the wave on one point of the arterial
wall. TIts apparent length wepends upon the rate at which
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F16. 128.—Three Sphygmographic Tracings made from the radial artery of a
lealthy man in the eourse of one hour withont removing the Sphygmo-
graph, 1 was made immediately after museular exercise ; 2 was made
after sitting still for half an hour ; and 3, after an hour,

the recording surface is travelling and not on the length of
the wave,

Its height depends in part upon the length of the recording
lever, in part upon the resistance offered by the instrument,
in part upon the degree of pressure. with which the instru-
ment is applied to the artery, and in part on the thickness of
the arterial wall.

Such a trace shows (fig. 123)—

1st. That the pulse waves generally follow one another with-
out any interval.
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nd, That the rise of the wave is much more abrupt than
the fall.

3rd. That upon the desceut of the primary wave there are
one or more secondary waves.

One of these is constant and is very often well marked.
It forms a second crest, and is hence called the dicrotic wave.

Between the chief crest and this secondary crest, a smaller
crest 1s often manifest (fig, 123, 3). From its position, it is
called the predicrotic wowve. Sometimes other crests appear.
If the wave has only one crest it is called a one-crested or
monocrotic wave. If only the dicrotic crest is well marked
it is called dicrotic. If three crests are present, tricrotic ;
if several erests, polyerotic.

To understand the various parts of the pulse wave it is
necessary to compare it with the intra-ventricular pres-
sure changes. This may be done by taking synchronously
tracings of the intra-ventricular pressure, and of the aortic
pressure (fig. 124).

Such a tracing shows that at the moment of ventricular
systole the pressure in the aorta is higher than that in the
left ventricle.

As ventricular systole advances the intra-ventricular pres-
sure rises and becomes higher than the aortic. At that
moment the aortic valves are thrown open and a rush of
blood takes place into the aorta, raising the pressure and
expanding the artery, and causing the upstroke, and crest of
the pulse curve. As the ventricle empties itself the intra-
ventricular pressure tends somewhat to fall, and, at the same
time, a fall in the intra-aortic pressure also takes place. If
all the blood does not leave the ventricle in the first gush,
ey When the intra-aortic pressure is high as compared with
the force of the heart (fig. 124, continuous line), there is a
residual outtlow which arrests the diminution in the aortic
pressure, or may actually raise it, causing the predicrotic
wave, As this residual outflow diminishes, the aortic pres-
sure again falls and continues to fall until the mowment of
ventricular diastole. At this instant the intra-ventricular
pressure suddenly becomes less than the intra-aortic, and the
semilunar valves are forced downwards towards the ventricles,
and thus the capacity of the aorta is slightly inereased and
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the pressure falls. This fall in pressure is indicated by the
dicrotic notch. DBut the elasticity of the semilunar valves at
ouce makes them again spring up, thus increasing the pres-
sure in the aorta and causing the second crest, the dicrotic
wave,  After this the pressure in the arteries steadily
diminishes till the mean is reached, to be again increased
by the next ventricular systole.

The form of the pulse wave varies according to the relation-
ship between the arterial pressure and the activity of the
heart.

If the heart is active and strong in relation to the arterial

Fic. 124 —Diagram to show the relalionship of the pulse wave to the cardiac
cycle and the effect of altering the relationship between the activity of the

heart and the arterial blood pressure. — -—-— bis the curve of intra-
ventricular pressure, and ----. i is a pulse curve with an active heart
and a relatively low arterial pressure. — @ and «' are the same with a

sluggish heart and a relatively high arterial pressuare.

pressure, the main mass of the blood is expelled in the first
sudden outflow, and the residual flow is absent or slight
(fig. 124, dotted line). In this case there is a sudden and
marked rise of the arterial pressure, followed by a steady fall
till the moment of ventricular diastole. The rebound of the
semilunar valves is marked in this case and causes a very
prominent dicrotic wave, while the predicrotic wave is absent
(fig. 123, 1). Sueh a condition is well seen after violent
museular exertion, and in certain fevers. In these conditions
the dierotic wave is so well marked that it can be readily felt
with the finger. It is to this form of pulse that the term

dierotic is applied in medicine,



268 VETERINARY PHYSIOLOGY

On the other hand, if the ventricles are acting slowly and
feebly in relationship to the arterial pressure, the initial out-
flow of blood does not take place so rapidly and completely
(fig. 124, continuous line), and the initial rise in the pulse
is thus not so rapid. The residual outflow of blood is more
marked and causes a well-marked secondary rise in the pulse
curve—the predicrotic wave., In certain cases this may be
higher than the primary crest, producing the condition known
as the anacrotic pulse. The relatively high intra-arterial
pressure here prevenis the development of a well-marked
dicrotic wave,

In extreme cases of this kind, when the arterial walls are
very tense, they may recover after their expansion in an
irregular jerky manner, and may give rise to a series of kata-
crofic crests producing a polycrotic pulse (fig. 123, 3).

From what has been said it will be seen that a study of
the pulse wave gives most valuable information as regards
the state of the cireulation, and the physician constantly
makes use of the pulse in diagnosis.

Palpation of Pulse.—On placing the finger on the radial
artery the points to determine are—

1st. The rate of the pulse—i.c. the rate of the heart’s
action, :

24, The rhythm of the pulse—i.c. of the heart’s action as
regards—(1) Strength of the wvarious beats,—Normally the
beats differ little from one another in force—since the
various heart beats have much the same strength. Iespira-
tion has a slicht effect which will afterwards be considered
(see p. 321). In pathological conditions great differences in
the foree of succeeding pulse waves occur. (2) Yime relation-
ship of beats,—Normally the beats follow one another at
regular intervals — somewhat shorter during inspiration —
somewhat longer during expiration. In pathological con-
ditions great irregularities in this respect may oceur,

3rd. The volume of the pulse wave. Sowetimes the wave
is high and greatly expands the artery—sometimes less high
and expanding the artery less. The former condition is called
a full pulse (pulsus plenus), the latter a small pulse (pulsus
parvus). The fulness of the pulse depends upon two factors:—
1st. The average tension in the arteries between the pulse beats.
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If this is high, the walls of the artery are already somewhat
stretched, and therefore the pulse wave expands them only
slightly further. On the other hand, if the average pressure is
low, the arterial wall is lax, and is readily stretched to a greater
extent. 2nd. The force of the heart. To stretch the arterial
wall to a large extent requires an actively acting heart throw-
ing a sudden large wave of blood into the arterial system at
each systole. The full pulse is well seen after violent exer-
tion, when the heart is active and the peripheral vessels fully
dilated, thus allowing a free flow of blood from the arteries
and thus keeping the mean arterial pressure low

4th. Tension of the pulse. Sometimes the pulse wave is
easily obliterated by pressing on the artery—sometimes con-
siderable force is required to prevent it from passing. To
test this, two fingers must be placed on the artery. That placed
nearer the heart must be pressed more and more firmly on the
vessel until the pulse wave is no longer felt by the second finger.
In this way the tension or force of the pulse, the maximum
systolic pressure in the artery, may be roughly determined.
So important, however, is this point, that various instrumental
methods for determining it have been devised (see p. 273).

The tension of the pulse varies dirvectly with the force of
the heart and with the peripheral resistance. The first
statement is so obvious as to require no amplification. It is
also clear that if the peripheral resistance is low, so that blood
can easily be forced out of the arteries into the capillaries,
the arterial wall will not be so forcibly expanded as when
the resistance to outflow is great. Hence a high-tension
pulse is indicative of a strongly acting heart with constriction
of the peripheral vessels. It is well seen during the shivering
fit which so frequently precedes a febrile attack, since at that
time the peripheral vessels are constricted and the heart's
action excited. The tension of the pulse wave must not be
confused with the mean arterial pressure (see p. 273).

5th. The form of the pulse wave may be investigated by
means of the finger alone or by means of the sphygmograph.
The points to be observed are—

(1) Does the wave come up suddenly under the finger?
In the pulsus celer (or active pulse) 1t does so; in the
pulsus tardus, on the other hand, it comes up slowly. The
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former condition is indicative of an actively acting heart
with no great peripheral resistance—the latter indicates that
the heart’s action is weak in relationship to the arterial blood
pressure.

(2) Does the wave fall slowly or rapidly? Normally the
fall should not be so sudden as the ascent. When the
aortic valves are not properly closed the descent becomes
very rapid.

(3) Are there any secondary waves to be observed? The
only one of these which can be detected by the finger is the
dicrotic wave, and this only when it is well marked. When
it can be felt, the pulse is said to be dicrotic, and, as before
stated, this indicates an actively acting heart with an arterial
pressure low relatively to the strength of the ventricles.

B. Capillary Pulse

Normally there is no pulse in the capillaries. Their thin
endothelial wall is not well adapted to bear such an inter-
mittent strain. If, however, the arterioles to a distriet are
freely dilated so that little resistance is offered to the escape
of blood from the arteries, and if at the same time the out-
flow from the capillaries is mnot proportionately increased,
intermittent inflow and resistance to outflow are developed,
and a pulse is produced. Such a condition is seen in certain
glands during activity.

C. Venous Pulse

l. The absence of a general venous pulse has been already
explained. But just as in the capillaries so in the veins, a
local pulse may develop.

2. In the veins entering the auricles a pulse oceurs, but
a pulse having no resemblance to the arterial pulse, although
depending on the same three factors.

Its form is indicated in fig. 125,

Its features are to be explained as follows : —

Blood is constantly flowing into the great veins, pressed,
on from behind. When the auricles contract, the outflow
from these veins info the heart is suddenly checked, and con-
sequently the veins distend. At the moment of auricular
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diastole the outflow is again free, a rush of blood takes place
into the distending auricles, and thus the pressure in the
veins falls. DBut as this is occurring, blood is shot from the
ventricles into the arteries, and the carotid, lying behind
the jugular vein, transmits its pulse to the vein as a crest.
While the ventricle is contracted blood cannot pass on from
the auricles, and hence it accumulates in the great vein and
makes a third crest at the end of the ventricular systole. At the
moment when the ventricles dilate a sudden rush of blood
takes place from the veins and auricles into the ventricles,
and thus a sudden fall in the pressure is produced. Gradually,

A.S. V.§. P

y

Fie. 125.—Tracings of the Pulse in the great Veins in relationship to the
Cardiac Cycle. normal venous pulse. --- «and b venous pulse
in tricuspid incompetence.

as the ventricles fill, the pressure in the auricles and veins
increases and they are again expanded,

This is the normal venous pulse. But, if the aurieulo-ven-
tricular valves are incompetent, blood is forced back into the
auricles and veins when the ventricles contract, and a ecrest
develops after the carotid crest which it may replace. The
height of this crest is a good index of the amount of regurgita-
tion.

Respiratory Variations in Blood Pressure

Not only do rhythmic changes in the arferiel pressure occar
with each beat of the heart, but larger changes are caused
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by the respirations—the rise in pressure in great measure
corresponding to the phase of inspiration, the fall in pressure
to the phase of expiration. This statement 1s not quite
accurate, as will be seen when considering the influence of
respiration on ecirculation (see page 311). These variations
are easily seen in a tracing of the arterial pressure taken with
the mereurial manometer (fig. 127, A).

A pulse synchronous with the respirations may also be
observed in the great wveins al the wroot of the uneck and in
the venous sinuses of the cranium when it is opened. With
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Fic, 126.—Tracing of the arterial blood pressure to show large respiratory varia-
tions, and small variations due to heart beats upon these, and the sudden
fall in the pressure produced by stimulating the inferior cardiac branch of
the vagus nerve,

each inspiration they tend to collapse, with each expiration
they again expand. The reason for this 18 that during inspira-
tion the pressure inside the thorax becomes low and hence
blood is sucked from the veins into the heart, while during
expiration the intra-thoracic pressure becomes higher and thus
the entrance of blood into the heart is opposed,

3. Mean Blood Pressure
. PRESSURE IN THE ARTERIES
A. Methods

The first investigation of the pressure in the blood vessels
was made by the Kev. Stephen Hales in 1733. He fixed a
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long glass tube in the femoral artery of a horse laid on its
back, and found that the pressure supported a column of blood
of 8 feet 3 inches, while, when the tube was placed in a vein,
only 1 foct was supported. The capillary pressure is, of course,
intermediate between these two.

At the present time, instead of letting the blood pressure
act directly against the force of gravity, it is found more
convenient, in studying the pressure in an artery, to let it

i

A
Fi. 127.—d4, The Mercurial Manometer with recording float, used in taking
records of the arterial blood pressure of lower animals. B, The Hill-
Barnard 3phygmometer, for measuring the arterial pressure without
opening a vessel,
act through a column of mercury placed in a U tube (fig. 127,
A.). To record the changes in pressure a float is placed upon
the mercury in the distal limb of the tube, and this carries a
writing style which records the changes upon a moving surface.
With such an apparatus a record such as is shown in fig. 126
is given. The actual pressure is measured by taking the
difference between the level of the mercury in the two limbs
of the tube. To make the measurement it is customary to
describe an abscissa when the mercury is at the same level
in the two sides of the tube. The difference between this and

the level of the style at any moment multiplied by two, on
18
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account of the depression in the proximal limb which acecom-
panies the elevation in the distal limb, gives the blood pressure
in mm. of mercury.

On the record made with such an instrument the rhythmic
variations in the arterial blood pressure already considered
on p. 262 and p. 271 are clearly visible. (Practical Physiology.)

The arterial pressure may be measured by various methods
without operative interference. Some of these give the systolic
pressure, 1.e. the pressure at the maximum of the pulse wave;
while others give the diastolic pressure—the pressure between
the pulse waves. As shown in p. 262, the difference between
these is most marked in the great arteries, and falls to zero
before the capillaries are reached (fig. 128).

To measure the systolic pressure it is necessary to find the

5

A
o

Frc. 128.—To show the difference Letween systolie, diastolic and mean blood
pressure thronghout the arterial system., 8, systolic pressure; D,
diastolic pressure ; M, mean pressure,

pressure which must be applied to an artery in order to
prevent the pulse from passing.

This may be done with Riva Rocei’s apparatus, by applying
a bag round a limb so that it rests upon an artery. The
bag is firmly strapped on by means of a broad supporting
belt, and it is connected with a pump by which the pressure
within it may be raised, and with a mercurial manometer
by which the pressure applied may be measured in wm. of
mercury. The pressure is then raised till the pulse beyond
is no longer felt, and the column of mercury indicates the
systolic pressure in the artery. (Practical Physiology.)

Instead of using the arterial pulse as the index, the passage
of blood into a region rendered bloodless may be used. In
Gairtner’s tonometer the bag and band are applied round
the finger rendered bloodless at a pressure sufficient to prevent
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the blood from passing, and then the pressure is slowly lowered
till the blood passes and the finger again flushes, The height
of the column of mercury at that moment gives the systolic
pressure in the small arteries
of the finger.

The diastolic pressure
may be measured by taking
advantage of the fact that
when the pressures inside
and outside an artery are
equal the pulse wave is
best marked. A bag and
band are applied to a limb
upon an artery, and the
movements of the pulse
are observed in the column
of mercury or on an ane-
roidl barometer in the Hill |
Barnard instrument, or bya 115, 12— Schme of Ll st
record taken with a small  \itioutopeninga blood vessel. g, elastic
tambour on a revolving bag for arm; &, mercurial manometer ;
cylinder in Erlanger's in- ¢ pump;f, glass bulb; 7, rubber ball ;
strument (fig. 129). Erlan- R mmbaiemind oo
ger's instrument may also be used as the Riva Rocei for
systolic pressures, and it is therefore the most valuable instru-
ment for the study of the arterial pressure in the man.
( Practical Physiology.)

B. Results

By these methods it has been found that the systolic pressure
in the brachial artery of man is about 110 mm. of mercury,
while the diastolic pressure is only about 65 mm. The difference
between these, of course, gives the pulse pressure or tension.

The force of the heart and the degree of peripheral re-
sistance both modify the arterial pressure, and normally
these so act together that disturbance of one is compensated
for by chanves in the other. Thus, if the heart’s action
becomes inereased and tends to raise the arterial pressure, the
peripheral resistance falls and prevents any marked rise.
Similarly, if the peripheral resistance is increased, the
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heart’s action is diminished, and no rise 1n the pressure
occurs. Under certain conditions, however, this compen-
satory action is not complete, and changes in the arterial
pressure are thus brought about.

The wolume of biood has a comparatively small influence
on the arferial pressure, because the veins are so large that
they accommodate very varying amounts of fluid.

Faetors controlling Arterial Pressure

() Heart's Action.—The influence of this may be readily
demonstrated by stimulating the vagus nerve while taking a
tracing of the arterial pressure. The heart is inhibited, less
blood is forced into the arteries, and the pressure falls (fig. 127).

If, on the other hand, the accelerator nerve is stimulated,
the increased heart’s action drives more blood into the
arteries, and the pressure rises.

(6) Peripheral Resistance.—The resistance to outflow from
the arteries depends upon the resistance offered in the small
arteries, the walls of which are chiefly composed of visceral
muscle fibres. When these fibres are contracted, the lumen
of the vessels is small and the resistance is great. When
they arve relaxed, the lumen of the vessels dilates, and the
resistance to outtlow is diminished. This muscular tissue of
the arterioles acts as a stop-coek to the flow of blood from
the arteries to the eapillaries. It i1s of great importance—

1st. In maintaining the uniform pressure in the arleries.

2nd. In regulating the flow of blood intv the capillaries.

During the functional activity of a part, a free supply of
blood in its capillaries is required. This is brought about
by a relaxation of the muscular coats of the arterioles leading
to the part. When the part returns to rest, the free flow of
blood is checked by the contraction of the muscular walls of
the arterioles.

The action of the arterioles is well seen under the influence
of certain drugs (vaso-dilators and vaso-constrictors). If,
while a tracing of the arterial pressure is being taken, nitrite
of amyl is administered to the animal, it will be seen that the
gkin and mucous membranes become red and engorged with
blood, while at the same time the arterial pressure falls.



CIRCULATION 297

Nitrites cause the muscular coat of the arterioles to relax,
and thus, by diminishing peripheral resistance, permit blood
to flow freely from the arteries into the capillaries.

Salts of barinin have precisely the opposite effect, caus-
ing the skin to become pale from imperfect filling of the
capillaries, and producing a marked rise in the arterial
pressure. Contraction of the muscles of the arterioles is
produced, and the flow of blood from arteries to capillaries is
retarded.

Not only is the state of the arterioles influenced thus by
drugs, but it is also affected by the irternal secretions (se.ia
p. 416) from certain organs. A powerful vaso-constrictor
adrenalin is produced in the medulla of the suprarenals.

The eondition of the arterioles may be studied in many
different ways—

Lst. By direct observation.—1. With the naked eye. A red
engorged appearance of any part of the body may be due to
dilatation of the arteriole leading to it. It may, however, be
due to some obstruction to the outflow of blood from the part.
2. With the microscope. In certain transparent structures,
such as the web of the frog’s foot, or the wing of the bat, or
the mesentery, it is possible to measure the diameter of the
arterioles by means of an eye-piece micrometer, and to study
their dilatation and contraction.

2nd. The engorgement of the capillaries brought about by
dilatation of the arterioles manifests itself also in an increased
size of the part. Everyone knows how on a hot day, when
the arterioles of the skin are dilated, it is difficult to pull on
a glove which, on a cold day, when the cutaneous arterioles
are contracted, feels loose. By enclosing a part of the body
in a case with rigid walls filled with fluid or with air which is
connected with some form of recording tambour, an increase
or decrease in the size of the part due to the state of its
vessels may be registered. Such an nstrument is called a
plethysmograph.

3rd. When the arterioles to a part are dilated and the
blood is flowing freely into the capillaries, the part becomes
warmer, and by fixing a thermometer fto the surface, conelu-
sions as to the condition of the arterioles may be drawn.

4th. By streaming blood through the vessels and observing



278 VETERINARY PHYSIOLOGY

the rate at which it escapes the changes in the state of the
arterioles may be made out. This perfusion method is much
used in studying the action of drugs. (Practical Physiology.)

5th. Since the state of the arterioles influences the arterial
pressure, tf the heart’s action is kept wniform, changes in the
arterial blood pressure indicate changes in the arterioles,
a fall of pressure indicating dilatation, a rise of pressure,
constriction.

Normal State of Arterioles. — If an arteriole in some
transparent tissue be examined, it will be found to main-
tain a fairly uniform size, but to undergo periodic slow
changes in calibre. If the ear of a white rabbit be studied,
it will be seen to undergo slow changes, at one time appear-
ing pale and bloodless, at another time red and engorged.
During this latter phase numerous vessels appear which in
the former condition were invisible. These slow changes
are independent of the heart’s action and of the rate of
respirations. They appear to be due to the periodic rhythmie
contraction which is a characteristic property of visceral
muscle fibres. This rhythmic action is better marked in
some vessels than in others.

Vaso-motor Mechanism.—If the sciatic nerve of a frog be
cut, the arterioles in the foot at once dilate, If the seciatic be
stimulated, the arterioles become smaller. The same results
follow if the anterior roots of the lower spinal nerves, from
which the sciatic takes origin, be cut or stimulated.

We must, therefore, conclude (1) that the central nervous
system exerts a constant fonie influence upon the arterioles,
keeping them in a state of semi-contraction; and (2) that this
influence may be increased, and thus a constriction of the
arterioles caused, and in this way the flow of blood from
arteries to capillaries obstructed and the arterial pressure
raised; and (3) that this influence may be diminished, so
that the arterioles dilate and allow an increased flow into the
capillaries from the arteries, and thus lower the arterial
pressure.

These mobile arterioles, under the control of the central
nervous system, constibute a vaso-mofor mechanism, which
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plays a most important part in connection with nearly every
vital process in the body. By it the pressure in the arteries
is governed, by it the supply of blood to the capillaries and
tissues is controlled, and by it the loss of heat from the body
is largely regulated (p. 385).

This vaso-motor mechanism consists of the three parts :—

1st. The contractile muscular walls of the arterioles with
the nerve terminations in them.

2nd, The nerves which pass to them.

3rd. The portions of the central nervous system presiding
over these.

1. Muscular Walls of the Arterioles.—The muscular fibres
are maintained in a state of tonic semi-contraction by nerves
passing to them, and when these nerves are divided, the
muscular fibres relax. Buu if, after these nerves have been
cut, the animal be allowed to live, in a few days the arferioles
again pass into a state of tonie semi-contraction, although
no union of the divided nerve has taken place.

Certain drugs, e.g. digitalis and the salts of bariuma, act as
direct stimulants to these muscle fibres,

It appears that the muscular jfibres in the arterioles, as
elsewhere, tend to maintain themselves in a state of partial
contraction, which increases and diminishes in a regular
rhythmic manner.

The precise part played by the nerve terminations has not
been definitely established, but certain drugs appear to act
specially upon them. Thus apocodeine, while it does not
prevent barium salts from constricting the vessels, prevents
the constricting action of extracts of the medulla of the
suprarenals, even when the nerves are cut. Hence it
must be concluded that it paralyses a nervous mechanism
in the arteriole wall which is stimulated by the suprarenal
extract.

Normally this muscular mechanism is controlled by the
nervous system.

2. Vaso-motor Nerves.— When a nerve going to any part of
the body is cut the arterioles of the part gemerally dilate,
when it is stimulated the arterioles arve wsually contracted ;
sometimes, however, they ave dilated. In no case does section
of a nerve cause constriction of the arterioles.
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These facts prove that the vaso-motor nerves may be divided
into two classes :—

1sf. Vaso-constrietor.

2nd. Vaso-dilator.

A. Vaso-constrictor Nerves.—The fact that section of these at
once causes a dilatation of the arterioles proves that they are con-
stantly transmitting impulses from the central nervous system.

Course—Thecourseof these

fibres has been investigated

Hsx by section and by stimulation
(fig. 130).

They leave the spinal cord
chiefly in the dorsal region
by the anterior roots of the
spinal nerves, pass into the
sympathetic ganglia, where
they have their cell stations,
and then as non-medullated
fibres pass, either along the
various sympathetic nerves to
the viscera, or back through
the grey ramus (see fig. 75,
p. 151), into the spinal nerve,
and run in it to their ter-
minations.

B. Vaso-dilator Nerves.— A
cood example of such a nerve
is to be found in the chorda
Ei; tympani branch of the facial

nerve, which sends fibres to

the submaxillary and sub-
Fie. 130.—Diagram of the Distribution  lingual salivary glands, If
of Vaso-motor Nerves. The continu-  this nerve be cut, no change
ous line shows the vaso-constrictors, takes place in the vessels of
the dotted line the wvaso.dilators. ol

C.N., cranial nerves; Fug., vagus ; L]ILE g]ﬂ.!ld, i.'Jllt-, when it is

T.8., thoracic sympathetic: 4.5., Stimulated, the arterioles di-

abdominal sympathetic ; N.L., nerves  late and allow an inereased

v s g flow of blood through the
capillaries. These fibres, therefore, instead of increasing the
activity of muscular contraction, diminish or inhibit it. They
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play the same part in regard to the muscular fibres of the
arterioles as the inferior cardiac branch of the vagus does
in regard to the cardiac muscular fibres. As examples of
vaso-dilator nerves the gastric branches of the vagus carrying
vaso-dilator fibres to the mucous membrane of the stomach,
and the nervi erigentes carrying vaso-dilator fibres to the
external genitals, may be taken.

The vaso-dilator nerves of most parts of the body run side
by side with the vaso-constrictor nerves; and, hence, curious
resulis are often obtained. If the sciatic nerve of a dog be
cut, the arterioles of the foot dilate. If the peripheral end
of the cut nerve is stimulated, the vessels contract. But,
after a few days, if the nerve be prevented from uniting, the
arterioles of the foot recover their tonic contraction, and, if
the sciatic nerve is then stimulated, a dilatation, and not a
constriction, is brought about. The vaso-constrictor fibres seem
to die more rapidly than the wvaso-dilator fibres which run
alongside of them. Under certain conditions the activity of
the vaso-dilator fibres seems to be inereased. Thus, if, when
the limk 1s warm, the secilatic nerve is stimulated, dilatation
rather than constriction may oceur. Again, while rapidly re-
peated and strong induction shocks are apt to cause constrie-
tion, slower and weaker stimuli tend to produce dilatation.

Course—The vaso-dilator nerves pass out chiefly by the
anterior roots of the various spinal nerves, and do not pass
through the sympathetic ganglia, but run as medullated
fibres to their terminal ganglia (fig. 130). Bayliss has recently
shown that the vaso-dilator fibres for the hind limb leave the
cord by the posterior roots, and that they are connected with
the cells in the ganglia.

3. Portions of Nervous System Presiding over the Vaso-
motor Mechanism.—Since a set of nerves causing constriction
of the arterioles, and another set causing dilatation exist,
we must conclude that there are two mechanisms in the
central nervous system—one a vaso-constrictor, the other a
vaso-dilator.

A. Vaso-constrictor Centre.—(a) Mode of Action—This
mechanism is constantly in action, maintaining the tonic
contraction of the arterioles.
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If any afferent nerve be stimulated, the effect is to increase
the activity of the mechanism, to cause a general constriction
of arterioles, and thus to raise the general arterial pressure.
The centre is, therefore, capable of reflex excitation. In
ordinary conditions so many afferent nerves are constantly
being stimulated, that it is not easy to say how far the tonie
action of this centre is reflex and dependent on the stream of
afferent impulses.

But this centre may also be directly acted upon by the
condition of the blood and lymph ecireulating through it.
When the blood is not properly oxygenated and freed from
carbon dioxide, as in asphyxia or suffocation, this centre is
stitnulated and a general constriction of arterioles with high
blood pressure results,

(by Position.—In investigating the position of the centre
we may take advantage of—

lst. Its constant tonic influence. Removal of the centre
at once causes dilatation of arterioles.

2nd. The fact that it may be reflexly stimulated, If the
vaso-constrictor centre be removed, stimulation of an afferent
nerve no longer causes constriction of the arterioles.

Removal of the whole brain above the pons Varolii leaves
the centre intaet.

Separation of the pons Varolii and medulla oblongata
from the spinal cord at once causes a dilatation of the
arterioles of the body, and prevents the production of reflex
constriction by stimulation of an afferent nerve.

The main part, at least, of the vaso-constrictor mechanism is
therefore situated in the pons Verolii and medulla oblongata.

The extent of this centre has been determined by slicing
away this part of the brain from above downwards, and
studying the influence of reflex stimulation after the removal
of each slice.

It is found that at a short distance below the corpora quadri-
gemina, the removal of each succeeding part is followed by
a diminution in the reflex constriction, until, at a point close
to and just above the calamus seriptorius, all reflex response
to stimulation stops.

The centre is therefore one of very considerable longi-
tudinal extent.
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But it has been found that, if, after section of the spinal
cord high up, the animal be kept alive for some days, the
dilated arterioles again contract, and stimulation of afferent
nerves entering the cord below the point of section causes
a further constriction. If now another section be made
further down the cord, the arterioles supplied by nerves
coming from below the point of section will again dilate.
This shows that secondary vaso-constrictor centres, tonic in
action and capable of having their activity reflexly increased,
exist all down the grey matter of the spinal cord. Normally
these are under the domain of the dominant centre, but
when this is out of action they then come into play.

B. Vaso-dilator Centre. — (a) Mode of Action. — This
mechanism 1s not constantly in action. Section of a wvaso-
dilator nerve does not cause vascular dilatation. It may be
excited reflexly, but in a different manner from the vaso-
constrictor mechanism,

Stimulation of an afferent nerve causes a dilatation of the
arterioles in the part from which it comes, and a constrie-
tion of the arterioles throughout the rest of the body. If
a sapid substance, such as pepper, be put in the mouth,
the buccal mucous membrane and the salivary glands become
engorged, while there is a constriction of the arterioles
throughout the body. The vaso-dilator central mechanism
is not general in its action like the wvaso-constrictor, but is
specially related to the different parts of the body,

This is a matter of the greatest importance in physiology
and pathology. It explains the increased vascularity of a
part when active growth is going on. The changes in the part,
or the products of these, stimulate the afferent nerve. This
reflexly stimulates the vaso-dilator mechanism of the part,
and thus causes a free flow of bloed into the capillaries, and
at the same time maintains or actually raises the arterial
pressure by causing a general constriction of the arterioles,
and thus forces more blood to the siftuation in which it is
required.

The same process occurs in the case of the stomach during
digestion, in the case of the kidney during secretion, and in
the process of inflammation.

Not only does peripheral stimulation act in this way, but
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various states of the brain, accompanied by emotions, may
stimulate part of the vaso-dilator mechanism, as in the act
of blushing,

Again, it has been shown that stimulation of the central
end of the depressor nerve (superior cardiae branch of the
vagus)} causes a dilatation of the arterioles chiefly in the
abdominal cavity, but also throughout the body generally.
This is the most generalised wvaso-dilator reflex known
(see p. 254)

(6) LPosition.—While the dominant vaso-constrictor centre
is in the medulla, the vaso-dilator centres seem to be dis-
tributed throughout the medulla and spinal cord.

I1. PRESSURE IN THE CAPILLARIES

This may be determined by finding the pressure required
to blanch the skin or to occlude the capillavies of some
transparent membrane,

It has already been shown that the pressure is less than in
the arteries and greater than in the veins,

Like the pressure in the arteries, it depends upon the two
factors—

1st. Force of inflow.

2und. Resistance to outtiow.

1st. Variations in the Forece of Inflow.— The capillary
pressure may undergo marked local changes through the
vaso-molor mechanism. Wherever the function of a part is
active, dilatation of the arterioles and an inereased capillary
pressure exists, and, when the influence of vaso-dilator nerves
is withdrawn, the capillary pressure falls.

But the capillary pressure may also be modified by the
heart's action, inasmuch as the arterial pressure, by which
blood is driven into the capillaries, depends upon this. In
cardiac inhibition not only is arterial pressure lowered, but
capillary pressure may also fall. In augmented heart action
both arterial and capillary pressure are raised.

2nd, Variations in Resistance to Outflow.— Normally the
flow from capillaries to veins is free and unobstructed; but,
if the veins get blocked, or if the flow in them is retarded by
aravity, the capillaries get engorged with the blood which
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cannot escape from them. This increased pressure in the
capillaries is very different from that caused by increased
inflow. The flow through the vessels is slowed or may be
stopped instead of being accelerated, and the blood gets
deprived of its nourishing constituents loaded with waste
products, and tends to exude
into the lymph spaces, caus-
ing dropsiy.

It is, therefore, most im-
portant to distinguish be-
tween high capillary pressure
from dilated arterioles or an
active heart, and high pres-
sure due to venous obstruc-
tion. ; 1

A condition very similar | | e
to that deseribed, but pro- 3
ducing a capillary pressure
high relatively to the pressure

A C v

Fig. 131.—The Changes in Blood Pres-
sure in the Capillaries produced by in-

creasing the arterial pressure ---- - - ’
i the arvteries—though not and by obstructing the venous flow
absolutely high—is seen in  —-—-— . A, arteries ; €, capil-

i lavies ; ¥, veins,
cases of failure of the heart, i 2

when that organ is not acting sufficiently strongly to pass the
blood on from the venous into the arterial system. Here the
arterial pressure becomes lower and lower, the venous pressure
higher and higher, and along with this tne capillary pressure
becomes high in relationship to the arterial pressure. The blood
is not forced through these channels, and congestion of the
capillaries and dropsy may result.

The influence of grawity plays a very important part on
the capillary pressure, since it has so marked an influence
on the flow of blood in the veins. When, through heart
failure, the blood is not properly sucked up from the inferior
extremities, this increased pressure becomes very marked
indeed.

3rd. But the pressure in the capillaries may also to a certain
extent be varied by the withdrawal of waler from the body,
as in purgation or diuresis, or by the addition of large quan-
tities of fluid to the blood. The venous system is, however,
so capacious that very great changes in the amount of blood
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in the vessels may take place without materially modifying
the arterial or capillary pressure while affecting temporarily
the venous pressure.

III. PRESSURE IN THE VEINS

The pressure in the veins is so low that it may best be
determined by a water manometer,

In the veins the force of inflow is small; the resistance to
outflow is nil. Hence the pressure is small, and steadily
diminishes from the small veins to the large veins entering
the heart (fig. 131).

The venous pressure may be modifled by variations in
these two factors. Constriction of the arterioles tends to
lower the venous pressure, dilatation to raise it. On the
other hand, inereased heart's aetion, which so markedly
tends to raise arterial pressure, diminishes the pressure in
the larger veins, because the blood is thus more rapidly
driven from veins into arteries, and because the heart, which
in its powerful systole drives out more blood, in its diastole
sucks in more, j

Compression of the thorax has a very marked effect in
retarding the flow of blood from the great veins into the
heart, and thus tends to raise the venous pressure and to
lower the arterial pressure. Venous pressure may be tem-
porarily modified by the loss or gain of water,

[V. PRESSURE IN THE LYMPHATICS

No exact determination of the lymph pressure in the tissue
spaces has been made, but since there is a constant flow from
these spaces through the lymphatie vessels and through the
thoracic duct into the veins at the root of the neck, the
pressure in the tissue spaces must he higher than the pressure
in the great veins.

This pressure is kept up by the formation of lymph from
the blood, and from the cells of the tissues (see p. 223).
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B.—FLOW OF BLOOD

The flow of blood, as already indicated, depends upon the
distribution of pressure, a fiuid always tending to flow from
the point of higher pressure to the point of lower pressure.
Since a high pressure is maintained in the aorta and a low
pressure in the veins entering the heart and in the cavities of
the heart during its diastole, the blood must flow through the
cirenlation from arteries to veins, (Practical Physiology.)

Veloeity

The velocity of the flow of a fluid depends upon the width
of the channel. Since in unit of time unit of volume must
pass each point in a stream if the fluid is not to accumulate
at one point, the veloeity must vary with the sectional area
of the channel. In the case of a river, in each second the
same amount of water must pass through the narrowest and
through the widest part of its channel. Now for a ton of
water to get through any point in a channel one square yard
in sectional area in the same time as it takes to pass a point
in a channel ten square yards in area, it must obviously
flow with greater velocity. This may be stated in the pro-
position that the velocity (V) of the stream is equal to the
amount of blood passing any point per second (v) divided by
the sectional area of the stream (8)-—

1.."
=5
where S is the radius squared multiplied by the constant 3-14.

In the vascular system the sectional area of the aorta is
small when compared with the sectional area of the swaller
arteries; while the sectional avea of the capillary system 1s
no less than 700 times greater than that of the aorta. In
the venous system the sectional area steadily diminishes,
although it never becomes so small as in the corresponding
arteries, and where the great veins enter the heart it is about
twice the sectional area of the aorta (fig. 132).

This arrangement of the sectional area of the stream gives
rise to a rapid flow in the arteries, a somewhat slower flow in
the veins, and to a very slow flow in the capillaries,
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The suddenness of the change of pressure has a certain
influence on the rapidity of flow, as is well seen in a river.
[f the water descends over a sudden declivity to a lower level
it attains a much greater velocity than if the deelivity is
gentle, In the first case the change of pressure is sudden,
in the second case it is slow,

Hence, if, from any cause, the pressure is raised at any
point, the flow will tend to be more rapid from that point
onwards till the normal distribution of pressure is re-
established.

Friction has also a cerfain effect. A river rums much
faster in mid-stream than along the margins, because near

AR Lt W

- e

Fie. 132.—Diagram of the Sectional Area of the Vascular System, upon which
the Velocity of the Flow depends. AR, arteries; C, capillaries; F,
Velns,

the banks the flow is delayed by friction, and the more
broken up and subdivided is the channel, the greater is
the friction and the more is the stream slowed.

When, therefore, in the capillary system the blood stream
15 distributed through innumerable small channels, the friction
is very great, and this tends to dam back the blood.

The velocity of flow in the arteries and veins may be
measured by various methods, of which one of the best is
that by means of the stromuwhr, an instrument by which
the volume of blood passing a given point in an artery or
vein in a given time may be determined.

The velocity of the flow in the capillaries may be measured
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in transparent structures by means of a microscope with an
eye-piece micrometer. The velocity of the blood is—

Carotid of the dog about . . 300 mm. per sec.
Capillaries about g : . btoidl-m
Vein (jugular) about ; . 150 mm. =

It is not so easy to give definite figures for the velocity of
the lymph stream.

Disturbance of any of the factors which govern the rate
of flow will bring about alterations in the velocity of the
blood in arteries, capillaries, and veins. Thus, an increased
venous pressure, by leading to a diminution in the difference
of pressure between arteries and veins, will materially slow
the blood stream. Great dilatation of the arterioles will slow
the blood stream in them: and increased viscosity of the
blood by inereasing friction with the vessel wall will also slow
the stream.

Special Characters of Blood Flow

(a) Arferies—The tlow of blood in an artery is rhythmi-
cally accelerated with each ventricular systole. This is due
to the pulse wave. As the wave of high pressure passes alonyg
the vessels, the blood tends to flow forwards and backwards
from it—so that in front of the wave there is an acceleration
of the stream and behind it a retardation. In a wave at sea
the same thing happens, and a cork floating on the surface is
moved forward in front of the wave and again backwards after
the wave has passed.

(b) Capillaries—In the capillaries the flow is uniform,

(¢) Veins—In most veins, too, it is uniform, but in the great
veins near the heart it undergoes accelerations—

1st. With each diastole of auricle and ventricle.

2ad. With each inspiration.

3rd. By muscular action squeezing the blood out of the
small veins.

In all vessels the blood in the centre of the stream moves
more rapidly than that at the periphery on account of the
friction between the blood and the wvessels, An “awxial”

rapid and “ peripheral” slow stream are, therefore, deseribed.
19
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This is well seen in any small vessel placed under the micro-
scope, and in such situations it will be found thas, while the
erythroeytes are chiefly carried in the axial stream, the leuco-
eytes are more confined to the peripheral stream, where they
may be observed to roll along the vessel wall with a tendency
to adhere to it.

When {rom any cause the flow through the capillaries is
brought to a standstill, the leucocytes creep out through the
vessel wall and invade the tissue spaces. This is the process
of diapedesis, which plays an important part in inflammation.

SPECIAL CHARACTERS OF THE CIRCULATION IN CERTAIN
SITUATIONS

1. Cireulation Inside the Cranium (fig. 133).—Here the blood
circulates in a closed cavity with rigid walls, and therefore its
amount can vary only at the expense of the cerebro-spinal fluid,
This is small in amount, and permits of very small variations
in the volume of blood. Increased arterial pressure in the
body does not therefore increase the amount of blood in the
brain, but simply drives the blood more rapidly through the
organ. There seems to be no regulating nervous mechanism
connected with the arterioles of the brain, and the cerebral
pressure simply follows the changes in the general arterial
pressure. The splanchnic area is the great regulator of the
supply of blood to the brain. Since the cerebral arteries are
supported and prevented from distending by the solid wall of
the skull, the arterial pulse tends to be propagated into the veins.
In these veins the respiratory pulse also is very well marked.

2. Cireulation in the Lungs.—Vaso-motor nerves seem to be
absent, and hence drugs like adrenalin fail to cause a constric-
tion of the arterioles. The amount of blood in the lungs is
regulated by the blood pressure in the systemic vessels.

3. Circulation in the Heart Wall.—A peripheral vago-motor
mechanism is not present in the arterioles of the coronary
vessels (see also p. 245).

