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PR EEACE:.

e

IN compliance with a suggestion that the student of
Physiology may have a book of convenient size, and at
the same time sufficiently comprehensive, this Manual has
been written. In writing. it, I have endeavoured to
place before the student, as concisely as possible, the
chief facts of Physiology, and with this end in view,
have embodied the  notes of the lectures, somewhat
elaborated, which during the last sixteen years I have
given to the members of my classes at King’s College,
London.

The subject of Histology, so admirably dealt with
elsewhere, has only been referred to i this volume In
those cases where it directly bears upon the physiology
of the organ under consideration. Similarly the Science
of Embryology has not been dealt with seeing that it
rather belongs to the province of Anatomy than to that
of Physiology.

Diagrams of instruments and details of experiments have,
so far as possible, been purposely omitted, as I am convinced
that accurate knowledge of these subjects can only be
properly acquired in a physiological laboratory, and this
Manual is in no way intended to supply the place of a
practical text-book,

In writing this book it has been my hope that it may
prove’ of use not only to the student, but also to the
practitioner, and I have endeavoured, wherever possible, to
indicate the’ bearing of Physiology upon Practical Medicine
and Surgery.

In preparing this Manual, I have had the advantage
of the help and advice of my friend and former pupil,
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Mr. Stanley Ritson, B.Sc.(Lond.), M.R.C.S., in dealing with
portions of the book, and in the reading and revision of
the proof sheets, My indebtedness 1s also due to my
fmiends;, M.l G [J: Jenkins, M.B.=ER.ES5. Dr F. E,
Taylor, M.Sc., M.R.C.P., E.R.C.S., and Dr. W. d’Este Emery,
B.Sc.(Lond.), for their kindly help and advice in reference
to those portions of the book of which the subject-matter
has been their especial study. My affectionate and grateful
thanks are due to my father, Mr. Thomas Lyle, M.A., for his
example and sympathetic interest; he has spared no pains
in correcting the proofs and preparing the index of this
Manual. This index, while not absclutely exhaustive,
will, it is hoped, be found to meet all the requirements
of the reader.

For the preparation and arrangement of the Manual I
alone am responsible, and I shall be grateful to friendly
critics for any suggestions or correctmns, which may be
found useful in the future.

H. WILLOUGHBY LYLE.
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MANUAL OF PHYSIOLOGY:

SECTION 1.
GENERAL PHYSIOLOGY.

CEAR TR ReSE
INTRODUCTION.

Human physiology deals with the functions of the various
parts of the body. The body, as a whole, is made up of
different systems, such as the digestive system, the circulatory
system, the respiratory system, the muscular and skeletal
systems, the excretory system, and the nervous and special
sense systems. Kach of these has its special functions to
perform, but it cannot be too strongly insisted that these
systems do not act independently of each other, and that the
proper working of one depends upon the harmonious working
of the others.

The various systems are made up of organs which have no
independent action, the smooth working of one organ depend-
ing upon the proper functioning of other organs.

The organs of the body are composed of tissues, namely—

1. Lpithelial tissues.
2. Connective tissues.
3. Muscular tissues.
4. Nervous tissues.

These in their turn are essentially composed of cells, held

together by a varying amount of intercellular material. Each
I
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cell consists of a mass of protoplasm or bioplasm with a
nucleus embedded in the bioplasm.

The animal kingdom may be divided into two great classes,
namely, the unicellular organisms, or Protozoa, and the multi-
cellular organisms, or Metazoa. The Amceba may be taken
as the simplest type of the Protozoa; it exemplifies in a
simple way the chief characteristics of life, not only of the
simplest, but also of the most complex, organisms.

The Ameeba is a little mass of protoplasm, which readily
glides along by means of protruding and retracting pseudo-
podia. The protrusion is due to the clear material of the
cell flowing out of the more spongy network, and the retraction
to its return. The cell substance on the surface is clear and
firm. This is the ectosarc. That in the interior is more
fluid, and. contains abundant granules, of which some are
protein, others fat. This is the endosarc. In the centre of
the endosarc is the nucleus. The Amceba feeds by putting
out pseudopodia around minute Alge, and, in a similar
manner, it engulfs drops of water. After the digestible
portions of the food have been absorbed, the undigested part
is excreted at any part of the protoplasm. The protoplasm
contains one or more contractile vacuoles which are excretory
in function, and therefore get rid of waste products. As a
result of favourable nutritive conditions, the young Amceba
grows and, at the limit of growth, reproduces. The usual
method of such reproduction is for the nucleus and protoplasm
to divide into two.

The Amceba exemplifies in a primitive way all the important
characteristics of life, which may be summed up as follows :—

Movement.—This is the result of stored energy and is
cartied out in the higher types by means of the muscles.

Irritability.—In response to external stimuli movement is
brought about. If the pseudopodia of the Amceba are
stimulated by contact with a cover-glass they are withdrawn.
In the higher types this irritability is associated with the
nervous system. :

Digestion.—Food particles are surrounded by the proto-
plasm of the animal, and are in all probability digested by
intracellular enzymes.

Absorption.—The products of digestion are taken into the
protoplasm of the cell and assimilated, or anabolised ; that 1s,
they are built into the protoplasm of the cell.
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Excretion.—Waste material, such as the indigestible portions
of the food and water with contained salts, is eliminated from
the body.

Respiration.—All animals require oxygen, and, as the result
of the oxidation, or the combustion of complex carbohydrate
radicals contained in the cell body, energy results, heat is
evolved, and carbon dioxide and water are produced to be
eliminated from the body of the organism.

Growth.—As a result of nutrition, in favourable circum-
stances, growth takes place, and maturity is eventually reached,
after which Reproduction usually occurs. All these functions
of life are exhibited by the Amcaba, a single cell, but physio-
logically complete in itself. In the multicellular organisms,
masses of cells become differentiated to form organs, and
hence division of labour arises. In the higher organisms,
developed from a three-layered blastoderm, the cells of the
outer layer become protective, muscular (muscle of the hair
follicles), nervous, and sense organs. Those of the middle
layer become supporting and muscular, and in general form
the chief connective tissues including the circulatory and
genito-urinary systems. Those of the inner layer digest and
then absorb the digested food ; they also give rise to the cells
of the respiratory tract. It must, however, be kept in mind
that each cell remains a living unit, and each has its particular
function to perform. Hence the importance of dealing in
detail with the structure and functions of a typical animal cell.

Some of the processes which occur in the body may be
readily explained in chemical terms (chemical affinity), others
are explained in physical terms (physical force). There are
other processes, however, which cannot be explained by either
of these methods. It is essential, therefore, to introduce a
third force in explanation of these; it may be termed a
biological force, and is sometimes alluded to as the biotic
activity, or physiological activity, of a cell or tissue.



AR ST R
THE ANIMAL CELL.
A TypicaL animal cell consists of a mass of protoplasm, or
bioplasm, with a central nucleus, near which there may be a

centrosome and an attraction sphere.

Ectoplasm

Endoplasm.

Nuwceleus.
Nucleolus.

Centrosome

Granules.

F1c. 1.—Diagram of a typical Animal Cell.

The ectoplasm may be surrounded by a cell membrane.
The endoplasm consists of a network of spongioplasm and the
clearer hyaloplasm which contains granules (paraplasm).

The nucleus contains a nucleolus and many false nucleoli (N1),
which are thickenings in the intranuclear network. The
nuclear sap is in the meshwork of the intranuclear network.

HISTOLOGY OF THE CELL.

The Protoplasm.—It is generally believed that the bioplasm
consists of two parts, namely, a fine network called the reticulum,
or spongioplasm, and a more fluid portion in its meshes, the
enchylema, or hyaloplasm. The granules in the cell are due
to thickenings in the spongioplasm ; some, however, are free in
the hyaloplasm. Some of these granules are portions of the
protoplasm, others are stored within the cell and are called
cell-contents or paraplasm. The protein granules within the
cell may be fixed by exposing the cells, freshly teased in

. 4
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aqueous humour, to the vapour of osmic acid (r per cent.
solution). Some granules stain more readily with a'solutmn
of methylene-blue (basophilous granules), others stain more
readily with a weak solution of eosin (eosinophilous or
oxyphilous granules). &

The Nucleus.— Each cell has at least one nucleus, which is
usually round, but it may be oval and is sometimes irregular.

It is made up of four parts—

() A thin nuclear membrane which encloses it. _

(4) An intranuclear network, consisting of fibrils like
spongioplasm, though coarser than spongioplasm.

(¢) Nucleoli, some of which are rounded thickenings in the
intranuclear network (pseudo-nucleoli); others are
rounded bodies floating in the matrix (true-nucleoli).

(d) Matrix, or nuclear sap, which exists in the interstices
of the intranuclear network.

The nuclear membrane, intranuclear network, together
with the true- and pseudo-nucleoli, consist of chromoplasm,
because they readily stain with logwood (hematoxylin),
methylene-blue, and safranin. It has been shown, however,
by Balbiani that it is the minute highly refracting particles,
embedded in transverse rows in the clear structureless matrix
of the chromoplasmic filaments, which take up these stains.

The nuclear sap is achromatic.

The nucleus exercises a trophic function over the protoplasm
of the cell and its processes, for if the nucleus is injured the
cell and its processes undergo dissolution.

The Attraction Sphere.—Most cells, especially when about
to divide, contain near the nucleus an attraction sphere. This
consists of a small round body, the centrosome, which appears
to attract protoplasmic granules to it, and which gives the
whole structure a radiating appearance. The giant cells,
‘which exist in the red bone marrow, sometimes contain more
than one centrosome. The attraction sphere is all important
in guiding the division of the nucleus.

CHEMISTRY OF THE CELL.

After protoplasm has been killed, it yields the following
substances ;:—
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(a) Water, at least three-quarters of the whole, sometimes

more,

(&) Proteins, consisting of C.H.O.N.S,

Nucleo-protein, consisting of C.H,O.N.P.; this is the
most abundant cell protein,

Nuclein, consisting of C.H.O.N.P.; this is most
abundant in the nuclei.

(¢) Lipoids, present only in small quantities ; they are—
Lecithin, a phosphatide, consisting of C.H.O.N.P.
Cholesterin (C,,H,,.OH), a terpene.

(@) Inorganic salts, especially potassium phosphate, also

calclum and sodium phosphate, and sodium and calecium
chloride.

In the paraplasm there may be present—

Pigment granules; these are especially abundant in the
pigment cells of the retina.

Fat globules, especially in the adipose tissue cells; the
unsaturated neutral fat, triolein, reduces osmic acid
to a lower oxide of osmium, which is black; hence
neutral fat containing triolein is blackened by a weak
solution of osmic acid.

Glycogen ; this exists in liver cells, in colourless blood
corpuscles, and in the cells of the placenta. Glycogen
becomes stained a brown-red colour by a weak solu-
tion of iodine.

PHYSIOLOGY OF THE CELL.

Each living cell may be regarded as a machine, or energy
transformer, through which there is constantly taking place a
flow of energy. The protein, which is the most abundant
chemical constituent of the bioplasm of the cell, is all
important, in order that the cell may carry out its function
in this way. The protein of the cell, however, depends to a
very considerable extent upon the /ons of the inorganic salts
supplied by the tissue lymph for its proper working. Ringer
showed that the cilia of ciliated epithelial cells continued to
manifest their activity when placed in certain saline solutions.
The excised frog’s heart will continue to contract for a long
period if placed in saline solutions of particular strength.
The protein of the cell probably forms loose combinations
with the ions supplied to it, .or adsorés the inorganic ions.
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It has further been shown that the various proteins possess
different zesidual affinities, or powers of adsorption of these
ions, for the proteins of cells appear to combine more readily
with potassium and phosphatic 10ns while the proteins, which
exist in the blood plasma and tissue lymph, which bathe the
cells and tissues of the body, are richer in sodium and
chlorine ions. It is these inorganic ions contained in the
cell which regulate the osmotic pressure of the cell, and if
the supply of these inorganic ions to the cell by the tissue
lymph runs short, the ions gradually leave the cell. In these
altered circumstances the cell is no longer capable of
exercising its biotic or physiological activity, and it eventually
dies. It is believed that these inorganic ions, adsorbed to
the protein of the bioplasm of the living cell, influence
oxidation, and, when the supply of them runs short, oxidation
eventually comes to an end and dissolution results. The
proteins of the cell, with their adsorbed ions of the inorganic
salts, hold together other proteins, fats, carbohydrates, and
oxygen, constituents which are supplied to the cell through
the tissue fluid. It is by the oxidation of these carbohydrates,
fats, and, to a less extent, the proteins, loosely combined with
the more or less stable proteins of the cell, that new forms of
energy are evolved, and, as a result of such oxidative or
katabolic processes, CO, and water are produced, while
certain nitrogenous compounds are formed as the result of
the wear and tear of the cell protein. These waste products
are eliminated or excreted by the cells. Since CO, 1s a waste
product of the process of oxidation, it might be thought that
the most advantageous condition would be for its immediate
removal, but it has been shown by Waller that a small
amount of CO, acts as a stimulant, Small amounts of CO,
increase the excitability of muscle and nerve, while large doses
diminish that excitability. Haldane has also shown that
a definite small percentage of CO, is required for the regula-
tion of the activity of the nerve cells constituting the
respiratory centre in the medulla oblongata, and that, if this
percentage is reduced by artificial ventilation, the subject
passes into a condition of apncea, or suspension of breathing,
until the amount of CO, in the lung alveoli and in the blood
returns to normal. (Normally there is between 4 and 5 per
cent. of CO, in the air of the lung alveoli.)

It is characteristic of bioplasm that oxidation processes
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occur, and that, as the result, energy arises and heat is evolved ;
but, in order that equilibrium may be maintained, anabolism
or constructive metabolism or assimilation must occur in the
cell. For this purpose the cells are supplied with protein,
fat, carbohydrate, oxygen, and inorganic salts.

The ZProteins are supplied to the cell to make up for that
amount which has been disintegrated during cellular activity,
v.e., as the result of wear and tear. These may be supplied
as serum-globulin and serum-albumin, which are present in
the blood plasma and tissue fluid or lymph, or possibly they
are supplied as mono-amino acids ; for example, amino-acetic
acid or glycine or glycocoll (CH,.NH,.COOH), as diamino-
acids, and also as amino-acids, which contain an aromatic
radical.

The ZFa#s exist in the plasma, most probably adsorbed to
the soluble protein present, and thus they exist, not as fat
globules, but in some soluble and invisible form, and as such are
taken to the cells, where they combine in a similar invisible
form with the more stable cell proteins. It has been
demonstrated that the liver cells are capable of holding 5 to
1o per cent. of fat, in such a way that it is quite invisible and
is part of the cell bioplasm. Bainbridge and Leathes have
shown that, by interfering with the blood supply of the liver,
the cells may be made to appear as if they were undergoing
fatty degeneration, whereas there is in reality no actual
increase of fat in the ergan. In other words, the fat, so
observed within the cells, has probably been deposited from
the cell protein which previously adsorbed it.

Carbolydrate exists in the blood plasma as dextrose, and
some of this is in all probability combined in a feeble manner
(adsorbed) with the blood proteins. It has been shown that,
if CO, is passed through blood serum, or if chloroform or
ether is added to blood serum, the amount of free dextrose
present becomes considerably increased ; this extra amount
has become dissociated from the blood proteins. The carbo-
hydrate, which is supplied to the cells of the tissues, is probably
adsorbed by the fixed cell proteins, and it may be in this way
that new proteins may be synthesized by the union of protein
radicals, rich in amino acids and carbohydrates ; in a similar
way, fats may possibly be synthesized from carbohydrates.

Oxygen is supplied to the cells through the oxy-haemoglobin,
where it is loosely chemically combined with the hamo-
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globin. In the higher types the ux}r—haampglohin is con-
tained in the coloured blood corpuscles; in some of the
lower types, such as the worms, it is dissolved in the blood
plasma.

Inorganic Salts, which, as has been already stated, are so
essential for the biotic or physiological activity of the cells, are
supplied by way of the plasma and tissue fluid or lymph, those
supplied being sodium chloride, potassium chloride, calcium
salts, and phosphates, whereas those found in the cells are
chiefly potassium and phosphatic ions, suggesting that the cell
proteins have some selective action for particular ions.
Though the inorganic ions are adsorbed to the cell proteins,
yet it is quite possible that each ion is capable of exerting its
own osmotic pressure.

The Lipoids of the cell play an important part in preserving
the life of the cell, since they have the power of combining
with organic poisons and toxins, which enter the body usually
through the alimentary canal, or by way of the skin through
the lymph stream present. In this way the bioplasm of the
cell is guarded from these toxic influences, which might other-
wise cause the death of the cell.

It will be shown later that some of the cells of the tissues
and organs produce, and therefore contain, intracellular
enzymes. In some instances the action of these bodies serves
to explain some of the physiological processes which take
place in the cells and tissues of ‘the body (vide * Tissue
Enzymes,” p. 58).

Summing up, then, it may be said that “the living cell
exists in a periodically varying osmotic equilibrium with its
surroundings,” that, as the result of its biotic activity,
oxidative changes must occur with the production of energy,
heat, and waste products (katabolism or destructive meta-
bolism). As the result of these changes, unless death is to
take place and these processes brought to an end, con-
structive metabolism, anabolism, or assimilation must be con-
tinually occurring. These processes, therefore, which are
continually going on, constitute metabolism; when meta-
bolism comes to an end, life ceases to exist. The metabolic
changes which have been described as occurring in a typical
animal cell, the physiological unit, are characteristic of those
which take place in the individual, the physiological whole.
As the body is composed of various organs, a division of
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labour is a necessary result, each organ having its own proper
function to perform.

These organs are all under the influence of, and governed
by, the cells contained in the nervous system, and also are
influenced by various chemical excitors, internal secretions, or
hormones, which are produced in particular organs of the
body. In this way it is that the organs are brought under
central control; and, as a consequence, under physiological
conditions, act in perfect harmony and therefore for the
benefit of the individual.

CELL MOVEMENT.

Cell movement is seen to occur in amceboid and other
cells ; this movement may be spontaneous, but it is usually
influenced by external stimuli. If the cell moves towards
the stimulus, the term positive taxis is applied to it; if away
from the stimulus, negative taxis. Cell movement is in-
fluenced by the following circumstances :—

(@) Alterations of Temperature—The optimum temperature
for cell movement is 37° C. to 38° C. If the tem-
perature is lowered towards freezing-point, move-
ment 1s inhibited and finally stops, but reappears
again on raising the temperature. If the tempera-
ture is raised to 45° C., the proteins of the cell are
coagulated, heat rigor occurs, and the protoplasm
is killed.

(0) Light—The pigment cells present in the skin of the
frog contract when exposed to bright light and
expand when the amount of light is diminished.
When light rays fall upon the retina there 1s a cer-
tain amount of movement in the pigment cells
present. The general effect of light is to increase
the physiological activity of cells.

(¢) Electrical Stimuli—Weak currents stimulate proto-
plasmic movement ; strong currents inhibit move-
ment.

(d) Mechanical stimuli, e.g. the pseudopodium of the

 ameeba (zide p. 2).

The effects of various stimuli upon unicellular organisms
have been investigated, and the following terms have conse-



THE ANIMAL CELL. 1

quently been introduced : thermo-taxis, photo-taxis, galvano-
taxis, chemo-taxis, which explain themselves.

CELL-DIVISION.

Cells multiply by simple division, or by dividing into two,
but the division of the bioplasm is preceded by the division of
the nucleus.

There are two forms of nuclear division, namely—

1. Direct, simple, akinetic (&, no, xzivgoic, movement), or
amitotic division, in which the nucleus constricts at
its centre, and divides into two equal parts; this
change 1s often preceded by division of the true
nucleolus.

2. Indirect division, or karyokinesis (zcpvoy, a kernel), or
mitosis (wiTog, a thread), this being the usual
method.

The stages in karyokinetic division are as follows :—

(a) The Reticulum.—This constitutes the resting
condition of the mother nucleus. The
centrosome splits into two and the two
halves separate, attracting the cell granules
and constituting the attraction spheres.

(&) The Spirem.—The intranuclear network be-
comes arranged in the form of a spiral
thread, which 1s at first open, later closed.
This thread splits into V-shaped loops or
chromosomes. In cells, which divide as
the result of fertilisation, the number of
chromosomes is even, an equal number
being contributed by each sex; in the
human fertilised cell there are sixteen
chromosomes. The nucleoli disappear
and the nuclear membrane becomes less
distinet, so that the hyaloplasm of the cell
and the nuclear sap become intermingled.
An achromatic spindle appears, formed
of thin achromatic fibres, which connect
one daughter centrosome to the other.
Around the spindle the chromosome
threads are irregularly arranged. The
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achromatic spindle is probably formed
from the two centrosomes and the achro-
matic substances in the nucleus.

(¢) Cleavage.—Each chromosome moves to-
wards the centre of the achromatic spindle,
and splits longitudinally into two daughter
threads.

(d) Monaster or Star.—The achromatic spindle
becomes longitudinal and the split chro-
mosomes arrange themselves in a star-
shaped manner around the equator of
the spindles.

(¢) Metakinesis or Divergence.— The  polar
bodies or centrosomes at the ends of the
spindle appear to attract the'daughter V’s
which move along the tibres of - the
spindle. It may be that the V’s are
pulled into their new position by the
contraction of the fibres of the spindle
to which they are attached.

(f) Diaster or double Star.—The V-shaped fila-
ments are conveyed to the centrosomes
of the spindles and the fibres of the
spindle split at the equator. The bio-
plasm of the cell now commences to split.

(¢) Dispirem or double Skein.—An open skein 1s
formed in the daughter nuclei, later the
chromosomes unite to form a closed
skein in each daughter nucleus.

(k) Reticulum.—The resting stage of each
daughter nucleus ; the bioplasm of the
original cell having split at the same
time as the nucleus divided, two resting
cells are consequently produced. A
nuclear membrane forms around each
daughter nucleus, and the remains of the
spindle gradually disappear.

The time occupied by karyokinesis varies from a half an

hour to three hours. } .
Many of the changes described may be seen in the cells of

the epidermis contained in a section of a newt’s tail.



SECTION I1.
CHEMICAL PHYSIOLOGY.

€ Eleat Bl R
THE PROTEINS.

ProTEINS are complex substances which belong to the class
of bodies designated by Graham as “Colloids.” They are
made up of carbon, hydrogen, oxygen, nitrogen, and, in nearly
all cases, sulphur. Some of the proteins also contain phos-
phorus and iron; other elements, such as iodine (in iodo-
thyrin of the thyroid gland), may also be present.

The proportion of these elements varies considerably in the
different proteins, but the general percentage composition is
as follows :—

B 53 per cent.
o . 7 7
@ 22 &
N . 16 .
5 g oI 102 ok

The term protein is used, however, to designate that
group of substances, which consist of combinations of
amino-acids, eg. amino-acetic acid or glycocoll, amino-
propionic acid or alanine, phenyl-amino-propionic acid
or phenyl-alanine, guanidine-amino-valeric acid or arginine,
etc. "The proteins, therefore, are substances of large molecular
weight, which essentially consist of groups of amino-acids
forming polypeptides. During the digestion of the proteins
of the food, they are, by a process of hydrolysis, broken into
simple substances of lighter molecular weight, called cleavage
products, and these are chiefly amino-acids. It is these which
are so important to the body for the constructive metabolism
or anabolism of its native proteins, such as serum-globulin,

13
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serum-albumin of the blood and tissue fluids (lymph, cere-
bro-spinal fluid, aqueous humour), and the nucleo-proteins,
globulins, and albumins of the cells and tissues of the
body. The proteins are essentially polypeptides formed
by the condensation of wvarying numbers of groups of
amino acids which may be obtained from the proteins by
hydrolysis. In nearly all instances ammonia may also be
obtained on hydrolysis. " The nitrogen of the mono-amino acids
is called “ mono-amino-nitrogen,” that of the diamino acids is
called “diamino or basic nitrogen,” and the nitrogen, obtained
by the hydrolysis of proteins in the form of ammonia, is called
‘““ amide-nitrogen.”

The following are some of the cleavage products of Proteins
due to hydrolysis :(—

I. MoNO-AMINO AcIDS.

¢ Glycine = Amino-acelic acid = CH, NH,, COOH.
Alanine = Amino-propionic acid=C,H, NH,.COOH.
Valine = Amino-isovalerie acid = C,H ;NH,. COOH.
Leucine = Amino-isocaproic acid = C;H,,. NH,. COOH.

Dnﬂf?%ﬂiﬂup’ 4 Isoleucine = Amino-methyl-ethyl-propionic acid =
oy 0 SIII{&E CH.CH(NH,). COOH.
Serine = Hydroxy-amino-propionic acid =CH,(OH).CH.
NH,.COOH.

Cystine or dicysteine = Di-(thio-amino-propionic acid)=
Two000H  (Aspartic acid=Amino-succinic acid=COOH.CH,.CH
G?ﬁupa. e (NH,).COOIH.

Dicégzgx?lio | Glutamic acid = Amino-glutaric acid=COOH., CH,.CH,.

) CH(NI,). COOH.
P’henylalanine = Phenyl-amino-propionic acid =
(CaHp CaHy NH . COOH.

Aromatic Amino- | Pyrosine = Hydroxy-phenyl-amino-propionic acid =

SHICK MRS 4 (CyH,.OH). cﬂﬁ) NI1,.COOH.

Groups.
Tryptophane = Indole-amino-propionic acid=
A CHI-IAHNEDﬁ'

2. Di-aMINO AcCIDS.

Ornithine = Diamino-valeric acid = C,H;. (NH,),. COOH.

Lysine = Diamino-caproic acid = C;Hy. (NH,),. COOH,

Arginine = Guanidine-amino-valeric acid = CzH,;N,O,.

Lysine (C;I,N,0,), Arginine (C;F,,N4O,), Histidine (CyH,g H,0,), although
under the heading acids, may also play the part of bases, and as each
contains Carbon six times, they are frequently known as the hexone
bases.
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3. PYRROLIDINE DERIVATIVES.

Proline= Pyrrolidine carboxylic acid = C;HgNO,,
Oxy-proline = Oxy-pyrrolidine carboxylic acid=C;H;NO,.
The N is included in the benzine ring formation.

4. AN IMIDAZOLE RING.

Histidine = Imidazole-amino-propionic acid =CgHN,O,.

5. PYRIMIDINE BASES.

These are cleavage products of nucleo-proteins—
Uracil = Dioxy-pyrimidine.
Thymine = Methyl-dioxy-pyrimidine.
Cytosine = Amino-oxy-pyrimidine.

6. PURINE BaAsgEs.

These are cleavage products of nucleo-proteins—
Adenine or amino-purine (C;H N NH,).
Guanine or amino-oxypurine (C;HzN,0.NH,).

7. AMMONIA.

It will be remembered that these substances just described,
and many others, are the units or * foundation stones ” of which
the protein molecule is built, hence its complexity. The com-
plex protein molecule may be broken into the parts of which it
is composed by hydrolysis. This may be effected by the action
of acids (dilute sulphuric acid, hydrochloric acid), by the
action of alkalies (baryta water) and the various proteoclastic
enzymes which occur in plants and in animals.

The result of hydrolysis shows that the various proteins are
composed of the same units or *foundation stones” ; in some
cases, however, certain units are missing, in others one or other
unit may be present in large amount.

Glycine, glycocoll, or amino-acetic acid (CH,.NH,.COOH),
is the simplest of the products of the hydrolysis of proteins.
It is not present in albumin, caseinogen, or in hamoglobin.
It is present only in small quantities in the vegetable proteins.
Glycocholic acid of bile may be split into glycine and cholalic
acid. Hippuric acid of urine may be split into glycine and
benzoic acid.

Alanine, or amino-propionic acid (C,H,.NH,.COOH), is a
constant constituent of all proteins. The following are some
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of the derivatives of alanine: serine, phenyl-alanine, tyrosine,
tryptophane, and histidine.

Valine, or amino-isovaleric acid (C,H, NH, COOH), has
been obtained from the protamine, clupeine, also from casein-
ogen and from horn.

Leucine, or amino-1socaproic acid (C,H,, .NH,.COOH), is,
with the exception of arginine, the most widespread of all the
amino-acids which go to make up the protein molecule (Aders
Plimmer). Leucine is g-amino-iso-butyl acetic acid—

CH,
CHE/

Isolewcine, or g-amino-3-methyl-(3-ethyl-propionic acid, is
present in fibrin. It is a widely distributed constituent of the
protein molecule. Both leucine and isoleucine occur in the
protein molecule combined with tyrosine and valine in the
form of polypeptides.

Phenyl-alanine, or phenyl-amino-propionic acid (C,H..C,H,,.
NH,.COOH), is in some proteins present in excess of tyrosine,
and is the principal aromatic constituent. Gelatine contains
no tyrosine, but phenyl-alanine 1s present.

Tyrosine, or oxy-phenyl-amino-propionic acid (C;H,OH.
C,H, NH,.COOH), is present in most proteins, and is readily
obtained by the action of the enzyme trypsin upon protein.

Cystine, or dicysteine, has the following composition :—

COOH.CH(NH,).CH,—S—S—CH,.CH(NH,).COOH.

‘It is the only sulphur-containing compound in the protein
molecule. The taurine of the bile is probably derived from
it. The cystine of protein and the cystine of urinary calculi
appear to be identical ; hence it is probable that the cystine,
which is present in some urinary calculi, is derived from
cystine present in protein.

Aspartic acid, or amino-succinic acid (COOH.CH,,.
CH(NH),.COOH), may be obtained from certain vegetable
proteins as a result of tryptic digestion.  Asparagine, 1]1:3
amide of aspartic acid (CONH, CH,.CH(NH,).COOH), is
present in the proteins of asparagus and the seeds of peas; if
is probably derived from the aspartic acid contained in the
protein of the seeds.

Glutamic acid, or amino-glutaric acid (COOH.CH, CH,.
CH(NH,)COOH), was first obtained from wheat glutin by

CH.CH,, CH(NH,)COOH.
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hydrolysis. It has been since obtained by the action of the
enzyme trypsin upon fibrin.

Ornithine, or diamino-valeric acid (NH,.CH,.CH,.CH,.CH.
NH,.COOH), on hydrolysis gives rise to CO, and putrescine
or tetramethylene-diamine.

Arginine, or guanidine-amino-valeric acid (C.H, N,O;), has
been obtained from the products of hydrolysis of horn,
gelatin, vitellin, egg-albumin, serum-albumin, and caseinogen.
It occurs in the protamines and histone. Arginine may be
hydrolysed by the enzyme arginase into ornithine and urea.

Lysine, or diamino-caproic acid (C,Hy(NH,),,COOH), is
present in caseinogen, gelatin, egg-albumin, fibrin, and in
the protamines.

Histidine, or imidazole-amino-propionic acid (C;H,N,)C,Hy
(NH,).COOH), was discovered by Kossel amongst the decom-
position products of sturine, the protamine obtained from the
testes of the sturgeon. It has also been obtained by the
action of the enzyme trypsin upon fibrin.

Tryptophane, or indol-amino-propionic acid, was isolated by
Hopkins and Cole from the products found by the action of
trypsin upon caseinogen.

Tryptophane in the protein molecule accounts for the three
following phenomena :—

1. If Cl or Br water is added to a tryptic digest, a reddish-
violet colour is produced.

2. The violet colour obtained in the Adamkiewicz reaction.

3. The presence of indole and skatole as products of putre-
faction, for when tryptophane is heated, large amounts of
indole and skatole are produced.

CLASSIFICATION OF PROTEINS.

The Proteins may conveniently be divided into four chief
groups—
. The Simple Proteins.
2. The Conjugated Proteins.
3. The Phospho-Proteins.
4. The Derived Proteins.

A, Simple Proteins.

1. Protamines. — These are the simplest of the natural
proteins, and are obtained from the testes of fish; salmine
from the salmon, sturine from the sturgeon, scombine from

=
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the mackerel, cyclopterine from the cyclopterus, clupine from
the herring. The protamines are soluble in water, and are
not coagulated by heat. On. hydrolysis they yield protones,
bodies analogous to peptones ; they are readily converted into
the hexone bases, namely, lysine, C¢H,N,0,, or diamino-
caproic acid, arginine, CgH; ,N,0,, or amino-guanidine-valeric
acid, and histidine, C;HyN,O,, or imidazole-amino-propionic
acid. On hydrolysis cyclopterine also yields tyrosine (oxy-
phenyl-amino-propionic acid). It will be seen that the prota-
mines are built up almost exclusively of amino-acids. It
will be noted that each of these compounds has a carbon
atom six times, hence the term hexone base. The protamines
give Rose’s, or Piotrowski’s reaction. Protamines react as
strong bases, and give rise to alkaline solutions and form
salts with acids. The protamines do not give Millon’s test
except cyclopterine, the molecule of which contains tyrosine.

2. Histones.—These substances may be extracted from cells
by the addition of an acid; the histone is then precipitated
from this acid extract by the addition of ammonia, a char-
acteristic property of histones. Kossel first isolated histone
from the red blood corpuscles of the goose. Globin, the
protein radical of hamoglobin, is said to be a histone, the
chief amino-acid present being histidine. Histones are coagu-
lated by heat, and, on hydrolysis, yield a larger number of
amino-acids than the protamines do, hence they are more
complex substances. Histones contain about 30 per cent.
of lysine, arginine, and histidine together.

3. Albumins.—The more important of the albumins are
serum-albumin, lact-albumin, and egg-albumin. They form
colloidal solutions in water, in dilute salt solution, and in
a saturated solution of sodium chloride and of magnesium
sulphate. ~They are readily coagulated by heat at about
70°~73° C.  On hydrolysis they yield ze glycine (amino-acetic
acid). The albumins may be precipitated from their solution
by complete saturation with ammonium sulphate crystals,

4. Globulins. — These include serum-globulin and egg-
globulin. They are insoluble "in distilled water, but are
soluble in dilute saline solutions. They are precipitated from
their solutions by complete saturation with neutral salts, such
as MgS0,, Na,SO,, or halfsaturation with (NH,),SO,.

Amongst other substances the globulins on hydrolysis yield
glycine. This class also includes fibrinogen which, on coagula-




THE PROTEINS. 19

tion, yields fibrin, also paramyosinogen and myosinogen, the
proteins of muscle, which, when coagulation occurs, yield
myosin, and crystallin, the globulin which is obtained from
the crystalline lens, Fibrinogen and myosinogen coagulate
at 56° C., serum-globulin at about 75° C.

5. Sclero-Proteins.—These proteins are for the most part
found in the skeletal and supporting tissues of the body, and
are of an insoluble nature. The chief proteins under this
heading are as follows :—

CoLLAGEN.—This is contained in white fibrous tissue, and,
when boiled with water, is converted into gelatin.

Collagen is readily digested in the stomach by the action
of the pepsin-hydrochloric acid, but, in the duodenum, the
trypsin-sodium-carbonate of the pancreatic juice has no
appreciable digestive action upon it.

(GELATIN is obtained from white fibrous tissue by boiling
it in water. It i1s soluble in hot water, but sets in cold. It
contains 17 per cent. of glycine (amino-acetic acid), and a
considerable amount of proline, but #¢ tyrosine, tryptophane,
or cystine is in its molecule. It will not, therefore, give
'\« Millon’s test for protein, nor will it give the xanthoproteic

reaction nor Adamkiewicz’s test for protein. When in solution,
gelatin readily gives Rose’s test. Gelatin is, like carbohydrate
and fat, a “protein-sparing food.” How the gelatin spares
the protein 1s unknown, but one view is that the gelatin
shields the amino-acids, which have been taken to the liver,
and prevents them from undergoing * denitrification” by the
liver cells, and so allows more of the amino acids to get to
the tissues, and to be utilised there for tissue repair, replacing
the molecules of the tissues which have undergone wear and
tear during those katabolic processes, which are constantly
going on there. Gelatin will not replace simple protein of the
food, for the ringed amino-acids, necessary for tissue repair,
are absent from it.

EvasTiN is an almost insoluble body, which may be
extracted from yellow elastic tissue by prolonged boiling ; it is
also contained in the sarcolemma of muscle fibres. It gives
the xanthoproteic and Millon’s reactions for protein. Elastin
appears to be made up of only three or four amino-acids.

CHONDRIN exists in cartilage, and is said to be a compound

of gelatin and mucoid. It may be obtained from cartilage
by boiling,
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KERATIN is produced in the cells of the epidermis from the
eleidin granules of the stratum granulosum. It is found in
the nails, hoofs, and horns. It contains 5 per cent. of
sulphur, which is present in the sulphur-containing amino-
acid, cystine, which has the following formula :—

) Pl o Ay

l

CH.NH, CH.NH,

|
COOH COOH

Keratin contains more cystine than any other protein.
Tyrosine is also present.

NEUROKERATIN is contained in the fine network in the
medullary sheath of the medullated nerve fibres in both the
central and the peripheral nervous system. In this connection,
it should be noted that both the epidermis and the nervous
system are developed from the epiblast.

Keratin and neurokeratin both give the xanthoproteic and
Millon’s reactions for protein,

OssEIN is the chief protein contained in bone.

CurTIN is the protein which is present in the exoskeleton
of many of the lower types. Lobster shell consists of calcium
carbonate and chitin. On hydrolysis chitin yields acetic
acid and glucosamine. Chitin is said to be monoacetyl-
diglucosamine (Offer).

5. Conjugated Proteins,

““ Proteins sometimes occur in nature combined with
organic complexes, which have been designated by Hoppe-
Seyler as ‘prosthetic’ groups, from which, by gentle chemical
treatment (e.g. by weak acids at the ordinary temperature),
they can be readily freed. These conjugated proteins give
the same general chemical reactions as the simple proteins”
(Schryver).

1. Nucleo-Protein.—This is a compound of protein with
nucleic acid, and exists in the cells of the body generally,
The phosphorus present is contained in the prosthetic group,
nucleic acid. The hxmatogens described by Bunge, which
are contained in the yolk of eggs and vegetables, and which
are the chief source of iron for the body, are nucleo-proteins.
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Nucleo-proteins may be prepared from t'xssiues rich in cells,
such as the kidney or thymus, by the following me}hﬂd —
The organ is finely minced and then ground in a mortar
with an equal volume of crystals of sodium chloride with a
little water. The sticky mass is then poured into a tall
"vessel containing water. The nucleo-protein gradually rises
to the top of the water, and may be collected as_a scum. It
is readily soluble in sodium carbonate, 1 per cent. solution.
The following table represents the decomposition of nucleo-
protein :(— _
Nucleo-protein

Protein Nuclein
| e
I - L] " #
Protein Nucleie acid
|
: =]
Phosphoric acid Carbohydrate Purine bases Pyrimidine bases
radical (CH Ny), Z.e. (CHN,)

adenine and guanine

TuE PURINE BASES—

(CoH Ny - : 3 . Purine.

C,HsN, NHy . : . Amino-purine or adenine.
purine | C;HN,O : ; . Monoxy-purine or hypoxanthine.
Bases. | (C,I,N,.NH,.O . . Amino-oxy-purine or guanine.

CeH N0y . : . Dioxy-purine or xanthine,

(CeH NGO, . : . Trioxy-purine or uric acid.

TuHE PYRIMIDINE BASES—

C,H,N, Pyrimidine.
Uracil = Dioxy-pyrimidine.
Cytosine = Amino-oxy-pyrimidine.
Thymine = Methyl-dioxy-pyrimidine,

Halliburton states that recent research indicates that there
appear to be two groups of nucleic acids—

(1) Nucreic-Acip ProPER, which yields on decomposition :

(a) Phosphoric acid.

(4) A carbohydrate of the hexose group.

(¢) Two purine bases: adenine and guanine.

(d) Two pyrimidine bases: cytosine and thymine.



22 MANUAL OF PHYSIOLOGY.

(2) Guanvric Aci.—This is found mixed with nucleic
acid. On decomposition it yields—

(¢) Phosphoric acid.
() A carbohydrate of the pentose group.
(¢) Guanine only.

2. Gluco-Proteins. — These for the most part are sticky
substances, examples of which, mucin and the mucoids,
obtained from the ground substance of connective tissues,
may be mentioned. These gluco-proteins consist of protein
with a carbohydrate radical which is glucosamine, that s, a
glucose, C;H,,0, in which one (OH) group is replaced by
NH,, hence the composition C;H,,O,.NH,. It is true that
most proteins contain a carbohydrate radical, but this is
probably not glucosamine, but a carbohydrate much more
intimately connected with the protein molecule than is the
glucosamine with the protein in the composition of gluco-
proteins, If gluco-protein, e.g. mucin, is heated with a little
dilute mineral acid, such as H,SO,, a reducing but non-
fermentable sugar may be freed from the original protein.

3. Chromo-Proteins.—This class includes oxyhzmoglobin
and some of its derivatives. Oxyhzmoglobin, or, as it is
sometimes called, respiratory pigment, consists of protein
(histone) combined with heematin, The elements present in
hemoglobin are C.H.O.N.S.Fe. The iron is in combination
in the hematin portion of the oxyhzmoglobin. Oxyhamo-
globin and its derivatives are dextro-rotatory.

C. Phospho-Proteins.

Phospho-Proteins.—These are possibly esters of phosphoric
acid with proteins. " The phosphorus is contained in the
protein itself. This class includes wi#ellin, one of the
proteins present in eggs; caseinogen (0’847 per cent. of phos-
phorus), the most abundant protein of milk ; and casein, the
protein of coagulated milk, and consequently the chief protein
of cheese. On decomposition, these substances liberate
phosphoric acid, but they give rise to z¢ purine and e
pyrimidine bases, and this is one important particular in
which they differ from the nucleo-proteins. It should be
noted that caseinogen and casein contain no carbohydrate
radical. Caseinogen reacts as an acid, and, when treated
with bases, it gives rise to salts, eg. calcium caseinogenate
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present in milk. - Phospho-proteins are readily decomposed
by 1 per cent. caustic soda, and are thus readily distinguished
from the nucleo-proteins.

" ). Derived Proteins.

These substances are the products of proteolysis, or protein .
hydrolysis, and are formed in the intestine during the digestion
of proteins.

;. Infra- or Meta - Proteins. — These include acid - meta-
protein which is produced in the stomach during peptic
digestion by the action of pepsin-hydrochloric acid upon
albumin and globulin and alkali-meta-protein, which i
produced during tryptic digestion by the action of trypsin-
sodium-carbonate upon albumin and globulin. These bodies
(acid-meta-protein and alkali-meta-protein) are soluble in
weak acid and weak alkali, but are precipitated in neutral
solutions. They are also precipitated like the globulins by
saturation with MgSO, erystals, Na,SO, crystals, or by half-
saturation with (NH,),SO,. They differ from the globulins,
however, in that they are not coagulated by heat when in
solution. S

2. Proteoses.—These include the albumoses derived from
albumin, the globuloses derived from globulin, and the
gelatoses derived from gelatin. They are formed during
gastric and pancreatic digestion. Those which are formed
during gastric digestion are the primary albumoses, and are
proto-albumose and hetero-albumose, and the secondary
albumose, deutero-albumose. During pancreatic digestion
the albumose found is chiefly deutero-albumose. Proto-
albumose is soluble in water ; hetero-albumose requires a small
amount of salt to hold it In solution. 1If, therefore, the
primary albumoses are present together in solution, that
solution must of necessity contain salt, and these primary
albumoses may be readily separated by dialysis. As the salt
dialyses out from the dialyser into the water outside, the
hetero-albumose becomes precipitated.  The primary al-
bumoses (proto- and hetero-) may be precipitated like the
globulins, by full saturation with MgSO,, Na,5O, or half-
saturation with (NH,),SO,. They may also be precipifﬂufue_d
by a few drops of a solution of ferrocyanide of potassium and
25 per cent. acetic acid. Deutero-albumose 1s soluble in
water and requires full saturation with (NH,),50, to precipitate
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it. It is not precipitated by a solution of ferrocyanide of
potassium and acetic acid like the primary albumoses. The
proteoses are not coagulated by heat.

3. Peptones.—These are smaller moleculed substances than
the proteoses, and are produced during peptic and tryptic
digestion. They give the biuret reaction, but cannot be
salted out from their solution, eg., they are not precipitated
by saturation with (NH,),SO,. They are soluble in water
and are not coagulated by heat. Peptone may be precipitated
by ! phospho-tungstic _acid and by phospho-molybdic ‘acid, =
also by alcohol and by fannic acid. Peptones are not precipi-
tated by picric’acid, or by trichloracetic acid, or by potassio-
mercuric iodide.

4. Polypeptides.—These are cleavage products of protein
beyond the stage of peptone. They consist of linkages of two
or more amino-acids. The shorter polypeptides do not give
the biuret reaction, whereas the more complex polypeptides
give it readily. 1In this class may be included the synthetic
products of Emil Fischer, which he has obtained by the
synthesis of certain amino-acids.

Pepsin does not hydrolyse the polypeptides, but it hydrolyses
proteins, producing proteoses and peptones. Trypsin hydrolyses
most of the polypeptides, and it hydrolyses proteins, produc-
ing amino-acids and a complex polypeptide, which contains
all the proline and phenylalanine which are present in the
protein molecules.  Intracellular enzymes are capable of
hydrolysing polypeptides, which are not hydrolysed by trypsin.

Vegetable Proteins.

Vegetable proteins are divided into four groups: Phyto-
albumins, Phyto-globulins, Gliadins, and Glutelins.

1. Phyto-Albumins,—These are the leucosins of wheat,
rye, barley, and maize. They contain C.H.O.N.S., generally
the N present is about 16 per cent., and the S about 1°5 per
cent. They contain no phosphorus. The leucosins are
coagulated at 52° C., and they give the typical protein colour
reactions.

2. Phyto-Globulins.—These include the edestin of hemp,
and legumin of peas. They contain C.H.O.N.S. There is
no phosphorus present. They can be readily crystallised.

3. Gliadins.—These proteins are soluble in alcohol, hence
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they are sometimes called the “alcohol soluble proteins.”
They include wheat gliadin, rye gliadin, hordein of barley,
and zein of maize. Amongst their cleavage products there is
a quantity of NH,, and as much as 36 per cent. of glutamic
acid. There is, however, no glycine nor lysine in their
cleavage products. Rice contains no ‘“alcohol soluble
protein,” whereas the gluten of wheat flour contains both
gliadin and glutelin. The stickiness of dough is due to the
gliadin present. Hordein contains as much as 14 per cent.
of proline. Zein contains no tryptophane molecule.

4. Glutelins.—These vegetable proteins are insoluble in
water and also in alcohol, hence are sometimes known as
“alcohol insoluble proteins.” They are soluble in dilute
alkalies —o-2 per cent.—and are precipitated from the alkaline
solutions by neutralisation with an acid. Glutelin is present,
oftentimes as much as 5o per cent. ; it contains phosphorus.
The cleavage products of the glutelins contain 2 per cent. of
lysine and ¢ per cent. glutamic acid.

THE MoRE IMPORTANT TESTS FOR PROTEINS,

1. The majority of proteins are coagulated by /Aear. If
the solution, which contains the protein, is rendered faintly
acid by the addition of two or three drops of 2 per cent.
acetic acid, and then boiled, the soluble protein is coagulated.

2. Heller’s Test.—If a solution of protein is poured on to a
little concentrated nitric acid in a test-tube, a white ring forms
at the junction of the protein solution with the nitric acid.

3. Zhe Xanthoproteic Reaction.—If a few drops of con-
centrated nitric acid are added to a solution of protein, a
white precipitate is produced ; if this is heated, the precipitate
becomes canary yellow. The mixture should then be cooled,
and a few drops of ammonia solution added ; the yellow colour
becomes changed to orange. This reaction probably depends
upon the presence of a radical containing the benzene ring.

4. Millon’s Reagent consists of a mixture of the two nitrates
of mercury containing an excess of nitric acid. If a drop of
this solution is added to a solution of protein, the protein is
precipitated with the mercury (mercury albuminate). If the
white precipitate is heated, it coagulates, and the coagulum
turns brick red. This is due to the presence of an aromatic
radical (C;H;) in the original protein molecule. If the protein
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is simply suspended in water, the xanthoproteic and Millon’s
tests may be obtained in the suspended solid.

5. Kose’s or Piotrowsk’s Test.—1f to a solution of protein
just a trace of a 1 per cent. solution of copper sulphate is
added, a bluish precipitate is obtained, for the protein is
thrown down with the heavy metal (copper albuminate). To
this a few drops of a 20 per cent. solution of caustic potash
should be added ; the bluish precipitate at once dissolves, and
a violet colour is obtained. The colour is probably due to
CO—NH complexes (Schiff), which are present in the protein
molecule.

6. Rosenherm’s Formaldehyde Reaction—To a solution of
protein, a few drops of a dilute solution of formaldehyde
(1 in 2500) should be added. This mixture is then gently
poured on to the top of concentrated sulphuric acid ; where
the two come into contact a purple ring is produced. This
reaction is due to tryptophane (indole-amino-propionic acid)
i the protein molecule. This reaction is not given by
gelatin, which does not yield tryptophane as a product of
hydrolysis.

7. If to a solution of protein a few drops of 2o per cent.
acetic acid are added, and then an excess of a solution of
potassium ferrocyanide, a yellowish - white precipitate is
produced.

8. Some proteins, such as the gluco-proteins, give a reaction
which indicates the presence of sugar, thus—

Molisc’s Reaction.—To the protein solution add a few
drops of an alcoholic solution of w-naphthol, then add con-
centrated H,SO,. A violet colour is produced, which turns
yellow on the addition of alcohol, ether, or sodium hydroxide.
If thymol is used instead of e-naphthol, a carmine-red colour
is produced. = Ao : Lyies

TEsTS FOR ALBUMOSES.

1. Albumoses are not coagulated by heat.

2. Concentrated nitric acid precipitates the albumoses, but
the precipitate is dissolved on being heated and reappears
when cooled.

3. A saturated solution of picric acid precipitates albumoses ;
the precipitate is soluble on being heated and reappears when

cooled. L
4. Salicyl-sulphonic acid also precipitates albumoses ; the
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precipitate is dissolved when heated and reappears when
cooled (McWilliam’s Test). _

5. Zhe Biuret Reaction.—If to a solution of albumose a
trace of 1 per cent, solution of copper sulphate is added,
there is produced a bluish precipitate ; on the addition of an
excess of 20 per cent. caustic potash solution, a rosered
colour is produced. The colour is probably due to two
CO—NH groups which are present.

6. The primary albumoses, proto-albumose and hetero-
albumose, are precipitated by a solution of potassium ferro-
cyanide, if a few drops of 2o per cent. acetic acid have been
previously added ; secondary albumose, or deutero-albumose,
1S not so precipitated.

Tests ror PEPTONE.

1. Peptone is not coagulated by heat, nor is it precipitated
by nitric acid, picric acid, salicyl-sulphonic acid, or potassio-
mercuric-iodide.

2. It gives the biuret reaction like the albumoses.

3. Peptone is precipitated by tannic acid and by alcohol,
also by phospho-tungstic and phospho-molybdic acids.

Tuar ActioN OF NEUTRAL SALTS.

Magnesium sulphate or sodium sulphate to saturation, or
half-saturation with ammonium sulphate, will precipitate
globulins, meta-proteins, and the primary albumoses. Full
saturation with ammonium sulphate will of course precipitate
the globulins, meta-proteins, and the primary albumoses, but
it will also precipitate albumins and the secondary albumoses.
It will not precipitate peptones.

INDIFFUSIBILITY OF PROTEINS.

On the other hand, salts are termed crystalloids, as they are
readily diffusible, and readily dialysable, that is, they readily
pass through an animal membrane. If a colloidal solution
of globulin in salt solution is placed in a dialyser, and the
dialyser is placed in water, some of the water outside the
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dialyser will osmose into the dialyser because of the osmotic
pressure produced by the salt in solution inside. The salt,
however, being a crystalloid, gradually dialyses out into the
water outside the dialyser, and, if the outside water is changed
sufficiently frequently, there will be practically no salt left in

the dialyser, and in consequence the non-dialysable globulin
will become precipitated.

CRYSTALLISATION OF PROTEINS,

At one time it was thought that proteins, as colloidal
bodies, did not exist in a crystalline form. Later investiga-
tions have shown that this is not the case. * Aleurone”
grains are crystalline bodies, which exist in the seeds of some
plants such as hemp seeds and castor-oil seeds; these are
protein in character.

Oxyh@moglobin and some of its derivatives can be crystal-
lised. Egg-albumin and serum- albumln crystals have been
produced as follows :—

The solution, containing the egg-albumin and egg-globulin,
or the serum-albumin and serum-globulin, 1s shaken with an
equal volume of a saturated solution of ammonium sulphate.
The mixture must be allowed to stand for a few hours. The
globulin is precipitated and this is filtered off. The filtrate
is allowed to evaporate very slowly, when small clumps. of
crystals are thrown down. If a little acetic acid or sulphuric
acid 1s added, the crystals appear more rapidly. Only a few
of the proteins, however, have been obtained in ecrystalline
form.

Hear CoOAGULATION OF PROTEIN SOLUTIONS.

The heat coagulation point is an important factor in
distinguishing between different proteins, and the process of
separating soluble proteins in mixtures by means of fractional
heat coagulation is frequently employed.

CoAGULATION TEMPERATURE OF SOME OF THE PROTEINS.

Fibrinogen . ; E e Nt ; : - 56“ {5
Proteing | Serum-globulin : : : ; ; y 5 . :
of Blood. | Serum-albumin : ; . 2 : S 73°-86° C.

Hemoglobin . : ; - : 5 MO,

" Paramyosinogen . ; ; : 5 . 47° C.
Proteins | Myosinogen . . - : . : ST 8]

of Musale. | Myoglobulin . . : : f i SlkD C_n
lh‘]}!nalhumin ; : : 1 : . . 70-73° C.
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Crystallin ; : : : : : . 63-72° C,
Egg-albumin . - . 2 : : e G
Lact-globulin . ; ; - : ; . 2tiE,

Bence-Jones’ proteose when in solution becomes precipitated
when heated to 50°-58° C. ; on further raising the tempera-
ture the precipitate becomes redissolved.

OPTICAL ROTATION OF PROTEIN SOLUTIONS.

Solutions of proteins are optically active. Most animal
proteins are levo-rotatory; hemoglobin and the nucleo-pro-
teins are dextro-rotatory. Plant proteins are leevo-rotatory.

OsmoTic PRESSURE EXERTED BY PROTEINS IN SOLUTION.

In his researches upon the function of the kidney glomeruli,
Starling measured the osmotic pressure exerted by a serum
solution of known protein content. An osmometer is gene-
rally employed for measuring the osmotic pressure of colloids.
Weymouth Reid has shown that proteins, which have been
very well washed, have practically no osmotic pressure, and he
attributes the osmotic pressure of protein solutions, recorded
by others, to the adsorbed inorganic substances. Moore, on
the other hand, maintains that proteins do exert a definite
osmotic pressure, but that their state of aggregation varies in
solutions which contain different quantities of salt.
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CARBOHYDRATES.

THE carbohydrates, such as starch and cane sugar, ocecur
chiefly in vegetable tissues, though some are found in animal
tissues ; for example, glycogen occurs in the liver cells, in the
cells of the placenta, and in muscle ; dextrose in the blood
plasma ; and lactose in milk.

Carbohydrates are formed in plant cells from CO, and
FH,O. In all probability formaldehyde is the first product of
the biotic activity of plant cells, the carbon dioxide, which is
absorbed from the air, and the water obtained through the
root being converted (condensed) into CH,O by the com-
bined influence of sunlight and chlorophyll. The formalde-
hyde is converted into glucose, and this is further converted
into starch. This synthesis is probably brought about by the
action of enzymes contained within the vegetable cells.

If a primary alcohol is oxidised an aldehyde is produced,
thus—

CH, CH,.0H | 0=CH,.COH - H.O
(Ethyl alcohol) (Acetic aldehyde)

the COH is the aldehyde group, and may be readily oxidised
to form an acid, thus—

CH,.COH 40 = CH,.COOH
(Acetic aldehyde) (Acetic acid)

.A secondary alcohol is one in which the OH group and
one H atom are attracted to the same C atom, and the
typical group is therefore the divalent radical >CH.OH.
When this is oxidised, the first oxidation product is a ketone,
which contains the group >CO, thus—

' CH, CHOH.CH,+ 0 =CH, CO.CH,+H,0

(Secondary propyl alcohol)  (Propyl-ketone or acetone)

A primary alcohol contains the group OH, aldehyde the
30
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group O =C — H, secondary alecohol the group CH.OH, and
ketone the group >CO.

The simplest carbohydrates are aldehydes or ketones of
the hexatomic alcohols, so called because they contain six
OH groups. : _

The more important hexatomic alcohols are sorbite,
mannite, and dulcite, which have the empirical formula
C,Hy(OH),, |

By oxidation of these alcohols, their aldehydes and ketones
may be obtained. Dextrose 1s the aldehyde of sorbite,
mannose is the aldehyde of mannite, levulose is the ketone
of mannite, galactose is the aldehyde of dulcite.

CH,0H CH,0H CH,0H
l |
H—C—0H H—C—OH H—?—OH
I [
H—C—OH H—C—OH OH—C—H
| I |
OH—C—H OH—C—H OH—C—H
| g |
H—C—OH . C=0: H—C-—OH
0=C—H | CH,0H . 0=C—H |
.Dextrﬁ-se | Lavulose or fructose Galactcse
(an aldehyde) (a ketone) (an aldehyde)

The sugars, which are aldehydes, are called aldoses ; those
which are ketones are called ketoses. These sugars are
reducing agents, and become oxidised to organic acids. The
simple sugars contain C six times, hence they are called
hexoses. The more important are dextrose, levulose, and
galactose, named the monosaccharides. If two molecules
of a monosaccharide combine with the loss of one molecule
of water, a disaccharide is obtained, thus—

CEHIEO{! + CH,,0,— HED A CmHzﬁUu

If more than two molecules of the monosaccharides lose

water, and undergo further condensation, a polysaccharide is
obtained, thus—

#CyH1,04— 2H,0 = (CgH,(Op)7
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A pentose, 7.e. a sugar containing C five times, has been
obtained from nucleic acid, which occurs in the cells of the

pancreas and liver. Pentoses given to an animal in its food
are excreted unchanged in the urine.

TABLE 0F CARBOHYDRATES.

Monosaccharides Disaccharides | Pol ysaccharides |
((zlucoses) (Sucroses) | (Amyloses) |
CeH 120 C1aH 0y | (CsH;,05) n. !

|

527 5 Dextrose (R.). |4-67° Cane sugar{Non-R,}.: + Starch. |

| --92° Leevulose (R.). |+ 140° Maltose (R.). | +Erythro-dextrin.
+83° Galactose (R.). |+ 52°'5 Lactose (R.). + Achroo-dextrin.
i -+ Glycogen, |
.l | + Cellulose.

+ indicates that these carbohydrates are dextro-rotatory.
* 1 this is levo-rotatory. A
R, ¥ these are reducing sugars.

Non-R. ,, this is a non-reducing sugar.

TESTS FOR THE REDUCING SUGARS.

Trommer’s Test.—Add to the sugar solution a few drops
of copper sulphate solution and a little 20 per cent. caustic
potash ; a blue precipitate is formed, which re-dissolves in the
sugar solution. Boil the blue solution ; a brick-red precipitate
(cuprous oxide) or a yellow precipitate forms (cuprous
hydrate).

Fehlings Test.—Boil the Fehling’s solution [which consists
of a solution of copper sulphate, sodium hydrate, and potas-
sium sodium tartrate (Rochelle salt)] in order to ascertain
if it retains its clear blue colour. If the solution remains
clear blue after boiling, add the solution of sugar and boil
again ; a precipitate of cuprous oxide or cuprous hydrate falls.

Johnson's Test—To the sugar solution add a few drops of
a saturated solution of picric acid and a little 20 per cent.
caustic potash. On being boiled, the picric acid is reduced
to picramic acid, which forms a dark red solution almost
black.
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Moore's Test—To a solution of dextrose add half its
volume of 20 per cent. caustic potash, and boil ; the solution
turns brown. Add to this some 25 per cent. HySO,; an

odour of caramel may be detected.
Molisch's Reaction.—Add to a dextrose solution a little

FiG. 2.—Crystals of Phenyl-glucosazone. (.4/fe» Halliburton. )

g-naphthol dissolved in alcohol, and allow a few drops of
concentrated H,SO, to run to the bottom of the test tube ;
a purple ring forms at the surface of contact. This test s
given by those proteins which contain a carbohydrate radical
as well as by all carbohydrates.
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Lhenyl-Hydrazine Test.—Take about half a test tube of
the sugar solution and add 1 decigramme of phenyl-hydrazine
hydrochloride and 2 decigrammes of sodium acetate, and
heat in a water bath at 100° C. for half an hour. On cooling,
sometimes before, a yellow crystalline or amorphous precipitate

Fi1G. 3.—Crystals of Phenyl-maltosazone. (/%> Halliburton.)

separates out. If the precipitate is amorphous, it should be
dissolved in hot alcohol, water added, and then further boiled
to drive off the alcohol ; the osazone crystals will then separate
onts =

Dextrose and levulose give a precipitate of phenyl-glucos-
azone, which consists of bundles of needle-shaped crystals
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melting at 208" C. Galactose yields phenyl-galactosazone,
melting at 193° C. Maltose yields phenyl-maltosazone which
crystallises in wide needles, melting at 206° C,; these are
readily soluble in hot alcohol, and in boiling water.

Lactose yields phenyllactosazone, which forms clusters of

F1G. 4.—Crystals of Phenyl-lactosazone, (A ffer Halliburton.)

fine needle-shaped crystals melting at 200° C. It is soluble
in 8o—go parts of boiling water.

Fermentation Test—To a solution of dextrose in a test
tube add a little dried yeast. The test tube should then
be filled by adding mercury, and inverted over a trough
containing mercury. The whole should be kept at body



18 MANUAL OF PHYSIOLOGY.

temperature for twenty-four hours. The zymase of the yeast
splits the sugar into CO, and C,H;.OH ; the former collects
in the upper part of the teat tube

CH,,05 = 2C,H, OH + 2CO,

Tests ¥OR CANE SUGAR (a Non-Reducing Sugar).

(a) If a few drops of copper sulphate solution and some
20 per cent. caustic potash are added to a solution of cane
sugar, a clear blue solution remains, and is unaltered by
boiling.

(0) Boil a solution of cane sugar with a few drops of
25 per cent. H,SO, for five minutes. The cane sugar is
hydrolysed into equal parts of dextrose and lavulose, both
of which are reducing sugars.

(¢) Add to a solution of cane sugar an equal volume of
concentrated HCI and boil; a reddish tinge is produced,
which is converted into a deep red colour by prolonged
boiling.

(d) Add to the cane-sugar solution a few drops of an
alcoholic solution of g-naphthol and 5 c.c. concentrated HCI
and boil ; a purple colour is produced (Molisch’s reaction).

Cane sugar forms no compounds with phenyl-hydrazine.

Dextrose or Grape Sugar.—This sugar occurs in fruits,
honey, blood plasma (o'r2 to o‘2 per cent.), cerebro-spinal
fluid, and muscles. In some forms of diabetes mellitus it is
present in blood plasma in quantity more than o2z per cent.,
a condition known as hyperglyceemia, and is consequently
excreted in the urine.

It is soluble in cold and hot water, and in alcohol. It
forms crystals, and is less sweet than cane sugar. In
alkaline solutions it is a reducing agent, and will in conse-
quence reduce salts of copper, bismuth, and silver.

Dextrose may be estimated by standard Fehling’s solution,
the fermentation test, and by its specific rotation by the
polarimeter. Dextrose may be readily prepared by boiling
starch with dz/ute sulphuric acid.

Levulose.—This is present in small quantities in the
- blood in the portal vein. It may be crystallised with
difficulty. Cane sugar, when heated with dilute mineral
acids, such as H,S0,, is converted into dextrose and laevulose.
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Invertase in the succus entericus and the zymase of yeast
will bring about the same change—
CpHyuO0yy + Hy0 = CgH ;06 + CeH,504
(Cane sugar) (Dextrose) (Levulose)
- + -

The dextro-rotatory cane sugar is converted into a mixture
of a dextro-rotatory sugar, and a levo-rotatory sugar, the two
together being levo-rotatory, for the lzevo-rotatory power of the
levulose is greater than the dextro-rotatory power of the dex--
trose. This change is called inversion, and the product of the
change is invert sugar. Invert sugar is sweeter than cane sugar.

Galactose.—If lactose is treated with a dilute solution of
mineral acid, it is converted into dextrose and galactose.
The same change is brought about by the enzyme, lactase,
which exists in the succus entericus. Galactose 1s a
constituent of the cerebrosides, phrenosin and kerasin, which
are found in brain tissue.

Cane Sugar.—This is found in the juices of fruits and
certain plants. Cane sugar is a nonreducing sugar, but,
by boiling cane sugar with dilute mineral acid, it is converted
into the reducing sugars, dextrose and levulose; a similar
change occurs in the alimentary canal by the action of
invertase or sucrase of the succus entericus.

Veast cells, by the invertase which they produce, convert
cane sugar into dextrose and levulose, and these sugars are
further acted upon by the zymase, also produced by the
cells, and converted into alcohol and CO,, thus—

CypHp,0y; + Hy0 = CgH,,04 4 G H,,05
€ H 0 ==2CH O - C@]

Lactose.—This is found in milk and, occasionally, in the
blood and urine of women in the early days of lactation, or
after the weaning of the child has commenced. It forms
rhombic crystals and is slightly sweet. Lactose is insoluble in
alcohol and ether. By boiling with weak mineral acid, by the
action of yeast, and by the action of lactase contained in the
succus entericus, lactose is converted intodextrose and galactose,
thus—

CyyHp,0p + HyO0 = CgH, 04+ CoH,,04

(Lactose) (Dextrose) (Galactose)

only those torule which contain lactase are capable of
fermenting lactose.
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The souring of milk is due to enzymes produced by
micro-organisms acting upon lactose, and producing the
following change :—

C,Hy0,, + H,0 = 4C,H,0.COOH
(Lactose) (Lactic acid)

Maltose.—If starch is boiled with a dilute mineral acid, or
acted on by malt diastase, maltose is produced. If starch is
digested by the enzyme, ptyalin of the saliva, or the enzyme,
amylopsin of the pancreatic juice, it is converted into
maltose. :

Maltose, by boiling with dilute mineral acid or by the
action of maltase of the succus entericus, is converted into
dextrose, thus—

CiaHyOp + H,0=2CH,,0,

(Maltose) (Dextrose)

Maltose is fermented only by yeasts which contain maltase,
and then not until the enzyme has first produced dextrose.

RELATIVE REDUCING POWER OF THE SUGARS,

10 c.c. of Fehling’s solution are reduced by 0'05 grm. dextrose.
1D C.C. A f - 007 ,, lactose.
I0iG.c, o e i o0'08 ,, maltose.

ENzZYME ACTION UPON SUGARS.

Disaccharides may be hydrolysed by mineral acids into the
monosaccharides, a process which requires a high temperature,
and an appreciable amount of time. Enzymes, on the other
hand, are far more active catalysts or hydrolysing agents. A
very small quantity of an enzyme, acting at the body
temperature, 1s far more powerful than a strong mineral acid
acting at a high temperature. The enzymes, which hydrolyse
the sugars, exhibit a selective action, whereas hydrolysis,
produced by mineral acids, is general in character. Invertase
or sucrase hydrolyses cane sugar into dextrose and levulose,
lactase hydrolyses lactose into dextrose and galactose, and
maltase hydrolyses maltose into dextrose. Lactase has
no action upon maltose, and maltase has no action upon
lactose.

Croft Hill pointed out that enzymes have a reversible or
synthetical action. “ The manner of the synthesis by enzymes
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‘< 2 matter of dispute. It is urged, on the one hand, that
enzymes produce by synthesis the same bodies which they
hydrolyse ; on the other hand, it is suggested that the action
of the enzyme is restricted to the formation of a compound
isomeric with that normally hydrolysed by the enzyme. A
third view is, that altogether distinct enzymes effect the
synthesis ” (Armstrong).

Maltase will hydrolyse maltose into dextrose, but Armstrong
has shown that the main product in the case of the action
of yeast extract (maltase) on glucose is not maltose, but
1somaltose.

Starch.— This is found in vegetable cells. Each starch
grain has a central hilum, around which there are alternate
layers of starch granulose and starch cellulose. Starch is
insoluble in cold water. It is soluble in boiling water,
producing a bluish opalescent solution. A solution of starch
gives a deep blue colour with a weak solution of iodine ;
on being warmed the colour disappears (dissociation), and,
provided that the warming has not driven off all the 1odine,
the colour reappears when the solution is cooled, though it
is not so intense as before. If starch solution is boiled with
dilute mineral acids, it is converted into soluble starch
(C4H,yO5)gppr Which forms a clear solution ; then erythro-
dextrin and achrod-dextrin are produced, and finally dextrose.
The ptyalin of the saliva, and the amylopsin of the pancreatic
juice produce similar changes, the end products being achroo-
dextrin and maltose, thus—

Starch
Soluble starch

Erythro-dextrin
and
Achroo-dextrin

Achroo-dextrin and maltose.

Dextrin is formed from starch, and is amorphous and
gummy. It is soluble in cold water, producing a clear
solution ; it is precipitated by alcohol (85 per cent.) and
ether. It is a non-reducing substance and will not ferment.
It can be hydrolysed into dextrose. Erythro-dextrin gives a
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deep red-brown colour with a weak solution of iodine ; the
cnlourﬁis&ppears when the solution is warmed and reappears
when it is cooled, whereas achro6-dextrin gives no character-
1stic colour with a solution of iodine.

Glymgen.—This is sometimes called animal starch. It is
present 1n the liver cells, in striped and unstriped muscle,
and 1s relatively abundant in cardiac muscle. It is found in
the testicle, in white blood corpuscles and in the placenta.
_Pure glycogen is a white amorphous powder, tasteless, soluble
In cold water, producing a greenish opalescent solution. It
1s insoluble in ether, and precipitated by 535 per cent. alcohol.
It 15 a non-reducing substance. ~ With a solution of iodine,
1t gives a red-brown colour, which disappears on being
warmed, but the colour reappears when cooled.

Glycogen. ' Dextrin. |
b = e R — e e

In cold water . . | Opalescent solution. | Clear solution.
Alecohol . ; . | Precipitated by 55 | Precipitated by 85-95 per |
per cent. cent, ,
Basic lead acetate . | Precipitated. Precipitated after the ad- |

‘ dition of ammonia.
Saturation with | Precipitated. | Erythro-dextrin is parti- |
(INH,).S O, | ally precipitated. Ach- |
| roo-dextrin is not pre-
cipitated.

Preparation of Glycogen.—This is obtained from a rabbit.

(a) The animal is fed on a diet rich in carbohydrate, such
as carrots, for six hours before it is killed. The quickest
method of killing is by sharply striking the animal on the
back of the neck, while it is being held by its hind limbs.

(#) The abdomen and thorax must be rapidly opened,
and a cannula placed in the portal vein, and another in the
inferior vena cava in the thorax.

(¢) Normal salt solution is run through the cannula in the
portal vein; the liver at first swells, and then gradually
becomes pale through the blood being washed out.

(d) The liver should be quickly removed and the gall
bladder cut out.
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(¢) The liver is then cut into small pieces, and thrown
into boiling water which has been previously acidulated with
acetic acid. The, proteins of the liver are coagulated, the
enzymes present killed, and some glycogen is extracted Dy
the boiling water.

() Small pieces of the scalded liver are then ground up
in a mortar with powdered glass, and extracted with boiling
water.

(¢) The whole must be carefully filtered, when the
glycogen will be found in opalescent solution in the filtrate.

(%) The filtrate must be evaporated slowly in order that
it may be concentrated.

(/) To the concentrated solution, alcohol, up to 55 per
cent., is added ; this precipitates the glycogen, which may be
collected and dried.

Cellulose.— This is the material of which the cell walls of
vegetable cells and fibres of plants are composed. It 1s
insoluble in water. By boiling it for a long period with
mineral acids, it is converted into glucose. It resists the
action of digestive enzymes. Boiling, however, ruptures the
cellulose capsule of starch grains. Much of the cellulose of
the food passes through the alimentary canal unchanged.

Pentoses (C.H,,0,).—Only two pentoses are known to
occur naturally, namely, xplose, which occurs in straw, and
arabinose, which occurs in gum. In the animal kingdom,
however, pentoses form an important constituent of nucleo-
proteins and nuclein. The pentoses are not fermented by
enzymes. -

AcTtioN ofF Nitric Acip oN THE CARBOHYDRATES.

If solutions of the carbohydrates are heated with nitric
acid, they become oxidised and yield certain acids, thus—

Galactose yields mucic acid (C4H,,0g) (insoluble).

Dextrose, cane sugar, maltose, dextrins, and starch yield
saccharic acid (soluble). :

Lactose yields saccharic acid and mucic acid.

On oxidation, glucose gives rise to three acids as follows :—

CHO COOH CHO COOH
(CH.OH), l(CH.OH), (CH.OH), (CH.0H),
CH,OH CH,OH COOH COOH

(Glucose) (Gluconic acid) (Glycuronic acid) (Saccharie acid)
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In normal circumstances, the glucose in the body is readily
oxidised to carbon dioxide and water. “When certain sub-
stances, such as chloral or camphor, which are oxidised in
the body only with difficulty, are brought into the system,
the organism has the power of combining them with glucose
to form glucosides. In such compounds one end of the
glucose molecule is shielded from attack, but oxidation takes
place at the other extremity of the molecule, and a glycuronic
acid derivative is formed” (Armstrong). This is excreted
in the urine. Armstrong also states that the faculty of re-
moving injurious substances from circulation in combination
with glucose seems to be common to both the animal and
vegetable kingdoms, and the glucosides in the plant may be
compared with the glycuronic acid derivatives in the animal.

Glucosides.—The term glucosides is applied to a large
number of bodies, all of which have a common property,
namely, that when they are hydrolysed by acids they yield a
glucose and one or more other products. The glucosides
occur in plants, especially in the fruit, bark, and roots, and
the sugar present is in most cases dextrose. It has been
already stated that these glucosides correspond, to a certain
extent, with the glycuronic acid derivatives which sometimes
occur 1n the urine as the result of taking camphor, chloro-
form, etc. Some of the best-known glucosides are amygdalin
of the almond and salicin of the willow. Phloridzin is
a glucoside found in the bark of apple, pear, and cherry
trees. When administered internally it produces glycosuria.
Mineral acids hydrolyse phloridzin into glucose and phloretin
(CsH140;), the latter of which, when administered, also
causes ‘glycosuria. '



CHAPTER V.
FATS.

Far is found deposited in certain of the connective-tissue cells
of the body forming adipose tissue. The chief fat depots are
the subcutaneous tissue, the omentum, and the yellow and
red bone marrow, but it is present in small quantities in most
of the tissues. It is also present in the form of an emulsion
in milk.

Chemically, the fats of the body consist of three neutral
fats in varying proportions. They are as follows :—

Triolein melts at — 5° C.
Tripalmitin melts at 45° C.
Tristearin melts at 53-65° C.

At the body temperature (38° C. or 99° F.) the triolein
holds the tripalmitin and tristearin in solution. Fats are
insoluble in water, but soluble in hot alcohol, ether, and
chloroform.

CHEMICAL CONSTITUTION OF FATS.

The neutral fats may be split into the substances of which
they are composed, namely, into glycerin and the correspond-
ing fatty acid; this change may be brought about by the
action of superheated steam, mineral acids, and by the action
of certain enzymes, such as gastric lipase and pancreatic lipase.

C,H,(0.CyyHyy. COYy+ 3H,0 = C;Hy(OH), + 3C,, Hyy COOH,

(Triolein) (Glycerin) (Oleic acid).
CEH E{D‘ClﬁHﬂl*CD)ﬂ ar 3H20 = CiiHE(OH):§+ 3C15H311C00H,

(Tripalmitin) (Glycerin) (Palmitic acid).
CyH(0.CyyHy. CO)y+ 3H,0 = CH(OH)g + 3 Cy;Hy;COOH,

(Tristearin) (Glycerin) (Stearic acid).

The insoluble fatty acid may be converted into a soluble

soap by the replacement of the H of the acid radical by K or
45
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Na of the KOH or NaOH used. In the case of palmitic
acid, potassium palmitate is formed, thus—

CysH; COOH 4 KOH = C, H,,COOK + HOH.

Oleic Acid is a product of oxidation of alcohols belonging
to the acrylic acid series, the first member of the group is
allyl alcohol (CH, : CH.CH,OH), its aldehyde being acrolein
(CH,: CH.OCH), and its acid, acrylic acid (CH, : CH.COOH
or C,H,.COOH). The general formula of this series of
unsaturated fatty acids is C, ;H,, ,.COOH, and oleic acid,
which is the eighteenth member in the acrylic acid series, has
the composition C;,H,,COOH.

Palmitic Acid and Stearic Acid belong to the fatty acids
derived from the primary monatomic alcohols by oxidation,
thus—

CH,;. OH, Methyl alcohol; H.OCH, Formic aldehyde; H.COOH,
Formic acid.

C,H,;. OH, Ethyl alcohel; CH, OCH, Acetic aldehyde ; CHyCOOH,
Acetic acid.

C;H..OH, Propyl alcohol ; C;Hy. OCH, Propylic aldehyde ; C,H,. COOH,
Propionic acid.

C,HyOH, Butyl alcohol ; C;H,.OCH, Butyric aldehyde ; C;H..COOH,
Butyric acid.

C;H,;;.OH, Amyl alcohol ; C,H,.OCH, Valeric aldehyde; C,H, COOH,
Valeric acid.

The sixteenth aldehyde in the series is palmitic aldehyde,
C,;H,;OCH, which, on oxidation, yields palmitic acid,
C,.H, COOH ; the eighteenth aldehyde in the series is stearic
aldehyde, C,;H,..OCH, which, on oxidation, yields stearic
acid, C,;H;;.COOH. The general formula of this series is
C, H,, ,.COOH ; these are saturated fats, and therefore
have no reducing action,

The following are the important fatty acid radicals :—

CH,CO, Acetyl, the radical of acetic acid.
C,;H,,CO, Palmityl, the radical of palmitic acid.
C,;H4;CO, Stearyl, the radical of stearic acid.
C;;HiyCO, Oleyl, the radical of oleic acid.

Glycerin or Glycerol is a triatomic alcohol, C,;H (OH),,
and the H of the hydroxyl group may be replaceable by
organic acid radicals, and, in the case of the neutral fats, each
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of the three hydrogen atoms of the hydroxyl groups may be
replaced by the radicals of the fatty acid, thus—

OH 0.Cy;H4;,CO S
C;,I-L-/—/DH]’»Glyccrin cﬁl-rﬁ—/_o.c,ﬁllglcoerhe Deiuah Bl fn
5 palmitin.
\\."‘\OH D'CJEI-IEICOj

EMULSIFICATION.

During the digestion of fats, the small particles of fat are
finely divided, and each fat globule is surrounded by a fine
coating of protein, which prevents the globules from running
together to form an oil. The process of emulsification 1s
purely a physical one, and, during digestion, takes place
chiefly in the duodenum. :

Emulsification is brought about by a number of factors
working together—

. The presence of the gluco-protein, mucin.

. The alkalinity of the pancreatic juice.

. The presence of the bile salts, sodium glycocholate
and sodium taurocholate.

. The movement and warmth of the intestines aid
the process.

Led By =

I

TrsTs For FATTY ACIDS.

Phenolphthalein Reaction—A few drops of phenolphtha-
lein are to be added to a little water containing a drop of
20 per cent. caustic potash ; this produces a red solution. If
a drop of this red solution is added to a solution of fatty
acid, the red colour is at once discharged.

Osmic Acid Test—TFatty material containing triolein or
oleic acid, both unsaturated bodies, will reduce osmic acid
to a lower oxide of osmium, which is black. Tripalmitin
and tristearin are saturated fats, and are therefore unable to
reduce osmic acid.

Test for Glycerin—Mix the glycerin (or a fat such as
lard) with powdered KHSO,, and heat strongly ; the odour of
acrolein, or acrylic aldehyde, is perceived (it causes the
offensive smell of smouldering tallow candles).

C,H,(OH), = C,H,OCH+ 2H,0
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CHAPTER V.
THE LIPOIDS.

Liroips are fatty substances which occur, with the proteins,
in the protoplasm of the cells of the body. Like the proteins,
their molecules are labile in character. The lipoids are found
abundantly in nervous tissues ; they exist in blood corpuscles,
in bile, and, for the most part, are present mixed with fats in
the ether-alcohol extract of the tissues. There are three chief
groups—

1. Cholesterins.

2. Galactosides.

3. Phosphatides.

I. THE CHOLESTERINS OR CHOLESTEROLS.

These substances, like the fats, consist of C.H.O.

Cholesterin or Cholesterol (C,.H,.OH) belongs to the
terpene series ; 1t contains five reduced benzine rings linked
together with a double linkage at the end of an open chain.
It is insoluble in water, but is freely soluble in ether, chloro-
form, acetone, and boiling alcohol. It is present in the
medullary sheath of nerves, and i1s especially abundant in the
free state in the brain, from which it can be readily extracted
by cold acetone. It is present in the blood corpuscles. Bile
contains small quantities, and it is present in gall stones,
either with bilirubin calcium, or in the free state. It is also
present in the spleen. Its abundance in the tissues suggests
that 1t has some protective action, by means of which the
tissue cells are protected against the action of those toxins
which are liable to enter the body through the alimentary
canal, or through the skin. This may be the reason why
there is cholesterin in the envelope of the coloured blood
corpuscles, and its presence there is, in all probability, to
prevent hamolysis or destruction of the coloured blood

4 49
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corpuscles by toxins, which may have entered the body as
just stated, and those also, produced by micro-organisms
which have gained access to the blood. Cholesterin exists
combined with fatty acids forming esters in the cortical part
of the suprarenal capsules. These esters are cholesterin
palmitate, cholesterin oleate, and cholesterin stearate.

TesTs FOrR CHOLESTERIN.

1. Cholesterin forms rhombic plates, which chip readily,
and often appear to have a piece off the comer. These
crystals have one molecule of water of crystallisation.

2. If cholesterin crystals, to
— which a drop of sulphuric acid
f and a trace of water have been
added, are gently heated on a
slide, their margins turn red,
and the crystals soon lose their
crystalline form.
X Llu/" 3. Salkowski’s Test.—A solu-
tion of cholesterin is made in
chloroform, and then poured
gently on to a little concentrated
H,SO, contained in a previ-
FiG. 5.—Crystals of Cholesterin. ously 47y test tube. At the
junction of the two a brilliant
red ring forms, and, on being gently shaken, the red colour
diffuses through the chloroform solution, and the subjacent
acid acquires a greenish tint.

4. Liebermann's Test—To a chloroform solution of chol-
esterin a few drops of acetic anhydride are added, and then
gently shaken in a previously 47y test tube. On the careful
addition of a few drops of concentrated sulphuric acid, a red
colour is produced, which turns blue, then bluish-green. The
colour disappears on a trace of moisture being added, but
reappears on the addition of more concentrated sulphuric

acid. ;
=, Cholesterin in solution, in ether, or chloroform, is lavo-

rotatory and melts at 145° C.
Iso-cholesterin is found in sebum, the secretion of the

sebaceous glands, and is present in large quantity in lanoline,
a preparation of sheep’s wool fat. It forms crystals similar
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to those of cholesterin, and these give the red colour when
warmed with H,SO, and water. It does not give Salkowskl’s,
but it does give Liebermann’s reaction (Hammarsten). It is,
however, dextro-rotatory when in solution. It melts at 1 385 C.

Phyto-cholesterins (Phyto-sterins) are the cholesterins of
plants, and are isomeric with the animal cholesterins.

II. THE GALACTOSIDES (NITROGENOUS
GLUCOSIDES OR CEREBROSIDES)

These substances consist of C.H.O.N., and, when broken
up, yield galactose (CgH;;0p). The galactosides occur in
brain substance, and constitute about 7o per cent. of the
substance originally known as protagon. The two galactosides
are phrenosin (cerebrin) and kerasin.

Phrenosin or Cerebrin is a white crystalline substance,
soluble in glacial acetic acid, and yields three substances on
hydrolysis—

1. Galactose.

2. A base called sphingosine.

3. An oxyacid of a fatty nature, called neuro-stearic acid.

Kerasin is a waxy substance, insoluble in ether, but soluble
in warm alcohol. On hydrolysis it yields—

1. Galactose.

2. Sphingosine.

3. A fatty acid, not neuro-stearic acid.

Nothing is known with regard to the significance of these
substances, although Abderhalden suggests that they may
represent a form, in which sugar may be stored in safety, and
so protected against oxidation.

III. THE PHOSPHATIDES.

These substances contain C.H.O.N.P., and are character.
ised by possessing the following properties :—

1. They have a fatty acid radical.

2. They contain an alcohol, glycerin.

3. On hydrolysis, the phosphorus is split off as phosphoric
acid.

4. They are labile bodies which become oxidised with
great ease.

The phosphatides are classified according to the proportion
of N. and P. in their molecules, thus—
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(¢) Monoamino-mono-phosphatides, r N, to 1 P.
(lecithin, kephalin).

(¢) Diamino - mono - phosphatides, 2 N. to 1 P.
(sphingo-myelin, jecorin).

(¢) Monoamino-diphosphatides, 1 N. to 2 P. (cuorin
which has been obtained from the heart).

(4) Diamino-diphosphatides, 2 N. to 2 P.

(¢) Triamino-mono-phosphatides, 3 N. to1 P.

Lecithin (C,,H,,NPO,) is usually found with cholesterin in
the medullary sheath of nerves, in blood corpuscles, and, in
small quantities, in the bile. It is a yellow waxy-like bud},r,
soluble in alcohol and ether, but insoluble in acetone.

It gives the following reactions :—

. Treated with osmic acid, it turns slightly black in colour.

. When heated with potassium h }rdmgen sulphate (KHSO,)
in a test tube, acrolein (CH, : CH.CHO) is evolved, and may
be tested for, first, by its irritating and characteristic odour,
and, secondly, by reducing alkaline silver nitrate, and thus pro-
ducing a black deposit (zide test for glycerin).

3. When heated in a crucible for a short time with a
mixture of potassium hydrate 5 parts, and potassium nitrate
1 part, it is broken up with the formation of potassium phos-
phate. This may be detected in the residue by dissolving it
in a little distilled water, adding 2 c.c of dilute HNO,, and
an equal volume of ammonium molybdate; when boiled,
yellow crystals of ammonium phospho-molybdate separate out.

Lecithin may be hydrolysed by boiling it with acids or
alkalies. It yields, as a result of such treatment, the following
budies —

Orelc Acip.—An unsaturated fatty acid of the formula
CHHEECUOH belonging to the acrylic series. The osmic acid
reaction, a-reduction of the tetroxide of osmium to the lower
oxide, depends upon the presence of this unsaturated fatty acid.

2. STEARIC Acip, C,H,.COOH, of the saturated fatty acid
series,

3. GLYCERIN, a triatomic alcohol, of the formula
(CH,OH '
| This body, on being heated with KHSO,,
CHOH
: yields water and acrylic aldehyde
\CH,OH

Ii
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or acrolein, in accordance with the equation—

CH,0H CH
I |
CHOH = 2H,0+ CH

| |
CH,OH CHO

4. Prosproric Acip (H;PO,).—The glycerin and phos-
phoric acid are nsually combined as glycero-phosphoric acid.

. A nitrogenous base, CHOLINE. ‘

Choline.—This substance is of importance because of its
clinical significance. For all practical purposes, it may be
Stated that normal cerebro-spinal fluid contains no choline.
Lecithin is an abundant constituent of nervous tissue, and,
when it disintegrates, choline is liberated. In organic disease
of the nervous system, such as ““ general paresis of the insane,”
choline may be detected in the cerebro-spinal fluid. Hall-
burton and Mott, in a number of experiments upon cats, have
divided the sciatic nerves producing Wallerian degeneration,
the result of which is that choline is liberated, and can be
detected in the blood of the amimal. In functional nervous
disease, such as hysteria and some cases of epilepsy, no choline
can be detected in the cerebro-spinal fluid. Halliburton and
Mott therefore recommend the routine examination of cerebro-
spinal fluid for choline as a means of distinguishing between
nervous diseases of functional and organic orgin.

The most important of the reactions for choline are—

1. The preparation of choline-platino-chloride. This salt
is prepared by adding to an alcoholic solution of the residue,
left after evaporating a measured volume of choline to
dryness, an alcoholic solution of platinum chloride. If this
is allowed to stand, crystals of the choline-platino-chloride
separate out, which are yellow, octagonal in shape, insoluble
in 15 per cent. alcohol, and contain 31 per cent. of platinum.

2. If to these crystals, or to the extract, a small amount of
a potassium iodide solution of iodine is added, crystals of a
rhombic shape are obtained, which, superficially, have a very
marked resemblance to haemin crystals. They consist of choline
periodide. If allowed to stand, they appear as oily droplets,
becoming converted to the lower iodide. On the addition of
more iodide solution, the periodide is again regenerated.

3. The third test for choline is a biological reaction.
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Choline, injected into the circulation of an animal, causes a
distinct fall of arterial blood pressure, a fall, however, which
is prevented by a previous injection of atropine. The fall
in blood pressure is due to an effect upon both the central
and peripheral regulatory apparatuses of the blood pressure,
causing a dilatation of the arterioles, and a weakening and
slight slowing of the heart beat. It has been shown that the
acetyl derivative of choline is one million times more active
in producing a fall of blood pressure, than adrenaline is in
inducing a rise.

Chemically considered, choline is an alkaloid, belonging to
a group of compounds, of which other members are Muscarine,
the poisonous alkaloid of the toad-stool, Neurine, an alkaloid
derived from nervous tissue, and Betaine, the innccuous
alkaloid of the beet. It contains carbon, hydrogen, oxygen,
and nitrogen, and has the formula C,H,.NO, or written
structurally—

CHi,
OH
>1\|L_CH3
CH:.CH.OH < |

CH,

that is, trimethyloxyethylammonium hydroxide.
It 1s interesting that it contains the group

N(CH,), or trimethylamine.

The significance of lecithin in the body is unknown ; but
it has been suggested that, in the case of hamolysis brought
about by the cobra toxin, lecithin plays the part of an
amboceptor, linking on the complement, present in cobra
poison, to the erythrocytes. Further, arising from this, and,
on the ground advocated by Ehrlich, that his side chain
theory not only applies to pathological processes such as
hamolysis, bacteriolysis, etc., but actually represents the
normal process of food assimilation, it has been suggested
that lecithin plays the part of a normal amboceptor in the
processes of the assimilation of proteins by the tissue cells.
Recent work seems to have shown clearly enough, however,
that lecithin itself does not play the important part previously
assigned to it, but that, in haemolysis, the active agent is really
lecithin minus oleic acid, or deoleolecithin.,

Kephalin.—This substance is more abundant in nervous
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tissues than lecithin ; further, it is not confined to the white
substance, or myelin, of nervous tissue, but occurs In even
greater quantity in the grey substance, that is in the nerve
cells and their processes. It is also present in egg-yolk.
Kephalin differs from lecithin in that it is insoluble in alcohol.
On hydrolysis, it yields glycerin, phosphoric acid, a base

which is possibly choline, and fatty acid less saturated than
oleic acid.

Sphingomyelin is a white substance which forms one of the
constituents of the so-called protagon of nervous tissue. It
oceurs in the cortex of the suprarenal capsules. On hydrolysis,
it yields an alcohol, an unsaturated fatty acid, and the base
choline. It differs from lecithin in that it yields no glycerin
on hydrolysis. Sphingomyelin is levo-rotatory.

Jecorin was first isolated from the liver of the horse, but,
more recently, it has been obtained from other organs. It
consists of a diamino-monophosphatide, united to sugar, of
which it contains about 14 per cent.

ORIGIN OF THE PHOSPHATIDES.

The fact that the phosphatides are found in great abundance
in the cortex of the suprarenal capsules has led to the
supposition that the cortex of the suprarenal gland may be an
organ, the function of which is the production of some of the
lipoid bodies.

Funcrion oF LipoIbs.

The function of the lipoids in the body is not definitely
known, but the following are some of the views which have
been advanced :—

r. Bang was the first to point out the importance of the
lipoids in the process of life. He showed that while the
proteins have been supposed to be the chief agents in biotic
or physiological changes, the lipoids are of equal, and, in some
cases, of greater chemical lability. He maintains that the
lipoids play some part at least as “ carriers of life.”

2. Since the lipoids occur in the liver, where the fatty acids
are desaturated previous to their further oxidation, they have
been supposed to play some part in this desaturation process.

3. Since the lipoids are so easily oxidised, they have been
supposed to be of some importance in oxidation processes in
the body generally. |
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CHARPTDTER: VIT.
ENZYMES.

It is well known that the living body is able to effect chemical
changes, which the chemist has not been able to accomplish
without the use of strong reagents and much heat. Such a
change may be instanced in the conversion of proteins into
amino-acids. In the animal body this change is effected
easily and rapidly ; outside the body it has only been found
possible to accomplish it by the use of strong acids or alkalies
and prolonged heating. Again, the body instantly effects
syntheses of complex materials, which, as yet, have never been
effected in the chemical laboratory. These changes in the
body are produced by the activities of different enzymes.
For example, it is found that in the secretion of the salivary
glands there is a body (ptyalin) which is capable of converting
cooked starch into maltose. Moreover, unlike most chemical
reactions, this body is quite unchanged in the process. If
the action on the starch comes to an end (which occurs when
only a minute amount of the original starch is left), the
addition of more starch to the reacting mixture causes a still
further disappearance of the added starch with the formation
of more sugar, and so on ad #nfinitum. Such property is the
main characteristic of an enzyme. An enzyme is a body,
produced by a living organism, or cell, and is capable of
effecting chemical change without itself undergoing alteration
in the process.

FERMENTATION.

Before the enzymatic activities of the various secretions of
the intestinal tract had been demonstrated, it was known that
various living organisms were capable of effecting changes of
a similar nature. Thus the yeast cell (by virtue of the enzyme
zymase) splits glucose into alcohol and carbon dioxide—

CeH 1,0, =2CH.OH |- 2CO,,

a7
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a change which has long been known as *fermentation.”
Kihne was the first to draw the line of distinction between
processes such as these, and those effected by the intestinal
secretions. Since Kiihne’s time, however, many investigations
have demonstrated that no such difference exists between the
two classes. Biichner, by crushing the yeast cell, was able
to show that the juice still had the property of decomposing
sugar into alcohol and carbon dioxide. The enzyme was
intracellular, and was confined within the limits of the yeast
cell.  Subsequent research has demonstrated the existence
of a great many of these intracellular enzymes in the cells of
the mammal, and the most convenient classification of the
enzymes of the mammalian body consists in confining them
to the limits of —

1. Extracellular enzymes, or exo-enzymes.
2. Intracellular enzymes, or endo-enzymes.

PREPARATION OF THE ENZYMES.