4. Cireulation in the Spleen.—Here the blood has to flow
through a labyrinth of spaces in the spleen pulp, and it is
driven on by the alternate contraction and relaxation of the
non-striped muscles in the capsule and trabecule (see p. 221).

..........l—‘
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EXTRA-CARDIAC FACTORS MAINTAINING CIRCULATION

In considering the flow of blood through the vessels due to
the distribution of pressure in arteries and veins, it must be
remembered that the central pump or heart iz not the only
factor maintaining it (fig. 133).

The thorax in the movements of respiration is a suction

~ INTRACRANWAL  CIRCULATION

|
|

 PULMOMARY CIRCULATION

.

o iy

{aammﬂ.nh. CIRCUAAT IO

. —

— CIRCULATION N LIMBS

Fic. 138. —Scheme of the Cirenlation, modified from Hill, to illustrate the influ-
ence of the various extra-Cardiac Factors which maintain the Flow of Blood,
pump of considerable power, which draws blood into the heart
during inspiration. While the auricles may be regarded as
the eisterns of the heart, the abdominal blood vessels are
the great blood reservoir, and the diaphragm contracting in
inspiration presses the blood from this reservoir up into the
thorax and heart. When, in intermittent museular exercise,
the abdominal muscles are tightened and the respiratory move-
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ments of the thorax are increased in the panting which accom-
panies it, the blood is partly pressed, and partly sucked from
the abdomen into the heart, and so forced on into the arteries.
Even expiration helps in this, for the blood which has filled
the vessels of the lungs in inspiration is driven on into the
left side of the heart in expiration. The blood is thus forced
on into the arteries and so to the muscles, and they, by their
alternate contraction and relaxation, further help to drive it
on to the veins where the valves prevent any back flow during
relaxation and thus accelerate the circulation. The high
arterial tension thus produced tends to drive the blood through
the cranial vessels. The blenefit of intermittent muscular
exercise on the circulation is thus manifest.

When, on the other hand, some sustained museular strain
has to be undergone, the thorax is fixed, and hence (1st) the
pressure on the heart and thoracie organs is raised, and the
inereased pressure in the thorax helps to support the heart
and to prevent over-distension. The abdominal vessels are
also pressed upon, and the sustained contraction of the limb
muscles tends to prevent the blood flowing through them.
It is thus forced to the central mervous system in which the
pressure rises, and if a weak spot in the vessels is present,
rupture is apt to occur. (2nd) But, if the effort is still further
sustained, the high intra-thoracic pressure tends fo prevent
proper diastolic filling of the heart; blood is therefore not
sent on from the veins into the arteries, the wveins become
congested and the arterial pressure falls, less blood goes to
the brain, and thus fainting may result.

In the “head down position,” the accumulation of blood in
the dependent parts is prevented in the head by the vessels
being packed inside the skull, and in the right side of the
heart by the supporting pericardinm.

In man the position of the abdominal reservoir of blood
at a lower level than the heart increases the work of that
organ. In the horizontal position, when the reservoir is on the
same level as the pump, the work is much easier.

Fainting is a sudden loss of consciousness produced by
failure in the supply of blood to the brain. It is accompanied
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by loss of control over the muscles, so that the individual falls
to the ground. It may be induced by any sudden lowering
of the arterial blood pressure, whether due to decreased inflow
of blood or to deereased peripheral resistance.

Decreased inflow may be caused by ;—(«) Cardiac inhibition
brought about reflexly (1) by strong stimulation of ingoing
nerves, and more especially of the nerves of the abdomen; (2)
by strong stimulation of the upper brain neurons accompanied
by changes in the consciousness of the nature of emotions ;—(b)
Failure of the heart to pump blood from veins to arteries against
the force of gravity, as when the erect position is suddenly
assumed by people with weak hearts.

Decreased resistance to outflow through sudden dilatation of
- arterioles may result from changes in the upper brain neurons,
accompanied by emotional states and also in digestive dis-
turbances,

However induced, the anemic state of the brain leads to a
stimulation of the cardiac inhibitory centre and the condition is
thus accentuated. The cerebral anwmia is accompanied by
pallor of the face,

The treatment consists in depressing the head to allow the
force of gravity to act in filling the central vessels and in

giving diffusible stimuli to increase the action of the heart.

THE TIME TAKEN BY THE CIRCULATION

This was first determined by injecting ferrocyanide of potas-
sium into the proximal end of a cut vein, and finding how long
it took to appear in the blood flowing from the distal end.
From observation in the horse, dog, and rabbit, it appears-that
the time corresponds to about twenty-seven beats of the heart.

Stewart has investigated the rate of flow through different
organs by injecting salt solution into the artery, and by
detecting its appearance in the vein by the change in the
electric conduetivity of the contents of the vessel.



SECTION VI

SurpPLY 0oF NOURISHING MATERIAL To THE BLroop aNDp LyMPH,
AND EriMinaTiON OF WasTE MATTER FROM THEM

[. RESPIRATION

Ir an animal be placed in a closed chamber filled with
ordinary atmospheric air which contains by volume 79 parts
of nitrogen and 21 parts of oxygen, and if the air be examined
after a time, it will be found that the oxygen has diminished
in amount, and that a nearly corresponding amount of carbon
dioxide has been added. (Practical Physiology.)

The same thing occurs in aquatic animals—the water round
them loses oxygen and gains carbon dioxide. An animal takes
up oxygen and gives off earbon dioxide. This is the process
of external respiration.

A. EXTERNAL RESPIRATION
I. Respiratory Mechanism

In aquatic animals the mechanism by which this process is
carried on is a gill or gills. Hach consists of a process from
the surface covered by a very thin layer of integument, just
below which is a tuft of capillary blood vessels. The oxygen
passes from the water to the blood ; the carbon dioxide from
the blood to the water,

A lung is simply a gill or mass of gills, turned outside in,
with air instead of water outside the integument. While in
aquatic gill-bearing animals there is constantly a fresh supply
of water passing over the gills, in lung-bearing animals the
air in the lung sacs must be exchanged by some mechanical
contrivance,

The lungs consist of myriads of small thin-walled sacs
attached round the funmnel-like expansions in which the air

passages (infundibular passages) terminate. (7The structure
204
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of the various parts of the respivatory tract must be studied
practically.)

Each sac is lined by a layer of simple squamous epithelium,
supported by a framework of elastic fibrous tissue richly
supplied with blood vessels. It has been calculated that, if
all the air vesicles in the lungs of a man were spread out in
one continuous sheet, a surface of about 100 square metres
would be produced and that the blood capillaries would occupy
about 75 square metres of this.

Through these vessels about e _ﬁ\; T

5000 litres of blood would S I\ /[

pass in twenty-four hours. Al '
The larger air passages are L_J

supported by pieces of hyaline @

cartilage in their walls, but the

smaller terminal passages, the

bronchioles, are without this Fic. 134.—Scheme of the Distribu-

support, and are surrounded tion of a anzu-luiulu, Infundibular
b el el diteoned Passage, and Air Sacs of the Lung.
y a speecially well-develope

circular band of non-striped muscle—the bronchial muscle—
which governs the admission of air to the infundibula and air
Sacs.

The lungs are packed in the thorax round the heart, com-
pletely filling the cavity.

They may be regarded as two compound elastic-walled sacs,
which completely fill an air-tight box with movable walls—
the thorax—and communicate with the exterior by the wind-
pipe or trachea.

No air exists between the lungs and the sides and base of
the thorax, so that the so-called pleural eavity is simply a
potential space. If the thoracic wall be punctured so that
this potential pleural cavity is brought into connection with
the air, the lungs immediately collapse and occupy a small
space posteriorly round the large bronchi. This is due to
their elasticity (fig. 135).

The lungs are kept in the distended condition in the thoracic
cavity by the atmospheric pressure within them.

Their elasticity varies according to whether the organs are
stretched or not. As they collapse, their elastic force naturally
becomes less and less; as they are expanded, greater and
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greater. Taken in the average condition of expansion in
which they exist in the chest, the elasticity of the excised
lungs of a man is capable of supporting a column of mercury
of about 30 mm. in height, so that they are constantly tending
to collapse with this force.

But the inside of the lungs freely communicates with the
atmosphere, and this, at the sea level, has a pressure of about
760 mm. Hg. During one part of respiration this pressure
becomes a few mm. less, during another part a few mm.
more; but the mean pressure of 760 mm. of mercury is
constantly expanding the lung, and acting against a pressure
of only 30 wm. of mercury, tending to collapse the Iung.

TED
1
T
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Fic. 135.—8hows the Distribution of Pressure in the Thorax with the chest wall
intact, and with an opening into the Pleural Cavity. (| ) indicates the
atmospheric pressure of 760 mm. of mercury ; 30 is the elasticity of the
lungs also in mm, of mercury,

Obviously, therefore, the lungs must be kept expanded
and in contact with the chest wall.

When a pleural cavity is opened, the distribution of forces
is altered, for now the atmospheric pressure tells also on the
outside as well as on the inside of the lungs and acts along
with the elasticity of the organ. So that now a forece of TG0
mm. + 30 mm. = 790 mm. acts against 760 mm., causing a
collapse of the lungs,

In the surgery of the thorax, as well as in the physiology
of respiration, these points are of great importance.

II. Physiology

The process of external respiration consists of two parts—

1st. The passage of air into and out of the air sacs.

2nd. The interchange of gases between the air in the air
vesicles and the blood in the capillaries.
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A. Passage of Air into and out of the Lungs

This is brought about—

1st. By the movements of respiration—breathing.

2nd. By diffusion of gases.

The air is made to pass into and out of the lungs by
alternate inspiration and ecpiration.

I. Movements of Respiration—_. Inspiration.—During this
act the thoracie cavity is increased in all directions—Ilateral,
antero-posterior, and vertical. ~ As the thorax expands, the
air pressure inside the lungs keeps them pressed against the
chest wall, and the lungs expand with the chest. As a
result of this expansion of the lungs the pressure inside
becomes less than the atmospheric pressure, and air rushes
in until the pressure inside and outside again becomes equal.
This can be shown by placing a tube in the mouth or in a
nostril and connecting it with a water manometer. (Practical
LPhystology.)

This expansion of the lungs can readily be determined
in the antero-posterior direction by percussion, and in the
vertical planes by measurement. By tapping the chest with
the finger over the lung in the right intercostal spaces, a
resonant note is produced, while if the percussion is performed
behind the level of the lung, a dull note is heard. If the
posterior edge of this resonance be determined before an
inspiration, and again during it, it will be found to have
passed backwards. (Practical Physiology.)

As a result of inspiration, the form of the chest is
markedly modified, the change being best seen in trans-
verse sections, In expiration the chest in transverse section
is an ellipse from above downward, in inspiration it be-
comes more circular (fig. 136). The change from side
to side and from above downward is best marked towards
the hinder part of the chest, less marked in the anterior
part. These changes may be recorded by means of a Cyrto-
meter, a piece of flexible gas tubing hinged behind, so that
it can be modelled to the chest. (Practical Physiology.)

The change from before backwards cannot be directly
seen, but it is indicated by an expansion of the wall of the
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abdomen. It will be deseribed when considering the mechan-
ism by which it is bronght about.

The expansion of the chest in inspiration is a museular aect
and is carried out against the following forces—

1st. The Elasticity of the Lungs—To expand the lungs
their elastic foree has to be overcome, and the more they are
expanded the greater is their elasticity. This factor therefore
plays a smaller part at the beginning than towards the end of
inspiration.

2nd. The Elasticily of the Chest Wall—The resting position

Fic. 136.—Vertical-tangential, Transverse, and Vertical Mesial Seetions of
the Thorax in Inspiration and Expiration,
of the chest is that of expiration. To expand the chest the
costal cartilages have to be twisted.

Srd. The Elasticity of the Abdominal Wall.—As the cavity of
the thorax increases backwards, the abdominal viscera are
pushed against the museular abdominal wall, which, in virtue
of its elasticity, resists the stretching force.

In studying how these changes are brought about we may
consider—

Lst. The Inerease in the Thorvax from before backwards.

This is due to the contraction of the diaphragm (fig. 136).

In expiration this dome-like musele, rising from the vertebral
column and from the posterior costal margin, arches forwards,
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lying for some distance along the inner surface of the ribs and
then curving inwards to be inserted into the flattened central
tendon, to which is attached the pericardium and on which
rests the heart.

In inspiration the muscular fibres contract. But the central
" tendon being fixed by the pericardium does not undergo ex-
tensive movement. The result of the muscular contraction
is thus to flatten out the more marginal part of the muscle
and to withdraw it more or less from the chest wall—thus
opening up a space, the eomplemental pleura, into which the
lungs expand (fig. 136).

It might be expected that this contraction of the diaphragm
would pull inwards the chest wall—but this is prevented
by the expansion of the thorax in the lateral and vertical
diameters as a result of the mechanism which has next to be
considered.

2nd, The Increase in the Chest in the wvertical and lateral
diameters,

This is brought about by the pulling forward of the ribs
which rotate round the axis of their attachments to the verte-
bral column.

To understand this, the mode of the connection of the ribs to
the vertebral column must be borne in mind. The head of
the rib is attached to the bodies of two adjacent vertebre.
The tubercle of the rib is attached to the transverse process
of the hinder of these vertebree. From this the shaft of the
rib projects outwards, downwards and backwards, to be attached
below to the sternum by the costal cartilage. If the rib is
made to rotate round its two points of attachment, its lateral
margin is tilted forwards and outwards, while its lower end
is carried forwards and downwards (see fig. 157).

Further, as we pass fram before backwards, each pair of
ribs forms the are of a larger and larger circle, and as each
pair rises it takes the place of a smaller pair above. In these
ways, the chest is increased from above downwards and from
side to side.

The first pair of ribs does not undergo this movement;
the motion of the second pair of ribs is slight, but the
range of movement becomes greater and greater as we pass
downwards until the floating ribs are reached, and these are
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fixed by the abdominal muscles. This greater movement is
simply due to the greater length of the muscles moving
the ribs, The muscles are chiefly the external intercostal
museles, and these may be considered as acting from the fixed
first rib. Now, if the fibres of the first intercostal musecle are
one inch in length, the second rib
can be pulled forward, say, half an
inch. The first and second inter-
costals acting on the third rib
will together be two inches in
length, and in contracting they
can pull the third rib through,
/ say, half of two inches—i.e. cne

inch. The first, seeond, and third

intercostals, acting on the fourth

F1a. 137. —Shows the Movements of Al e il ]{?ngt}l,
the Ribs from their Position in and can therefore P“‘" this rib

Expiration to their Fosition in half of three, or one and a half,

[nspiration. inches, and so through the other
ribs, until the floating ribs fixed by the abdominal muscles are
reached.

When the diaphragm takes the chief part in inspiration
the breathing is said to be abdominal in type—when the
intercostals chiefly act in raising the ribs it is said to be
thoracie.

Along with the intercostal muscles, the levatores costarum
also act in raising the ribs and in increasing the thorax in
the transverse and vertical diameters.

These are the essential muscles of inspiration, but other
muscles also participate in the act. In many animals, even
when breathing quietly, it will be seen that the nostrils
dilate with each inspiration. This 18 due to the action of
the dilatores narium which econtract synchronously with the
other muscles of inspiration. Again, if the larynx be examined,
it will be found that the voeal cords slightly diverge from
one another during inspiration. This is brought about by
the action of the posterior crico-arytenoid muscles (p. 335).

Forced Inspiration.—This comparatively small group of
muscles is sufficient to carry out the ordinary act of inspira-
tion. Bui, in ecertain conditions, inspiration becomes foreed.
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A forced inspiration may be made voluntarily, often it is pro-
duced involuntarily. In it every muscle which can act. from
the fixed spine, head and shoulder girdle upon the thorax, is
brought into play. 'Hm'mall:,', these act from the thorax upon
the parts into which they are inserted; now they act from their
insertion wpon their point of origin. The sterno-mastoids,
sterno-thyroids, and sterno-hyoids assist in elevating the
thorax. The serratus magnus, pectoralis minor, and anterior
fibres of the pectoralis major, and the part of the latissimus
dorsi which passes from the humerus to the three last ribs,
also pull these structures upwards. The facial and laryngeal
movements also become exaggerated.

£. In Expiration the various muscles of inspiration cease
to act, and the forces against which they contended again
contract the thorax in its three diameters—

The elasticity of the lunmgs is no longer overcome by the
muscles of inspiration, and the external atmospheric pressure
acting along with it drives the chest wall inwards (see p.
296).

The elasticity of the costal cartiluges causes the ribs again
to fall back, and finally the elasticity of the abdominal wall
drives the abdominal viscera against the relaxed diaphragm
and again arches it towards the thorax, squeezing its marginal
portion against the ribs and oecluding the complemental pleura.

Experimental evidence shows that the internal intercostals
contract with each expiration, and help to draw the ribs
downwards.

Ordinary expiration is thus normally mainly a passive
aet, being simply a return of the thorax to the position of
rest. But voluntarily, and, in certain conditions, involuntarily,
expiration may be forced. Forced expiration is then partly
due to the above factors, and partly due to the action of
musecles. Every musele which can in any way diminish the
size of the thorax comes into play,

Chief of these are the abdominal muscles, which by com-
pressing the viscera push them upwards and press the dia-
phragm further up into the thorax. At the same time, by
acting from the pelvis to pull down the ribs, they decrease
the thorax from side to side and from before backwards.

The serratus posticus inferior and part of the sacro-lumbalis
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pull downwards the lower ribs, and the triangularis sterni also
assists in this,

By this constriction of the thorax, brought about by ordin-
ary or by forced expiration, the air inside is compressed and
the pressure raised. During ordinary expiration the highest
pressure reached is about 2 to 3 mm. Hg, in forced expiration
about 80 mm. in man.

The pressure of the air outside is less than this, and the air
inside the chesf is driven out.

Speecial Respiratory Movements.—There are several peculiar
and special reflex actions of the respiratory muscles, each
caused by the stimulation of a special
district, and each having a special purpose.

Cougling.—This consists of an inspira-
tion followed by a strong expiratory effort
during which the glottis is constricted but

-
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s il is forced open repeatedly by the current

; of expired air. It is generally due to irrita-

faged el tion of the respiratory tract, and its object
is to expel foreign matters.

Fi6. 188.—Theamount Sneezing.—This is generally produced by

of Air respired in or-  jpritation of the nasal mucous membrane,

dinary Respiration, 5, jt5 ohject is to expel irritating matter.

andinforced Inspira- : . : : :

tion and Expiration, LU consists in an inspiratory act followed

by a forced expiration during which, by

contraction of the pillars of the faunces and descent of the soft
palate, the air is forced through the nose.

Hiceough consists in a sudden reflex contraction of the
diaphragm causing a sudden inspiration which is interrupted
by a spasmodic contraction of the glottis. Abdominal irrita-
tion is its chief cause. It is allied to vomiting. :

Sighing and Yawning are deep involuntary inspirations
which serve to aceelerate the cireulation of the blood when.
from any cause, it becomes less active (see p. 291). They are
probably due to cerebral an@®mia, which they help to correct by
increasing the general arterial pressure.

II. Amount of Air respired.—The amount of air respired 1s
different in ordinary and in foreed respiration.

it i s il il e i
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In an ordinary respiration in the horse about 3000 c.cms,
of air enter and leave the chest. That is called the tidal air.
Its amount varies with the size and muscular development of
the chest.

By a forced inspiration a much larger quantity of air may
be made to pass into the lungs—a quantity varying with the
size and strength of the individual—but on an average about
14,000 c.ems.

This is ealled the complemental air.

By forced expiration an amount of air much larger than
the tidal can be expelled, an amount usually about the same
as the complemental air, and called the reserve air.

The total amount of air which an individual can draw into
and drive out of his lungs is a fair measure of the size and
muscular development of the thorax, and it has been called
the vital eapaeity of the thorax, and in the horse it amounts
to something like 25,000 to 30,000 c.cms.

Even after the whole of the reserve air has been driven out
of the chest, a considerable quantity still remains in the air
vesicles, its amount depending upon the size of the chest, but
averaging about 2000 c.ems. This is called the residual air.

This very important point must always be remembered,
that the air faken info the chest never fills the air vesicles,
and that air is never driven completely out of them. The air
in them is thus not changed by the movements of respivation but
by the process of diffusion,

III. Interchange of Air in the Lungs by Diffusion of Gases.—
It has been shown that only the air in the trachea and bronchi
undergoes exchange in mass, but that the air of the vesicles is
not driven out of the chest. The renewal of this air depends
upon the diffusion of gases.

If two gases are brought into relationship with one another
they diffuse and tend to form a mixture uniform throughout.
But if, at one point of a system, one gas is constantly being
taken away and another constantly added, there will be a
constant diffusion of the former fowards the part where it is
being taken up, and a constant diffusion of the latter away
from the point to which it is being added. Suppose a tube
(fig. 139) containing oxygen and carbon dioxide, and suppose
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that at one end of the tube oxygen is constantly being taken
up and carbon dioxide constantly given off, a diffusion of the
gases in the direction indicated by the arrows will continually
go on, and thus a constant supply of oxygen will be conveyed
to the bottom of the tube, while carbonic acid will constantly
be cleared out. This is exactly the condition in the lungs.

The lower part of the tube corresponds to the air vesicles
—the upper part to the air passage in which the air is con-
stantly being exchanged by the movement of respiration.

The mechanism by which the gaseous exchange in the alveoli
is carried out is thus a double one,

IV. Breath Sounds.—The air as it passes into and out of the
lungs produces sounds, which may be heard on listening over

C0s o the thorax. The character of the hreath
B sounds are of the utmost importance in
‘ the diagnosis of diseases of the lungs, and
- must be studied practically. (Practical
: Fhysiology.)

| On listening over the trachea or over the
l bifureation of the bronchi behind, a harsh
=5 o sound, something like the guttural ¢h
| (German ic¢kh), may be heard with iuspira-
tion and expiration. This is called the
bronehial sound.

R e If the ear be appllmﬁ. over a spot under

of Oxygeninto,and Which a mass of air vesicles lies, a soft

of Carbon Dioxide sound, somewhat resembling the sound of

out of, the Air geptle wind among leaves, may be heard

el throughout inspiration, and for a third or
less of expiration. This is called the vesieular sound.

When the air vesicles become consolidated by disease, the
vesicular sound is lost and the bronchial sound takes its place.
The cause of the vesicular character is therefore to be sought in
the vesicles, infundibula, or small bronchi.

The cause of the bronchial sound has been determined by
experiments on horses, In the study of the cardiac circulation
it was shown that a column of fluid—and the same is true of a
column of air—moving along a tube of uniform ecalibre, or with
the calibre only slowly changing, produces no sound. Any

i
|

gl
Fii. 139.—Shows the



RESPIRATION 305

sudden alteration in calibre produces vibration and a musical
sound, as explained on p. 248. The first sharp constriction of
the respiratory tract is at the glottis, and it is here that
the bronehial sound is produced. TIf the trachea is cut below
the larynx and drawn freely outwards, the bronehial sound
at once stops and the vesicular sound becomes lower and less
distinct,

The cause of the vesicular sound is not so satisfactorily
explained. It is in part due to propagation of the bLronechial
sound, altered by passing through vesicular tissue; but it is
also probably due to the expansion and contraction of the air
vesicles drawing in and expelling air, either through their
somewhat narrow openings into the infundibula, or through
the narrow opening of the infundibula into the bronchioles,
The reason why the sound is best heard during inspiration
may be that the sound is best conducted in the direction of
the air stream (fig. 134).

V. Rhythm of Respiration.—These movements of respira-
tion are carried on in a regular rhythmie manner. Their
rate varies with many factors; but the average number of
respirations per minute in the adult horse is about ten to
twelve or about one to every four or five beats of the
heart.

The most important factor modifying the rate of respira-
tion is muscular exercise. After galloping the respirations may
rise to over sixty per minute.

The other modifications in the rate of breathing will be
better understood after studying the nervous mechanism of
respiration.

In these respiratory movements the phase of inspiration
bears a certain proportion to that of expiration. Inspiration
is much more rapid than expiration (see fig. 142). As soon
as inspiration is completed, a reverse movement occurs, which
is at first rapid, but gradually becomes slower, and may be
followed by a pause, during which the chest remains in the
collapsed condition. The existence and duration of this
pause varies much, and it may really be considered as the
terminal period of expiration. Considering it in this light,

we may say that inspiration is to expiration as 6 is to 7.
20
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V1. Controlling Mechanism of Respiration.—The rhythmic
movements of respiration require the harmonious action of
a number of museles, and this is directed by the nervous
system,

The diaphragm is supplied by the phrenic nerves rising
from the third and fourth, and partly from the fifth cervical
nerves, The intercostals are supplied by branches from their
corresponding dorsal nerves.

If the spinal cord be cut below the fifth cervical nerve the
intercostal muscles cease to act. If the section is made above
the third cervical nerve, the diaphragm, too, is pavalysed, and
the animal dies of suffocation.

Respiratory Centre.—Ohviously, then, there is some nervous
mechanism above the spinal cord presiding over these
muscles.

Removal of the brain above the medulla oblongata does not
stop the respiratory rhythm.

The mechanism must, therefore, be situated in the medulla
oblongata.

If the medulla is split into two by an incision down the
middle line, respiration continues, but the two sides do not
always act at the same rate. The mechanism, then, is bi-
lateral, but normally the two parts are connected, and thus
act together, -

Destruetion of the part of the medulla lying near the root
of the vagus arrests respiration, and it may therefore be
concluded that the nervous mechanism presiding over this
act is situated there.

It must not be imagined that this centre sends fibres directly
to the musecles concerned in respiration. The nerves passing
to these come from the cells in the grey matter of the spinal
cord, and it is by influencing the activity of these cells that
the respiratory centre controls the act of respiration.

Since expiration, when forced, is a complex muscular aet,
it 1s reasonable to suppose that the respiratory centre contains
two parts—one presiding over inspiration, one presiding over
expiration. While the inspiratory centre is constantly in
rhythmie action, the expiratory centre is only oceasionally at
work,

Mode of Action of the Respiratory Centre— DBoth parts of

B oo o
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the respiratory centre are under the control of higher nerve
centres, and through these they may be thrown into action at
any time, or even prevented from acting for the space of a
minute or so. But, after the lapse of this period, the re-
spiratory mechanism proceeds to act in spite of the most
powerful attempts to prevent it.

The aectivity of the centre is chiefly regulated by the amount
of CO, in the blood going to it, and everything which leads to
an increase in the CO, increases the activity of respiration.
So perfect is this mechanism that the percentage of CO, in the
air in the lungs is kept very constant in different conditions.

This is probably the explanation of a peculiar type of
breathing, known as Cheyne Stokes breathing, which sometimes
oceurs in heart disease and in other conditions, when the patient
stops breathing for a time, then begins to breathe first quietly,
then more foreibly, and after several respirations again with
decreasing depth till the respirations stop. In these cases the
respiratory centre is less exeitable than usual, and is called into
action only when CO, has accumulated in the blood. After this
accumulation has been got rid of by the foreible respirations the
activity of the centre again wanes,

Decrease in the amount of oxygen in the blood acts in
the same way, but since the amount of oxygen in the arterial
blood varies much less than the amount of CO,, this factor
plays a less important part in regulating breathing. At high
altitudes the decrease in the pressurve of oxygen in the air
breathed, leading to ifts decreased amount in the blood, pro-
duces a marked increase of respiratory movements,

But the respiratory centre is also acted upon by various
ingoing nerves.

Vagus.—Since the vagus is the ingoing nerve of the re-
spiratory tract, we should expect it to have an important
influence on the centre (fig. 140).

Section of one vagus causes the respiration to become slower
and deeper; but after a time the effect wears off and the
previous rate and depth of respiration is regained (fig. 141).

Section ¢f both wvagi causes a very marked slowing and
deepening of the respiration, which persists for some time,
and passes off slowly and incompletely. But if after the vagi
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have been cut, the connection of the centre with the upper
brain tracts is severed, the mode of action of the ecentre |

Fic. 140.—Nervous Mechanism of Respiration, £.C., respiratory centre ; Cul.,
cutaneous nerves; Ph,, phrenies ; fa.C., intercostal nerves; P., pul-
monary branches of vagus; 8. L., superior laryngeal brauch of vagus;
L., the laryux ; &. Ph., glossopharyngeal nerve ; Diaph., diaphragm.

changes. Instead of discharging rhythmically it may dis-

charge irregularly.
To investigate further this influence of the vagus it is
necessary to study the effect of stimulating the nerve,

Fii. 141.—Tracings of the Respirations—Downstroke is Inspiration ; Upstroke is
Expiration, At @ one vagus nerve was ent ; at b the second was divided ;
at ¢ the upper brain tracts also were cut off ; d and d' show the ellect of
stimulating the glossopharyngeal nerve,

Strong stimulation of the pulmonary branches of one vagus
(vagus below the origin ef the superior laryngeal) causes the
respiration fo become more and more rapid, the inspiratory
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phase being chiefly accentuated. If the stimulus is very strong
respirations are stopped in the phase of inspiration. Weak
stimuli, on the other hand, may cause inhibition of inspiration.

Such experiments prove that impulses are constantly travel-
ling from the lungs to the centre regulating the rhythmic
activity of the centre,

How do these impulses originate in the lungs? Apparently
from their alternate expansion and contraction.

If the lungs be forcibly inflated—eg. with a bellows—the
inspiration becomes feebler and feebler, and finally stops. The
nature of the gas, if non-irritant, with which this inflation is
carried out is of no consequence. If, on the other hand, the
lungs be collapsed by sucking air out of them, the inspiration
becomes more and more powerful, and may end in a spasm
of the inspiratory museles.

This shows that with each expiration a stimulus passes up
the vagus which acts upon the inspiratory centre to make it
discharge. The vagus is thus an excito-motor nerve, making
the centre act in a reflex manner. With each collapse of the
lung the vagus is thrown into action; as the lungs expand it
ceases to act, and, as a result, the inspiratory centre stops
acting, the muscles of inspiration cease to contract and
expiration oceurs,

Action of other Ingoing Nerves on the Respiratory Centre.—
The upper part of the respiratory tract, the larynx, receives
its sensory fibres from the vagus. Section of the superior
laryngeal braneh of the vagus does not alter the rhythm of
respiration. Stimulation of the upper end of the cut nerve
causes first an inhibition of inspiration, and, if stronger, pro-
duces forced expiratory acts. This is well illustrated by the
very common experience of the effect of a foreign body, such
as a crumb, in the larynx. The fit of coughing is a series
of expiratory acts produced through this nerve.

Another set of visceral nerves having an important influence
on the respiratory rhythm are the splanchnies. When these
are stimulated inspiration is inhibited. Everyone has ex-
perienced the “loss of wind” as the result of a blow on the
abdomen.

The glossopharyngeal, which supplies the back of the
tongue, when stimulated, as by the passage of food in the
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act of swallowing, causes an instant arrest of the respiratory
movements either in inspiration or expiration. The advantage
of this in preventing the food as it is swallowed from passing
into the trachea is obvious (fig. 141,  and d').

Stimulation of the Cutaneous Nerves stimulates the in-
spiratory centre and causes a deep inspiration. This is seen
when cold water is dashed upon the skin, and is more clearly
demonstrated in animals with the wvagi and upper nerve
tracts cut across. In such animals if the skin be touched
an inspiratory movement is made,

The temperature of an animal also acts on the respiratory
centre. Increase in temperature accelerates the rate of the
heart—so, too, it accelerates the rate of the respirations, and
in about the same proportion, as is seen in feverish attacks,
where pulse and respiration are proportionately quickened so
that their ratio remains unaltered. When the respiratory
rate rises out of proportion to the rate of the pulse, it is
usually an indication that some pulmonary irritation is present.

VII. Interaction of Cireulation and Respiration.—The lungs
and heart being packed tightly together in the air-tight thorax,
and both undergoing periodic changes, necessarily influence
one another. At the same time, the close proximity of the
respiratory and cardio-motor centres in the medulla seems
to lead to the activity of one influencing the other.

Influence of Respiration on Cireulation. — The ecirenlation
is modified in two ways by respiration. First, the rate of
the heart, and second, the arterial blood pressure undergo
alterations.

Ist. Rate of Heart.—If a sphygmographic trace giving the
pulse waves during the course of two or three respirations be
examined, it will be found that during inspiration the heart is
acting more rapidly, while during expiration its action is slower.

If the vagus be cut these changes are not seen, showing
that the inspiratory acceleration is not the result simply of
the larger amount of blood which enters the heart during
inspiration, but is really due to changes in the cardio-motor
centre—the accelerating part of which has its activity in-
creased during inspiration, while the inhibitory part is more

E——



RESPIRATION C g

active during expiration. This is therefore a reflex effect from
the lung through the vagus, and it may be in part due to the
proximity of the centres in the medulla,

But not only is the pulse more rapid during inspiration
and slower during expiration, but the waves are smaller
during inspiration and larger during expiration. The size of
the wave depends much upon the pressure of blood in the
arteries, and this change in the pulse thus leads to the fuller
consideration of the changes in the arterial pressure due to
respiration.

2nd. Changes in Blood Pressure~1{ a tracing of the arterial
pressure and of the respiratory movements are taken at the
same time, it is found that there is a general rise of pressure
during inspiration and a general fall during expiration, but
that at the beginning of inspiration the pressure is still falling,
aild at the beginning of expiration it is still rising. This influ-
ence of respiration on arterial pressure is chiefly a mechanical
one, depending on the variations in the pressure in the thorax
during inspiration and expiration.

During inspiration the pressure in the thorax falls to below
the atmospheric pressure, and thus during this period the
heart and great vessels are under a diminished pressure.
This diminution in pressure has little influence on the thick-
walled ventricles and arteries, but tells markedly on the thin-
walled auricles and veins. In these there occurs a diminution
in pressure, which, in the case of the vena cava, may fall
below an atmospheric pressure, and as a result an increased
flow of blood into these vessels from the veins outside the
thorax takes place (fig. 133, p. 291)

But when more blood enters the heart the activity of the
organ is increased, and more blood is pumped through it into
the arteries, and the pressure in these rises. This explains
the great rise in arterial blood pressure during inspiration.

During expiration the pressure in the thorax rises to above
the atmospheric pressure, and thus the pressure on the vessels
in the thorax is increased. This tells on the thin-walled
veins and auricles; and thus the flow of blood into them
is retarded, and less blood passing into the heart, less is
pumped into the arteries, and the arterial pressure falls.

This, however, does not explain the slight fall of pressure
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at the beginning of inspiration, or the slight rise at the
beginning of expiration. To understand these, the action of
the pulmonary circulation has to be taken into account.

As inspiration develops the lungs ave dilated, and the
capillaries in them are also expanded. These expanding
capillaries require more blood to fill them. They are situated
on the course of the blood from the right side to the left side
of the heart, and thus blood is retained from this stream to
fill them, and less blood passes on
into the left side of the heart, and
out into the arteries, and a small
fall in the arterial pressure occurs
at the beginning of inspiration.

Similarly, at the beginning of ex-
piration the lungs are compressed
and their blood vessels squeezed,
—~ & and thus the blood is driven out
from them. Now, this blood can-

not pass back into the right side
Fic. ",‘2'_“ "hf‘“' relations of ¢ (10 heart, so it must pass on

Cardio-pnenmatic Movements, | 3 5

A, to the Cardiac Cycle, B. In into the left side. More blood 1s

A the npstrokes are expiratory, thus driven into the arteries, and

the downstrokes inspiratory.  the pressure rises. As soon, how-
ever, as the excess of blood has been squeezed out of the lungs,
the contracted state of the vessels further retards the passage
of blood to the left side of the heart and assists in diminishing
the arterial pressure.

Influence of the Action of the Heart on Respiration.—The
heart lies in the thorax surrounded by the elastic lungs. As
it contracts and dilates it must alternately pull upon and
compress the lungs, and thus tend to cause an inrush and an
ontrush of air—the eardio pneumatic movements.

[f a simultaneous tracing of the heart-beat and of the
movements of the air column be taken, it will be seen that
(1) at the beginning of ventricular systole there is a slight out-
rush of air from the lungs, probably caused by the blow given
to the lungs by the suddenness of the systolic movement.
(2) This is followed by a marked inrush of air corresponding
to the outflow of blood from the ventricles, and caused by the

.
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fact that the contracting ventricles draw on and expand the
lungs. (3) Succeeding this is a slower outrush of air corre-
sponding to the active filling of the ventricles during the
beginning of ventricular diastole. (4) Lastly, during the
period of passive diastole, the cardio-pneumatic movements of
air are in abeyance (fig. 142).

These cardio-pneumatic movements are of great importance
in animals which hibernate. During their winter sleep the
ordinary respirations almost stop, but a sufficient gaseous
interchange is kept up by these cardio-pnenmatic movements.

In the examination of the heart sounds they must be borne
in mind, because, if there is any constriction in a small bronchus
near the heart, the rush of air through it -may give rise to a
murmuring sound, in character very like a cardiac murmur
and synchronous with the heart’s action. On making the
patient cough, such a murmur at once disappears.

B. Interchange between the Air breathed and the Blood in
the Lung Capillaries

I. Effect of Respiration upon the Air breathed—To de-
termine this, some method of analysing the air exhaled must
be employed. For this purpose the expired air is caught in
a graduated vessel in which its amount can be measured;
then a measured amount is forced into a chamber containing
caustic potash, by which the CO, is absorbed and the volume of
air is again measured. It is now forced into a chamber contain-
ing pyrogallate of soda, which absorbs the oxygen and is again
measured. The residue is nitrogen. In this way the amount
of the gases present is determined. (Practical Physiology.)

The following table shows the average percentage compo-
sition of the air inspired and the air expired (fig. 143):—

I*er Cent. of N. 0. CO,
Inspired air . ; : : 79 21 0
Expired air . : : . 79 17 4

ie. about 4 per cent, of oxygen is taken from the air, and
about 4 per cent. of carbon dioxide is added to it. In man
the amount of carbon dioxide given off is smaller than the
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amount of oxygen taken up. The proportion between the
CO, given off

O taken up
thus less than unity—usually about ‘8 to ‘9—that is, for
every five volumes of oxygen taken up only four velumes are
given off in carbon dioxide, the remainder being combined
with hydrogen to form water. The various factors modifying
this quotient will be considered while dealing with the extent
of the respirvatory changes (see p. 320).

Expired air is saturated with watery vapour, and, therefore,
it usually contains more water than inspired air.

Expired air also contains small amounts of organie matter,

is called the Respiratory Quotient, and it is
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Fre. 143. —8hows the Composi- F1c. 144, —Shows the Difference
tion of Inspired and Expired in the Gases of Arterial amd
Air. Venous Blood,

which may give it an offensive odour. These may possibly be to

a small extent formed in the lungs, but they are to a greater

extent produced by putrefactive change in the mouth and

nose. It is probable that the accumulation of these products
in the air is one of the causes of the injurious effect of the

“foul air” in overcrowded spaces, but the evidence on this

point is inconclusive,

Expired air is wswally warmer than inspired air, because
usually the body is warmer than the surrounding atmosphere.
When, however, the temperature of the air is higher than
that of the body, the expired air is cooler than the inspired.

This may be illustrated by the figures of an experiment—

Temperature of Inspired Air..

II. Effect of Respiration on the Blood.—To understand these
changes in the air we must refer to the changes in the gases

6:3° C. 0% G,
17-19° C. 37" C.
41° C. 38° C.
44" C. 385" C.

Temperature of Expired Air.

“ T
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of the blood in passing through the lungs (p. 215). Analyses
show that the blood going to the lungs is poorer in oxygen
and richer in carbon dioxide than the bleod coming from the
lungs (fig. 144). Oxygen is taken by the blood from the wir,
carbon dioxide is given by the blood to the air.

How is this effected ? The extensive capillary network in the
walls of the air vesicles, if spread out in a continuous sheet,
would present a surface of about 75 square metres. Between the
blood in the capillaries and the air in the air vesicles are
two layers of living cells—

1st. The endothelium lining the capillaries.

2nd. The flattened cells lining the air vesicles. Through
these cells the interchange of gases must take place.

The interchange might take place in two different ways—

1st. By simple mechanical diffusion.

2nd. By some special action of the cells,

If the process follows strictly the laws of simple diffusion, it
is then unnecessary to invoke the activity of the cells as playing
a part. DBut if the gaseous interchange does not strictly follow
these laws, we must conclude that the cells do play a part.

To determine if the process can be accounted for by diffusion
it is therefore necessary to know—

Ist. The partial pressure or tension of the gases in the
bleod going to and coming from the lungs.

2nd. The partial pressure of the gases in the air in the air
vesicles,

I. The Partial Pressure of the Gases in the Blood.—Whether
a gas is simply dissolved or whether it be held in loose
chemical combination, the amount held will depend upon
the temperature of the fluid and upon the pressure of the
gas over the fluid. If the temperature is raised the fluid
will hold less of the gas in solution, and any chemical
combination will tend to split, as is seen when carbonate of
lime is heated and the carbon dioxide is driven off.

If the pressure of any gas over a fluid be increased it will
be taken up by the fluid, if it is decreased the gas will tend
to come off from the fluid, as oeccurs when a bottle of soda
water is opened. But the same law applies to such chemical
compounds as carbonate of lime. If it is heated in ordinary
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air—i.e. under a low pressure of carbon dioxide—the gas is
given off ; but if the lime is in an atmosphere of CO, the gas
does not come off, but is taken up and the carbonate is formed.

It will thus be seen that for every temperature there is a
certain pressure of the gas at which the solution or chemical
combination will neither give off nor take up more of the gas,
This may be determined by exposing the material in a series
of chambers to air containing different proportions of the gas,
and ascertaining by analyses of the air whether the gas has
been given off or taken up or has remained unaltered.
The presence of a moist membrane between the fluid and the
air makes no difference to these interchanges.

For blood some form of @®rotonometer is used, an instru-
ment in which blood is allowed to trickle through a tube
filled with air of known composition till the tension of the
gases in the blood and air have become the same. The
tension is then determined by analysis of the proportions of
the gases in the air in the tube,

We know that the pressure of gas in an atmosphere depends
upon the proportion present. Suppose an atmosphere contains
20 per cent. of oxygen, then the pressure, or partial pressure,
of the oxygen is got by multiplying the percentage amount
of the gas by 760—ie a whole atmosphere’s pressure—and
dividing by 100—

20 x 760

11 ‘e of = :
ressure of oxygen 100

— 152 mm.

The results obtained by means of the mrotonometer in the
hands of different investigators have varied very widely.

Another method of arriving at the tension of oxygen in the
blood has been devised by Haldane. It depends upon the
fact that if h@moglobin is exposed to a mixture of air with a
trace of earbon monoxide in it, the amount of carbon monoxide
taken up depends upon the oxygen tension—the greater the
tension of oxygen the less CO will be taken up, and vice verse.
Therefore if a person be allowed to breathe an atmosphere
containing a known amount of CO, the amount of CO faken up
by the blood will indicate the oxygen tension in the blood.

By such methods, although the results of different observers
vary so greatly, it appears that in blood going to the lungs
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the O tension may be as low as 20 mm. Hg and the CO,
tension as high as 40 mm. Hg. And that in blood coming
from the lungs the O tension is generally well over 100 mm.
Hg, while the CO, tension varies enormously, but is, on an
average, about 20 mm, Hg.

II. Partial Pressure of Gases in the Air Vesicle.—The air in
the alveoli is not renewed by direct ventilation from without,
but by a process of diffusion (p. 303). TFor this reason the
amount of oxygen in the alveoli must be much smaller, the
amount of carbon dioxide much larger, than in the respired air.

Haldane has devised a method of procuring samples of the
alveolar air for analysis. A wide tube is fitted with a measured
glass bulb near one end, and this bulb is made a vacnum. The

Mouthpiece

Sampling Tube

Fi1G. 146, —Haldane’s Apparatus for determining the Composition of
Alveolar Air,

end of the tube near the bulb is put in the mouth and the per-
son under observation breathes through it. At the end of an
ordinary inspiration he expires deeply and quickly through the
tube, and by opening the upper stop-cock collects a sample of
the expired air. A second sample is taken in the same way at
the end of a normal expiration. The mean of these samples
represents the average composition of the alveolar air.

By the use of this method it has been found that the partial
pressure of the O varies within wide limits, while the partial
pressure of the CO, remains very constant.

Thus at the top of Ben Nevis the pressure of oxygen was
76 mm, Hg; at the bottom of a mine it was 111; while
in both places the pressure of carbon dioxide was about
42 mm,
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In spite of these wide variations in the oxygen pressure in
alveolar air the tension of oxygen in the blood remains about
the same.

The difference in the pressure of these gases in the alveolar
air, and in the blood going to and coming from the lungs,
may be represented as follows in mm. Hg :—

Oxygen Carbon Dioxide
Alveolar Air T hikn 411 42
o )
v = o
Blood 20 1004 46 [}—41-}
Venous Arterial| Venous Arterial

This shows that when the blood reaches the lungs -the
distribution of pressure of the gases is such that, by the laws
of diffusion, oxygen will pass from the alveolar air into the
blood and carbon dioxide from blood to air; but that, before the
blood has left the lungs, the distribution is such that oxygen
showld, by the laws of diffusion, pass from blood fo lungs and
carbon dioxide from lungs o blood, which is exactly the reverse
of what occurs. The passage of oxygen to the blood and the
passage of carbon dioxide from the blood is, in fact, mueh
greater than could be accounted for by diffusion.

We must therefore conclude that the exchange of gases
between the alveolar air and the blood is not due entively to
diffusion, but is i part, at least, brought about by the activity of
the cells lining the vessels and the alveoli,

It should, however, be stated that, in spite of these figures,
some physiologists maintain that simple diffusion will explain
these interchanges—1sf, because, when the amount of oxygen
in the atmosphere—i.e. when the partial pressure of O—falls
below a certain point, the gas is no longer taken up by the
blood ; and 2ad, because, when the amount and pressure of
CO, rises, the CO, is not given off from the blood.

The partial pressure of oxygen may be reduced to a half
without interfering with the vital processes of the body, and
for this reason it is possible for men and animals to live at
high altitudes. When men are suddenly subjected to a very
marked decrease of pressure, especially if they have to do
muscular work, as in climbing, the decreased supply of oxygen

il it e, e it . s
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leads to shortness of breath, palpitation, and even to sickness
(mountain sickness). These symptoms soon pass off, increased
pulmonary ventilation and increased heart action increasing the
intake of oxygen. Hence residence in high altitudes tends to
increase the power of the respiratory muscles and the strength
of the heart. It also increases the richuess of the blood in
erythrocytes and in haemoglobin,

On the other hand, the atmospheric pressure may be
enormously inereased without any change in the metabolism,
In a diving bell 200 feet under water a pressure of 5120 mm.
Hg—seven atmospheres—is sustained. As a result of the high
pressure of the gases of the atmosphere they are dissolved in
large quantities in the blood and tissues, and there is great
danger in too sudden relief of pressure, since this may cause
bubbles of gas to be given off in the vessels, and these may
lead to air embolism and a plugging of the smaller vessels
(Caisson disease).

B. INTERNAL RESPIRATION

1sf. The Passage of Oxygen from Blood to Tissues.

In studying the physiology of muscle, which may be taken
as a type of all the active tissues, it was seen that oxygen
is constantly being built up into the muscle molecule, and
that the living tissues have such an aflinity for oxygen that
they can split it off from such pigments as alizarin blue.
The tension of oxygen in muscle is therefore always very
low. We have seen that the tension of oxygen in arterial
blood is mearly 100 mm. Hg; therefore, when the blood is
exposed to a low tension of oxygen in the tissues, the oxygen
comes off from the blood and passes into the tissues by the
ordinary laws of diffusion,

But it must be remembered that this takes place in three
stages.

(1) The tissue elements are always taking up oxygen from
the lymph, because of the very low pressure of oxygen in
the protoplasm and because the protoplasm has an alfinity
for oxygen as for other nourishing substances,

(2) As a result of this the oxygen pressure in the lymph
falls and becomes lower than the oxygen pressure of the blood
plasma, and thus the gas passes from the blood through the
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capillary walls to the lymph. How far this is simply the
result of mechanical diffusion, and how far it is carried on by
the vital action of the endothelinm of the capillaries, we do
not know,

(3) As a result of the withdrawal of oxygen from the plasma,
the partial pressure round the erythroeytes is diminished, and
the blood being at a high temperature, a dissociation of
oxyhamoglobin takes place, and the oxygen passes out into
the plasma, leaving reduced h@moglobin in the erythroeytes.

2nd. The Passage of Carbon Dioxide from Tissues to Blood.

The tissues are constantly producing carbon dioxide, so that
it is at a high tension in them—about 60 mm. Hg. In the
blood the carbon dioxide is combined with the sodium and 1s
thus at a low tension. Hence there is a constant passage of
carbon dioxide from the tissues to the blood.

C. EXTENT OF RESPIRATORY INTERCHANGE

The extent of the respiratory interchange in the lungs is
governed by the extent of the internal respiratory changes
—i.e. by the activity of the tissues, Every factor which
increases the activity of the metabolic changes in the tissues
increases the intake of oxygen and the output of carbon dioxide
by the lungs.

It may be studied by enclosing an animal or a man in an
air-tight case or chamber through which air of known
composition is passed in measured quantity and analysed as
it is withdrawn. This may be done by making the air pass
through vessels containing sulphurie acid to absorb the water
and caustic potash to fix the CO, and absorbing the oxygen
by pyrogallate of soda.

In the resting horse the average amount of oxygen con-
sumed is about 4 c.ems. per minute per kilo. of body weight,
and the amount of carbon dioxide given off about 35 e.ems.

1. Musewlar Work—Sinee muscle is the most abundant and
active tissue of the body, museular work more than anything
else increases the respiratory changes (see p. 67).

2. Food.—The taking of food at once sets up aclive changes
in the digestive apparatus. The muscular mechanism is set
in action and the various glands secrete. As a result of these

S
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processes the respiratory interchange is at once inereased.
That the increase is dependent upon the increased func-
tional activity of the digestive organs is shown by the fact
that it is produced by the taking of substances which
cannot be absorbed and used in the metabolic processes of

the body.

But while the immediate increase in the respiratory inter-
change following the taking of food is due to the increased
activity of the digestive structures, there is also an increase due
to the utilisation in the body of the food taken. Whether
proteins, fats, or carbohydrates, or all of these form the diet,
more oxygen is consumed and more carbon dioxide is given off
than during starvation. The proportion between the oxygen
taken and the carbon dioxide exereted is not, however, the
same with all these food-stuffs., If the food is rich in earbon
and poor in oxygen, a greater quantity of oxygen must be
taken to oxidise it than if it is rich in oxygen.

The chief constituents of the food contain the following per-
centage amounts of oxygen and of carbon :—

Oxygen, Carbon.
Carbohydrates : : 53 40
Proteins . : j : 22 22
Fats ; ; : : 12 76

Hence on a carbohydrate diet, such as that of the horse,
the respiratory quotient (p. 314) “5* is high, about 09 to 1,

L
while on a fatty or protein diet it is low, 0°7 to 0°8.

3. Temperature—If the temperature of the body be in-
creased, the metabolic processes become more active and
the respiratory interchanges are inereased. Buf if the tem-
perature of the wir round the body be elevated, the metabolic
processes may be diminished in activity, and the respiratory
exchange decreased.

4. Light—It has been shown that light increases the
metabolic changes and therefore the respiratory activity.

5. Sleep.—Sinee in sleep the animal is in a condition of
muscular rest, since light is excluded from the eyes and since
food is not taken, the respiratory exchanges are less active

during sleep than during the waking hours, Similarly, in
21
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the long winter sleep of certain animals (hibernation), these
factors, as well as the diminished temperature of the body,
cause a great reduction in the intake of oxygen and output
of earbon dioxide,

It is thus the internal which governs external respiration.
Merely increasing the number or depth of the respirations has
only a transient influence on the amount of the respiratory
interchanges.

Asphyxia

This is the condition caused by any interference with the
supply of oxygen to the blood and tissues. It may be induced
vapidly and in an acute form by preventing the entrance of
air to the lungs, as in drowning or suffocation, or by causing
the animal to breathe air deprived of oxygen, or by interfer-
ing with the flow of blood through the lungs, or with the
oxygen-carrying capacity of the blood, It is slowly induced
in a less acute form when the muscles of respiration fail as
death approaches. _

In acute asphyria there is an initial stage of inecreased
respiratory effort, the breathing becoming panting, and the
expirations more and more forced. The pupils are small, and
the heart beats more slowly and more foreibly, while the
arterioles are strongly contracted, and a marked rise in the
arterial pressure is produced. When the vagi are cut the
slowing of the heart does not oeccur. Within a couple of
minutes a general convulsion, involving chiefly the musecles
of expiration, oceurs. The intestinal museles and the museles
of the bladder may be stimulated, and the faces and urine
may be passed involuntarily. Then the respirations stop, deep
gasping inspirations occurring at longer and longer intervals.
The pupils are dilated, and consciousness is abolished. The
heart fails, and thus, although the arterioles are still contracted,
the pressure in the arteries falls. Finally the movements
of the heart cease and death supervenes.
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VOICE

In connection with the respiratory mechanism of many
animals, an arrangement for the production of sound or voice
is developed. This is constructed on the principle of a wind
instrument, and it consists of (1) a bellows, (2) a windpipe, (3)
a vibrating reed, and (4) resonating chambers. In man and
other mammals the bellows are formed by the lungs and the
thorax. The trachea is the wind-pipe. The vocal cords in the
larynx are the vibrating reeds, and the resonating chambers
are the pharynx, nose, and mouth.

- A. Strueture of the Larynx.—The points of physiological im-
portance about the structure of =
the larynx are the following :— / :'

1. Cartilages (figs. 146, 147)— 54
The ring-like ericoid (('r.) at the '
top of the trachea is thickened

Th.

from below upwards at its pos- f
terior part and carries on its |
i =
upper border two pyramidal ear- N Ar.

tilages triangular in section—
the arytencids (Ar.). These ar-
ticulate with the cricoid by their
inner angle. At the outer angle
the pﬂfilﬁﬂl‘ifjr and lateral crico- Fic. 146, —Side View of the Cartilages
EI.]‘}"LEHDid muscles are attached. of the Larynx. Cvr., ericoid cartil-
From their anterior angles the  age; Ar., right arytenoid cartilage ;

: Th 1o i : he d
vocal cords arise and run for- I thyroid cartilage. The dotted
line shows the change in the posi-

ward to the thyroid. The thy-  tion of the Thyroid by the action of
roid Eﬂl‘tﬂagﬂ (1h.) forms a lur;;e the Crico-thyroid Musecle, and the
shield which articulates by its  stretching of the vocal cords which
posterior and inferior process e S

with the sides of the ericoid, so that it moves round a horni-
zontal axis. To the upper and anterior part, the epiglottis or
cartilaginous lid of the larynx is fixed.

9 Ligaments.—The articular ligaments require no special
attention. The true voeal cords are fibrous ligamentous
structures which run from the arytenoids forward to the
posterior aspect of the middle of the thyroid. They contain
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many elastic fibres and are covered by a stratified squamous
epithelium and appear white and shining.

The vocal cords inerease in length as the larynx grows, and
in adult life they are generally longer in the male than in the
female, and the whole larynx is larger.

3. Museles.—The erico-thyreids take origin from the antero-
lateral aspects of the ericoid, and are inserted into the inferior
part of the lateral aspect of
the thyroid. In contracting
they approximate the two
cartilages anteriorly, and
render tense the vocal cords
(fig. 146).

The erico-arytenoidei postict
arise from the back of the
ericoid and pass outwards to
be inserted into the external
or muscular process of the
arytenoids. In coutracting
they pull these processes in-
wards, and thus diverge the
anterior processes and open
the glottis (fig. 147).

FiG. 147.-—Cross Section of the Larynx, The crico-arytenoidei luter-
toshow the cricoid, €. ; thyroid, 7%, ; w@les take origin from the
arytenoid cartilages, Ar. The con- Jateral aspects of the cricoid,

tinuous line shows the parts at rest, d backward b
the dotted line nnder the action of the o PRss! DRCEGYBER G 9

Lateral Crico-arytenoid Muscle, and inserted into the muscular

the dot-dash line vnder the action of processes of the arytenoids.

Stun L oalenio L nao-RERtenicl. They pull these forward and
50 swing inwards their anterior processes and approximate
the vocal cords (fig. 147). :

A set of muscular fibres run between the arytenoids—
the arytenoidei—while others run from the arytenoids up to
the side of the epiglottis. These help to close the upper
orifice of the larynx.

The thyro-arytencid is a band of museular fibres lying in
the vocal cords and running from the thyroid to the ary-
tenoids. Its mode of action is not fully understood.

4. Mucous Membrane.—The mucous membrane of the larynx

JL_J
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is raised on each side into a well-marked fold above each
true vocal cord—the false vocal cord. Between this and the
true cord on each side is a cavity—the ventricle of the larynx,
The other folds of mucous membrane, although of importance
in medicine, have no special physiological significance.

The intevior of the larynx may be examined during life by
the laryngoseope. (Practical Physiology.)

5. Nerves.—The muscles of the larynx are supplied chiefly
by the recurrent laryngeal branch of the vagus which comes
off in the thorax and arches uwpwards to the larynx. On the
left side, where it curves round the acrta, it is apt to be
pressed upon in aneurismal swellings. Paralysis of this nerve
causes Lhe voeal cord on that side to assume the cadaveric
position, midway between adduection and abduetion, and makes
the voice hoarse or abolishes it altogether. The superior
laryngeal is the great ingoing nerve, but it also supplies
motor fibres to the crico-thyroid muscle, Paralysis prevents
the stretehing of the vocal cords, makes the voice hoarse, and
renders it impossible to produee a high note.

Centre.—These nerves are presided over by («) a eentre in
the medulla. When this is stimulated abduection of the voeal
cords is brought about. (#) This centre is controlled by a
cortical centre situated in the inferior frontal convolution
in man and apes. Stimulation of this causes adduction of
the cords as in phonation, while destruction leads to mno

marked change.

B. Physiology.—When a blast of air iz foreced between
the vocal cords they are set in vibration both wholly and in
segments like other vibrating reeds, and sounds are thus
produced. These sounds may be varied in loudness, piteh,
and quality.

The loudness, or amplitude of vibration, depends upon the
size of the larynx and upon the force of the blast of air
acting on the cords.

The piteh, or number of vibrations per second, depends nupon
the length and tension of the voeal cords. The tension of the
cords may be varied by the action of the erico-thyroid muscles,

The power of varying the pitch of the voice differs greatly in

different animals.
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The quality of the sound depends upon the overtones which
are made prominent by resonance in the pharynx, nose, and
mouth. By varying the shape and size of these cavities, and
more especially of the mouth, the quality of sound may be
congiderably altered.

In animals the voice varies with the age and sex, and it may
be modified by castration,

II. FOOD AND DIGESTION
I. FOOD

The great use of food is to supply energy to the body. The
muscles of the body are constantly active; they are constantly
liberating energy by breaking down the complex molecules
of proteins, fafs, and carbohydrates, and hence a constant
fresh supply of such material is necessary to prevent the body
living on its own material and wasting away (see p. 69).
During the growth of the body, too, the material from which
it is to be built up, and the energy used in its construction,
must be supplied by the food.

Hence a suitable food is one which will yield the necessary
amount of energy, and will supply the materials necessary
for repair and for growth.

But food must also supply the water and salts required to
keep the various constituents of the body in solufion, so that
the essential chemical changes may go on.

Nature of Food

Food may be divided into foods not yielding energy and
foods yielding energy.

A. Food-stuffs not yielding Energy.—1. Water is the chief
constituent. Since it is daily given off in large quantities by
the kidneys, lungs, skin, and bowels, it must daily be supplied
in sufficient amounts or the chemical changes cannot go on
and death supervenes,
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2. Inorganie Sults—The most important of these is sodium
chloride, which is essential for the maintenance of the
chemical changes in the body. When it is not freely sup-
plied in the food, it is retained in the tissues, and hence
animals can, when necessary, live with a comparatively small
supply.

3. Salts of Organic Acids—The sodium and potassium salts
of citriec, malic, and tartaric acid, which are found abun-
dantly in various vegetables, when taken into the tissues, are
oxidised into carbonates which are strongly alkaline sults,
The proteins which are decomposed in the body contain sulphur
and phosphorus, and these are oxidised into sulphuric and
phosphoric acids. In herbivorous animals the prejudicial
effect of such acids is counteracted by the formation of these
alkaline carbonates which neutralise the acids. In earnivorous
animals these salts are not so necessary, since ammonium
is formed from the nitrogen of the proteins in sufficient
quantity to neutralise the acids produced. Man occupies a
position midway between the herbivora and the ecarnivora.
The amount of energy yielded by the breaking down of
these salts into carbonates is so small that it is of no
lmportance.

B. Food-stuffs yielding Energy.—These are complex com-
binations of carbon, hydrogen, and oxygen, with or without
nitrogen, sulphur, phosphorus, and iron. They are of the
same nature as the materials which are found on analysis
of dead protoplasm. They are commonly spoken of as the
Proximate Prineciples of the food, and they may be classified
as follows :—

1. Nitrogen-containing—DProteins and Sclero-proteins.

9. Nou-nitrogenous—Fats and Carbohydrates.

In studying the value of these food-stuffs it is necessary to
consider their Energy Value—that is, the amount of emnergy
which can be yielded by the decomposition of a definite
quantity of each in the body.

The fats and carbohydrates leave the body as carbon dioxide
and water, the proteins leave it partly as carbon dioxide and
water, partly as urea CO(NH,),.

Such a body as glucose, C;H,,0, by being oxidised to CO,
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and H,0, gives off a certain amount of kinetic energy, and
the amount of energy liberated is the same whether the
oxidation is direct or takes place through any of many possible
lines of chemical change.

In whatever ways a chemical substance breaks down into
cerfain final produets, the energy set free is always the same,
and this principle is taken advantage of in determining the
energy value of the food-stuffs. If fats and carbohydrates
are changed to earbon dioxide and water in the body, and if
the energy given off as they undergo this change can be
measured outside the body, their energy value as foods can
be ascertained.

Determination of Energy Value.—This is done by burning
a definite quantity of the material and finding how many
degrees a definite quantity of water is heated. This gives
the energy in heaf wnifs, and, by Joule’s law, it can be con-
verted into the equivalent for any other kind of energy, such
as mechanical work.

It is known that the energy required to heat one kilo-
gramme of water through one degree Centigrade is sufficient
to raise 423 kilograms of matter to the height of one
metre against the force of gravity, and thus, if the energy
value of any material as a producer of heat is known in
heat units—kilogram degrees or Calories—by multiplying by
423 we get the value in work units — kilogram metres
(kgms.).

The apparatus used for ascertaining the heat produced by
the combustion of material is called a ealorimeter. Many
different forms are in use, but the object in the water calori-
meter is to secure that ell the heat is used in raising the
temperature of a known volume of water.

The value of the three great proximate principles of the
food must be considered in detail.

1. Proteins.—The chemistry of these bodies has heen
already considered (pp. 10-12). They are the “chief sub-
stances " of living matter, forming about 80 or 90 per cent.
of its dry residue. The molecule is one of great complexity,
and contains C, H, O, N, S, and sometimes P and Fe.

1t s from the proteins of the food alone that the witrogen
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and sulphwr requived tn the construction and repair of the
living tissues are obtained. The carbon and hydrogen required
are also contained in these substances; and, as will be pre-
sently shown, they have a considerable energy value. Hence
Proteins form THE essential organic constituents of the food.
Theoretically it should be perfectly possible for an animal
to live on proteins alone, with a suitable addition of water
and salts.

In estimating the actual energy value of proteins in the body
a diffieulty arises in the fact that, instead of being decomposed
to CO,, H,0, NH,,80,, as they are during combustion in the
calorimeter, in the body the nitrogenous part is not broken
down further than to urea—CO(NH,),, 3 grms. of protein
yielding 1 grm. of urea. If the energy value of the com-
plete combustion of a definite amount of proteins is first
ascertained, and then the energy value of the amount of
urea derived from the same amount of protein is determined,
by subtracting the latter from the former, the energy value
of proteins in their decomposition in the body is found
(see p. 351).
~ The combustion of 1 grm. of protein to urea yields 41
Calories of Energy.

2. Selero-proteins.—In studying the chemistry of the formed
material of the various protecting, supporting, and conneecting
tissues, these substances have been considered (see p. 12).

Keratin, elastin, and mucin seem to be of no importance as
articles of food. If taken in the food they pass through the
alimentary canal practically unchanged.

While raw collagen seems also to be of little use, gelatin,
formed by boiling collagen, has a certain value. Although it
cannot take the place of proteins, because it cannot be used
for building up the living tissues of the body, it is neverthe-
less decomposed into urea, and in decomposing it yields the
same amount of energy as the proteins. It has, therefore, a
definite though restricted value as a food stuff.

3. Fats.—The chemistry of the fats has already been con-
sidered (p. 29). From the fact that they contain so little
oxygen in proportion to their carbon and hydrogen, a large
amount of energy is liberated in their combustion, and there-
fore they have a high energy value as food-stuffs.
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One gramme of fat yields twice as much energy as the same
amount of protein or carbohydrate. The combustion of 1
gramme of fat yields 93 Calories of Energy.

4, Carbohydrates (for fests for different cavbohydrates, see
“ Chemical Phystology ™).—The earbohydrates — starches and
sugars—form a group of bodies which do not oceur largely
in animals, but are abundant constituents of plants.

They contain earbon, hydrogen, and oxygen, the earbon atoms
of the molecule usually numbering six or some multiple of six,
and the hydrogen and oxygen being in the same proportions
in which they occur in water. They are aldoses or ketoses
and derivations from these, of the hexatomic aleohol, C,;H,,0,
(p. 452). A group of carbohydrates having five carbon atoms,
and hence called Pentoses, have been found in the animal body,
but they are of minor importance,

The simplest carbohydrates are the monosaccharids, of
which dextrose, the aldose of mannite, is the most important,
Dextrose is the sugar of the animal body. It has been called
glucose, grape sugar, and blood sugar.

Closely allied to dextrose in chemical composition is the
ketose lwvulvse, a sugar which, instead of rotating the plane
of polarised light to the right, rotates it to the left, but
which in other respects behaves like dextrose. It occurs in
certain plants, and in the feetus and feetal fluids of certain
animals,

The other monosaccharid of importance is galactose, a sugar
produced by the splitting of milk sugar.

These monosaccharids, when boiled with a solution of euprie
acetate in acetic acid (Barfoed’s solution), are oxidised, taking
oxygen from the cupric salt and reducing it to the cuprous
state. When boiled with caustic potash, they, along with
certain of the double sugars, are oxidised, and if a metallic
salt be present which can readily give up ils oxygen, it becomes
reduced, the sugar appropriating the oxygen. On this depends
Fehling’s and many other tests for glucose.

Under the influence of yeast they split into ethyl aleohol and
carbon dioxide.

They also form erystalline compounds, osazones, with phenyl-
hydrazin. These have proved most useful in distinguishing
different sugars,

- .-...l-..ﬂn_'



FOOD AND DIGESTION 331

By the polymerisation of two monosaccharid molecules with
the loss of water, disaceharids, or double sugars, are formed.
Thus, two glucose molecules polymerise to form one maltose
molecule.

CoH 1504+ CeH,,0=2 (CH ,0,) — H,0
= CIEH-_HUH

Multose 18 the sugar formed by the action of malt and other
vegetable and animal zymins upon starch. By the action
of dilute acids and other agents it can be split into two
dextrose molecules. Like the monosaccharids, it ferments
with yeast,

Lactose, the sugar of milk, is a disaccharid composed of a
molecule of dextrose united to a molecule of galactose with
dehydration. It readily splits into these two monosaccharids,
but does not ferment with yeast.

Dextrose, polymerising with lievulose, yields cane sugar,
and this sugar, so largely used as an article of food, can
be split into dextrose and lwevulose. It does not reduce
Fehling’s solution, and does not ferment with yeast. Under the
action of mineral acids it breaks down into its component
sugars.

By further polymerisation of monosaccharids with the loss
of water, molecules of greater size are produced and form the
set of substances known as the polysaccharids. Among the
simplest of these are the dextrins,

Closely allied to dextrins are the tiulins. DBut while dextrin
is formed of dextrose molecules, inulin contains levulose
molecules. DBoth are formed from the splitting of the more
complex sfarches. The molecule of soluble starch is built up
of no less than thirty dehydrated monosaccharid molecules,
and has a molecular weight of 9000. Ovdinary starch seems
to have a molecular weight of 20,000 or 30,000, and hence
must be of still greater complexity.

These polysaccharids are distinguished from the sugars by
being precipitated from their solutions by the addition of
alecohol. They are not oxidised when boiled with caustic
potash, nor do they change to alcohol and carbon dioxide
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under the influence of yeast. In cold neutral or acid solutions
most of them strike a blue or brown colour with iodine. By
boiling with a mineral acid and by the influence of various
ferments they brealk down, take up water, and become mono-
saccharids—the starches yielding the dextroses, and inulins
yielding levulose.

Glycogen is animal starch. It gives an opalescent solution
and strikes a brown colour with iodine.

Cellulose, which forms the capsule of vegetable cells, also
belongs to the group of polysaccharids. It is charaecterised by
its insolubility and by the fact that it is not acted upon by the
starch digesting enzymes of the alimentary canal.

The energy value of the carbohydrates is about the same
as that of the proteins.

Energy Value of the Proximate Prineiples of the Food.—
1 gramme of—

Protein yields . . : : 4-1 Calories.
Carbohydrate yields . : 4-1 pA
Fat yields . : : : : 9-3 =

The Sources of the Various Proximate Principles of
the Food

The proximate principles are in part derived from the
antnal, in part from the wegetable kingdoms. While some
races procure their food entirely, or almost entirely, from the
former, others depend almost entirely on the latter. The
vast majority of mankind, however, use a mixture of animal
and vegetable foods.

Animal foods may be classified as—

1. Milk and its products, Cream, Butter, and Cheese.
2. Flesh.
3. Hags.

1. Milk (Chemieal Physiology).—The white colour of milk
is due to its being a fine emulsion of fat globules floating in
a clear plasma. Hence, when the cream is removed, milk
becomes less white and less opaque. Its specific gravity is

d
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about 1030, and in man and herbivorous animals its reaction
is alkaline.

The chief profein of milk is easeinogen, a nucleo-protein with
a very small amount of phosphorus, which exists as a soluble
calcic compound. It is held in solution in milk, but under
the influence of various agents it clots or curds. Its caleic
compound is split by the action of acids, and casein is pre-
cipitated. Under the influence of remnet caseinogen splits
into whey albumin which remains in solution, and calcie para-
casein which is insoluble and separates as a curd containing
the fat. In cow’s milk a small amount of an albumin is also
present.

The fafs of milk oceur as small globules of varying size
flouting in the fluid, each surrounded by a protein envelope
which must be removed by means of an alkali or an acid
before the fat can be extracted with ether. The fats are
chiefly olein with smaller quantities of palmatin and stearin,
and still smaller amounts of such lower fats as butyrin,
capronin, and caprylin,

The ecarbohydrate of milk is lactose, a disaccharid, which
splits into dextrose and galactose. Under the action of various
micro-organisms it is split to form laectie acid, thus causing the
souring of milk.

Plosphorus Compounds—In addition to caseinogen, milk
contains other organic phosphorous compounds, Among these
is lecithin and a compound which has been called phosphovarnic
acid, the constitution of which is not fully understood. In
human milk the greater part of the phosphorus is in organic
combinations, while in cow's milk the amount in inorganie
compounds is much greater.

Milk is specially rich in ealeium and potassium, but the
amount of iron in mwilk is very small, and therefore, when the
child has used up the store of iron which it has in its body
at birth, it is necessary to replace the milk-diet by [oods
containing more iromn.

The awerage composition of the milk of the cow, mare, and
biteh is shown in the table on page 334.

Butter and Cream are simply the fats of the milk more or
less completely separated from the other constituents.

Cheese is produced by causing the coagulation of the casein,
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which carries with it a large amount of the fats. If cheese
is made before the removal of the eream it is rich in fats, if
after the removal of the cream it is poor in fats. Cheese
contains between 25 and 30 per cent. of protein, and between
10 and 30 per cent. of fat. It is as a source of protein that
it is of chief value.

Percentage Composition of Milk.

—

Cow, Mara, Biteh.
Water ., : ! ; : SR8 014 i
Froteins 30 10 | 10
Fats . : a5 15 11
| Carbohydrates 45 . 57 3
Salts . ; 07 | 0+4 1
1

Cheese, when allowed to stand, affords a suitable nidus for
the growth of micro-organisms by the action of which the
proteins are digested into peptones and simpler bodies, and
the fats split up into glycerine and the lower fatty acids.
These free fatty acids give the peculiar flavour to ripe cheese.
The lactose is in part converted into lactie acid.

2. Flesh.—Under this head may be included not only the
musecles of various animals, but also such cellular organs as
the liver and kidneys.

When free of fat, they contain about 20 per cent. of proteins.
These are chiefly native profeins, but a cerfain amount of
collagen is also present which yields gelatin on boiling. The
amount of fat may vary from almost ni/ in white fish to
about 80 per cent. in fat bacon. In animals specially fed, the
amount of fat may be enormously increased and even ordinary
butchers’ meat may have more fat than protein,

Flesh is thus a source of proteins and sclero-proteins, and
to a smaller extent of fats. The extractives include such
bodies as creatin, xanthin, inosit, ete. (see p. 40), which may
help to give the peculiar flavour to the flesh of various
animals,

Flesh may be preserved in various ways—eg. by simply
drying, by salting, or by smoking. The result of each of these

i atr .l _h..ﬁ“
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procedures is to diminish the amount of water, and thus to
increase the solids,

3. Eggs.—The egz of the domestic fowl need alone be
considered, The composition of the white and of the yolk
naturally differs considerably. The white of egg is nothing
more than a solution of proteins.

In the yolk there is a very large amount of lecithin (p. 397)
along with ordinary fats, and a large amount of a phospho-
protein; and the great value of eggs is thus that they
contain both proteins, ordinary fats, and the special phosphorus
containing protein and fat. The mixed contents of the egg
contains a little more than 10 per cent. each of proteins and
of fats.

Speaking generally, we may say that the animal food-stuffs
are rich in proteins and fats, but are poor in carbohydrates,

Vegetable Food-stuffs.—The peculiarity of special importance
in vegetables is the existence of a capsule to the cells, com-
posed of eellulose—a substance allied in its composition to
starch—or of lignin or allied substances. Cellulose is to
a large extent dissolved and decomposed in the alimentary
canal of herbivora, while it is practically unacted upon in
man and in the carmivora. Lignin or woody matter resists
digestive changes even in the herbivora, and its only value is to
increase the mass of the fweces, and thus to stimulate intestinal
action and to act as a natural purgative.

The chief vegetable foods eof the herbivora are grass, hay,
oats, maize, and the leguminous plants, such as peas and
beans.

These vary considerably in composition according Lo their
character, the ground in which they have been grown, and
the season of the year at which they are used. Further, the
methods of analysis do not give absolutely definite results.
The proteins are generally estimated by determining the
nitrogen and multiplying by 6:25. DBut other nitrogen-
containing substances besides proteins oceur in plants, amido-
acids such as asparagin, which, while they are burned in
the body and may yield energy like the fats and carbo-
hydrates, do not seem capable of being used like the proteins
in building up the living tissues. The amount of these sub-
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stances is generally greater in the young than in the older
parts of plants. Thus in quite young grass about 70 per cent.
of the nitrogen is in proteins, and about 30 per cent. not in
proteins ; while in old grass about 80 per cent. of the nitrogen
exists in profeins, Again, in extracting fats with ether,
chlorophyll, the green colouring substance of plants and other
matters are removed along with the fat. Hence it must be
remembered that the proteins and fats in the following table
are somewhat oo high:—

Average Percentage Composition.

|
Water. | Protein. | Fat. | Fibre. | yoamgs, | Ash.

! Girass . 80 4 | 1 4 10 1 | 20 to 30 per cent.
of nitrogen not
in proteins.

Hay . - 156 10 2| 26 40 7 | About 10 per cent.
of nitroren not
in proteins,

Peas . x 14 22 2 (i 63 3 | About10per cent.
of nitrogen not |

| . m proteins, I

| Oats 14 12 6 o 57 2 | Less than 10 per |

{erushed) I cent. of nitrogen |

, - not in proteins. |

Potatoes . 76 g 0 1 20 1 | Over 40 per cent.

of nitmgen not |
in proteins,

The soluble earbohydrates are determined by taking the
difference between the total solids and the proteins, fats, and
insoluble fibre combined. But while a rough measure of their
amount is thus procured, the presence of warious gummy sub-
stances may somewhat vitiate the results,

For these reasons no attempt is made in the table above
to give more than rough approximate results of analysis such
as will be found useful in regulating the diet of domestic
animals.

Cooking of food for animals has two purposes—TFirst, to

soften and burst the cell capsule of vegetable foods so as to
render the contents more readily available; and second, to
destroy bacteria.
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II. DIGESTION

I. Structure of Alimentary Canal

The anatomy and histelogy of the alimentary tract must be
studied practically. We shall here merely give such an out-
line of the various structures as will assist in the comprehen-
sion of their physiology.

The Alimentary Canal (tig. 149) may be divided into the

Fig. 148, —Mesial Section through the Head of a Horse, to show the long soft
palate, 7, lying against the front of the epiglottis, € ; ¢, the tongue ; /, the
arytenoids. (ELLENBERGER.)

mouth, the wsophagus or gullet, the stomach, the small and
large intestines, and three sets of supplementary structures—
the salivary glands, the liver, and the pancreas.

The Mouth, provided with its teeth, and surrounded by its
mobile musecular wall, with the museular tongue lying in its
floor, is the part of the canal in which the food is broken up
and prepared for digestion. In the horse the lips are long
and prehensile, and are essential for the taking of food.

Into the mouth three pairs of compound glands—the Salivary
22
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Glands—open. The parotid, lined entirely by enzyme-secret-
ing epithelium, opens on the side of the cheek, while the
submaxillary gland, composed partly of acini with enzyme-
secreting, and partly of acini
with muein-secreting epithelium,
y [P and the sublingual, composed
entirely of mucin-secreting acini,
SE€ open under the tongue (S.C)).
The tongue in the horse is
Oe smooth, but in the ox, and
still more markedly in the cat,
2 it is covered with a fine fur of
processes, the jiliform papille,
LY / which are of use in passing the
k food backwards along its sur-
face in the act of swallowing.
(For Organs of Taste, see p.
113.) :
Posteriorly, the mouth opens
into the pharynx (P/.) or upper
Wira part of the gullet. In the horse
the soft palate is very long, reach-
ing to the base of the epiglottis,
and, unless during swallowing,
shutting off the mouth from the
SN o Satia pharynx (figz. 148). On each
11?1':3 .ﬁ.lilmeni::f;ag:u:ﬂ, t':'f}ln‘:ljusi side, between y the mouth and
to Anus. T, tonsils; Ph., pharynx; the pharynx, is the tomsil (T.),
S.@., salivary glands; O, wso- an almond. like mass of lymph-
phagus ; C., cardiac; Py, pylorie o4 issne, The pharynx is a
portion of stomach ; D)., duodenum ; 5 : =
i Mivees B asnrnis 7 bine . Sonily which can be shut off
num; £, ilenm ; F., vermiform above from the Pﬂﬁtﬂl‘i'ﬂ'l’ nares
appendix ; Cul., colon ; K, rectum. by raising the soft palate, and
by pulling forward the posterior pharyngeal wall. It is sur-
rounded by three constrictor muscles, which, by contracting
from above downwards, foree the food down the gullet towards
the stomach.
The @Esophagus (0c) is a muscular walled tube lined by a
stratified squamous epithelium. The museles, below the lowest
constrictor of the pharynx, are of the visceral type, and are

A
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arranged in two layers, an outer longitudinal layer, and an
inner circular layer.

The Stomaeh in carnivora and in the pig is a dilatation of
the alimentary canal into which the gullet opens. To the
left it expands into a sac-like cardiac end (C.), and to the
right it narrows, forming the pyloric end (Py.). Like the
gullet, it is surrounded by visceral muscular fibres, arranged
essentially in two sets. At the cardiac orifice, the ecircular
fibres form a not very marked cardiac sphincter, and at the

Sace. caec.

Fra. 150. —Stomach of the Horse to show—R&, @s,, the wsophageal part ; Fu,, the
fundus with true gastric glands ; R. pyl., pyloric part.

pyloric end they form a very thick and strong pyloric
sphincter.

The mucous membrane, which is covered by a columnar epi-
thelium, is largely composed of tubular glands, those at the cardiac
end containing two kinds of cells, the peptic and the oxyntic
cells, those at the pylorie end containing peptic cells alone.

In the horse the stomach is also a single sac (fig, 150), but
the cardiac end is lined by a continuation of the stratified
squamous epithelium of the gullet. The opening of this into
the stomach is very narrow. The true cardiac mucous mem-
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brane is confined to the great eurvature. The whole stomach is
small when compared with the large intestine, being capable,
when distended, of holding about 17 litres.

In ruminants the stomach is divided into four parts (fig. 151).

1. The large Rumen or Paunch into which the food is first
passed before rumination. It is lined by a stratified squamons
epithelium.

2. The Reticulum, which communicates directly with the
last, and may almost be considered a part of it, is likewise lined
by stratified squamous epithelinm. The surface is raised into

Fie. 151.—Stomach of a Ruminant. «, wsophagus; & ramen ; ¢, reticulum

with esophagral groove above ; d, abomasum ; ¢, omasum ; f, duedenum,
intersecting ridges, which give it the appearance of a honey-
comb,

From the opening of the wsophagus, there pass along the top
of the reticulum, two longitudinal muscular folds or pillars.

3. The Psalterium or Omasum has its surface raised into
longitudinally disposed leaves, covered by rough stratified
squamous epithelium. It opens below into—

4. The True Stomach or Omasum resembles the stomach of
the pig in all essential particulars,

The stomach of the ox is about fifteen times as capacious as
that of the horse.