Different methods must be used for the preparation of the
extracellular and the intracellular enzymes. .

(a) Extracellular Enzymes.—These enzymes can be most
readily prepared by the addition of absolute alcohol to the
secretion. This precipitates the protein and the enzymes
also, probably in a physical combination with one another.
This precipitate can be kept indefinitely without deterioration
in the activity of the enzyme. The enzyme can be obtained,
whenever required, by simple water extraction of the precipitate,
the alcohol having coagulated the protein.

(¢) Intracellular Enzymes.—The preparation of these is
more complex, since they are so intimately united with the
cell protoplasm. Preparation first involves rupture of this
union. The tissue to be investigated, eg. the liver, is
thoroughly disintegrated by grinding it up with sand. The
liver pulp is then mixed with a mixture of glycerin and water,
and allowed to stand for three weeks, during which time it
must be frequently shaken. By this means the intracellular
enzymes are dissolved out, and on filtration a juice rich in
them is obtained. If it is required, they may be precipitated
by the addition of absolute alcohol.
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CHEMICAL PROPERTIES OF ENZYMES.

Enzymes have never been obtained in sufficient quantities
for exact chemical analysis, and, moreover, not one of them
appears to have been isolated in an absolutely pure condition.
But this can- be said, that probably the different enzymes
differ in chemical composition, although it is quite uncertain
what these differences are. Inorganic catalysts have a definite
chemical composition ; it may therefore be concluded that
organic catalysts, or enzymes, are bodies of definite chemical
composition too. Because of their universal occurrence in
living material, and because, so far as is known, proteins only
are universal in living matter, it has been assumed that the
enzymes are protein In nature: Certainly, many so-called
pure enzyme preparations give the protein reaction, but this
is probably due to the tendency which enzymes have of
separating out in mechanical combinations with flocculent
precipitates. Enzymes are soluble in water, in glycerin, and
in dilute salt solution. They are precipitated by absolute
alcohol, acetone, ether, or mixtures of two or even the three
of these. It is quite possible, however, that even this pre-
cipitation is not a true precipitation of the enzyme itself, but a
precipitation of the protein present in the solution which comes
down with the enzyme in loose combination.

PHYSICAL PROPERTIES OF ENZYMES.

For the most part enzymes are colloidal in nature. They
have the property of carrying down with them the constituents
of the solutions from which they are precipitated. This
explains why amylase and invertase usually give carbohydrate
reactions, and why pepsin and trypsin give protein reactions.
Enzymes are remarkably affected by heat ; thus a solution of
diastase at once loses its property of hydrolysing starch if
heated to a temperature of 80° C., yet, if the dry enzyme is
heated to a temperature of 1oo” C. for a considerable time,
when dissolved in water again, it exhibits its characteristic
activity. This fact stands in correlation with another
previously mentioned, that, in the dry state, enzymes will
maintain their activity for a considerable time unimpaired,
although, in a state of solution, they quickly tend to lose
their activity. The best condition for an enzyme action is
furnished by a temperature of 40° C, At this temperature
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the enzyme exhibits a maximum activity, or in other words
the “velocity of the action” is greatest at this temperature,
There are, however, exceptions to this rule ; for instance, malt
diastase acts best at 60° C.

ENZYME ACTION.

Within recent years the action of enzymes has been care-
fully investigated, and, owing at the same time to the great
advance made in the science of physical chemistry, the nature
of this action has been elucidated. The following appear to
be the chief points demonstrated :—

1. The reactions brought about by enzymes are not
initiated by that particular enzyme alone. The action of the
enzyme appears to consist in a quickening of a particular
reaction. Thus it is known that a high temperature will
cause the proteins, when in contact with water, to undergo
cleavage into their constituent amino-acids. By physico-
chemical methods the velocity of this cleavage can be
measured. But physical chemistry has demonstrated that if
any particular reaction is affected, as regards its velocity, by
temperature, then the reaction velocity is doubled by every
rise of 1o° C. ; thus, if a reaction has a rate represented by
2 at 10°, it will become 4 at 20°, 8 at 30°, and so on.

Applying these facts to the action under consideration, it
follows that whereas the proteins are hydrolysed by water at
ordinary temperatures, but at an exceedingly small velocity,
in the presence of an enzyme (e.¢. when trypsin is added and
the conditions are such as enable it to exert its activity), the
velocity of this change is enormously accelerated, and a
reaction occurs which formerly did not appear to take place,
simply because of its small velocity.

2. The reaction does not take place to the complete
destruction of the substrate (i.e. the body acted upon).

The reactions accelerated by enzymes are all of the nature
of equilibrated reactions, a characteristic which depends upon
their reversibility. A simple example may be conveniently
studied in the case of the hydrolysis of ethyl acetate by acids
(e.g. hydrochloric acid). Hydrochloric acid splits up ethyl
acetate into acetic acid and ethyl alcohol, a reaction which is
expressed by the formula—

CH,COOC,H, + H,0 = CH,COOH + C,H,0H
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At the same time, though perfectly correct in so far as it
expresses the change taking place, it indicates too much. It
suggests that all of the CH,COOC,H; present in the solution
undergoes hydrolysis, but this is not the true state of affairs.
No matter how long the reaction is prolonged, the conditions
remaining the same, a certain amount of CH,COOC,H;
remains in the solution. Starting with molecular proportions
of water and CH,COOC,H;, the reactions proceed until
there are left in the solution 4 molecule of CH,COOC,H,,
1 of H,0, # of CH,COOH, and 2 of C,H,OH (Berthelot
and P. de St. Gilles).

On the other hand, if C,H,OH and CH,COOH are
brought together, the reaction proceeds in the reverse
direction, with the formation of CH,COOC,H; and H,0,
according to the equation—

C,H,0H + CH,COOH = CH,COOC,H;+H,0

until in the final products, the same degree of concentration
of the reacting products is reached as in the reverse direction.
For economy of space, and greater lucidity of expression, 1t
has become the custom to express the two reactions in one
equation, thus—

CH,COOH + C,H,0H 2 CH,COOC,H; + H,0

Such an expression indicates a reversible reaction, indicating
that with these four substances in a given solution, the
reaction will proceed either in the one direction or in the
other until equilibrium is reached. If, when such equilib-
rium has been obtained, any one of the reacting bodies (z.e.
CH,COOH) is removed, the two reactions will progress
unequally until a new condition of equilibrium is obtained.
Enzyme actions are simply accelerations of such reactions,
and consequently it is easily understood how, under certain
given conditions, syntheses are effected instead of decom-
positions. For example, lipase, an enzyme present extra-
cellularly in the pancreatic juice, and intracellularly in many
tissues, such as the liver and the mucous membrane of the
intestine, hydrolyses fats into glycerin and fatty acids, and
is, in all probability, able to bring about the synthetic pro-
duction of the fats from their constituents.

Recently it has been shown that the fat triolein, a normal
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constituent of the fats of the body, can be synthesised from
oleic acid and glycerin, thus—

CH,O0H (C,H,COOH CH,0(COC,H,,)

CHOH + 1 C,;H,;,COOH =CHO(COC,,H,,) + 3H,0

|
CH,0H \C,H,COOH CH,0(COC,H

33)-

Leevenhart has pointed out the physiological importance
of this reversibility of lipase-action. During digestion, fat
taken as food is hydrolysed in the lumen of the intestine
into glycerin and fatty acid, but, during the absorption of
the products of fat digestion, fat globules are found in the
columnar cells over the villi. There must obviously be some
particular mechanism by which the products of fat hydrolysis
are resynthesised in the columnar cells after absorption. If
lipase 1s present in these cells, it certainly would be capable
of synthetic action. Lcevenhart has obtained a lipase from
the mucous membrane of the intestine of a pig after com-
pletely washing away the pancreatic enzymes. A similar
enzyme has been obtained from the liver and other tissues
where the storage of fat occurs. “In all these cases, when
the blood and lymph bathing the cells become poor in fatty
acid and glycerin, owing either to fat being stored elsewhere
or to its being used up by oxidation, as in starvation, the
lipase restores equilibrium by effecting hydrolysis of the fat
which had been previously stored up” (Bayliss).

The enzyme maltase hydrolyses maltose into dextrose.
Croft Hill has shown that, if maltase is allowed to act upon
a strong solution of glucose, a synthetic process occurs and
maltose is formed. In the original experiment some iso-
maltose (“revertose”) was produced, but this is explained by
Bayliss as being due to the action of emulsin, another enzyme
contained in yeast. It is, therefore, concluded by Bayliss that
there is no cogent evidence that enzymes produce by synthesis
any bodies different from those which they hydrolyse.

Little is known about the possible synthetic action of the
proteolytic or proteoclastic enzymes. It has been found that
a protamine may be synthesised by trypsin from its cleavage
products. Leathes has pointed out that the facts as to the
synthesis of protein in the body distinctly indicate a reversible
enzyme action. Animals are able to maintain their nitrogen-



ENZYMES. 63

content on a diet in which the only nitrogenous bodies are
the products of the prolonged action of tr}ipsin and erepsin.
The products of protein hydrolysis by acids are, however,
unable to take their place.

From these considerations it 1s quite obvious that both
synthesis and hydrolysis, produced by the action of enzymes,
are really accelerations of the two different reactions which
oceur in a “reaction of equilibration,” and that whichever of
these reactions takes place 1s determined merely by the con-

ditions present.

THE SPECIFIC CHARACTER OF ENZYME ACTIVITY.

Every individual enzyme Iis remarkably limited in the
scope of its activity. It is able to produce one change, and
that change only in one given substance, or a very closely
related substance ; trypsin will hydrolyse proteins, but it 1s
entirely without action upon the fats; lipase will split the fats,
but has no action upon the proteins or the carbohydrates.
Then again the bacillus acidi lactici, by means of its intra-
cellular enzymes, will convert glucose into lactic acid,

CeH304=2C;HOy

and the butyric acid bacilli will similarly convert glucose into

butyric acid,
CeH,,04=C Hg0,+2C0, + SEL

but in no circumstances will the butyric acid bacilli convert
glucose into lactic acid, or zice versa. In order to explain
such specificity, Fischer has formulated his well-known “ lock
and key theory,” according to which every enzyme fits on to
its substrate just as a key fits a lock.

NATURE OF ENZYME ACTION.

The nature of enzyme action has always presented great
difficulties, and has never been satisfactorily explained.
Perhaps the best results will be obtained by a consideration
of the characteristics of “catalytic” actions. It 1s well
known that in the inorganic world there are catalytic agents
which, like the enzymes, are capable of accelerating particular
reactions. Thus, platinum black (or, better still, palladium)
is able to cause hydrogen and oxygen to unite, with the result
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that water is formed in indefinite amounts ; colloidal platinum
(platinum in a very fine suspension) is able to exert quite an
appreciable influence, when present in very minute amounts,
upon the decomposition of hydrogen peroxide. Indeed, the
analogy is so great that Oswald has suggested that enzymes
are no more than organic catalysers. If these catalytic actions
are examined, it will be seen that the catalytic agent may act
in different ways, thus—

1. It may act simply by surface condensation of the re-
acting bodies, or by absorption. Thus, in the action of
platinum black, it is assumed that the gases condense on
the very large surface afforded by the fine particles, and that
reaction takes place.

2. It may act by the formation of intermediate compounds.

Enzyme action appears to be chiefly due to the former of
these conditions, but it is very probable that the formation
of intermediate compounds plays a considerable share in its
activity.

It is possible, then, that enzymes act as organic catalysts,
just as sulphuric acid acts as an inorganic catalyst; the acid,
however, requires a high temperature in order to hasten the
velocity of its reaction, whereas the optimum temperature for
the organic catalysts is 40° C.

It is assumed, therefore, that enzymes are catalysts pro-
duced by living organisms.

Tue “Verocity oF Reaction.”—By this term is meant
the time which is occupied by an enzyme in bringing about a
given change in a fixed amount of material or substrate. In
general terms 1t 1s found that the amount of enzyme, multiplied
by the time of reaction, equals a constant, or in other words,
that the velocity of reaction is proportional to the amount
of enzyme present. For rennin, this velocity of reaction may
be ascertained by observing how long it takes a given amount
of the enzyme to coagulate a definite amount of milk.

Tue Acuromic Point.—The determination of the achromic
point may be brought about in the following way: 5 c.c.
of a 5 per cent. solution of starch are mixed with a given
quantity of filtered saliva, and placed in a water bath at
40° C., in order that the ptyalin may convert the starch into
soluble starch, erythro-dextrin, achroo-dextrin, and finally
maltose. A drop of this digesting mixture is tested every
half-minute with a fresh drop of iodine solution. At first a
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blue colour is produced, then a violet (indicating the presence
of starch and erythro-dextrin), then a red (due to erythro-
dextrin), finally no distinct colour occurs ; this is the achromic
point and means that the maltose stage is reached. The
velocity of reaction is determined by measuring the time that
it takes for the achromic point to be obtained.

The proteolytic or proteoclastic activity of digestive juices
may be determined by one of the following methods :—

Roar’'s MeTHOD—/0r pepsin.—Two equal weighed quanti-
ties of fibrin, previously stained with congo-red solution,
are placed in two test tubes with an equal quantity of the
two gastric juices to be compared. These are allowed to
digest for fifteen minutes. The fibrin is digested and
the colouring matter set free; the congo-red comes out
into the solution and is turned blue by the acid present.
A few crystals of sodium carbonate are added and the solu-
tion is turned red. The redder fluid is diluted in water
until it is the same tint as the less red fluild. The amount
of dilution necessary will measure the relative activity of the
two gastric juices. Fvr trypsin, the same method of pro-
cedure obtains, but the congo-red comes out into the solution

- and remains red.

Meraop wirH MEeTT’s Tuses.—Small pieces of capil-
lary glass tubing of definite length are filled with egg-white
and heated to 95° C. to coagulate the albumin. These tubes
are placed in the digestive fluid (gastric or pancreatic) for
a given time, after which they are taken out, and, if the diges-
tion has not gone too far, only a portion of the protein will be
digested, which amount can be measured, The tubes may be
previously filled with gelatin, and the digestive action of
pepsin and trypsin ascertained at room temperature, for,
at body temperature, the gelatin melts. The tubes may be
filled with starch paste and the amylolytic activity of ptyalin
and amylopsin determined.

The nature of the combination between the enzymes.and
the substrate— |

In order that an enzyme may exert its activity, it is believed
that a preliminary combination of some kind or other between
the enzyme and the substrate is necessary. It has been
stated that enzymes are of the nature of colloids, and these
are particularly prone to form adsorption-compounds. It is
quite possible, therefore, that, in the early stage of enzyme

J
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action, an adsorption-compound is formed between the enzyine
and the substrate, and that after this close association has
taken place, the proper chemical actions, due to the agency
of the enzyme, begin to make their appearance.

CLASSIFICATION. OF ENZVMES,

Enzymes are classified partly according to their action
and partly according to the particular substrate or substance
upon which they act.

1. Amylolytic Enzymes.—By a hydrolytic cleavage of the
starch molecule, these convert the polysaccharides into dex-
trins, and finally into maltose. '

Diastase of vegetable seeds converts starch into maltose.

" Ptyalin of saliva converts cooked starch into maltose.

Amylopsin of pancreatic juice converts cooked and un-
cooked starch into maltose.

The change however may not always be in the direction of
the formation of carbohydrates of lower molecular weight,
because in the intestine there are bacteria which, by wvirtue
of an enzyme (presumably), convert cellulose (C,H,,0,), into
carbon dioxide and marsh gas, thus— :

(CEI-II{IO.";)H + (HEO)H = S(COE)I: + 3(CH4):1'

2. [nverting Ensymes.—These convert the disaccharides
into monosaccharides.

Invertase of yeast cells converts cane sugar into dextrose
and levulose.

Invertase of succus entericus converts cane sugar info dex-
trose and levulose.

Maltase of succus entericus converts maltose into dextrose.

Lactase of succus entericus converts lactose into dextrose
and galactose.

3. Lipolytic  Ensymes.—These split neutral fats into
glycerin and fatty acid.

Gastric lipase splits small quantities of emulsified fat into
glycerin and fatty acid.

Pancreatic lipase splits emulsified fat into glycerin and
fatty acid. !

Lipolytic enzymes also split the phosphatide, lecithin, into
glycero-phosphoric acid, fatty acids, and choline.
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4. Proteolviic or Proteoclastic Enzymes.—These by a pro-
cess of hydrolysis split proteins into proteoses, peptones, etc.

Pepsin of the gastric juice splits proteins into proteoses
and peptone.

Trypsin of the pancreatic juice splits proteins into proteoses,
peptones, polypeptides, and amino acids.

5. Peptolytic Ensymes.—These split proteoses and pep-
tones into polypeptides and amino-acids.

Erepsin of the succus entericus splits proteoses and
peptones into polypeptides and amino-acids, and, in a similar
way, it splits caseinogen.

6. Coagulative Enzymes—These convert soluble into
insoluble proteins.

Thrombin (fibrin-enzyme or thrombase) converts fibrin-
ogen into fibrin.

Rennin or rennet converts calcium caseinogenate Into
insoluble casein.

There is probably a coagulative enzyme which converts
paramyosinogen and myosinogen into insoluble myosin during
rigor mortis. :

7. Autolytic or Intracelluiar Enzymes.—These enzymes
are all important in the metabolic, or intracellular, chemical
changes which take place in the protoplasm of the cells and
tissues. They are divided into amylolytic, lipolytic, proteolytic;
and peptolytic, according to the kind of substrate upon which
they act. After death of the tissue their activity may con:
tinue so that they may cause self-digestion or awfelysis of the
cells and tissues in which they are situated, so long as the
organ in which they exist is kept at a suitable temperature
and “under strict aseptic conditions. In certain tissues
nuclease exists, which causes nucleic acid to liberate the
two purine bases, adenine (C;H,N,NH,) and guanine
(C.H,N,0.NH,). Autolysis proceeds much more rapidly in
fasting tissues than in well-fed tissues, and in starvation, in
all probability, these autolytic enzymes are at work.

8. Oxidases, or Oxidising Ensymes—These are intra-
cellular enzymes, which carry oxygen and produce oxidation.
They are all important in internal or tissue respiration and 1n
metabolism ; thus oxidase brings about the conversion of
hypoxanthine (C.H,N,0) into xanthine (C;H,N,O,) and
xanthine into uric acid (C;H,N,O,). ‘These oxidases are
most abundant in the liver and spleen.
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9. Deamidising Enzymes.—These split off the NH, group
from certain nitrogenous compounds, thus—

Adenase splits off NH, from adenine (C;H,N,.NH,),
forming hypoxanthine (C.H,N,0).

Guanase splits off NH, from guanine (C;H,N,0.NH,),
forming xanthine (C;H,N,O,).

There are also certain intracellular enzymes which are
capable of splitting off NH, from amino-acids.

10. Ureaproducing Enzymes—These by a process of
hydrolysis, or some more complicated reaction, produce urea.

Arginase causes the production of urea and ornithine from
arginine. :

The uricolytic enzyme causes the production of urea from
uric acid; this enzyme is produced in the tissues, and
especially in the liver,

CO-ENZYMES.

Some enzymes are secreted in the active condition, and are
able to act straight away without the intervention of any
other substance, provided that the reaction of the medium is
such as is suitable for their activity. But this is not the case
with all of them. Trypsin is not secreted as such in the
pancreatic juice, but as a zymogen, trypsinogen, which has no
action whatever upon proteins. It requires the presence of
an activator, or co-enzyme before it becomes the active tryp-
sin. The activator is enterokinase, a substance produced by
the glands of the intestinal mucous membrane. How the
enterokinase acts upon the trypsin is an open question.
Recent experiments of Delezenne show that inactive pan-
creatic juice may be activated by calcium salts as well as by
enterokinase. The amount of calcium in the juice as secreted
is sufficient to bring about very slow activation, but the pro-
cess can be considerably accelerated by adding more calcium
(Bayliss).

Enzymes, being colloids, are sensitive to the action of
electrolytes. In some cases they appear to be inactive
without the presence of one or other of these agents. In
these cases, therefore, the electrolyte appears to play the
part of a co-enzyme, Hydrochloric acid similarly appears
to be a necessary co-enzyme in the formation of pepsin from
pepsinogen. Thrombogen is activated by thrombo-kinase in
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the presence of soluble calcium salts to form thrombin or
fibrin enzyme. Pancreatic lipase requires the presence of
bile salts for its activity, and zymase, the enzyme of yeast
which causes alcoholic fermentation, requires the presence of

phosphates.
ANTI-ENZYMES.

If enzymes are injected into the blood, they give rise to
toxic effects, but, if the successive injections of small quantity
are made, bodies are produced which nullify the effect of the
injected enzyme. Such anti-enzymes have been produced by
the injection of enzymes. ~Similar anti-enzymes occur normally,
however, and have been found by Weinland in the intestinal
tract. In the stomach mucous membrane, there occurs an
anti-body, anti-pepsin, which protects the mucous membrane
from the action of the gastric juice, and similarly anéi-trypsin
is secreted by the mucous membrane of the intestine. Such
bodies are of great economic importance, since they protect
the various subdivisions of the alimentary canal from auto-
digestion by its own enzymes. Recent work by Hamill and
by Bayliss has thrown considerable doubt about the presence
of anti-trypsin in the intestinal mucous membrane. According
to the observation of Klug, the actual body, which has the
power of protecting the cells of the mucous membrane, 1s the
mucin which is always present in considerable quantities.
This protection is brought about by the formation of adsorp-
tion-compounds with the enzymes. Weinland made another
interesting observation, that the presence of anti-trypsin, in a
parasitic worm infecting the alimentary canal, resists the
digestive action of the pancreatic juice. The liver cells pour
into the blood stream an anti-enzyme, anfi-thrombin, which
neutralises the action of the fibrin-enzyme, which i1s con-
tinuously produced in small quantities. In this way circu-
lating blood is prevented from clotting (zide p. 125).

ZYMOGENS.

Extracellular enzymes are derived from the cells, where
they have previously existed, not as enzymes, but as zymogen
granules, which at the moment of extrusion from the - cells
appear to become transformed into enzymes. In certain
cases, however, the zymogen is extruded as such without
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change ; thus trypsinogen leaves the pancreatic cells as the
nactive trypsinogen.  Pepsinogen likewise appears to be
extruded from the cells of the gastric glands as such, and to
be activated by hydrochloric acid, and converted into pepsin.
Further, it appears that pepsinogen is less susceptible to alkalies
than pepsin, which is rapidly destroyed by them. Although
the zymogen may be readily converted into the active enzyme,
the reverse process can be brought about. The zymogen
of thrombin is prothrombin or thrombogen, which is shed
out of the blood platelets and the leucocytes.

AUTOLYSIS.

If an organ, such, for example, as the liver or kidney, is
thoroughly minced, and kept in chloroform water or water
containing thymol, it is found to undergo a process called
“autolysis ” or ““ auto-digestion.” That is to say, a quantity
of the protein, fat, and carbohydrate contained in the organ
passes into solution, and, at the same time, a considerable
amount of ammonia is evolved. Such change occurs most
quickly, if the organ is kept at the body temperature, and
is due to the action of the endo-enzymes. These are set
free from their anchorage in the protoplasm of the tissues
in the process of mincing, and become subsequently dissolved
in the water, so as to exert their action upon the chemical
constituents of the organ. These enzymes, which are proteo-
clastic, nucleoclastic, amyloclastic, and lipoclastic, are present
in the various organs of the body. '

The proteins are disintegrated into simpler bodies by a
variety of enzymes. Thus, proteoses are converted by them
into peptone, and the nucleo-proteins into peptone and
nuclein. The peptone is then subjected to the action of
endo-erepsin and split up into amino-acids, which are still
further broken up, with the formation of ammonia. Nuclein
is split up by nuclease, and its purine content is further
attacked by the purinases, oxidases, and uricolytic enzymes ;
the result of the action of which is the formation of uric
acid and urea. Similarly arginine is split by arginase into
urea and ornithine,

Fats similarly are split up into fatty acid and glycerin by
the action of the liberated endocellular lipase.

Carbohydrates are split up by the action of diastases.
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These split up the glycogen, present in the organs, with the
formation of maltose which is further hydrolysed into glucose
by the maltase present. In normal circumstances, the
autolytic enzymes, present in the various tissues, are inhibited
in their activity by the plasma which bathes the tissues.

OXIDATION-PROCESSES.

So far the enzymes, dealt with in the preceding pages, have
a1l exerted their action by a process of hydrolysis. There
are, however, various enzymes concerned in the mechanism
of oxidation. According to Bach and Chodet, there are
three distinct sets of bodies which are capable of bringing
about oxidation-processes.

1. Organic peroxides, including hydrogen peroxide.
2. Peroxydases.
3. Catalases.

Of these the peroxydases and catalases are of enzyme nature.
They are both capable of decomposing hydrogen peroxide
with the formation of the water and oxygen; peroxydase
appears to separate oxygen in the active state (atomic oxygen),
catalase separates oxygen in a relatively inactive state (mole-
cular oxygen). Peroxydase acts upon various organic per-
oxides and hydrogen peroxide, whereas catalase acts upon
hydrogen peroxide only. It is possible that hydrogen peroxide
may be produced as a by-product of oxidation in the animal
tissues; if so, it is necessary that it should be forthwith
destroyed, owing to its toxic action on protoplasm (Bay-
liss). It is quite possible, therefore, that the catalase,
which appears to be widespread in the organism, brings about
the destruction of the hydrogen peroxide.

A peroxydase alone, without the presence of a peroxide, is
of no use as an oxidising agent, so that the system of peroxide
and peroxydase forms the active combination. This system
is known as an oxydase.
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DIET AND DIGESTION.

EElEAS IR RNl e
DIET,

THE proximate principles of life consist of the following :—

Proteins.

. Fats.

. Carbol hydrates.
- oalts.
‘Water,
O'xjfgen

I‘s}l—!

C-'\':.f'l—lh':'.u

In order that the cells and tissues of the body may
carry out their ph}rsmlﬂglcal functions, they must be supplied
with these substances in proper pmpﬂrtmns According to
Halliburton, a healthy and suitable dlet must possess the
ﬁ::llc:wmg characters . —

. It must contain the proper amount and proportion of
the various proximate principles. '

. It must be adapted to the age of the individual, to the
-amuuut of work done by him, and to the c:llmate in which
he lives.

3. The food must contain, not only the necessary amount
of the proximate principles, but these must also be present in
a d]gestab]e form.

It 1s found that a healthy man doing a fair day’s work, on
an ordinary diet, eliminates from 250 to 280 grms. of carbon
per diem, which escape chiefly from the lungs as carbon
dioxide. © He also eliminates per diem from 15 to 18 grms.
of nitrogen. This is present in the urine as urea, uric acid,

and creatinine. These substances, CO,, creatinine, uric acid,
72 -
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urea (little), are derived chiefly as the result of katabolism,
and partly from the food, z.e. urea (more).

During the production of these substances, heat is evolved,
energy produced, and work done. It has been found that
muscualar work greatly increases the output of CO,, and very
slightly increases the output of N. In order that metabolism
may be kept in equilibrium, anabolism, constructive meta-
bolism, or assimilation must occur, and it is for this purpose
that food is taken into the alimentary canal, digested, and
absorbed. It may be said that the nutritive value of a diet
chiefly depends upon the amount of C and N present in a
readily digestible form. The source of the carbon for the
body is chiefly carbohydrate, but it is also derived from fat
and protein ; the source of the nitrogen is the proteins. The
following general proportions of the elements in the proteins,
fats, and carbohydrates should be noted :—

Protein . ; » Cgyy Hz, Oy, Nygs S1(C 1 in 2).
Fﬂt . " . . Cqs’ I‘Iq}&j 0'5 [C I il'l 3} {high hEﬂi 'i"ﬂ-lluﬂj.
Carbohydrate . . Cy Hj, Oy (C 1 in 4) (lower heat value).

Ranke’s average adult diet per diem is as follows :—

Protein - . : : ; . I©O0 prms,
Fat: . : . ; , o T
Carbohydrate . ] . S o
Salts . ! : ; : T
Water ; ; : : . 2zboo. |,

——

Diet of an infant aged six months, weight 67 kilos.
(Cautley)—

Protein . ; , : ;2O gris.
BAES ; : 3 * e O
Carbohydrate . : : il
Salts : : ; : ; Bt
Water . ; : ; . 868

13

Voit arrived at the fact that 118 grms. of protein are
required for an adult per dien.  On the other hand,
Chittenden fixes 6o grms. per diem as the best amount of
protein for habitual consumption, and an intake above this
he regards as a luxus consumption. 1t is generally believed,
however, that a Jarge amount of foreign protein must be
digested for the appropriate simple amino acids and aromatic
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amino acids to be set free, in order that they may be assimi-
lated and built into the native proteins of the body, which,
as the result of wear and tear, are being slowly disintegrated.
The excess of the amino-acids is split into two portions—a
nitrogenous part, which is converted into urea in the liver,
and a non-nitrogenous part, which is utilised much in the
same way as carbohydrates and fats are, that is, to be finally
oxidised to form CO, and H,0, with the evolution of heat
and energy.

- According to Hutchison, an infant of six months, weighing
6°7 kilos., and taking an average quantity of breast milk
(950 grms.), consumes about 14 grms. of protein per diem.
This is about 2 grms. of protein per kilo., so that, if an adult
of average weight (70 kilos.) consumed the same proportion
of protein, he would require 140 grms. in his diet, which is
considerably above Voit’s standard. The child, however, is
growing, ze, continually forming new cells, of which the chief
constituent is protein. It is obvious, therefore, that, in
proportion, a growing child requires more protein than the
full.grown adult. On the other hand, it may be pointed out
that the adult, in proportion, performs more muscular work
than the child, and this muscular work causes a small
amount only of wear and tear of the tissue proteins. If it is
desired to cause the tissues of the adult to hypertrophy, as
occurs in the muscles when an individual goes into training,
in order that there may be a storage of protein in the body,
there must be an increased protein intake, and at the same
time, the muscles must be exercised. For a healthy adult, it
is doubtful whether the minimum protein diet is the optimum
diet. It is true that a persistent luxus consumption of protein
tends to produce disease, but it is equally true that those
whose protein consumption is above the minimum are better
able to resist disease. During pregnancy, too, it is essential
that the protein intake should be well above the minimum in
order to provide for the hypertrophy of the uterus and the
mamme, and the development of the feetus and placenta.
For a somewhat similar reason, the protein intake should be
the optimum during lactation.

It must, therefore, be remembered that an adult requires
per diem about 1oo grms. of fat, whereas an infant weighing
67 kilos. obtains through its milk food nearly 4o grms. of
fat per dien. Fats have a high heat value, because of the
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proportionately large amount of C which they contain, and
infants require such food in order to maintain their temper-
ature, which the healthy adult maintains, to a very considerable
extent, by exercise.

The following dietary (after G. N. Stewart) may be taken
as typical of what a healthy adult male, doing a fair amount
of work, will usually consume per dien :—

Lean meat . ; . . 250 grms. (9 0Z.).
Bread . ; : ; L Eoo ,, (x8ioz)
Milk : : : : . Too ., (% pint).
Butter . : ; : o e (hoz )
Fat (with meat) : : oo (mlon)
Potatoes . : e S iso i (E6 0z ).
Oatmeal . : . : s S (Bl
MILK.

For an infant, human milk is a perfect food. It contains
all the proximate principles in suitable proportions, and
enough iron to meet the requirements of the growing infant,
since the liver of the infant has already stored iron from the
placenta for use during the first six months of its existence.
For an older child and a healthy adult, inconveniently large
quantities of milk would have to be taken in order that the
right amount of solids might be acquired, and moreover it
contains insufficient iron for them. Milk quickly satisfies the
feeling of hunger, because it does not stimulate the gastric
mucous membrane to increased secretion, ze. it produces no
«appetite juice,” and the fat or cream of milk actually delays
the secretion of gastric juice. The proteins of milk require
less pepsin to digest them than do the proteins of meat.

The Mammary Gland.—This gland is made up of lobes,
each of which consists of lobules. The lobules consist of
acini, opening into the ductules, which open into the lacti-
ferous ducts, and these, in their turn, open on to the nipple.
Near the end of each lactiferous duct, there is an ampulla
where the milk is temporarily stored. Each acinus is lined by
cubical or secreting cells. Outside the acinar walls are the
periacinar lymphatics, which are supplied by the neighbouring
capillaries. The structure of the acinus depends to a con-
siderable extent upon its physiological state. The young
mammary acinus, which has not secreted, is lined with short
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columnar cells, and the centre is filled by small polyhedral

cells ; there is a very little fluid present. The acinus, during

activity, ‘is lined by somewhat elongated- cubical cells, which
encroach upon the Tumen,—The part of the cell adjacent to
the lumen seems abnormally large, and contains many kinds

of granules, some of which are small, and are stained brown @

Processes radiating out from the
stroma and gland substance

[
—Pectoralis
LirH el g

Ampulla’ N
Lactiferous duct” \§

Fat lobule

F16. 6.—Diagram of a section through a Mammary Gland.
(Cunningham., )

by a solution of osmic acid (r per cent.); others are larger
and are blackened by osmic acid. The smaller granules are
probably protein in nature, while the larger ones are fat. These
granules are the result of the increased activity of the proto-
plasm of the cells, which in their turn are supplied by more
tissue fluid or lymph, and, at this period, there is also an
increased arterial blood supply. The lumen of the acinus is
wide and contains a milky fluid rich in fat granules. During
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the later months of pregnancy, the breasts rapidly develop,
and prepare for the increased amount of work, which they
will be called upon to perform. It is believed by some
physiologists that these breast changes are started by a hormone
(internal secretion), which is produced by the developing feetus
in utero. During rest the acinus is lined by cubical cells,
the nucleus of which is near the centre of the cell, and there
are a few fine granules present. The lumen is well defined
and contains a fairly clear fluid.

Lactation.—Milk is a secretion produced by the physio-
logical activity of the cells lining the acini of the mammary
oland. By the lymph or tissue fluid, the acinar cells are
supplied with water, protein (serum globulin and serum
albumin), fat (probably in a soluble and invisible form,
adsorbed to the proteins of the lymph), carbohydrate
(dextrose), and salts. TFrom these substances the acinar
cells actively produce the constituents of the milk. ~Cows
fed on grass, ze water, carbohydrate, and very little pro-
tein, yield a milk rich in protein and fat. The compo-
sition of milk can, however, to some extent be influenced by the
nature of the food. The secretion of milk is, to a certain
extent, controlled by the nervous system. At the same
time, there is, in all probability, a chemical stimulant or
hormone produced by the feetus, which, during pregnancy,
influences the secretion of the mammary gland.

The mammary secretion may be influenced by drugs
called galactogogues, such as pilocarpine, which increases the
milk flow, whereas anti-galactogogues, such as belladonna, by
paralysing the secretory nerves, stop the secretion of milk by
the acinar cells.

The milk which is secreted during the first three days, at
the commencement of each period of lactation, is called
colostrum ; it is scanty in amount, and has a slight laxative
effect on the child. Its chief characteristics are, that it con-
tains colostrum corpuscles, which consist of (a) leucocytes,
which have wandered into the acini from the neighbouring
lymphatics, and of () cubical cells, which have come away
from the acini, and that colostrum also contains a cell-
globulin, which coagulates on being heated. There is also
a smaller amount of calcium caseinogenate than exists in
ordinary milk, but more lactalbumin,
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ComrosiTioNn oF MILK.

Human Milk, Cow's Milk. |Goat’s Milk,
Water . ' 87 857 ' 805
"-Sulidﬁ : s 13 143 13°5
Protemn . Cﬂg:,?::te???" 5 {Cf;';ﬂrmgfi 4
: II actalbumin,1’y. ogenale.
- Bk 30540 4-4°5 4
| Carbohydrate 65 4 4
; Salts . 025 .0'5 0O

Reaction.—Fresh milk is amphoteric to litmus ; this. is due
to acid and alkaline salts, of which the latter are usually in
excess.

Specific Gravity.—That of cow’s milk varies from 1028 to
1034. After the lightest constituent (fat) has been removed
(skimmed milk), the specific gravity varies from 1033 to 1037.

Proteins.—There are two proteins in milk, Lasemogen and
lactalbumin. In cow’s milk there is twice as much caseinogen
as lactalbumin, whereas in human milk there is relatively
more lactalbumin. Caseinogen is a phospho- -protein, con-
515t1ng of CH.O.N.S.P. It has acid properties, is insoluble
in distilled water, but forms a colloidal solution in dilute salt
solutions. On gastric digestion, it is split into protein and
phosphoric acid. It yields no purine bases, and contains no
carbohydrate radical. In milk, caseinogen exists combined
with calcium as soluble calcium caseinogenate. When acetic
acid is added to milk, the calcium unites with the acetic acid
forming calcium acetate, and the caseinogen becomes pre-
cipitated. ~ When milk becnmes sour, lactic acid is produced.
This combines with the calcium to form ca mlcaum lactate, and
caseinogen 1s precipitated,  Like globulin, calcium casein-
ogenate may be precipitated by. full saturation with MgSO,
crystals, with Na,SO, crystals, or half-saturation with
ammonium sulphate solution.. It differs from globulin,
however, in not being coagulated by heat.

If a weak solution of potassium oxalate is added to milk,
the following reaction takes place :(—
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Calcium caseinogenate + potassinm oxalate — calcium oxalate + potassium
caseinogenate.

In a similar manner sodium and ammonium caseinogenate
may be obtained. If calcium chloride 1s added to oxalated

milk, the following reaction takes place :—

Potassium caseinogenate -+ calcium chloride = potassium chloride + calcium
caseinogenate.

Potassium, sodium, and ammonium caseinogenate form a
nearly clear solution in water, they do not react with rennin.

Coagulation of Milk.—When milk enters the stomach, the
soluble calcium caseinogenate is soon converted into insoluble
casein. This change is due to the action of the enzyme
rennin in the presence of soluble calcium salts.  The coagula-
tion of the calcium caseinogenate appears to occur in two
stages. At first the rennin splits the soluble caseinogenate
into soluble casein and a soluble protein called whey-protein.
Soluble calcium salts (ze. calcium chloride, or calcium
phosphate) now interact with the soluble casein, producing
insoluble casein, caseate of lime, or the chief part of the curd
of milk. As a rule, a. quantity of fat becomes entangled in
the insoluble casein. If milk is previously mixed with an o2
per cent. solution of potassium oxalate, it becomes decalcified,
that is, the potassium oxalate combines with the inorganic
calcium salts present, forming an insoluble precipitate of
calcium oxalate. If a little rennin is then added to some
decalcified milk in a test-tube, which is placed in a warm bath
at 40° C., no clotting of the milk occurs. If, however, a few
drops of a solution of calcium chloride are added, and the
solution is again warmed to 40° C., coagulation takes place.

The fluid part of milk, left after coagulation has taken place,
is called zokey. It consists of water, lactalbumin, whey-protein,
lactose, inorganic salts, some rennin, and a little fat (that which
has not been entangled with the casein).

Fats of Milk.— These are the neutral fats, namely, triolein,
-tripalmitin, tristearin, with a small amount of butyrin, caproin,
and caprylin. The most abundant is triolein. These fats
are present as a very fine emulsion, and each fat globule
seems to be surrounded by a fine envelope of protein,
probably calcium caseinogenate.

Tests for the Fats of Milk. —(2) Examine milk with the
microscope ; the fat globules may be readily seen. If a drop
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of 1 per cent. solution of osmic acid is added, the globules
become at first brown, and then black (due to the reduction
of the osmic acid by the unsaturated triolein).

(/) The osmic acid test may be performed by adding the
acid to milk in a test-tube.

(¢) The fat may be extracted with ether, and if the solution of
fat, so obtained, is poured on to filter paper, the ether will
evaporate, and a fatty stain be left.

(d) The fats may be split into glycerin and fatty acid,
and the fatty acid can be detected by the following process :
A little fresh milk 1s boiled in order to kill any micro-
organisms and enzymes which may be present. A few drops
of a strong alcoholic solution of lacmoid are then added to
produce a blue colour. A lipolytic enzyme (pancreatic
lipase) is then added, and the mixture kept warm at 40° C.
Gradually the blue colour is turned red by the fatty acid
which has been liberated from the neutral fat by the lipase.

Milk contains small quantities of the two lipoids, lecithin
and cholesterin, and a yellow fatty pigment called lipochrome.

Carbohydrate of Milk.—Lactose is a disaccharide (C,H,,
O;;)- It is a reducing sugar, and gives the various reducing
sugar tests, but, before these are applied to milk, the calcium
caseinogenate and fat should be first removed. This is
readily done by adding to milk a little 25 per cent. solution
of acetic acid ; the caseinogen is precipitated and entangles
the fat. This may be filtered off, and the filtrate tested for
the sugar and lactalbumin by appropriate tests.

The souring of milk is due to the conversion of lactose
into lactic acid by the action of certain micro-organisms, and,
as lactic acid is produced, it combines with the calcium
of the calcium caseinogenate to form calcium lactate, and
caseinogen becomes precipitated.

C,,H,,0;, + H,0 = 4(CH,.CH.OH.COOH)

(Lactose) (Lactic acid)
4(CH,.CH.OH.COOH) = 2(C,H,.COOH) + 4CO, + 4H,
(Lactic acid) (Butyric acid)

Alcoholic Fermentation in Milk.—There are certain fungi
which cause the formation of alcohol from lactose, as follows :
CoHy, 0y + HyO = CH,,04+ CgH,,04
(Lactose) (Dextrose) (Galactose)
CH:0,=2C H O 560,

(Glucose) T[s"alcnlm]}
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In this way koumiss is made from mare’s or ass's milk ;
it contains from 1 to 3 per cent. of alcohol. '

Salts of Milk.—The most abundant is calcium phosphate,
present in order to aid the bone and tooth formation in the
young animal, It may be that this soluble calcium salt is
5he of the factors producing venous thrombosis in patients
convalescing from a long illness during which their chief diet
has been milk. There are also present potassium chloride,
sodium chloride, alkaline sodium phosphate, and a trace of
iron combined with protein. . The earthy phosphate: may be
detected in the filtrate, obtained after filtering off the pre-
cipitate produced by adding acetic acid to milk, by adding a
solution of ammonia ; the earthy phosphate is precipitated.

Artificial Feeding of Infants.—There is no doubt that
mother’s milk is practically a perfect food for the child, but,
‘0 some circumstances, it becomes necessary to substitute
cow’s for human milk. If the compositions of human and
cow's milk are compared, it will be seen that cow’s milk
contains more than twice as much protein per cent. as human
milk does, and the protein present is calcium caseinogenate,
which forms large and heavy curds with rennin. It is these
curds which irritate the infant’s stomach and cause dyspepsia
and puking. Cow’s milk contains rather more fat than human
milk, but it contains only two-thirds the amount of lactose.
Tt is richer in calcium salts, but is said to contain less
citrates than are present in human milk. When cow’s milk is
* substituted for human milk, it has to be modified to suit the
requirements of the infant, and these requirements vary with
the age of the child. Water must be added to the COW'S
milk in order to dilute the proteins present, but in doing this
the fats and sugar are unduly diluted. In order, therefore,
to raise their percentage in the food for the infant, cream and
~ lactose must be added. A little lime water, too, should be
added, for this helps to diminish the size of the curds formed.

For a healthy child of from six to eight weeks old, the
following proportions may be used :—

Cow’s milk . : : .+ pmt.
Water . : ; A
Cream (obtained by the centrifuge) 4 drms.
Lactose; . : 6,

A little lime water.
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The milk should be pasteurised, that is, heated at 75° C. for
at least half an hour and then rapidly cooled ; the effect of
this is to kill any bacilli which may be present, though it does
not affect their spores. It is said that milk, treated in this
way, loses its anti-scorbutic properties, but this effect may be
overcome by allowing the infant from time to time a little
orange juice which supplies the necessary citrates.

EGGS.

The shell of eggs consists chiefly of calcium carbonate.
Inside the shell is a double shell membrane which encloses
the egg, which consists of two parts, the zw/:i#e and the yolk.

The white of egg is composed as follows :—

Water. : - . S GERpercanlt
Solids . : : : s L T Ve
[egg—albumin
Proteins+ egg-globulin Trei i
1ov0~mumid }

IFats andlipoids (lecithinand

cholesterin)—traces.
Carbohydrate . : . 0°5 per cent, sugar.
Inorganic salts . ; A

The yolk, which includes the ovum proper, consists of the
phosphﬂ-pmtcm (vitellin), fat, and lipochrome, with small
quantities of sugar, lecithin, cholesterin, and inorganic salts.

MEAT.

Meat consists of muscle with a certain amount of fat, which
may be in the connective tissue fmming adipose tissue. In
pork, the fat is found abundantly in fat cells placed between
the muscular ﬁbres, and 1t 1s this fat which prevents the easy
access of the pepsin-hydrochloric acid to the muscle, hence
the indigestibility of pork. The following is the composition
of beef :—

Water . : : . 767 per cent.
Solids Fr 23'3 »
Proteins{ MYOS!1 | 20 *

| gelatin | °
Fat : : , i
Carbohydrate (dmlmsL) GAGE
Salts . h : ; TERE
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If an individual obtains the necessary roo grms. of protein
from meat, he must consume 500 grms. of meat (just over
1 1b.) per diem.

FLOUR.

Brown flour consists of the whole wheat grain, whole flour
consists of the grain minus the husk, and white flour consists
of the interior of the wheat grain. iy _

Wheat flour has the following composition :—

Water—Small amount.

liadin (““alcohol soluble *)

Sﬂlids—PrDteins{g

: : 2 er cent.
glutelin (“alcohol insoluble )} rek

o : : : : )

starch ' : 3 ixaglal
Carbohydrate {cellulr:- HEN : A2
SaltsT * : ; ; AR

The following tables give the composition of some vegetable
- foods (Halliburton) :—

| Rice. | Lentils. .l Peas. 'I Potatoes.

! iS5t et Gl e

| Water . : . 2 T o e S T 760
Protein g " : ! 79 ‘ 24°8 ‘ 237 | 2°0
Fat . ; : A | o9 ! 1'9 | 16 0°2
Starch : ; . 76°5 548 | 49°3 20°0
Cellulose . ‘ : 06 i 36 7 t 07

| Mineral salts . et 10 l 2'4 31 | I'0

The chief points to be noted are—the large amount of starch
present, the large proportion of protein in lentils and peas, and
the large amount of water in potatoes. The mineral salts are
chiefly those of potassium and magnesium.

DOUGH.

Dough is the sticky mass produced when water 1s added to
flour and carefully mixed. The two proteins, gliadin and
glutelin, in the presence of water form gluten; this is the
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sticky substance which causes the other constituents of flour
to adhere.

BREAD.

In bread making, flour, water, and yeast, with a little sodium
chloride, are mixed into a dough, and this is set aside in a
warm place until it “rises.” During this time, an amylolytic
enzyme In the yeast converts some of the starch into dextrins
and dextrose. The zymase (enzyme) of the yeast then
converts some of the dextrose into alcohol and carbon-dioxide,
and it 1s this gas which causes the dough to become spongy
and rise. This process is usually allowed to proceed for some
few hours. The bread is now baked somewhat rapidly.
During the process of baking, the enzymes are killed, and the
alcohol and carbon-dioxide are driven off, leaving the bread
light and spongy.

Bread consists of—

Water—Variable.

Solids—Protein (glUtEﬂ) : : . 7—Io per cent.
Fat : : T %
[ starch 1
Carbohydrate- dextrin ges
dEJ{tmst :
Salts . ; : ; ; Dl

The crumb of bread is chiefly starch, whereas the crust
contains some starch, dextrin, and dextrose. In pastry making,
yeast is omitted, and baking powder (sodium bicarbonate and
tartaric acid) substituted ; fat in the form of butter or lard is
also mixed in.

GREEN VEGETAEBLES.

These contain—

Water . : ; : . 8o0—02 per cent.

Solids : ; : : L ABes Ll
Protein . : . : . T—2 i
Carbohydrates, including cel-

lulose ; ; : . 3-6 i
Salts, chiefly potassium salts,

Green vegetables contain a certain amount of nucleo-protein,
which contains iron. These nucleo-proteins are called
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hematogens, and are in all probability one of the normal
supplies of iron to the body.

BEEF-TEA.

Beeftea is made by cutting the meat into small pieces,
covering it with co/d water, and adding a little sodium chloride ;
this is then slowly warmed. The fluid, when poured off, 1s
known as beeftea, and consists chiefly of water, inorganic
salts, and extractives of the meat, such as creatine,
hypoxanthine, sarcolactic acid, and traces of protein, but it
has very little nutritive value. If the meat extract is made
without allowing the temperature to rse to boiling point, there
will be a small amount of protein present. If, however, the
temperature is raised to boiling point, the protein is coagulated,
and is generally strained off.

SOUP.

This is made by putting scraps of meat, bones, and fibrous
tissue into a pot, covering them with water and adding salt ;
the whole is allowed to simmer gently over the fire. The fluid,
which is poured off, consists of water, salts, extractives of the
meat, and a little protein, chiefly gelatin, which has come
from the collagen of the white fibrous tissue. These meat
extracts are useful excitants of gastric secretion, especially of
HCI, and therefore prepare the way for the digestion of more
solid food, such as meat. At the same time, warm soup causes
gastric vaso-dilatation, the result of which is a copious secretion
of gastric juice. It will be understood then that soup 1s
contra-indicated for persons, who suffer from hyperchlorhydria,
or excessive formation of hydrochloric acid by the oxyntic
cells of the stomach.

ACCESSORIES.

Tea contains a bitter principle, tannin, and, if tea 1s allowed
to infuse for too long a time, too much tannin goes into
solution, and consequently produces dyspepsia. Tea also
contains a methyl-purine, theine (C,H(CH,);N,O,). China
tea contains less methyl-purine than Ceylon tea.

Coffee is rich in aromatic substances, and also contains the
methyl-purine, caffeine (C;H(CH,),N,O,).






CHABRTEERSIX
/Y DIGESTION.

Tur object of digestion is to convert the food either into
a soluble form, or into very small molecules, which are easily
absorbed and consequently taken into the blood to be
assimilated.

, SALIVARY DIGESTION.

The mouth is lined by a mucous membrane, in which there
are simple mucous glands which secrete mucin, the function
of which is to help to moisten the mucous membrane of the
mouth. On to this mucous membrane there are openings of
the ducts of the salivary glands which secrete the major
portion of the saliva. The parotid gland 1s a serous salivary
gland ; the submaxillary and sublingual are mixed salivary
glands, that is, they contain hoth a serous and a mucous
portion. Embedded in the substance of the tongue are
numerous small simple serous salivary glands which pour
their secretion on to the surface of the tongue between the
papille. These serous and mucous glands, the ducts of
which open into the buccal cavity, secrete the saliva. The
mucous glands, which are found m the mucous membrane of
the mouth, and the serous glands, which are embedded in
the tongue, are simple mucous and simple serous glands
respectively, but the parotid, submaxillary, and sublingual
are compound racemose glands.

/STRUCTURE OF THE SEROUS GLANDS.

In order to ascertain the minute structure of these glands,
it is essential to examine them under two conditions—

(1) After rest, that is, after the animal has not been digesting
food, and (2) after activity, that is, after the animal has been

actively digesting food, or after an injection of pilocarpine, a
87
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drug which stimulates the cells of the glands to pour out their
secretion,

(@) After rest.—The unit of the glands consists of an
acinus which is made up of a basement membrane, on which
are present cubical epithelial cells ; these cells line the central
lumen of the acinus. If a piece of fresh gland is teased in
aqueous humour, and the preparation exposed to the vapour
of a 1 per cent. solution of osmic acid, the granules in the
cell will be fixed by the osmic acid vapour, and can be readily
seen in position, if examined by a high power of the micro-
scope. It will be seen that these zymogen granules, in this
particular case ptyalinogen, crowd the inner portions of the
cells which line the central lumen, and the nucleus of the
cell appears to be pushed away towards the base of the cell.

(6) After activity.—If, however, a similar preparation of a
serous gland is made after actively secreting, it will be found
that the cells lining the acinus appear somewhat different ;

F1G. 7.—Acinus of a serous F16G. 8.—Acinus of a serous
gland before secretion. gland after secretion,

their outline is more distinct, the central lumen becomes
more obvious, the granules are fewer, and the nucleus is
nearer- the inner portion of the cells, That is to say, during
activity these cells rapidly pour out the granules which they
have been producing and storing up. The ptyalinogen granules
readily become converted into the enzyme ptyalin during ex-
trusion from the cell,

/ STRUCTURE OF A MUCOUS GLAND.

A mucous gland may be examined in a similar way to a
serous gland. It will be seen that, if the acinus of a mucous
gland 1s examined after resting, the cells lining the lumen are
filled with granules ; these are mucinogen granules. If, how-
ever, the portion of the gland is teased in a watery stain, the
granules disappear, and the part of the cell in which they are
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becomes swollen and clear. This is due to the conversion of
the mucinogen granules into clear mucin.  On the surface of
the acini of the mucous glands groups of three or four cells
may be seen. These cells also contain fine granules, most
probably protein in nature, which do not swell when treated
with watéry stains. These little groups of cells on the margin
of the acini form the erescents or demilunes of Gianuzzi, and
_ it is believed that there are minute canals running from these
demilunes between the cubical cells of the acini down to the
central lumen, so that the secretion of these demilunes can
readily escape into the lumen of the acinus.

Vv THE COMPOSITION OF SALIVA.

Saliva is an alkaline fluid of a specific gravity of roos. It
is somewhat viscid because of the mucin which it contains.
When freshly secreted, it is practically clear, but on standing
soon becomes cloudy, because the CO,, which it contains,
escapes, and the calcium carbonate, which was originally in
solution, becomes precipitated. Saliva consists of water
99 per cent., and solids about o'5 per cent. The important
solids are as follows: Mucin, which is derived from the
mucous glands of the mucous membrane of the mouth, and
the mucous portions of the submaxillary and sublingual
glands. The mucin may be precipitated by acetic acid.
There are also present traces of serum albumin and serum
globulin, and an amylolytic enzyme ptyalin, which is derived
from the ptyalinogen granules present in the cells of the serous
portions of the salivary glands. '

Saliva abounds in sodium chloride. It contains also
calcium carbonate, a little magnesium phosphate, alkaline
sodium phosphate (Na,HPO,), and potassium chloride. The
saliva derived from the submaxillary gland is particularly rich
in calcium salts. This explains the tendency for the deposi-
tion of tartar, which contains calcium salts, about the lower
teeth, and also explains the greater frequency of salivary
calculi in the duct of the submaxillary gland than in the duct
of the parotid gland. Saliva also contains a trace of potassium
thiocyanate. This is probably one way by which sulphur 1s
eliminated from the body, and, in some diseased conditions of
the kidneys, the amount of potassium thiocyanate in the
saliva is said to be increased. Its presence may be detected
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by the fact that it gives rise to a blood-red colour when treated
with a trace of ferric chloride solution ; this colour, however,
is bleached by a solution of mercuric chloride. It should be
noted, however, that meconic acid, one of the alkaloids of
opium, also gives a blood-red colour with solutions of ferric
chloride, but the colour is not dispelled by a solution of
mercuric chloride. Saliva contains a relatively large amount
of CO, in solution. If saliva is examined microscopically,
there may be found in it a few loose squamous epithelial cells
derived from the buccal mucous membrane: these cells
usually contain bacteria. There are also present large round
nucleated cells full of granules, which are salivary corpuscles,
and are derived from the crypts of the tonsil,

The solid present in the sublingual saliva may be as
much as 2'75 per cent.; that in the submaxillary saliva
2°3 per cent.; that in the parotid saliva only about o°3 per
cent. |

Sublingual and submaxillary saliva is rich in mucin, but
parotid saliva is free from it. It will be seen then that the
saliva from ‘the submaxillary and the sublingual glands is
rich i a lubricating material, and it is found that all kinds of
food produce a flow of saliva from these glands, whereas
parotid saliva is most watery, and is abundantly produced by
dry food. If an: animal is hungry, the sight of dry food is
enough to cause a flow of parotid saliva. The nature of food
masticated, to a very considerable extent, determines the
composition of saliva secreted.

' THE NERVOUS MECHANISM OF SECRETION
OF SALIVA.

The nerve centre for the secretion of saliva is said to exist
in the lower part of the medulla oblongata. This centre is
influenced by ajfferens impulses which reach it from wvarious
SOUrces—

1. From the mouth.—Mechanical irritation of the mucous
membrane of the mouth will cause an increased secretion of
saliva. Chemical irritation, such as is produced by the
presence of acids or salts, will cause an increased flow of
saliva. * Sweet, sour, bitter, or salty bodies in solution, which
are capable of being tasted, will cause an increased flow of
saliva. Pawlow has shown that any kind of food causes a



DIGESTION. | W

reflex flow of saliva from the submaxillary and sublingual
glands, but it is d»y food that brings about a flow of more
watery (parotid) saliva. :

2. Psychical impulses from the brain, such as the thought

of good food, the sight of food, and the smell of it, or
hearing about it will cause an increased flow of saliva, provided
the individual 1s hungry.
« 3. Stimuli reach the centre from the stomach, via the vagi,
especially when the mucous membrane is in an irritable
condition. Before vomiting takes place, there is, as a rule,
an increased flow of saliva.

4. Impulses arising in the abdomen, and travelling up by
the vagus, occasionally cause an increased flow of saliva. A
pregnant uterus occasionally causes reflex salivation.

The efferent impulses from the centre pass down to the
salivary glands through the cervical region of the spinal cord,
and up the sympathetic nerves in the neck, and so along the
blood vessels to the salivary glands. Impulses also travel down
through the glossopharyngeal nerve by its tympanic branch to
the tympanic plexus on the mucous membrane “of the inner
wall of the middle ear. In the case of the submaxillary and
sublingual glands, the impulses pass from. the tympanic
plexus through the facial nerve, thence by its chorda tympani
branch to the lingual nerve, thence through the submaxillary
ganglion to the sublingual gland, and through Langley’s
ganglion to the submaxillary gland. In the case of the
parotid gland, the impulses pass from the tympanic plexus
through the small superficial petrosal nerve, thence through
the otic ganglion to the auriculo-temporal nerve, which supplies
the parotid gland. If the chorda tympani nerve is cut, and
the peripheral cut end stimulated electrically, the result is that
the blood vessels in the submaxillary and sublingual glands
dilate, and arterial blood leaves the glands. It i1s found
experimentally that the arterial blood pressure in the artery
supplying the glands may be as much as 112 mm. Hg, but
the saliva in the duct of the submaxillary gland may be
secreted against a pressure equal to 200 mm. Hg. The
conclusion to be drawn is, that the secretion of saliva may be
independent of the arterial blood pressure. Another result of
stimulating the peripheral cut end of the chorda tympani
nerve is that there is an increased secretion of watery saliva
from the duct of the submaxillary gland. If the blood
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supplied to the gland is cut off, or the animal decapitated,
and the peripheral cut end of the chorda tympani stimulated,
the result is still an increased secretion of watery saliva for a
short time, showing that the chorda tympani contains secreto-
motor fibres. If an animal is injected with atropine, which
paralyses secreto-excitor fibres in the salivary glands, and the
peripheral cut end of the chorda tympani then stimulated,
vaso-dilatation still occurs in the submaxillary and sublingual
glands, but there is no secretion of saliva. These experiments
show that the secretion of saliva normally depends upon a
proper blood supply to the gland, and also upon the secreto-
excitor mechanism in the chorda tympani nerve, which is quite
separate from its vaso-dilator mechanism. If the sympathetic
nerve in the neck is cut, and the upper cut end is stimulated,
the result is vaso-constriction of the blood vessels in the
submaxillary and sublingual glands, and the blood which
leaves these glands is of a venous character. Although the
blood supply to the gland is diminished, there is found to be
an increased secretion of saliva rich in solids ; the activity of
the cells to pour out their organic constituents is put out of
court after the injection of atropine. It is found that, if the
submaxillary gland is placed in a plethysmograph, and the
peripheral cut end of the chorda tympani nerve is stimulated,
although there is a general vaso-dilatation, yet the total result
is a shrinkage of the gland because so much fluid is poured
out by the cells.

I : : St
N : Action upon Blood Action npon Salivary

Vessels. | Glands.
|
= e e S £ e
Chorda tympani . | Vaso-dilator. i Secreto - excitor  of |
| watery saliva. '
|
. . ' - I ; '
Sympathetic . . | Vaso-constrictor. | Secreto - excitor  of

viscid saliva. i

e

" Paralytic Secretion.—It is found that, if the chorda tympani
nerve is divided on one side, no immediate result with regard
to the secretion of saliva takes place; after a few days, how-
ever, a small amount of watery saliva is continuously secreted
by the glands on the side of section ; this is called a paralytic
secretion, which may be brought about by the overflow

S S
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activity of the nerve cells, which are found in. the sub-
maxillary and Langley’s ganglia, for, after section, these cells
are no longer controlled by the central nervous system. It
has been suggested, however, that the increased secretion 1s
due to the increased irritability of the nerve fibres analogous
to the fibrillary twitchings in degenerating muscle, after the
nerves to it have been cut, and before complete degeneration
occurs. It is said that, after section of one chorda tympant,
there is an increased secretion of watery saliva on the other.
side ; this is called the awntilytic secretion. Section of the
sympathetic nerve in the neck does not cause analogous
phenomena, nor does it stop the paralytic secretion which has
been brought about by the section of the chorda tympani nerve,

¢ THE SUBMAXILLARY AND LANGLEY'S GANGLIA.

The submaxillary ganglion is connected with the lingual
nerve. It consists of a number of ganglion cells, which give

Lingual Nerve to Tongue
Chorda Tympani /
MNerve
—

Faeial Nerve

o G
sumeilly

gland

?u ercor
ervica

i Submaxillar
gangiion gianc} y

F16. g.—Diagram of secretory nerves to the submaxillary and
sublingual glands.

rise to fibres which travel to the sublingual gland. The
submaxillary ganglion receives nerve fibres from the chorda
tympani, which travel wia the lingual. It 1s traversed by
nerve fibres which travel down to Langley’s ganglion, which
is placed in the hilum of the submaxillary gland. This
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ganglion contains nerve cells which give rise to fibres which

travel to the submaxillary gland. -Tt has been shown, by

Langley’s nicotine method, that these ganglia are cell stations
where synapses occur between the cerebral fibres and the
ganglion cells which innervate the glands. Nicotine, applied
locally, poisons these fine synapses and nerve cells, If the
submaxillary ganglion is painted with nicotine, and the
chorda tympani nerve is stimulated, it*is found that no
impulses get through to the sublingual gland, because they
are blocked in the submaxillary ganglion, but impulses will
travel through to the submaxillary gland. If, however,
Langley’s ganglion is painted with nicotine, and the chorda
tympani nerve is stimulated, the impulses will not travel
through to the submaxillary gland, because the impulses have
been blocked in the ganglia. It was by experimenting in
this way that Langley showed that the submaxillary ganglion
is a cell station for the sublingual gland, and that Langley’s
ganglion is the cell station for the submaxillary gland. -

" THE FUNCTIONS OF SALIVA ARE .

1. To moisten and lubricate the mucous membrane of the

mouth and tongue, and therefore to assist in speech.

2. To moisten and lubricate the solid particles of food, to
stick the portions of masticated food together, and consequently
to help to form the bolus. The bolus of food is lubricated
with the mucin, and so prepared for being swallowed.

3. To dissolve soluble substances like sugar, salts, acids,
and bitter substances, and therefore to render them capable
of being tasted.

4. By the action of its amylolytic enzyme, ptyalin, to con-
vert cooked starch into maltose, a change which may be
readily demonstrated in a test-tube. A solution of starch is
made by boiling, and, in this way, the starch cellulose coating
1s ruptured, and the starch granulose set free. If the solution
is cooled, and a drop of a weak solution of iodine added, it
will be found that it gives a blue colour. If to this starch
solution some saliva is added, and kept at a temperature of
40° C., the starch gradually disappears, and is replaced by
erythro-dextrin and achroo-dextrin, the former of which gives
a reddish colour on the addition of a drop of solution of
iodine. The achroo-dextrin gives no distinct colour when a
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drop of solution of iodine is added, but may be precipitated

“from its solution by 8g-per cent. alcohol. Gradually the
erythro-dextrin disappears, and some achroo-dextrin remains
together with a reducing sugar, maltose. At this stage no
colour is produced when a drop of iodine solution is added.
This is called the ackromic point, and indicates that all the
starch and erythro-dextrin have disappeared. ~The final
products are achrob-dextrin and maltose, a reducing sugar
which gives the ordinary reducing sugar tests.

I D{CGHI{FDﬁ)H+ ‘F{HEO}H S (CEHIDOE)H + (CGHlﬂ'Qﬁ)u

(Starch) (Erythro- (Achrod-
dextrin) dextrin)
+ 4(CpH,0y),
(Maltose)

As a rule, starch does not remain long enough in the mouth
for this change to bé completed, but the action of the ptyalin,
swallowed with the food, is continued in the stomach for
about twenty minutes or longer ; it is then stopped by the secre-
tion of the free hydrochloric acid of the gastric juice. The
food passes quickly between the pillars of the fauces and the

— eesophagus, and no further digestive change takes place until
it gets into the stomach.
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THE POSITION AND SHAPE OF THE STOMACH.

RECENT researches carried out by Arthur F. Hertz show that
the normal position and shape of the stomach differ from
what was formerly described. Hertz administers to the indi-
vidual under observation the oxychloride of bismuth, as this
salt is chemically inert in the stomach, and it does not inter-
fere with the important mechanism by which the hydrochloric
acid of the gastric juice influences gastric peristalsis and con-
trols the activity of the pylorus. The individual is given two
ounces of bismuth oxychloride in bread and milk, and the
stomach is then examined by means of X-rays. Such an
examination demonstrates that, in the wprig/kt position of the
body, the stomach lies in the position as is shown in Fig. ro.

It will be seen that the greater curvature extends below the
umbilicus ; the distance below the umbilicus is on an average
sz cms. This is found to-be the case in the majority of
individuals who take an ordinary amount of food. In the
horizontal position of the body Hertz and Morton have shown
that the lowest part of the greater curvature is just afoze the
umbilicus.

The fundus of the stomach lies above a horizontal plane
passing through the cardiac orifice (His). It is somewhat
hemispherical in shape, lies in the concavity of the left half
of the diaphragm, and it nearly always contains gas. The
body of the stomach is almost vertical ; it is nearly uniform in
width, and is situated to the left of the middle line. The
fundus and body constitute the cardiac or larger portion of
the stomach. The distinction between the cardiac and pyloric
[mrtim".s is not very definite, but the separation of the cardiac
from the pyloric portions may be recognised in frozen and in

formalin-fixed specimens, and also by the use of X-rays, by
g6
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the presence of the incisura angularis upon the smaller curva-
ture, and by a less constant depression upon the greater

curvature (zide Fig. 10).

The pyloric part of the stomach consists of the pyloric
vestibule and the pyloric canal.

The pyloric vestibule is directed upwards and slightly back-
wards as it turns to the right. This portion of the stomach
extends to the right of the middle line. The pyloric vestibule
is continuous with the pyloric canal (Jonnesco). This last-
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Fic. 10.—The position of the stomach in the erect posture of
the body. The arrow is directed to the incisura angularis,
(After Arthur ¥, Hertz. )

named portion of the stomach is definitely tubular, and is
about 3 cms. long. It makes a sharp angle with the pyloric
vestibule as it passes upwards and backwards, where 1t comes
in contact with the liver. The pyloric canal is relatively long
in infants, and in them its separation from the pyloric vestibule
is sharper than in adults. Its termination projects into the
duodenum, producing, as Cunningham has pointed out, a
striking resemblance to the portio vaginalis of the cervix uteri
(vide Fig, 11),
i
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THE STRUCTURE OF THE STOMACH.

The stomach is covered on the outside by the peritoneum,
beneath which is subperitoneal tissue.

The muscular coat consists of three distinct portions—the
longitudinal fibres, which are most readily seen at the smaller
and greater curvatures, the ¢7cu/ar muscle fibres, which are
the most obvious at the middle and at the pyloric canal, here
forming the pyloric sphincter, and the odliguely se/ muscular
fibres, which are continuous with the circular muscular fibres
of the cesophagus, and which form a kind of cardiac sphincter
and extend over the fundus and body of the stomach. Both

T 1
. Py loric
Pyloric “ i '.yesﬂbu,fe,

b s KL
ok b : i

1
Duodenum.

Fic. il.——l-“yiarir: vestibule, pyloric canal, and pyloric
orifice of stomach., (AfZer Arthur F. Hertz.)

the circular and longitudinal muscular coats are much thicker
in the pyloric canal than in any other part of the stomach.
The circular fibres are arranged in the form of a sphincter,
which attains to its greatest development at the junction with
the duodenum, where it is separated by a distinct connective
tissue septum from the circular coat of the duodenum. Only
a few of the more superficial longitudinal fibres are continuous
with those of the duodenum, the majority forming distinct
fasciculiy, which penetrate the substance of the sphincter, in
which some end, whilst others reach the subjacent submucous
tissue (A. F. Hertz). Internal to the muscular coat is the
submucous coat, which contains the blood vessels and the
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lymphatics, and circular and longitudinal plain muscular fibres,
forming the muscularis mucosa, which produces the ruge or
folds of the mucous membrane. Internal to this 1Is the
mucous membrane.

In the mucous membrane are three sets of tubular glands—

(a) The cardiac glands, found near the cardiac orifice ;
these are simple tubular glands, lined by cubical epithehal
cells, and in all probability secrete mucin.

() The fundus glands, found over the fundus and body of
the stomach. These have short ducts lined by columnar
_epithelial cells. Opening into the duct, there are usually two
gland tubes, of which the neck of each is somewhat constricted.
The duct and neck of these glands are lined by columnar
cells. The lumen and the more dilated fundus portion of the
tube is lined by two kinds of cells ; on the basement membrane
are the scattered ovoid, or parietal cells, or oxyntic cells, so
called because they secrete free hydrochloric acid. Over these
cells are placed the columnar or chief cells. The columnar
cells are coarsely granular, and help to secrete the gastric juice.
It is believed that there are minute passages between these
columnar cells down to the ovoid, or parietal cells, by which
free hydrochloric acid may arrive at the lumen of the tube.

(¢) The pyloric glands, found at the pyloric portion of the
stomach, have long ducts lined by columnar cells. The
secreting part of the tube is shorter, has a narrow neck, and
is lined by cubical cells. The fundus is lined by flattened
columnar cells, which are not so coarsely granular as the
columnar cells found at the fundus of the fundus glands.
The pyloric glands become larger as they approach the pylorus,
and, through the pyloric orifice of the stomach, they become
directly continuous with the small racemose glands of Brunner,
which occur in the submucous coat of the duodenum. The
pyloric glands probably produce a chemical stimulant, or
hormone, called gastric secretin, and this causes the continued
secretion of gastric juice by the fundus glands (vide p. 293).

Pepsin and rennin are enzymes, which occur in the gastric
juice, and are derived from zymogen granules, which are
secreted by the central or chief cells of the fundus glands and
the columnar cells of the pyloric glands. In the case of
pepsin, the particular zymogen, or enzyme pPrecursor, 1s called
pepsinogen.
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f.
‘THE BLOOD SUPPLY OF THE MUCOUS MEMBRANE
OF THE STOMACH.

The arterioles ramify in the submucous tissue of the
stomach. These give off the intertubular capillaries, which
run into the mucous membrane between the gastric glands.
Here these intertubular capillaries form a deep plexus, which
opens into a superficial plexus of capillaries just beneath the
surface of the mucous membrane. The veins commence in
the superficial plexus, and run out to open into the small
veins found in the submucous tissue.

v THE METHODS OF OBTAINING GASTRIC JUICE.

1. The mucous membrane of the stomach of the pig may
be dissected off through the submucous tissue. It should be
kept in a glass vessel and covered with glycerin. In this
way, a glycerin extract of pepsin may be obtained, and this
extract will remain active for a considerable time. When this
glycerin extract is used for artificially digesting protein, a
little o'2 per cent. hydrochloric acid must be added.

2. In the wsophagus of a dog a fistula i1s made so that
food swallowed escapes at the artificial opening, and does
not enter the stomach. A gastric fistula is also made
between the stomach and the skin, and, from this, when
meat is given to the dog, it 1s swallowed, and recovered

. through the artificial cesophageal opening, but gastric juice is
secreted and may be obtained from the gastric fistula.

3. A small piece of stomach is dissected from the main
portion, and sutured to the skin of the abdomen. This
little sac of stomach is separated from the main stomach by
a septum of mucous membrane, its blood supply and nerve
supply being kept intact. The animal may be fed in the
ordinary way, and pure gastric juice obtained from the
fistulous opening in the little stomach.

MECHANISM OF SECRETION OF GASTRIC JUICE.

The secretion of gastric juice is to a considerable extent
under the 'control of the central nervous system, because, as
is well known, sudden emotion frequently inhibits the secre-
tion of the juice and upsets digestion. It has been shown
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that even the psychic element obtains in the dog. Ifa dog
is hungry, and is shown meat, and it is under the impression
that it is going to have the meat, there is an increased
secretion of gastric juice, as is shown by the increased flow
from the small stomach, as mentioned above ; but if the dog
understands that it is not to have the meat which it sees,
the flow of gastric juice is inhibited. It is said that, when
an individual is hungry, the smell of good food being
cooked and the sight of appetising articles of food are
sufficient to produce a secretion of gastric juice. The early
juice secreted is called “appetite juice,” and is of value in
starting the process of digestion. The nervous impulses
travel down from the central nervous system through the
vagus nerves (Pawlow), for it has been found that, if the
vagus nerve is cut in the neck, and allowed to remain for
five days before it is stimulated in order that the cardiac
branches to the heart may degenerate, and if, at the end of
this time, the peripheral end is stimulated, it 1s found that
the heart is not inhibited, but, after a long latent period,
there is a secretion of gastric -juice. The peripheral endings
of ‘the secretory fibres of the vagus may be paralysed by
atropine, The vagus then contains two sets of fibres to the
mucous membrane of the stomach—the secrefo-excifor and
secreto-inhiditory fibres. It is said that these phenomena
occur after the splanchnic nerves have been divided, and
hence it i1s surmised that they do not contain secretory
fibres. It is believed, however, that the normal stimulus for
secretion of gastric juice 1s a chemical one, such as alkali,
which is swallowed with the saliva, or it may be that dextrin
(a peptogen), obtained from the partially digested starch, acts
as a stimulus and causes the mucous membrane at the
pyloric end of the stomach to produce gastric secretin or
gastrin (Edkins), which stimulates the cells of the fundus
glands to pour out pepsin-hydrochloric acid. The products of
proteolysis are peptogenic, and cause more gastric juice to be
secreted. Bitters cause a production of ‘““appetite juice”
probably by stimulating the gustatory nerves.

/ CHARACTERS OF GASTRIC JUICE.

Pure gastric juice is a clear colourless acid dextro-rotatory
fluid, of which the specific gravity varies between 1003 and
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1006. It contains water g9g per cent., and solids about
1 per cent. The chief constituents of the gastric juice are—

Pepsin (o*3 per cent.), a proteoclastic enzyme.

Rennin, a coagulative enzyme which acts upon
caseinogen.

Gastric lipase, a lipolytic enzyme.

Mucin produced by the goblet cells of the gastric
mucous membrane.

Free hydrochloric acid . : . o'z per cent.

Inorganic salts : : : S o) o
NaCl . ; : s DRI
K1 : : A OeE T
CaCl,. . : o OD00
Cay(PO,), }
Mg, (PO,), oor
FePO,

If lactic acid is present, it is due to fermentation. The
gastric juice of carnivorous animals is richer in solids, and
more powerful than the gastric juice of man. The composi-
tion of gastric juice depends, to a very considerable extent,
upon the kind of food which excites it. Meat causes a large
secretion of gastric juice, rich in hydrochloric acid. Bread
causes the secretion of a small amount of juice, rich in pepsin,
but poor in acid. Finely divided fat, such as exists in milk,
causes a delay in gastric secretion,

The pepsin is derived from the pepsinogen granules which
are found in the columnar and cubical cells lining the gastric
glands, and probably the rennet enzyme is derived in a
similar way. The free hydrochloric acid is secreted by the
oxyntic, parietal, or ovoid cells, which are found on the
basement membrane of the fundus glands. These ovoid cells
are very numerous in the mucous membrane of the stm:nz_mh
of the dog, and they are readily demonstrated by staining
with aniline dyes, such as eosin which stains them red, and
methylene-blue and toluidine-blue which stain them blue.

The formation of hydrochloric acid by these cells i1s no dou_bt
the result of their biotic activity. Maly suggests that its
formation may be the result of the interaction of alkaline
sodium phosphate and calcium chloride brought about by
these cells as follows . —

2Na,HPO 4 3CaCl, = Cay(POy)y+ 4NaCl+ 2HCI
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On the other hand, it is quite possible that the formation
of free hydrochloric acid may be due to the action of the
carbonic acid of the blood upon akaline sodium phosphate,
the alkaline sodium phosphate being thus converted into acid
sodium phosphate, which acts upon the sodium chloride which
« taken into the stomach with the food, and forming alkaline
sodium phosphate and hydrochloric acid, thus—

(a) Na,HPO,+H,0.CO,= NaH,PO,+ NaHCO,
(¢) NaH,PO,+ NaCl=Na,HPO,+ HCIl

Whichever chemical view is taken, there is no doubt that
the change is brought about by the oxyntic cells, and the free
hydrochloric acid, so produced, passes along into the lumen
of the fundus glands and so into the stomach. The follow-
ing are the chief tests to prove the presence of free hydro-
chloric acid in the gastric juice :—

(a) One drop of filtered gastric juice and one drop of
Giinzburg’s reagent (vanillin, pt. 1 ; phloro-glucinol, pts. 2;
rectified spirit, pts. 3o) are mixed together on a glass slide
and gently warmed until evaporation takes place. Red
crystals are produced 1if free hydrochloric acid is present in
the filtered gastric juice. If much peptone is present a red
paste is obtained. This reaction is said to detect one part
of free hydrochloric acid in 1o,000. Organic acids do not
give this reaction.

(6) The Tropeolin Test.—One drop of tropeeolin-oo In
94 per cent. methylated spirit is evaporated at 40° C. n a
white capsule. This leaves a brownish stain. A glass rod 15
then dipped into filtered gastric juice, and with it the brown
stain is touched. If free hydrochloric acid is present a
brilliant violet colour is produced at the place of contact.
This test detects o‘oo6 per cent. of free hydrochloric acid.
Other inorganic acids give this reaction,but organic acids do not.

(¢) Topfer's Test.—One drop of dimethyl-amino-azo-benzene
is allowed to run over a white capsule. If a drop of filtered
gastric juice is added, which contains a trace of free hydro-
chloric acid, a bright red colour is produced.

TrsTs rorR LacTtic AcID.

Lactic acid may be extracted from gastric juice by ether,
and detected by one of the following methods ;—



104 MANUAL OF PHYSIOLOGY.

(@) Upfelmann’s Fluid is a violet solution made by taking
10 c.c. of a 1 in 20 solution of carbolic acid, and adding to
it 20 c.c. of distilled water and 1 drop of a solution of ferric
chloride. 1If a trace of lactic acid is added to this violet
solution, the colour disappears and the solution acquires a
yellowish tint.  This reaction is said to detect T part of
lactic acid in 10,000.

(&) Hopkins' Test—A trace of lactic acid is put into a dry
test-tube, and 5 c.c. of concentrated sulphuric acid are added,
then 3 drops of a saturated solution of copper sulphate.
These are gently mixed, and the test-tube kept warm in hot
water for four minutes. It is then cooled under the tap. A
drop of a o'z per cent, alcoholic solution of thiophene is added,
and the mixture again warmed ; a pink colour is produced.

THE ACTION OF GASTRIC JUICE.

1. On Protein Food.—The large protein molecule is acted
upon by the pepsin-hydrochloric acid, and is by proteolysis
converted into simpler substances, that is, proteoclastic changes
are brought about. The first substance produced is one of
the nature of a soluble globulin which coagulates at 56° C. ;
acid meta-protein is next produced. The next stage is the
formation of primary proteoses of which there are two—proto-
proteose, soluble in water, and hetero-proteose, insoluble in
water, but soluble in normal saline solution,

These primary proteoses may be precipitated from their
solution by saturation with magnesium sulphate crystals, or
by saturation with sodium sulphate ecrystals, or by half-
saturation with ammonium sulphate solution.

Deutero- or secondary proteose is then produced. It is
soluble in water, is not precipitated by saturation with
magnesium sulphate, sodium sulphate, or half-saturation with
ammonium sulphate, but is precipitated by complete satura-
tion with ammonium sulphate crystals. If the original protein,
which 1s digested by the pepsin-hydrochloric acid, is gelatin,
then gelatinose is produced. The term proteose is a general
one, including albumose from albumin, globulose from globulin,
vitellose from vitellin, elastose from elastin.  The final stage of
gastric digestion of protein food is the formation of peptone,
which is probably a mixture of polypeptides. This is not
precipitated by saturation with neutral salts, but may be
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precipitated by alcohol, by tannic acid, by phospho-tungstic
acid, and by phospho-molybdic acid. Both the proteoses
and the peptones give the biuret reaction. There is a fair
proportion of unpeptonised protein leaving the stomach in
the acid gastric chyme, which is shot through the pylorus
into the duodenum.

PROTEIN
acted upon by pepsin-hydrochloric acid
Soluble globulin

Acid meta-protein

, . " ¢ proto-proteose
Proteoses or | primary proleosey p.ierq_proteose

PrOPEpLone | oooondary or deutero-proteose

l

Peptone, a mixture Po?p;g?}?pcptides, is usually considered to be the end
product of the action of the enzyme, pepsin, upon protein. If sufficient
time is allowed for the further action of pepsin, amino-acids are produced.

>. The Action upon Caseinogen of Milk.— The chief protein
of milk is caseinogen, which is present combined with a
soluble calcium salt forming calcium caseinogenate. The
rennin of the gastric juice converts this soluble caseinogenate
into soluble casein. The soluble casein, thus produced,
reacts with the soluble inorganic calcium salts present, such
as calcium chloride, to form the insoluble casein or caseate
of lime which is the curd. It might be asked why it 1s that
the chief protein of milk must be curdled before it is digested.
The reason is that the semisolid curd produced will remain
in the sfemach longer, and therefore enable the pepsin-
hydrochlori®, acid to digest it, just as ordinary protein 1s
digested, the final product being peptone.

3. The Action on Fat.—The gastric lipase splits emulsified
fat to a. great extent into glycerine and fatty acid, and it 1s
found that the finer the emulsion is, the more intimate is the
mixture with the gastric juice, and the greater the action of
this lipase. The pancreas is inactive in the case of infants,
who, therefore, depend upon this fat-splitting enzyme of the
gastric juice for the digestion of fat. According to Pawlow,
the consumption of a large amount of fat tends to inhibit the
secretion of gastric juice, and this may partly account for the
dyspepsia which follows the swallowing of pork. The protein
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envelope which surrounds the fat of connective tissue is
digested by the pepsin-hydrochloric acid, and, in a similar
manner, the calcium caseinogenate envelope around the
minute globules of fat in milk is also digested so that much
of the confined fat swallowed is freed in the stomach, and
split by the gastric lipase. Some of the contents of the
duodenum containing bile and pancreatic juice are said to
be regurgitated into the stomach through the pylorus, and in
this way more fat is digested in the stomach than can be
accounted for by the small amount of gastric lipase which is
present. If oil is given by the mouth when the stomach is
empty, it inhibits the secretion of gastric juice, and as soon
as a little reaches the duodenum it excites the flow of bile
and pancreatic juice, with which some of it regurgitates into
the stomach (A. F. Hertz).

4. The Action upon Carbohydrates.—Gastric juice has no
action upon starch, but in virtue of the free hydrochloric acid
it may aid in the solution of the cellulose coating of the
starch granule, and so prepare the starch for the action of
the amylopsin of the pancreatic juice. The amylolytic action
of the ptyalin of saliva is checked by hydrochloric acid.
Cane sugar is inverted into dextrose and levulose, and in a
similar manner there may be some slight action on the
other disaccharides, some of the maltose produced by the
saliva being converted into dextrose, and some of the lactose
of milk being converted into dextrose and galactose.

In virtue of its free hydrochloric acid, gastric juice has
an important antiseptic action,—many bacteria, which are
swallowed with the food, being killed, and i this way hydro-
chloric acid prevents putrefactive changes taking place in the
stomach.

The acid gastric chyme, produced by the action of the
gastric juice upon the various kinds of food, is gradually
allowed by the pyloric sphincter to escape into the duodenum,
where it is further acted upon by other digestive juices with
which it comes into contact. The hydrochloric acid which
escapes into the duodenum aids in the production of secretin.
Its presence in the duodenum also helps to regulate the
pyloric sphincter. Von Mering injected acid into the
duodenum, and so caused closure of the pyloric orifice.
The gastric juice does not digest the wall of the stomach,
because the epithelial cells secrete an anti-body called anti-







CHAPTER XI.

PANCREATIC DIGESTION.

K THE STRUCTURE OF THE PANCREAS,

‘THE pancreas consists of two portions :—

1. The tubulo-racemose part.
2. The cell islets of Langerhans.

The tubulo-racemose portion is very much like a serous
salivary gland in structure, and consists of elongated or
tubular acini, each of which is lined by large cubical cells
placed on the basement membrane. These cells line the
central lumen, but internal to these cells are occasionally
found spindle-shaped cells, known as the centro-acinar cells,
If the pancreas.of a recently killed animal, such as a guinea-
pig, is examined in the fresh state, it will be seen that the
cells lining the acini are full of minute granules. These
granules occupy the innermost portions of the cells, and
the nucler appear to be pushed towards the basement
membrane. This is the resting condition of the pancreas.
If, however, a 1 per cent. solution of the nitrate of pilocarpine
1s injected mnto the peritoneal cavity of a guinea-pig, and the
animal is killed half an hour afterwards, and a portion of the
fresh pancreas, first teased in aqueous humour, is then
exposed to the vapour of a 1 per cent. solution of osmic
acid, it will be seen that the cells lining the acini are smaller
and the granules are fewer than ‘in the resting state. The
effect of the pilocarpine is to cause the cells to pour out their
zymogen granules.

In the inter-acindr connective tissue of the pancreas there
are irregular masses of spheroidal or cuboidal cells the proto-

plasm of which 1s not nearly so granular as in the cells lining
108
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the acini. These irregular islets of epithelial cells are known
as the cell islets of Langerhans; they are well supplied with
blood, and are not connected with any duct. It appears that
they are developed separately from the tubulo-racemose por-
tion, and that in certain fish they exist as separate bodies. It
is said that these cell islets produce an internal secretion which
is extremely important in carbohydrate metabolism. Opie has
advanced the view that, when diabetes mellitus occurs as
the result of pancreatic disease, it is the cell islets which are
damaged, and that these are therefore responsible for the
disturbed carbohydrate metabolism. On the other hand, Dale
states that these cell islets are being continuously formed
directly from the acini of the pancreas itself. By the injection
of secretin he was able to cause increased production of large
cell islets in the pancreatic tissue (zide p. 290).

¥

METHODS OF OBTAINING PANCREATIC JUICE.

1. The pancreas of an animal, recently killed, is minced
and extracted with water. This extract, however, soon decom-
poses.

2. A fresh pancreas is minced a few hours after death, and
a glycerin extract made.

3. A cannula is placed in the pancreatic duct of a dog before
the duct enters the duodenum ; in this way fresh pancreatic
juice may be obtained as follows. The mucous membrane of
the duodenum or jejunum of a dog recently killed is carefully
removed, and this is extracted with normal saline solution.
The salt dissolves out a substance called pro-secretin, which
is produced in the mucous membrane of the upper part of
the small intestine. To this salt extract is added a little
o'z per cent. hydrochloric acid, the effect of which is to cause
the pro-secretin to split off an active substance—secretin.
The same change may be brought about by boiling the salt
extract of the mucous membrane. If this solution of secretin
is introduced into the jugular vein of the dog, in the pancreatic
duct of which the cannula is fixed, the effect of the secretin
will be to stimulate the cells of the pancreas to pour out their
contents, and in this way an appreciable amount of pancreatic
juice may be obtained through the cannula (vide p. 292).
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"CHARACTERS OF PANCREATIC JUICE.

Fresh pancreatic juice is a somewhat thick colourless
solution strongly alkaline, of specific gravity 1007. It con-
tains water, from go to g6 per cent. The solids in solution
are chiefly the following salts: Sodium chloride, sodium
carbonate, alkaline sodium phosphate, calcium phosphate, and
magnesium phosphate. It contains the zymogen, trypsinogen,
which is activated by the zymolysin or enterokinase of the
succus entericus ; this converts the inactive trypsinogen into
a very active proteolytic enzyme trypsin. The enzymes
present are amylopsin or pancreatic diastase, and pancreatic
lipase. Stale pancreatic juice contains leucine and tyrosine,
which are some of the products of proteolysis. About 500
to 6ooc c.c. of pancreatic juice are secreted in twenty-four
hours.

COMPOSITION OF PANCREATIC JUICE.

Water . : : ; . 9o to g6 per cent.
Solids . 3 . . : ANEORTON =
[Tr}rpsin,- a proteolytic enzyme.
Enzymes . v Amylopsin, an amylolytic enzyme.

Pancreatic lipase, a lipolytic enzyme.
Chlorides of sodium and potassium.

: {Carbonate of sodium.
Phosphates of sodium, calcium, magnesium.

Salts

It is generally held that the composition of the pancreatic
juice remains fairly constant, and does not particularly adapt
itself to the various kinds of food digested. The amount of
pancreatic juice secreted depends directly upon the amount
of secretin formed, and this in turn depends upon the
amount of hydrochloric acid arriving in the duodenum from
the stomach.

MODE OF SECRETION OF PANCREATIC JUICE.

After food is taken the amount of pancreatic juice secreted
gradually rises, and is at its maximum about the third hour ;
the amount of secretion then gradually diminishes, and 1is
said to fall to zero at the end of the fifth hour, unless, of
course, more food is taken. Pawlow maintains that the
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secretion of pancreatic juice is under the control of the
central nervous system, and that the vagus is the chief efferent
nerve ; but it is also stated that the sympathetic nerve has
some secretory fibres for the pancreas, and it is possible that
the vagus also contains some secreto-inhibitory fibres. Starling
and Bayliss have shown that the secretion of pancreatic juice
‘< not a reflex nervous secretion, but, in ordinary circum-
stances, is due to a local chemical mechanism. They cut the
vagus nerve of a dog and then destroyed the local ganglia,
then increased the secretion of pancreatic juice by injecting
“nto the blood stream of the animal a saline extract of the
mucous membrane of the duodenum of another dog recently
killed. This extract had been previously treated with a little
“weak hydrochloric acid. It is concluded, then, that the sodium
chloride in the acid gastric chyme dissolves out an inactive
substance called pro-secretin, which is produced by the cells
in the mucous membrane of the duodenum and jejunum, and
that this pro-secretin is further acted upon by the free
hydrochloric acid which is present in the acid gastric chyme.
In this way the active organic substance secrefin is split off
from the pro-secretin. The secretin is then absorbed locally,
and carried by the blood stream to the pancreas, where it
stimulates the cells of the pancreas to pour out their contents.
If the animal is placed under the influence of atropine this
secretory mechanism is not put.out of court. It 1s quite
possible, therefore, that the secretion of pancreatic juice is
normally brought about by a local chemical mechanism, which
in its turn depends upon the acid gastric chyme; but that
this local mechanism, to a certain extent, is controlled by the
central nervous system through the vagus nerves. According
to Dixon and Hamill, the cells of the pancreas produce three
zymogens — protrypsinogen, proamylopsin, and prolipase, and
the secretin absorbed acts on all, liberating trypsinogen,
amylopsin, and lipase. In the intestine the trypsinogen 1s
converted into active trypsin by the enterokinase of the succus
entericus.

Pro-secretin also gives rise to another substance besides
secretin.  This other body lowers arterial blood pressure, and
it is quite possible that it is absorbed by the mucous membrane
of the small intestine, and carried in the blood stream to the
pancreas, where it produces a local vasodilatation of the
arterioles, a flushing of the capillaries, and consequently an
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increased activity of the cells of the pancreas. These sub-
stances, derived from pro-secretin, have a similar action upon
the liver, causing vasodilatation and an increased production
of bile.

THE ACTION OF PANCREATIC JUICE.

1. Upon Protein.—1It is found experimentally that pancreatic
juice, obtained by a cannula placed in the pancreatic duct, has
no action whatever upon protein food. It will be remembered
that absolutely fresh pancreatic juice contains the inactive
zymogen, trypsinogen, but in the intestine the inactive tryp-
sinogen is activated by enterokinase, or zymolysin, which occurs
in the succus entericus, and is thus converted into active trypsin,
—that is to say, in the intestine, pancreatic juice, in the presence
of succus entericus, is actively proteoclastic, or capable of
splitting protein. The protein is acted upon by the trypsin
in the presence of the alkali sodium carbonate ; 1t 1s first con-
verted into a smaller molecule of the nature of a soluble
globulin, then into alkaline meta-protein. This is further
split into the proteoses, one of which is readily demonstrable,
namely, deutero-proteose. This is still further splitinto the still
smaller molecule peptone, probably a mixture of polypeptides.
In the small intestine the pancreatic juice does not act by itself,
but needs the presence of succus entericus, when the erepsin
aids the trypsin in further breaking the peptone molecule into
individual polypeptides, which are linkage bodies containing
two or more amino-acids. These polypeptides are further
broken into the more soluble amino-acids, such as leucine
(amino-caproic acid), tyrosine (oxy-phenyl-amino-propionic
acid), aspartic acid (amino-succinc acid), glutamic acid (amino-
pyro-tartaric acid). Besides the amino-acids the hexone bases
are produced. These are lysine (diamino-caproic acid), arginine
(guanidin-amino-valeric acid), and histidine (imidazol-amino-
propionic acid) ; and lastly, amongst the cleavage products of
proteolysis, are tryptophane (indole-amino-propionic acid) and
ammonium compounds. By the. result of bacterial action in
the intestine some of the amino-acids are further split into
aromatic substances, indole (C,H, N), skatole (3-methyl-indole),
and phenol. Tryptophane itself is decomposed by the bacteria
of putrefaction into indole and skatole (3-methyl-indole), and

tyrosine gives rise to phenol.
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PROTEIN
Acted upon by trypsin-sodium carbonate

- Soluble tglabuiin

!illm'line-mt:ta-protcin

Deutero-proteose

’I

Peptone
Polypeptides

Mono-amino acids (leucine, aspartic acid, glutamic acid)
Diamino acids (lysine, arginine)

Aromatic amino-acids (tyrosine, tryptophane)
Ammonium compounds,

These units of the complex protein molecule are in all
probability set free 7z the intestine by the aid of the enzyme,
erepsin, which is present in the succus entericus. |

In a similar manner trypsin-sodium carbonate digests
gelatin, though it has practically no digestive action on
collagen.