The Small Intestine has a double muscular coat like the
stomach. The mucous membrane, which is covered by a
columnar epithelium, is thickly set with simple test-tube-like
clands— Lieberkiihn's follicles—and is projected into the lumen
of the tube, as a series of delicate finger-like processes, the
villi. The tissue of the villi and that between the Lieberkiihn's
follicles is chiefly lymphoid, and in certain places this lymphoid
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tissue is massed in nodules which are either placed singly or
grouped together in the lower part of the small intestine to
form Peyer's patches. In the first part of the small intestine—
the upper part of the duodenum (2D.)—the submucous layer
is full of small branching glands lined by an enzyme-secreting
epithelinm ( Brunner's glands).

The Large Intestine. The small intestine enters it at one
side, and the opening is guarded by a fold of mueous membrane
which forms the ileo-ceecal valve. Above the opening of the
small intestine a cecal pouch exists, and at the top of this is the
vermiform appendix (F7.), a narrow tube with an abundance of
lymph tissue in its wall. This is specially well developed
in the rabbit. Below the opening of the small intestine is
the colon (Col.). This ends in the rectum (£.), which opens at
the anus. The last part of the rectum is surrounded by a
strong band of muscle—the internal sphincter ani—by which
it is compressed. The whole large intestine is covered by
columnar epithelium, and is studded with Lieberkiihn’s follicles,
in which the epithelium is chiefly mucus-secreting in type.
There are no villi

The c@cum and colon in the horse (fig. 152) are enormously
developed, holding about 120 litres, or seven times as much as
the stomach. The colon i1s divided into the double colon, which
is of immense size and complexity, and the single colon, which
is smaller and simpler, and which ends in the rectum.

The large intestine of ruminants is much smalier per unit of
weight of the animal than that of the horse. In the ox, its
capacity is less than 40 litres.

In all animals it is the small intestine which presents the
areatest extent of surface for absorption.

Into the duodenum, the bile duet and the duct of the
pancreas open. The bile duct is formed by the union of the
ducts from the lobes of the liver. Upon its course is a diver-
tienlum, the gall bladder. The Liver (Zi) is a large solid-
looking organ, formed originally as a double outgrowth from
the alimentary canal. These outgrowths branch, and again
Lranch, and between them the blood coming from the mother
to the feetus flows in a number of capillary channels. Later,
when the alimentary canal has developed, the blood from it
is streamed between the liver tubules. In man and other
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mammals, the fibrous tissue supporting the liver cuts it up
into a number of small divisions, the lobules, each lobule

e seen the lymphatic vessels entering the Receptaculum

In the mesentry ar

Fis. 152.— Viscera of the Horse, to show the Small Intestine, R, ending in the large Colon, d, and Crecum, 0. The
Stomach is seen above the Colon.

being composed of a series of tubules arranged radially with
blood vessels coursing between them.

(CHAUVEAU.)

Chyli and Thoracic Duet.
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The portal vein which takes blood from the stomach, in-
testine, pancreas, and spleen breaks up in the liver (fig. 107,
p. 225), and carries the blood between the lobules, From the
interlobular branches, capillaries run inwards and enter a
central vein which carries the blood from each lobule, and
pours it into the hepatic veins which join the inferior vena
cava. The supporting tissue of the liver is supplied by the
hepatic artery ; and the terminal branches have a very free
communication with those of the portal vein.

The Panereas is essentially the same in structure as the
parotid gland. But in the
lobules are certain little
masses of epithelium - like
cells closely packed together,
the Islets of Langerhans (fiz.
153).

The Nerve Supply of the ali-
mentary canal. The musecles
round the mouth are supplied
by the fifth, seventh, and
twelfth cranial nerves. The
nerve supply of the salivary
glands will be considered
later., The pharyngeal
muscles are supplied by the
pninth and tenth cranial - i
verves, and the cesophagus F1e, lﬁﬁ.—ﬂ.l-!ﬂlil}ll of Panereas to sh-:w
18 BUPPIiEd bf the tenth. Acini of Secreting Cells ; a large duect ;

The stomach and intestine and in the centre an Island of Langer-
oel their nerve fibres from hana.
two sources (fie. 76, p. 153)—above the descending colon from
the vagus and the abdominal sympathetic, and below this from
the nervi erigentes and abdominal sympathetic—the varicus
fibres passing through the abdominal sympathetic ganglia.
In the wall of the stomach and intestine, these nerves end
by forming an interlacing set of fibres, with nerve cells upon
them, from which fibres pass to the muscles and glands. One
of these plexuses (Auerbach’s) is placed between the muscular
coate—the other (Meissuer’s) is placed in the submucosa.
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II. Physiology
I. DIGESTION IN THE MOUTH

A. Prehension of Food.—In the horse, solid food is taken up
by the lips and bitten by the incisor teeth. If the nerves
supplying the lips are cut, it becomes impossible for the horse
to graze. Water is sucked into the mouth by a pumping action
of the tongue, which acts like a piston, and if air is allowed fo
get in above the lips, water cannot be sucked up.

In ruminants the tongue plays the important part in collect-
ing the hay or grass to be bitten off with the ineisors.

B. Mastieation.—In the mouth, by the act of chewing, the
food is broken up and mixed with saliva.

Mastication in the horse and in ruminants is chiefly a side-
to-side movement, by which the food is ground between the
molar teeth. It goes on for some time in one direction, and
then takes place for some time in the opposite direction. The
parotid gland on the side to which the animal is chewing
secretes, while the other is less active. In the horse, the pro-
cess of mastication is very completely performed before the food
is swallowed, the animal taking about five to ten minutes to eat
a pound of corn, and fifteen to twenty minutes to eat the same
amount of hay. The teeth in herbivora grow from a permanent
pulp, and hence the changes due to this constant growth give a
character to the incisors by which the age may be determined.
In ruminants the food is chewed later during rumination.

C. Saliva.—The saliva is formed by the salivary glands (viz.,
the parotid, submaxillary, sublingual, and various small glands
in the mucous membrane of the mouth).

The quantity of saliva secreted by the horse has been
measured by making an w@sophageal fistula and collecting the
boluses of food which are swallowed, and so finding the amount
of fluid which has been secreted in the mouth.

In one horse about thirty-six litres of saliva were produced
in twenty-four hours.

Characters.—It is a somewhat turbid fluid which, when
allowed to stand, throws down a white deposit consisting of
shed epithelial scales from the mouth, leucocytes, amorphous
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caleic and magnesic phosphates, and generally numerous
bacteria. Its specific gravity is low—generally about 1003.
In reaction it is neutral or faintly alkaline.

Chemically it is found to contain a very small proportion
of solids, and the proportion of these varies with the stimulus
which causes the secretion. In addition to muein, traces of
proteins are present, and with these proteins in certain
animals, but not in the dog, is associated the active constituent
or enzyme of the sahiva—ptyalin.

Saliva generally contains traces of potassium sulpho-cyanide.

The funetions of the saliva are twofold :(—

1. Mechanical, to moisten the mouth and gullet, and thus to
assist in speaking, chewing, and swallowing. Since the salivary
clands are absent from aquatic mammals, and since in earnivorous
animals saliva has no chemiecal action, it would appear that this
is the important function.

2. Chemical—Under the action of the ptyalin of the saliva
when this is present, polysaccharids, like the starches, are
broken down into sugars. Like other enzyme actions the pro-
cess requires the presence of water and a suitable temperature,
and it is stopped by the presence of strong acids or alkalies,
by various chemical substances, and by a temperature of over
60° C., while it is temporarily inhibited by reducing the
temperature to near the freezing point. The starch is first
changed into the dextrins, giving a brown colour with iodine
and hence called erythrodextrins, then into dextrins which give
no colour with iodine, achroodextrins, and lastly into the di-
saccharid maltose (see p. 330). (Chemical Physiclogy).

Physiology of Salivary Seeretion.—In orvder to study the
physiology of salivary secretion, a canula may be inserted into
the duet of any of the salivary glands and the rate of How of
saliva or the pressure of secretion may be thus measured. In
this way it may be shown that the taking of food, or simply the
act of chewing, and in some cases the mere sight of food, causes
a flow of saliva. This shows that the process of secretion is
presided over by the central nervous system.

The submaxillary and sublingual glands are supplied—(1) By
branches from the lingual division of the fifth eranial nerve ;
and (2) by branches of the perivascular sympathetic fibres
coming from the superior cervical ganglion. The parotid gland
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is supplied by the auriculo-temporal division of the fifth and
also by sympathetic fibres (fig. 154).

The influence of these nerves has been chiefly studied on the
submaxillary and sublingual glands.

It has been found that, when the lingual nerve is cut, the
reflex secretion of saliva still takes place, but that, when the
chorda tympani (C%.7T.), a branch from the seventh nerve
which joins the lingual, is eut, the reflex secretion does not

Vil

Sk

Fig. 154.—Nervous Supply of the Salivary Glands, Par., parotid, and S.W.
and S L., the submaxillary and sablingual glands; FIZ, the seventh
cranial nerve, with Ch. 7., the chorda tympani nerve, passing to L., the
lingual branch of ¥, the fifth nerve, to supply the glands below the
tongue, 7', ; IX,, the glossopharyngeal giving off J. N., Jacobson’s nerve,
to the (., otic ganglion, to supply the parotid gland through Awr 7',
the auriculo-temporal nerve.

oceur. Stimulation of the chorda tympani causes a copious
flow of watery saliva, and a dilatation of the blood vessels of
the glands. If atropine has been first administered the
dilatation of the vessels occurs without the flow of saliva.
This indicates that the two processes are independent of one
another. The secreting fibres all undergo interruption before
the glands are reached ; the fibres to the sublingual gland
having their cell station in the submaxillary ganglion (S.M.G.),
the fibres to the submaxillary gland having theirs in a little
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ganglion at the hilus of the gland (SA). This was demon-
strated by painting the two ganglia with nicotine (p. 154).
When applied to the submaxillary ganglion the drug does not
interfere with the passage of impulses to the submaxillary gland,
but stops those going to the sublingual.

If the duet of the gland be connected with a mercurial
manometer, it is found that when the chorda tympani is
stimulated the pressure of secretion may exceed the blood
pressure in the ecarotid, showing that the saliva is not formed
by filtration.

When the perivascular sympathetics, or when the sympathetic
cord of the neck is stimulated, the blood vessels of the gland
constrict, and a flow of very viscous saliva takes place.

On the parotid gland the auriculo-temporal nerve (Aur.T')
acts in the same way as the chorda tympani acts on the other
salivary glands. But stimulation of the fifth nerve above
the otie ganglion, from which the auriculo-temporal takes
origin, fails to produce any effect. On the other hand, stimula-
tion of the glossopharyngeal nerve (/.X.) as it comes off from
the brain, acts upon the parotid gland. Since the glosso-
pharyngeal is united by Jacobson’s nerve (J.V.) to the small
superficial petrosal which passes to the otic ganglion, it is
obvious that the parotid fibres take this somewhat round-
about course.

When the sympathetic fibres to the gland alone are stim-
ulated, constriction of the blood vessels but no flow of saliva
oceurs ; but if, when the flow of watery saliva is being produced
by stimulating the glossopharyngeal or Jacobson’s nerve, 1?113
sympathetic fibres are stimulated, the amount of organic solids
in the parotid saliva is very markedly increased.

The nerve fibres passing to the salivary glands are presided
over by a centre in the medulla oblongata which acts retlexly.
So long as this is intact, stimulation of the lingual or glosso-
pharyngeal leads to a reflex flow of saliva. Other nerves
may also act on this centre. Thus, gastric irritation, when it
produces vomiting, causes a reflex stimulation of salivary
secretion. ‘

According to the investigations of Pavlov the 'salwary glam:!s
react appropriately to different kinds of stimuli through their
nervous mechanism. When sand or bitter or saline substances
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are put in a dog’s mouth a profuse secretion of very watery
saliva ensues to wash them out. When flesh is given a saliva
rich in muein is produced. When dry food is given saliva
is produced in greater quantity than when moist food is
supplied. Pavlov further states that the sight of different
kinds of food produces a flow of the kind of saliva which their
presence in the mouth would produce.

II. SWALLOWING

The food after being masticated is collected on the surface
of the tongue by the voluntary action of the buceinators and
other muscles, and then, the point of the tongue being pressed
against the hard palate behind the teeth, by a contraction
of the tongue passing from before backwards, the bolus of
food is driven backwards. When the posterior part of the
tongue is reached the act becomes purely reflex, and the food
is forced through the pillars of the fauces into the pharynx.
It is prevented from passing up into the posterior nares by
the contraction of the palato-pharyngeus muscle, and of the
levatores palati.

The larynx is pulled upwards as a whole by the stylo-hyoid
and stylo-thyroid and the thyro-hyoid muscles, and the entrance
of food is prevented by the closure of upper part of aperture.
The arytenoid cartilages are pulled forward by the thyro-
arytenoid musecles, and approximated by the arytenoidei, while
a cushion on the posterior surface of the epiglottis becomes
applied to their tips, forming a tri-radiate fissure or chink
through which food cannot pass. The lateral crico-arytenoids
also approximate the voeal cords, and close the glottis.

The constrictors of the pharynx contract from above down-
wards, and force the food into the grasp of the wsophagus, and
this by a slow peristaltic contraction sends the food onwards to
the stomach. This peristalsis is abolished by section of the
vagi, and it is generally not essential to swallowing. In
swallowing liquids it is not brought into play, but the fluid
is forced by the tongue down the relaxed cesophagus into
the stomach.

The passage of the food into the stomach may be heard as a
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gurgling sound by applying a stethoscope to the right side of
the spinal column, and any delay caused by a stricture may thus
be determined.

In swallowing fluids two sounds are heard, one immediately,
and one after about six seconds.

III. DIGESTION IN THE STOMACH

Within recent years the most important work on gastric
digestion in the dog has been accomplished by Pavlov on dogs.
His method is to make a small gastric pouch opening on the

F1c. 155.—Diagram of Pavlov’s Pouch made on the Stomach of a Dog,

surface and separated from the rest of the stomach (fig. 155).
This is done by cutting out a V-shaped piece along the’ great
curvature, the apex being towards the pylorus and the base
being left connected with the stomach wall. By a series of
stitches the opening thus made in the stomach is closed up
(top line of AAs in fig. 155), while the cut edges of the V-shaped
flap are stitched together to form a tube. The one end of this
is made to open upon the skin surface 4, 4, and by folding in
the mucous membrane the deep end is isolated from the
stomach. Thus a pouch is formed still connected with the
nerves and vessels of the stomach, the condition of which
represents the condition of the whole stomach.
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The condition of the stomach varies greatly in fasting and
after feeding.
Grastric digestion in the dog and pig will first be considered.

A. Gastric Digestion in the Dog and Pig
Stomaech during Fasting

The organ is collapsed, and the mucous membrane is thrown
into large ridges. 1 is pale in colour because the blood vessels
are not dilated. Movements are not marked and the secretion
is scanty, only a little mueus being formed on the surface of
the lining membrane.

Stomach after Feeding

When food is taken the blood vessels dilate, a secretion 1s
poured out, and movements of the organ become more markeid.

1. Vascular Changes.—The arterioles dilate, and the mucous
membrane becomes bright red in colour. This is a reflex vaso-
dilator effect, impulses passing up the vagus to a vaso-dilator
centre in the medulla, and coming down the vagus from that
centre. Section of the vagi prevents its onset.

2. Seeretion.—There is a free flow of gastric juice from all
the glands in the mucous membrane.

(@) Characters of Gastric Secvetion.—The gastric juice is a
clear watery fluid, which is markedly acid from the presence of
free hydrochlorie acid. In the dog the free acid may amount
to 0'2 per cent., but in man it is less abundant, and when the
gastric juice is mixed with food the acid rapidly combines
with alkalies and with proteins, and is no longer free. In
addition to the HCI, small quantities of organic salts are
present. Traces of proteins may also be demonstrated, and
with these two enzymes are associated—one a proteolytic or
protein-digesting enzyme, pepsin, the other a milk-curdling
ENzZyme, rennii.

(b) Course of Gustirie Digestion—(1) Amylolytie Period.—The
action of the gastrie juice does not at once become manifest.
For a short time after the food is swallowed, in the pig the
ptyalin of the saliva goes on acting, and the various micro-
organisms swallowed with the food grow and multiply, and thus
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there is a continuance of the conversion of starch to sugar
which was started in the mouth, and at the same time the
micro-organisms go on splitting the sugar to form lactic acid,
which may thus be regarded as a normal constituent of the
- stomach during the first half-hour after a mixed meal. In
the dog ptyalin is absent.

(2) Proteolytic Period.—DBefore the amylolytic period is com-
pleted, the gastric juice has begun its special action on proteins.
This may be readily studied by placing some coagulated protein
in gastric juice, or in an extract of the mucous membrane of
the stomach made with dilute hydroehloric acid, and keeping
it at the temperature of the body. The protein swells, becomes
transparent, and dissolves. The solution is coagulated on
boiling—a soluble native protein has been formed. Very soon
1t is found that, if the soluble native protein is filtered off, the
filtrate gives a precipitate on neutralising, showing that an ecid
proteate (meta-protein) has been produced. If the aection is
allowed to continue and the acid proteate precipitated and
filtered off, it will be found that the filtrate gives a precipitate
on saturating with common salt, showing that a profo-proteose
has been formed. Along with this a certain amount of lefero-
proteose is also formed. It is characterised by being precipitated
on neutralisation and by being insoluble in distilled water. On
filtering off these, the filtrate yields a precipitate on saturating
with ammonium sulphate, indicating the formation of a deutero-
proteose, and, if the filtrate from this be tested, the presence of
a protein may be demonstrated. Pepfone has been produced.
(Cliemical Phystology.)

These changes may be represented in the following table :—

Coagulated Protein.

|
Soluble Native Protein.

Acid Proteate (Meta-protein).

Proto-proteose, Hetero-proteose.
Deutero-proteose. Deutero-proteose.

Peptone. Peptone.
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The process is one of breaking down a complex molecule
into simpler molecules, probably with hydration.

The object of this was formerly supposed to be to allow of
the diffusion of the protein in the form of peptone through the
wall of the intestine. It is now known that absorption is not
due to diffusion, and it is wmore probable that the change to
the simplest protein molecule is a step to the more complete
disintegration of the molecule which seems necessary before
it can be built into the special pretoplasm of the body of the
particular animal.

On certain proteins and their derivatives the gastric juice
has a special action. On collugen the HCl acts slightly in
converting it to gelatin, The gastric juice aets on gelatin,
converting it to a gelatin peptone.

On wueleo-proteins it acts by digesting the protein part and
leaving the nuelein undissolved,

Hemoglobin is broken down into h@matin aud globin, and
the latter is changed into peptone.

The cascinogen caleivm compound of milk is first coagulated
and then changed to peptone. The coagulation is brought
about by the presence of the second enzyme of the gastric
Juice-—rennin.

This may be separated from pepsin in various ways, and,
unlike pepsin, it acts in a neutral medium.

The change set up by it seems to be due to a splitting of
the soluble calcie compound of caseinogen which exists in milk
into caleic paracasein, which is insoluble and is thrown down,
and a small quantity of whey albumin which remains in
solution. The nuelein part of the paracasein remains undigested.,

The gastric juice contains an enzyme which splits Fats into
fatty acids and glycerine if they are in a very fine state of sub-
division, as in milk, but it has no action on fats not so sub-
divided. When fats are contained in the protoplasm of cells,
they are set free by the digestion of the protein covering.

On Carbohydrates the free mineral acid of the gastric juice
has a slicht action at the body tewmperature, splitting the
polysaccharids and disaccharids into monosaccharids.

(¢) Digestion of the Stomach Wall.—When the wall of the
stomach dies either in whole, as after the death of the animal,
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or in part, as when an artery is occluded or ligatured, the dead
part is digested by the gastric juice and the wall of the stomach
may be perforated. In the living condition a substance may
be extracted from the mucous membrane which antogonises
the action of pepsin and may be called antipepsin.

(/) Antiseptic Aetion of the Gastrie Juice.—In virtue of the
presence of free HCI the gastric juice has a marked action in
inhibiting the growth of or in killing bacteria. The bacillus
of cholera is peculiarly susceptible, and a healthy condition of
the stomach is thus a great safeguard against the disease.
Other organisms, while they do not multiply in the stomach,
pass on alive to the intestine where they may again become
active. When HCI is not formed in sufficient quantities to
exist free in the stomach, the activity of these bacteria in the
organ may lead to various decompositions and to many of the
symptoms of dyspepsia.

(¢) Source of the Constituents of the Gastrie Juice.—The
hydrochioric acid is formed at the cardiac end of the stomach,
This may be shown by isolating a part of the stomach so that
it opens on the surface. Since the parietal or oxyntic cells
are confined to this portion of the stomach, it may be coneluded
that they are the producers of the acid. They manufacture
it from the NaCl of the blood plasma. Probably the CO,
liberated in the cells seizes on some of the Na and turns
out HCL

The Pepsin and Hennin are produced in the chief or peptic
cells which line the glands both of the cardiac and pyloric
parts of the stomach. During fasting granules are seen to
accumulate in these cells, and when the stomach i1s active
they are discharged. These granules are not pepsin but the
forerunner of pepsin—pepsinogen.

(f) Influence of Various Diets upon the Gastrie Juice.—This
has been chiefly worked out by Pavlov on dogs with a gastric
pouch (p. 349).

He finds that—(1) The amount of secretion depends upon
the amount of food taken. (2) The amount and course of
secretion varies with the kind of food taken. Thus, with
flesh the secretion reaches its maximum at the end of one

23
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hour, persists for an hour and then rapidly falls, while with
bread it reaches its maximum at the end of one hour, rapidly
falls, but persists for a much longer period than in the case
of flesh. (3) The digestive activity of the juices varies with
the kind of food and with the course of digestion. It is higher
and persists longer after a diet of bread, which is difficult to
digest, than after a diet of flesh, which is more easily digested.
(4) The percentage of acid does not vary markedly. When
more acid is required more gastric juice is secreted. (d) The
work done by the gastric glands is greater in the digestion of
bread than in the digestion of flesh.

(7) Nervous Mechanism of Gastric Secretion.—It has been
proved that in the dog the secretion of gastric juice can go on
after the nerves to the stomach have been divided, and this has
been ascribed to a reflex stimulation of the nerve plexus in the
submucosa. But this mechanism plays a small part compared
with the influences of the central nervous system through the
vagus. Pavlov finds that, when the vagus is cut below the
origin of the cardiac nerves so that they are not acted upon,
and the animal left undisturbed for some days, stimulation of
the nerve with a slowly interrupted induced current causes, after
a long latent period of a minute or two, a flow of gastric juice.

This vagus action may be called into play either by the contact
of suitable food with the mouth or by the sight of food. This
he demonstrated by making an osophageal fistula in a dog
with a gastric pouch, so that food put in the mouth escaped
from the gullet and did not pass into the stomach (fig. 156).
Mere mechanical or chemical stimulation of the mouth
produces no effect, but the administration of meat produced
it. The sight of food in a fasting dog produces after a latent
period of five minutes a copious flow of gastric juice. Pavlov
calls this “psychic” stimulation. It is an example of how
the “distance receptor” in the eye reflexly brings about an
appropriate reaction—just as the “ non-distance receptor” in
the wall of the stomach under certain stimuli brings about
an appropriate reaction. It is somewhat rash of a physiologist
who can know nothing of the relation of the psychic state to
the actions with which it is associated to affirm, as Pavlov does,
that the psychic change is causal,

There is some evidence that the formation of gastric juice
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i8 also influenced by the action of a chemical substance
produced in the mucons membrane of the pyloric end of the
stomach. Tt has been found that the injection into the
blood stream of an extract of this membrane made by boiling
with acid or peptone eauses a production of gastrie juice. In
all probability the initial secretion of gastric juice is dependent
on the nervous wechanism, and the secondary secretion, when
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Fig, 156,—To show the nervous mechanism of gastrie secretion and how it
is reflexly induced through various ingeing channels.
food is in the stomach, on the action of this substance. In
the case of the pancreas such a chemical stimulant plays a
very important part (p. 420) Such substances have been
named Hormones.

e T - - 5 -

5. Movements of the Stomach.—These have been studied
by feeding an animal with food containing bismuth, and then
applying X-rays, which are intercepted by the coating of
hismuth, so that a shadow picture of the shape of the stomach
is given (fig. 157).
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It is found that, soon after food is taken, a constriction forms
about the middle of the stomach and slowly passes on towards
the pylorus. Another constrietion forms and follows the first,
and thus the pyloric part of the stomach is set into active
peristalsis, The cardiac fundus acts as a reservoir, and, by a
steady contraction, presses the gastric contents into the more
active pylorus, so that, at the end of gastric digestion, it is
completely emptied.

The pylorus is closed by the strong sphincter muscle, which,
however, relaxes from time fo time during gastric digestion to
allow the escape of the more fluid contents of the stomach
into the intestine. These openings are at first slight and

Fic. 157. —Tracings of the shadows of the contents of the stomach and intestine
of a cat two hours after feeding (A) with boiled lean beef, and (B) with
boiled rice to show the more rapid emptying of the stomach after the
carbohydrate food, The small divisions of the food in some of the
intestinal loops represent the process of rhythmic segmenation (see
p. 875). (Caxxox.)

transitory, but as time goes on they become more marked and
more frequent, and when gastric digestion is complete—usually
at the end of five or six hours—the sphincter is completely
relaxed and allows the stomach to be emptied. The openings
are regulated by a local nervous mechanism which is brought
into play by the escape of the acid gastric contents into the
duodenum. This leads to an immediate closure of the pylorus,
which does not again open till the contents of the duodenum
have been neuntralised by the alkaline secretions which are
poured into it. The rate of passage from the stomach of
various kinds of food has been studied by feeding cats with
equal amounts of each kind of food mixed with bismuth, and



FOOD AND DIGESTION 357

then, by X-rays, getting the outline of the contents of the small
intestine at different periods. Carbohydrates were found to
pass on most rapidly and fats most slowly (fig. 156). Unless the
contents of the stomach are very fluid these movements do not
produce a very great mixing of the food taken (fiz. 158).
Nervous Mechanism of Gastric Movements.—Even after the
section of all the gastric nerves, movements of the stomach may
be observed, but the mechanism of these movements has not
been fully studied. The action of the vagus and sympathetic
fibres is complicated, and their influence on the wall of the

Oes. chﬁ'.

Fic, 158.— Stomach of a Dog fed successively with three different foods
to show the absence of mixing, (SCHEUNEET.)

stomach and the sphincters requires further investigation.
Speaking generally, the vagus seems to increase the move-
ments, while the sympathetic fibres check them. The vagus
when stimulated generally causes inhibition of the cardiac
sphincter and contraction of the pylorus, but the result is not
constant.

Absorption from the Stomach

By ligation of the pyloric end, it has been found that the
stomach plays a very small part in the absorption of food.
Its chief function is to act as a reservoir.

Probably the antiseptic action of its secretion is of considerable
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importance. While it plays a certain part in digestion its
action is by no means indispensable, for it has been removed in
animals and in men without disturbance of the health.

Vomiting

Sometimes the stomach i emptied upwards through the
gullet instead of downwards through the pylorus. This act of
vomiting is generally a reflex one, resulting from irritation of
the gastric mucous membrane and more rarely from stimulation
of other nerves. It is a reaction to nocuous stimuli.

In vomiting, the glottis is closed, and, after a forced in-
spiratory effort by which air is drawn down into the gullet,
a forced and spasmodic expiration presses on the stomach,
while at the same time the cardiac sphincter is relaxed through
the action of the vagus, and the contents of the stomach are
sent upwards, They are at first prevented from passing into
the nares by the contracfion of the museles of the soft palate ;
but, as the act continues, these muscles are fwercﬂme, and the
vomited matter escapes through mouth and nose, The wall of
the stomach also seems to act, but its action i8 non-essential,
since vomiting may be produced in an animal in which a
bladder has been inserted in place of the stomach.

The centre which presides over the act is in the medulla
oblongata, and while it is usually reflexly called into action,
it may be stimulated directly by such drugs as apomorphine.

B. Gastric Digestion in the Horse

[n the horse the process of gastric digestion differs from that
first described in the following particulars.

In the first place, the horse has to eat a very large quantity
of food in proportion to the size of its stomach, and it is found
that part of the food begins to pass very rapidly through the
stomach into the intestine. Colin found, when he killed a
horse which in two hours had eaten 2500 grms. of hay, that
the stomach contained only 1000 grms. But while this is the
case, a small residue of the meal remains for a very long time
in the stomach, and passes out only when the next meal
is taken,

The churning action of the stomach is less complete in the
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horse than in the dog, and hence, when the animal has
received hay, followed by oats, these are found lying more or
less separate, unless the animal has taken water, when they
are more fixed,

In the horse the amylolytic period is well marked, and the
percentage of hydrochloric acid is never so high as in the dog.
Lactic acid is always formed from the carbohydrate of the food,
and on a diet of hay it may exceed the hydrochlorie acid.

The proteolytic action of the gastric inice of the horse is slower

Fia. 159.—Stomach of Horse fed suecessively on four differently coloured
foods to show the distribution of the various foods in the viseus.
than that of carnivora, but it is very marked, and peptones
are found abundantly in the stomach at the end of digestion.
In the stomach of the horse the celluluse of the food is partly
decomposed, probably by the action of an enzyme in the grain,
which has been deseribed by H. J. Brown.

Vomiting in the horse is very rare, and only occurs when
the stomach is much over-distended. The food passes up the
esophagus in small quantities, and, on account of the length
of the soft palate, it cannot get into the mouth, but escapes
through the nose (fig. 148, p. 337.)

N\
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C. Gastrie Digestion in Ruminants

This is complicated by the act of rumination or chewing the
cud. The food is rapidly eropped and swallowed, being passed
into the reticulum and rumen. The more fluid part tends to
accumulate in the former eavity. At a convenient opportunity,
by contraction of these cavities and of the abdominal walls
and diaphragm, a bolus of their contents is regurgitated into
the cesophagus, which, by an antiperistalsis, passes it up into
the mouth, where it is thoroughly masticated and mixed with
saliva. It is then swallowed, and, by a contraction of the walls
of the pillars of the wsophageal groove, the third stomach is
drawn close up to the esophagus and receives the bolus. After
straining through the leaves of the omasum this enters the
abomasum or true stomach, and is there subjected to ordinary
proteolytic digestion. This has been studied by making a
Pavlov’s pouch in the abomasum of the goat. When no food
is taken the secretion is alkaline and has no peptic action, but
when food is taken hydrochloric acid is secreted and peptic
digestion occurs. An amylolytic enzyme converting starch to
sugar seems also to be formed, and its presence is confirmed
by the demonstration of its occurrence in the stomach of the pig.

As the food lies in the rumen and reticulum, it is subjected
to the action of bacteria, by which the cellulose is partly
decomposed, and the cell contents thus set free for the action
of digestive enzymes.

IV. INTESTINAL DIGESTION
A. In the Dog and Pig

After being subjected to gastric digestion the food is gene-
rally reduced to a semi-fluid grey pultaceous condition of
strongly acid reaction known as ¢hyme, and in this condition
it enters the duodenum.

Here it meets three different secretions :—

Pancreatic seeretion.
Intestinal seeretion.
Bile,
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A. Panereatic Secretion

The secretion of the pancreas may, in the dog, be procured
by making either a temporary or a permanent fistula. In the
former case the duet is exposed, and a canula fastened in it;
in the latter the duet is made to open on the surface of the
abdomen, a small piece of the intestinal wall with the mucous
membrane round the opening of the duct being stitched to the
abdominal opening.

1. Charaecters and Composition.—When obtained immediately
from a temporary fistula, the pancreatic juice is a clear, slimy
fluid, with a specific gravity of 1030 or less and an alkaline
reaction. It contains an abundance of a native protein having
the characters of a globulin, and the alkalinity is probably
due to sodium carbonate and disodimin phosphate. From a
permanent fistula a more abundant flow of more watery
secretion may be collected.

2. Action.—Closely associated with the protein, and pre-
cipitated by aleohol along with it, are the enzymes upon
which the action of the pancreatic juice depends. (Chemical
Physiology )

1st. 4 Proteolytic Enzyme— Trypsin.—This, in a weakly
alkaline or neutral fluid, converts native proteins into peptones,
and then breaks these peptones into simpler non-protein bodies.

The pancreatic juice brings about this breaking down of protein
in stages. 1t does not cause solid proteins to swell up but simply
erodes them away. Fibrin and similar bodies first pass into the
condition of soluble native proteins and then into deutero-protevse,
while boiled egg white appears at once to yield deutero-proteose.
The deutero-proteose is then changed into peptone, and part of
that peptone is then split into a series of bodies which no longer
give the biuret test. These consist chiefly of the component
amido-acids of which the most important are leucin and
tyrosin, and of ammonia compounds (see p. 8).

Amido-acetic acid linked to skatol—tryptophane—is also split
off, and if chlorine water is added to a pancreatic digestion,
which has proceeded for a long time, a rose-red colour is struck
(see p. 430).
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On nucleo-proteins trypsin acts by digesting the protein and
dissolving the nucleic acid so that it can be absorbed.

On collagen and elastin trypsin has little action; but on
gelatin it acts as upon proteins.

2nd. An Amylolytic Enzyme—Amylopsin or Diastase.—This
acts in the same way as ptyalin, but more powerfully, convert-
ing a certain part of the maltose into dextrose. It acts best
in a faintly acid medium.

rd, A Fat Splitting Enzyme—Lipuse—This 1s the most
easily destroyed and the most difficult to separate of the
zymins. 1t breaks the fats into their component glycerin and
fatty acids. The fatty acids link with the alkalies which are
present to form soaps, and in this form, or dissolved as free
fatty acids in the bile, they are absorbed. But the formation
of soaps also assists the digestion of fats by reducing them
to a state of finely divided particles, an emulsion, upon which
the lipase can act more freely. This process of emulsification
is assisted by the presence of protein in the pancreatic juice
and also by the presence of bile.

That these enzymes are independent of one another is shown
by many facts.

1. Diastase does not appear till about a month after
birth.

2. Diastase is taken up by dry glycerin while trypsin is
not.

3. Trypsin may be precipitated and separated by shaking
with collodion.

4. Trypsin aects in 001 per cent. ammonia while diastase
does not.

5. The proportion of the zymins varies with the character
of the diet.

This is well shown by experiments carried out in Pavlov’s
laboratory upon dogs with pancreatic fistule, The effects of
diets of milk, bread, and flesh were compared, in each case
the amount of the food given containing the same amount
of nitrogen (protein). The total quantity of ferment unit is
oot by multiplying the quantity of the juice in c.em. by the
strength of the juice, determined by ascertaining how much
of the substance is digested by unit of the secretion in unit



FOOD AND DIGESTION

of time,
obtained :—

Dviet.

Bread, 250 grm.
| Milk, 600 e.c.
Flesh, 100 grm.

Quantity of Enzyme,

Proteolytic. Amylolytic Fat Splitting,
1878 1601 EOO
1085 432 4334
1502 H48 S600

B

|
OIASTAS L V———— ==
= ——
E ¥ —
AP e e e
BREAD MILK FLESH
L2T0GRNS 00 CCE J00 GRNS

F16. 160.—To show the relative amounts of the three enzymes of the

pancreatic juice formed on different diets.

303

The following table and fig. 159 indicate the results

Bread contains a protein difficult of digestion, plenty of starch,

and little fat.

Milk contains an easily digested protein, and

plenty of fat, but no starch; while flesh contains a com-
paratively easily digested protein, no starch, and a moderate
amount of fat. The first food causes a copious production of
trypsin and diastase, and little lipase. The second causes the
production of less trypsin, little diastase, but most lipase. The
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last causes a moderate production of trypsin, little diastase,
and a comparatively large amount of lipase.

As to the mode of production of these enzymes, it is known
that trypsin is not formed as such in the cells, for the seeretion
direct from the acini has no tryptie action. A forerunner of
trypsin — trypsinogen —is produced, and this changes into
trypsin after it is secreted. The infestinal secretion contains

TRYFPSIN

PANCREAS

~ ENTEROKINASE

Fic. 161.—To show the mode of action of secretin and the action of the
vagus nerve on the secretion of the pancreas and the activation of
trypsinogen by enterokinase.

something of the nature of an enzyme which has been termed

enterokinase, which has the power of bringing about this change.

It is doubtful whether the pancreatic secretion containg
any true rennin, although it produces a modified clotting of
milk, under certain conditions.

3. Physiology of Panecreatiec Seeretion.—The secretion of
pancreatic juice is not constant, but is induced when the acid
chyme passes into the duodenum. This oceurs even when all
the nerves to the intestine have been cut, and it appears from
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the investigations of Starling to be due to the formation of a
material which has been called seeretin, in the epithelinm
lining the intestine, under the influence of an acid. This is
absorbed, and, on being ecarried to the pancreas, stimulates it to
secrete. It has been shown that the injection into the blood of
an extract, made with dilute hydrochloric acid, of the lining
membrane of the upper part of the small intestine, leads to a flow
of pancreatic juice. This secretin is not destroyed by boiling,
and is soluble in strong aleohol. It is therefore not of the
nature of an enzyme,

But while secretin seems to play so important a rdle, it has
been found that stimulation of the vagus nerve, after a latent
period of two minutes, increases panereatic secretion, so that
it must be conecluded that the secretion of the fluid is, to a
certain extent, under the control of the nervous system.

The intluence of the pancreas in the general metabolism will
be considered later (p. 410).

B. Secretion of the Intestinal Wall (Suceus Entericus)

This is formed in the Lieberkiihn’s follicles of the intestine,
and it may be procured by cutting the intestine across at two
points, bringing each end of the intermediate piece to the
surface, and connecting together the ends from which this piece
has been taken away so as to make a continuous tube. On
mechanically irritating the mucous membrane, a pale yellow
clear fuid is secreted, which contains native proteins and muein,
and is alkaline in reaction from the presence of sodium carbonate.

Action—The succus entericus contains: (1) An enzyme
which splits some disaccharidls, as maltose and cane sugar, into
monosaccharids, but does not seem to act on lactose. (2) In
the intestine of animals taking milk a speeial zymin, lactase,
which splits milk sugar. (3) Erepsin, an enzyme which seems
to act more powerfully than trypsin in splitting peptones into
their component non-protein crystalline constituents such as
the di-amino aecids and non-amino acids, e,g. leucin and tyrosin,
The object of this is not at present fully understood. It may be
that the nitrogen of the protein is largely treated as a waste
product and thrown off. But feeding experiments on dogs and
rats seem to show that these non-protein derivatives of proteins
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can be retained and built into the protoplasm of the animal.
Vernon has shown that a similar proteolytic enzyme is widely
distributed in the tissues, being specially abundant in the kidney.
(4) Enterokinase—a zymin which, acting on trypsinogen, con-
verts it into active trypsin (p. 364).

Mechanism of Secretion.—The taking of food leads to a flow
of intestinal secretion which reaches its maximum in about three
hours ; and this flow is much greater from the upper part of
the bowel than from the lower. There is some evidence that
the injection of secretin calls forth this secretion, and according
to some observers, the injection of succus entericus into the
circulation acts in the same way.

As regards the action of nerves very liftle is known. It
has been found that, when the intestine is ligatured in three
places so as to form two closed sacs, if the nerves to one of
these be divided, it becomes filled with a clear fluid closely
resembling lymph. The dilatation of the blood vessels may
account for this without secretion being implicated.

C. Bile

1. Characters and Composition.—The bile is the secretion of
the liver, and it may be procured for examination—(«) From
the gall bladder, or () from the bile passages by making a
fistula into them. Bile which has been in the gall bladder
is richer in solids than bile taken directly from the ducts,
because water is absorbed by the walls of the bladder and the
bile thus becomes concentrated. :

Analyses of gall bladder bile thus give no information as
to the composition of the bile when formed. In several cases,
where surgeons have produced biliary fistule, opportunities
have occurred of procuring the bile directly from the ducts
during life in man.

Such bile has a somewhat orange-brown colour, and is more
or less viscous, but not nearly so viscous as bile taken from
the wall bladder. It has a specific gravity of almost 1005,
while gall bladder bile has a specific gravity of about 1030.
Its reaction is slightly alkaline, and it has a characteristic smell.

It contains about 2 per cent. of solids, of which more than
half are organie,
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Bile Salts (Chemical Physiology)—The most abundant solids
are the salts of the bile aeids. In man the most important
i1s sodium glycocholate, but in the dog sodium taurocholate is
the more abundant. These salts are readily prepared from an
aleoholic solution of dried bile by the addition of water-free
ether, which makes them separate out as crystals.

Glycocholic aeid splits into glycin, amido-acetic acid—
H,N.CH,.CO.0OH, and a body of unknown eonstitution, cholalie
acid, C, H 0.,

Taurocholie acid yields amido-ethane-sulphuric acid or taurin,
H,N.CH,CO.80,0H. —a molecule closely resembling amido-
acetic acid linked to sulphuric acid and cholalie acid.

Since both acids contain nitrogen they must be derived from
proteing. That they are formed in the liver and not merely
excreted by it, 1s shown by the fact that, while they accumulate
in the blood if the bile duet is ligatured, they do not appear
if the liver is excluded from the circulation.

Action of Bile Sults—1. The bile salts are solvents of fats
and fatty acids, and they thus assist in the digestion and
absorption of fats. When bile is excluded from the intestines
no less than 30 per cent. of the fats of the food may escape
absorption and appear in the fices. When this is the case,
ag in jaundice from obstruction of the bile duet, the fweces have
a characteristic white or grey appearance from the abundance
of fat.