TesT For LEuciNe (C;H;,.NH, COOH), orR AMINO-
CAPROIC ACID.

It forms spheroidal clumps of colourless crystals, which may
occur separately.

—ma s ——

F16. 12.— Leucine crystals. (Halliburton, affer Kiihne.)

3
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Tests ror Tyrosine ((C,H,.OH)C,H,.NH,COOH) Oxv-
PHENYL-ALANINE, OR DK\'-PHEN‘h"L-:‘;MIND-l’HUP]DNIC
Acip.

1. It forms fine colourless needle-shaped crystals, often
seen in bundles.

2. Tyrosine gives a red colour with Millon’s reagent.

3. Morner’s test.—If pure tyrosine is boiled with Morner’s
solution (formalin 1 c.c., distilled water 45 c.c., concentrated
sulphuric acid 55 c.c.).an emerald green colour is produced.

' ‘;ﬁ;’ﬂ

Fi1G. 13.—Tyrosine crystals. (Halliburton, after Frey.)

TEST FOR TRYPTOPHANE, OR INDOLE-AMINO-PROPIONIC ACID,

Add a little bromine water; this produces a violet colour. .
If alittle amyl alcohol is then added, and the mixture gently
shaken and then allowed to stand, the alcohol rises to the
top and contains the violet pigment in solution.

TEST FOR INDOLE.

Cholera-red reaction :—_-;ﬂdd a little sulphuric acic! and a
few drops of a dilute solution of sodium nitrite : a bright red

colour appears.
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2. Upon Fat.—Before fat can be readily split into glycerin
and fatty acid it must be emulsified—that is to say, broken up
into very fine globules such as are present in milk. .

Emulsification.—The process of emulsification is a physical
one, and is brought about in the small intestine by means of
various agencies. These are as follows i—

(a) The movement and warmth of the intestines.

() The presence of mucin and nucleo-proteins. These are
viscid substances, and viscidity aids the process.

(¢) The alkalinity of the intestinal contents. Pancreatic
juice is definitely alkaline, and fresh bile is faintly alkaline.

Saponification.—The emulsified fat is further chemically split,
by the action of pancreatic lipase, into glycerin and fatty acid.
Triolein is split into glycerin and oleic acid; tripalmatin is
split into glycerin and palmitic acid, and tristearin is split into
glycerin and stearic acid. Pancreatic lipase also splits the
lipoid lecithin into glycero-phosphoric acid, stearic acid, and
choline, the last being a poisonous alkaloid. The choline is
further broken up by the bacteria, which are present in the
intestine, into such inert bodies as carbon-dioxide, marsh gas,
and ammonia. Some of the fatty acids unite with the alkaline
bases present to form a soluble soap.

3. Upon Carbohydrates.—The pancreatic juice of the young
infant has no action upon carbohydrates, because it contains
no amylolytic enzyme; hence babies are unable to digest
starch. The pancreatic juice of the adult, however, contains
a very active amylolytic enzyme, amylopsin, which 1s capable
of acting upon uncooked as well as cooked starch, and con-
verting these into soluble starch; this is further split into
erythro-dextrin and achroo-dextrin, the final products being

-achroo-dextrin and maltose.

The pancreatic is the most active of the digestive juices.
Trypsin is a more powerful catalyst than pepsin, and amylop-
sin is a more powerful catalyst than ptyalin,—in other
words, the velocity of reaction 1s greater in the case of
trypsin and amylopsin than it is in the case of pepsin and
ptyalin,

As trypsin i1s such a powerful enzyme, the question
naturally arises, why is it that the pancreatic juice does not
digest the pancreas itself? The pancreatic juice as it occurs






CHAPTER XL
SUCCUS ENTERICUS.

THE mucous membrane of the intestine contains innumerable
simple, straight, tubular glands, which are lined by flattened
columnar cells supported on a basement membrane. These
are Lieberkiihn’s crypts, and are plentifully supplied with
blood and secrete the succus entericus. Although it is some-
what difficult to obtain succus entericus in any appreciable
amount, it will be understood that the twenty feet of small
intestine must secrete a large quantity of intestinal juice.

" :
METHODS OF OBTAINING SUCCUS ENTERICUS.

Vella’s Method.—A few inches of the small intestine of a
dog are severed from the main portion, care being taken that
the blood-vessels and nerves supplied to this isolated piece are
undamaged, and the two ends of this part are sutured to the
abdominal parietes. Two intestinal fistulee are thus produced,
and from these openings succus entericus may be obtained.
It is obvious that the two cut ends of the gut must be
accurately sutured one to the other, and returned to the
abdomen so that digestion may go on in the usual manner. |

Thiry’s Method.—This is similar to Vella’s, except that
one end of the isolated loop of small intestine i1s sewn up,
and the free end is sutured to the abdominal wall ; and from

this tube, closed at one end, succus entericus may be
obtained.

‘CHARACTERS OF SUCCUS ENTERICUS.

It is a yellowish opalescent alkaline fluid having a specific
gravity of about 1oro. It contains alkaline salts, chiefly
sodium carbonate, an activator called zymolysin, or entero-

kinase ; certain enzymes, such as invertase, lactase, maltase ;
117
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and an enzyme, which has some slight action upon starch,
also a proteolytic enzyme, erypsin.

v
THE ACTION OF SUCCUS ENTERICUS.

1. On Carbohydrates.—Succus entericus hds a slight action
upon starch, converting it into dextrin, and finally into
sugar. By virtue of the enzyme, invertase or sucrase, cane
sugar, which is dextro-rotatory, is converted into dextrose and
lrevulose. The levo-rotatory power of the laevulose is greater
than the dextro-rotatory power of the dextrose; hence this
1s an example of ingersion, an enzyme converting a dextro-
rotatory sugar into a mixture which 1s levo-rotatory. By the
action of the lactase, milk sugar or lactose is converted into
dextrose and galactose. And by the action of the maltase,
maltose is converted into dextrose.

Cane sugar . invertase = Dextrose and lavulose.
Lactose . lactase = Dextrose and galactose.
Maltose . maltase = Dextrose and dextrose.

CI‘ZHEEO 11 ac HEO C{!Hlﬂoﬂ ol CﬁHIEDG‘

2. On Proteins.—By the action of the enzyme, erepsin,
which is actively proteolytic or proteoclastic, proteoses, pep-
tones, protamines, histones, and polypeptides are finally split
into monoamino-acids, diamino-acids, aromatic amino-acids,
and ammonium compounds. Although it should be noted that
erepsin has no action upon native protein such as egg-albumin,
egg-globulin, and fibrin. The chief protein of milk, however,
calcium caseinogenate, is split by erepsin into simpler sub-
stances.. The action of erepsin, therefore, is all-important in
infants, in whose alimentary canal pepsin and trypsin are
either absent or present only in very small quantities.

Vines has shown that an enzyme of the nature of erepsin
is present in certain carnivorous plants, and Vernon states
that enzymes of the nature of Ll"l;pblll are generally present in
most animal tissues, especially in the kidney. It has already
been stated that succus entericus contains a substance called
zymolysin or enterokinase (ferment of ferments), which is
essentially an activator, the function of which is to convert
the inactive tr;.rpsmngcn into active trypsin. At the same
time, enterokinase is said to be capable of activating pancreatic

lipase.




CHAPTER XIIT.
THE LIVER.
GENERAL STRUCTURE OF THE LIVER.

TuE liver is essentially a lobular organ, the lobules of which
may more readily be seen in the liver of some of the lower
animals. The larger portion of the liver is covered over by
the peritoneum, bencath which is some fine areolar tissue
called Glisson’s capsule, which extends into the liver
substance through the portal fissure, and surrounds the
portal systems, which include a branch of the portal vein, a
" branch of the hepatic artery, and a bile duct. Each lobule
is about 1 mm. in diameter, and consists of a number of
polyhedral cells loosely packed, together with a particular
arrangement of blood vessels and bile capillaries.

The arrangement of the blood vessels and bile caplllanes
is as follows :—

The portal vein brings back the blood from the spleen,
stomach, duodenum, pancreas, small intestine, and the
greater part of the large intestine to the liver. The portal
vein has a relatively large amount of plain muscle in its walls,
to which vasomotor nerves are distributed. After entering
the transverse fissure of the liver, the portal vein divides into
right and left branches for the right and left lobes respectively ;
each branch breaks up into veins which run between the liver
lobules. These are the #nterlobular veins, which give off the
lobular blood capillaries, which form a fine network within the
lobule itself. These capillaries open into sinusoids between
the liver cells, and, for the most part, the protoplasm of the
liver cells forms the wall of the sinusoids. It is said that
some of the blood plasma in these sinusoids gets into
minute #ntracellular canals situated within the liver cells

(Schifer), so that in this way the liver cell is brought into
L11g
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intimate relationship with the fluid in the sinusoids derived
from the portal vein. The intracellular blood canals are too
minute to admit the blood corpuscles; they simply transmit
the plasma.

The sinusoids converge towards a vein, the infralobular
vein, in the centre of the liver lobule, which is the com-
mencement of the hepatic system of veins. The intra-
lobular veins open out into the sublobular veins, which
converge to form the hepatic vein. The hepatic veins open
into the inferior vena cava. It will be seen that the blood,
which reaches the liver through the portal vein, is brought
into intimate relationship with the cells in the liver lobules.
The hepatic artery breaks up in a similar manner to supply
the right and left lobes of the liver. Each branch divides
between the liver lobules as the interlobular arteries, which
give off minute capillaries running into the liver lobule, and
ending in the middle zone of the lobule by opening into
the sinusoids derived from the portal vein. In this way
the hepatic vein takes back from the liver blood brought
to it by the portal vein and the hepatic artery. The
bile capillaries commence in intracellular bile vacuoles,
which exist within the protoplasm of the liver cell, and in
this way the protoplasm of the liver cells can readily excrete
material into the bile capillaries. The intracellular bile
vacuoles open into minute intracellular bile capillaries, which
run outwards from the liver cells and join with neighbouring
intracellular bile capillaries to form the intercellular bile
capillaries. These run between the liver cells,—in fact, where
they first form, their walls consist of the protoplasm of the
liver cells themselves. These bile capillaries traverse the
liver lobule as the lobular bile capillaries, and then open into
interlobular bile canals, which are lined by columnar epi-
thelial cells supported on a basement membrane; these are
the small bile ducts. The intracellular bile vacuoles and
canaliculi may be demonstrated by one of the following
methods :—

(1) Inject into the jugular vein of a dog a saturated watery solution of
sodium sulph-indigotate (blue), and allow it to circulate for one hour and a
half, then kill the animal and wash the blood vessels quite free from
blood, If the liver is examined, blue pigment will be found in the liver
cells, in the bile canaliculi, and in the bile ducts. (2) Stain fresh liver by
Golgi’s silver-chrome method, the intracellular bile vacuoles and canaliculi
will become black.

e — e
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THE STRUCTURE OF LIVER CELLS.

If a piece of fresh liver is teased in a normal saline solution
the liver cells are seen to be somewhat ovoid in shape, but
when they are packed in the liver lobules they appear to be
polyhedral, with spaces between for the blood to traverse
the intercellular capillaries and sinusoids, and for the bile to
traverse the intercellular bile canaliculi. Each liver cell has a
central oval nucleus. In the protoplasm of the cell the intra-
cellular blood capillary, the intracellular bile vacuole, and
canaliculus may be demonstrated. In the protoplasm are
numerous granules, some of which are protemn granules, which
can be fixed brown with osmic acid; and some are fat globules,
which may be demonstrated by the fact that the triolein present
reduces osmic acid to a lower oxide of osmium, which is black,
and granules consisting of iron in organic combination, which
may be demonstrated by the fact that they become blue
when the liver is treated with ferrocyanide of potassium and
a little acetic acid. The iron becomes black when the fresh
liver is hardened in alcohol containing ammonium sulphide
in solution, the black sulphide of iron being produced in the
liver cells. Some of the granules found in the liver cells are
no doubt pigment granules. Clear material may also be seen
in the protoplasm of the liver cell, which stains a brownish-red
colour with a solution of iodine. This clear material i1s

glycogen.
THE FUNCTIONS OF THE LIVER.

These may be briefly stated as follows :—

1. Glycogenic Function.— The liver cells are supplied by
the glucoses—dextrose, levulose, and galactose—which are
absorbed from the intestine; and the liver cells, possibly
activated by the internal secretion of the pancreas, store up
animal starch or glycogen (C,H,,0;),; and, according to
Claude Bernard’s theory, the glycogen so stored by the liver
cells is gradually, by an endo-cellular enzyme, converted into
dextrose, and the dextrose thus produced leaves the lLver
by the hepatic vein, and so is distributed to the tissues of the
body for further use. According to Pavy’s view, the glycogen
so stored up in the liver cells is never re-converted into carbo-
hydrz‘l,te, but is on the way to /%e/p to form fat and protein in
the tissues. It is true that a rich carbohydrate diet increases
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the depusiti_{::rn of fat in the fat depOts of the body, and also
that many tissue proteins contain a carbohydrate radical. The
glycogenic function of the liver is under the control of the
central nervous system. The centre seems to be in the
upper part of the medulla, bounded above by the roots of
the auditory nerve and below by the vagus nucleus. Puncture
of this region #77ifates the nerve cells of the centre, and is
followed by increased production of dextrose from the stored
glycogen, hyperglycemia, and glycosuria of short duration.
The centre may be reflexly excited by stimulation of the upper
cut end of certain afferent nerves, ze. the vagi, the depressor,
or any large mixed nerve such as the sciaticc. The efferent
path for the impulses seems to be down the spinal cord to
the upper dorsal region, through the anterior nerve roots into
the white rami communicarites, thence through the lower cervical
and upper thoracic sympathetic ganglia, and by the splanchnic
nerves to the liver. Macleod. says: “ As to the exact nature of
the glycosuria-producing impulses we know very little. They
may be merely vasomotor, and cause dilatation of the hepatic
vessels, by means of which an increased sugar production
is induced (Bernard); or it may be that there are in the
splanchnics true secretory fibres concerned in the control of
the enzyme production in the hepatic cells. Pfliiger offers an
ingenious speculation regarding the rdle in the animal economy
“of the reflex control of sugar production in the liver. Sugar
is the most available food stuff for muscular contraction, so
that when a muscle contracts it uses up some sugar; at the
same time, however, by compression of the muscle spindles,
afferent nervous impulses are set up which are carried up to
the ¢ diabetic centre,” and so lead to the formation of more
sugar from the liver. The heart is the most active muscle in
the body, and consequently requires most sugar; its afferent
fibres to the ‘diabetic centre’—carried by the vagus—are
therefore the most active of all” (vide p. 384).

Preparation of Glycogen from the Liver.—A rabbit which
has been previously fed on carrots is killed, the abdomen and
thorax then rapidly opened, and the liver exposed. A cannula
is fixed in the portal vein, and another in the inferior vena
cava in the thorax. The liver is then perfused with a normal
saline solution through a cannula in the portal vein, and the
washings as they leave the liver may be collected from the
cannula in the inferior vena cava. The early washings from

-
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the liver contain sugar, the intermediate washings less sugar,
and the last washings may contain no sugar. In this way the
blood of the liver and the contained sugar must be carefully
washed out. It may be seen that the liver washing IS success-
ful, because it loses its bright red colour, becomes pale and
swollen by the salt solution which distends its vessels, When
the liver is thoroughly washed through it is rapidly removed,
the gall bladder excised, and the liver cut into small pieces.
These are then thrown into boiling water previously acidulated
with a little acetic acid. This coagulates the proteins and
kills the enzymes which are present, at the same time the water
abstracts some of the glycogen. The scalded liver 1s then
placed in a mortar and some finely powdered sand or glass
and boiling water are added. The whole is carefully ground
up, and further extracted with boiling water. On filtering,
the extracted glycogen goes through the filter, whereas the
coagulated protein, the fat, the _connective tissue, and the
powdered glass remain on top of the filter. The greenish
opalescent filtrate is now slowly evaporated to concentration,
and the glycogen precipitated from it by adding alcohol until
the amount of it present is about 55 per cent. The glycogen
may then be dried. It is a white, tasteless, amorphous
powder, soluble in cold water, producing an opalescent
solution. On adding to a solution of glycogen a drop or
two of iodine solution a reddish-brown colour is produced,
which disappears on warming and reappears on cooling.
Glycogen may be precipitated from its solution by adding a
few drops of basic lead acetate. It is also precipitated by
saturation with ammonium sulphate crystals.

». Urea Formation.— The greater part of the urea produced
in the body is formed in the liver (zide p. 360). The liver
cells form the urea from two sources :(—

(1) The larger amount, produced by the liver cells, is
derived from the amino-acids which have been absorbed from
the small intestine, and which are not required by the tissues ;
this constitutes the exvogenous urea.

(2) The smaller amount, produced by the liver cells, 1s
derived from the ammonium carbonate, which is the outcome
of nitrogenous katabolism, and which is derived from the
tissues ; some is also produced by the action of the uricolytic
enzyme upon uric acid ; this constitutes the endogenous urea.

3. Uric Acid Formation.—Uric acid is formed in the liver
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more abundantly than in other tissues. It is the result of the
complete oxidation of certain purine bases, which are derived
partly from the nucleo-protein in the tissue (endogenous uric
acid), and partly from the nucleo-protein of the food (exogen-
ous uric acid). Much of the uric acid thus formed is further
changed by the uricoclastic or uricolytic enzyme, produced by
the liver cells, into urea (vide p. 371).

4. The Formation of Creatinine (C,H,N,0).—Creatinine is
formed in the liver from substances of unknown composition
carried to it by the blood stream. The creatinine so formed
is carried to the muscles of the body, where it is stored as
creatine (pide p. 366).

5. Bile Formation.—The liver may be considered as an
extremely important filter, excreting into the bile certain waste
products, the result of katabolic changes which take place in
the tissues and the liver itself. It is also probable that the
liver gets rid of, or neutralises, many poisonous substances,
which have entered the intestinal wall from the alimentary
canal, and in this way it may be considered as an organ which
safeguards the tissues from such poisons. How the liver cells
act in this way is not known; there are, however, two chief
possibilities. One is that the liver cells secrete anti-bodies
which neutralise the effect of these various poisons arriving by
the portal blood. The other is that the liver cells secrete
oxidases, which oxidise toxic substances into inert compounds.
There are also reasons for believing that the liver not only
filters off bacteria, which arrive by the portal vein, but that it
also aids in their destruction (Batty Shaw). If more poisons
are produced in the tissues, or absorbed from the alimentary
canal, than the liver is capable of dealing with, or if the liver
cells are so destroyed that they cannot deal with such poisons,
then the symptoms of toxaemia arise. Most of these waste
substances, which are eliminated by the liver, help to form
the bile, and as bile they escape again into the intestine, to be
excreted for the most part in the fweces.

6. A Blood Reservoir.—The liver, which contains a very
large vascular area, may be considered as a reservoir for blood
on its way to the heart, and so to a certain extent it helps to
prevent the right side of the heart from becoming over dis-
tended.! This fact may be demonstrated experimentally. It

1 In much the same way the lungs act as reservoirs for the left side of the
heart, and help to prevent its over-distension.

. )
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is found that, if a solution of proteose is injected into the
blood stream of an animal, and certain organs such as the
kidney, spleen, liver, and even a limb are put into a plethysmo-
graph, the general result 1s vasodilatation and a consequent
enlargement of the various organs, due to engorgement of the
blood capillaries. It is found, however, that the liver becomes
relatively much larger than the other organs, and this seems to
point to the fact that the liver accommodates a large amount
of the blood on its way to the heart. This reservoir action of
the liver is also observed clinically. In chronic cardiac
disease, when broken cardiac compensation occurs and the
signs of back pressure set in, that is, when the arteries become
under filled and- the veins over filled, the liver is the first organ
to become enlarged. The intralobular veins become passively
congested, the neighbouring liver cells undergo fatty degenera-
tion, and the condition known as nutmeg liver is produced.

7. Production of Anti-thrombin.—It is believed that the
liver cells secrete anti-thrombin, a substance which neutralises
the action of the circulating thrombin, or fibrin enzyme, and
in this way intravascular coagulation 1s prevented. When, in
abnormal circumstances, thrombosis, or blood clotting, does
take place in the body, it may be due either to too much
thrombin or fibrin enzyme being liberated, or to too little anti-
thrombin being secreted by the liver cells.

8. Frythrocytes.—A large amount of the arterial blood
which leaves the placenta travels straight back to the liver of
the fetus by the umbilical vein and the vena advehentes, and
it is believed that red blood corpuscles of the foetus are formed
in its liver. In the adult, however, the useless red blood
corpuscles are finally chemically disintegrated, and the iron of
the heemoglobin in organic combination is deposited in the
liver cells. This is gradually removed, possibly by the white
blood corpuscles, and utilised over again 1n the red marrow
of bone to form new hemoglobin. In the disease known as
primary, or idiopathic, permcious anemia, in which there is
an increased haemolysis, or destruction of red blood corpuscles,
taking place in the body, there is an increased deposit of iron
in organic combination in the middle and outer zones of the
liver lobules.

9. Heat Production.—From these statements it will be seen
that metabolic changes take place to a very marked extent in
the liver, and that in this way the liver participates with the
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muscles, and some of the other glands in the body, in being
an organ in which oxidation takes place somewhat rapidly.
It may therefore be looked upon, at anyerate, as one source of
animal heat (zide p. 414).

v
BILE.

For ordinary examination, bile is usually obtained from the
gall-bladder post-mortem, but it may be obtained during life
from a biliary fistula,—that is, an opening made between the
gall-bladder and the skin of the animal. If the animal is fed
in the usual way, it is found that there is an early flow of bile
from the gall-bladder, no doubt due to the fact that some acid
gastric chyme leaves the stomach and gets into the duodenum,
the hydrochloric acid being the chemical excitor. Following
this there is a later flow of bile, due to the absorption of
secretin, which stimulates the liver cells to secrete bile, just as
it stimulates the cells of the pancreas to secrete the pancreatic
juice. It has been found experimentally that the secretion of
bile is much quickened by the injection of secretin into the
blood stream.! Bile is secreted at a pressure varying from
15 to 3o mm. Hg., the pressure of the blood in the portal
vein is roughly 1o mm. Hg., so that, when obstruction takes
place to the outflow of bile along the ductus communis
choledochus, bile readily passes into the lymph stream, thence
to the thoracic duct and blood stream, and the individual
becomes jaundiced ; following this the bile pigments and bile
salts are excreted in the urine.

The amount of bile secreted daily varies from 5oo to
Icoo C.C.

¥ Composition of Bile.—The bile of herbivorous animals is,
as a rule, dark green, that of carnivorous animals is orange-
red. In man the colour is yellowish-green. Fresh bile is
transparent and viscid ; this viscidity is due to the presence
of nucleo-protein in ox bile and to mucin in human bile. Bile
15 extremely bitter ; it has an aromatic odour, and its reaction

1 Bile, which is secreted by the liver cells, passes into the bile ducts
down the common hepatic duct, and much al‘pit is stored in the gall-
bladder. It is expelled from the gall-bladder by the contraction of the
muscle in its walls. Cholagogues (bile drivers) act in two ways: (1) By
causing more rapid movements of the contents of the intestines, so that
sufficient time is not allowed for the absorption of bile salts ; (2) by causing
the contraction of the muscular wall of the gall-bladder,

____—__-__
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is just alkaline ; the specific gravity varies from 1010 to 1011
(fistula bile), 1026—1030 (gall-bladder bile).
Bile from the gall-bladder consists of :—

Water : ; : ; : . 85 per cent.
Solids : : ; e : 15 >
Bile salts (sodium taurocholate and
sodium glycocholate) . ; O

Mucin or nucleo-protein . : .
Bile pigments (bilirubin and biliverdin) } 3w
The lipoids, cholesterin, and lecithin

together with neutral fats, about Lo e
Inorganic salts, chiefly sodium chloride,

potassium chloride, calcium phos-

phate, magnesium phosphate, and

a trace of iron phosphate; these

together form about . 5 ST

Bile contains also a certain amount of carbon-dioxide. The
tension of the CO, in bile is greater than the tension of it in
the venous blood from the liver; this suggests that the liver

ells are capable of secreting the gas.

The Bile Salts.—The bile salts are sodium glycocholate
and sodium taurocholate. These may be separated from the
bile as follows :—

1. Evaporate the bile to a quarter of its bulk in order to
concentrate.

2. Add to the concentrated bile powdered animal charcoal,
and rub to a paste. The animal charcoal absorbs the colour-
ing matter.

3. Add to the mass alcohol ; this dissolves out the bile salts.

4. Add to the alcoholic extract neutral lead acetate; this
forms a precipitate of lead glycocholate.

5. The lead glycocholate is dissolved in hot alcohol, and
H,S gas passed through the solution. This precipitates the
lead as lead sulphide, and glycocholic acid remains in solution.

6. After the lead glycocholate has been precipitated and
removed, the taurocholate may be precipitated by adding
basic lead acetate and ammonia.

Sodium glycocholate is more abundant in the bile of her-
bivorous animals and man; sodium taurocholate is more
abundant in carnivorous animals.

Glycocholic acid may be prepared from bile as follows :—
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Ten c.c. of ether are added to 100 c.c. of fresh ox bile and

the mixture is well shaken. Four c.c. of concentrated hydro-
chloric acid are then added, and the mixture is further well
shaken. On standing, glycocholic acid separates out.
+ Glycocholic acid (C,,H,;NO,), when it gets into the
intestine, is there broken up into glycine (CH,.NH, COOH)
and cholalic acid [C,H,CHOH(CH,OH),COOH]. A
similar decomposition may be brought about by the action of
weak alkalies and weak acids.

I CHOH
CopH NO: H,0 = CH, NH,.COOH+ C,,H,, + (CH,0H),
(Glycocholie (Glycine or amino- l COOH
acid) acetic acid) (Cholalic acid)

Glycocholic acid is soluble in hot water and in alcohol ; it
is slightly soluble in ether. Glycine is a normal product of
proteolysis.

Taurocholic acid (C,,H,:NO;S) in the intestine is broken
up into taurine or amino-isthionic acid (C,H, . NH, HSO,) and
cholalic acid. It may also be decomposed, by boiling with
weak alkalies or weak acids or with barium hydrate, into
taurine and cholalic acid.

CHOH
CzﬁHeﬁNDfS A HEO = CEHrNHz- H503+ Czan (CHEOH)E
(Taurine or amino- COOH
(Taurocholic acid) isthionic acid) (Cholalic acid)

Taurine has been formed artificially from cystine, a normal
constituent of proteins. Cholalic acid may be broken up, by
putrefaction and by .the action of acids, into an insoluble
hydride called dyslysin.

/" Phe Origin of Bile Salts.—Bile salts are produced by the
liver cells. Their immediate precursors are most probably
some of the tissue proteins, including heemoglobin ; for there is
no doubt that the sulphur contained in heemoglobin and other
proteins is eliminated in the taurocholic acid. In the bile the
salts are excreted into the intestine, but Schiff has shown that
bile salts circulate, which means that a certain proportion is
reabsorbed. In the intestine, fat is split into glycerin and
insoluble fatty acid ; this latter is soluble in bile salts, and in
this way is absorbed with the- bile salts, which get to the liver
by the portal vein, to be excreted once again (Schiff’s circula-
tion of bile salts). On the other hand, some of the bile salts
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are split in the intestines into glycine, taurine, and cholalic
acid, and some of these substances are absorbed as well,
Some of the glycine may be converted in the liver into urea,
some of the taurine into organic sulphates, which are found in
the urine.

TgsTs FOR BILE Savrs.— Pettenkofer’'s Test—This test de-
pends upon the presence of cholalic acid. Into a white
capsule is put a trace of bile, a small quantity of a solution
of cane sugar, and a little concentrated sulphuric acid ; after
the mixture is gently warmed a brilliant purple colour is
produced. This is due to the fact that the sulphuric acid
acts upon the cane sugar, producing, amongst other substances,
furfurol or furfuraldehyde, which in the presence of cholalic
acid gives a purple colour. This test may be performed in a
test tube ; when the bile and the cane sugar are shaken to-
gether a froth is produced on the top, a drop of concentrated
sulphuric acid is poured through the froth, the purple colour
appears in the froth, especially on being warmed.

Hay's Test—Pettenkofer’s test cannot be obtained in urine
if the bile salts are present in small quantity only. But if a
light powder, flowers of sulphur, is placed upon the top of
urine, which contains a trace of bile salts, the powder will
gradually sink. This is due to the fact that bile salts n
solution diminish the surface tension and allow the fine
particles of the powder to fall through the fluid. Flowers of
sulphur will not sink in normal urine.

Bile Pigments.—Human bile contains bilirubin (C,;H,;N,0O,)
and biliverdin (C,;H,sN,0O,). Bilirubin is more abundant
in the bile of carnivora, and biliverdin in that of herbi-
vora. Biliverdin is an oxidation product of bilirubin. Bile
pigments show no absorption bands with the spectroscope.
Either pigment, however, may be reduced, when dissolved in
dilute potash, by sodium amalgam with the formation of hydro-
bilirubin (C,;,H,,N,O;), which gives two absorption bands, one
near the D line and one near the F line of the spectrum.
Hydrobilirubin is allied to stercobilin, the pigment of the
feces, and to urobilin, one of the pigments of the urine.
These, stercobilin and urobilin, are probably the same sub-
stance. Bilirubin is identical with hsematoidin, an iron-free
derivative of hemoglobin, which is found in the body in the
neighbourhood of old haemorrhages, especially in the brain
and lung (heemorrhagic infarct), Haematoidin forms definite

9
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dark red crystals, and gives no absorption bands in the
spectrum, :

GMeLIN's Test ror BiLE PioMENTS.—If a drop of fuming
nitric acid (nitric with nitrous acid) is added to a little bile in
a white capsule, a play of colours is produced ; this is due to
oxidation products. The bilirubin is oxidised to biliverdin
(green), then to bilicyanin (blue), then to bilipurpurin (violet
and red mixed), and the final product is choletelin (yellow)
(€15 FrsN;Op):

' The Origin of Bile Pigments.— The bile pigments are formed
by the liver cells from the disused hamoglobin which is
derived from the disintegrated red blood corpuscles. The
elements carbon, hydrogen, oxygen, and nitrogen of the hzmo-
globin occur in the bile pigments ; the sulphur of the hamo-
globin is eliminated in the sodium taurocholate. The iron of
the heemoglobin is deposited in the liver cells, to be used over
again in the red marrow of bone to help to build up more
haemoglobin, which is carried away in the newly formed
coloured corpuscles.

, Cholesterin or Cholesterol (C,,H,OH).—Cholesterin is a
lipoid which is found abundantly in the fatty sheath of the
nerves, and therefore is in greatest quantity in the brain and
spinal cord, from which it can be readily obtained. Rosen-
heim has introduced the following method for obtaining
cholesterin from the brain. The crushed brain is mixed with
plaster of Paris in order to extract all the water. The choles-
terin is extracted with acetone, which extracts nothing else.
The acetone is distilled off and cholesterin remains. Choles-
terin is also found in both the coloured and colourless blood
corpuscles, and in lymphoid tissue. It is probably being
excreted in the bile. Occasionally it is precipitated in the
gall-bladder and hepatic ducts in the form of cholesterin gall-
stones, and is sometimes precipitated with bilirubin calcium ;
it helps to form the mixed gall-stones, and is also found in
the freces. Cholesterin is a terpene,—that is, an aromatic sub-
stance with five reduced benzene rings linked together; pure
cholesterin is leevo-rotatory (vide p. 49).

Trsts FOR CHOLESTERIN.—1I. It is crystalline, and forms
flat colourless crystals, often appearing to have a corner
notched out.

». If a few cholesterin crystals are placed on a slide, and a
little concentrated sulphuric acid and a trace of water added,
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and the slide gently warmed, the margins of the crystals turn
red, and the crystals soon lose their crystalline form.

3. Salkowski’s Test.—Into a dry test tube is placed a little
concentrated sulphuric acid, and cholesterin, previously dis-
solved in chloroform, is gently run on to the acid. Where the
acid comes in contact with the chloroform solution of choles-
terin a bright cherry-red ring is produced. The red colour
diffuses through the chloroform solution, and the subjacent
sulphuric acid acquires a greenish fluorescence, best seen on
a black background.

4. Liebermann’s Test.—To a chloroform solution of choles-
terin, placed in a @y test tube, a few drops of acetic anhydride
(undiluted) are added, then two or three drops of concentrated
sulphuric acid, and the mixture gently shaken. First a purple
colour is produced, which gradually becomes blue, followed
by a greenish tint.

Functions of the Bile.—Although the bile is chiefly excretory
in function, yet it certainly has some secretory action. Its
functions may be mentioned under the four following
headings :—

1. Its DigesTivE ActioN.—(a) On Protein.—Bile salts in
the presence of a weak acid precipitate unpeptonised protein,
such as proteose. This action may be shown by adding bile
to a solution of proteose which contains a little hydrochloric
acid. In this way it is believed that the bile precipitates
unpeptonised protein contained in the acid gastric chyme
which arrives in the duodenum, and causes it to be caught
by the valvule conniventes. It is then further digested by
the trypsin-sodium-carbonate of the pancreatic juice. In other
words, bile aids the pancreatic juice in digesting protein.

(6) On Fats.—Bile, through its viscidity and the presence
of bile salts, aids in emulsifying fat, and so prepares the fat
for the action of the pancreatic lipase.

(¢) On Carbohydrates—It is found experimentally that
pancreatic juice in the presence of bile splits starch into
achroodextrin and maltose more readily than pancreatic juice
acting alone does. In this way it is probable that bile aids
pancreatic juice in digesting starch. In some herbivorous
animals the bile contains an enzyme which has some slight
amylolytic action,

2. BILE AIDS THE ABsorpriON OF FaT,—This occurs in
the villi of the small intestine,
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The columnar cells on the surface of the villi, being bathed
in bile, have their surface tension somewhat diminished, so
that particles of material may pass through them more easily.
Fatty acid is insoluble in water, but is soluble in bile salts,
and it is probable that some of the fatty acid which 1s
absorbed goes through the columnar cells over the villi accom-
panied by bile salts. When bile is absent from the intestine,
such as occurs through obstruction to the common bile duct,
undigested and unabsorbed fat may be obtained from the
faeces.

3. It has been stated that bile itself is mainly excrefory,
since by its means certain waste products are eliminated, but
bile itself has some stimulating action upon the coats of the
intestine, and therefore, to a certain extent, it helps to produce
peristaltic movements. It may therefore be looked upon as
the natural laxative. It should be noted that one of the early
signs of jaundice, due to obstruction of the common bile duct,
is constipation.

4. Bile in the intestine, to some extent, limits putrefactive
changes, and in this way renders the feces less offensive. If
bile is not excreted into the intestine, putrefaction goes on to
2 more advanced stage than in normal circumstances ; after a
time the poisonous substances produced irritate the wall of
the large intestine, and offensive diarrhcea results.

THE LARGE INTESTINE.

The mucous membrane of the large intestine is lined by
simple straight tubular glands, which are closely set together.
For the most part the cells near the mouths of these glands
are mucous-producing oOr goblet cells. Beneath the simple
tubular glands there is much Jymphoid tissue. The mucous
membrane of the large intestine 1s alkaline in reaction, though’
the contents are usually acid due to acids of fermentation and
also to fatty acids,—in fact, the reaction of the intestinal con-
tents, quite high up in the small intestine, may be acid ; this
is due to the presence of fatty acids. In the lumen of the
intestine bacteria abound ; they produce enzymes which are
capable of splitting proteins into peptones, polypeptides, and
amino-acids ; starch into sugar; and fats into glycerin and
fatty acids. In the large intestine putrefactive changes due to
bacterial action go on extensively ; the chief bacterium present

———— e







CH AP TRER XLV
ABSORPTION.

Tur whole purpose of digestion is to break up large molecules
of material into much smaller molecules, in order that they
may pass through the wall of the intestine, get into the blood
and the lymph stream, and thus be carried to the tissues,
where constructive metabolism or assimilation takes place.
None of the products of digestion are absorbed in the buccal
cavity, pharynx, or cesophagus, and in normal circumstances
practically no absorption takes place from the wall of the
stomach, not even water. On the contrary, however, alcohol
is readily absorbed from the stomach, and this, to a great
extent, explains the rapidity with which it produces its effects.
The greater part of the digested food is absorbed by the villi
which exist over the valvule conniventes which are present in
the small intestine,

THE STRUCTURE OF A VILLUS.

The villi are finger-shaped processes which give the mucous
membrane of the small intestine its velvety appearance. On
the surface of the villus is a single layer of columnar epithelial
cells, the free border of which is longitudinally striated. The
protoplasm is granular. T he larger granules near the base of
the cells stain black with osmic acid and are presumably fat.
Some of the columnar cells near the apex of the villus are
goblet cells which secrete mucin.  Between the columnar
cells, near their bases, small cuboidal or spheroidal cells are
wedged, and between the columnar cells are lymphocytes. In
the centre of the villus is the lacteal radical, the free extremity
of which is somewhat bulbous. This is lined by an en-
dothelium.  Between this endothelial wall of the central
lacteal and the columnar cells on the surface is lymphoid

tissue, which consists of triangular branching cells which
134
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form a network in the meshes of which are found the
lymphocytes, Around the central lacteal are strands of plain
muscle fibres, the function of which is to contract and squeeze
out the contents of the central lacteal towards the general
lacteal stream. Just beneath the bases of the columnar cells
are the minute capillaries which form the portal vein radicals.
Breaking up around the central lacteal are the capillaries
derived from the arterioles which ramify in the submucous
tissue. The nerves to the villi are derived from Meissner’s
plexus, which is present in the submucous coat of the
intestine. :

As the result of the digestive processes which go on in the
alimentary canal, proteins are broken up into amino-acids, fat
is split into glycerin and fatty acid, the latter is dissolved by
the bile salts which are in solution. Some of the fatty acid
combines with the alkali present to form a soluble soap.
The carbohydrates are converted into the glucoses—dextrose,
levulose, and galactose. The salts taken with the food are
unaltered during digestion.

The function of the willi 1s to absorb these products of
digestion, and this is brought about mainly by the biotic
activity of the columnar striated cells on the free surface of
the wvilli. Absorption of the products of digestion depends
upon two chief factors :—

1. The physical. 2. The physiological.

The physical factors depend chiefly on the processes of
diffusion and osmosis. The salts which are in solution in the
water ionise, and substances, such as NaCl, break up into
soda ions, and chlorine ions. If the soda ions (kations) pre-
dominate they may depress the activity of the columnar cells,
but if the chlorine ions (anions) predominate it is believed
that the salt stimulates the columnar cells to increased
activity. In this way the absorption of water and dissolved
salts, and possibly the absorption of the products of digestion,
may be accounted for. But, after all, the main absorptive
process depends upon the biotic activity of the columnar
cells. It has been shown by Weymouth Reid that, if a
solution of sodium fluoride is administered to an animal, it
poisons the majority of the columnar cells, many of them
exfoliate, and absorption no longer takes place. Moreover, if
some of an animal’s own blood serum is introduced into an



136 MANUAL OF PHYSIOLOGY.

isolated loop of small intestine it is absorbed, although it has
the same osmotic pressure as the animal’s blood. This ex-
periment proves that absorption depends, to a very considerable
extent, upon the biotic activity of the cells over the villi. It has
been found that the micro-organisms of cholera, which get into
the intestine, produce coagulation necrosis, or death of the
columnar cells over the villi; these cells then exfoliate, and
absorption no longer takes place. During absorption there is
a digestive lymphocytosis in the bleod, that is, an increase in
the number of lymphocytes, and it has been suggested that
these cells help in carrying absorbed materials from one tissue
to another.,

THE ABSORPTION OF PROTEIN.

The view previously held with regard to the absorption of
protein was that during digestion protein was finally converted
into peptone, and- the peptone so produced was absorbed by
the columnar cells over the villi, and built up again by these
cells into serum albumin and serum globulin, the chief
proteins of the blood plasma. The view generally accepted
now is that protein is completely hydrolysed into the cleavage
products (Bausteine or “building stones ™) known as amino-
acids in the intestine ; and it is these amino-acids which, being
smaller molecules than the original protein, readily pass
through the striated free border of the columnar cells over the
villi and so get into the protoplasm of these cells. Here a
synthesis takes place, and some simple and aromatic amino-
acids are converted by the columnar cells into serum albumin
and serum globulin, the native blood proteins and this protein
is conveyed to the tissues. On the other hand, Leathes has
shown that, during absorption, the non-protein nitrogen (that
is, the amino-acid nitrogen) of the blood increases. It 1s
assumed, therefore, that amino-acids absorbed by the columnar
cells are transferred to the portal vein radicals, and in the
portal blood are conveyed to the liver. Here the liver cells
appear to “work over” these amino-acids. The right kind
and right quantity of amino-acids, to suit the requirements of
the tissues, are allowed to pass on in the blood of the hepatic
vein ; whereas the amino-acids, which are useless to the tissues,
and the excess of useful amino-acids, are by the liver cells
converted into urea, which is carried round to the kidneys to
be excreted.
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In order that the tissue proteins of the body may be
recouped for the amount of wear and tear which takes
place during nitrogenous katabolism, they must be supplied
with nitrogen, and this is present in the amino-acids ;
but in order that the right kinds of amino-acids may be
obtained, much food protein has to be digested, and both
appropriate and inappropriate amino-acids absorbed by the
villi. The nitrogen of the amino-acids is supplied to the
tissue proteins to replace that lost in “wear and tear 2 nthe
non-nitrogenous portion, like carbohydrate and fat, is available
for oxidation, and so for the production of heat. In ex-
ceptional circumstances some protein seems to be absorbed
as such; for instance, if many eggs are eaten, egg-albumin
appears in the urine. This must have been in the blood as
such, whence it arrived from the intestine.

ABSORPTION OF FAT.

Moore and Rockwood have shown that fat is not absorbed
as fat, but as glycerin and fatty acid or soap. It is generally
accepted that the fatty acid set free in the intestine 1is
dissolved by the bile salts, and in this way, together with the
glycerin, is absorbed by the columnar cells, but that during
- absorption a lipase which is contained in the columnar cells
re-synthesises, by reverse action, the glycerin and fatty acid.
In this way minute fat particles are found near the bases of
the columnar cells, and these may be demonstrated by
staining with a 1 per cent. solution of osmic acid. The fat
globules are further taken up from the columnar cells by
some of the lymphocytes, which are capable of exhibiting
amceboid movements, and which are found in the lymphoid
tissue between the columnar cells and the central lacteal.
The fat is then deposited in the central lacteal by these
ameeboid cells, and in this way it gets into the general lacteal
stream, and thence into the thoracic duct. The bile salts,
which have been absorbed by the columnar cells, in all
probability get into the portal vein radical, and in this way
are taken back to the liver to be excreted again in the bile.
After a fatty meal minute globules of fat may be demonstrated
in the blood plasma.of an animal ; but they disappear rapidly,
possibly existing in a soluble and invisible form adsorbed to
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the blood proteins before they are deposited in the fat
depodts of the body.

ABSORPTION OF CARBOHYDRATE.

During digestion the greater part of the carbohydrate of
the food is converted into the glucoses. These are com-
paratively small molecules which are readily dissolved, and
easily passed through the columnar cells into the portal vein
radical which lies beneath. It is possible that some maltose
may be absorbed by the columnar cells, and that during its
passage through those cells it is converted into dextrose
before it enters the portal vein radicals. It is possible that
in these columnar epithelial cells the glucose, which is being
absorbed, is linked to the cell protein, and that, farther down
the cells, this loosely combined substance is split into two,
the dextrose passing into the portal vein radical and the
protein molecule remaining intact in the columnar cells and
ready to combine with fresh glucoses to be passed through
the cells. A small proportion of the dextrose, which is
carried to the liver, goes on unchanged to the tissues to be
assimilated, but the greater portion of the absorbed glucose on
arriving at the liver is stored there by the liver cells as
glycogen.

In summing up the process of absorption, it may be con-
cluded that the absorption of digested food takes place
mainly in the small intestine by the aid of the villi. Absorp-
tion depends upon the physical processes of diffusion and
osmosis, together with the biotic activity of the columnar
cells over the villi. And these two processes cannot be
separated from one another. The absorbed cleavage products
of protein digestion and the absorbed® carbohydrates are
taken up in the portal vein radicals. The absorbed fat is
conveyed to the central lacteal, and the water, with dissolved
salts, passes both into the portal vein radical and the central
lacteal radical contained in the villi.

ABSORPTION IN THE LARGE INTESTINE.

There are no villi in the large intestine, but a certain
amount of absorption does take place here through the
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columnar cells lining the mucous membrane. The contents
of the lowest part of the small intestine are extremely fluid,
whereas, in normal circumstances, the contents of the rectum
are solid. The conclusion to be drawn, therefore, i1s that
much water and certain substances held in solution are
absorbed by the mucous membrane of the large intestix::e.
In special circumstances it is possible that soluble protein,
carbohydrate (sugar), and fats may be (very slightly) absorbed
from the mucous membrane of the large intestine, because
the nutrition of patients is fairly well maintained by ad-
ministering nutrient enemata or fluids containing substances
in solution which are thrown up into the large bowel. The
soluble protein absorbed in this way is probably taken by
the blood to the tissues. It is probable, however, that
cleavage of the large protein molecule takes place before
assimilation by the tissues occur. Here the tissue erepsin
steps in, and brings about the necessary cleavage. It is found
that, in some tissues, the power of the tissue erepsin is even
greater than that of the intestinal erepsin.

THE COMPOSITION OF THE FZACES.

The large intestine excretes—

(1) The residue of the digestive juices ; (2) the unabsorbed
food ; (3) mineral salts, such as iron and calcium salts.

About 6 to 8 oz. of feeces are excreted in the twenty-four
hours. The reaction is alkaline ; this is due to putrefaction,
and is most pronounced on a diet rich in protein.

Composition—

Water, about 70 to 8o per cent.
Solids, 20 to 30 per cent.

The solid portion is made up as follows :—

1. Undigested food, such as yellow elastic tissue, keratin,
cellulose, starch, heematin, and the excess of digested material
not absorbed.

2. Substances excreted, such as mucin, bile, including
stercobilin derived from bilirubin, cholalic acid, cholesterin.

3. oalts, such as calcium phosphate and ammonio-
magnesium phosphate ; the former constitutes the ‘ intestinal
sand ” which 1s sometimes excreted in certain diseases.
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CTHARTER S XV,

THE MECHANICAL PROCESSES OF DIGESTION
AND EXCRETION.

" Tugese processes include mastication, brought about chiefly
by the movements of the lower jaw, tongue, and cheeks, aided
by the teeth ; deglutition; the complex movements of the
stomach ; intestinal movements, and defeecation. ~ As the teeth
are so very important in helping in the complete mastication
of the food, they will be considered first.

STRUCTURE OF A TOOTH.