2. These salts keep cholesterin in solution.

3. They lower the surface tension of solutions, and in this
way they may bring the fat particles into more infimate contact
with the mucous membrane.

4. While the salts have no action on proteins, free taurocholic
acid precipitates native proteins and acid proteate. In the
human intestine this is an action of no importance.

5. These salts are powerful hamolytic agents, and 1up1dl:,
dissolve hazmoglobin out of the erythrocytes.

Bile Pigments.—These amount to only about 0°2 per cent. of
the bile. In human bile the chief pigment is an orange-brown
iron-free substance, bilirubin, C,,H, N, O, while in the hile of
herbivora, biliverdin, a green pigment somewhat more oxidised
than bilirubin, C,,H N, Oy, is more abundant. By further oxida-
tion with nitrous acid, other pigments—blue, red, and yellow—are
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produced, and this is used as a test for the presence of bile
pigments (Gmelin’s test). (Chemical Physiology.)

The pigments are closely allied to hwwatoporphyrin and
hiematoidin (see p. 213), and they are derived from hamo-
globin. Their amount is greatly increased when hemoglobin
is set free or injected into the blood. That they are formed
in the liver is shown by the fact that, when the liver is
excluded from the ecirculation, the injection of hamoglobin
does not cause their formation.

The liver has the property of exereting not only these
pigments formed by itself, but also other pigments, Thus
the liver of the dog can secrete the characteristic pigment of
sheep’s bile when this is injected into its blood.

Cholesterin is a monatomic aleohol — C,;H,,OH — which
occurs free in small amounts in the bile. It is very insoluble
and is kept in solution by the salts of the bile acids. It
readily erystallises in rhombic plates, generally with a notch
out of the corner. On account of its insolubility, when it is
in excess in the bile or when the bile salts are decreased,
it may form conecretions or biliary caleuli—gall stones—which
may accumulate in the gall bladder and may get caught in
the bile passages, obstructing the flow of bile and leading to
its absorption throughout the system. Jaundice is thus pro-
duced. When these stones are passed by the rectum, their
nature is readily demonstrated by breaking them up in a
mortar, dissolving in hot aleohol, and allowing the solution to
cool, when the characteristic erystals separvate out, (Chemical
Physiology.) The source of the cholesterin of the bile is not
definitely known. It is not an exeretion of cholesterin formed
elsewhere, lecause the injection of cholesterin does not lead to
an increase in the amount in the bile. Aeccording to Naunyn's
observations it is most abundant in cases of inflammation ef
the bile passages, and he therefore thinks that it is formed by
the breaking down of the epithelium lining these ducts.

Fats and Leeithin.—The true fats and the phosphorus con-
taining lecithin are present in small amounts in the bile, and
apparently they are derived from the fats of the liver cells,
and they may be increased in amount by the administration
of fatty food.

Nucleo-protein and Muein.—The bile owes its viscosity to



FOOD AND DIGESTION 369

the presence of a mucin-like body, which, however, does not
yield sugar on hoiling with an aecid and which contains phos-
phorus. It is precipitated by acetic acid, but the precipitate
is soluble in excess. It is therefore a nucleo-protein. In
some animals a certain amount of mucin is also present.
(Chemical Physiology.)

Inorganie Constituents.—The most abundant salt is caleium
phosphate. Phosphate of iron is present in traces. Sodium
earbonate, caleium carbonate, and sodium echloride are the other
chief salts.

2. Flow of Bile.—The bile, when secreted by the liver cells,
may accumulate in the bile passages and gall bladder to be
expelled under the influence of the contraction of the muscles
of the ducts or of the pressure of the abdominal muscles upon
the liver The flow of bile into the intestine thus depends
upon—1st, The secretion of bile; 2nd, the expulsion of bile
from the bile passages. It is exceedingly difficult to separate
the action of these two factors. The flow of bile in the human
subject has now been stndied in several cases in which the
surgeon has had to make a fistula into the gall bladder through
which all the bile secreted escaped and could be collected.

The flow of bile begins in intra-uterine life before the
twelfth week, and it continues without intermission through-
out the whole of life, even during very prolonged fasts,

The taking of food increases the flow of bile, and the extent
to which it is inereased depends largely on the kind of food
taken. In the dog a protein meal has the most marked effect,
a fatty meal a less marked effect, and a carbohydrate weal
hardly any effect. The increased flow of bile following the
taking of food does not reach its maximum till six or nine
hours after the food is taken, and some observers have found
that the period of maximum flow is even further prolonged.

Pavlov found in dogs, in which a biliary fistula had been
made leaving the opening of the bile duct in the mucous mem-
brane of the intestine, that an erpulsion of bile follows the
taking of food and the secretion of pancreatic juice, and
Starling finds that the flow of bile is increased by the in-
jection of secretin. It thus tends to run parallel with the flow

of pancreatic juice.
24
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When the individual is taking a liberal diet the secretion
of bile appears to be greater than when the diet is low.

In fever there is a very marked fall in the secretion, the
fluid flowing from a fistula becoming colourless and almost
devoid of bile salts and pigments,

Certain drugs markedly modify the formation of bile—the
salts of the bile acids stimulating the liver to form more solids
and to secrete more water, the salicylates acting in much the
same way, and all drugs which cause ha&molysis—zi.e the
solution of the pigment of the erythrocytes—producing an
increased formation of bile pigments.

Lafluence of Nerves upon the Flow of Bile—(a) Erpulsion of
Bile—There is good evidence that nerve fibres pass to the
muscles of the bile passages and that they may cause an
expulsion of bile by stimulating them to contract,

(b) Seeretion of Bile.—There is no evidence that nerve fibres
act directly upon the seeretion of bile. This appears to be
governed by the nature of the material brought to the liver by
the blood and by the activity of the liver cells. It is an
example of function regulated by chemical substances rather
than by a nerve mechanism,

3. Mode of Formation of Bile.—It has been seen that the bile
salts and pigments are actually formed in the liver cells, and
there is good evidence that the water of the bile is not a mere
transudation but is the produet of the living activity of these
cells. The pressure under which bile is secreted may be
determined by fixing a canula in the bile duet or in a biliary
fistula and connecting it with a water manometer. In man
the pressure is as much as 20 to 30 mm. Hg, while the pressure
in the portal vein of the dog is only 7 to 16 mm. Hg.

4. Nature and Functions of Bile.—Dile is not a secretion of
direct importance in digestion. It has practically no action on
proteins or carbohydrates, and its action on fats is merely
that of a solvent, and possibly by its action on the surface
tension of the intestinal contents. Pavlov maintains that it
activates the lipase of the pancreatic juice, and others have
found that it increases the activity of trypsin and diastase.
It may thus be considered as an adjuvant fo the aection of
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pancreatic juice. Its secretion in relationship to food does
not indicate that it plays an active part in digestion. It is
formed during intra-uterine life and during fasting. and it
is produced many hours after food is taken, when digestive
secretions are no longer of use in the alimentary canal. Diges-
tion can go on quite well without the presence of bile in the
intestine, except that the fats are not so well absorbed. The
composition of bile strongly suggests that it is a waste produet,
The pigment is the result of the decomposition of hamoglobin
and the acids are the result of protein disintegration.

All these facts seem te indicate that bile is the medium by
which the waste products of hepatic metabolism are eliminated,
just as the waste products of the body generally are eliminated
by the kidneys.

Bacterial Aetion in the Alimentary Canal

With the food and saliva numerous micro-organisms of
very diverse character are swallowed. It has been suggested
that the leucoeytes formed in the lymphoid tissue at the back
of the mouth and pharynx attack and destroy such organisms,
but so far definite proof of this is not forthcoming. When the
food is swallowed, the micro-organisms multiply for some
time in the warm moist stomach, and certain of them, by split-
ting sugars, forin lactic and sometimes acetic acid. But when
suflicient gastric juice is poured out for the hydrochloric acid
to exist free, the growth of micro-organisms is inhibited, and
some of them, at least, are killed. Others pass on into the
intestine, and, as the aeid in the chyme becomes neutralised,
the acid-forming organisms begin to grow, and, by splitting the
sugars, form lactic or acetic acid, and render the contents of
the small intestine slightly acid. Towards the end of the small
intestine, and more especially in the large intestine, the alkaline
secretions have neutralised these acids, and in the alkaline
material so produced the putrefactive organisms begin to
nourish and to attack any protein which is not absorbed—
splitting it up and forming among other substances a series
of aromatic bodies, of which the chief are indol, skatol, and

phenol.
This splitting probably occurs through the liberation of
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tryptophane—in which amido-propionic acid is linked to a
pyrrhol-benzene.
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is a further stage of disintegration.

By taking embryo guinea-pigs at full time from the uterus
and keeping them with aseptic precautions, it has been shown
that the absence of micro-organisms from the intestine does
not interfere with digestion,

The most important and abundant organism present in the
intestinal tract is the bacillus coli communis, which has a
certain power of splitting proteins and a marked action in pro-
ducing acids from sugars. Its presence in water is generally
indicative of sewage contamination.
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Fate of the Digestive Seeretions

1. Water.—Although it is impossible to state accurately the
average amount of the various digestive secretions poured into
the alimentary canal each day, it must be very considerable,
probably not far short of 3000 c.cms,, or something consider-
ably more than one-half of the whole volume of the blood.
Only a small amount of this is given off in the fmces, and
hence the greater part must be re-absorbed. There is thus
a constant eirculation between the blood and the alimentary
canal, or what may be called an enfero-hamal cireulation,
One portion of this is particularly important. The blood
vessels of the intestine pass to the liver, and many substances,
when absorbed into the blood stream, are again excreted
in the bile and thus are prevented from reaching the
general circulation. Among these substances are the salts
of the bile acids and their derivatives, many alkaloids such
as curarine, and in all probability a set of animal alkaloids
called ptomaines formed by putrefactive decomposition of
proteins in the gut. If, from disturbances in the functions of
the liver, these are allowed to pass through that organ, the
feelings of lassitude and discomfort which are associated with
intestinal dyspepsia are produced. The liver thus forms a
protective barrier to the ingress of certain poisons.

9. Enzymes.—Ptyalin appears to be destroyed in the stomach
by the hydrochloric acid. Pepsin is probably partly destroyed
in the intestine, but it seems also to be absorbed and excreted
in the urine: for, on the addition of hydrochloric acid, the
urine has a peptic action on proteins. Prypsin appears to be
destroyed in the alimentary canal; but the fate of the other
pancreatic enzymes and of the enzymes of the succus entericus
is unknown.

3. Bile Constituents—1. The bile salts are partly reabserbed
from special parts of the small intestine—sodium glycocholate
being taken up in the jejunum and taurocholate in the ileum.
The acids of these salts are also partly broken up. The
glycocholic acid yields amido-acetic acid, which is absorbed
and passes to the liver to be excreted as urea; while the
taurocholic acid yields amido-isethionic acid which goes to
the liver and yields urea and probably sulphuric acid. The
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fate of the cholalic acid is not known, bul it is supposed to
be excreted in the fwces. 2. The pigments undergo a change
and lose their power of giving Gmelin’s reaction. They appear
in the faeces as what may be called stercobilin. It is probably
formed by reduction of bilirubin in the intestines as the result
of the action of micro-organisms. 3. The cholesterin is passed
out in the feces.

Feeces

The materials not absorbed from the intestine, whether these
are derived from the food or from the alimentary canal, are
thrown off from the rectum as the feces, In fusting animals
these are passed at long intervals, and consist of mucin, shed
epithelinum, the various products of the bhile constituents, and
inorganic salts. In feeding animals the amount and character
of the fwces depends largely upon the amount and character
of the food, and upon the bacteria which are growing in the
large intestine. The unabsorbed material, as it passes down
the large intestine, becomes inspissated from the absorption of
water, but, if much undigested matter is present, water may
also be added, and the consistence of the fices may thus be
varied. The colour is normally brown, from the h@matin
of the flesh eaten, while the sulphide of iron formed by the
splitting of the hematin compounds in the intestine may
make them darker in colour. On a milk diet they are
light yellow in colour, and if a large excess of fatty food is
taken, or if fat is not absorbed, as in jaundice, they become
clay coloured. The derivatives of the bile pigments play but
a small part in colouring the fweces.

The reaction of the fieces varies. Usnally the outside of the
mass is alkaline from the alkaline secretion of the intestine,
while the inside is acid from the free fatty acids and other
acids formed by the action of such acid-forming bacteria as the
bacillus coli communis. The amount of solid feeces depends on
the amount of food, and on a vegetable diet, from the presence
of undigested cellulose, the amount is very much greater.

The solids of the feces of a feeding animal consist of
the same constituents as the fwces in a fasting animal, with
the addition of all the undigested constituents of the food—
elastic and white fibrous tissue, remains of musecle fibres, often
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fat and the earthy soaps of the fatty acids, and, when a
vegetable diet is taken, the cellulose of the vegetable cells,
and frequently starch. The cellulose, by stimulating the
intestine, is a valuable natural purgative,

The odour is due to the presence of aromatic bodies such
as indol and skatol.

Meconium is the name given to the first faces passed by the
child after birth. It is greenish-black in colour, and consists
of inspissated bile and shed epithelium from the intestine.

Movements of the Intestine

These are of two kinds—myogenie and peristaltie. The
myogenic movements are slight rhythinic contractions which
pass rapidly along the intestine, and are insufficient to drive
on the contents, but are probably of use in churning and
mixing them. DBy feeding with food mixed with bismuth, and
employing X-rays, Cannen finds that the contents of the
small intestine get broken up into small segments. This is
possibly due to these myogenic movements (fig. 157, p. 356).
These movements oceur when all the nerves have been divided,
and when the ganglia in the intestinal walls have been poisoned
with nicotine, and they are therefore due to the musele fibres
alone,

The peristaltic movements are much more complex and
powerful. They consist of a constriction of the muscles, which
seems to be excited by the passage of the food, and may be
caused by inserting a bolus of cotton-wool covered with
vaseline. Starting at the upper end of the intestine, they
pass slowly downwards. In front of the contraction the
muscular fibres are relaxed, and thus the contracting part
drives its contents into the relaxed part below. These
peristaltic movements go on after the nerves to the gut are
eut, but they are stopped when the ganglia in the wall of the
intestine are poisoned with nicotine. It has therefore been
eoncluded that the nerve ganglia in the intestinal wall form
a local reflex mechanisin, which is stimulated by the presence
of foreign matter in the intestine, and which brings about
the co-ordinated contraction and relaxation, which together
constitute a true peristalsis,
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But while peristalsis is thus independent of the central
nervous system, it is nevertheless controlled by it. The
splanchnic nerves inhibit, while the vagus to the small intes-
tine and upper part of the large gut, and the nervi erigentes
to the lower part of the large gut are augmentor nerves,
increasing the peristalsis.  Stimulation of the sympathetic
fibres which inhibit the peristalsis causes contraction of the
sphincter between the small and large intestine,

As the contents of the small intestine are forced through the
ileo-ceecal valve, the large intestine relaxes to receive them,
and then a series of contractions passing from below upwards
—an anti-peristalsis—sets in by which the contents are very
thoroughly ehurned. Afterwards they are forced downwards
by tonie peristaltic waves,

Defmecation

By the peristalsis of the intestine, the matter not absorbed
from the wall of the gut is forced down and accumnulates in the
part of the rectumn which passes horizontally forward to end in
the vertical anal canal. 1t is prevented from escaping into this
by the sharp fold which the last part of the bowel makes, and
by the contraction of the strong sphineter ani musele.

Defwcation depends primarily on the intestinal peristalsis,
without which it cannot be performed. When feces accumu-
late in the rectum, the mucous membrane iz stimulated, and
impulses are sent up to inhibit a centre in the lumbar region
of the cord which keeps the sphineter ani confracted, and the
sphincter is relaxed, and the escape of fwces made possible,
In some diseases of the cord this centre is stimulated
and cannot be inhibited, and thus defsecation is interfered
with, while in other diseases, when this centre has heen
destroyed, the sphincter does not contract, and feces may
escape continuously.

Normally the act of defaecation is partly voluntary and partly
involuntary. The voluntary part of the act consists in closing
the glottis, and making a forced expiration so as to press upon
the contents of the abdomen ; while at the same time the
perineal muscles are relaxed, and the rectum straightened, and
thus the contents are allowed to pass into the anal canal. The
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act i1s completed by the emptying of the canal by the con-
traction of the levatores ani muscles,

B. Intestinal Digestion in the Horse and other Herbivora

In the horse intestinal digestion is of great importance.

In the smali intestine the processes which go on are much
the same as in the carnivora, but in the huge large intestine
important changes occur.

1. In the ceeum some of the food remains for a wvery
considerable time—as much as twenty-four hours, It is mixed
with the secretion of the intestine and with water which the
horse has drunk, and which passes rapidly to the ceecum. The
reactions of the confents are alkaline, and bacteria are
abundant. Here a considerable quantity of protein is digested
and cellulose disappears. This disappearance of cellulose 1s
probably largely due to the action of bacteria, and it results
in the production of :—

(1) Lower fuity wacids,such as acetic and butyric acid, which
combine with the alkalies present, and, being absorbed, are oxi-
dised to carbonates, yielding possibly a small amount of energy,
and being partly exereted by the lungs as CO, and partly by
the urine as carbonates of sodium and potassium, which help to
give the fluid its alkaline reaction. It is said that 100 parts of
cellulose in decomnposing will yield about 60 parts of these acids.

(2) Gases, of which carbon dioxide, CO,, and marsh gas, CH,,
are the chief.

2. In the double eolon, which has a mean capacity of no less
than 80 to 100 litres, the same processes go on as in the
ecweum, and when the single eolon is reached, a very rapid
absorption of fluid and of the products of digestion held in
solution takes place, and the residue of the food is formed into
the desiccated balls of fieces. So rapid is absorption frem the
lower bowel in the horse, that the animal is readily killed by
rectal injection of strychnine, and may be easily anesthetised
by giving ether per rectum. The rapid absorption also allows
of life being maintained on nutritive enemata.

The time taken for food to pass right along the alimentary
canal of the horse is considerable—probably about four days.
But solid bodies given by the mouth have been found in the
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fweces after twenty-two to thirty hours. Some idea of the
distribution of the contents of the alimentary canal is afforded
by an observation of Colin’s :—

In the Stomach . : : : : 5 kilos,
.. Small Intestine . : . : T s
= Caecum : : . ; : 15 5 e
»  Colon . : N -

Some interesting observations have been made upon the
removal of a great part of the large intestine in the rabbit.
It has been found that the digestion and utilisation of proteins
is not decreased, but that the digestion of the cellulose is
markedly decreased,.

The feees of the horse are passed in rounded yellow masses.
They contain about 76 per cent. of water, 3 per cent. of ash,
largely composed of silica from the husks of graiu and partly
of phosphates of soda, potash, lime and magnesia, and about 21
per cent. of organic matter, such as cellulose, lignin, and other
undigested vegetable remains, unabsorbed proteins, carbo-
hydrates, and fats, indol and skatol, and the various constituents
of the faeces of a fasting animal.

They are acid, from the presence of organic acids, and they
contain so much gas that they float in water.

The amount of feces depends upon the food taken—on an
average about 15 kilos are passed per diem.

The question of how far eellulose is available as a food, of
how far it acts like other carbohydrates, has not been satis-
factorily demonstrated. But the most recent experiments upon
rabbits and upon sheep seem to show that pure cellulose may
replace starch as a protein sharer. When, however, it is eaten
mixed with the encrusting substances of the cell wall, the work
of digestion seems to be so great that little of its potential
energy is available,

C. Intestinal Digestion of Ruminants

Intestinal digestion is not so important in ruminants as it
is in horses, for digestion in the stomach is muech more
complete. It is essentially the same in character, and cellulose

is more completely dissolved in these animals than it is in
the horse.
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The feeeces in the ox and cow are more fluid than in the horse,
while in the sheep they contain a smaller proportion of water.
In the ox the average weight of the fmces per diem. is about
30 kilos.

Food takes about five days to pass completely through the
alimentary canal of ruminants.

IIT. ABSORPTION OF FOOD

1. State in which Food leaves the Alimentary Canal.—The
carbohydrates generally leave the alimentary eanal as mono-
saccharides ; but some resist the action of digestion more than
others. Lactose seems to be broken down in the intestine
only when the special lactase is present in the succus entericus,
but in all cases it is broken down before it reaches the liver.
Cane sugar when taken in large excess may also be absorbed,
and it is then excreted by the kidneys.

The proteins are absorbed as peptones, possibly as proteoses,
and as the amino-acids and other ecrystalline compounds
formed by the action of trypsin and erepsin (p. 8). Native
proteins may be absorbed unchanged from the lower bowel,
since it has been found that when egg white is injected into
an isolated part of the rectum it disappears to a very con-
siderable extent.

The futs arve chiefly absorbed as soaps and as fatty acids,

2. Mode of Absorption of Food.—That absorption is not due
merely to a process of ordinary diffusion or osmosis is clearly
indicated by many facts.

(1) Heidenhain has shown that absorption of water from the
intestine takes place much more rapidly than diffusion through
a dead membrane.

(2) The relative rate of absorption of different substances does
not follow the laws of diffusion. Griibler's peptone passes
more easily through the intestine than glucose, but glucose
passes more readily through parchment paper, while sodium
sulphate, which is wore diffusible than glucose, is absorbed
much less readily. Again, as shown by Reid, an animal can
absorb its own serum under conditions in which filtration into
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blood capillaries or lacteals is excluded. Tn such a case osmosis
cannot play a part. Absorption is stopped or diminished when
the epithelium is removed, injured, or poisoned with fluoride
of sodium, in spite of the fact that this must increase the
facilities for osmosis and filtration,

3. Channels of Absorption.—There are two channels of
absorption from the alimentary eanal (see fig. 107, p. 225)—
the veins which run together to form the portal vein of the
liver, and the lymphatics which run in the mesentery and, after
passing through some lymph glands, enter the receptaculum
chyli in front of the vertebral column. From this, the great
lymph vessel, the thoracie duet, leads up to the junction of the
subeclavian and innominate veins, and pours its contents info
the blood stream. The lymph formed in the liver also passes
into the thoracie duct.

(1) Proteins.—DPeptones and the further produets of their
digestion are formed from proteins in digesfion, but they seem
to undergo a change in the intestinal wall before passing to the
tissues, since they are not found in the blood. That in some
altered condition they leave the intestine by the blood and
not by the lymph is shown by the fact that their absorption
is not interfered with by ligature of the thoracic duct.

During the digestion of proteins the number of leuncocytes
is enormously increased, sometimes to more than double their
previous number, and in all probability it is they which carry
the produets of digestion from the intestine. According to
the observations of Pohl, the leucocytes are derived from the
lymph tissue in the intestinal wall, but more recent experiments
tend to show that they come from the bone marrow, being
probably attracted to the intestine by a positive chemiotaxis,
By breaking down in the blood stream they probably set free
the proteins for use in the tissues.

When an excess of proteins is taken in the food, it is
broken down in the lining membrane of the gut, and the
nitrogen is rapidly excreted in the urine as urea, and thus the
entrance of an excess of nitrogen fo the tissues is prevented.
Its non-nitrogenous part remains available as a source of energy.

It has been pointed out that gastric juice does not dissolve
the nucleo-proteins, but that the pancreatic juice does so.
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Phosphorus is undoubtedly absorbed in organic combination,
but the mode of absorption and the channels by which it passes
from the intestine have not been investigated.

(2) Carbohydrates. — Although the chief monosaccharid
formed in digestion is dextrose, others are also produced—
levulose from cane sugar and galactose from milk sugar.
All these are absorbed in solution, and are carried away in
the blood of the portal vein,

(3) Fats.—After being split up into the component acids and
glycerin, fats pass, as soluble soaps or as fatty acids soluble
in the bile, through the borders of the intestinal epithelium.
Here they appear to be again converted into fats by a synthesis
of the aeid with glyeerin. Fine fatty particles are found to
make their appearance in the cells at some distance from the
free margin and to increase in size. A similar synthesis occurs
even when free fatty acids are given, so the cells must be
capable of producing the necessary glycerin to combine with the
acids. The fats are sent on from the cells, through the Iymph
tissue of the villi, into the central lymph vessels, and thus on,
through the thoracic duct, to the blood stream. Unlike the pro-
teins and carbohydrates, they are not carried divectly to the liver.

IV. FATE OF THE FOoOD ABSORBED

The food absorbed may be—

(A) used immediately as a source of energy, for (1) the Con-
struction or Reconstruction of Tissues; (2) the Production of
Mechanical Work; (3) the Production of Heat ;

Or (£) it may be stored for future use in the body.

The processes of construction and repair of the tissues and
the production of mechanical work have already been considered
(p. 13 et seq.), and the production of heat and the regulation
of temperature may now be dealt with.

I. PRODUCTION OF HEAT AND REGULATION OF
TEMPERATURE
1. Production of Heat

A. Musele.—The production of heat in muscle has been
already studied (p. 61). [t has been shown that muscle, from
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its great bulk and constant activity, is the main source of
heat in the body. Not only may it be demonstrated that the
temperature of contracting musecle rises, but it has been found
that the temperature of blood coming from the muscles is
slightly higher than that of blood going to them. Muscular
exercise raises the temperature of the body. The shivering
fit which is induced by exposure to cold is really a reflex
reaction by which heat production is increased. Drugs which
interfere with muscular contraction, such as eurare, diminish
the temperature, and young animals, before their muscular
tissues become active, have a low temperature unless kept
in a warm atmosphere,

B. Glands.—Wherever chemical change goes on in proto-
plasm, heat is liberated. Therefore in glands during activity
a certain amount of heat is produced. But the production in
them is trivial when compared with the production in muscle.
During the period of active digestion the temperature of the
blood coming from the liver may be nearly 1° C. higher than
that of the blood going to the organ. The liver alone among
glandular structures confributes an appreciable amount of
heat to the body, sinee the amount of bleod passing through
the organ is large, and thus a considerable amount of heat is
derived from it.

C. Brain.—Some physiologists have maintained that the
fact that the temperature of the brain rises during cerebral
activity indicates that the chemical changes going on are
sufficient to yield a certain amount of heat. DBut it is more
probable that the rise of temperature is due to the increased
flow of blood through the organ, since a study of the gases
in the blood coming from the brain gives no indication of any
marked increase of chemical change during periods of increased
cerebral action.

2. Regulation of Temperature

Since heat is constantly being produced, the temperature
of the body would tend to rise higher and higher, were
there not some arrangement by which just as much heai is
eliminated as is produced, and by which the tempervature is
thus kept constant.

=
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Elimination of Heat.—Heat is got rid of by three channels.
A. Skin.—>Since the body is generally warmer than the
surrounding air, heat is constantly lost by conduetion, con-
vection, and radiafion, and the extent of this loss depends
mainly upon the difference between the temperature of the
body and that of the air. Radiation plays the most im-
portant part when a person is sitting quiet in still air ;
conduction and convection when the exchange of air over
the surface is rapid. The temperature of the skin is increased
when, from dilatation of the eutaneous vessels, more blood is
brought to the surface and conversely it is lowered by con-
striction of these vessels. The influence of variations in the
temperature of the air is generally minimised in man by the
covering of clothes, and in animals by the covering of fur or
feathers, which retains a stationary layer of air at about 25°
to 30° C. over the skin. It has been calculated that in man
over 70 per cent. of all the heat is lost by conduction and
radiation,

The loss of heat by radiation may be determined by finding
to what extent a thin metal grill fixed at a definite distance
from the surface of the body is heated. This can be
done by determining the change produced in its electric
conductivity.

By the evaporation of sweat, heat is rendered latent, and is
taken from the body, which is thus cooled just as the hand
may be cooled by allowing ether to evaporate upon it. If
the amount of sweat vaporised is known, it is possible to
caleulate the amount of heat removed from the body in this
way. The loss is comparatively small—in man only about 14
per cent. of the whole. The extent depends upon the rapidity
with which evaporation goes on, and this is governed by the
amount of sweat secreted, and by the dryness and temperature
of the atmosphere. Thus a warm dry climate is better borne
than one which is warm and moist, since in the former the
loss of heat by evaporation is so much greater. Of the various
factors inereasing sweat secretion, heat is probably the most
important.

In the lower animals the loss of heat by evaporation is much
increased if the skin is wet, and the temperature of the horse
may fall distinetly if the coat remains moist.
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Since the temperature of the skin is governed by the state
of the cutaneous vessels and the amount of sweat produced
by the state of the sweat glands, and since both of these are
under the control of the nervous system, the elimination of
heat from the skin is presided over by a nervous mechanism.

B. Respiratory Passages.—Dy conduction and radiation
and by evaporation from the respiratory passages, about 10
per cent. of the heat is got rid of in man. In the dog and
some other animals, the proportion of heat eliminated in this
way is considerably greater.

C. Urine and Fsmees.—Since these are warmer than the
surrounding air, a certain amount of heat is lost through
them, The amount is small—something less than 2 per cent.

of the whole.

Temperature.—In all higher animals, the loss of heat and
the production of heat are so nicely balanced that the tem-
perature of the body remains fuirly constant under all con-
ditions. If an extra amount of heat is produced, say in
muscular exercise, it is at once eliminated by the skin, and,
if the body 1s exposed to a low temperature, loss of heat is
rapidly checked by contraction of the cutaneous vessels and
diminished activity of the sweat glands.

Since heat is constantly being given off, the temperature at
the surface of the boly is always lower than the temperature
in the interior. The temperature of the rectum may be taken
as a measure of the internal temperature.

The mean daily temperature of the horse is 37° to 38° C.

Under all normal conditions the temperature undergoes
only small variations, because the balance between production
of heat and elimination of heat is so well maintained. But
under abnormal conditions the balance is frequently upset.
Thus severe museular work causes a temporary rise of tem-
perature, because heat elimination does not quite keep pace
with heat production. Exposure to very high temperatures
way cause a slight rise of temperature, while exposure to
excessive cold may cause a slight fall; but, unless in the
case of those unable to use their muscles, the change is small.

While the higher “warm-blooded animals” mammals and
birds, maintain a constant temperature, the lower vertebrates,
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“eold-blooded animals,” reptiles, amphibia and fishes, do not do
so, and their temperature varies with that of the surrounding
medium,

But even in mammals the mechanism for the regulation of
temperature is not absolutely perfect, and in every species of
animal there is a limit to the power of adjustment.

Mammals which hibernate become for the time “ cold-blooded
animals,” and lose their power of regulating their temperature.

The regulation of temperature may be effected either by
modifying heat production, or by altering the rate of elimination.

Heat produetion is voluntarily modified when musecular
exercise is taken during exposure to cold, and involuntarily
when musecles are set in action by a shivering fit. There is,
however, no evidence of the existence of a special nervous
mechanism presiding over heat production in muscle.

But it is not so much by changes in the rate of heat pro-
duction, as by alteration in heat elimination through the skin,
that the temperature is kept uniform. The nerves to the
cutaneous vessels, and to the sweat glands, are the great con-
trollers of temperature. It is through failure of this mechanism
under the action of the toxins of miero-organisms that heat
elimination is diminished, and the temperature is raised in
fevers.

It is not necessary to assume that there is a speecial heat
regulating nervous mechanism, since the nervous arrangements
presiding over the vessels and glands of the skin are capable of
immediately responding to change of condition -calling for
their intervention.

II. STORAGE OF SURPLUS FOOD

A. Since bulk for bulk fat has more than twice the energy
value of proteins or earbohydrates, it is an advantage to store
surplus food as Fat.

This storage takes place chiefly in three situations: (1)
Fatty tissue; (2) liver; (3) muscle,

1. In Fatty Tissues.—In most mammals the chief storage of
surplus food is in the fatty tissues.

That the fat of the food can be stored in them is shown
by the fact that the administration of large amounts of fats

25
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different from those of the body leads to their appearance in
those tissues.

Fats are also formed from the carbohydrates of the food.
Feeding experiments upon pigs and other animals, carried out
in this country by Laws and Gilbert, have definitely proved
that sugary foods are changed to fat in the body and stored in
that form. The following may be given as an example of such
experiments. Two young pigs of a litter were taken, and one
was killed and analysed. The other was fed for weeks on maize,
the amount eaten being weighed and the excretion of nitrogen
by the pig being determined. The animal was then killed and
analysed, and it was found that the fat gained was more than
could be produced from the fat and protein of the food eaten.
It must theretore have been formed from the carbohydrates.

The evidence that fats may be formed from the profeins
of the food is conflicting. In the ripening of cheese it is
undoubted that under the influence of miero-organism proteins
are changed to fats, and in all probability the same thing
occurs in the formation of the fatty adipocere in the muscles of
the dead body during putrefaction. At one time it was
supposed that under the influence of such poisons as phosphorus
the proteins of the cells of the mammalian tissues are changed
to fat. DBut careful chemical examination has shown that the
so-called fatty degeneration is due to accumulation of already
existing fats in the affected organs. Voit fed dogs on lean
beef, and found that, while all the nitrogen was discharged
from the body, the carbon was retained, and he concluded
that it was retained as fat. But he failed to recognise that
even lean flesh contains both fat and glycogen from which
the fat can be formed. At present we have no direct evidence
that the fats of the body are formed from proteins.

2. In the Liver.—The liver is a storehouse of carbohydrates
and fats (p. 387). Lecithin is always present in the liver, even
in prolonged fasting.

3. In Musecle—Some animals, as the salmon, store fats
within their musele fibres; but in mammals such a storage is
limited in amount.

B. Proteins may, to a small extent, be stored in musele,
especially after a fast or a prolonged illness, But in the healthy
mammal it is difficult to get such a storage, except in athletic
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training, where the muscles may be enormously increased by
the building up of the protein-derivatives of the food into their
protoplasm.

C. Carbohydrates are stored to a small extent in the liver and
in the muscle.

III. THE LIVER IN RELATIONSHIP TO ABSORBED FOOD
AND TO THE GENERAL METABOLISM

The liver develops as a couple of diverticula from the
embryonic gut, and is thus primarily a digestive gland, and
in invertebrates it remains as a part of the intestine both
structurally and funetionally, But in mammals, early in foetal
life, it comes to have important relationships with the blood
going to nourish the body from the placenta (see p. 440). The
vein bringing the blood from the mother breaks up into a series
of capillaries in the young liver, and in these capillaries the
development of the cells of the blood goes on for a considerable
time. Soon the liver begins to seerete bile, while animal starch
and fat begin to accumulate in its cells. Gradually the forma-
tion of blood cells stops, and the mass of liver cells become larger
in proportion to the capillaries. As the feetal intestine develops,
the vein bringing blood from it—the portal vein—opens into
the capillary network of the liver, so that, when at birth the
supply of nourishment from the placenta is stopped, the liver
is still associated with the blood bringing nutrient material to
the tissues.

1. Relation to Carbohydrates—Glycogenie Funetion.—Claude
Bernard discovered that sugar is formed in the liver. This
formation of sugar goes on throughout life, and on account of
this constant supply the amount of sugar in the blood does
not diminish, even when an animal undergoes a prolonged fast.
In starvation there are only two possible sources of this
glucose—the fats and the proteins of the tissues. There is no
conclusive evidence that fats can be changed to sugar in the
liver, although it is difficult to explain the large amount of
sngar which is sometimes excreted in phloridzin poisoning,
unless it is formed from fats. That it is not all formed from
proteins is shown by the fact that the sugar which appears is
sometimes greater than could be produced by the proteins broken
down, as indicated by the output of nitrogen.
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That proteins are a source of sugary substances is shown by
the amount of sugar which is produced by an animal rendered
diabetic by removal of its pancreas and fed exclusively on
proteins, It is therefore probable that in starvation the
proteins of the body are broken down and their non-nitrogenous
part changed to sugar.

But not only does the liver manufacture sugar for the
tissues in starvation, but, when the supply of sugar is in excess
of the demands of the tissues, it stores it as a form of starch—
glyeogen—and gives it out as sugar as that substance is re-
quired. On a carbohydrate diet the accumulation of glycogen
in the liver is very great; but even on a protein diet, in dogs
at least, a smaller accumulation takes place. The observation
that the various monosaccharids are all stored as the same
form of glycogen shows that they must first be assimilated by
the liver protoplasm and then converted to glycogen, the process
being one of synthesis.

The way in which glycogen is again changed to sugar is
doubtful. The fact that the liver, after treatment with
alcohol, can change glycogen to glucose, has induced some
physiologists to belleve that it is by an enzyme that this
conversion goes on during life. But it has been shown (1)
that the injection of methylene blue, which poisons protoplasm
but does not interfere with the action of enzymes, checks the
conversion, and (2) that stimulating the splanchnic nerves
going to the liver increases the conversion of glycogen without
increasing the amylolytic enzyme in the liver and blood. It is
therefore probable that the conversion results from chemical
changes in the protoplasm which are controlled by the nerves
of the liver.

If more sugar is taken than the liver can deal with, it passes
on info the general cireulation, and is excreted in the urine.
Every individual has a certain power of oxidising and storing
sugar, and most persons can dispose of about 200 grms. at a
time. But the carbohydrate capacity varies greatly, and even
in the same individual it is different under different conditions.
When the glycogen stored in the liver is changed to glucose
more quickly than is required by the tissues, the glucose may
be to a certain extent again stored in the muscles as glycogen,
or it may accumulate in the blood and be excreted in the
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urine (glycosuria). This condition is seen when the posterior
part of the floor of the fourth ventricle in a rabbit is punectured.
[f glycogen be abundant in the liver, glycosuria results,
the stimulation of the nervous system producing a too rapid
conversion of the glycogen.

Another way in which sugar may be made to appear in the
urine 1s by injecting phloridzin. Under the influence of this
drug the sugar in the blood is not increased. It must be
concluded that it acts by causing the kidneys to exerete glucose
too rapidly, so that it is not available for the tissues. DBut
even when ecarbohydrates are withheld and cleared out of
the body, phloridzin causes glycosuria. Hence the kidneys
must be made to form glucose from the protein of the blood
plasma.

The injection of large doses of extract of the suprarenal
bodies causes a glycosuria with an increase of sugar in the
blood ; but so far it is not known whether the condition is
one of inereased production or of diminished utilizsation of sugar
(p. 406).

Removal of the pancreas also causes glycemia and glycosuria
(p. 410).

2. Relation to Fats.—Although the fats are not carried
directly to the liver, as are proteins and carbohydrates, they
are stored in large amounts in the liver of some animals—e.g.
the cod among fishes and the cat among mammals. Animals
which have little power of storing fat throughout the musecles
and other tissues generally, seem to have a marked capacity
for accumulating it in the liver. Kven in starvation the fats
do not disappear from the liver, and throughout all conditions
of life a fairly constant amount of lecithin—a phosphorus and
nitrogen containing fat (see p. 76)—is present in the liver
cells. Lecithin, in the yolk of the egg, is an intermediate
stage in the formation of the more complex nucleins of living
cells, and the formation of lecithin in the liver by the synthesis
of glycerin, fatty acids, phosphoric acid, and cholin is probably
a first step in the construction of these nucleins. If this be
so, the fat of the liver must play an important part in retaining
and fixing phosphorus in the body.

3. Relation to Proteins.—Along with the intestinal wall,
the liver regulates the supply of proteins to the body. A
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study of the chemical changes in muscle has shown that the
waste of protein is normally small in amount, and that a great
part of the nitrogen is capable of being used again if a supply
of oxygen and carbonaceous material is forthcoming (see p. 69).
Hence the demand for nitrogen in the muscles is small, and
for this reason, apparently, any excess of protein in the food
is decomposed, either by trypsin and erepsin or by the intestinal
wall, into simple nitrogenous compounds, which are changed
into urea in the liver,

Urea, the chief waste substance exereted in the urine, is the
bi-amide of carbonie acid.

0
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It contains 46°6 per cent. of nitrogen. It is a white
substance erystallising in long prisms. It is very soluble in
water and aleohol—insoluble in ether. With nitriec and oxalic
acids it forms insoluble erystalline salts. It is readily decom-
posed into nitrogen, carbon dioxide and water by nitrous acid
and by sodium hypobromite in excess of soda. (Chemical
FPhysiology.)

Urea is chigfly formed in the Liver.—That it is not produced
in the kidneys is shown by the following facts:—(1) When
these organs are excised, urea accumulates in the blood. (2)
When ammonium carbonate is added to blood artificially
circulated through the kidney of an animal just killed, no
urea is formed,

That it is not formed in the muscles is shown—(1) By the
absence of a definite increase in urea formation during muscular
activity ; (2) by the fact that when blood containing ammoninm
carbonate is streamed through museles, urea is not produced.

That it is formed in the liver is indicated—{l) By the fact
that when an ammonium salt such as the carbonate dissolved
in blood is streamed through the organ, it is changed to urea;
(2) by the observation that, when the liver is cut out of the
circulation, the urea in the urine rapidly diminishes, and
ammonia and lactic acid take its place.

The exclusion of the liver from the circulation in mammals
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is diffieult, because, when the portal vein is ligatured, the blood
returning to the heart tends to accumulate in the great veins
of the abdomen. But this difficulty has been overcome by
Eck, who devised a method of connecting the portal vein with
the inferior vena cava, and finally oceluding the portal wvein,
and of thus allowing the blood to return from the abdomen
to the heart.

Sowrce of Uren.—Urea is produced from the decomposition
products of proteins of the food and tissues (see p. 216). The
manner in which excess of protein in the food is broken down
into ammonia compounds in the intestine and sent to the liver
has been already considered (p. 380). But the fact that even in
starvation urea is produced seems to indicate that the initial
stages of decomposition of proteins may go on elsewhere than
in the intestinal wall. The fate of hemoglobin tends to show
that the whole process may be conducied in the liver cells.
When h@emoglobin is set free from the corpuscles, the nitrogen
of its protein part is changed to urea, while the pigment part
is deprived of its iron and excreted as bilirubin. Whether
the proteins of musele and other tissues are thus directly dealt
with, or whether the initial stages of decomposition go on
outside the liver, is not known. But the wide distribution
of erepsin through the tissues may indicate that the initial
splitting of the protein goes on in them.

The nitrogen excreted is not all in the form of urea, but
some is combined in ammonia salts, in uric acid and other
purin bodies (see p. 427), and in ereatinin. In the mammalian
body ammonia and the purin bodies can be changed into urea,
and it is probable that the small amounts of these substances
which appear in the urine have simply escaped this conversion.
Certain drugs (alcohol, sulphonal, ete.) and toxins (diphtheria)
markedly decrease their conversion intv urea and so increase
their quantity in the urine. Although urea may be prepared
from creatin, there is no evidence that the process goes on
in the body. Creatin yields the creatinin of the urine.

[t is probable that after the nitrogenous portion of the
protein molecule is split off and got rid of, the liver has the
further power of turning the non-nitrogenous part into sugar
and either sending it to the tissues or storing it as glycogen.

Summary of the Funections of Liver.—The functions of the
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liver may be briefly summarised as follows:—(1) It regulates
the supply of glucose to the body (a) by manufacturing it
from proteins when the supply of carbohydrates is insufficient,
and (b) by storing it as glycogen when the supply of carbo-
hydrates is in excess, and giving it off afterwards as required.
(2) Along with the intestinal wall it regulates the supply of
proteins to the body, by decomposing any excess, and giving
off the nitrogen as urea, ete. (3) It regulates, in many animals
at least, the supply of fat to the body by storing any excess.
(4) It regulates the number of erythroeytes by getting rid
of waste hamoglobin and retaining the iron for further use
(see p. 213). (5) From the part it plays in the entero-hepatic
circulation, it protects the body against certain poisons by
excreting them in the bile.

V. GENERAL METABOLISM

Having considered how the food is digested and absorbed,
and how it is then either stored or at once used (a) for
building up and repairing the tissues, or (#) as a source of
energy, the rate at which the various chemical changes go on
and the fuctors wwdafymy them may be dealt with,

The changes in the two great constituents of the body—
proteins and fats—have to be separately studied.

1. Method of Investigating

A. Protein Metabolism. — The amount of protein used in
the body is readily caleulated from the amount of nitrogen
excreted, since, under normal conditions, unless nitrogen in
some unusual combination is being taken, if is derived entirely
from the proteins in the body. Proteins contain 16 per cent.
of nitrogen, and hence each grm. of nitrogen exereted is derived
from 6-25 grms. of protein.

The nitrogen is almost entirely excreted in the urine. Only
a small amount escapes by the bowels and skin, and hence only
when very accurate observations are desired is it necessary to
analyse the fweces and sweat,

B. Metabolism of Fats.—Proteins conlain nearly three and a
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half times as much carbon as nitrogen, and hence, when they
are broken down, for each grm. of nitrogen excreted, 3-4 grms.
of earbon are given off.

The carbon is chiefly excreted from the lungs as carbon
dioxide, and in this form it may be collected and estimated,

Any excess of carbon excreted, over the 3'4 times the amount
of nitrogen given off, must be derived from the fats of the body
or from the fats and carbohydrates taken in the food. Any
carbon retained in the body, apart from that in proteins, is
stored ultimately as fat. Since carbon constitutes 765 per
cent, of fats, the amount of fat is caleulated by multiplying
the carbon by 1-3.

The following tabular example of an investigation of the
metabolism may be given :—

Intake in Grams. Output.
. N. C. N.
Proteins : : ; 100 o4 | 18
Fats . : . . 100 i i
Carbohydrates : : 400 200
|
| 330 16 300 14

Two grms. of nitrogen are retained as protein; that is, 2 x
6:25 = 12'5 grms. of protein—are being daily laid on. Thirty
grms. of carbon are also retained in the body, and of this 34 x
2 = 6-8 grms. are combined with the nitrogen in the protein.
The remainder, 23-2 grms., go to form fats, the amount of which
is 232 x 1'3 = 30'16 grms. of fat.

2. Metabolism during Fasting

Wheun the usual supply of energy in the food is cut off, the
animal liberates the energy required by oxidising its own stored
material and its tissues. This is shown by the fact that the
animal loses weight and goes on excreting carbon dioxide,
urea, and the other waste products of the activity of the
tissues.

Several prolonged fasts have been undertaken by men, and,
in one or two of these, careful observations have been made by
physiologists. It has been found that during the first day or
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two of a fast, the individual goes on using proteins and fats at
something like the same rate as he did while taking food, but
that gradually he uses less and less protein each day. This is
well shown in the case of Sucei, who underwent a fast of
thirty days.

Day of Fast. Protein used in Grms. Fat used.
1st 104 Not estimated.
10th ol 170
20th 53 170
29th 31 163

It is from the stored fats that the energy is chiefly derived,
and the result of this is that before death the fats of the body
are largely used up. The protein-containing tissues waste
more slowly and waste at different rates, the less essential
being used up more rapidly than the more essential, which, in
fact, live upon the former. In cats deprived of food till death
supervened the heart and central nervous system had hardly
lost weight ; the bones, pancreas, lungs, intestines, and skin
each had lost between 10 to 20 per cent. of their weight, the
kidneys, blood, and muscles between 20 to 30, and the liver
and spleen between 50 to 70,

The »afe of waste during a fast depends upon the amount of
energy required, and it is therefore increased by muscular work
and by exposure to cold. When a man is kept quiet and
warm and supplied with water, a fast of thirty days may in
some cases be borne without injury.

" 3. Effect of Feeding

When food is given to a fasting animal or man, the first
effect is to increase the rate of wasting by calling into action
the muscles and glands eoncerned in digestion. The result is
an immediate increage in the excretion of nitrogen and carbon,
indicating an increased breaking down of proteins and fats.
[t has been found that in the dog a diet of white bread and
butter inereased the metabolic processes by an amount equiva-
lent to about 10 per cent. of the energy value of the diet. For
this reason, to give an animal which is fasting a diet containing
Just the amount of nitrogen and of ecarbon which the animal is

R
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excreting, will not at once stop the loss of weight. Suppose,
for instance, that to a fasting animal using daily 30 grms. of the
proteins and 160 grms. of the fats of his body, a diet containing
these amounts is given, the disintegration of proteins and of
fats will at once rise, say, to 50 grms. of protein and 280 of fat.
Thus the result will be that, instead of his losing 30 grms. of
protein, he will lose only 20 grms. per diem, and instead of 160
grms. of fat, only 120 grms. But, if the diet is sufficient to
supply the energy required, in a few days the intake and output
will balance, and the individual is then said to be in metabolie
equilibrium, and he neither gains nor loses weight. The
following table and fig. 168 give an idea of how this adjust-
ment of the metabolism is reached :—

—

Dy, Intaie, Disintegrated, | Waste diminished to,

Protein. Fat. Frotein, Fat, | Protein. Fat.
1 0 a0 160 ki e
2 a0 160 60 280 20 120
3 30 LG 40 240 | 10 L]
4 30 160 a0 200 | g - 40
] a0 160 a0 160 | i LI
5} 30 160 30 160 | 0 0

If the amount of food be further increased, a small proportion
of the proteins and a larger proportion of the fats are retained,
and weight is gained. As already indicated, the power of
storing proteins is generally small (see p. 336).

Protein Diet.—Proteins contain all the chemical elements
required for the building and repair of the tissues, and from
the complexity of their molecules they also supply latent energy.
[t is therefore theoretically possible for an animal to sustain
life on proteins, and certain animals can be fed exclusively upon
them. Thus Pfliiger kept a dog for many months upon a purely
protein diet without injury to its health. But to supply the
necessary energy in proteins alone requires the consumption
of excessively large quantities, and herbivorous animals are
unable to digest and use such quantities. Further, when large
quantities are taken, the greater portion is broken up in the
intestinal wall and formed into urea by the liver and ex-



306 VETERINARY PHYSIOLOGY

ereted by the kidney, and thus excessive work is thrown upon
these excretory organs.

It is therefore not advantageous to adopt a too purely protein
diet. The great use of proteins is as muscle-builders. When
the muscles are in a state of constant activity they have a
certain power of laying on protein as they grow. Hence the
value of proteins in museular training.

Gelatin, although undergoing digestion and absorption like
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Fi6, 162.—To show the effects on the metabolism of proteins and fats of feeding
a fasting animal. The continuous horizontal lines indicate the amount
of material metabolised, the broken horizontal lines the amount taken.
The differences between the levels of these indicate the amount of protein
and of fats of the animal body which are metabolised. The first column
represents the condition in fasting—the succeeding columns the intake and
output each day when food is given,

the proteins, i8 not available as a muscle-builder. Its sole
use is as an energy yielder, and in this respect it has a value
equal to the proteins,

Carbohydrate Diet.—Carbohydrates are of equal value with
proteins as a source of energy, but they contain no nitrogen, and
they are not available alone for building up and repairing the
protoplasm of muscles and other tissues. Carbohydrates alone
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will not support life, but when added to proteins they enable
the animal to do with smaller quantities of the latter. They
are thus sometimes termed profein sparers, Their use in
diminishing the consumption of proteins is, however, strictly
limited.

Fat Diet.—JFats, like earbohydrates, will not support life,
because they cannot be used for building up protoplasm; but,
like carbohydrates, they are a source of energy, and they have
more than twice the energy value of proteins or of earbo-
hydrates, They are thus profein sparers. But experiment
has shown that, in spite of their higher energy value, they
have not the same power as carbohydrates of sparing proteins,
since their digestion and absorption is more difficult. Thus
while theoretically 1 grm. of earbohvdrate yields 4:1 Calories
of energy, 1 grm. taken in the food, since it is not all absorbed
and used, yields 403 Calories of energy. But fat, which theo-
retically yields 9-3 on account of its less availability, yields in
the body only 893 Calories. That is, while carbohydrates yield
Y7 per cent. of their energy, as determined by the calorimeter,
fats yield only 92 per cent. of their energy.

When once absorbed, fats are iso-dynamic with the equivalent
amount of carbohydrates. This has been determined by re-
placing the carbohydrates in a diet with the equivalent amount

of fat.

A knowledge of the part played by proteins, carbohydrates,
and fats in the animal body is the groundwork of the study of
Dietetics,

VL. DIETETICS

The object of Dietetics is to fit the supply of matter and
energy in the food to the requirement of the body under
different conditions,

In all animals the great essentials of a diet capable of
maintaining health are:—

1st. That it should be capable of digestion, absorption, and
assimilation, i.e. that it should be available,

2nd. That it should supply the energy required.
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3rd. That it should contain sufficient proteins to make good
the waste of these substances.

1. Diet must be ecapable of Digestion, Absorption, and
Assimilation.—The constituents of the food, to be of use in
the body, must be capable of being acted on by the digestive
juices, For this reason young vegetables, in which the cells
have only a thin capsule of cellulose, which is easily broken up
in mastication or by maceration in the rumen of the ox eor
colon of the horse, yield more of their nutritious constituents
than do the older vegetables, where the capsule has become
indurated, and possibly in part converted to lignin and other
encrusting substances. A food that is capable of proper
digestion is also capable of absorption, provided the cells lining
the intestine are active.

Lastly the food, to be of use, must consist of proteins,
carbohydrates, and fats, which alone are capable of being taken
up—assimilated—by the tissues, so that they can be broken
down and their energy liberated. Various matters may be
absorbed from the food into the blood merely to be again
excreted by the kidneys, without serving any purpose in
the body.

The investigation of the extent to whieh food is digested is
more diffieult in herbivorous than in ecarnivorous animals,
because the process of digestion is so much slower. In the
ruminants it takes nearly five days for the contents of the
alimentary canal to be cleared out. In the horse it takes
about four days.

To determine the extent to which digestion has been carried
out, analyses of the food and of the fieces during a somewhat
prolonged period have to be made. It has been found that
digestion of various plant foods goes on to about the same
extent in the various ruminants, but that in the horse it is
less complete. When fed on hay, 11 or 12 per cent. less of
the solids are digested in the horse than in the sheep. The
proteins are digested about as well, the fats much less well
digested, sometimes as much as 50 per cent. less well; the
carbohydrates about 10 per cent. less well. The erude fibre of
the hay, which is well digested in the ruminants, is not so
perfectly dissolved in the horse.

Some examples of the extent to which some of the commoner
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foods are digested by ruminants may be given in per cent.
of total amount taken.

Protein. |  Fibre, Fat. h‘;t'l"m“;'E
e e et |
Meadow grass . ; 7 75 66 | i8.
Hay . - . 61 57 , 53 fi4
Oats . A : 78 . 20 83 76 ,
Peas . : ; : 89 i 6 75 93 -
| | |

The following table gives the results of some recent
observations upon the availability of the proximate principles
of oats in the horse and sheep :—

Per cent. digested,

Horse. Sheep.

Raw protein . : : : 68-2 63-8
B R : : : g H54-0 626

, fibre. : : : ; Tl 403
N free extractives . . : 693 720

Only about 587 per cent. of the energy of the oats was
thus available.

This shows very clearly that the diet must contain far more
energy than is actually required by the animal, that the gross
energy of the diet must greatly exceed the neff energy require-
ments of the animal.

With these general considerations we may now take up the
feeding of the various kinds of animals.

9 The energy requirements vary enormously in animals of
different species, and even in animals of the same species.

1. Size must obviously have a marked effect. A big animal
requires a greater supply of energy than a small one. But,
since in small animals the loss of heat is greater than in large
animals, the metabolic processes in these are more active, and
more food in proportion to their size is required,

In this connection it must be remembered that, in con-
sidering the influence of size on the energy requirements, we
should really consider only the weight of the living tissues, and
should neglect the weight of mere practically dead matter,
such as fat, skin, hair, hoofs, and the contents of the alimentary
canal. This, however, is not easily ascertained.
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Mode of Life.—An animal kept warm and at rest requires
much less energy than one doing museular work and exposed
to cold,

The variations in the amount of material used in different
conditions is well illustrated by the experiments of Zuntz on
the excretion of carbon dioxide in the dog.

CO, excreted per

minute in e.cms.

Resting lying . ! a o ) y 19247
standing . : . . : 170-2
Forward movement (unloaded) : : 5250
o iy (drawing weight) . 7989

Museular Work.—The influence of the activity of the musele
upon the metabolism has been considered on p. 67 ef seq.

In the horse the question has been very carefully studied
by Zuntz and Lehmann, especially as regards the intake of
oxygen and output of earbon dioxide. The gaseous exchange
was estimated either by putting a mask over the nose and
mouth or by performing tracheotomy, while various forms of
exercise without change of position were rendered possible by
placing the horse on a platform which could be moved at any
speed required, and which could be placed in the horizontal
or in a sloping position.

3. Protein Requirements.—The minimum amount of proteins
necessary to maintain health varies in ditferent animals, but
a review of the ordinary dietaries of different herbivorous
animals indicates that it should rather exceed one grm. per
diem per kilo of animal weight, and that, if muscular work
18 to be done, its amount must be increased.

1. The Horse.—The great object of feeding the horse is to
get work out of him, and the more work that is required the
more food must be given to supply the energy, or the animal
will draw upon the tissues of its body, and will emaciate and
lose the power of doing work. Since horses vary so much in
size and weight, it is necessary to state the dietary require-
ments in terms of units of weight, and the unit here taken
is the kilo.

It has been found that, to maintain the weight of a horse
standing in its stall and doing no work, something like the
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following combination of proximate principles must be
absorbed per kilo of body weight :—

G et

Protein : . about 1200 yielding about 4920
Carbohydrates . 5000 4 20500
Fats . : : 0-400 5 3720
20-140

That is, the horse when resting requires about 30 Calories
of energy per diem per kilo.

When hard muscular work has to be done by the horse, the
diet may have to be increased to something like the following :—

Grins, Calories.

Proteins . : 5 : . 2:300 about 9500
Carbohydrates . 12500 ., 50:000
Fats . : : . : . 0800 , 7500
67-000

which, in proportion to the weight, is about the same as that
required by a man doing hard museular work.

The eonsideration of the manner in which this supply of
nufritions matter is to be given in hay, oats, and straw, etc.,
must be left to the teacher of stable management.

2. Ruminants.—In feeding ruminants, three different objects
may be aimed at. In this country oxen are fed to fatten them
for food ; cows are fed to yield milk ; while sheep are fed with
the object of obtaining their wool, and, in the second place, of
preparing them for food.

Feeding of Oxen.—The main purpose here is to make the
animal convert the cheap vegetable proteins and carbohydrates
as rapidly and completely as possible into the more expensive
animal proteins and fats. As we have already seen (p. 386),
it is much more difficult to get an increase of protein in a full-
grown animal than an inerease of fat, because of the tendency
on the part of the animal to decompose any excess of protein
in the intestinal wall and liver and to excrete the nitrogenous
part. But in growing animals the power of laying on protein
is very much greater. Therefore the diet of young eagtle, say

2
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from two to three months old, and weighing about 75 kilos,
should contain no less than 4 grins. of protein per kilo per diem,
and this should be to the non-protein as 1 to 47, while, at the
age of two years, the proteins need not exceed 1'6 grms, per
kilo per diem, and be to the non-protein food as 1 to 8, and if
an older ox is being kept at rest in the stall it may maintain
health on a diet containing only about half this amount
of protein.

When, however, the animal is being fed for market, the
supply of food must be largely increased :—

Prozimate Prineiples of Diet of Oz per Kilo, in Grins.,

| : Carbo- | Energyin |
! | Proteins. hydrates. Fats. I Calories. |
| (e = |

Resting in stall . : w | ER 8 0-15 | a7 |
| Feeding for market . : 30 15 07 S0 !

!

Feeding of Sheep.—While those which are being kept for
the purpose of producing the slowly growing wool require a
comparatively small diet with only a small proportion of
protein, animals which are being rapidly {fattened require
the diet to be nearly doubled, and the proportion of protein
inereasei.

Feeding of Milk Cows.—Since the various constituents of
the milk are manufactured in the udder and not 'merely
extracted from the blood, the activity of the udder is the first
factor to be considered in the production of milk. The
activity of this organ, like that of others, seems to be
influenced very markedly by the supply of protlein food, and
hence it is desirable to give to milk cows a higher proportion
of protein food than is given to oxen. A cow may produce
about 20 grms. of milk per kilo of body weight per diem,
and this contains about 06 grm. of protein and 07 grm. of
fat. Such a cow should have a diet containing, in a form
capable of absorption, about 25 grms. of protein and 13-0 grms.
of carbohydrates per kilo of body weight per diem. A milk
cow, in fact, should have a diet as abundant in proportion to its
weight as a horse doing hard muscular work.
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[n domestic animals the further question of the manurial
value of the food has to be considered. The constituents of
the excreta which are of special manurial value are the
nitrogen and phosphorus. Since so little nitrogen is fixed in
the body of the adult animal as proteins, the greater quantity
of the nitrogen of the food is recoverable in the urine and
fieces. In ruminants the phosphorus is chiefly excreted in the
teces.  Hence, by careful storace of the exereta and its proper
disposal, a large return to the land may be made. This cycle
between animal and plant may be illustrated by the
following diagram :—

ANIMAL
PROTEID
UREA
BACTERIA
AMMONIA VECETABLE
COMPOUNDS FPROTEID

BALCTERIA
NITRATES

oF S0r¢L



SECTION VII

INTERNAL SECRETIONS OR HORMONES—
THEIR PRODUCTION AND ACTION

THE products of the metabolism of the various organs are carried
away in the lymph and blood, and certain of these products
exercise an important influence upon other structures in the
body. Thus, the carbon dioxide produced in musele acts
upon and stimulates the respiratory centre, and the secretion
formed in the lining membrane of the duodenum stimulates
the pancreas. These products have been termed Internal
Secretions, while more recently the name Hormones or “ Activ-
ators” has been suggested for them.

Among the structures which are known to yield such
hormones are :—

1. Suprarenal Bodies.—These structures lie just above the
kidneys. Each consists of a tough corfer composed of epithelial-
like cells arranged in columns, and a soft medulle consisting of
cells derived from neuron cells which stain of a peculiar brown
colour with chromic acid. The medulla is developed from the
sympathetic chain of ganglia. The cortex is a perfectly in-
dependent structure derived from the surrounding mesoblast,
and in teleostean fishes it is quite apart from the representative
of the medullary part. A suprarenal body is thus two distinet
and independent organs combined with one another (fig. 163).

Long ago Brown-Séquard found that removal of these bodies
canses great muscular weakness, loss of tone of the vascular
system, loss of appetite, and finally death in a short time.
Addison had already pointed out that a similar set of symptoms,
accompanied by pigmentation of the skin, is associated with
diseased conditions of these organs in man. The injection of
small quantities of the medullary portion of the bodies or of
extracts of it exercises a powerful effect on the endings of the
thoracico-abdominal visceral nerves. The most marked result

18 to cause contraction of the arterioles and an enormous rise
404
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in the blood pressure. That the action is upon the endings of
these nerves is shown by the fact that MecFie found no action
on the heart of the chick in which the nerves are not yet
developed, while Brodie has failed to get any effect on the
vessels of the lungs in which the sympathetic nerve termina-
tions are said to be absent. Further, apocodeine, which poisons
the nerve endings, abolishes the effect of suprarenal extracts.

Cardiae inhibition is produced—Dbut this may be due to the
rise of blood pressure. It is abolished by the administration of
atropin.

These extracts also cause a dilatation of the pupil in the

FiG. 163. —Section through Cortex and Medulla of the Suprarenal Body
of a Mammal ; a, b, ¢, d, cortex ; f, medulla.

cat and it inhibits intestinal peristalsis, Their action on the
bladder varies according to the action of the sympathetic fibre,
which is different in different animals. In those in which these
fibres cause contraction, extract of the suprarenal acts in this
way ; in those in which relaxation is caused, the extract causes
relaxation. With blood vessels which are not supplied with
vaso-constrictor fibres, e.g. those of the lungs and heart, the extract
does not act, and hence a rush of blood to the lungs is caused.
As already indicated (p. 389), injections of extracts of the
suprarenal bodies profoundly modify the metabolism, leading
to an increase of sugar in the blood and to its excretion in the
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urine. This is best marked when the animal is well fed and
has a store of glycogen in its liver, but sinee it occurs in fasting
animals, after the stored carbohydrates have been cleared out
by the administration of phloridzin (p. 385), it would appear to
be due, in part at least, either to a non-utilisation of sugar by
the tissues or to an increased production of sugar from proteins.
A decrease in the nitrogen in the form of urea and an increase
of that in ammonia, similar to that found in cases of true
~ diabetes, have also been observed. It has been suggested that
the suprarenal secretion acts through the pancreas by prevent-
ing the formation of the internal secretion which has been
supposed to act on the liver (see p. 410). But the evidence
iz not satisfactory.

Its continued administration produces atheroma of the aorta.

The essential principle of the suprarenals is a substance,
adrenalin, which is of the nature of a secondary aleohol linked
to a benzene ring. Various more or less successful attempts
have been made to prepare it synthetically.

The funetions of the cortex of the suprarenals are unknown.

2. Pituitary Body.—This lies at the base of the mid-brain,
and consists of an anterior part of nervous tissue, somewhat
resembling the medulla of the suprarenals, and a posterior part
derived from the alimentary canal, and consisting of masses of
epithelial-like cells,

Removal of this body causes in cats and dogs a fall of
temperature, lassitude, muscular twitchings, dyspncea, and
ultimately death. Injection of extracts of the substance is
said to diminish these symptoms. In the healthy animal the
injection of extracts of the posterior or nerve parts of the
pituitary causes a rise of arterial blood pressure, a dilatation of
the kidney, and an increased flow of urine. A repetition of the
injection may cause a fall of blood pressure, but the dilatation
of the kidney and the increased flow of urine are produced.

3. Thyroid Gland (fig. 164).—This structure is formed as a
hollow outgrowth for the anterior part of the alimentary ecanal,
which branches and again branches. It early loses its con-
nection with the alimentary canal, and becomes cut up by
fibrous tissue into a number of small more or less rounded
cysts or follicles, each lined with epithelium, and filled with
a mucus-like substance, which contains a nucleo-protein, and
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a substance with a marked power of combining with iodine,
This has been called iodothyrin. It contains about 36 per
cent. of iodine, and it seems to be the active constituent of
the internal secretion of the gland,

The removal of the thyroid usually leads to a train of
symptoms which varies somewhat in different animals, but is
essentially the same in nearly all. The connective tissues
tend to revert to the embryonic conditions, and the amount
of muein inecreases. The temperature falls, muscular tremors
appear, and in dogs these may go on to convulsions. They do
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Fre. 164.—Section through part of the Thyroid (7%.) and a Parathyroid (P.)
of a Mammal,

not disappear on removing the cortex cerebri, but are stopped
by section of the nerves to the muscles, and thus they
appear to be spinal in origin. The functions of the higher
nervous system become sluggish, and the animal frequently
dies. By administering the substance of the thyroid, or by
giving extracts of the thyroid, most of these symptoms may be
delayed or prevented. When thyroid gland or extract is given
to healthy animals in moderate doses it causes an increased
metabolism of both fats and proteins, and may thus induce
emaciation. These phenomena seem to indicate that one
function of the organ is to produce an internal secretion
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which regulates the rate of the metabolic processes in the
body by increasing them when such an inerease is desirable.
When the thyroid iz not developed, the growth and develop-
ment of the individual are partially arrested, and the condition
of eretinism is produced. Atrophy of the structure in adult
life causes a train of symptoms somewhat resembling those
produced by its removal, and constituting the disease, myzedema.
It has been suggested that a condition of increased activity of
the action of the heart, usually accompanied by prominence of
the eyes and swelling in' the region of the thyroid—ezophthalmic
goitre—may be due either fo increased activity of the strueture,
or to deficient action of the parathyroids.

4. Parathyroids.—Two to four small nodules are found in
close relationship to each lobe of the thyroid, often lying in
its substance, and these are formed of columns of cells with
capillary blood vessels between them (fiz. 164). More or less
successful attempts have been made in different animals to
remove them without the thyroid, or the thyroid without
them, and the general result of these experiments is that the
nervous symptoms which follow ordinary thyroidectomy—the
tremors, etc.—seem to be due to the loss of the parathyroids,
while the metabolic changes are probably due to want of the
internal secretion of the thyroid. Affer removal of the thyroid
some observers have found that the parathyroids undergo a
change and become like the thyroid.

5. Ovaries and Testes.—It 18 well known that removal of
these organs causes characteristic changes in the animal: a
tendency to the deposition of faf being produced, the activify
of the central nervous system being somewhat modified, the
voice in the male losing its maseuline character, and the
thymus persisting, in the male at least, for a considerably
longer period than in the normal. That it is not the tubules
of the testes but some produect of the interstitial cells which
act in this way is demonstrated by the fact that ligature of the
vasa deferentia which causes atrophy of the tubules does not
prevent the development of sexual characters. Several years
ago Brown-Séquard maintained that the general effects of
atrophy of these organs might be obviated by the adminis-
tration of testicular substance; and more recently, as a result
of clinical experience, the administration of extracts of the
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ovaries has been described as relieving certain of the nervous
symptoms which supervene on their removal or atrophy. It
has further been found that ovarian substance, when given to
dogs whether male or female, causes an increase in the rate of
protein metabolism, although no similar action is found with
testicular substance. There is thus evidence that the ovaries,
like the thyroid, form an internal secretion having an import-
ant action in accelerating the metabolism. It is at least
probable that the testes produce a similar substance.

6. Thymus.—This structure develops as an epithelial out-
growth from one or more of the branchial arches of the embryo.

Fie. 165, —Section of the lobules of the Thymus to show the lobules,
with Hassall's corpuscles in the central part.
Round these outgrowths masses of lymph-like tissue colleet, and
thus a much lobulated structure lying in the front of the neck
and upper part of the thorax is formed. As development
goes on the epithelial core of each lobule breaks up and forms
nests of cells which are often disposed concentrically and form
the corpuscles of Hassall. These lie in the loose lymph-like
tissue, the medulla of the lobule, the meshes of which are
formed from the epithelial cells, and this is surrounded by a
cortex of more dense lymph-like tissue. The thymus is largest
in relationship to the body weight about the time of birth, but
it continues to grow, although not in proportion to the growth
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of the body, till about the age of puberty. After about
twenty-four years of age it atrophies and is replaced by a mass
of fatty tissue. The Hassall’s corpuscles seem to atrophy
earlier than the lymph-like tissue,

Castration in cattle and guinea-pigs markedly retards the
onset of atrophy, so that the thymus of the ox is much larger
than that of the bull of the same age. Not only so, but
removal of the thymus in young guinea-pigs seems to be
followed by a more rapid growth of the testes. It is therefore
probable that the thymus yields an internal secretion which
controls the growth of the male genital organs.

The only other effect of its removal in young guinea-pigs
i a transient diminution in the number of leucocytes. This
seems to lead to a diminished power of resisting the invasion of
those miero-organisms—e.g. staphylococei—which are normally
combated by the leucocytes.

7. Panereas.—Excision of the panereas in dogs and other
mammals produces a condition of diabetes—an increase of
sugar in the blood, its appearance in the urine, an inereased
excretion of nitrogen, and a general emaciation. These
symptoms do not occur when the duet is tied or ocecluded
until degeneration has developed, but they are invariable and
immediate when a sufficient amount of the gland is removed.
They are not prevented by the administration of pancreas,
either fresh or as extracts. The sugar is formed from the
proteins, since 1t appears in amounts proportionate to the
amount of nitrogen excreted, after all the glycogen has been
removed. The pancreas seems therefore to form a hormone
which either controls the production of sugar in the liver or
causes its utilisation by the museles.

It has been suggested that adrenalin causes diabetes by
checking the production of this hormone in the pancreas. But
the facts that, in ducks and geese, in which removal of the
pancreas does not cause diabetes, the injection of suprarenal
extracts causes glycosuria, and that its administration increases
the output of sugar in dogs without a pancreas, are opposed to
the view that it acts through the pancreas, and suggests that
it must act directly on the liver or other tissues.

Since the only respect in which the pancreas differs in
histological character from the parotid gland—removal of which
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has no effect on the metabolism—is in the presence of the islets
of Langerhans, it has been suggested that they are related to
this funection of the organ. Some recent observations, however,
tend to show that these islets are not permanent structures,
but that they are formed from and revert to the ordinary
secreting tissue.

8. Duodenum.—As already pointed out the duodenum yields
a hormone (secretin), which acts directly upon the pancreas to
stimulate its secretion.

Toxie Aetion and Immunity

It is not definitely known how each of these internal secre-
tions performs its special action, but light seems to be thrown
upon the question by the study of the mode of action of various
toxic substances, and the mode of production of a condition
of immunity against them. As will be presently shown, a
process of the same nature as the production of internal
secretions is involved,

Snake and Diphtheria Toxins.—The question may be most
simply approached by considering first the probable mode of
action of the toxin or poison of snake venom, or of that pro-
duced by the diphtheria bacillus, and the way in which protection
against these is established by the development of antitoxins.

By injecting under the skin of the horse increasing doses
of such toxins the animal becomes quite resistant to the
poison. A certain quantity of ifs serum can then neutralise a
definite quantity of the toxin, so that if the mixture of serum
and toxin be injected the animal is uninjured. Something has
been formed in the horse which seizes on the molecules of the
toxin and makes them harmless, just as when soda 1s added
to sulphuric acid it forms a mneutral salt.

The two molecules have a definite chemical affinity for one
another, so that the toxin is no longer free to seize upon the
protoplasm of the animal’s body. To explain this Ehrlich
has suggested that the protoplasm molecule, like the protein
molecule (p. 7), i8 to be considered as made up of a central
core with a number of side-chains, hands, or receptors, which
play an important part in taking up nourishment of different
kinds, for each variety of which speecial side-chains have a
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special affinity (fig. 166). He supposes that some of these
side-chains fit the toxin molecule, and are thus capable of
anchoring it to the cell and allowing it to exercise its toxie
action, and he explains the production of antifoxin by supposing
that, as these side-chains get linked to the toxin and are thus,
as it were, thrown out of action, others are produced to take
their place, since they are necessary for the nourishment of
the protoplasm, If the toxin is continually administered in
small doses this production of side-chains may be so increased
that they get thrown off ‘into the blood and in it are capable
of linking to the toxin and so preventing it from fixing itself
to the cells. If, therefore, some of the blood be injected into
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an animal which afterwards receives a dose of the toxin, that
toxin will not act, and the animal will be immune.

Typhoid Toxin.—DBut immunity may also be established not
against toxins separale from organisms, but against organisms
which hold their toxin, as in the case of the bacillus of typhoid
fever. Here repeated injections of inereasing doses produce
a serum which has the power of destroying the organism when
added to it even outside the body. But this is not a simple
combination, because if the sernm be heated to 55° C. it loses
its power, but if a few drops of the fresh serum of an unim-
munised animal be added, the power is restored. Obviously
the anti-body which destroys the organism—the bactericidal
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or bacterilytic body, often called the amboceptor—requires the
co-operation of another body to enable it to aet, and this
body has been called the complement or activafor.  Ehrlich
supposes that the immune body does link to the protoplasm
of the organism, but that it must in its turn be linked to the
complement. The fizure may help to explain this (fig. 167).

Cytotoxins.-—Similar anti-bodies, acting upon the cells of
the animal body, may be produced by injecting the particular
kind of cell into an animal of another species. Thus, if human
blood be repeatedly injected into a rabbit the serum of the
rabbit's blood becomes hwmolytic—i.e. acquires the power of
~dissolving the erythroeytes in Awman blood. In this case too,
the immune body requires the presence of a complement,
readily destroyed at a comparatively low temperature, to enable
it to aet. If such hemolytic serum be injected into another
animal an anti-hemolysin may be developed—a body which
will antagonise the action of the hemolysin, Possibly this is
a body which links with the amboceptor to prevent its linking
to the complement.

Precipitins.—DBy the injection of the proteins of the blood
of any particular animal into an animal of another species a
serum is developed which precipitates the proteins of the blood
of the first species and of no others,

In these various cases the active body is produced by the
throwing off of side-chains from protoplasm, and as these
products are carried away in the blood the process is exactly
analogous to the formation of internal secretions,

Opsonins.—Many bacteria after treatment with the serum of
the animal are taken up by the leucocytes, but if not treated
with serum are not taken up. Apparently the serum contains
something which has been called an opsonin which prepares
the bacteria to be devoured. The action of opsonins is destroyed
by temperatures between 55° and 65° C. The opsonie power of
the serum is often increased by the injection of small quantities
of dead bacteria (Vaccines),



SECTION VIII
EXCRETION OF MATTER FROM THE BODY

1. EXCRETION BY THE LUNGS (see Respiration, p. 294)

2, EXCRETION BY THE KIDNEYS

URINE

THE water and waste nitrogen of the body are chiefly elimi-
nated in the urine, which is secreted by the kidneys.

The tests for the various constituents of the wrine must be
studied proctically. (Chemical Physiology.)

I. Physical Characters

The characters of the urine depend largely on the relative
proportion of water and of solids which are exereted in it:
at one time it may be very concentrated, while at another
time it may be very dilute indeed. For this reason its speeifie
gravity, which depends upon the percentage of solids in
solution, varies within wide hmits. But the average specific
aravity in the horse is about 1036. It is possible from the
specific gravity to form a rough idea of the amount of solids
present, for by multiplying the last two figures by 2:22 the
amount of solids per 1000 parts is given.

Since the percentage of pigments in the urine varies like
that of the other constituents, the eolour of the urine shows
wide divergence in the normal condition. A concentrated
urine has a dark amber colour, while a dilute urine may in
some animals be almost colourless. Under average con-
ditions the urine has a straw-yellow colour.

The reaction of urine is normally acid in dog and other
earnivora.

414
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[n herbivora, when suckling or when fasting, the urine is
acid, but when on their normal diet it 1s alkaline.

The alkalinity is due to the presence of alkaline carbonates
formed from the ecitrates, malates, and tartrates of the
vegetable foods, and also from the acetates, ete., produced by
the decomposition of cellulose in the rumen and intestine.

Urine in earnivora is normally transparent; but when it
has stood for a few hours, a cloud of a mucin-like substance
is seen floating in it. In herbivora, as the urine cools, it
rapidly becomes turbid and throws down a white precipitate
composed chiefly of carbonate of lime.

The smell of urine is characteristic, and it may be modified
by the ingestion of many different substances.

II. Composition

Since the relative amounts of water and solids vary within
such wide limits, the percentage composition of urine is of
little moment. Of the solids, rather more than half are
organic, rather less than half are inorganic. Since water and
solids are derived from the water and solids taken by the
individual, the amounts exereted depend upon the amounts
taken, and must be considered in connection with them.
Thus if an animal takes little Huid, it will pass little water in
the urine. If it takes little food, a small quantity of solids
will be exereted by the kidneys. Since exeretion and ingestion
must be studied in relationship to one another, it is convenient
to compare them during a definite period of time, and the
natural division into days of twenty-four hours is generally
adopted,

1. Nitrogenous Substances

A. Urea.—The chemistry and mode of formation of urea
have been discussed on p. 390. Since it is as urea that, on
an ordinary diet, nearly 90 per cent. in the dog, and probably
about 80 per cent. in the horse, of the waste nitrogen is
eliminated in the urine, the amount excreted affords a measure
of the amount of proteins taken in the food.

When the urine is allowed to stand, certain miero-organisms
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are apt to get into it, and to cause a hydration of the urea,
whereby it is changed into ammonium carbonate—

- H 0 H

H I H N0 0N
H—E—N< g [(N—0—C—0—Nig

H H 5 15

The urine if aecid is thus made alkaline, and In carnivora
the phosphates of the earths are precipitated. The phosphate
of magnesium combines with the ammonia to form ammonio-
magnesium-phosphate, NH,MgPO,4+6H,0, which ecrystallises
in characteristic prism-like erystals. In the horse and other
herbivora it is the carbonate of lime which is precipitated.

B. Non-Urea Nitrogen.—The 10 to 20 per cenf. of nitrogen
which on an ordinary diet is not excreted as urea is dis-
tributed in :—

1. Ammonium Salts.—About 4 or 5 per cent. of the total
nitrogen is normally excreted as ammonium salts in the dog,
but in the horse the proportion is much smaller. But under
certain conditions the proportion is greatly increased. Any-
thing which causes an increased breaking down of protein
and an increased formation of acids in carnivora, leads to an
increased excretion of ammonia—the ammonia being formed
from the proteins fo neutralise the acids.

2. Diureides.—The members of this series of bodies consist
of two nnmodified or modified urea molecules, linked together
by an acid nuclens. The most important of the series have
acrylic acid as the linking molecule, and they -constitute
the purin bodies.

0
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In birds and reptiles they replace urea as the substances
in which nitrogen is chiefly eliminated. In these animals
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they are formed in the liver from lactate of ammonia derived
from proteins, but in mammals they appear to be very largely
derived from the decomposition of nucleic acid. Even when
all supplies from without of nucleins and purin bodies are
cut off, a certain amount of these purin bodies is daily
eliminated. These have been called the “endogenous” purins,
while those derived from the constituents of the food are
termed the “exogenous” purins., A certain amount of the
purins formed are changed to urea before being exereted, and,
therefore, when disturbances of the chemical processes in
the liver occur, the purins appear to be increased at the
expense of the urea.

Urie Acid is the most important member of the series in
man, but in the dog, horse, and ox its amount is very small.
Its constitution is shown on p. 416.

It is an exceedingly insoluble substance which tends to
erystallise in large irregular erystals, and in the urine these
are generally coloured brown by the urinary pigment. It
oceurs as salts of sodium and potassium.

From their insolubility, uric acid and the urates tend to
form calenli or concretions in the urinary passages. The
presence of uric acid in such concretions is recognised by the
murexide test, which depends upon the fact that uric acid
heated with nitric acid is oxidised to alloxantin, which strikes a
purple celour with ammonia, yielding murexide—the ammonium
salt of purpurie acid. '

Other members of the series, such as xanthin and hypo-
xanthin, occur in the urine in small quantities.

Allantoin, which occurs in the urine of the feetus, in the
urine of cows, and possibly of other herbivora, and in the
urine of dogs both before and after the administration of
nueleic aecid, is a diureide in which glyoxylic acid with two
carbon atoms is the linking band.