The crown of a tooth is that portion which projects beyond
the gum. The neck is below the crown; it is somewhat
constricted, and surrounded by the free margin of the gum.
The root or fang is that portion which is embedded n the
jaw after the tooth has completely erupted. |

In the middle of a tooth is the pulp cavity, which contains
the tooth pulp; this consists of connective-tissue cells, blood
vessels, and sensory nerves, but no lymphatics. The pulp is
covered with columnar cells (odontoblasts), which line the
inner aspect of the dentine or ivory. The dentine, which
surrounds the pulp cavity, consists of tubules, projecting along
which are fine processes from the odontoblasts. The outer
portion of the dentine, beneath the cement, and to a less
degree ~beneath the enamel, forms the interglobular or
granular layer ; here are the interglobular spaces, into which
the dentine tubules open. Dentine chiefly consists of
calcium phosphate with a little calcium carbonate, calcium
fluoride, and magnesium phosphate. There is a small amount
of animal matter which, when boiled, yields gelatin. The
enamel, which is the hardest substance in the body, covers
that portion of dentine which projects beyond the gum.

It consists of elongated six-sided prisms, one end of which is
141
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supported on the dentine, the other end being free. Enamel
consists of salts similar to those composing the dentine, and
contains no animal matter. Surrounding the dentine, which
is placed beneath the level of the gum, is the cement or
crusta petrosa; this substance helps to fix the tooth in its
socket. In structure it resembles bone. It contains lacunz,
in which are branched bone cells and ecanaliculi, which
occasionally communicate with the dentine tubules and the
interglobular spaces. The lamine of the crusta petrosa are
fixed together by the perforating fibres of Sharpey, which
correspond with the white fibres of connective tissue.

The crusta petrosa is formed from the inner layer of the
sac which surrounded the tooth during its development in
the jaw. The structure and function of the tooth sac are
much the same as the osteo-genetic layer of the periosteum.
The outer part of the membrane of the tooth sac forms the
dental periosteum, the function of which is to help to attach
the tooth to its socket, and also, in connection with the
vascular pulp, to nourish the tooth. The dental periosteum
also gives rise to cells called osteoclasts, which cause rare-
faction of the crusta petrosa and the root of the tooth, and
bring about the shedding of the milk teeth.

DENTAL FORMULZ.

MiLKk oR TEMPORARY TEETH.

i—r1  Premolars or o—o

" il " Gy
3 : ) ! . = — 20!
Incisors, —~ ; Canines, —; Bicuspids, o—o’ Molars,

—2

PERMANENT TEETH.

i
=

Incisors, :%:; Canines, E; Premolars, :::; Molars, ;:

Dentition.—At birth the jaws contain the dental sacs in
which the temporary teeth are. The crowns of these are
calciied. There is also present the calcified crown of the
first molar of the permanent set, which is situated immediately
behind the last temporary molar. After birth the sacs
enlarge, the edges of the teeth become sharper, and the fangs
develop. The edge of the tooth appears beneath the vascular
gum, which finally becomes -perforated, and the tooth,
surrounded by a thin cuticle or membrane called Nasmyth's
membrane, is erupted. The temporary set appear for the
most part in groups in the following order (Ashby and
Wright) :—
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First group—The lower two central incisors appear from
the sixth to eighth month.

Second group.—The four upper incisors are erupted from
the eighth to tenth month.

Third group.—The lower lateral incisors, the upper and
lower front molars, appear from the twelfth to fourteenth month.

Fourth group.—The canines appear, the upper ones usually
first, from the eighteenth to twentieth month.

Fifth group.—The posterior molars mostly appear at the
age of two to two and a half years. The permanent teeth
are erupted in the following order :—

First molar = . : . ; 6 years of age.
Central incisors : : : 7 i
Lateral incisors. : ; : g 2
Anterior bicuspid . : . 9 g
Posterior bicuspid . : : 10 5
Canines . : : : IT—12 5
Second molars . : : 12—13 o
Third molars (wisdom teeth) Iq—25 i

At six years of age the jaws contain the milk teeth and
the unerupted permanent teeth, except the wisdoms or third
molars.

Rickets 1s the commonest cause of delayed dentition, and
the teeth are not only erupted later than wusual, but the
defective nutrition, which occurs with rickets, interferes with
the development of the teeth, the consequence of which is
that the enamel is defective and easily wears away, the
dentine is exposed and readily becomes carious. Defective
teeth give rise to dyspepsia through the food being improperly
masticated, and carious teeth give rise to poisons, which are
readily absorbed from the alimentary canal and cause such
diseases as tonsillitis, anemia, etc.

THE NEURO-MUSCULAR MECHANISM OF THE
ALIMENTARY CANAL.

/ Mastication.—Mastication is a complex voluntary act, the
purpose of which is to reduce the food to a condition of
minute subdivision, in order that it may present a large area
to the activity of the digestive juices, and further to ensure
the thorough admixture of the food with the saliva (insaliva-
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tion). One bone only is involved in the act, namely, the
lower jaw, which performs the movements of elevation,
depression, protrusion, retraction, and side to side, moving
upon the fixed points furnished by the temporo-maxillary
articulations. The muscles affecting these movements and
their innervation are as follows :—The jaw is raised by the
temporals, the masseters, and the internal pterygoids acting
simultaneously on both sides; their motor twigs are derived
from the motor root (inferior maxillary) of the trigeminal
nerve. Depression 1s mainly a passive process due to the
weight of the lower jaw, aided, however, by the contractions
of the digastrics, and to a less extent by those of the
‘mylohyoids and geniohyoids. The_ geniohyoid is supplied
by a branch of the first cervical nerve distributed by way
of the hypoglossal, while the two former receive twigs from
the mylohyoid branch of the inferior dental nerve. Protrusion
is effected by the simultaneous contraction of the external
pterygoids, whose innervation is derived from the inferior
maxillary branch of the trigeminal. Should they act separ-
ately, lateral movements are produced. Retraction is the
result of the contraction of the posterior fibres of the temporal
muscles. These are supplied also by the inferior maxillary
division of the fifth nerve. The movements in mastication
may be divided into two groups: those of tearing, which
chiefly involve elevation, protrusion, and retraction, and the
_grinding movements between the molar teeth, which still
further subdivide the particles torn from the food by the
incisor teeth into still more minute particles. These latter
movements are produced by a combination of elevation,
protrusion, retraction, and side to side movements, effected
chiefly by simultaneous and successive contractions of the
two external pterygoid muscles. But these movements,
though complete, are not sufficient for useful mastication.
The food must be returned again and again to the molar
teeth, and this is effected by the movements of the cheek
(buccinators) and lip muscles supplied by the facial nerve,
and by tongue movements produced through the intermedi-
ation of the hypoglossal nerve.. Mastication is a voluntary
process, involving the contraction of many ml..l.‘itl.ES in a
perfectly co-ordinate fashion. A “centre for mastication” has
been postulated with its seat in the medulla, and afferent 1m-
pulses play a large part in its guidance. The fifth nerve 1s
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the chief afferent nerve involved, as is shown by the fact that
bilateral sensory paralysis of the tongue, which in its major
part is supplied by the lingual nerve, renders mastication
almost an impossibility.

o/ Deglutition. — Movements. — Majendie, as the result of
his classical investigations, divided the act of deglutition or
swallowing into three stages. During the first stage the food
is passed from the mouth, past the anterior pillars of the fauces,
into the pharynx; during the second, through the pharynx,
and past the posterior nasal and laryngeal orifices to the
superior orifice of the cesophagus; while during the third
through the cesophagus ; and a fourth stage may be added, the
passage of the food through the cardiac orifice of the stomach.
It must not be thought, however, that these stages are separated
from one another by any time limit ; they succeed one another
instantaneously.

During the firs¢ stage of the act a convenient quantity of
fully masticated food is collected into a bolus, which is then
so manipulated as to lie upon the middle of the dorsum of the
tongue ; the apex of the tongue meanwhile is brought into
contact with the roof of the mouth. Thus far at least the
movements are voluntary; the voluntary character of the
further movements is open to doubt. A pause 1s now
apparent in the act. Succeeding this there occurs a con-
traction of the diaphragm, an inspiratory movement commonly
designated the ‘‘swallowing respiration.” Almost simul-
taneously the tongue muscles come into action, and that
organ 1s pressed up against the roof of the mouth, a movement
progressing from the apex to the base of that organ. The
bolus is thus forced back, past the anterior pillars of the
fauces—ridges produced in the mucous membrane at the side
of the buccal cavity by the underlying palato-glossi muscles—
into the pharynx. One condition is apparently necessary for
the progress of the first stage of deglutition, namely, moisture.
It is almost impossible to swallow if the mouth and food are
dry.

The second stage, and the most complicated, comprises
the passage of the food through the pharynx, and past the
apertures of the nose and larynx. The time of this passage,
however, must obviously be short. The pharynx is a chamber
common to the passage of alimentary and respiratory products,
and should deglutition be a lengthy process there is danger

10
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of suffocation. It was formerly believed that the bolus was
propelled through the pharynx by the peristaltic contractions
of the pharyngeal constrictors upon it; but it has been de-
monstrated by Kronecker and Meltzer that it is not the con-
traction of these muscles, but rather the short, sharp, and
sudden contraction of the mylohyoid muscles, which furnishes
the necessary aceeleration to the bolus. These muscles con-
tract at the beginning of this stage, and their effort is aided
by the almost simultaneous contraction of the stylo-glossi,
hyo-glossi, and palato-glossi muscles. The two former pull
the tongue backwards and downwards, thus increasing the
pressure in the mouth, and their efforts to shut off the mouth
cavity from that of the pharynx are still further aided by the
contractions of the latter. In its descent the bolus is guided
by the contraction of the soft palate, uvula, and palato-
pharyngei, and is further prevented, by their contraction,
from making a false passage into the nasal cavities. If the
muscles of the soft palate are paralysed, during this stage of
swallowing, the posterior nares are not shut off from the cavity
of the pharynx, and consequently fluids are liable to regurgitate
into the nose. The soft palate is elevated by the contractions
of the levatores palati, the uvula is elevated by the action of the
azygos uvule muscles, and comes into contact with an elevation
on the posterior wall of the pharynx. At the same time the
palato-pharyngei are rendered tense, and move inward. The
palato-pharyngei, or rather the overlying mucous membrane
constituting the posterior pillars of the fauces, form, as it were,
a pair of curtains with the uvula lying between them. As a
result of this series of muscular activity the nasal cavities are
completely cut off from the pharynx, and a sloping surface is
formed, directed from above downward and from before back-
ward, from the palate to the posterior wall of the pharynx,
which serves to direct the course of the bolus hurled against
it as the result of the mylohyoid contraction. The bolus has
then to pass the larynx; and, in order that this may be accom-
plished safely, many muscles of the latter structure are called
into activity. The changes may be summarised thus,—first
and most important, the larynx is elevated. This can be
easily seen on superficial examination. Moreover, it is an
essential process of the act of deglutition, for if the larynx is
held the act becomes impossible.  This elevation is the result
of the activity of the thyrohyoids, digastrics, geniohyoids, and




PROCESSES OF DIGESTION AND EXCRETION. 147

the mylohyoids. Accompanying this are other muscular
activities. The arytenoid cartilages are drawn forward from
the posterior wall of the pharynx, against which they usually
lie, by the contraction of the thyro-arytenoids. At the same
time, they are approximated by the action of the arytenoideus,
and their processes vocales are rotated inward by contraction
of the lateral crico-arytenoid, thus producing adduction of the
true vocal cords and widening of the pharyngeal orifices. At
the same time, this adduction is not of supreme importance
for the act, for it has been shown that an animal will still
swallow normally even if an instrument is thrust between the
vocal cords. Of much greater importance is the elevation of
the larynx previously mentioned. Simultaneously the con-
strictors, the aryteno-epiglottidei, at the superior aperture
of the larynx are called into play. With regard to the actual
movements of the epiglottis, discussion has amsen. It was
formerly thought that it was closed down like a lid over the
laryngeal orifice, but this does not seem to be the case.
According to the researches of Anderson Stuart, it appears
that it is simply the crowding together of the parts at the base
of the tongue which protects the superior laryngeal orifice.
The epiglottis is not folded over, its anterior aspect remains
in contact with the base of the tongue, and food passes over,
not its anterior but its posterior aspect. While the food
passes over the top of the larynx, respiration is reflexly in-
hibited. If, however, inspiration suddenly occurs, food may
enter the larynx and produce reflex coughing.

During the #kird stage the food-is passed down through the
cesophagus to the cardiac orifice of the stomach. If the bolus
is of small size, or of liquid nature, it is passed down through
the cesophagus simply as a result of the energy imparted to it
by the mylohyoid contraction. It may even pass through the
cardiac orifice to the stomach. The passage of the bolus,
or liquid, is succeeded by the peristaltic contraction of the
cesophagus. That this is actually the case is proved by post-
mortem examination where corrosive solutions, such as
sulphuric acid and corrosive sublimate, have been swallowed ;
corrosion is only apparent at the three positions where the
cesophagus is narrow,! not along its whole length, as it would

! The cesophagus presents three constrictions, the uppermost being at
its commencement behind the cricoid cartilage, the middle one where it is

crossed by the left bronchus, and the lowermost one at the cardiac orifice
of the stomach, :
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be were the liquid dependent for every step of its forward
progress upon the peristaltic contractions of the cesophagus
upon it. In this case the total time of passage amounts only
to one second. With a larger bolus conduction is slower, for
in this case it is carried downward by the peristaltic con-
traction of the cesophagus. In front of a bolus the cesophagus
is inhibited and dilated ; behind it the circular fibres are con-
tracted, and it 1s consequently forced downward. The time
taken by the complete process of passage of the bolus through
the cesophagus is six seconds. In the upper part of the ceso-
phagus the conduction is quicker than in the lower. This is
due to the fact that in the upper third the muscular coat of
the eesophagus consists entirely of the more quickly contract-
ing striated muscle, whilst the lower third consists of plain or
more slowly contracting muscle. The middle third occupies an
intermediate position with regard both to time relations and
to the histological character of its muscle coats. Kronecker
and Maltzer thought each of these thirds contracted separately,
but Cannon and Oloser showed, by feeding an animal with
food containing bismuth subnitrate and using the X-rays, that
this is not the case. The peristaltic contraction of one third
passes without any interval over the next third.

Having reached the cardiac orifice of the stomach, the fourik
stage of deglutition occurs. If the bolus is small, or the food
liquid, it may be shot directly from the mouth into the
stomach, even although the circular fibres of the cesophagus
may form a ring at the orifice. This ring i1s due to the cardiac
sphincter muscle, which is normally in a state of contraction.
On the other hand, the food may stay above the cardiac orifice
until the peristaltic wave reaches the orifice, when the con-
traction of the muscle at the cardiac orifice is inhibited and
the food is shot into the stomach. In the case of a larger
bolus the food does not pass into the stomach until it is
forced through the orifice by peristaltic waves.

Should a second swallow be made during the progress of
the first, 7.e. before the lapse of six seconds after the first, the
cesophageal movements are inhibited, and the food is allowed
to fall through the cesophagus to the cardiac orifice. When
movements of deglutition have ceased a peristaltic contraction
of the cesophagus occurs, and sweeps the masses of food into
the stomach. In ruminants, after food has been swallowed, it
may be returned to the mouth for further mastication (* chew-
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ing the cud” or rumination); this return is due to reverse
peristalsis in the cesophagus, which occasionally occurs in
human beings.

/ Nervous Mechanism of Deglutition.—Swallowing is on the
whole a complicated involuntary reflex act. At the same
time, however, it can be initiated voluntarily, so that it must
be regarded to a certain extent as under the control of the
will. But even in this case it is not the whole process which
is effected by the will, it is merely that the initial stimulus
necessary for the reflex complex—namely, stimulation of the
anterior pillars of the fauces—is supplied by stimulation of
the fauces by the tongue. The sensory area, from which the
reflex is elicited, lies in the immediate vicinity of the anterior
pillars of the fauces and of the tonsils. The afferent nerves
concerned are the superior maxillary division of the fifth nerve,
pbaryngeal branches of the vagus, glosso-pharyngeal, and the
superior laryngeal. Stimulation of the superior laryngeal branch
of the vagus produces reflex movements of deglutition. The
efferent impulses travel down the following nerves: by the
mylohyoid branch of the trigeminal to the mylohyoid muscle ;
by the branches of the glosso-pharyngeal, vagus, and spinal
accessory, as well as by the fifth cranial nerves to the pharyngeal,
- palatine, and laryngeal muscles involved ; by the hypoglossal
to the tongue, and by the phrenic to the diaphragm. Even
the peristaltic contraction of the cesophagus is reflex ; thus, if
the cesophagus is severed, with the nerves uninjured, contrac-
tion of the pharyngeal and cesophageal ends will still occur at
appropriate intervals after initiation of deglutition movements.
Moreover, stimulation of the cesophageal mucous membrane
produces no response. In this case, therefore, we have to
carefully distinguish between a peristaltic movement, produced
by the central nervous system, and such a peristaltic movement
as that obtained from the intestine, which depends upon the
integrity of certain peripheral nervous structures, e.g. the
plexuses of Meissner and Auerbach.

The muscular tissue of the cesophagus is arranged in two
layers, an external longitudinal and an internal circular. Con-
traction of the outer layer produces dilatation of the tube,
contraction of the inner, constriction. Consequently, in a
peristaltic movement of the cesophagus both sets come into
activity, and at any point contraction of the longitudinal fibres
precedes that of the circular. In addition there is a muscul-
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aris mucos®, consisting of longitudinal fibres situated in the
deepest layer of the mucous membrane,

As regards peripheral nervous structures in the cesophagus,
there are two ganglionated plexuses of nerve fibres, situated
one in the muscular and the other in the submucous coat.
The motor nerves to the cesophagus are the vagi. Stimulation
of the peripheral end of the cut vagus nerve produces peri-
staltic movements of the cesophagus. In addition, however, it
produces inhibition of the cardiac sphincter. Its section
causes this opening to be thrown into a condition of tonic
spasm, Consequently, the vagus must be regarded as the
inhibitory nerve of the cardiac sphincter. The cesophagus is
a visceral structure, and therefore must be innervated through
a sympathetic ganglion,—that is to say, at some place in the
course of the nerve fibres going to the cesophagus there must
be a local cell station. This cell station is peripheral, in
connection with the ganglia present in the eorgan itself,—at
least, this is found to be so in the cat.

Since the movements of deglutition are of such wide extent,
and are yet executed so orderly, it has been assumed that a
centre for deglutition must exist in the medulla (Marckwald),
and because of the fact that respiratory inhibition always
accompanies deglutition, it has been assumed that the centre
stands in close relation to the respiratory centre. The respira-
tory inhibition during deglutition is also the result of a reflex,
the afferent nerve involved being the glosso-pharyngeal. Stimu-
lation of the central cut end of this nerve produces respiratory
inhibition for a period of from five to six seconds, 7.e. time for
a complete act of deglutition.

MOVEMENTS OF THE STOMACH.

Neuro-muscular Mechanism. — The musculature of the
stomach consists of unstriated, involuntary muscle fibres.
These are arranged in three layers. The outermost coat is
composed of fibres having a longitudinal direction continuous
at the cardiac orifice with the longitudinal layer of the ceso-
phagus ; these fibres are especially well marked at the curva-
tures, being thin and ill defined over the anterior and posterior
surfaces of the organ. At the pylorus this coat is again
collected into the longitudinal coats of the intestine. The
internal or oblique coat is somewhat ill defined, and seems to
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be continuous with the circular coat of the cesophagus, and is
spread out over the fundus and body of the stomach. At the
pyloric end it apparently becomes continuous with the middle
or circular coat of the intestine. The middle or circular coat
over the fundus and body is not well defined, but traced
towards the pylorus it rapidly increases, becoming the thickest
of all the coats. It is especially thickened at two places,
forming rings of muscle tissue or sphincters. One of these
is at the pylorus constituting the pyloric sphincter, separating
the stomach from the duodenum ; the other, the sphincter of
the pyloric vestibule or the “transverse band,” is situated to
the left of the pyloric sphincter, and the region between it
and this sphincter is known as the vestibule of the pylorus.

In the deepest part of the mucous membrane there is the
muscularis mucosz, consisting of two layers—longitudinal and
circular. '

The nerves of the stomach, which are derived from the
vagi and the sympathetic, are distributed in two sheaths.
One of these sheaths, which lies' between the longitudinal and
the other coats of the stomach, is Auerbach’s plexus. This -
consists of a plexus of non-medullated nerves, at the nodes of
which are nerve cells. Lying in the submucous coat is the
plexus of Meissner, similar to that of Auerbach, except that its
fibres are finer and that it contains fewer nerve cells. These
plexuses are continued down the alimentary canal from
stomach to anus.

Movements of the Stomach.—When devoid of food the
stomach remains in a condition of slight tonic contraction,
the mucous membrane being thrown into folds. X-ray
observations have shown that in the empty condition only
the pear-shaped upper third of the stomach contains gas,
the rest of the organ passing to the pylorus in the form of
a collapsed tube, which corresponds in position to the small
curvature of the filled stomach (A. F. Hertz). Food when
swallowed causes relaxation of the walls of the stomach.
Moreover, the food introduced at different times bears different
relations with regard to the stomach walls. That is to say,
food first introduced is spread round the stomach, forming
a lining to the mucous membrane. Food introduced later is
retained encapsuled like a ball by its enveloping layer of
mucin. This fact is of extreme importance, for the later food
is protected from the gastric juice, and the admixed saliva,
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which is inactive in an acid medium, is enabled to prolong
its activity. Cannon maintains that salivary digestion may
proceed even for an hour or more after the food is in the
stomach. Soon after the introduction of food into the
stomach, movements begin. These proceed at first very
gently, but later on increase in intensity. They are confined
entirely to the pyloric portion of the stomach. Cannon, by
his recent feeding experiments with bismuth subnitrate and
X-ray observations, has succeeded in observing the movements
of the stomach very closely. They consist of a series of
contractions, which proceed in a peristaltic manner. The
sphincter at the commencement of the pyloric vestibule con-
tracts in a ring-like manner, and this contraction is propagated
over the pyloric portion. The time taken in transit is twenty-
six seconds (in the cat), and the successive contractions
follow one another at ten seconds intervals. By this means
the food in the pyloric region of the stomach is thoroughly
disintegrated and mixed with the gastric juice. When this
condition is reached the pylorus is relaxed at certain
intervals, and portions of the acid chyme are ejected into
the duodenum. Immediately succeeding this, the pylorus
again enters into tonic activity. The relaxations of the
pylorus coincide with the arrival, at that place, of a wave
of contraction, although they are irregular ; for every peristaltic
‘wave there 1s a corresponding pyloric inhibition. The
mechanism of pylorie regulation will be discussed later. It
is in the pyloric vestibule of the stomach that the food is so
thoroughly mixed with the gastric juice, and it is here also
that solid food is most likely to injure the mucous membrane
of the stomach, and so predispose to the formation of gastric
ulcer (z/de p. 107). So far no mention has been made of the
functions and movements of the fundus and body of the
stomach. These portions do not undergo contractions in
rhythmic series, but the musculature enters into a condition
of maintained strong tonicity. The function of this is obvious,
and is to replenish the pyloric triturating apparatus with
further materials from the fundus and body store.
Movements of the Pylorus and their Regulation.—It has
been already mentioned that the food is retained in the
stomach, and the pylorus not relaxed until the food has
been reduced to an appropriate stage of thinness, and until
the gastric juice had been thoroughly admixed with the
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food. These two conditions are the necessary factors in
the opening of the pyloric sphincter. So long as the food
on the cardiac side of the sphincter is solid the sphincter
will not relax. Further, if it is in a relaxed condition, and
pieces of solid food come in contact with it, contraction
occurs at once. This contraction of the pylorus, due to
large portions of food in the stomach, may cause *stomach
ache.” On the other hand, this mechanical condition is not
sufficient alone to cause pyloric opening. The other factors
necessary are acidity and warmth. It is only when the
gastric contents have reached a certain degree of acidity,
and are in the necessary physical condition of subdivision,
that the sphincter is relaxed. Warmth is supplied by the
normal gastric contents, but in cases of painful spasm
of the pylorus, relaxation may be brought about by the
internal administration of hot liquids and the external appli-
cation of hot light poultices. The relaxation of the pylorus,
however, is not ¢ontinuous but intermittent. This is due
to the fact that acid on the duodenal side of the sphincter
causes its contraction. Consequently, the course of the
change may be pictured thus: the acid on the gastric side
of the sphincter inhibits its action, and by peristaltic contrac-
tions, the acid chyme is ejected into the duodenum. Arrived
here it causes pyloric tonic contraction, and until the acid is
neutralised by the alkaline juices in the duodenum pyloric
relaxation is an impossibility. Different foods also appear to
exert different influences upon the sphincter. Proteins are
retained in the stomach twice as long as carbohydrates, and
fats are kept for a longer period still (Cannon).

i Re::ently, Boldireff has stated that regurgitation from the
intestine into the stomach is a normal process, and has
]:)rn{:ught forward strong evidence in favour of his views. It
s 1n this way that more fat is split in the stomach than can
be accounted for by the small amount of gastric lipase
present.

Production and Regulation of the Movements of the
Stomach and Pylorus.—The stomach is connected with
the central nervous system by the vagi and the sympathetics.
The vagus fibres have their cell station, just as in the case
of the cesophagus, in the peripheral ganglia in the wall of
the organ (Auerbach’s plexus); whilst the sympathetic fibres
which leave the cord in the fifth, sixth, seventh, and eighth
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anterior roots of the thoracic nerves pass to the stomach, via
the splanchnics, the connection between pre-ganglionic and
post-ganglionic neurones being made at the cceliac gangha.
Stimulation of the vagus produces contraction of the stomach,
i.e. it is the motor nerve of the stomach. On the other hand,
the sympathetic fibres are inhibitory, their stimulation produc-
ing gastric relaxation. If, however, the stomach of an animal
is full, and that stomach is removed completely from the
body, all nervous connections being necessarily severed, and
it is placed in oxygenated and warm Ringer solution, its
contractions will still proceed in a normal manner (Hofmeister
and Schutz). Aldehoff and von Mering found that the tone
and peristalsis of the stomach and the pyloric reflexes remained
normal for months, after both vagi had been cut just below
the diaphragm, and also after destruction of the cceliac plexus
or division of the splanchnic nerves. These results were
confirmed by Cannon by X-ray observations on the stomachs
of cats after section of the vagi and the Splanchnic nerves
(A. F. Hertz). Consequently the impulses, which are trans-
mitted through the vagi and sympathetic nerves, are simply
controlling impulses ; the power of contraction 1s resident in
the stomach itself, but whether it is due to the activity of
the intrinsic ganglion cells or to the muscular tissue itself
is an open question. The balance of evidence is in favour
of the /latter hypothesis. The influence of the nervous
system upon the movements of the stomach 1s well shown
by the influence of psychical conditions. Anger or pain
at once stop gastric movements; these impulses probably
descend in the vagi. It is possible, therefore, that the vagus
can exert both a stimulating and an inhibitory influence
upon the movements of the stomach. Similarly, the move-
ments of the pylorus, although regulated, are not normally
produced - by the activity of the central nervous system.
After section of the vagus and sympathetic, these movements
proceed exactly as before. It is interesting to note that
the sorting out action of the stomach, previously mentioned,
i.e. carbohydrates passing through the pylorus more quickly
than fat or protein, still remains in these circumstances.
The closure of the pylorus is due to reflex movement, the
path of which is provided by Auerbach’s plexus (Cannon).
The vagus nerve is the motor nerve of the pylorus; the
sympathetic, the inhibitor.
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Vomiting.—In vomiting the gastric contents do, and
even the contents of part of the small intestine may, take
an abnormal direction, and find an exit by the cesophagus,
pharynx, and mouth. _ |

The sequence of events is as follows :—There is a feeling
of nausea, often accompanied by a large secretion of saliva,
and there may be profuse perspiration, and a cold, clammy
feeling about the hands and face. The movements known
as retching quickly follow. These are really abortive inspira-
tory movements, since they are made with a closed glottis.
After one or two of these ineffectual efforts at inspiration the
expiratory muscles enter into a condition of modified activity :
modified to the extent that the abdominal muscles are con-
tracted, as is also the diaphragm ; consequently the pressure
in the abdomen, and therefore the pressure on the stomach,
are increased. Moreover, the glottis being closed and the
diaphragm descending, the negative pressure in the thorax is
increased.

Simultaneously with these changes the stomach has not
been inactive. During the early part of the act the cardiac
orifice becomes greatly dilated. Subsequently a series of
about twelve contraction waves make their appearance,
travelling from a little below the cardiac orifice to the pylorus.
They are succeeded by a firm contraction of the sphincter of
the pyloric vestibule and of the pyloric canal of the stomach.
Coinciding with the contraction of the abdominal muscles, the
fundus is relaxed and flaccid, the pylorus firmly contracted,
and the cardiac orifice dilated. The effect of the sudden
abdominal contraction is to drive the gastric contents up into
the cesophagus, which shortens ; this is due to the contraction
of its longitudinal muscular coat. Simultaneously, the glottis
being protected by its constrained closure from the very
first stage of the act, the naso-pharynx is as a rule cut off by
the increased tension of the soft palate (levator palati and
tensor palati muscles), the elevation of the uvula (azygos
uvule), and the approximation of the posterior pillars of the
fauces (palato-pharyngei). Occasionally, however, the barrer
thus opposed i1s broken down, and the vomit may pass
through the nose.

The convulsive movement of the anterior abdominal
muscles would appear, a priori, to show that their contraction
furnishes the major part of the energy necessary for the pro-
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cess of vomiting,  Still, it has been a much contested point
as to whether the stomach or the abdominal muscles play the
more important part in the process. The evidence at hand is
that provided by Majendie’s and Gianuzzi’s experiments,
Majendie substituted a bladder for the stomach, and still pro-
duced vomiting by injecting tartar emetic. Gianuzzi demon-
strated that vomiting could not be produced in a curarised
animal. Consequently it appears that the abdominal
muscles are the most important agents in the process.
Vomiting, however, is possible even when the abdominal
muscles are paralysed, which shows that the stomach wall
itself contracts. The pylorus, too, does not always remain
tightly closed ; for in cases of strangulation of the gut (strangul-
ated hernia), bile and the contents of the small intestine
may reach the stomach and be vomited.

The « Vomiting Centre—Since vomiting involves such a
- very large field of musculature, both of the voluntary and
involuntary variety, and since its various moveéments are so
peculiarly adapted to the fulfilment of the purpose of a par-
ticular aim, namely, the removing of offensive material from
~ the stomach, it is believed that in the medulla there is a co-
ordinating ‘vomiting centre.” This centre is placed in
close relationship to the respiratory and vasomotor centres.
The close relationship of the vomiting to the respiratory
centre may be understood from the following facts. Irritation
of the respiratory centre, occasioning dyspncea, frequently
induces vomiting ; the production of apneea, by taking a series
of long deep breaths, may stop vomiting after a feeling of
nausea has occurred :

This centre may be regulated and controlled in a number
of different ways.

1. It may be excited directly by apomorphine, the action
of which is best explained as being due to stimulation of the
vomiting centre. The centre seems to be excited also by
cerebral anemia, the vomiting, which follows such cerebral
anemia, is in the ordinary course associated with contraction
of the diaphragm and the abdominal muscles ; this raises the
intra-abdominal pressure. The result is the emptying of the
abdominal veins into the right side of the heart through the
inferior vena cava ; the arterial blood pressure is consequently
raised and the cerebral anemia overcome.

2. Afferent’ Impulses—The vomiting centre may be ex-
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cited reflexly in many ways. The most usual reflex is that
obtained from the mucous membrane of the stomach
through stimulation of the vagus endings. This may be
produced by emetics, such as mustard, or by abnormal
products of digestion. Another well known reflex is that
produced by stimulation of the back of the pharynx with the
finger or a feather. The afferent path 1s through the glosso-
pharyngeal nerve. Similarly irritation of various abdominal
and pelvic organs will cause reflex vomiting. As examples
may be mentioned gall-stones irritating the bile passages,
inflammation of the pancreas and peritoneum, calculi in the
urinary passages, strangulation of the intestine, a pregnant
uterus, injury to the ovary or testicle. In each case the
afferent impulse probably travels to the vomiting centre via
the vagus. Higher reflexes, such as psychical influences
produced by disgusting sights and smells, will cause
vomiting.

A reflex vomit is also obtained through the disturbance
of the organs of equilibration, such as the cerebellum and the
semicircular canals. It is possible that sea-sickness may be
due to the latter reflex by way of fibres in the vestibular
division of the auditory nerve.

3. Efferent Impulses—These impulses travel from the centre
in many ways :—to the salivary glands by the chorda tympani
and tympanic branch of the glosso-pharyngeal ; to the stomach
walls, the pyloric sphincter, and the cardiac orifice by the vagi ;
to the laryngeal and palatine muscles by the vagi, spinal
accessory, and glosso-pharyngeal nerves; to the diaphragm
by the phrenics, and to the abdominal muscles by the thoracic
nerves.

E{netics, or drugs which produce emesis or vomiting, may
be divided into two classes: Central emetics, those which act
directly upon the vomiting centre, like apomorphine; and
pertpheral emetics, those which act upon the mucous mem-
brane of the stomach, such as sodium chloride, zinc sulphate,
mustard, copper sulphate, and tartar emetic.

The Movements of the Small Intestine.— Newsro-muscular
mechanism.—The musculature of the small intestine is of the
unstriated or involuntary variety. It is arranged in two
main layers, which together form the outermost intestinal
coat, and which are separated from one another by a small
amount of connective tissues. The outermost coat consists
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of longitudinally directed fibres; in the inner coat the fibres
are disposed circularly. The remaining muscle fibres of the
intestine are collected together into the muscularis mucosa.
This is a double layer of plain muscle lying at the boundary
between the mucous membrane and the submucous tissue.
The nervous tissue is arranged in precisely the same manner
as in the stomach,—that is to say, in the connective tissue
between the outer and inner coats of the intestine, there
is situated the relatively coarse plexus of Auerbach. In
the submucous tissue the delicate plexus of Meissner is
placed.

The movements of the intestines can be studied by
opening the abdomen of an animal which has been recently
fed and theéh anmsthetised. In order to protect the intestines
from the injurious effects of drying, the operation should be
conducted in a bath of warm normal saline solution (o9 per
cent.). Exposed under these conditions, the intestines are
observed to be extremely vascular, and to present two
kinds of movements— the peristaltic, and movements of
rhythmic segmentation. If the viscera are exposed to the
air the movements of the intestines tend to become excessive
and disorderly.

/ Peristaltic Movements.—Under the conditions mentioned
above, waves of contraction may be observed progressing
slowly down the intestines. Should they not be apparent,
they can be easily produced by the introduction of a bolus
of any solid material not detrimental to the intestinal mucous
membrane. It can be seen, then, that immediately below
the introduced body the intestine is inhibited, that 1s to say,
it is relaxed ; while, immediately above it, a strong contraction
of the intestine is observable. The effect of this is to drive
the mass along the intestine. At every stage of its progress
the inhibition and contraction of the intestine are evident,
and always bear the same spatial relationship to the bolus.
Such a movement is termed a peristaltic movement, and may
be defined as a quick succession of waves of inhibition and
contraction passing slowly along the intestine. The rate of
progress is slow. A peristaltic movement takes three and a
half hours to progress from the pylorus to the ilio-caecal valve.
In man, after a bismuth meal, the shadow appears in the
cecum about four hours after food is taken, and this leaves
the stomach about half an hour after its entry there. Hertz
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concludes that the average rate at which the contents of the
small intestine travel is about one inch per minute. The
peristaltic wave does not traverse the small intestine uqu::-rml},ir
from one end to the other. The contents of the intestine
are moved in an irregularly ¢ pendulum-like ” fashion : first
onwards, then a little backwards, then onwards once more.
Peristaltic waves, then, are, under normal conditions, produced
by the stimulation exerted upon the intestinal mucous
membrane by the presence of food material. In the case of
fasting animals the intestines are empty and tonically con-
tracted, but are quiescent, exhibiting no movements. Other
stimuli, however, are efficient ; thus a crystal of NaCl applied
to the intestinal wall causes a contraction above it and an
inhibition below. A pinch produces a precisely similar effect
(Starling). Inco-ordination of the peristaltic movements, in
which relaxation in front does not coincide thh the contraction
behind, results in intestinal colic.

. The Rhythmic Segmentation Movements.— The move-
ments described above have as their physiological function
the dnving of the food onwards. The purpose of the
rhythmic segmentation movements is the thorough mixing of
the food with the intestinal juices. They can best be studied
by the X-ray method, the animals being previously fed with
material containing bismuth subnitrate (Cannon). The
movements are not apparent on alterations of the position of
the various loops of intestine (* swaying movements”), but,
actually, their most important characteristic is a rhythrnmal
contraction of the circular fibres of the intestine. These
constrictions appear at the rate of ten in a minute and a half,
and are propagated at the rate of 2 to 5 cms. per second down
the intestine (Starling). They may arise at any point. The
rate and extent Df these constrictions can be directly measured
by mtroducmg a balloon into the lumen of the intestine, and
connecting it with a Marey’s recording tambour. These
rhythmic segmentation movements are very wgﬂmus in
hunger, and an exaggeration of these movements in nervous
suh]ectq 1s the cause of borborygmi.

<~ The Mechanism of the Peristaltic Movements. — The
penstaltlc movements may be elicited by a pinch applied to a
piece of isolated intestine lying in an oxygenated Ringer’s
solution. Evidently, then, peristalsis is a movement inherent
in the tissues of the intestines themselves, and quite in-
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dependent for its production upon extraneous influences. As
has been pointed out, both muscle and nervous structures are
present in these tissues, the question consequently arises as to
whether the peristalsis is dependent alone for its production
upon muscular conduction (Z.e. is it myogenic and myodromic ?),
or whether it is due to the intermediation of Auerbach’s plexus
(¢e. 1s it neurogenic and neurodromic?). The balance of
evidence supports the latter alternative. The peristaltic move-
ments are usually regarded as reflex, due to conduction through
Auerbach’s plexus—that is, they are neurogenic. The evidence
in favour of this is—

1. Its complexity, and the fact that the inhibition and
contraction so regularly and constantly occur on intestinal
stimulation.

2. The peristaltic movements are destroyed, and cannot be
revived by any kind of stimulation after the intestine has been
treated with cocaine or nicotine. - These drugs destroy the
activity of nervous structures only, hence it is assumed that
peristalsis must be a nervous function (Bayliss and Starling).

3. The observations of Mail—Mall removed a piece of the
intestine, and, after reversing it, sutured it to the rest of the
intestine. Its former rectal end then lay cranialwards. - Under
these conditions great disturbances of nutrition occurred, and
on post-mortem examination, although the resected piece of
intestine was dilated, the food had accumulated at its ““ head ™
end. This shows that, normally, the peristaltic waves are
conducted in one direction only. Anti-peristaltic waves,
however, do occur in abnormal circumstances, e.g. in acute
intestinal strangulation.

As a result of these considerations, it i1s concluded that
peristalsis is a reflex movement, peculiar, amongst all other
reflex movements, because the entire nervous reflex arc (Z.¢. the
plexus of Auerbach) is confined to peripheral tissues.

. Mechanism of the Rhythmic Segmentation Movements.—
These movements occur also in a piece of isolated intestine
in warm oxygenated Ringer'’s solution. But they are not
destroyed by the action of nicotine or cocaine upon the
intestine. Furthermore, they are produced when the intestine
is pinched, and under these conditions, will pass both up and
down the intestines. It is concluded, therefore, that these
movements are muscular. They are conducted from muscle
fbre to muscle fibre without the intervention of any nervous
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structure, and are therefore of myogenic origin and myodromic
In transmission.

Nervous Control of Intestinal Movements.—Although the
movements of the intestine are entirely automatic—that is,
independent of the central nervous system, yet their regulation .
and control are functions of this system (zide p. 563). To the
intestines two sets of efferent nerves pass,—the vagus and the
sympathetic. The vagi have their cell stations in the organ
itself (z.e. in the terminal ganglia). The sympathetic fibres
are derived from the anterior roots of the lower six dorsal
and upper three lumbar nerves; they leave the anterior
roots of these spinal nerves, and pass via the white rami
communicantes and the splanchnic nerves to the semi-
lunar ganglia. Here they have their cell station, and their
post-ganglionic (non-medullated) fibres are continued on to
the intestine. Stimulation of the vagus after a long latent
period produces augmentation of the intestinal movements.
Sympathetic stimulation, on the other hand, after a short latent
period causes inhibition of the movements. Consequently,
the vagus is the motor nerve to the intestine, whilst the
sympathetic is the inhibitor. At the same time, the vagus
is believed to contain some inhibitory fibres. The intraspinal
connections of these viscero-motor and viscero-inhibitor fibres
are not known, but there is some evidence at least to indicate
that there must be connection with the higher parts of the
brain. As in the case of the stomach, psychical states are
known to exert an influence over the intestinal movements.
In the splanchnics, as well as in the viscero-motor (inhibitory)
nerves /o the intestine, there are afferent fibres from the
intestine. Under normal conditions the subject is not
conscious of the intestinal movements; when they become
excessive, however, they give rise to painful sensations.
Through these afferent nerve fibres, moreover, certain
important reflexes are mediated. Thus vomiting may be
produced by irritation of the intestinal mucous membrane,
and a wellknown effect produced is the inhibition of the
{ heart obtained by tapping the intestines (Goltz's tapping
experiments).

The sympathetic nerves also contain vasomotor fibres. If
the sympathetic nerves to the small intestine are cut there
follow local vasodilatation and an increased secretion of watery
succus entericus.

I
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Movements of the Large Intestine. — Newro-muscular
Mechanism.—The musculature is arranged in the same
manner as it is in the small intestine, with only one
distinction,—that, in man, the longitudinal fibres are
accumulated very largely into three bands which lie on the
front and lateral aspects of the cecum and colon. Similarly,
the nervous mechanism consists of the plexuses of Auerbach
and Meissner, which, as previously mentioned, are continued
along the whole course of the intestine from the upper part
of the cesophagus to the lower part of the rectum.

F1G. 14.—Diagram of the large intestine. (A. F. Hertz.)

The pelvic colon P.C. is represented in the position it occupies when
ull. The numbers represent the hours after a bismuth breakfast
at which the different parts of the colon are reached. Z.C., lliac
colon ; P., Pelvis. -

Cannon is mainly responsible for the conceptions of the
movements of the large intestine. His experiments were
performed upon cats. In these animals the course of the
food, in its passage through the alimentary canal, was rendered
evident to the X-rays by admixture with bismuth subnitrate.
As a result of his experiments he divides the large intestine
into two parts :(—

1. Extending from the ileo-cecal valve to the splenic
flexure ; and,

2. From the splenic flexure to the pelvic colon. In the
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first part of the colon the movements are peristaltic and retro-
peristaltic ; that is, retro-peristaltic contractions appear at some
point in the ascending or transverse colons, and pass back
towards the ileo-cecal valve. Regurgitation into the ileum is
prevented by the closure of the ileo-cacal valve and the ileo-
ceecal sphincter (innervated by the splanchnic nerve). The
result of this is that there is greater time allowed for the
absorption of moisture from the intestinal chyme, for it is
very liquid when it reaches the ileo-cacal valve. In the
descending colon a different scheme obtains. In it ordinary
peristaltic movements occur, forcing the faecal mass down into
the pelvic colon and rectum. The transition of material
from the transverse into the descending colon, in spite of
anti-peristaltic movements, i1s due to the constant pressure
exerted behind by the small intestine. Hertz has investigated
the rate of the movements of the contents of the colon in
man by previously feeding him with a bismuth meal, and
examining the shadows caused by the bismuth with X-rays.
As a result of these investigations, he finds that, if a * bismuth
breakfast ” is taken at 8 a.m., the bismuth arrives in the csecum
at 12.30 p.m., at the hepatic flexure at 2.30 p.m., at the
middle of the transverse colon at 4 p.m., at the splenic
flexure at 5 p.m., and in the pelvic colon at 1o a.m. next
day.

Nervous Control of Movements.—There are two distinct’
nerves, the function of which is to control the automatic in-
testinal movements. One is viscero-motor, and the other
viscero-inhibitor. The viscero-inhibitor impulses run in the
splanchnic fibres arising from the cord at a level correspond-
ing with the second, third, and fourth lumbar nerves, and
have their cell station in the inferior mesenteric ganglion.
The post-ganglionic fibres reach the colon and rectum via the
hypogastric nerves and plexus. The viscero-motor fibres are
derived from the pelvic splanchnics, white rami come from the
second, third, and fourth sacral nerves (anterior roots), and
pass directly into the pelvic plexus. Stimulation of these
nerves (nervi erigentes) causes contractions of the muscular
coats of the descending colon and rectum, vasodilation of the
vessels in these organs, and erection of the penis. Their cell
stations lie in the small ganglia in close relation to these
organs. The hypogastric nerves are the motor nerves for the
internal sphincter ani, whilst the pelvic nerves cause contraction
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of the musculature of the rectum and dilatation of the sphincter
internus. )

The normal stimulus for the movements of the large in-
testine is the presence of food material, especially indigestible
food like cellulose, in the intestine.

These movements may be influenced by impulses from the
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I16. 15.—Diagram of the nerve supply to the alimentary
canal. (A. F. Hertz.)

upper part of the alimentary canal ; for the taking of food or
water frequently starts peristaltic movements 1n the large in-
testine. :
The movements, however, are influenced by the higher
centres ; painful sensations inhibit intestinal movements, ex-
citement frequently increases the movements zu_'ud may cause
diarrhcea.  Drugs given for the relief of constipation, or of
diarrheea, act on the mucous membrane, thus affecting the
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secretion ; on the muscular wall ; or upon the nerve plexuses
present. Peristaltic movements are incréased by bile ; also by
the amino-acids, the normal products of the digestion of protein.

Defecation.— All the indigestible residue of the food, in
addition to débris from the alimentary canal and certain in-
testinal excretions, such as bile and mucin, ultimately reach
the lower part of the pelvic colon. Here they are in a state
of comparative solidarity, a great part of the moisture present
having been absorbed as the result of the retro-peristaltic
movements in the ascending and transverse colons previously
described above. Ultimately, however, the normal peristaltic
movements of the descending colon force some of the faces
into the rectum. The rectum is thrown into a condition of
tonic activity, but at the same time its sensory nerves are
stimulated, and this is the necessary stimulus for the per-
formance of an act of defeecation, which, however, does not
occur immediately on the reception of this stimulus. . In
normal circumstances, the stool passed to-day is probably
derived in chief measure from the food of the day before
yesterday (Hutchison).

NEURO-MUsCULAR MEcHANISM OoF DErFZcarTioN.—Defzca-
tion is under the control of the will, and certain voluntary
or striated muscles are in a contracted state, holding tight the
anal orifice. These muscles are the external sphincter ani,
and when the stimulus is very strong, certain perineal muscles,
notably the levatores ani, especially in its pubo-rectalis
portion.

As a result of this sensory or afferent stimulation, certain
voluntary and involuntary movements are made. The chief
features of the voluntary side are: the closure of the glottis,
fixation of the diaphragm, and a strong contraction of the
abdominal muscles, accompanied by inhibition of the sphincter
ani externus, and, if in activity, of the levatores ani too.
Simultaneously, the involuntary musculature becomes active ;
the descending and pelvic colon and the rectum are thrown
into a series of very strong peristaltic contractions, whilst the
sphincter ani internus is relaxed. The voluntary muscles, the
levatores ani, moreover, assist in emptying the last traces of
feeces from the rectum, namely, by a strong contraction they
draw the rectum up over the feecal mass.