3. Creatinin.—Creatinin is the form in which the creatin
of muscle is excreted.

Creatin is methyl-guanidin-acetic acid (see p. 43). By
dehydration ereatinin is produced. The amount excreted is
always small, and depends upon the amount of musecular
tissue broken down in the body. According to the investi-
gations of Folin the amount of creatinin excreted per diem

27
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on a flesh-free diet is very constant in each individual, and
does not vary with the amount of protein food taken.
4. Hippuric Aeid.—This is benz-amino-acetic acid—

0 H H G
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It is formed from benzoic acid taken in the food by linking
it to glycocoll—amino-acetic acid. This synthesis appears to
take place in the kidneys, for it has been found that hippurie
acid is not formed when these organs are excised, and that,
when blood containing benzoates is circulated through them,
hippuric acid is produced. Its chief interest is in the fact
that it is one of the first organic compounds which were
demonstrated to be formed synthetically in the animal
body. Normally it is absent from the urine of carnivora,
but in the urine of herbivora its amount is considerable.
It is formed from the benzoic acid in the food, and it is
therefore abundant upon a diet of grass or hay and smaller
in amount when oats or beans are given,

II. Sulphur-containing Bodies

The sulphur exereted in the urine is derived from the sulphur
of the protein molecule, and the amount of sulphur exereted
may be taken as a measure of the amount of protein decomposed.
This is sometimes used as a check upon an estimation from
the excretion of nitrogen.

A. Acid Sulphur.—The greater part of the sulphur is fully
oxidised to SO,. (@) Preformed Sulphwies. The greater quantity
of this is linked with bases to form ordinary sulphates.

(0) A small quantity is in organic combination, linked to
benzene compounds, Etfhereal Sulphates. The indol, skatol,
and phenol (see p. 372), formed by the putrefaction of
proteins in the bowel or from the benzene compounds in the
food of herbivora, being excreted in the urine in an oxidised
form linked with sulphuric acid. Indol, as already shown,
is related to amido-ethyl-benzene.
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In carnivora their amount of these depends upon the activity
of putrefaction in the intestine, and is a good index of its
extent. In herbivora they are formed from the aromatic
compounds in the food.

When Dioxybenzene or Pyroeatechin is formed in the body,
it too is linked to sulphate of potassium and exereted. It is
always present in the urine of the horse, and when urine
containing this substance stands, it becomes oxidised and
yields a greenish brown or black pigment.

N
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B. Neutral Sulphur.—A small quantity of sulphur is ex-
creted in a less oxidised state, in the form of neutral sulphuwr,
In man the most important compound of this kind is eystin,
the disulphide of amino-propionic aecid, two molecules of
amino-propionic acid linked by sulphur—

Amino-propionie acid.

Sulphur.

|
Sulphur.

Amino-propionic acid.

In some individuals and in certain conditions of the
metabolism not yet fully understood, the amount of cystin
is increased, and it then tends to erystallise out in peculiar
hexagonal plates.

ITII. Phosphorus-containing Bodies

In herbivorous animals phosphates ave practically absent
from the urine. They are excreted from the mucous membrane
of the bowel. Hence, in the horse, erystals of triple phosphates
are found in the fieces, not in the urine.

In carnivores the phosphorus in the urine is derived partly

S S W
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from phosphates taken in the food, and partly from the
nueleins of the food and tissues and from the bones,

(#) Normally the phosphorus is fully oxidised to P,0,
which is linked to alkalies and earths, and exereted in the urine.
The most important phosphate is the phosphate of soda,
NaH,PO,, which is the chief factor in causing the acidity of the
urine, About one guarter of the phosphorie acid is linked to
calciwm and magnesivm, and it is these earthy phosphates
which precipitate when the urine becomes alkaline. When the
urine becomes ammoniacal, triple phosphate is formed (p. 416).

(&) It is probable that a small quantity of the phosphorus
is excreted in organic compounds, such as glycero-phosphates;
but so far these have not been fully investigated.

IV. Chlorine-containing Bodies

Chloride of sodium is the chief salt of the urine. It is
entirely derived from the salt taken in the food, and its
amount varies with the amount ingested. In the horse it is
present in very small quantities,

In starvation, and still more in fever, the tissues of the budy
have an extraordinary power of holding on to the chlorine,
and the chlorides may almost disappear from the urine.

V. Bases of the Urine

Sodium, potassium, caleinm, and magnesium occur in the
urine in amounts varying with the amounts taken in the food.
On a flesh diet and in starvation potassium 1s in excess of the
others. Calcium and magnesium are present in much smaller
quantities. In herbivora potassinm is the chief salt, and in
the horse caleium is also abundant,

VI. Pigments

A brown hygroscopic substance, which gives no bands in the
spectrum, may be extracted from urine. This has been termed
urochrome. By reducing this, another pigment, urobilin, is
produced, which gives definite bands, and which is frequently
present in the urine. It is probably identical with the hydro-
bilirubin which has been prepared from the bile pigments, and
it contains C. H. O. and N.
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The pigment which gives the pink colour to urates has been
called uroerythrin, and its chemical nature is unknown,

Hamatoporphyrin (see p. 213) is normally present in small
traces in the urine, but in certain pathological states it is
increased in amount and gives a brown colour to the urine.

VII. Nucleo-protein

A mucin-like nucleo-protein derived from the urinary passages
is always present in small amounts, and forms a eloud when the
urine stands.

VIII. Carbonic and Oxalie Aecids

1. Carboniec Aecid.—Small amounts of this are present in
urine of carnivores.

In herbivora it is present in large amounts, combined with
potassium, lime, and magnesia, and also free. The carbonate
of lime readily crystallises ouf in large dumb-bell-like crystals
which may be confused with erystals of oxalate of lime, but
which are quickly soluble, with effervescence, on the addition
of an aeid.

The differences between the urines of different herbivora are
not important. The urine of the ox and cow is more abundant
and more dilute than the urine of the horse, while the urine of
the sheep is considerably more concentrated and contains a
very high proportion of hippuric aeid.

2. Oxalie acid

0 O
ol
H—0—C—C—0—H

is a substance in a stage of oxidation just above that of carbonie
acid. It is frequently present in the urine linked with lime,
and the lime salf tends to ecrystallise out in characteristic
octohedra, looking like small square envelopes under the miero-
scope. Under certain conditions these erystals assume other
shapes. The oxalic acid of the urine is chiefly derived from
oxalates in vegetable foods, but it has been detected in the
urine of animals on a purely flesh dief.
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SECRETION OF URINE
Strueture of the Kidney

(This must be studied practically.) The kidney (fig. 168) is
a compound tubular gland, consisting of innumerable tubules,
each made up of—

(1) A closed extremity or Malpighian body (M.5.), consisting
of an expansion at the end of the tubule—Bowman’s capsule—
into which a tuft of capillary vessels—the glomerulus—projects.

Fic. 168, —Disgram of the Structure of the Kid ney. M. P, Malpighian pyramid
of the medulla ; M ., medullary ray extending into cortex ; L., labyrinth
of cortex ; M. B., a Malpighian body consisting of the glomerular tuft and
Bowman's capsule ; /A C T\, a proximal convoluted tubule ; H. L., Henle's
loop en the tubule ; ILC.T., distal convoluted tubule; C. 7%, collecting
tubule ; K. 4., branch of renal artery, giving off L. 4., interlobular artery,
to supply the glomeruli and the convoluted tubmles ; IL. V., interlobular
artery bringing blood back from the cortex.

(2) Extending away from this is a provimal convoluted tubule
(P.C.T.)lined by pyramidal and granular epithelial cells, This
dives into the medulla, becomes constricted and lined by a
transparent flattened epithelinm, and is known as the descending
limb of the looped tubule of Henle. Turning suddenly upwards
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and becoming lined by a eubical granular epithelium, it forms
the ascending limb, and reaching the cortex expands into the
distal econvoluted tubule, which exactly resembles the proximal
(D.C.T.). It opens into a collecting tubule (C.T.) lined by a low
transparent epithelium, which conducts the urine to the pelvis
of the kidney.

'The renal artery breaks up and gives off a series of straight
branches—the interlobular arteries (/L.A4.)—which, as they
run towards the surface, give off short side branches which
terminate in the glomeruli. The efferent vein passing from
these breaks up again into a series of eapillaries between the
convoluted tubules, and these pour their blood into the inter-
lobular veins (IL.7.). This arrangement helps to maintain a
high pressure in the capillary loops of the glomerular tuft.

Physiology of Seecretion

The marked difference in the structure and vaseular supply
of the Malpighian bodies and of the different parts of the
renal tubules make it probable that they perform different
funections,

Malpighian Bodies.—(«#) It has been shown by injecting
into the blood wvessels acid fuchsin, which is colourless in
alkaline solution and red in acid solution, that the urine
formed in these bodies is alkaline in reaction and that it
becomes acid as it passes down the convoluted tubules,

() It is also known that these bodies are thrown out of action
by decreasing the flow of blood through the kidneys. The rate
of flow of blood depends upon the blood pressure in the renal
arteries and the dilatation of the renal arterioles. It may be
measured by measuring the amount of blood passing out by the
renal vein or by enclosing the kidney in an oncometer—a closed
vessel connected with a recording tambour—so that changes
in the volume of the kidney are recorded (see p. 249), or by a
combination of these methods.

Section of the rvenal nerves derived from the 11th, 12th, and
13th dorsal nerves causes a dilatation of the renal arterioles, an
expansion of the kiduey, and an increased flow of urine.
Stimulation of these nerves has the opposite effect. A fall
in the general arterial pressure to about 50 mm. Hg in the
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dog generally causes a decreased flow of blood through the
kidney and practically stops the flow of urine, although the
tubules, as will be presently shown, still act.

(¢) In the frog the renal arteries supply the Malpighian
bodies, while portal veins from the posterior end of the animal
supply the convoluted tubules. Ligature of the renal arteries
stops the flow of urine, but the flow may be again indueed when
urea is injected.

(d) Even when this flow is induced, if dextrose or egg
albumin or peptone are injected into the blood, substances
which in the normal frog appear in the urine, they are not
excreted.

These observations seem to show that the Malpighian bodies
have to do chiefly with the excretion of water and of certain
abnormal constituents of the blood, and that their activity
depends upon the rate of blood-flow through them. That it is
not due to a mere physical filtration under pressure is indicated
by experiments, in which the blood pressure in the kidneys of a
dog was raised by injecting large quantities of blood from
another dog, without the flow of urine being increased. That
it is a selective action of the epithelium seems to be proved
by the passage into the urine of such large molecules as thuse
of egg albumin and heemoglobin and of various pigments such
as carmine.

The fact that, if a cannula connected with a manometer
be placed in the ureter, the secretion of urine stops when a
pressure of about 50 mm. Hg is reached, is not opposed to the
view that the formation of urine from the glomeruli is an active
secretion. In the salivary gland, where the formation of saliva
is undoubtedly due to the vital action of the cells, the same
result follows obstruetion of the duct.

The point of practical importance is that the secretion of
water takes place chiefly through the Malpighian bodies, and
that this is reduced or stopped by a fall in the general
arterial pressure, such as oceurs in heart failure. The
decreased excretion of water may lead to the development
of dropsy.

The Tubules.—The alkaline urine formed in the Malpighian
bodies undergoes changes as it passes along the tubules. It
becomes acid and the wvarious solids are increased, for urine
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eontains a higher proportion of these than does the blood, eg.
the blood contains only about 003 per cent. of urea, but the
urine usually contains 2 per cent. The addition of solids in
the tubules is further proved by the following facts - —

(¢) Uric acid erystals are frequently found in the cells of
the convolufed tubules of the kidney of birds. () Heidenhain,
by injecting a blue pigment—sulph-indigotate of soda—into
the circulation of the rabbit, demonstrated that the cells of
the convoluted tubules take it up and pass it into the urine.
In the normal rabbit the whole of the kidney and the urine
become blue. DBut, if the formation of urine in the Malpighian
bodies be stopped by cutting the spinal cord in the neck so as
to lower the blood pressure, then the blue pigment is found in
the cells of the convoluted tubules and of the ascending limb
of Henle’s tubule. (¢) When the Malpighian bodies of the
frog have been thrown out of action by ligaturing the renal
arteries, the injection of urea still causes a flow of urine and
the excretion of urea by the tubules. When the portal veins
which supply the tubules were ligatured on one side, it was
found that less urine was formed on the ligatured than on the
unligatured side.

These last experiments show that the cells of the convoluted
tubules are capable of secreting water as well as solids, and
that they can do so is further demonstrated by the fact that,
if by cutting the spinal cord in the neck the formation of urine
in the Malpighian bodies of u dog is stopped, the administration
of caffeine and of some other substances causes an increased
flow of urine, although the blood pressure in the kidneys is not
raised. This is taken advantage of in cases of heart disease,
when the secretion of urine is almost arrested from low arterial
pressure, and when dropsy is rapidly advancing. Until the
heart is toned up, the kidneys may be stimulated to get rid
of water by means of such diuretics as caffeine.

It is quite possible that under certain conditions the cells of
the remal tubules absorb water and possibly the other con-
stituents of the urine, but the weight of the evidence we at
present possess is against the idea that they exercise the function
to any great extent.
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EXCRETION OF URINE

1. Passage from Kidney to Bladder.—The pressure under
which the urine is secreted 1s sufficient to drive it along the
ureters to the bladder. If these are constricted the pressure
behind the constriction rises, and may distend the ureters and
the pelvis of the kidney, but when it reaches about 50 mm. Hg
in the dog, the secretion of urine is stopped. The muscular
walls of the ureters show a rhythmic peristaltic contraction,
which must also help the onward passage of the urine to the
bladder.

2. Micturition.—As the urine accumulates in the urinary
bladder the rhythmiec contraction of the non-striped muscle
becomes more and more powerful. These contractions are
chiefly excited by the fibres of the nervi erigentes of the second
and third sacral nerves, although fibres passing down from the
inferior mesenteric ganglion also probably aect either in
exciting or inhibiting them in certain animals. The backward
passage of the urine into the ureters is prevented by the
oblique manner in which these tubes pass through the muscular
coat of the bladder,

The passage of urine into the urethra is at first prevented
either by the oblique manner in which the urethra leaves the
bladder, or more probably by the contraction of a strong band
of non-striped muscle, the sphincter trigonalis. This muscle or
the striped fibres which surround the membranous part of the
urethra are under the control of a centre in the lumbar
enlargement of the spinal cord, and the expulsion of urine
must be preceded by their relaxation. In some cases of
inflammation of the spinal cord the increased activity of the
centre may prevent the expulsion of urine, while later in the
disease, when the nerve structures have been destroyed, the
uring is not retained and dribbles away on account of the
absence.of the tonic contraction of the muscles.

The expulsion of the last drops of urine is carried out by
the rhythmic contraction of the bulbo-cavernous muscle, while
the peristaltic contraction of the bladder wall is assisted by
the various muscles which press upon the contents of the
abdomen and of the bladder.
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In man, in early life, micturition is a purely reflex act, and
in the dog it is perfectly performed when the spinal cord is cut
in the back. As age advances the reflex mechanism comes to
be more under the control of the higher centres, and the
activity of the sphincters may be inereased or abolished as
circumstances indieate,

3. EXCRETION BY THE SKIN

The skin is really a group of organs, and some of these
have been already studied. (7he struciure of the skin and its
appendages maust be studied practically.)

(1) The Proteetive functions of the horny layer of epidermis,
with its development in hair and nail, and of the layer of
subcutaneous fat, are manifest,

Hair.—Attached to each hair follicle is a band of non-striped
muscle, the arrecior pili, which can erect the hair by con-
tracting. These muscles are under the control of the central
nervous system, and the nerve fibres have been demonstrated
in the cat to take much the same course as the vaso-constrictor
fibres of somatic nerves (see p. 280). A hair after a time
ceases to grow, and the lower part in the follicle is absorbed
and the hair is readily detached. From the cells in the upper
part of the follicle a new down-growth oceurs, a papilla forms,
and the hair is regenerated. In many of the lower animals
this process occurs twice a year.

(2) The Sensory functions have been studied under the
Special Senses,

(3) The Respiratory action of the skin in mammals is of
little importance,

(4) The Exeretory Funetion of the Skin.—Three sets of
clands develop in the skin—sweat glands and sebaceous glands,
which are common to both sexes and are constantly active—
and mammary glands, which are active in the female during
the period of suckling.

A. Sweat Secretion—1. Strueture.—The sweat glands are
simple tubular glands coiled up in the subcutaneous tissue

L
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with ducts opening on the surface of the skin. The secreting
epithelium somewhat resembles that of the convoluted tubules
of the kidney. It has been caleulated that a man possesses
about two and a half million sweat glands, and that if spread
out they would present a surface of very great extent.

2. Funetions.—From these glands a considerable amount of
sweat is poured out; but to form any estimate of the daily
amount is no easy matter, since it varies so greatly under
different conditions. Probably about 1000 e.em. is an average
amount. When poured out, sweat usually evaporates, and is then
called insensible perspiration, but when large quantities are
formed, or when, from coldness of the surface, or of the air, or
from the large quantity of watery vapour already in the air,
evaporation is prevented, it accumulates, and is called sensible
perspiration.

A free secretion of sweat is usually accompanied by a
dilatation of the blood vessels of the skin, but this may be
absent, and il may occur without any sweat secretion—e.g.
under the influence of atropine.

3. Nervous Mechanism of Sweat Secretion—The sweat
glands are under the control of the central nervous system.
This may be very conveniently studied in the cat, in which
animal the sweat glands are chiefly in the pads of the feet,
If a cat be put in a hot chamber it sweats on the pads of all
its feet. DBut if one sciatic nerve be cut the foot supplied
remains dry. If the cat be placed in a warm place and the
lower end of the cut sciatic stimulated, a secretion of sweat
is produced. These sweat-secreting fibres all pass through
the sympathetic ganglia, and back into the spinal nerves,
Those to the hind leg come from the upper lumbar region,
those for the forelimb from the lower cervical nerves, and
those for the head in the sympathetic of the neck and
partly in the fifth eranial nerve.

The centres presiding over these nerves are distributed down
the medulla and cord. They are capable of (a) reflex stimula-
tion, as when pepper is taken into the mouth ; and (d) of direct
stimulation by a venous condition of the blood, as in the
impaired oxygenation of the blood which so frequently precedes
death as the respirations fail.

But even after the nerves to the sweat glands are cut, the
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glands can be stimulated by certain drugs—eg. pilocarpine.
The action of heat seems also to be chiefly peripheral, setting
up an unstable condition of the gland cells so that they
respond more readily to stimulation.

4. Chemistry of Sweat—Sweat from the horse is a sherry-
coloured fluid, which, when pure, has a neutral or faintly
alkaline reaction. Its specific gravity is about 1020 in the
horse, and it contains about 55 per cent. of solids, of which
5 per cent. are inorganic and about 05 organic. Potassium
is the most abundant base. Chlorides are present in small
amounts. The chief organic substances present are proteins
—some globulin and some albumin. Fat is also present,
probably derived from the sebaceous secretions, and it com-
bines with the potassium to form a soap.

B. Sebaceous Seeretion.—The sebaceous glands are simple
racemose glands which open into the hair follicles, and their
function is to supply an oily material to lubricate the hairs.
This secretion is produced by the shedding and breaking
down of the cells formed in the follicles of the glands. Those
lining the basement membrane are in a condition of active
division, but the cells thrown off into the lumen of the follicle
disintegrate and become converted into a semi-solid oily mass,
which consists of free fatty acids and of neutral fats of
glycerine and of cholesterin. These cholesterin fats are the
lanolins, which differ from ordinary fats in being partly
goluble in water. Free cholesterin is also present in the
sebum.

C. Milk Seeretion—1. Physiology.—DBefore pregnancy occurs
the mammary glands are largely composed of fibrous tissue,
with a large amount of fat, in which run the branching
tubules of the glands as small solid blocks of cells.

As pregnancy advances these tubules grow outwards and
increase, and the cells begin to divide, some remaining attached
to the basement membrane, some coming to lie in the middle
of the tubules. These latter undergo a fatty change and break
down, and they are shed in the first milk which is secreted,
the colostrum. The cells left upon the basement membrane
elaborate the constituents of milk, and the presence of fat
alobules in their protoplasm is very manifest.

The milk, after being secreted, collects in the ducts of the

e o i il i i e il el Vi il ) il e e ¥ I
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glands and in the sinus below the nipple, and is expelled from
these by the contraction of the muscular fibres in their walls,
and by the suetion of the young animal. The exeretion of milk
from the ducts is directly under the control of the nervous
gystem, but the evidence as to the way in which the central
nervous system influences the secretion of milk is by no- means
satisfactory. Clinical experience shows that it is profoundly
modified by nervous changes, but so far stimulation of the
nerves to the glands has not yielded definite results.

The chemistry of milk is considered upon p. 332, and the
way in which fats and proteins are formed is dealt with on
p. 385. The production of the disaccharid, lactose, and of the
phospho-protein, caseinogen, implies a synthetic process in the
protoplasm of the cells of the mammary glands.

The comparative composition of the milk of the cow, mare,
and sheep is given below :—

—_— - — o m—

Cow. ‘ Mare. ! Bheep.
i
Water : . . 48 | 91 to 93 87
Protein : . 3 | 1t02 4 to b
Fats . 3to 4 I 1to 15 4to 5 |
Sugar, 4 tod 4 to 6 3tod |
Salts | 07 03 i |



PART III

SECTION 1IX
REPrRODUCTION

So far the animal has been studied simply as an individual
But it hias also to be regarded as part of a species, as an entity
which has not only to lead its own life, but to transmit that
life to offspring.

The wvarious problems of reproduction have been already
studied by the student in connection with biology, and it is
here sufficient to indicate some of the main points in the
physiology of the process in mammals,

(The structure of the organs of reproduction must be studied
practically.)

While the individual is actively growing, the reproductive
organs are quiescent; but when puberty is reached, they begin
to perform their functions—the testes to produce spermatozoa,
the ovaries to produce mature ova.

The removal of the sexual organs in the young animal leads
to arrest in the development of the special sexual characters,
especially in the male, in which these characters are generally
best marked. Simple ligature of the vasa deferentic has not this
effect, although the tubules of the testes do not develop, and
it therefore seems that the interstitial eells of the organs
produce a hormone which causes the development of the sex
characteristics.

The genital gland in both sexes is formed from a longitudinal
thickening or ridge at the posterior part of the ccelom or
peritoneal cavity. Over this ridge the endothelium thickens
and becomes epithelial-like in structure. Groups of cells grow
down into the tissue below.

In the ovary one of these cells in a group takes a central

position and forms the ovum, while the other cells get arranged
432
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around it to form the zona granulosa, the whole group con-
stituting a Graafian follicle,

In the testis the groups of cells form seminiferous tubules,
in which the spermatozoa or male elements are developed.

Ovary.—In the adult the ovaries are oval structures covered
by a columnar germinal epithelivm. In the stroma are seen
Graafian follicles in different stages of development. The
central cell, the ovam, enlarges. The nucleus becomes promi-
nent, and the nucleolus is also large. The protoplasm becomes
encased in a transparent capsule—the zona pellucida. The
cells of the zone granwlose multiply, and fluid, the liguor
Jolliculi, appears among them, dividing them into a set attached
to the capsule of the follicle and a set surrounding the ovum.
When the follicle is ripe it projects on the surface of the ovary,
and finally bursts, setting free the ovum into the peritoneal
cavity. The ovum escapes into the peritoneal cavity and passes
into the trumpet-shaped fimbriated upper end of the Fallopion
tube, through which it reaches the uterus.

Testis.—In the adult this iz enclosed in a dense fibrous
capsule—the fumica albuginea. Posteriorly this is thickened,
and forms the corpus Highmori. From this processes extend
and form a supporting framework, In the spaces are situated
the seminiferous tubules, which open into irregular spaces in
the corpus Highmori—the refe festis, from which the efferent
ducts, vase efferentio, pass away and join together to form the
vas deferens,

In the seminiferous tubules the spermatozoa are produced.
Some of the lining cells divide into two, each forming a support-
wng cell and a spermafogen. The latter divides and subdivides
till a group of cells lie on the top of the supporting cell. These
are the spermafoblusts. In each spermatoblast the nucleus
elongates and passes to the attached extremity, the protoplasm
decreases in amount, and a long cilium develops from the free
end, and the spermatozoon is thus produced,

Semen.—When the testes have become acfive, the glands
of the prostate increase and produce a fluid which, with the
spermatozoa, forms the semen.

The (Estrous Cyele.—In carnivora and herbivora alike, the
adult female has cycles of sexual activity, the cestrous cycles,

which are accompanied by changes in the genital organs. The
28
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eycle may be divided into three periods: (1) The anwstrous
stage, during which the genital organs are at rest, the uterus
and Fallopian tubes small, and the formation of Graafian
follicles in the ovary quiescent; (2) the prowstrous stage, during
which there i3 a rapid ripening of one or more Graafian follicles
and a congestion and swelling of the Fallopian tubes and uterus,
with sometimes hemorrhages into the uterine mucous mem-
brane ; (3) the wstrous stage, during which coition is performed,
and during which the Graafian follicle ruptures and sheds the
ovum (ovulation). This in some animals—e.q. ferrets—oceurs
as the result of coition; in others—horse, cow, ete.—indepen-
dently of it. Sometfimes the ovum is not shed, and then it and
the rest of the Graafian follicle atrophy.

Impregnation is effected by the transmission of spermatozoa
into the genital tract of the female. For this purpose ereetion
of the penis is brought about retlexly through a centre in the
lumbar enlargement of the cord, the outgoing nerves being the
nervi erigentes, which dilate the arterioles, and the internal
pudies supplying the transversus perinei and bulbo-cavernous
muscles by which the veins of the penis are constricted.

The semen is ejected by a rhythmie contraction of the
bulbo-cavernous and other perineal musecles, an action which
is also presided over by a centre in the lumbar region of the
cord (p. 160).

The spermatozoon meets the ovum in the Fallopian tube
or upper part of the uterus.

DEVELOPMENT
1. Early Stage

It is unnecessary here to describe the changes in the ovum
before or immediately after its conjugation with the spermato-
zoon, since they are so fully dealt with in all works on biology.

The mammalian ovum is holoblastie, that is, undergoes com-
plete segmentation, and forms a mulberry-like mass of cells
(fig. 163, 4.). The cells then get disposed in two sets, a
layer of small surrounding cells and a set of large central cells
(fig. 169, B.). The former constitute the Eectoderm and take
part in forming the processes or primitive villi by which the
ovum becomes attached to the maternal mucous membrane.

et B e S e i e e i il 3 il it B
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The latter spread out at one pole to form the blastoderm (fig.
170, A) and dispose themselves in three layers—the epiblast,

Fic. 169, —Ovum after sesmentation, showing the formation of the Ectoderm
(@) and Endoderin (5). From the cells of the latter the Blastoderm is
formed. (ELLENBERGER.)

mesoblast, and hypoblast (fig. 170, & and C). From these

layers the various parts of the body are derived as follows:—

I. Epiblast. — Nervous system, epidermis and appendages.

Epithelinm of the mouth, nose, naso-pharynx, and all cavities

and glands opening into them, and the enamel of teeth.

LI. Hypoblast.—Epithelia (a) of the alimentary canal from the
back of the mouth to the anus and of all its glands; (3) of the

Fie. 170.—To show 4, the spreading out of the Endoderm cells to form the
Blastoderm ; #, the formation of Epiblast and Hypoblast ; and €, of
Mesoblast. In B and € the ectoderm is not seen. (ELLENEERGER.)

Eustachian tube and tympanum; (¢) of the trachea and lungs;
(d) of the thyroid and thymus; and (e) of the urinary bladder
and urethra.

IT1. Mesoblast.—All other structures.

By the formation of a vertical groove down the back of the
blastoderm, a tube of epiblast cells (the neural canal) is
enclosed, from which the nervous system develops by the
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conversion of some of the cells into neurons, and others
into neuroglia cells (fig. 171).

The mesoblast on each side of this splits, and the outer part,
with the epiblast, goes to form the body wall (Somatopleur),

:'. | *'_m \ @\mn

| TR
H
Fic. 171.-—Transverse section of more Fic. 17%. — Longitudinal Section
advanced Blastoderm, to show through Embryo to show it sinking
Epiblast, Mesoblast, and Hypo- down into ovum and the formation of
blast, formation of Neural Groove the amnion, am. In the Mesoblast
and splitting of the Mesoblast, round, all., the allantois, the blood

vessels grow out to form the placenta.

while the inner part with the hypoblast gets tucked in to pro-
duce the alimentary canal (Splanchnopleur) (fig. 171).

The developing embryo sinks into the ovum, and, as a
result of this, the somatopleur folds over it and, uniting

A,

Fig. 173.—Schematic section through the pregnant uterus of the Mare to show
the large allantoic sae, 412/, filled with fluid surreunding the amniotie sse ;
A, the fluid in which the fetus floats.

above, encloses it in a sac—the amniotic saec (fig. 172, am.),
which becomes distended with fluid—the amniotie fluid, in
which the embryo floats during the later stages of its develop-
ment, and which acts as a most efficient protection against.
external violence.
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In the pig, horse and in ruminants, the connection of the
feetal blood wvessels with the maternal structures is not very
intimate, and when the young are born the feetal part of the
placenta separates from the maternal part, which is thus not
shed. Henece such animals are called non-deciduata.

Fie. 174, —Schematic section of one cornu of the uterns of a ruminant at an
early stage of gestation to show the elongated umbilical vesicle, A, and
allantois, B, and the embrye in the amniotic sae, C.

In Rodents, Insectivora, Apes, Man and Carnivora, the associa-
tion is so intimate that at birth the maternal part of the placenta
is shed along with the feetal. Hence these are called Deciduata.

2. Attachment to the Mother

The ovum gets enclosed in the uterine mucous membrane,
which grows round it as the deeidua reflexa (fig. 175, D.K.).

Almost as soon as the ovum is embedded in the maternal
mucous membrane, it becomes surrounded by a nucleated mass
of protoplasm—the trophoblast, formed of the cells of the
ectoderm, and this probably transfers nourishment from the
mother to the ovum. Very early the mesoblast of the
embryo extends out in a number of finger-like processes into
the trophoblast layer, and soon afterwards blood vessels
shoot into these, and the chorionic villi are formed (fig. 176).
The precise origin of the first blood vessels in these is not
known, but ultimately they are derived from the allantoie
arteries which pass out from near the posterior end of the
hind gut. As the villi grow, the blood vessels in the maternal
mucosa (fig. 175, D.S.) dilate, and the capillaries form large
sinuges or blood spaces. Into these the chorionic villi pass,
and thus the loops of feetal vessels hang free in the maternal
blood, and an exchange of material is possible between the
mother and feetus. This development goes on specially at one
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or more parts of the surface of the ovum, and the Placenta is
thus formed. This acts as the feetal lung, giving the embryo
the necessary oxygen and getting rid of the waste carbon dioxide.
It is the feetal alimentary canal supplying the necessary material
for growth and development ; and it is the feetal kidney through
which the waste nitrogenous constituents are thrown off.

In the mesoblast, through which the allantoic arferies pass out,

Fig. 175.—Longitudinal Section through the human uterus and ovam at the fifth
week of pregnancy. D.8., decidua serotina, which will become the
placenta ; LR, decidua reflexa ; D.F., the uterine mucous membrane
called the decidua vera.

a vesicle filled with fluid, and af first communicating with the

posterior gut, is developed (figs. 172, all., 173 and 174). This is

the allantois. In man it never attains any size, but in many of
the lower animals it spreads all round and encloses the amnion.

3. Feetal Cireulation

The performance of these functions by the placenta is
associated with a course of circulation of the blood somewhat
different to that in the post-natal state (fig. 177).

The blood coming from the placenta to the feetus is collected
into a single umbilical vein, w.v., which passes to the liver, /.
This divides into the duetus venosus, d.v., passing straight through
the organ, and into a series of capillaries among the cells. From
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these the blood flows away in the hepatic vein to the inferior
vena eava, p.v.c,, which earries it to the right auricle. In this
it is directed by a fold of endocardium, through the foramen
ovale, 0., a hole in the septum between the auricles, and it thus
passes Lo the left auricle, and thence to the left ventricle, Lu.,
which drives it into the aorta, a.z., and chiefly up to the head,
ant.e. From the head the blood returns to the superior vena
cava, a.v.c., and, passing through
the right auricle, enters the right
ventricle, #.2., which drives it
into the pulmonary artery, p.c.
Before birth this artery opens into
the aorta by the duetus arteriosus,
d.e., while the branches to the
lungs are still very small and
unexpanded. In the aorta, this
impure blood from the head mixes
with the purer blood from the
left ventriele, and the mixture is
sent to the lower ]:rarl; of the h':'d:-". Fig. 176.—Longitudinal Section
through the descending aorta, throngh the tip of a villus of
po.a. From each iliac artery, .., T.ha.]lmrmn placenta, covered _h_v
s its trophoblast layer, and contain-

an umbilical artery, w.c., passes ing & losp of Wood vessels, and
off, and these two vessels Carry projecting into a large blood
the blood in the wmbilical cord,  sinus, J V.8 in the maternal
wu.c., to the placenta. i

When the feetus is born in the deciduata, the placenta is
pressed upon by the contraction of the uterus, and the flow of
blood between child and mother is arrested. As a result of this
the respiratory centre is no longer supplied with pure blood
and is stimulated to action. The lungs expand and the blood
flows through them. In the non-deciduata the same result is
brought about by the separation of the foetal from the maternal
placenta. In the duetus venosus a clov forms and the vessel
becomes obliterated. The duetus arteriosus also closes up, and
the foramen ovale is occluded. The circulation now takes the
normal course in post-natal life.

Our knowledge of the differences between the physiological
processes 1n intra-uterine and in extra-uterine life is still very
imperfect, and the subject eannot be further discussed here.
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4, Gestation and Delivery

The child remains in the uterus for nine months, and at the
end of that period it is expelled during labour. Labour may be

hrs

Fig. 177,—3cheme of Cireulation in the Fotos. w«.v., nmbilical vein ; d.w.,
duetus venosus ; p.o.e., inferior vena cava pouring blood throngh the right
auricle and throngh the foramen ovale, f.o., into the left heart ; m.v.e.,
superior vena cava bringing blood from the head to pass through the right
side of the heart, and through the ductus arteriosus, d.a. ; pt.v., portal vein.
The degree of impurity of the blood is indicated by the depth of shading.

divided into three stages. In the first stage the uterus passes
into contractions at intervals, and the lower part or cervix is
dilated. In the second stage the contractions become stronger,
and with the help of the contractions of the abdominal muscles,
the young are expelled through the vagina either enclosed in
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444 APPENDIX

Alcohols.— When the two-handed oxvgen atom,—O—linked to
hydrogen H—and thus forming the hydroxyl molecule—OH is linked
to the vacant hand of the radical, an aleohol is formed, e.g.—

H (H)

I

1-1_{1_4:_0_(H) Ethyl Aleohol.
I |
H H

When the terminal carbon is thus oxidised a Primary Alcohol is
formed—but if a middle carbon atom is oxidised, a Secondary Alcohol

is produced—
HOH H

|
H—C—&—&—H Secondary Propyl Alechol.
oy
oW oH
But the oxidation may involve more than one carbon atom and thus
the Polyvalent Aleohols are produced —

OH OH OH

i 1 |
H—0—'—0—H “Slyern

2y fudld]

H H H

Aldehydes or Aldoses.—When, from a Primary Alcohol the two
hydrogens marked above in brackets are removed, the vacant hand of the
oxygen links to the vacant hand of the carbon to form an Aldehyde or

Aldosze—
H

l
H—(—C=0 Ethyl Aldehyde.
e
H (H)
Ketones or Ketoses.—These are formed in the same way from the
Secondary Aleohols, thus:—

H O H

L0l | Acetone, the Ketose of Secondary
H_(I"_G_G_H l’mp;l Alcohol. =

B

Acids.—If the hydrogen of the Aldehyde marked in brackets is replaced
by hydroxyl—OH, an acid is produced—
H: 0O

| i
H—C—;—G—D—H Acetic acid,

|

H:
The carboxyl group to the right of the dotted line is characteristic of the
acids,
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INDEX

ApDUCENS nerve, 134, 172
Abomasnm, 340
Absorption of carbohydrates, 381
channels of, 380
of fats, 381
aof food, 379
of proteins, 350
from the stomach, 857
Accessorins, 171
Accommodation, positive, 124 «f seq.
range of, 124
Acetone, 444
Achroo-dextrin, 345
Acid proteate, 351
sulphur in the urine, 418
Acids, divalent, 445
in gastric juice (sec Gastric juice)
organic, 445
Acinus, 23
Acrylic acid, 416, 447
Action, reflex, 90 «f seq.
latent period of, 90
voluntary, 98
Adipose tissue, 28
Adrenalin, 406
ZErotonometer, 316
JEthalinm septicum, 15
Air (see Complemental, ete.)
Air vesicles in the lungs, 285
Albomin, 10
Allumose, 11
Alcohols, chemistry of, 444
pelyvalent, 444
primary, 444
secondary, 444
Aldehydes, 444
Alimentary canal, 337 of seq.
bacterial action in, 371
development of, 436
nerve supply of, 343
physiology of, 344
structure, 337

Alizarin blue, use in muscle experi- |

ments, 319
Allantoic arteries, 438
Allantoin, 417
Allantois, 438
Alloxantin, 417

Amble, 101
Amides, 9, 446
Amido-lenzene, 8
Amido-ethane-sulphuric  aeid
cholie acid), 367
Amido-isethionic acid, 373
Amino-propionic acid, 420
Awmitotie division, 19
Ammonia, 446
Ammonio-magnesinm phosphate, 416
Ammonium salts in urine, 416
Ammniotic finid, 436
sag, 436
Ameeboid movement, 208
Amount of respired air, 302
Ampulla, 142, 148
Amyl nitrite and influence on blood
Tessure, A7
Amylolytic period of gastric diges-
tion, 350

(tanro-

| Amylopsin, 362

Anabolic phenomena, 5
Anacrotic pulse, 268
Analysis of alveolar air, 318
Anelectrotonus, 44
Annulus of Vieussens, 256
Anterior corpora quadrigemina, 168,
179
pyramids of the medulla, 170
Antitoxin, 411
Anus, 341
Apex beat, 238
Apocodeine, 152, 279, 405
Appendix, vermiform, 341
Aqueous humour, 120
Are, cerebellar, 89
cerebral, 88
spinal, 87
Areolar tissue, 27
Arteries, 258
pressure in, 259, 272, 276 of seq.
Arterioles, methods of studying their
condition, 276
normal state of, 278
walls (muscular) of, 279

. Arytenoid cartilages, 323, 348

Asphyxia, 322
Aszgimilation, 398

29
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Association, mechanism cerebral, 198
Astigmatism, 128
Atropin, 405

effect on heart, 253

effect on salivary secretion, 346

effect on sweat secretion, 429
Auditory centre, 196

nerve, 144 o seq.

cochlear root of, 144

vestibular root of, 144
Aunerbach’s plexus, 343
Auricle, 227

musculature of, 227

pressure in, 240
Auriculo-ventricular valves, 231
Availability of food-stuffs, 398
Axon, 75

BaciLnus coli communis, 372
Bacterial action in the alimentary
canal, 871
Bareroft and Haldane’s method for
estimating gases in the blood,
214
Barfoed's solution, 330
Barium salts, influence on blood pres-
sare, 277
Barnard Hill’s sphygmometer, 275
Barotaxis, 15
Bases of the urine, 421
Basilar membrane, 142
Basis bundles, 166
Basophil lencocytes (sce Leucocytes)
Benzene compounds, 445
Benzoates in the cireulation, 418
Bi-amide of carbonie acid (see Urea)
Bidder's ganglion, 252
Bile, 366 #f seq.
action of salts of, 367
a8 a haemolytic agent, 367
crystalline, 367
duct, 341
effect of drugs on, 870
flow of, 369
influence of nerves on flow of, 370
mode of formation of, 370
nature of, 370
pigments, 367
pigments, fate of, 374
pressure under which seereted, 370
Biliary caleuli, 368
colie (see Colic)
Bilirubin, 213, 367, 391
Biliverdin, 867
Binoeular vision, 134
Bladder, urinary, 427
Blastoderm, 435
Blind spot, 128
Blood, 202 ¢ seq.
coagulation of, 203

|

INDEX

Blood, eonstituents, fate of, 219
constituents, source of, 216
deflibrinated, 203
distribution of, 219
flow, 287
flow in arteries, 289
flow in capillaries, 289
flow in veins, 289
gases, 214
plasma, 202
platelets, 202, 209
gerum, 203
specific gravity, 202
sugar, 330
total amount in body, 219

Blood corpuscles (see Leucocytes, ete,),

207 et seq. :

Blood-pressure, 259 ef seq.
general distribution, 259
in kidney, 424
mean, 272
method of measuring, 272
respiratory changes in, 271, 311
tracing, 272
variations in, 261

Blood vessels, circulation in, 258
coats of, 258

Bone, 32 ef seq.
chemistry of, 36
development, intra-cartilaginous,
33
development, intra-membranous,
32

marrow, 217
structure of, 32 ef seq,
Bowman’s capsule, 423
glands, 118
Brain (ge¢ Cerebrum, ete.)
Breath sounds, 304
Brodie, on extract of suprarenals, 405
Bronehial sound, 304
Brown-Séquard, on administration of
testicular substance, 408
Brown-Séquard, removal of the supra-
renals, 404
Brunner’s glands, 341