Normally, this complex range of movements, involving such
a wide series of neurones and muscles, is co-ordinated by a
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centre in the lumbo-sacral cord, called the defecation centre.
It is found, however, that if, in dogs, this portion of the spinal
cord containing the centre is removed, defecation can still
proceed in a normal manner (Goltz), and the tonicity of the
sphincter ani externus, which is at first lost, is recovered, even
although it is a voluntary muscle and its motor nerve has
been destroyed. The defacation in this case is effected by
the peristalsis of the descending and pelvic colon, and the
rectum, innervated through Auerbach’s plexus, which contains
local cell stations. Normally, the spinal centre is under the
control of the cerebrum. This control has been acquired in
the course of evolution, and its autogenetic development is
apparent in the child. It is well known that certain emotions,
such as fear, will remove the inhibitory action exerted by
the cerebrum’ on this centre. In Goltz’s dogs, section in the
mid-dorsal region of cord, cutting off voluntary control, did
not interfere with defeecation, which proceeded in the normal
way. If, however, in man the centre in the spinal cord is
completely destroyed, the sphincter ani externus and the
levatores ani become paralysed, and incontinence of faces
ensues.

The muscles and nerves involved in the act of defacation
are many. The parts of the body involved include the follow-
ing —The larynx, supplied by the vagus; the diaphragm,
innervated by the phrenics ; the abdominal muscles, by spinal
nerves ; the external sphincter ani and levatores ani, by
the fourth sacral nerve. Stimulation of the hypogastric
(sympathetic) nerve produces movements in the descending
colon and rectum, and brings about inhibition of the sphincter
ani internus.




SECTION IV.
THE CARDIO-VASCULAR SYSTEM.

CHAPTER XVI.

THE HEART.

“ ANATOMY.

Tur human heart consists of four chambers,—two auricles
placed above a fibrous plate, and two ventricles below it.
The plate itself is perforated so as to allow communication
between the right auricle and the right ventricle, and between
the left auricle and the left ventricle. The right auriculo-
ventricular aperture is guarded by the three cusps of the tri-
cuspid valve, the left by the two cusps of the mitral valve.
Each valve segment is attached by chorde tendinex to the
papillary muscles on the walls of the corresponding ventricle,
The chorde tendinez obtain attachment not only to the
margins, but also to the deep surfaces of the valve segments.
Into the right auricle open the vena cava superior, the vena
cava inferior, and the coronary sinus. Valves in the ordinary
sense are absent at the mouths of these vessels, although
septa directing the course of the blood are present. The
Thebesian valve, consisting of a fold of endocardium, is found
at the orifice of the coronary sinus, and the Eustachian valve,
a fold of endocardium and subendocardial tissue, extends from
the anterior and lower margin of the orifice of the vena cava
inferior to the annulus ovalis. In the feetus this valve serves
to direct the blood entering the right auricle by the vena cava

inferior through the foramen ovale into the left auricle. The
'I'E‘?|
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four pulmonary veins open into the left auricle, The right
ventricle pumps its blood into the pulmonary artery, the left
into the aorta, Each of these at its origin from the heart is
provided with valves. These are the semilunar valves, con-
sisting in each case of three cusps. Each cusp resembles a
small pocket, and consists of a double fold of endocardium
containing fibrous tissue. At the middle of the free edge is a

~_ Innominate artery
i §—Left subclavian artery
Y ‘ Left common carotid artery

=—— A ortic arch

Superior vena cava

Serous pericardium

Ascending aorta

Pulmonary artery
Right auricular appendix

b Sinus of Valsalva

Y
%r Pulmonary valve

Infundibulum

Infundibular segment
of tricuspid valve

Septal segment

" of tricuspid valve
Anterior papil-
lary muscle

- Moderator band

Inferior vena cava
Marginal segment of tricuspid valve

F1G. 16.—The interior of the right ventricle, (Cunningham.)

fibro-cartilaginous nodule, or corpus Arantii ; whilst on either
side of this two crescent-shaped areas, the lienule, remain
almost free from fibrous tissue.

The muscle fibres composing the heart are arranged in a
definite manner, the intrinsic musculature of the auricles is
separated from that of the ventricles by the fibrous auriculo-
ventricular rings.

The muscle fibres of the auricles are arranged in a super-
ficial and a deep set. The superficial fibres encircle both
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auricles, and have a transverse course. The deep libres have
a vertical direction, arising from one side of the fibrous ring,
and being inserted into the other, They are proper to each
auricle.

Similarly, the ventricular muscle 1s composed of a super-
ficial and a deep set of muscle bands. The deep bands
are arranged in a series of three scroll-like laminz, the
distribution of which 1s more readily understood by a
transverse section, thus:—

F1G. 17,—Scroll-like laminz of the deep muscular
fibres of the ventricles,

It will be seen that the deepest layer of one ventricle forms
the most superficial of the other. The superficial fibres arise
from the fibrous structures at the base of the heart, take a
diagonal course over the heart, make a whirl round the apex,
and end in the papillary muscles of the opposite side. From
these they are prolonged back to the auriculo-ventricular ring
via the chorde tendinex and the auriculo-ventricular valves.
On the anterior aspect of the heart the direction of the fibres
1s from right to left. The walls of the auricles are about the
same thickness, but the walls of the left ventricle are about
four to five times as thick as those of the right ventricle. This
1s because the left ventricle has more work to perform ; and
when the resistance to the output of blood from the ventricles
increases, the ventricular walls hypertrophy because of the
increased work required of them. The right ventricle differs
from the left, moreover, in that a strand of muscle fibres
stretches across its cavity from the wall to the septum, the
moderator band, the function of which it is to prevent over-
distension of the ventricle.

Such an arrangement as described above does not provide
fc:-r muscular continuity between auricles and ventricles. This
15 affected, however, by two fine muscular bundles: (1) the
sinu-auricular bundle (Flack), (2) the auriculo-ventricular, or
A~V bundle (His).
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Tt}e Sinu-auricular Bundle.—The primitive vertebrate heart
consists of five chambers, namely :

1. The sinus venosus, receiving the right and left ducts of
Cuvier.

2. The auricular canal.

F1c. 18.—Section of a heart, exposing the septal wall of the right auricle
and ventricle, and showing the position of a portion of the remains of
the primitive cardiac tube. (James Mackenzie, affer Keith.)

r. Superior vena cava above the sinu-auricular node.

2. Auriculo-ventricular node (Knoten of Tawara) from which the auriculo-ventricular
bundle arises. The interrupted part represents the main bundle, and the
continuation to 3 is the right division, where it 1s shown in the cut moderator

band.

The aorta. ‘ A :
Right auricle below the superior caval orifice and tinia terminalis.

Pulmonary artery.
Opening of coronary sinus.

bl

3. The auricle.

4. The ventricle.

g. The bulbus-cordis opening into the cardiac aorta.

These five portions are in muscular continuity.

The sinus venosus is that part of the heart in which the

c——
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cardiac contraction commences, and it is represented in the
mammalian heart by four remnants (Flack) :

t. The termination of the superior vena cava (right duct of
Cuvier).

2. The coronary sinus (left duct of Cuvier).

3. A stratum submerged beneath auricular tissue at the
teenia terminalis.

Portion of bundle which goes to Aorta

the left face of the inter- ;
ventricular septum
Auriculo-ventricular -
bundle :

Right auricle

Infundibulum

Portion of
Bl auriculo-ventri-
@l cular bundle

| to the right face
glof the interven-

Right or mar- |
ginal flap of -
tricuspid |

o septum
valve

Moderator hand
on which fibres
—from the auricilo-

ventricular
bundle are
spreading out

Portion of septal
flap of tricuspid
valve

Posterior papillary
muscle

F1G, 19.—Dissection of the heart of a calf, by Waterston, to show
the auriculo-ventricular bundle. (Cunningham.)

4. The remnants of the Thebesian and Eustachian valves,

Keith and Flack draw attention ‘to the persistence in
mammalian hearts of the remnant of primitive fibres found
where the superior vena cava joins the tenia terminalis of the
right auricle ; this remnant is the sinu-auricular node.” From
this sinu-auricular node muscular fibres pass down the inter-
auricular septum to another remnant of primitive fibres placed
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at the base of the septum, and called the auriculo-ventricular
node. The sinu-auricular node is closely connected with
the vagus and sympathetic nerves and has a special arterial
supply.

vV The Auriculo-ventricular Bundle, — The researches of
Tawara have demonstrated the complex nature of this bundle.
The auriculo-ventricular bundle of His commences in the
auriculo-ventricular node, which lies at the base of the right
side of the inter-auricular septum, just above the attachment of
the middle segment of the tricuspid valve and below the fossa
ovalis. The bundle courses through the auriculo-ventricular ring
along the top of the interventricular septum below the pars
membranacea septi, and divides into right and left septal
divisions for the right and left ventricle. These fibres go to
the septal groups of the papillary muscles. The terminal
ramifications of the bundle arise in the papillary muscles, and
pass to the ventricular walls, as Purkinje’s fibres, placed in the
subendothelial tissue, and on the right side they take the form
of small moderator bands.

It is possible that the dominating rhythm of the heart
arises at the sinu-auricular node, and that the contrac-
tion wave is conducted along the muscular fibres of the
sinu-auricular and auriculo-ventricular bundles which repre-
sent that part of the vascular tube from which the heart is
developed.

The coronary arteries supply the heart muscle with arterial
blood. These vessels have no vasomotor nerves, and therefore
are not controlled by the central nervous system. The reason
for this 1s as follows: If the peripheral arterioles contract and
the blood pressure rises, the heart has more work to do to
" pump the blood against the increased resistance; in these
circumstances more blood traverses the coronary arteries,
producing a better blood supply to the heart muscle.

HISTOLOGY OF THE HEART.

If a small piece of the ventricle of a frog is placed in a
solution of 5o per cent. caustic potash, and allowed to remain
there for a short time; then teased on a slide in a drop of this
potash, and covered and examined in the usual way, individual
muscle elements of the heart may be seen. The muscle
fibres contain oval nuclei which occupy the centre, the proto-
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plasm is seen to be slightly transversely striated, and longi-
tudinal striations can be detected. The fibres are branched, and
these branches connect with adjacent fibres, Heart muscle in
the living state, however, does not consist of a number of separate
cells or fibres, but of a network of cells intimately fused on all
sides, forming a syncytium.! According to Heidenhain, the
fibres forming the syncytium have many nuclei placed at
regular intervals. At each pole of the nucleus is a mass of
protoplasm containing basophil granules ; this granular proto-
plasm is the sarcoplasm. Between the nuclei and the sarco-
plasm, which occupy the centre of the fibres and the periphery,
are the sarcostyles. These are prismatic, and exhibit longi-
tudinal striations due to the fibres of which they are composed,
and transverse striations due to the presence of singly and
doubly refractile substances in the fibres. The sarcostyles
constitute the contractile substance of the heart. The sarco-
plasm in the interior of the fibre is continuous with a thin
layer of non-fibrillated material around the periphery of the
fibre. There is no sarcolemma round the cardiac muscle
fibre as there is in the case of voluntary muscle. The heart
muscle is originally developed from cells called myoblasts,
but as development proceeds the cells become fused to form
a syncytium of fibres, and the fibres contained therein pass
from one fibre to another. There 1s therefore in this syncytium
a continuity of protoplasm.

Immediately underneath the endocardium in many mammals
there is a layer of beaded cells, the so-called muscle fibres
of Purkinje. Each cell contains one, or sometimes two,
nuclei, and exhibits at one side or the other a commencing
striation. They may be regarded as embryonic cardiac
muscle cells. '

The auriculo-ventricular bundle of His consists of less
differentiated muscle fibres than that of the rest of the cardiac
muscle ; the nuclei present are, however, larger.

MSEQUENUE OF CONTRACTION OF THE HEART, OR
CARDIAC CYCLE.

The wave of contraction extends over the mammalian
heart with extraordinary rapidity. So rapid, indeed, is its

! A syncytium is a united mass of cells, the lines of separation between
which are almost or entirely absent.
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progress in a freshly exposed heart that it is impossible to
follow it with the naked eye. In the heart of cold-blooded
animals, such as the frog and the tortoise, and in the dying
mammalian heart, the sequence ecan, however, be readily
determined. = The contraction is seen to begin in the case of
the frog at the sinus venosus, and in the mammal at the
homologue of this—the mouths of the great veins ; it is then
transmitted to the auricles, and since many muscular fibres
are common to both auricles, these contract practically
synchronously, and in a modified peristaltic manner, though it
is stated that the contraction of the right auricle precedes that
of the left by a fraction of a second. The auricular contrac-
tion is known as the auricular systole, and lasts about one-tenth
of a second, and the auricular systole is succeeded by the ven-
tricular contraction. In most cases there is a slight pause
between the auricular and ventricular contraction ; in the dog
this pause amounts to one-tenth of a second, in other cases it
appears to be much shorter. During this time the contraction
wave 1s transmitted along the auriculo-ventricular bundle. The
ventricles contract synchronously. On superficial examination
it appears that all the fibres of the ventricles contract together,
but this is not the case. The contraction wave is transmitted
along the fibres from base to apex, and then from the apex along
the papillary muscles to the base again, in a modified manner,
and at the rate of five metres per second ; in fact, the wave
follows the anatomical course of the fibres as already described.
Simultaneously the circular fibres contract; these constitute
the driving mechanism of the heart. This is proved by an
examination of the electrical variations of the beating heart.
During this contraction there is not only a diminution of the
cavity, but, because of the diagonal direction of the fibres, a
shortening in the longitudinal direction associated with a
twisting of the heart from left to right. The cavity of the
heart, however, is never completely obliterated. The ventric-
ular systole lasts about three-tenths of a second. Succeeding
the ventricular systole, the heart enters into a condition of
general diastole, which persists for four-tenths of a second.
It is followed by auricular systole, and the whole cycle recom-
MENces.
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The cardiac cycle is as follows :—

CARDIAC CYCLE.

(Diastolic filling of auricles and ventricles, due
to suction action of ventricles, causing a
negative endo - ventricular pressure. The
aspiratory action of the thorax helps to fill
the heart with blood. The diastolic filling
causes a rise of tension in the heart cavities,
which is a stimulus to contraction.

(GENERAL DIASTOLE—
5 second.

LY

VENTRICULAR DIASTOLE [ The auricles force more blood into the ven-

persists and tricles, this raises the tension in the ventricles,

AURICULAR SYSTOLE 1 and also causes the flaps of the auriculo-
occurs— ¢ second. ventricular valves to fill out.

rAll valves are closed,
the endo-ventricular
pressures gradually
rise to overcome

) Px . _
Te Compression Period, | o 0 pressure in the

iy s2c0ng pulmonary  artery

and the aorta. The

VENTRICULAR SYSTOLE apex beat is pro-
A second. ! duced.

LY

(Auriculo - ventricular
valves are closed,
pulmonary and
aortic valves open,
blood expelled.
Apex of heart re-
. cedes,

The whole ventricular diastole occupies 1% second.

2. Expression Period, |
L & second

COURSE OF THE BLOOD.

During the period of general diastole the blood flows in a
constant stream from the great vessels into the auricles. The
pressure in the veins is small, but in the auricles and ventricles
it is negative, the result of which is that the auricles and
ventricles become filled with blood. The auriculo-ventricular
apertures are open, and the ventricles relaxed and their cavities
become distended. The effect of the auricular systole is to
drive more blood onward into the ventricles ; and ultimately,
by producing eddies under the auriculo-ventricular valves, to
bring about their closure. When the auricles contract there
is a slight amount of regurgitation of blood into the superior
vena cava, and this will account for the jugular pulse, which
can be recorded over the jugular vein, especially if the arterial
blood pressure is high. Regurgitation through the inferior
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vena cava is prevented by the high abdominal pressure
brought about mainly by the tone of the abdominal wall,
When the ventricles contract the tricuspid and mitral valves
are tightened still further, and only their attachment to the
chorde tendinea and papillary muscles prevents their flying up
into the auricles, with the consequent production of regurgi-
tation. The intraventricular pressures are then raised until
they exceed the pulmonary and aortic pressures. When this
1s the case the semilunar valves open, not suddenly, but
smoothly, and the blood is ejected through the pulmonary
and aortic orifices into the pulmonary artery and the aorta.
It i1s to be noted that it is only towards the end of ventricular
systole that blood is forced into the large vessels ; before this
the force of the heart beat is only exerted in get#ing up the
intraventricular pressures.

THE APEX BEAT.

If the bared chest of an adult, in the upright posture, is
examined by inspection, it will be seen that there is a beat in
the fifth intercostal space of the left side about 1 inch
below the nipple, and 33 to 4 inches to the left of the mid-
sternal line. This 1s the apex beat, though it is not due to
the true cardiac apex, which is covered over by lung and
pleura. The apex beat coincides with the compression period
of ventricular systole, and only occurs where the ventricular
wall touches the chest wall, 7.e. before diminution in size of
the ventricle begins. It has always been a question as to
how a diminution in cardiac volume could cause a forward
movement of the chest wall. The apex beat appears to
depend for its occurrence upon the fact that the heart during
contraction passes from a flaccid condition, in which it can
make no impression upon the tense chest wall, into a hard
contracted condition, and is erected and rotated forward
upon its only fixed point, the cardiac base. The rotation
forward is due to the curved aortic arch tending to straighten
during systole. This straightening is prevented by the
resistance of the chest wall against the heart, and of the verte-
bree against the thoracic aorta. The pressure of the curved
heart against the chest wall produces the apex beat. The
position of the apex beat, however, is not constant; 1t varies
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whether the patient is lying on the right or the left side,
whether he is in repose or standing erect.

CARDIAC SOUNDS.

If an ear or, better still, a stethoscope 1s applied to the
region of the chest wall at which the apex beat occurs, it will
be found that two distinct sounds are prnduced in the heart
during the cardiac cycle. The fizst sound, as it 1s called, is
somewhat indistinct and prolonged, and is deeper in tone. It
can be heard in the isolated beating heart. Wintrich re-
solved it into two tones, one high and the other low. Corre-
sponding with these two cnmpnnents of the sound, there are
two factors concerned in its production.

. A muscular factor, due to the contraction and the
tension of the ventricular muscle, which [deuces the deeper
t'DI'lE

S

. A valvular factor, caused by the sudden tension ef the.
:@urmulo -ventricular valves, and possibly the vibrations of the
chordz tendinea and contraction of the papillary muscles.  To
this factor must be assigned the higher constituent-tene of the
first cardiac sound.

That this is' the correct explanation is proved by the fact
that, in the isolated -heart, the sound still continues when the
ﬁngew are held in _the auriculo-ventricular orifice, or the valves
held clov.n with wire hooks. Moreover, if the auriculo-2
ventracular valves are suddenly thrown into tension in the
dead heart, a sound is produced (Haycraft). Should a board
be placed over the beating heart the sound is much intensified.
Again, in pathological conditions involving these valves the
first sound is modified, and it is heard most distinctly over
the apex beat.

The second sound is shorter, more distinct, and of a higher
tone, and is best heard over the second nght costal cartilage
near the sternum. It is due to the normally synchronous
closure of the two sets of semiltnar valves. If, in an animal,
the semilunar valves are prevented from r::lm,mg Wﬂkmg
them down to the walls of the aorta, or pulmonary-artery
(Wﬁ or by the introduction of a needle down
the carotid into the left ventricle, the second sound is modified.
Moreover, in diseased conditions of the semilunar valves, when

they are prevented from performing their normal functions,
I 2
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and when they allow of regurgitation of blood from the
pulmonary artery into the right ventricle, or from the aorta
into the left ventricle, the second sound loses its sharp distinct
character, and is replaced by a regurgitant murmur. The
pulmonary -contribution to the second sound is most distinct
in the second left interspace close to the sternum. Increased
loudness of the second cardiac sound indicates an increased
“blood pressure either in the aorta or in the pulmonary artery.

Fi1G. 20.—Diagram showing jmsitiﬂn of preecordial areas.

(Gibson and Russell.)

A=Aortic area ; P=Pulmonary area; FT=Tricuspid area; M= Mitral area.

Einthoven and Geluk have obtained graphic records of the
cardiac sounds by a very ingenious method. The sounds
were received by a microphone, which they connected with a
caplllar}r electrometer, and photographed the movement of the
meniscus of the latter instrument upon a moving sensitised
plate, At the same time they obtained records of the apex
beat. Their investigations furnished complete proof of the
statements above regarding the causation of the cardiac

sounds.
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TRACING FROM THE APEX BEAT.

If the button of a cardiograph is placed over the so-called
apex beat of the heart of a man, a cardiograph tracing may;be
obtained. Such a tracing consists of a slight short up-stroke
due to the auricular systole, a much more marked and higher
down-stroke followed by a wavy line representing general
diastole. It will also be noted that the first sound of the
heart occurs during two-thirds of the stage of ventricular
systole, and that the second sound occurs in the earliest
portion of general diastole (Fig. 21). The tracing of the
apex beat is really a combined curve due to the changes
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F1G. 21.—Cardiogram from the apex of human heart showing the
relationship of the cardiac sounds to the cardiac cycle.

in the yolume and pressure of the heart; and while simple
curves are easily enough interpreted, others more complicated
are very difficult to read aright. Considered by itself, the
tracing of the apex beat is of liftle value, but in conjunction
w1+l:h_ other data, it has been an important means of deter-
mining the time relations of the different phases of the heart
_beat 1n_man.-

" ENDO-CARDIAL PRESSURE.

The determination of the endo-cardial pressure 1s a matter
of importance, and may be effected by a variety of methods,
amongst which the following are the most important.
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. The Use of the Cardiac Sound Sphygmoscope (Chauveau

.Lml Marey).—A cardiac sound consists of a long metal tube
something like a Eustachian catheter with an elastic bulb at
the end. To determine the pressure in the right auricle the
sound is passed down through the right internal jugular vein ;
should the left ventricular pressure be required, the sound is
passed down through the left common carotid artery. It
should then be connected by means of elastic tubing with a
recording instrument of low inertia, such as Hirth ]Lh record-
ing manometer (the tubes and manometer being filled with a
saturated solution of Nay,SO,), or a Fick’s C-shaped spring
manometer. Should the

~ pressure in the right auricle
ik .

— N < =N and the right ventricle be
: required  simultaneously,
they can be easily obtained
by means of a byway sound

consisting of a double
tube and two bags, and so
arranged that, when the

H*I’entrwf r—.-

instrument is passed down
the internal jugular vein,
one bag lies 1n the right
auricle and the other iIn
the right ventricle.
2. A hollow tube may
Tt Ventricle _. be passed through the
P o B W i A chest wall into that part
: , : of the heart the pressure
F1G. 22.—Endocardial pressure curves. S U :
(Leonard Hill, after Chauveau and f’:nf ‘ﬁ.hrldl it 1s required to
Marey.) investigate, or a cannula
may be passed down the
internal jugular vein or carotid artery into the heart. It is
connected by elastic tubing with a manometer of the type
mentioned, and the whole system is filled with a solution of
Na,SO, or MgSO,. Bayliss and Starling made use of a
very delicate modification of this method. They connected
the intra-cardiac cannula with a capillary tube, which they
partially filled with a solution of MgSO,, and sealed the top.
The movements of the meniscus of the salt solution were
photographed on a moving sensitised plate.
3. Should a determination of maximum or minimum pressure

.r"

J‘_a-._._,.
g
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be required, the connections are made exactly as described
above, with the addition that between the cannula and the
manometer is placed a maximum or minimum valve. A
maximum valve is so arranged that it allows the passage of
fluid from the heart and prevents its return ; a minimum valve
acts in the reverse manner. The valves must be in connection
with the heart, and acting some little time before an observa-
tion can be made.

‘In the dog the figures obtained in mm. of Hg are as
follows :—

Left Right Right
Ventricle. Ventricle, Auricle. i
S S SRR RIS T AT N S 0 T e S T
Maximum pressure . : + 140 + 60 It 220
| Minimum pressure . . | —40 | -I5 —7 .
I

The following diagram represents the curve of intra-
ventricular pressure (left ventricle) :—

FiG. 23.—Curve of intraventricular pressure (left ventricle).

The rise in intraventricular pressure causing the curve
I to 2 is due to blood coming into the left ventricle through
the systole of the left auricle. At 2 the left ventricle is full
and begins to contract, when the intraventricular pressure
rises rapidly. From 2 to 3 the ventricle is getting up pressure
to overcome the pressure in the aorta. - Just after 3 the aortic
valves open, blood enters the aorta, and continues to do so
throughout the systolic plateau or top of the curve until 4,
when the ventricle commences to go into diastole. The intra-
ventricular pressure then begins to fall, it becomes less than
the aortic pressure, and at 5 the aortic valves close. The
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intraventricular pressure then becomes negative, and in con-
sequence blood 1s drawn in once more from the left auricle.

U’Lﬂ/\* \Hm N

Carotid

#Seconds

Fig. 24.—Simultaneous tracings of the apex beat and the carotid pulse,
showing the ‘¢ Systolic pLLtD:Lu £’ in the cardiogram during the
outflow from the left ventricle. (James Mackenzie, )

CAUSE OF THE NEGATIVE INTRAVENTRICULAR
PRESSURE.

The cause of the negative pressure in the heart is somewhat
obscure, and its occurrence has never been satisfactorily ex-
plained. The following appear to be the chief factors in its
causation :—

1. The Elastic Rebound whick succeeds the Ventricular Con-
traction.—During the ventricular contraction the base of the
heart, which includes the orifices of the aorta and pulmonary
artery, is constricted, and this constriction is more marked at
the end of systole. When the ventricles relax, the pressure
of the blood in the pulmonary artery and aorta is sufficient to
cause the bases of the pulmonary artery and the aorta, and
likewise the base of the heart, to dilate ; this causes an increase
in the capacity of the ventricles, and thus a definite negative
intraventricular pressure.

2. The Respiratory Action of the Thorax is believed to have
a share in its formation.

3. The most important Factor appears to be the filling of the
Coronary Arteries.—The effect of ventricular systole on the
coronary vessels is to empty them of blood, but with the
commencement of diastole these vessels become refilled
with blood from the aorta under considerable pressure ; and
Benders has demonstrated that an injection of the coronary
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vessels under high pressure causes diastole and a negative
intraventricular pressure.

THE PERICARDIUM,

The pericardium forms a fibrous sac lined by endothelium,
which is reflected over the heart. The space between the
heart and pericardium is filled with pericardial fluid, a liquid
having a composition which differs but little from that of
normal tissue fluid. The chief function of the pericardium
and the pericardial fluid is to enable the heart to contract and
relax without friction. It is possible, too, that the fibrous peri.
cardium prevents over-distension of the heart cavities,

PHYSIOLOGY OF CARDIAC MIESULE.

2 Cardiac muscle, like other muscle, is excitable and con-
tractile ; it responds to mechanical, electrical, chemical, and
thermal stimuli. It is important to note that the heart muscle
responds to the chemical stimuli for muscle, such as ammonia
and dilute mineral acids, but_got to the chemical stimuli for
Nerve.

Cardiac muscle, although striated and possessing properties
similar to those of ordinary voluntary striated muscle, yet has
other properties which are not found in that tissue, and differs
from it in certain of its physiological characteristics.

The principal differences are :—

1. The strength of the response of cardiac muscle does not
vary with the strength of the stimulus. As Kronecker fﬁ?l
Ranvier expressed it, the cardiac response is “all or nothing.”
Should a contraction occur in response to a given stimulus, it
does not matter whether that stimulus is weak or strong, the
extent of the cardiac contraction remains the same, provided
that the cardiac muscle is not damaged. The smallest
stimulus is either incapable of causing a contraction, f
the heart contracts, it is a maximum response.

2. Cardiac muscle possesses a long refractory  period.
During the period of contraction it is comparatively inexeit-

or, 1f

able, and will not again contract until it is relaxed. This
period of inexcitability, which is mqst_maﬂg_:_@urihg systole,
and passes off gradually as the heart enters into-the diastolic
condition, has been termed by Kr?_ﬂ_ﬂCk_ErjlnﬂjMng the
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refractory_phase of the heart, As a consequence of this it
follows :

3. That the heart muscle is mﬂapable of entering into a
condition of tetanus. In fact, if into a contracting ventricle
a series of 1a,p1d electrical stimuli are passed, the cardiac rate
of contraction is very often slowed. If a stimulus is applied
during diastole a contraction occurs in response, this is an
‘“extra-systole.” If the stimulus is applied to the auricles or
veﬁf*“le,_s"ﬁ'éﬁ“”extm-systﬂie” is followed by a longer pause
than normal, and this is called the “compensatory pause.”

i -Cardiac muscle has a long latent period. This can be
demonstrated and measured by the following method. A
llgature 1S applled to a frﬂg s heart between the sinus venosus
and the right auricle. The auricles and yentricle cease
beating. If a stimulus, e.g. the prick of a pin, is applied to
the quiescent ventricle, 1t responds by a contraction preceded
by a long latent period.

All the preceding phenomena Gaskell has attempted to
e__plam on the assumptmn that, in | cardiac muscle, the meta-
bolic changes are_slower than in ordinary voluntary muscle.
That is to say, after a contraction the cardiac muscle requires
a much longer period in order to rebuild the contractile
material, and so place itself in a position to respond to a
second stimulus. :

Besides differing from ordinary striated muscle in certain
characteristics, cardiac muscle possesses certain points of
similarity as regards its physiological response. Should a
gastrocnemius muscle of a frog be stimulated with a series of
stimuli of maximal and constant strength, it is found that the
first few contractions obtained are not of equal extent; they
exhibit a gradually increasing vanation. Bowditch, who ﬁrst
observed the phenmnenml, applied to it the name of treppe
or “staircase.” Slmllﬂrly with cardiac muscle, although in
- this case the staircase is even more marked. In order to
dEIﬂD]]StI‘ﬁtL this, a appl}; a llgature as before, and into the
Dy
quiescent ventricle pass a series of effective induction shocks
at intervals of 5 seeonds. = The second beat will be observed
to be greater than the first, the third than the second, and so
on, until the fifth or slxth beat, when the contraction will be
observed to be maximal. A curve drawn through the ends of
the recorded contractions is said to be a hyperbola. It IS
a ‘moot question why muscle should show a staircase cffect
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It appears that one muscle contraction exercises a stimulating
effect upon subsequent contractions, and Waller suggests that
this stimulating effect 1s due to the. production of a small
amount of CO, in the contracting muscle, which, not being
removed, causes greater 1rr1t1b111t;.r of the muscle, and con-
sequently more vigorous contraction. This beneficial effect
Df contraction is manifest 1in cardiac- musclem after a
"""" d’; that is, when cardiac muscle is
under abnnrmal conditions.  Similarly to ordinary striated
muscle during contraction, cardiac muscle exhibits a_series
of electrical changes ; these will be considered in a later
section.

At the end of a diastole the heart muscle is not entirely
relaxed ; the heart still remains in a tonic condition. Unlike
the tonicity of ordinary voluntary muscle, and resemb]mg that
of the unstriated variety, the corresponding property of cardiac
muscle does zo¢ depend upon the integrity of its nerves.
The t::lmmty_cﬁardmc muscle is most marked at the venous
end of the heart, z.e. in the muscle . wall of the sINUS VENOSUS ;
and in some ‘hearts the _tonicity of the sinus venosus under—
goes rhythmic variations of diminution and intensification
(Fano).

One characteristic of cardiac muscle, however, which is
absent, under normal conditions, from ordinary muscle is that
of @ghmlmty Cardiac muscle has an inherent téndency to
contract rhythmically quite apart from a nervous mechanism.
. Thus, if a strip of ventricular muscle is cut in a zigzag manner,
so that only narrow bridges of muscle unite the strip from
end to end, it is found that such a strip will continue beating
in a rthythmic manner (Engelmann). Obviously, in_such
a_strip no_ nErves F’aﬁ through the tissue from one to the

other. Again, if this strip.is suspended, and stimulated
rhythmlcally at the other end to which the contraction
uEI.m.llj,r commences, in course of time the direction of the
contraction wave will take a reverse direction to that usually
assumed. It js difficult to imagine that in this case there is
a nervous propagation of the contraction. Such a suggestion
is also negatived by the fact that the heart of a developing
chick at the end of the third day contracts rhythmically, and
at this time no nerves have yet grown into the heart (Picker-
ng} Moreover, th{_. apex of a frog's ventricle, a tissue guite
independent of nerve eclements, will contract rhythmically
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under a constant pressure LBernstem) This property of
contractmg rhythmmﬂlly 18 not equally distributed amongst
the various parts of the heart; as Gaskell has shown, it has
reached its highest degree af dﬂvelupment at the “sinus
venosus, and gradually diminishes towards the apex. At the
sinu-auricular and auriculo-ventricular junctions, honever, it
iﬁ@lﬁ than in the auricles and ventricle, It is quite an
open questmn what causes this rhythmicity of the cardiac
muscle, or, in other words, what the “inner stimulus” is to
which it must be referred. ﬂuwell suggests. that it may.be
due to the presence of i mc:-rgamc salts-in the blood. As is
well knuwn, sodium chlunde 1s an electrolyte ; that is to say,
when in dilute solution it dissociates with the pmductlon of
sodium 1ons (kations), which are charged with positive
electricity, and so tend to pass to the negative pole of an
electrolytic apparatus, and into chlorine ions (anions), which
are charged with negative electricity, and so pass to the
positive pole. In the case of the terrapin heart, Howell
seems to have shown _that the rhythmicity of the sinus
venosus depends on the presence of pot_a,ssmmmn-the
c1rcula,t1ng fluid, From the sinus venosus the contraction
wave is propagated by conduction along muscle fibre to the
auricles, which contract in a peristaltic manner, and again
from the auricles into the ventricle. Thus the beat of the
heart appears to depend on the greater rhythmicity of the
venous end, a condition which seems, accepting Howell's
cxplanatmn to depend on the concentration and nature- of
the electrolytes of the circulating fluid.

The venous end of the heart is not only susceptible to
these inorganic salts, hut is 13;11‘1:1:::ular]j,r susceptible to other
stimuli, such as heat It 15 found that if a cardiac tracing
{‘c‘*“de;ram) is taken of a frog’s heart, and a galvano-cautery
is applied to the sinus venosus diﬁ%:, it causes the heart to
beat much more rapidly than if the galvano-cautery were
applled directly to the auricles or the ventricle.  Consequently
the sinus end of the heart is also the region most susceptible
to external stimulation. ﬁ_tlg_th_@;_p_r_ggf of the superior
rhj,rthmu::a,l power of the sinus venosus is afforded by the fact
that in the case of death of the heart, or that part of the.
right auricle in the heart of the mammal which corresponds
with-it,-it-is the last portion to cease- beating (wltima moriens

H_ﬂr_vf—*}) -
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THE ELECTRICAL VARIATION.

As has been already stated, the contraction of the heart,
like the contraction of ordinary striated vc:luntar},r muscle, is
nccompguned by an electrical variation. Moreover, just as in
the case of the stimulated gastrocnemius, these changes occur
before the actual contraction of the heart, and during the
fime of its latent period, Contracted muscle differs from
non-contracted, or from musele which has just contracted,
with regard to its electrical putentml active tissue 1s electro-

ositive to inactive tissue; that is to say, in the tissue itself a
current flows from ~the ex exmted to the non- h-excited tissue ; 1n
the external circuit uit the current is from the non- excited to @e
active part This existence of the currents accompanying
act1v1t}; may be demonstrated by means of a simple preparation.
A frog’s heart is excised and placed upon an almost dry glass
plate ; its beating continues. The sciatic nerve of the frog is
also E}{pDSEd and removed, , together with that portion of the
hmb m-::]udmg the knee-joint and below. The cut sciatic
ne:rve is gently laid across the cnntractmg heart of the fmg,
so that the cut section of the nerve is opposite the apex of
the heart and the other portion of the nerve against the base
of the heart. It will be seen that with every beat of the heart
the frog’s limb twitches. This is due to the electrical changes
which occur in the heart during its latent period, and just
bg_fgr_gﬂ: contracts. Moreover, another important point is
brought out by this experiment, The r resE_;n_uge of the frog’s
limb is a single twitch, occurring during the diastolic period
of tl the beat immediately befnre the systohc phase, consequently
of a tetanus, but is a smgfe muscle twitch. These electrical
changes, whlch occur in the contracting heart of the frog,
may also be demonstrated by the galvanometer, and also by
the capillary elec_tmmetE:r In the case of man, a tracing of
the electrical variafions occurring in cardiac muscle during
its contraction may be obtained in a much simpler manner.
The right hand, which records the electrical changes at the
base of the heart, is connected with one electrode of a-eapillary
electrometer. The changes occurring at the apex are recorded
by connecting the left hand with the other electrade of the
electrometer (Waller and Linthoven). The movements of

the meniscus of the electrometer are photographed on a°
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moving sensitised plate, and in this way a record of the
electrical changes of the heart (an electro-cardiogram) is
obtained. The curve obtained is said to exhibit triphasi
variation (Bayliss and Starling). It has been shown, electrically,
that the excitatory wave of the heart passes from the venous
base of the ventricle to the apex, then from the apex back to
the aortic base, which is connected with the large arteries

(Gotch).

THE NERVOUS MECHANISM OF THE HEART.

The nerves of the heart may be divided into intrinsic and
extrinsic : the intrinsic are confined within its own muscular
- h_'._. . i . S a
substance ; the extrinsic connect it with the central nervous
system. | ik
‘Remak’s ganglion at the sinu-auricular junc-

tion (frog). ;

I. INTRINSIC MECHANISM | Bezold's ganglion on the inierauricular sep-
of peripheral ganglia! ~tum (frog).
containing nerve cells | Bidder’s ganglia in the auriculo-ventricular
which are cell stations | = groove (frog).~

Nerve cells and nerve fibres are also present
v in the auriculqiql_tncu ar bundle.

ix Vagus diminishes the excit-

ability, contractility, and

‘conductivity, 7.e. the ana-

Efferent nerves< bolic nerve (Gaskell). ~

: TR Sympathetic  augmentation

2, EXTRINSIC MECHANISM ~and acceleration, z.e. the

g . kataholic nerve (Gaskell).
Afferent nerve Depressor.

If the apex of a frog's heart is laid hold of with a pair of
forceps and raised, a white crescent-shaped area will be seen
lying at the junction of the sinus venosus and the right
auricle. This area marks the site of the first discovered group
of ganglion cells in the heart, named, after their discoverer,
the ganglion of Remak. From this and through this ganglion
nerve fibres pass along the interauricular septum ; these
septal nerves end in connection with ganglia situated on their
course, the septal ganglion cells of Ludwig, or of Bezold.
Finally, these septal nerves end in connection with groups of
cells situated in the auriculo-ventricular groove, and named
the ganglia of Bidder. There are no nerve cells in the

ventricle beyond the auriculo-ventricular groove, although it
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is not devoid of nerve fibres. These groups of nerve cells are
local cell stations, as will be shown presently. It is quite

possible, however, that they also exerc_is::, a trophic influence
over the cardiac muscle.

It has already been stated that cardiac muscle, particularly
of the venous end of the heart, has an inherent tendency to
contract rhythmically, quite apart from any nervous stimulus.
At the same time, however, like all rhythmic actions, this
rhythmicity is controlled and regulated by impulses which
come from the central nervous system. Anatomical investiga-
fion has shown that the heart is connected with the nervous
system by the vagus and the sympathetic. In the frog,
however, on superficial examination only two cardiac nerves
instead of four (two right and two left) can be discovered.
These appear to be branches of ‘the vagus, pass down on the

e o et

superior vena cava, and enter the heart at the region of
the crescent already described. Gaskell, however, by more
careful searching, found that the sympathetic fibres join the
vagus immediately after its passage from the cranium, and,
passing down with it, are distributed to the heart. Conse-
quently, in the case of the frog, the vagus 1s really not a
simple vagus nerve, but a vago-sympathetic. As is well
known, the heart merely represents a modified blood vessel.
In the case of blood vessels which are supplied by vaso-motor
nerves, no nerve ever passes directly from the nervous system
to end in the plain muscular tissue of these tubes. Interposed
between vessel and central nervous system 1s always a ganglion
cell, it may be in the sympathetic chain—a lateral ganglion—
or in the vessel itself—a terminal ganglion, or between the
sympathetic chain and the vessel—a collateral ganglion (vide
p.566). Byanalogy one expects a similarstate of affairs with the
heart, and the observations of Gaskell, Langley, and Dickinson
have demonstrated the truth of such a conjecture. The cardiac
fibres of the vagus arise in a centre in the medulla known as
the cardio-inhibitory centre; from this they pass down the
vagus trunk, and through its cardiac branch to the heart.
Between the medullary centre and the termination in the
cardiac muscle is the interposed ganglion; in this case the
ganglia of Remak, Bezold, and Bidder serve this redistributing
function. The post-ganglionic fibres, the fibres of the nerve
ansing from the interposed ganglia, are entirely intracardiac.
The fibres of the sympathetic likewise have a somewhat
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similar course. They arise from a nucleus—the accelerator
and augmentor nucleus in_the medulla (for reasons to be
presently described)—and descend in the spinal cord to
certain small cells in_the anterior cornua of grey matter,
The ﬁbres from these cells pass out as fine medullated
nerves in_the third spinal nerve in the o case of the frog, and in
the 555211::1 and third dorsal nerve, in the case Mammal
Reaching the sympathetic cord by means of the wml
communicantes, these fibres ascend, and, branching, make
synapses with the cells of the stellate ganglmn‘ﬁﬁ"ihe case of
the mammal), or the ganglion immediately below the annulus
of [ Vieussens, in the case of the frog. From these cells the
sympathetic fibres are continued on to the heart as post-
ganglionic fibres, in the case of the mammal, passing directly
as cardiac s}rmpathetm nerves ; in the case of the frog they
travel still further up the s}'mpathetic cord, and joining the
vagus at its emergence from the skull, pass, with its cardiac
branch, directly to the heart. P

Correspondmg with this difference in the course of the
impulses travelling to the heart from the central nervous system,
there 1s a physiological difference in the effect of the stimuli
passed along the different nerves. Stimulation of the vagus
in an animal, e.g. rabbit, in w_hEh ‘vagal and sympathetic
cardiac fibres run separate and distinct _courses, causes a
diminution Df rate, force, and tommtz of _the cardiac
muscle. '

This may be readily shown in the case of an anssthetised
rabbit. If one vagus of this animal is exposed in the the neck and
tied, and the opposite vagus is also expnsed and then cut, and the
penpheml stimulated b}r a series of rapidly interrupted

out weak 1nductmn shcrcEE, it is found that, after a latent

e A .

_slowed, if a stmnger st 1rnu1us 15 used the heart may even
be stopped.  Gaskell found that he could stop the heart of

stimulus lastmg onlj,r one- ughth of that time. At the same
time, he found that, instead of causing a negative varia-
tion in the electrical condition of the heart, it caused a
positive variation.  All these phenomena attendmgm
stimulation Gaskell has mterpreted to mean  that cardiac
inhibition is an anabolic condition ; that is to say, tﬁé?a_g'ﬂ

e

e[l'ect 15 tc::- muse a dlmmutmn of the katabolic,, accom-
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panied by an increase in the building up, or anabolic pro-
Cesses, . -

~ On the other hand, stimulation of the sympathetic, after a
much longer latent period, produces an increase in the rate,
f(ﬁ and mmmt}r of C"I.I‘dlﬂ[: muscle. It causes augmentatlun

e

mmutr_zmd- 1t seems ve_rf,x_ﬁpmbable that these separate
effects are produced by the passage of impulses along different
accelerator and augmentor nerve fibres. This effect may be
very well shown by section of the vagl and subsequent
stimuldfion of the medulla. ™ In this case the medullary
accelerator and augmentor centre 1s excited, and the r_t_es_ﬁl't_is
an 1ncrease of f fUI'LE and rate of the heart, and there 1s some
1mpr0vement of the conductivity of the cardiac muscle. That
thls effect does not depend on the vaso-constriction, which
normally follows such stimulation, may be e proved by section
of the splanchnic nerves, when medullary excitation again
produces exactly the same effects. The electrical change
produced is a negative variation. All these increased varia-
tions of force, rate, tonicity, etc., and the negative electrical
variation, are evidences that the s}fmpathetlc influence i1s one
of increased activity of the katabolic processes, or a using up
U@Eﬂ energy.

When the vago-sympathetic of the frog is stimulated, variable
effects _are Dbtamed the results to some extent vary with
the intensity of stlmulﬂtmn One of the e commonest effects is
a condition of cardiac inhibition, which does not persist during
the whole time that the stimulation lasts, but is succeeded
before cessation of stimulation by a gradual return fo normal
contractions. Sometimes, however, the beats on return are
more vigorous than usual.  Such a condition, in which
contraction again occurs before the stimulation ceases, is
designated as ““ vagal escape,” and the inhibition is said to cease
beeause of the fat1gue of the vagal nerve endings. On tEa
other hand, it is quite possible that this * vagal escape”
may be due to the effect of the sympathetm fibres, which
were unableé fo act previously because of their lnng latent
petiod. ™
~ In some animals, especially amongst the mammals, the
heart, in addition to the efferent nerves described, possesses
als6 an afferent nerve — the depressor —to be described
presently.—
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THE PHYSIOLOGICAL ROLE OF THE
CARDIAC NERVES.

The Vagus.—During life the cardio-inhibitory centre is in

[AEERE—

constant activity, exerting its inhibitory action upon the heart,
or, as Howell expresses it, keeping the “brakes” on. This

is shown on section of the vagi, or simply by interrupting
their continuity between the medulla and the heart by_the :

action of such an agency as cold. This tonic action of the
cardio-inhibitory centre has also recently been demonstrated
by Einthoven. This observer dissected out the vagus in_the
neck of an animal, and connected it, by means of non-
polarisable electrodes, with a new instrument of similar con-
struction to the galvanometer, in which the motion of a
small mirror suspended on a quartz strin_g.giv_es_::}'i_dencé_ of
clectrical change. Such an instrument he designates the
“cord galvanometer” On connecting this instrument as
described, with the vagus, this observer found he obtained
larger and slower waves, due to the passage of the respira-
tory impulses, and smaller superposed waves, due to
the passage of the cardio-inhibitory impulses, which are
coincident with a beat of the heart. In the new-born infant
this influence of the vagus centre is not exerted, although it
may easily be called into action simply by pressure applied to
the top of the head. 2 ot

Like all other medullary and spinal centres, the cardio-
inhibitory centre is, to a certain extent, under the control of
the cerebrum, and is influenced by a great many factors. In-
deed, the normal tonic action of the centre must be looked
upon as due to the changes arising in the cells of the centre
as the result of a constant succession of afferent impulses.
The influences exerted upon the cardio-inhibitory centre may

be classified thus :—

1. From cerebrum.
2. Direct and through the blood.
3. Reflex. =

1. There are well-authenticated cases of people who possessed
the power of altering the rate of pulse at will. Again, the

- fluence of emotional and other psychical conditions upon -

the heart-beat is well known. Emotional influences have been
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known to so stimulate the cardio-inhibitory centre as to lead
to instant and even fatal arrest of the action of the heart.

2. Pressure exerted upon the medulla will also by direct ex-
citation of the medulla cause slowing of the heart beat, with
the productmn of the so-called vagal beats. Chaug_s in the
composition _of the blood also frequently alter the rate of
the heart beat via stimulation of the medulla. jfi_p__lmpﬂrtfmt
action directly upon the cardio-inhibitory centre in the medulla
is seen during the changes in respiration. The heart beats
more rapidly durmg inspiration than during expiration. Even
if the thorax is widely opened, and the lung changes quite
unable to mechanically affect the heart, ‘the same changes
occur. It seems then that, with activity of the respiratory
centre in the medulla, there is an 111h1b1tcury influence over the
cardio-inhibitory centre, resulting in an increased rate of the
heart beat (Fredericq).

~According to Embley, chloroform acts directly upon the
cardio-inhibitory centre through the blood, and causes cardiac
inhibition.” In animals this may be overcome by cutting-the
vagi ; the heart recommences to contract.