CarssoN disease, 319
Calamus seriptorius, 282
Caleification of cartilage, 35
Calenli, urinary, 417
Calories, 328
definition of, 69
Calorimeter, 328
Canal, Haversian, 34
Canaliculi, 32
Canals, semicireular, 142
physiology of, 147
Cancellous tissue of bone, 33
Cane sugar, 331
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Canter, 102
Capillaries, 225, 258

pulse in, 270

pressure in, 260, 276, 284 ¢ seq.
Capronin, 333 I
Capsule, internal, 181

Carpylin, 333
Carbohydrates, action of gastric juice |
on, 352 |
as diet, 396
as they leave the alimentary
canal, 379

definition of, 330
energy value of, 332
requirement, of 401
tests for, 330 ef seq.
their conversion to fat, 386
Carbon dioxide in blood, 215
in the urine, 422
Carbon monoxide hemoglobin, 212
Cardiac contraction, nature of, 249
Cardiae cyele, 234
duration of phases of, 236 [
Cardiae end of stomach, 339 |
glands of stomach, 339
impulse, 238, 247
muscle, 72
plexus, superficial, 254
branches of the wagus, 254 ef
seq., 276
Cardiogram, 239
Cardiograph, 239
Cardiometer (Roy's), 249
Cardio-pneumatic movements, 512
during hibernation, 313
Cartilage, 30
hyaline, 30
parenchymatous, 30
Cartilages of the larynx, 323
Casein (see Milk)
Caseinogen, 3535, 431
Catalysis, 4
Candate nucleus, 180
Cells, chalice, 22
fat, 28
nerve, 74
pigment, 30
reproduction of, 17
Cellulose, 335
Central spot of the eye, 129
Centre, auditory, 190
for dilator pupille, 125
for smell, 115, 196
for sphincter pupilla, 125
for vomiting, 3568
respiratory, 306
taste, 106
touch, 197
vaso-constrictor, 281

visual, 193
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. Centre, volantary, 199
| Centrosome, 13

Cerebellar tracts, 169

| Cerebellum, 174 ef seq.

eonnections of, 175
cortex of, 175
functions of, 177
grey matter of, 175
peduncles of, 167, 175
removal of, 177
superior vermis of, 174
Cerebral cortex, 180
action of, 143
action of drugs on, 188
action, time of, 189
Cerebrum, 180 ef seq.
differentiation of stimuli of, 187
functions of, 183
rey matter of, 181
ocalisation of functions, 191
peduncles of, 180
removal of, 191
Chemiotaxis, 15
Chest voice (see Voice)
Chlorine-containing bodies in wurine,
421
Cholalie acid, 367
Cholera bacillus, action of gastrie
Jjuive on, 353
Cholesterin, 76, 210, 368, 374, 430
Cholin, 77
Chondroitin, 31
Chorda tympani, 280, 346
Chord:e tendinse, 229, 231
Chorionie villi, 437
Choroeid, 119
Chromatin, 16
Chromo-proteins, 12
Chyle, 223
Chyme, 360
Cilia, 15, 25
Ciliary muscle, 118, 125
processes, 119
Cilio-spinal region, 126
Circulation, the, 225 e seq.
factors, extra-cardiac, in, 201 ef seq.
feetal, 438
in blood vessels, 258
in kidney, 424
in the heart wall, 200
inside the eranium, 290
Circulation in the lungs, 290
respiration, influence on, 310
Claude Bernard—Tformation of sugar in
the liver, 387
Coagulation of the blood, 203 ef seq.
advantages of, 2056
factors, influencing, 205
of milk, 338 (see also Souring of
milk)
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Cochlea, 142
Cold spots, 111
Collagen, 26, 39
action of hydrochloric acid on,
352
action of trypsin on, 362
Collodion as a means of separating
trypsin, 362
Colloids, 7
Colon, 341
Colostrum, 430
Colour, 131
blindness, 1434
senaation of, 131
Colours, eomplemental, 133
Columna carnes, 229
Complement, 413
Complemental air, 303
:{uctmg paths {sse Spinal cord, ete.)
Cnndu: tion of heat from skin, 383
Conduction of nerve impulse, 80 of seq.
Conduectivity, thermal, 110
Connective tissues (see Tissues)
Conseiousness, 98
Contraction of the pupil, 120, 125
Convection of heat from skin, 383
Convoluted stage of mitosis, 18
Convoluted tubules of the kidney,
424
Convolutions, cerebral, 180
Cooking, eltects of, on food, 336
methods of, 336
of vegetables, 336

Co-operative antagonism of groups of |

musecles, 58

Cord, spinal (see Spinal cord)
Cornea, 119
Corona radiata, 180
Coronary arteries, 245
Corpora quadrigemina, 179
Corpus Arantii, 233

Highmaori, 433
Corpuseles, blood, 207 ef seq.

bhone, 32

muscle, 38

nerve, 75

tactile, 108
Corti, organ of, 143
Coughing, 302
Cranial nerves, 171 ef seq.
Creatin, 40, z."Uﬁ 334, 391 417
Creatinin, 391 417
Cmtiniam, 408
Cricoid cartilaze, 323
Crossed pyramidal tract, 166
Crura cerebri, 179 ef saq.

crusta of, 180
Curare, experiment, 43
Current of action, 63

injury, 63

INDEX

Cutaneons nerves, influence on re-
spiration, 310

Cyrtometer, 207

Cystin, 420

Cytomitoma, 13

Cytotoxins, 413

DrcussaTios of the fillet, 168
of the pyramids, 170
of the optic nerves, 137
Defacation, 376
Degeneration, Nissl’s, 86
reaction of, 48
Deiters’ nuclens, 167, 170, 174, 175
Delivery, 440
Dendrites, 75
Dientals (se¢ Consonants)
Dentate nueleus of the cerebellum, 175
Depressor nerve (see Cardiac branches
of vagus)
Dentero-proteose, 11, 851, 361
Development, 434 ef seq,
Developmental method of staining
nerve tracts, 162
Deviation of eves, 137
Dextrin, 331, 345
Dextrose, 331
Iabetes, 389, 405
Diamido acids, 9, 365, 446
Diapedesis, 208, 200
Diaphragm, 208
Diaphysis, 35
Diastole of heart, 235, 247
Diastolic pressure, 275
Dierotie noteh, 267
wave, 266, 267

i Diet, 307 of seq.

during muscular work, 69

for horse, 400

for ox, 401

for sheep, 402

for milk cows, 402
Dieteties, 307
DilTusion of gases in lungs, 303, 313, 817
Digestion, 337 ef seq.

fate of the secretions of, 373

intestinal, 360

in mouth, 344

in stomach, 349

of stomach wall, 352
Dilatores narium, 300

pupille, 120

pupillae, course of fibres, 120
Dioptric mechanism, 122
Dioxybenzene, 420
Diphtheria bacillus, 411

toxin, 411
Direet or dorsal cerebellar tract, 169,

175
pyramidal tract, 170
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Disaccharids, 331
Discharging mechanism (cerebral), 199
Distinetion of differences of pressure,
108
of place of contact, 109
of time contacts, 100
Diureides, 416, 447
Divalent acids, 445
Dabie’s line, 38
Deorsal columus of spinal cord, 163
columnsg, nuclel of, 88
Ductless glands, 404 ef seq,
Ductus arteriosus, 439
arteriosus, closure of, 439
venosus, 439
venosus, obliteration of, 439
Duodenum, 341
Dyaster stage of mitesis, 19
Dynamometer, 53

EAR, anatomy of, 138 ef scq.
external, 139
internal, 141 ef seq.
middle, 140 ef seq.
Eck’s fistula, 391
Ehrlich’s side chain theory, 413
Elastin, 27, 329
action of trypsin on, 361
Electrode, non-polarisable, 63
Electrotonus, 44
Eleventh nerve (sez Spinal accessory)
Emmetropia, 124
Ewmulsification, 362
Endocardinm, 231
Endolymph, 143
Endothelium, 28
Energy reqnirements of animals, 599
factors modifying, 400
Energy value of food, 326, 332
determination of, 328
Entero-hwemal circulation, 373
Enterokinase, 364, 366
Enzymes, 3
Eosinophiles (se¢ Leucoeytes)
Epiblast, 435
parts developed from, 435
Epicritic sensibility, 112
Epiglottis, 323
Epiphysis, 35
Epithelium, ciliated, 25
ecolumnar, 21
excreting, 24
glandular, 22
mucin-secreting, 22
simple squamous, 20
stratified squamous, 20
transitional, 21
zymin-secreting, 24
Erection, 434
mechanism of, 434
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Erepsin, 365, 300

| Ergograph, 99

Ergometer, 62
Erlanger’s B.P. apparatus, 275
Erythrocytes, 202, 200 of seq., 217
chemistry of, 210
fate of, 220
Erythro-dextrin, 345
Ethane, 443 :
Ethereal sulpbates in urine, 418
Eithylene, 443
Eug{uhuiin, 206
Eustachian tube, 141
Excretion, effect of muscular work
on, 67
by the kidneys, 414 #f sap.
by the lungs (see Respiration)
by the skin, 428
Exophthalmic goitre, 408
Expiration, 301
forced, 301
Expired air, 314
Eye, 119 ef seq.
anatomy of, 119 &f seq.
connection with central nervous
system, 137
emmetropie, 124
hyaloid membrane of, 120
nervous mechanism of movement
136
physiology of, 122
Eyeballs, movement of, 134

FaciAL nerve, 172
Faeces, 374
in fasting animals, 374
in feeding animals, 374
in young, 374
Fainting, 292
Fallopian tube, 433, 434
Far point of vision, 124
Fasting, metabolism during, 303

. Fat cells, 28

Fatigue of cerebral mechanism, 189
of musecle, 53
Fats, 29, 206
in diet, 397
energy value of, 329
gastric Ijui:-ﬂu on, #5H2
metabolism of, 3092
as they leave the alimentary
canal, 379
Fatty acids, 20
tissue, storage in fattening, 385
Feeding, effect of, 394
Fehling's test, 330
Fenestra ovalis, 140
rotunda, 140
Ferrier, experiments on
monkey, 106

brain of



454

Fibres, elastic, 27
nerve, 75
non-elastic, 26
non-medullated nerve, 75
pre-ganglionic and post-gangli-
onie libres, 162
splanchnie, 152 ef seq.
somatic, 152
Fibrin, 204
Fibrinogen, 204
Fibroblasts, 25, 27
Fibro-eartilage, elastic, 31
white, 81
Fibrous tissue, 25
Field of vision, 129
Fifth cranial nerve (see Trigeminal)
Filiform papille, 338
Fillet, 168 et seq.
Fissure of Rolando, 199
Flesh, 334
Flocculus, 174
Floor of the fourth ventricle, 167
Fluoride of sodium, action on epi-
thelium, 380
Feetal eirculation, 438
Food, 326 ef seq.
absorption of, 379 e seq.
animal, 332
effect of, om respiratory inter-
change, 321
fate of absorbed, 381
nature of, 326
vegetable, 335
Foot of horse, 103
Foramen ovale, 459
ocelusion of, 439
Formamide, 446
Formie acid, 446
Foster, changes in protoplasm, 5
Fourth eraniul nerve (sec Trochlearis)
Frauenhofer’s lines, 211
Frog’s heart, 234
Functions of the spinal cord, 158

GFALACTOSE, 330
Gall-bladder, 341
Gall-stones, 368
Gallop, 101
Galvanic current,
muscle by, 45
Galvanotaxis, 15, 16
Galvanotonus, 45
Ganglia, collateral, 152
inferior mesenteric, 154
lateral, 151
superior rervieal, 153
superior mesenteric, 1564
Gases of the blood, 214
Gaskell, nervous mechanism of the
heart, 256

stimulation of

INDEX

Gastricﬁ&igesl:iuu} amylolytic period,
proteolytic period, 351
in carnivora, 349
in horse, 358
in rominants, 360
Gastric glands, 339

| Gastrie juice, 850

action on gelatin, 352

antiseptic action, 353

influence of diet on, 353

source of constituents, 353
Gelatin, 27, 329 '

action of trypsin on, 362
Gemmules, 75, 189

| Generative organs, 432 ef seq.

Geniculate bodies, 193

. Germ centres, 217

Germinal epithelium, 433
spot, 433
vesicle, 433
Gestation, 440
Giant {mﬂs, 218
Glands, compound, 22
racemose, 22
simple tubular, 22
Gilobin, 214
Globulin, 10
Globnlosge, 11
Glomerulus of kidney, 423
Glossopharyngeal nerve, 172, 343
influence on respiration, 309
Glucosamine, 23, 31
Glucosae, 40, 327
of blood, 208, 216
Glycerin, 444
Glyeero-phosphates in urine, 421
Glyeocholic acid, 367
Glyeocoll, 418
Glycogen, 40, 832
Glyeogenic function of the liver (ses
Liver)
Glyeo-proteids, 12, 28

- Glyecosuria, 389

Glyeuronic acid, 81

Gmelin’s test, 368, 874

Golgi, organs of, 107

Goltz, experiments on cerebral cortex,
185

Graafian follicle, 433

Granules, Nissl®s, 75

Gravity, inflnence on capillary pres-
sura, 280

Grey matter (se Cerebrum, ete.)

| Growth in length of bone, 35

Griibler's peptone, 379
Guanidin, 40

HmmaTiv, 213
Himmatoidin, 214, 368
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Hematoporphyrin, 213, 368, 422
Hemin, 214
Hemochromogen, 213
Hemoeytometer, 200
Haemoglobin, 41, 210
action of hydrochloric acid on, 352
decomposition of, 213
reduced, 211
Hzmoglobinometer, Haldane’s, 211
Hamolymph glands, 217, 221
Hemolysis, 220, 413
Hair, 428
Haldane, experiments on air contain-
ing carbon monoxide, 316
and Bareroft, method for gases in
blood, 214
and Lorrain Smith, method for
total blood, 219
Hassall, corpuscles of, 409
Haversian eanals, spaces, ete., 34
Hearing, 138 et seq.
Heart, 227 ef seq.
changes in shape, 236
changes in position, 237
connection with central nervons
system, 2563 ef seq.
connection in frog, 253
connection in mammal, 254
effect of atropin on, 253
electrical stimulation of, 2563
fibrous rings of, 228
of frog, 234
physiology of, 234
pulmonice, 226, 227

relations of, 234

sounds of, 245 ef seq.
structure, 227 &f seq.
systemie, 225, 227 |
valves (see Valves)
work of, 249
Heat elimination, 888, 385
elimination, nervous mechanism
in, 485
elimination from skin, 383
elimination from respiratory pas-
sages, 384
elimination in urine and freces, 3584
production, 381, 385
production in the brain, 382
produetion in glands, 382
production in musecle, 381 .
units, 328
Henle's loop, 423
Hemisection of spinal cord, 161
Hemispheres, cerebral (see Cerebrum)
Hetero-proteose, 851
Hiceough, 302 |
High tension pulse, 269 l
Highmori, corpus, 433
Hippocampal convolution, 197

| Imhibition,
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Hippuric acid, 418
Histones, 12
Holoblastic segmentation, 434
Hoppe-Seyler, changes in protoplasm, 5
Hoof, 104
Hormones, 355, 404
Hot spots, 111
Hyaline cartilage, 30
Hyaloid membrane, 120
Hyaloplasm, 13
Hydrocarhons, imsaturated, 443
saturated, 443
Hydrochloric acid, 350
Hydroxyl molecule, 446
Hypermetropia, 127
Hypmosis, 190
Hypoblast, 435
parts developed from, 435
Hypoglossal nerve, 171
Hypoxanthin, 417

ILEDo-cECAL valve, 341
Illnmination, degree of, 117
gource of, 117
Immune body, 411
Immunity, 411
Impregnation, 454
Incompetence (eardiac), 248
Incus, 140
Indican, 418
Indol, 371, 875, 418
Indoxyl, 418
Induced electricity,
musecle by, 48
Inferior oblique muscle, 135
olivary nuclens, 167
Inflation of lungs, artificial, 309
Infundibula, pulmonary, 232, 205
intra-cardine mechanism,

stimulation of

254
Inhibitory action of vagus, 254
Inhibitory nerves, 82
Inorganic salts in food, 327

| Inosite, 40, 354

Inspiration, 297

forced, 300

forces opposing, 298
Intercostal muscles, external, 300
Internal capsule, 181

. Internal secretion, 404

gecretion, effect on blood pressure,

277
Intestines, 340 «f saq.

absorption from, 379 ¢f seq.

digestion in carnivora, 360
in horse, 377
in ruminants, 378

movements of, 8756

nerve supply of, 343

secretion of wall, 365
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Intra-cardiac pressure, changes in, 239
pressure, method of determining,

238

Inulin, 331

Lodothyrin, 407

Iris, 119

Islets of Langerhans, 543

Isometric method of measuring mus-
enlar contraction, 53

Isotonic method of messuring muscular
gontraction, 53

JACORSENTS nerve, 347

Jecorin, 206

Joule's law, 328

Juice, gastric, 350 ¢! seq.
pancreatic, 361

KaTaporLic changes, b
Katacrotic erests, 268
Katelectrotonus, 46
Kennedy’s experiments on nerve cross-
ing, 79
Keratin, 12, 21, 329
Ketones, 444
Knee jerk, 160
Kidney, 423 ¢ seq,
eirculation in, 424
physiology, 424
structure, 423

Lapour, 440
Labyrinth of ear, 141, 142
Lactase, 365
Lactate of ammonia, 300
Lacteals, 380
Lactic acid, 445
Lactose, 331
Lacune, 32
Leevalose, 330
Lamellae, Haversian, 35
interstitial, 35
medullary, 35
peripheral, 85
Langerhans, islets of, 343, 411
Langley, experiment on vagus and
sympathetic nerves, 79
Lanolins, 430
Large intestine, 341
Larynx, cartilages of, 323
mucous membrane of, 324
museles of, 324
nervous mechanism of, 325
physiology of, 325
position in deglutition, 348
structure of, 523
Law, Plliger’s, 81
of polar excitation, 46
Leeithin, 76, 333, 335, 368, 386, 380
Lens, crystalline, 120

INDEX

Lenticular nucleus, 180
Lesions of the cercbral cortex, 199
Leucin, 8, 361, 365
Leucoblasts, 217, 218
Leucoeytes, 202, 207 ef soq.
chemistry of, 208
fate of, 220
Leueocytosis, 217
digestion, 350

. Levatores costarum, 300

Lieberkiithn's follicles, 340, 365
Light, 116
Liguor follieuli, 433
sanguinis, 202
Lipase, 362
Liif:ihmme, 206
Lissauer’s tract, 167
Liver, 341 ef seq.
development of, 2387
formation of urea in, 380
glycogenie function, 387
relation to fats, 380
relation to general metabolism,
387
relation to proteins, 389
storage of carbaliydrates, 387
summary of lunetions, 391
Localisation of funetions, 191
Lockhart Clarke’s column, 89, 163, 164
Lorrain Smith and Haldane’s method
for total blood, 219
Liouduess of sounds, 145, 325
Lungs, 294
air sacs, 204
capillaries, 204
elasticity of, 295
interchange between
bleod in, 818
physiology of, 206 ef seq.
Lymph, 222 ef seq.
chemistry of, 222
in disease, 223
formation of, 223
vessels, 223
Lymphatie glands, 217, 221
Lymphaties, pressure in, 261, 286
Lymphoeytes, 30, 207
Lymphoid tissue, 30, 216

and

air

Maizg, 335

Malie aeid, 327

Mallens, 140

Malpighian bodies, 424
bodies, seeretion in, 425
corpuscles, 220

Maltose, 331, 345

Mammary glands, 430

Marchi's method of nerve-staining, 85,

165
Mastication, 344
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Maternal attachment of ovam, 437 |

MeFie, experiments with extract of |
suprarenal, 405
Meconinm, 375
Medulla of kidney, 423
Medulla oblongata, 167 of sey.
commissaral fibres of, 170 .
condneting paths in, 168 |
grey matter of, 167 '
pyramids of, 170
reflexes of, 172
strueture of, 167
Medullary sheath, 75
Meissner's plexus, 343
Melanin, 30
Membrana tympani, 140
Membranous labyrinth, 142
Mesial fillet, 169 '
Mesoblast, 435 |

parts developed from, 435
Metabolic equilibrium, 395
Metabolism, general, 4, 592

during fasting, 393 '

of fats, 392 |

protein, 382 ,

methoed of investigating, 392 |
Methemoglobin, 212 .
Methane, 443
Micturition, 427
Milk, 333, 430

composition of cow’s, 334

fats, 431

phosphorus compounds of, 431

proteins of, 431

secretion of, 431

souring of, 333 |

sugar of, 432
Mitosis, 17
Mitral area, 247

valve, 231 |
Molecular layers of retina, 121 -
Monamino acids, 8, 446
Monaster stage of cell division, 19
Monosaccharids, 330
Motor nerves {sce Nerves)

points, 43 i
Mott, views on the Rolandie area, 197 |
Mouth, 337 ;
Muein, 12, 23, 329, 368, 407

secreting epithelium, 22
Mucoid tissue, 25
Mugous membrane of large intestine,

441

of small intestine, 340 I

of stomach, 339

of nterus, 437
Murexide test, 417
Murmurs, cardiae, 248

simulation of, by breath sounds,

313

e
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Musele, 37 of s2q.
absolute force of, 52
application of weights to, 55
carbohydrates of, 40
cardiae, 72
changes in blood passing through,
66
changes in shape, 49
chemical changes in, 64
chemistry of, 39
death of, 72
duration of contraction, 52
electrical changes in, 63
electrical condition of, 42
extensibility of, 41, 64
fatigue, 53
heat production in, 42, 61
'atent period of contraction, 52
minimum stimulus, 54
optimum load, 60
optimum stimulus, 54
phiysical characters of, 41
proteins of, 39
respiration of excised musecle, 63
skeletal, 37
spindles, 107
stimulation by galvanic current,
47
stimulation by
trigity, 48
storage of food in, 386
structure of, 37
successive stimuli, b6
temperature effects, 54
viseeral, 37, 70
visceral, staircase contraction of,
71, 72
voluntary contraction, 57
wave of contraction, 50
work, 4%
Museles, co-operative antagonism of,
o8
Muscular sense (see Sense), 107
work, effect on excreta, 67
Myelocytes, 207
Myogenic movements of intestine, 375
Myoglobulin, 39
Myoh@matin, 41
Myoids, 14, 37
Myopia, 127

induced eleec-

. Myosin, 39

Myosinogen, 39
Myostromin, 89
Myxwdema, 408

NAUKYS'S observations on cholesterin,
a68

Near point of vision, 124

Necrobiosis, 6

Nerve cells, 74
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Nerva cells, function of, 85
centres (gee Contres)
corpuscies, 75
fibres, 75
fibres, medullary sheaths of, 75
fibres, non-medullated, 75
specific energy of, 118
Nerves, 73 ef seq.
afferent, 82
auditory, 144 ; cochlear root of],
144 ; vestibular root of, 144
augmentor, 52
efferent, 82
excito-motor, 83
excito-reflex, 83
excito-secretory, 83
factors modifying conduction in,
81
inhibitory, 82
mixed, 83
motor, 82
nature of impulse in, 84
physiology of, 77
rate of conduction in, 80
secretory, 82
sensory, 83
spinal (sce Spinal nerves)
vaso-constrictor, 82, 280
vaso-dilator, 280
Nervi erigentes, 155, 281, 576, 427
Nervous mechanism, intra-cardiac, 252
system, 156 ef seq.
Neural canal, 435
Neurilemma, 75
Neuroglia, 436
Neuaro-keratin, 76
Nearo-musenlar mechanism, 87 ¢ seq.
fatigue of, 99
Neurous, 436
classification of, 81
excitability of, 78
extent of excitability of, 83
ingoing, 79
manifestation of activity of, 78
outgoing, 79
stimulation of, 78
Neutral sulphur in urine, 420
Nicotine, effect of painting ganglia
with, 152, 847
Nictitating membrane, 120
Ninth nerve, 155, 172
Nissl's degeneration, 86
granules, 75, 85, 180
Nitrites, effect on blood pressure, 277
Nitrogen in the blood, 216
in the urine, 415 of seq.
Nodal swellings, 17
Nodes of Ranvier, 76
HNuclei of the eranial nerves, 171
of the posterior columns, 88

INDEX

Nuecleins, 11
Nueleo-protein in the urine, 422
Nueleolus, 16
Nucleo-proteins, 369
action of gastric juice on, 352
action of trypsin on, 362

- Nu:leus, 16 ef seq.

cuneatus, 168
gracilis, 168

OcoiriTAL lobe, 193
Oculomotor nerve, 136, 172
(Bsophagus, 338
aplﬁ’imﬂﬁu of a stethoscope to, 348
peristaltic action of, 348
Jstrous cycle, 433
Oleie acid, 29
Olein, 29, 333
Olfactory bulb, 116
tracts, 116
Olive, the, 167
Omasum, 340
Ophthalmoscope, 122
Opsonins, 413
Optic chiasma, 137
dise, 120
nerve, 120
radiation, 193
thalamus {se¢ Thalamus)
Organ of Corti, 145
Organic acids as salts in food, 327
Organs of Golgi, 107

| Osazones, 330

Ozmosis, 330

Osmotic pressure, 210

Ossification, process of, 32 &f seq.
centre of, 54

| Otie ganglion, 347
| Ovary, 408, 432

| Ovum, 433

Oxalates, 204

Oxalic acid, 422, 445
Oxy-acids, 445

Oxygen in blood, 215
Oxyhemoglobin, 210
Oxyntic cells, 339
Oxyphil lencoeytes, 207

Paces of horse, 100
Pain, sensation of, 108
Palmitic acid, 29
Palmitin, 29, 333
Pauncreas, 343, 410
removal of, 388, 410
Pancreatie secretion, 361
secretion, action of, 561
secretion, character of, 361
physiology of, 864
Papillary muscles, 229
Paracasein, ealeic, 333, 352
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Paradoxical contraction, 81
Paralysis of laryngeal nerves, 325
Iaramyosinogen, 39
Parathyroid, 408
Parotid gland, 338 |
nerve supply, 347
reflex stimulation of, 347
Partial pressure of oxygen and carbon |
ioxide in blood, 315
pressure of gases in air vesicle, |
317
Passage of earbon dioxide from tissues
to blood, 320
of oxygen from blood to tissues,
319
Pavlov, effect of diet on gastric juice,
L HE
pancreatic fistuls, 362 |
Penis, 434 ,
Pepsin, 72, 353 |
|

fate of, 373
souree of, 3563
Pepsinogen, 853
Peptic glands, 339
Peptone, 11, 2056, 851, 361
Perfusion method of studying action
drugs, 278
Pericardinm, 227
Perichondrium, 31
Perilymph, 142, 148
Perinenrium, 76
Peripheral resistance, 276
Peristalsis of bladder wall, 427
of intestine, 375
nervous mechanism of, 375
of wall of ureter, 427
wave of, 71
Petrosal nerve, small superficial, 347
Pever's patches, 341
Pliiger's experiments on protein diet,
405
law of contraction, §1
Phagoeyte action, 203
Pharynx, 338
nerve supply of, 843
Phenol, 372, 418
Phenylhydrazin, 330
Phloridzin, injection of, 387
poisoning, 3859
Phosphocarnic acid, 333
Phospho-protein, 431
Phosphorus-containing bedies in the
urine, 420 of seq.
Phototaxis, 15
Phrenic nerves, 308
Pigment cells, 30
Pigments of the urine, 421
Pillars of the fauces, 338
Pilocarpine, effect on sweat glands,
430

0I"|
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Pitch of sounds, 146, 825
Pituitary body, 406
injection of extracts of, 406

| Placenta, 438

Plasma, 202 ¢ seq,

Plasmodia, 1

Plethysmograph, 277

Pleura, ecomplemental, 209

Plearal cavity, 295

Plexus, hypogastric, 154
Anerbach’s, 343
Meissner’s, 343

Folhl's observations on lencocytosis,

S80
Polar excitation, law of, 46
Polycrotic waves, 266

pulse, 268

Polymerisation of monosaccharids,
330

Polymorpho-nuclear leucocytes (sze
Lencoeytes)

Polysaceharids, 331

Pons Varolii, 173

Fortal cirenlation, 343
vein, 343

Positive accommaodation, 124 ef seq.
acenmmodation, varying power of,

124

Posterior corpora quadrigemina, 179

Poteriodendron, 73

Precipitins, 413

Predicrotic wave, 266

Freformed sulphate in urine, 418

Preganglionie fibres, 152

Presbyopia, 127

Pressure, arterial, 272
arterial, factors controlling, 276

Primitive nerve sheath, 75

Propionie acid, 445

Prostate gland, 433

Protagon, 76

Protein metabolism, 392

Proteins, 6 ef seq.
as they leave

canal, 379

of blood, 204, 206
conjugated, 11
eonversion into fat, 386
diet, 395
energy value of, 328
native, 10
requirements, 400
sparers, 387

Proteolytie period, 351

Proteoses, 11

Prothrombin, 204

the alimentary

| Protopathic sensibility, 111

Protoplasm, 1 ef seq.
cell, 13
Proto-proteoses, 11, 351
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Proximate principles, 327
sourees of, 332
Psendoglobulin, 206
Psendopodia, 208
Promaines, 375
Ptyalin, 345
fate of, 373
Puberty, 432
Pulmonary valve, 234
Pulse, anaerotic, 268
arterial, 262
capillary, 270
cause of, 262
characters of wave, 263
form of wave, 264, 260
height of wave, 264
high tension, 269
length of wave, 264
palpation of, 268
rate of, 268
rate, 268
rhythm, 268
temsion, 269
velocity of wave, 263
venous (see Venous pulse)
volume of, 268
Pulsus celer, 269
parvus, 268
plenus, 268
tardus, 269
Pupil, 119
coutraction of, 125
Purin bodies, 391, 416
bodies, endogenons and
genons, 417 '
Purkinje’s cells, 175
images, 129
Pyloric end of the stomach, 339
Pyramidal tracts, 166
Pyramids of the medulla, 170
Pyrocatechin, 420

QUADRIVEATES, 417

Rapiarion of heat from skin, 383
Radicals, organic, 443
Ranvier, nodes of, 76
Reaction, 99

of degeneration, 48
Receptaculum chyli, 830
Reception of stimuli, 191
Recti muscles (eye), 135
Rectum, 341
Recurrent laryngeal nerve, 254, 325
Red marrow of bone, 217, 218
Red nuclei, 176, 180
Redueed alkaline heematin, 213
Reflex action, 87, 90

function of the spinal cord, 158
Refraction of light, 122

eX0- |

INDEX

Reid on absorption, 379
Relation of hemoglobin
derivations, 214
Remak’s ganglion, 252
Rennet, 333
Rennin, 352
gonree of, 353
Reproduction, 432
Reserve air, 303
Residual air, 303
contraction period of (se¢ Systole)
Respiration, 294 of seq.
effect on air breathed of, %13
effect on the blood, 314
at high altitudes, 307, 318
inflnence of heart’s action on, 310
internal, 319
mechanism of, 294 ¢f seq.
movements in (special), 302
nervous mechanism of, 306
physsiolngg of, 206
rhythm of, 305
Respiratury centre, 306
action of, 306
effect of absence of oxygen on,
307
eflect of acenmulation of waste
products in the bloed, 507
effect of carbon dioxide on, 307
effect of temperature of animal
on, 310
modifications in activity of, 307
Respiratory interchange, extent of,
320
interchange,
820, 321
quotient, 314
quotient, effect of dict on, 321
Restitorm bodies, 167
Rete testis, 433
Reticalum, 340.
Retina, 121 «f seyq.
blood vessels of, 122
nature of changes in, 150
stimulation of, 128
rods and cones of, 121
Retractor oculi, 135
Rhythmic contraction of the heart,
250
contraction, propagation of, 251
contraction, starting mechanism
of, 251
Rigor mortis, 72
Kiva Rocei B, F. apparatus, 274
Rolandic area, 199, 200
Rolando (see Fissure)
Roof nueleus of the cerebellum, 175
Roots of the spinal nerves, 150
Roy's cardiometer, 249
Rumen, 340

and its

factors modifying,
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SACCHAROMYCES cerevise, 2
Saceule, 142
Saliva, 344
functions of, 344
influence of chorda tympani in
gecretion of, 346
physiology of, 345
rellex stimulation of secretion,
346

stimulation of sympathetic effect |

on; 346
Salivary glands, 338
zlands, nerve supply, 345
Salts of the bile acids, 867, 371
fate of, 373
Sanson’s images, 125
Bareolactic acid, 40, 65
Sarcolemma, 37, 38
Sarcous substance, 38
Scala media, 142
Schafer's investigations of
functions, 196
Schwann, white sheath of, 75
Sciatic nerve, 281
Selerotic, 119
Selero-proteins, 12, 329
Sebaceous glands, 430
Secretin, 365
Seeretion, internal, 404 of seq,
Sectional area of circulatory system,
226
Semen, 433
Semicireular canals, 142 of sey
canals, physiology of, 147
Semilunar valves, 282
valves, action of, 243
Seminiferous tubules, 433
Sensation, 105
colour, 131
physiology of eolour, 131
production of eolour, 132
of hunger, 106
of pain, 106
of smell, 1156
of taste, 113
of thirst, 105
visunal, 138
Sense (The Senses), 104 ef seq.
of acceleration and retardation of
motion, 147
joint and muscle, 107 ef seq., 147
special, 108 et seq.
of amell, 115
tactile, 108
of taste, 113
temperature, 110
visnal, 116 &f seq.
Sensibility, common, 105
Septo-marginal tract, 167
Serum, 203 ef seq.

brain
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Serum albumin, 204, 208
globulin, 204, 206
Seventh cranial nerve, 172 (see Facial)
Sexual organs, development of, 432
organs, removal of, 432
Side chain theory (see Ehrlich)
Sighing, 302
Sinus of Valsalva, 233
Sixth nerve (see Abulucens)
Skatol, 371, 372, 375, 418
Skatoxyl-sulphate of potassium, 418
Skin, excretion by, 428
Sleep, 190 :
respiratory changes during, 321
Small intestine, 340
Smell, 115
centre lor, 196
lrier;'-lm.lliiam of, 116
hysiology of, 116
Sna.k!a guxin,gxf_lll i
Sneezing, 302
Somatopleur, 150, 436
Sound perception, 145
Sounds of the heart (se¢ Heart)
Space, Haversian, 34
Specifie nerve energy, 118
Spectrum analysis, 211
Spermatoblasts, 433
Spermatogen, 433
Spermatozoa, 433
development of, 433
Sphineter ani, 341, 376
pupille, 120
trigonalis, 427
Sphygmograph, 265
tracings, 265

 Sphygmometer, 274
| Spinal aceessory nerve, 171

cord, 157 ef seq.
cord, condueting paths in, 161
cord, dorsal columns of, 163
cord, grey matter of, 1568
cord, reflex function of, 158
cord, seetion of one side of, 161
f Spinal dog,” 82
Spinal nerves, 149
nerves, roots of, 150
Splanchniec area, 290
influence on respiration, 309
Splanchnopleur, 150, 436
Spleen, 220

| Spot, blind, 128

Staircase contraction, 250
Stannius’ experiment, 252
Stapedins musele, 140
Stapes, 140

Starches, 380

Stearic acid, 29

Stearin, 29, 883

Stenosis, 248
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Stercobilin, 374
Stewart’s method of estimating time
taken in eirenlation, 293
Stimulus, 99
Stomach, 339
of horse, 339
of ruminant, 340
during fasting, 350
during feeding, 350
importance in digestion, 357
movements of, 353
nervons mechanism of, 357
rate of passage of food
350
vascutlar changes, 350
Storage of surplus food, 383
Storing mechanism (cerebral), 198
Stromulir, 288
Sublingual gland, 338
gland, verve supply, 346
Submaxillary gland, 538
gland, nerve supply, 346
Suceus entericus, 365
entericus, action of, 365
entericns, nervous mechanism of
secretion, 366
Sulews eentralis, 109
Sulphur-containing bodies
urine, 418 ¢f seq.
Superior oblique muscle, 135
Suprarenal bodies, 404
extract of, 277, 279, 380
medulla, 404
metabolism after injeetion of, 405
Suspensory ligament of eye, 120
Swallowing, 348
Sweat, chemistry of, 430
evaporation, 383
glands, 428
nervous mechanism ol secretion of,
429
sympathetic fibres to the heart,
8 ?56'4
napsis, 7
S;sn.ﬁ, Haversian, 35
Systole of heart, 235, 237
latent period, 245
period of overflow, 245
period of residunal contraction, 245
Systolic pressure, 274

from,

in the

TacTILE sense, 108
Tapetum nigram, 121
Tartaric acid, 327
Taste, 113 ef seq.
bulhs, 113
centre for, 196
mechanism of, 113
physiology of, 114

INDEX

Taurocholic acid, 367
Tegmentum, 150
Temperature, 382, 384 ef seq.
in cold-blooded animals, 584
in hibernating animals, 384
in warm-blooded animals, 884
regulation, 382 #f seq.
variations in, 334
Temporo-sphencidal lobe, 197
Tension of gas in a fluid, 815
of the voeal cords, 325
Tensor tympani miuscle, 140, 141
Tenth nerve (sez Vagus)
Testis, 408, 434 '
Tetanus, complete, 57
incomplete, 56
Thalamus opticus, 180, 193
Thermal sensze, 110
Thermotaxis, 16
Third nerve, 154, 172, 136
Thrombin, 204
Thrombokinase, 204
Thymus gland, 205, 409
elfect of castration on, 410
removal of, 410
Thyroid eartilage, 323
gland, 406
administration
406
removal of (thyroidectomy), 406
Tidal air, 303
Tissue, adipose, 28
areolar, 27
cancellous, 33
connective, 25 ef seq.
fibrous, 25
lymph, 30
mueoid, 25
vegetative, 20 of seq.
Tongue, 338
Tonometer, 274
Tonsil, 338
Torricellian vacuum, 214
Touch, centre for, 197
Toxic action, 411 ef seq.
Trabeculie, 34
Trierotic pulse, 266
Tricuspid valve, 232
area, 247
Trigeminal nerve, 172
Trochlearis nerve, 172
Trophoblast, 437
Trot, 101
Trypsin, 361
fate of, 873
Trypsinogen, 364
Tryptophane, 361
Tubular glands of stomach, 339
Tubules, secretion in kidney, 425
Tunica albuginea, 433

of extracts of,
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Twelfth nerve, 171
Tympanic cavity, 140
Typheid toxin, 412

Tyrosin, 8, 361, 365 !

UMBILICAL arteries, 430 |
veing, 488 -
Uunilateral stimulation, 15, 18
Urates, 417
Urea, 329, 390, 392, 415
of l‘-lnml, 216
effect of drugs on formation of, 391
source of, 391
Urethra, 427"
Urie acid, 207, 417, 426, 447
Urinary bladder, 427
nerves of, 427
Urine, 414 #¢ seq.
excretinn of, 427
method of estimating solids in,
414
micro-organisms in, 415
non-urea nitrogen in, 416
of herbivora, 415
pigments of, 421
secretion of, 423
Urobilin, 421
Urochrome, 421
Urcerythrin, 422
Uterus, 437 |
centre for contractions of, 441 |
Utricle, 142

VAruoLEs, 13
Vagus, 155, 172

cardiac branches, 254 ef seq. '

frog's, 253
gastric branches, 281
effect on respiration of section,
307 ek seq.
effect on respiration of stimulation,
308 el seq.
Valsalva, sinus of, 233
Valve, ileo-cecal, 341
Valves of the heart, 231 ef seq.
action of, 242
aortie, 253
auriculo-ventricular, 231  (ses
Mitral and Tricuspid)
mitral, 231
pulmonary, 234
semilunar, 232 (ss¢ Aortic and
Pulmonary)
Vas deferens, 433
deferens, ligature of, 432
Vasa elferentia, 433
Vaso-constrictor centre, 289

centres, secondary, 283

Vaso-constrictor nerves, 280
Vaso-dilator centre, 283
nerves, 28(
Vaso-motor eentre (see Centre)
mechanism, 278
nerves, 278
nerves, section of, 278
Vegetables, as food, 335
Veins, pressure in, 240, 261, 286
nmbilical (see Umbilical)
Vena eava, iuferior (feetal), 430
superior (fretal), 439
Venous pulse, 270
pulse, normal, 271
Ventricles of the heart, 227
contraction of, 230
left, 228
muscular structure of, 228
pressure in, 240
right, 230
Veratrin, ellect onm musenlar contrac-
tion, 54
Vermiform appendix, 341
Vernon on erepsin in the tissnes, 366
Vesicular sonnd, 304
Vestibule of the ear, 141
Vestibular root of the eighth nerve,
144, 175
Vibrations, light, 131
Vieussens, annulus of, 256
Villi, chorionic, 437
of intestine, 340
Vision, 116 ¢f seq.
binoeular, 134
far point of, 124
field of, 129
monoeular, 122 ef sey.
near point of, 124
theories of colonr, 133
Visual centre, 187, 108
Vital action of endothelium of capil-
laries, 318
Vital capaeity of the thorax, 303
Vitreous hamour, 120
Vocal cords (false and true), 323
Yoice, 323 «f seq.
Volition, 199
Voluntary actions, 98
centres, 199
Yomiting, 5568
in horse, 369
centre, 858

WaLk, 100

Wallerian degeneration method, 165

Waste, rate of (during fasting), 303

Water in food-stufis, 326

Weigert’s method of nerve-staining,
85, 165

Whey-albumin, 333, 351


