3. Reflexly, cardiac inhibition can be produced by stimula-
_tion of a variety of afferent peryes. An interesting example of
this is afforded by the “ tapping” experiment of Goltz. This
experiment is performed upon frogs, and simply involves
tapping of the intestines with a light instrument, when
temporary standstill of the heart is obtained. The afferent
nerve in this case 1s the splanchnic. The brachycarclla
observed in cases of peritonitis and of E:_l_l_rlful_a]’i?tmns of
certain other viscera, is likewise due to increase in _vagal
inhibition due to stimulation of sensory surfaces. Again, rise

of arterial bhmd pressur& in the splﬂnchmc area reﬂexl}'

— i L

centre and the vagus. Similarly marked vagal mhlbltlcm 1S
obtained on stimulafion of the central cut end of one vagus
if the other vagus is intact.

The Sympathetic.—The evidence in favour of a tonic action
of the cardio-inhibitory centre is definite and conclusive. In
the case of the Ez_mpathetlc there is no such final evidence ;
but the evidence, such as it is, is in favour of a tonic "tctmn
exerted over the heart by the accelerator nerves. When the
accelerator nerves are cut upnnm:trdmc rate 1s
decreased. A better proof, however, is afforded by the fact

X

2
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that, after section of the accelerator nerves, and the animal is
left for some time, there is a persistent decrease in the
frequency of the pulse (Timofeers). There seems no doubt,
therefore, that a tonic action is exerted upon the heart by dotZz
the cardio-inhibitory and cardio-accelerator centres, although
the stronger of these is undoubtedly the cardio-inhibitory.

Such a balanced action is one such as would be expected,

where such a high degree of delicacy of movement is required
as in the heart. A similar example of antagonism that may
be cited is the action of the flexors and extensors upon any
particular joint,

The Depressnr Nerve.—In rabbits and some other mammals
(horse, pig, hare), a fine nerve courses down the neck running
alongside, but dorsal (or posterior) to, the carotid B.rter},r.
This nerve on dissection 1s seen to arise by two fine roots
from the junction of the vagus with the superior (or anterior)
laryngeal nerve. It is a purely afferent nerve, and stimula-
tion of the peripheral cut end does_not produce any effect.
Ludwig and Lyon, investigating the effects of stimulation
of tl‘lL central cut end, found a great fall of arterial blcmd
pressure - gradually produced after a latent period of two or
three seconds, and accompanied by a slight degree of cardiac
inhibition due to the stimulation of the cardio-inhibitory centre
in the medulla. Such a nerve, called, because of its action,
the depressor nerve, probably exists in all mammals, but it
does not take the independent course in all, which it pursues
in the rabbit. In the dog and cat it is bound up with the
fibres of the vagus, although it may be easily separated. From
the physiological point Df view it commences beneath the
endothelium of the heart and commencement of the anrta,
and, making connection with the medullary centres, serves
as a regulator of the rate of the heart, co-ordinating this with
the vascular pressure. When the endocardial pressure reaches
a certain height the depressor nerve is stimulated, with the
result that the blood pressure is lowered reflexly, ch1eﬂ}r by
the opening of the flood gates of the splanchnic area. The
depressor nerve does not appear to exert a tonic influence on
the vaso-motor centres, for its section is not followed by a
rise of blood pressure. It 1s said to be unfanguable (Bayliss).

Whether the action of the dcprcqsm nerve is on a hypo-
thetical vaso-dilator centre, or is in the direction of inhibition
of the tonicity of the vaso-constrictor centre, remains a moot
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question ; although, from the evidence at hand, the latter
appears the more probable exphlntmn of its actiwt}

The depressor nerve remains unique, in that it is the only
afferent nerve in the body the stimulation of which is followed
invariably by dilatation of the arterioles generally, but
especially in the splanchnic area, with a consequent gradual
fall of arterial blood pressure.

THE ACTION OF DRUGS ON THE NEURO-MUSCULAR
MECHANISM OF THE HEART.

If a solution of muscarine, or physostigmine, is appled to
the beating heart of a frog, the result is that the heart becomes
very much slower, and finally stops in complete diastole ;
and, moreover, remains practically in an inexcitable condition,
responding only to the strongest stimulation, or perhaps not
responding at all. It is interesting, in thlS connection, to
recall the very close chemical relationship between muscarine
and a normal metabolic product of nervous activity, choline.
Muscarine differs from choline solely in that it contains two
atoms less of hydrogen and one atom more of oxygen.

If, to the heart, in this condition of complete diastole
produced by muscarine poisoning, a dilute solution of atropine
is added, after a short time, 1its beats I'LCDI’I]I’I]EI"J(‘E Some-
times it beats more rapidly and more strongly than before.
Atropine paralyses the terminations of the intracardiac vagal
fibres in the muscular tissues of the heart. This is shown by
stimulation of the vagus. The heart is no longer arrested.
Moreover, the block must be beyond the vagal cells station,
ie. Remak’s ‘ganglion, because stimulation of the crescent is
without effect. The inhibitory mechanism is paralysed. This
antagonistic effect of atropine to muscarine is termed “ physio-
logical antagonism.” On the other hand, muscarine will not
produce slowing in a heart accelerated by atropine; hence
this antagonism is still further qualified as an example of
“unilateral antagonism.”

If a weak solution of nicotine is applied to the beating
heart, the first effect is a slowing, but finally a quickening is
obtained. On stimulating the vagus no effect on the rate of
the beat is obtained. On the other hand, stimulation of the
crescent causes standstill. In this case, then, the first effect of
nicotine is to cause a stimulation of the inhibitory apparatus
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at the regmn of its cell station (Remak’s ganglion), an effect
wlnch 1s soon followed by paralysis of this same situation. It

is interesting to note that, if a strong dose of nicotine is applied

and acccluatmn obtamed stmng stimulation of the crescent
sometimes pmduceq, not slowing but further acceleration.
This effect is due to stimulation of the sympathctm ﬁbl‘Lb on
their ]LJ&LEIIL[J.H..C course.

e d1g1tah¢; is applied to a normally hentmg frog’s heart, the
systole is more pronounced whilst there is a more c(}m[:l‘.letf.,
and longer diastole, provided that the drug is not in too great
concentration. These changes are due to two separate effects
on different parts of the neuro-muscular mechanism. The
increased strength of beat is due to a direct tonic influence
upon_the cardiac_muscle ; the longer period between thea‘e
beats, which allows of mnre complete diastole, is due to a
stlmulatmg action upon the intracardiac inhibitory mechanism.
The action upon cardiac muscle is much the stronger and
more important, and shnuld too much or too strong digitalis
solution be applied, the ‘heart dies in a condition of prolonged
permanent systole.

It is of interest at this point to consider the action of
certain inorganic drugs upon the heart, for it has been already

shown that the explanatmn of the property of rhythmicaht}r
in cardiac muscle stands in close relation to the existence of
certain electm}},rtes in the blood.

The chief inorganic salts in the blood are salts of sodium,
potassium, and calcium.

Immersed in a solution of o 7 per cent. NaCl, an isolated
frog’s heart will retain its rhythmicality for some time, but
it ultimately passes mnto a condition of diastolic relaxation.
It 1s precisely the '-;a_mﬂ_*.ﬂth__KC] and if a solution of the
same ﬁtrﬂngth as that of NaCl is used the arrest occurs
much earlier. Thus K ions and Na ions act premsel}r n
the same manner ; “that is, they ultlmatily_pmduce a_condition
of diastolic relaxation ; moreover, K 1ons are more efficacious
than those of Na. But with Ca ions it is different.” A

—

heatmg heart, if immersed in an 1501:0111(: solution of CaCl,,
ceases beating, but in a condition of systole (calcium ngor)
If, however, a solution of NaCl is added, the heart beat recurs,
and the strength of the cnntractmns 1s increased.

These facts are made use of in the solution recommended

by R]I"Ing‘ for perfusion, as a means by which the excised

——
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heart may be made to continue contracting for long periods,
Pimgr:rar salutmn consists of dlsulled water with E-,Ddium
chloride. Locke has added to this solution a little : sodmm
bicarbonate and dextrose, and with this warmed (37° C.)
and oxygenated Solution he has successfully perfuaed the
heart of the rabbit. This warm varm nutrient fluid is allowed to
run through a cannula tied in_ the aorta_of the carefull}r
excised heart of the animal; the solution flows through the
coronary arteries and, b}r way c:-f the coronary sinus, eventually
gets into the right auricle, whence it escapes through an
opening previously made in the right auricular wall.

In this way Locke has been able to keep the rabbit’s
heart beating for many hours, and in some instances for
days. Durmg this time it has been found that some of the

dextrose is used up by the heart muscle.

STANNIUS’ EXPERIMENTS ON THE FROG'S HEART.

Stannius’ experiments consist in the application of ligatures
to the frog’s heart. The fizsf Stannius ligature is placed
around the sinu-auricular groove or the cardiac crescent, and
should be applied rapidly and _forcibly and during syatulc
The auricles and ventricle usually cease beating, and remain
in a condition of relaxation, the sinus continues to beat with
unaltered rhythm. Two explanations of this result have
bEEﬁ ‘offered—

That the application of the ligature acts as a mechanical
blﬂck in the course of the modified peristaltic wave.
Sz Sk athe ligature mechanically stimulates the extrinsic
vagal terminals as they end round the cells of Remak’s
ganglion, so causing a nervous inhibition of the heart beat.
~Should the heart be Teft to itself, the ventricle may begin
to beat, though with an altered rhythm This is due to the
rh}rthmlmt}* of the auriculo-véntricular junction (see section
on Physiology of Cardiac Muscle )-

The semud Stannius ligature is applied somewhat slowly
and gently between the auricles and ventricle in n_the auriculo-
ventricular groove. The result is the same as if_the ventricle
was cut off from the heart after apphcmmn of the first
Stannius ligature. The auricles remain quiescent, but the
ventricle commences contracting with a rhythm quite different
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from that of the sinus venosus. Two explanations of this
have been offered—

.. That the second ligature acts mechanically, merely as
a sumulm to the 1 1h}rthnuc tissue of the auriculo-ventricular
ring.  This seems the more rational explanation, for, as
pl‘EHDLl‘:l}? mentioned, the ventricle may commence to beat
even without any external stimulus ; or, should it not beat, the
apphcatmn of any other mechanical stimulus, such as a pin-
“prick, is quite sufficient to initiate contractions.

2. That the application of the second ligature cuts off
the mTﬁbilmy influences of the former. Consequently the
ventricle recommences its contractions.

With regard to the first llgature the mechanical thec-r}r 15
plDb&bl}-’ the correct oné. For in an atropinised frog’s heart
contracting rapidly the first ligature, if properly applied,
causes arrest DF the auricles and ventricle. If the second
after paralysrs Df the vagal terminations in the cardiac mu%le
stimulation of Remak’s ganglion could cause arrest.

THEORIES OF THE HEART BEAT.

It has been shown that cardiac muscle contracts rhythmi-
cally and automatically, quite independently of the central
nervous system ; but with regard to this rhythmicality there
exist two views, which may be concisely expressed as
the “neurogenic” and * myogenic” theories of the heart
beat.

The neurogenic theory supposes that the internal stimulus
to the heart beat aises within the nerve cells which are
present at the venous end of the heart, and that the exciatory
wave is conducted by nerves. There is very little to support
such a view, but the chief facts are the following :—

r. In the heart of the king crab (Limulus) the nerves take
a longitudinal course upon the surface of that organ. Carlson
has removed these nerves, and on doing so found that the
heart no longer contracts, This has been interpreted as
meaning that the contraction of the heart depends upon the
nerves in it. Obviously it does in the case of Limulus, but
the experiments upon this animal cannot be applied to the
frog’s heart, still less to the mammalian. The heart muscle
of Limulus does not differ in its properties from ordinary
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skeletal muscle. It can be tetanised, it has no refractory
phase, nor does it follow the all or nothing ” law.

2. According to the investigations of Kronecker and
Schmey, puncture of a particular point on the intraventricular
septum always brings about fibrillary contraction of the ventri-
cular muscle. This they interpret as meaning that, at that
particular spot, there 1s a special nerve centre co-ordinating
the contractions of the whole ventricle. As MacWilliams
has demonstrated, however, no nerve centré can be shown
histologically at this point, and, moreover, the heart may
frequently recover from this condition and again exhibit
normal co-ordinated contractions. Kronecker and Schmey’s |
observations, though interesting, cannot be brought forward
as proving that the beat of the heart is due to a neurogenic
agency.

The myogenic theory supposes that the heart muscle itself
possesses “the property of automatic rhythmicality, and that
this property, as already stated, is most marked at the Venous
end of the heart, and at the sinu-auricular and auriculo-
ventricular junctions. The contraction wave is generated
at the venous end of the heart in the muscle, and, in virtue
of the conductivity of cardiac muscle, spreads over the muscle
tissue of the auricles, and thence over the ventricles. In other
words, the contraction wave commences in muscle and 18
conducted by muscle. The muscular continuity of the
auricles and ventricles is brought about, as already indicated,
by the auriculo-ventricular bundle of His. This auriculo-
ventricular bundle contains both ganglion cells and nerve
fibres, and serves for the passage of the wave of conduction
from the auricular to the ventricular musculature. This has
been shown by the experiments of Erlanger. This observer
experimented with dogs. In these animals he found that,
by compression of the animal’s ventricular bundle, he could
obtain all stages of heart block. He obtained an increase
of the intersystolic pause between auricular and ventricular
systole ; then, by increasing the pressure of the clamp, he
obtained—

1. An occasional ventricular systole.

2. Regularly recurring ventricular silences ; thus one silence
in ten, nine, eight, etc. auricular beats.

3. A condition in which the rhythm of auricles to ventricles
was as two to one; ending,
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4. Finally, in complete heart block. When complete
heart block is established, an independent slow rate of
ventricular beat is usually established. It is peculiar that,
with a complete heart block thus produced, excitation of
the vagus has no effect upon the contraction of the ventricles
(although it has the usual effect upon the auricles); while
stimulation of the sympathetic causes increase of both
auricular and ventricular rates.

The rate of conduction along this strand of relatively un-
differentiated cardiac muscle tissue, the auriculo-ventricular
bundle of His, is also less than over the more differentiated
cardiac muscle. In the latter case it has already been stated
as travelling five metres per second (Wallis) ; but in the dog,
with an interval between auricular and ventricular systole of
one-tenth second, in which the length of the auriculo-ventricular
bundle is only about 15 mm., the rate of conduction along
this bundle can only occur at 15 cms. per second.

In favour of the theory that the wave of contraction is
cenducted along muscle (myodromic), and is myogenic in
origin and not neurogenic, the following points which support
the theory of independent cardiac rhythmicity must be kept
in mind :—

1. Engelmann’s observation on the zigzag strip of ventric-
ular muscle. The ventricle of the frog may be so cut that
all conducting nerves are cut, yet the wave of contraction
passes (vide p. 185).

2. Bernstein’s observations on the nerveless apex of the
frog’s ventricle (oide p. 188).

3. Gaskell showed that if the coronary nerve of the heart
of the tortoise is sectioned the muscular influence passes along,
whereas if the muscle is clamped. allorrhythmia is produced.
Two auricular contractions occur to one ventricular, three
auricular contractions to one ventricular, etc., according to the
tightness of the clamp.

4. His’s observation that the embryonic heart beats when
no ganglion cells have invaded the heart.

5. Pickering’s observations on the heart of the embryonic
chick, that drugs like atropine, which act upon nerves, have
no action upon the embryo chick’s heart. The conclusion
drawn is that the embryo heart is nerveless,

The balance of evidence is certainly in favour of the
myogenic theory.
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HEART BLOCK.

It has already been shown that a condition of heart block
may be produced in one of two ways, either by the application
of the first Stannius ligature between the sinus venosus and
the right auricle, and the clamping of the auriculo-ventricular
bundle. In both cases the disturbance of the rate and rhythm
of the heart beat may be attributed to impairment of the
conductivity of its neuro-muscular mechanism, whether neuro-
genic or myogenic,—In one case across the sinu-auricular
bundle, in the other along the bundle of His. In both cases
the immediate stoppage of the rhythm of the ventricular beat
is followed by the establishment of a second rhythm independ-
ent of, and frequently bearing no relation to, the rate of
sinus or sinu-auricular contraction. In the lower animals
(tortoise), as well as in the mammalia, a condition of partial
heart block may be readily established by the application of
Gaskell’s heart clamp in the auriculo-ventricular groove. The
conductivity may be so impaired that a ventricular beat no
longer succeeds an auricular beat, and that only one ventric-
ular contraction may be obtained in response to every two
auricular beats. If the pressure is still further increased, only
one ventricular beat may be obtained to every three auricular
contractions.  Further increase of pressure may lead to com-
plete rupture of all relationship between the auricular and
ventricular contractions. As already mentioned, section of
the auriculo-ventricular bundle brings about complete heart
block.

In pathological conditions of the human heart, both con-
ditions of partial and complete heart block may be met ; and
it may well be that, in a certain proportion of cases, lesion of
the auriculo-ventricular bundle (syphilitic disease) has caused
the defective conductivity from auricles to ventricles. Occa-
sionally, too, it may be brought about by vagus stimulation
following the administration of digitalis or helleborin. The
rate of auricular contraction may have dropped to fifty-six, as
observed by taking a tracing over the jugular vein ; whilst,
from apex observation, the rate of contraction of the ventricles
may have fallen to 28. In these cases an improvement may
often be brought about in the conductivity of the auriculo-
ventricular bundle by the administration of atropine.

In the mammalian heart there may also be a block between
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the superior vena cava and the right auricle comparable with
the sinu-auricular block of the frog’s or tortoise’s heart.

Heart block is one of the factors in the Stokes-Adams
syndrome, in which the patient has a slow pulse of 30 or
40 beats per minute with attacks of giddiness, and a visible
auricular impulse in the veins of the neck.

The Output of the Heart.—A simple form of cardiometer,
or heart plethysmograph, was devised by the late Harold
Barnard for use upon the heart of a mammal such as a cat or
small dog. The instrument consists of a stout indiarubber
ball, in one portion of which a circular orifice is cut and en-
larged by two or more slits. A small glass tube is firmly
fixed into that portion of the ball which is opposite the circular
orifice. The animal is fully anwsthetised, the thorax opened,
and the pericardium exposed. Artificial respiration is kept
up by means of a tube previously introduced into the trachea.
The pericardium is opened by means of a crucial incision and
four pericardial flaps are obtained. The ball is now carefully
applied over the heart and the four pericardial flaps tied down
over the ball around the glass tube. The apparatus is made
airticht by previously placing vaseline around the orifice in
the ball. In this way the ball takes the place of the pericardium,
The glass tube is connected by short indiarubber tubing with
a Marey’s tambour, the writing point attached to the lever of
the tambour is adjusted to write against a moving blackened
surface.

When the heart goes into systole, air is drawn into the ball
from the tambour; when the heart goes into diastole, air 1
driven from the cardiometer into the tambour. The variations
in the movements of the lever of the tambour correspond with
the volume of blood expelled from the heart during systole,
and drawn into the heart during diastole. If the mstrument
is calibrated the exact volume of blood expelled from the
heart at each systole may be ascertained.

The Work of the Heart.—The potential energy of the heart
is utilised in ejecting from the heart at each systole a definite
volume of blood against a definite resistance, and 1m parting to
it 2 definite velocity. The work done by the left side of the
heart may be expressed by the equation W= V.Pi+ Im 7°,

Where V =volume of blood put out by the heart at
each systole measured in cubic centimetres ; this
is calculated to be about 100 c.c.



THE HEART., 203

P=the main aortic pressure; this is approximately
120 mm, of Hg.

m=the mass of the blood.

p=the velocity imparted to the mass of blood ; this is
nearly five times greater than the mean velocity
of the blood 1n the aorta.

The work done by the right side of the heart 1s about
one-third that done by the left side,

In this way it has been calculated that the total work of
the heart per diem is equal to about 23,880 kilogramme-
metres. As Waller expresses it, the work done by the human
heart in the day is equal to that done by an able-bodied
labourer working hard for two hours.!

1 < John Hunter described the tricuspid valve as being barely sufficient
to close the tricuspid orifice, and the experiments and clinical observations
of King and Gibson have shown how easy it is to induce tricuspid regur-
gitation. A well-acting heart possesses the power of altering the size of its
chambers in accordance with the calls made in its work, apart altogether
from its systole and diastole. This is due to the muscular walls possessing
the function of tonicity, a function which enables the heart to alter the size
of its chambers in order to accommodate itself to the exigencies of life.
When we consider the extremely varied amount of effort which the heart
is called upon to expend, it will be easy to understand that a physiclogical
dilatation may often be called into operation. If, then, the tricuspid
valves are barely competent, it is readily understood that a slight degree
of physiological dilatation will render them incompetent.

** Moreover, the auricles are specially constructed to meet this incom-
petence. The older physiologists were wont to describe the main function
of the auricles as being that of reservoirs, capable of varying their contents
to meet the varying circumstances of cardiac activity. This is probably
their most important function, for in many cases the work of the heart can
be carried on efficiently when the auricles cease to act as contracting
chambers ™ (James Mackenzie, Ofiver-Sharpey Lectures),



CHARTER “XNIT,
THE CIRCULATORY SYSTEM.

Course oF THE CircurarioN.—The right auricle receives
the venous blood as it returns from the tissues, and transmits
it to the right ventricle. The function of the right ventricle is
to pump the venous blood through the pulmonary arteries
into the lung capillaries, where the venous blood becomes
oxygenated. The oxygenated blood returns by the pulmonary
veins to the left auricle, and the arterial blood is then received
into the left ventricle. The left ventricle pumps the arterial
blood through the large arteries, the small arteries, and the
arterioles into the systemic capillaries. For the most part
between the capillaries and the tissues is the tissue fluid, and
across this the tissues acquire the oxygen from the arterial
blood, and return carbon-dioxide to the blood in the capill-
aries. The blood which leaves the tissues is venous. The
venous blood returns from the capillaries through the small
veins into the larger veins, and the largest veins pour the
blood back into the right auricle. It will thus be seen that the
right side of the heart is occupied with the pulmonary circula-
tion, and the left side of the heart with the systemic circula-
tion. The blood, returning from the stomach, the small, and
the greater part of the large intestine, returns by the venules
which open into the superior and inferior mesenteric veins.
These join with the splenic vein to form the portal vein, and
the blood then traverses the capillaries and the sinusoids of
the liver. From these capillaries the blood is collected into
the hepatic veins, which return it into the inferior vena cava.
The circulatory system possesses two regulating reservoirs.
The intralobular veins, the lobular blood capillaries and
sinusoids of the liver act as a reservoir for the systemic

circulation, so that the right side of the heart may acquire a
204
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greater or less volume of blood from the large veins without
altering the systemic pressure. The capillaries of the lungs
act as a reservoir for the left side of the heart, so that blood
may accumulate there, if for any reason the output of the left
side of the heart diminishes.

Tue Fa@rtan CircurarioN.—The arterial blood  returns
from the placenta by the umbilical vein, which traverses the
umbilicus and travels up to the liver. A small portion of this
blood traverses the liver through the ven® advehentes which
break up into capillaries, from which the blood is collected by
the venz revehentes, which open into the hepatic vein and
thence into the inferior vena cava. The greater portion of
the blood, however, which comes to the feetus by the umbilical
vein traverses the ductus venosus in the longitudinal fissure
of the liver, which opens straightway into the inferior vena
cava. The arterial blood returning from the placenta gets
into the right auricle. The blood is driven from the right
auricle into the left auricle through the foramen ovale. From
the left auricle this arterial blood gets into the left ventricle,
and from the left ventricle it is driven into the aorta, and
goes then chiefly to the head and neck, which at this time
develop somewhat rapidly. The blood, which has lost a
portion of its oxygen, returns from the head and neck by the

__ jugular veins, thence through the innominate veins into the

superior vena cava. This blood is poured into the right
auricle, and the particular arrangement of the Eustachian
valve in the right auricle prevents any appreciable mixture of
this blood with that which comes in by the inferior vena cava.
The blood, which has arrived by the superior vena cava, now
goes from the right auricle into the right ventricle, from the
right ventricle it is propelled into the pulmonary artery. At
this time, as the lungs have not expanded, there is an impedi-
ment to the blood circulating through the pulmonary vessels,
but the blood passes from-the pulmonary artery by the ductus
arteriosus into the descending part of the arch of the aorta,
and so down the aorta to be distributed to the developing
tissues. The bulk of the blood flows through the internal iliac
arteries into the hypogastric arteries, which run alongside the
allantois to the umbilicus, and these two arteries traverse the
umbilical cord as the umbilical arteries. These convey the
venous blood to the placenta, where the blood becomes again
oxygenated. It is obvious from this that, at birth, when the
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umbilical cord is tied, very important changes must take
place in the circulation of the child. The blood clots in the
umbilical vein between the ligature, which has been applied,
and the liver, and also in the ductus venosus. The blood
clot becomes organised, and the umbilical vein and the ductus
venous therefore obliterated. As respiration commences
blood is induced to traverse the pulmonary arteries, and then
returns to the heart by the pulmonary veins; this raises the
pressure of the blood in the left auricle, and causes the valve
over the foramen ovale to commence to close down. At the
same time the blood in the ductus arteriosus clots, the clot
organises, and the ductus arteriosus becomes a fibrous cord.
The blood in the hypogastric arteries from the top of the
bladder to the ligature round the umbilical cord also clots ;
the clots organise, and the hypogastric arteries gradually
become obliterated.

Factors oF THE CircuratioN.—The function of the
heart is to empty the veins and fill the arteries. It does this
by its regular contractions, and is aided in this function by
the cardiac valves, which prevent the regurgitation of blood.
The large arteries, as the aorta, contain in their tunica media
a large amount of yellow elastic tissue ; the full arteries are,
by means of this, able to receive a further quantity of blood
from the heart. Each time the left ventricle contracts it
forces 100 c.c. of blood into the already full arterial system.
The distended large arteries then recoil upon the contained
blood, causing such a constant pressure to be exerted on
the blood that what would be an intermittent stream is
converted into a continuous onward stream of blood. The
arteries are not only conducting tubes, but they exert a
propulsive force assisting the heart in driving the blood into
the capillaries, and inducing a continuous flow. The large
arteries, because of the large amount of yellow elastic tissue
which they contain, help to maintain a “head of pressure”
sufficient to allow any portion of the body to become flushed
with blood when the arterioles dilate. The arterioles have
in their middle coats a large amount of plain muscle which
is directly influenced by the vaso-motor nerves, and in this
way the arterioles act as a form of resistance to the blood
stream, and so keep up and regulate the arterial blood
pressure. At the same time they regulate the amount of
blood traversing the capillaries of the body. The. portal vein
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is also supplied by vaso-motor nerves, and by their means the
amount of blood supplied to the liver is under control of the
nervous system. On the other hand, the pulmonary arteries
are said to be without vaso-motor nerves. The amount of
blood traversing the lungs is mainly dependent upon the
respiratory movements. The chief use of the plain muscle in
the walls of the arteries and arterioles is to keep up the tonus
of the vessels; at the same time, it is useful in stopping
hemorrhage, for if an artery is cut through, the damaged
surfaces first confract, so that the bleeding orifice becomes
smaller, then the coats zefracf within the tunica adventitia,
the blood which les between the retracted ends and the
outer coat of the vessel c/o#s. It is important to remember
that the muscular wall of the arterioles has a certain amount
of independent action apart from vaso-motor nerves. It con-
tracts when exposed to cold or to great heat. Ergot causes
the muscular coat to contract, while ni_tri.t,@s cause the
muscular coat of the arterioles to relax. The function of the
thin-walled capillaries is to supply the tissue fluid which is
found in the extravascular spaces, and it is this fluid which
bathes the tissues and supplies them with nutrition, and to
a certain extent with oxygen. The function of the veins is
to return the blood from the capillaries to the heart. The
onward circulation of the veins in the extremities is, to some
extent, dependent upon the contraction of the voluntary
muscles around the veins. When the muscles contract, they
squeeze the blood in the veins onwards towards the heart ;
a backward flow is prevented by the presence of small
semilunar valves. These are placed in the veins, as a rule,
opposite the opening of the venous tributaries. The veins

of the lower extremity are plentifully supplied with these
valves.

BLOOD PRESSURE

By the blood pressure is meant the pressure that the
blood exerts against the wall of the vessel in which it is
contained. The term blood pressure, therefore, will include
endocardial pressure, arterial blood pressure, capillary blood
pressure, and venous blood pressure. The following diagram

represents the height of blood pressure throughout the
systemic vascular system—
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F1G. 25.—Diagram to represent the relative heights of the blood
pressure in the vessels.

L.V, Blood pressure highest in left ventricle just Lefore the aortic valves open.
A. Arterial blood pressure, oscillations due to cardiac systole and diastole.
A’. Extensive fall of blood pressure in the arterioles.
€. Capillary blood pressure.

V. Venous blood pressure rises during expiration, falls during inspiration.
Rt Auwr. A minus pressure.

The arterial blood pressure will be considered first. The
factors which produce and help to maintain the arterial blood
pressure are as follows :—

¢ The force of the contraction of the left ventricle.

, The volume of blood which it pumps out into the
already full arteries (the left ventricle puts out three ounces |%®
at each contraction). This factor is not of so much import-
ance as might be expected, for there are compensating
mechanisms.  If arterial hemorrhage occurs, the arterial
blood pressure falls, but is quickly restored, because the
blood vessels contract and accommodate themselves to the
blood which they contain; and, moreover, fluid i1s withdrawn
from the tissues ; the converse of this is also true.

3. The perfect aortic semilunar valves, which prevent
regurgitation of the blood into the left ventricle when 1t goes
into diastole.

4. The elastic resiliency of the middle coats of the large
arteries. These contain much yellow elastic tissue, which

ives when more blood is received from the heart into the

already full arteries and then recoils. It is this recoil which
converts an intermittent into a continuous force, and pro-
duces a continuous onflow of the blood in the vessels.

5. The peripheral resistance exerted by the muscular wall

]
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of the arterioles, which are especially controlled by the vaso-
motor nerves. It is this peripheral resistance which mainly
regulates the diastolic pressure.

6. The increased surface over which the blood flows

through the capillaries. It has been estimated that the
capillaries together make up an area about 8co times the
sectional area of the mouth of the aorta.
_;.r. The tension of the extra-vascular tissues, z.c. the elastic
pressure exerted upon the blood vessels from without and the
atmospheric pressure. Crile found that, by enclosing an
individual in a pneumatic rubber suit into which air can be
pumped, the blood pressure may be controlled to the extent
of 25 to 6o mm. of Hg.

MEASUREMENT OF THE ARTERIAL BLOOD
PRESSURE.

t. In an animal.—The arterial blood pressure of an
animal 1s usually registered by Ludwig’s kymograph. The
method is as follows :—The animal, such as a cat, having
been anmsthetised, an artery, the common carotid or the
femoral, is exposed. A ligature is placed around the distal
portion. A small clamp is placed on the proximal portion,
leaving about three-quarters of an inch between the ligature and
the clamp. A longitudinal incision is made in this piece of the
artery, and a T-shaped glass cannula with a small bulb in the
centre (Franck’s) is introduced and securely tied in. On the
limb of the cannula opposite that inserted into the artery is a
piece of soft rubber tubing which is kept clamped. The
middle portion of the cannula is connected by a piece of
flexible metal tubing, or very thick indiarubber tubing, to
the proximal limb of a U-shaped mercurial manometer.
Between the cannula and the manometer there is a side-way
and a tube, by which a neutral saline solution (half saturated
solution of sodium sulphate) may be introduced, so that when
the clamp is released from the artery the blood comes in
contact with the salt solution in the cannula, and the pressure
of the blood is thus transmitted through the salt solution to
the Hg. It is found advisable to raise the pressure of the salt
solution above the anticipated arterial blood pressure. This
precaution prevents the blood getting into the T-shaped

14
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cannula, and therefore prevents the blood clotting, If during
the experiment the blood clots in the cannula, the clot may be
washed out by first clamping the artery; and, secondly, by

e ___Float with
oy s _ writing Pnf.na"

Nﬂ.z 504—
sol. :

Fie. 26.—Mercunal manometer.

forcing some of the salt solution into the cannula, the clot
and the fluid escaping at the opposite extremity of the T-
shaped cannula to that which is in the artery, the clamp

Height of
mean arterial
blood pressure
multiplied 6:‘,{

=2

i LR e o -

Abscissa.

F1c, 27.—Diagram of a tracing of arterial blood pressure, The large waves
are due to respiratory movements ; arterial blood pressure is highest
just after the end of inspiration, lowest just afzer the end of expiration
(vide Fig. 51). Smaller waves are due to cardiac systole and diastole,

being previously removed from the rubber tube. On the
mercury in the distal limb of the U-shaped manometer is a
float with a writing point which is placed against a revolving
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blackened surface, and in this way the arterial blood pressure
tracing may be obtained. As the mercury in the proximal
limb of the U-shaped tube is forced down, so that in the
distal limb of the U-shaped tube is forced up, and the
resulting pressure obtained is the difference between the
level of the mercury in the proximal limb and the level of
the mercury in the distal imb. An arterial blood pressure
tracing shows two sets of waves, the larger waves due to
respiratory movements ; with inspiration the arterial blood
pressure rises, and with expiration the arterial blood pressure
falls. On these larger waves are seen the heart beats, a small
up-stroke with cardiac systole, and a small down-stroke with
diastole. As a rule there are more heart beats during
EEE_Eation than during expiration; that is, there are more
beats on the up-stroke than on the down-stroke.

EXPERIMENTS UPON BLOOD PRESSURE.—If one vagus is tied,
and a double ligature applied to the opposite one, which is then
cut between the ligatures, and the peripheral cut end stimulated
by rapidly interrupted induction shocks (weak), the heart of
the animal will be slowed. If the stimulus is a strong one,
the heart may be, for the time being, completely inhibited ;
the result is a sudden fall of arterial blood pressure. If the
stimulus is removed, with one or two heart beats the blood
pressure curve rises, and for a short time it is frequently found
to be somewhat higher than before. This effect may be due
to an increased volume of blood pumped into the arteries,
it having accumulated on the venous side of the circulation
during cardiac inhibition. The blood pressure curve rapidly
regains its former normal level. If the animal whose arterial
blood pressure is being recorded has a separate depressor
nerve, it may be exposed, cut, and the upper cut end stimu-
lated ; the result of this is that afferent impulses travel up to
the vaso-motor centre, the result of which is to inhibit the
activity of the tonically acting vaso-constrictor part of the vaso-
miotor centre or possibly to increase the activity of the vaso-
dilator part of the centre. Féwer or weaker impulses pass down
the spinal cord to the peripheral arterioles in the splanchnic
area, the result of which is some relaxation in their muscle
tone, the arterioles dilate, and the arterial blood pressure
gradually falls. This is known as a depressor effect, and the term
applies to the arterial blood pressure. A similar effect may
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follow the stimulation of the upper cut end of the vagus, for
those animals with no distinct depressor nerves have depressor
Ifl_lgrgas in_the vagi. If, on the other hand, g_ri}r ]arge mixed
nerve, such as the sciatic, is-cut, or the cords of the brachial
plexus, or the vagus itself, and the upper cut end is stimulated,
afferent impulses travel up to the vaso-constrictor part of the
vaso-motor centre. The result of these impulses is to increase
the activity of the vaso-constrictor part of this centre ; stronger
impulses descend the spinal cord, and travel to the arterioles
in the splanchnic area, these become constricted, and the
arterial blood pressure gradually rises ; this is a pressor effect,
and the term applies to the blood pressure. 5 e gig
If a solution of the extract of the medullary portion of the
suprarenal capsule—that s, a solution which contains the active
principle of the gland (epinephrin, suprarenin, adrenalin)—is
injected into the jugular vein of the animal, the arterial blood

pressure of which is being recorded, there follows a gradual
rise of arterial blood pressure. This is due to the suprarenal

extract stimulating the vaso-motor nerve terminals in the walls
of the arterioles, which then become constricted. The arterial
blood pressure curve, however, soon returns to normal. If
suprarenal extract is injected first, stimulation of the upper
cut end of the depressor nerve fails to cause vaso-dilatation.
If a solution of choline, a decomposition product of the lipoid
lecithin, is injected into the jugular vein of the animal, it will
produce a gradual fall of arterial blood pressure ; this is chiefly
due to vaso-dilatation of the splanchnic peripheral arterioles.
Most animal extracts cause a slight fall of arterial blood
pressure when injected into the jugular velin.

, In man—This may be done with a Rjva-Rocci
sphygmometer. The individual whose blood pressure is about
to be recorded should be placed in such a position that his
heart, the artery the blood pressure of which is to be
determined, and the manometer are at the same level. It is
usual to record the pressure in the brachial artery. The
:ndiarubber bag of the instrument should be wrapped round the
bared arm, the metal covering of the bag should then be
adjusted, and firmly strapped in position. The indiarubber
tube leading from the bag is then adjusted to the proximal
limb of the U-shaped manometer which contains mercury.
The experimenter places the index-finger of his left hand over
the radial pulse of the subject, and with his right hand he
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compresses the syringe and so drives air into the indiarubber
tube and the indiarubber bag around the individual’s arm.
The pressure of the air in the bag around the arm is recorded
by movement of the mercury from the proximal to the distal
limb of the manometer. The operator keeps on pressing the
syringe until oscillatory movements are seen at the surface of the
mercury in the distal limb of the manometer ; the mean point
of maximum oscillations registers the diastolic pressure. If
the pressure in the bag is still further increased, the oscillations
diminish in amplitude and finally disappear, and at this point
the pulse can no longer be felt at the wrist. The height of
the mercury supported then registers the amount of systolic
pressure. It will then be noted that the mercury has
descended in the proximal limb of the manometer, and has
ascended in the distal limb of the manometer ; the difference
between the two mercurial levels will be the blood pressure
of the brachial artery. The normal systolic pressure in
man is about 120 mm. Hg, and the diastolic pressure about
too mm. Hg. In women the pressures are about ro per
_rﬁ_Ent. less. In children the systolic pressure may be as low as
go mm. Hg, with a diastolic pressure of about 8o mm. Hg
(R. Hutchison). o

The blood pressure in the radial artery may be estimated
by the sphygmometer (Hill and Barnard). This instrument
consists of a glass tube graduated in mm. of Hg. At one end
is an indiarubber bag, at the other a stop-cock. The india-
rubber bag contains black ink, the stop-cock is opened, and
the indiarubber bag pressed so that the black ink 1s forced
up the tube as far as the mark O, the stop-cock 1s closed so
that between the mark O and the stop-cock is air. The
sphygmometer is then applied over the radial pulse, and kept
in position by a clamp. It is then gradually pressed down
over the radial artery, and the ink is gradually forced up the
tube. The pulsations from the artery are transmitted to the
indiarubber bag, so that during cardiac systole the ink is
forced up; with diastole the ink returns. The pressure of
the sphygmometer is so adjusted that the largest oscillations
are obtained. The mean is then noted, and this gives the
mean radial blood pressure. Suppose, for instance, that the
highest rise of the ink stands at 120, and that the return fall

goes back to 100, the mean radial blood pressure will be
110 mm, Hg.
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Large arteries ] . . 4+ 140 mm. Hg.

Medium arteries (radial) . 110 mm. Hg.
I:Lpilhriu, between . .+ 15and+z2omm. Hg.
Small veins . : .+ 10 mm. Hg.

Large veins in the nELk between4 5and—8 mm. of Hg.
Portal vein . ; . . ST mm Tl

Inferior vena cava . ) .+ 3 mm. of Hg,

The blood pressure in the pulmonary circulation is about
one-sixth of that in the systemic vessels.

The arterial blood pressure may be increased by—
Increase of the force and rate of heart beat.
Constriction of the peripheral arterioles ; cold therefore

raises the arterial blood pressure.

3. Increase in the volume of fluid circulating, as after a
good meal.

The arterial blood pressure may be decreased by—

1. Decrease in the force and rate of heart beat.

Dilatation of the arterioles.

3. Decrease in the volume of fluid circulating, such as
oceurs after bleeding.

The arterial blood pressure slightly rises in the morning
and falls at night. Rest tends to lower the pressure, while
exercise at first shghtl}r increases it, though ultimately it
lowers it.

The influence of gravity upon the circulation (ha:mﬂstatic
pressure) is that the blood tends to accumulate in the veins
of the lowest part. This is to a considerable extent overcome
by two factors :—

1. Vaso-motor nerves causing vaso-constriction of the
arterioles of the splanchnic area. When the erect posture is
assumed, the fall of blood pressure in the medulla stimulates
the vaso-motor centre whereby vaso-constriction in the
splanchnic area OCCurs.

The “respiratory pump.” During inspiration venous
bh:md is induced to flow towards the thorax because of the
increased negative pressure (—30 mm. Hg) which is there
produced.

The influence of the splanchnic area upon the general
blood pressure may be demonstrated as follows :—
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A tame rabbit, with a pendulous abdomen, is held up by
its ears ; after a few struggles it becomes quiet, then unconscious,
and in half an hour may die. Blood accumulates in the legs
and pendulous abdomen (there being a want of vascular tone
in “hutch? rabbits), and the brain becomes anemic. The
animal will recover consciousness if its abdomen is bandaged,
or if it is placed in a horizontal position. Invalids frequently
become giddy and faint on first rising from the horizontal
position ; this is due to want of tone in the vessels of the
splanchnic area. The condition may be overcome by lying
down and taking deep breaths.

CAPILLARY BLOOD PRESSURE.

This is estimated by observing the amount of pressure which
is required to blanch a small area of skin. The capillary
pressure is surprisingly high, so high that the thin capillary
wall would be unable to withstand such a pressure were it not
for the tension of the extravascular tissues. The capillary
pressure depends upon the condition of the artErm!gs If the
arterioles to a part dilate, the capillary pressure rises; if they
constrict, the capillary pressure falls. If, however, the VENnous
pressure is raised, the capillary pressure must crcmat,quently
rise too. Gra,vlt}r very materially influences the (::Lplllar}r
pressure. It is found that the -:zgjllla_r} pressure in a finger 1s
twice as high when the hand is hanging down as when the
hand is raised to the top of the head.

VENOUS BLOOD PRESSURE.

The venous blood pressure, as a rule, 1s so low that a saline
solution 1s generally used instead of Hg in the manometer.

The venous blood pressure is influenced by—

1. The presence of valves which prevent a backward flow ;
and, e

2. Respiratory movements.

The general effect of 1nsp1r1tmn is to draw venous blood
into the thorax, thus emptying the large veins, with a consequent
t:;ll_lLvaennus blood pressure. ‘The general effect of expiration
is to cause a slight resistance to the flow of blood into the
thorax, and consequently to raise the blood pressure in the
Targe veins, |
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A venous blood pressure tracing taken in the neck shows
larger waves due to respiratory movements, and smaller waves
due to individual heart beats.

THE VASO-MOTOR MECHANISM.

It has been already stated that one of the most important
factors in regulating the arterial blood pressure is the work of
the muscular arterioles, and these vessels are under the control
of the central nervous system.

The Vaso-motor Centre.—This is placed in the floor of the
fourth ventricle, and commences about 3 mm. above the calamus
st:rlptorms it is ill defined, and it is possible that the nerve
cells constituting the centre are scattered over a relatively
large area. The centre is symmetrically placed on either side
of the median line. In all probability it consists of two

B ——

portions, namely, vaso-constrictor and vaso-dilator. /=

———

The vaso-motor centre has been located in the region
1nd1cated in the following manner. If a sectmn 15 made

arterlal blood pressure rapidly falls bEﬂause the centre 15
cut away from the spinal cord. If, on the other “hand,
sections are made through the higher portion of the medulla,
there is no alteration of the blood pressure until the vaso-
motor centre is encroached upon; and, a_s__gectlons are
made farther back, so the arterial blood pressure begins to
fall ; when the last section is made, which completely cuts off
the vaso-motor centre from the cord, the blood pressure falls
to zero. There are m&mimry vaso-motor centres in the grey
matter of the dorsal region of the spinal cord. These are
extremely active in the lower types, like the frog, but probably
are not so active in the higher types, as man. These $ub51dlar}
centres of the cord of the frog may be demonstrated as
follows. If the vessels in the frog’s web are observed under
the microscope, and the brain then destrﬂyed it will be seen
that the vessels become dilated. This is due to the fact that
the vaso-motor centre in the medulla is destroyed. The
?essels;_ﬁo_ﬁrever soon regain their tone, because the sub-
sidiary centres in the cord take over the function of the
higher centre. If the spinal cord is completely destroyed, the
peripheral blood vessels dilate_ ‘and do not recover their tone,

Subsidiary centres may be demomtrated in thL cord of the
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dog as follows. If the spinal cord of the dog is severed
between the fifth and sixth cervical nerves, and the dog
recovers the shock of the operation, the animal is said to have
been rendered ‘ spinal,” its blood véﬁﬁ_ﬁﬂﬂ}_’ﬂt. their tonus,

and the circulation goes on as if nothing had happened.
This shows that there are centres in the spinal cord which
are capable of performing the function of the highest centre,
The “vaso-motor centre is, to a very considerable extent, an
/ gﬁ@;{fﬁ?ﬁ centre dependent upon a supply of oxygenated
blood for its proper working. If the oxygen tension in
the blood becomes low and the tension of the CO, rises,
the centre for the time being becomes more active and
the arterial blood pressure rises slowly. This condition is
found i the early stages of asphyxia, but as the CO,
contained in the blood increases, the centre becomes
poisoned and begins to give out, and the arterial blood
pressure gradually falls, When cerebral anzmia occurs the
vaso-motor centre participates in the condition ; the anemia,
however, increases the activity of the vaso-constrictor portion
of the q@ﬁ“—a‘:ﬂhp result is that the vessels in the splanchnic
area constrict, causing a rise of active blood pressure and an
increased blood supply to the brain, and in this way the central
anzmia is overcome. The vaso-constrictor centre, however, is
a tonically acting one, which means that it is persistently giving
out impulses to the peripheral arterioles in order that they
may be kept in a state of tonus. The centre, however, is
4 capable of exhibiting rhythmicality, and its rhythmic action
is shown in the Traube-Hering curves which are seen on the
down-stroke of the blood-pressure tracing taken of an animal
during the later stages of asphyxia. These curves also appear -
on the blood-pressure tracings of animals under the influence
of an anwsthetic. They are produced by the vaso-constrictor
centre sending out stronger, then weaker, impulses.
- The vaso-constrictor centre is certainly a zeflex one,
¥ capable of being influenced by afferent impulses from without.
¢ There i1s no doubt that f:ertahn'@ﬂg,_qr have a direct influence
upon the vaso-motor centre, increasing its activity ; such drugs

include digitalis and strophanthus.
Afferent Impulses*—-T%ere are two kinds of these impulses
which influence the vaso-constrictor part of the vaso-motor

centre.
1. Depressor Influences—These impulses normally start in
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the heart, or at the commencement of the aorta, and the
adequate stimulus for them seems to be a rise of endocardial
or aortic pressure. They travel up the depressor nerve, when
it exists as a separate nerve (rabbit, cat, horse), or through
the depressor fibres in the vagus nerve to-the vaso-motor
centre, and their influence is to inhibit the activity of the
vaso-constrictor part of the vaso-motor centre, and possibly
also to increase the activity of a vaso-dilator centre; the
result of which is that weaker vaso-constrictor impulses descend
EEE spinal cord, the peripheral arterioles in the splanchnic area
dilate, and the arterial blood pressure gradually falls.

Shock. — The condition known as shock (vaso-motor
paralysis) is brought about by certain abnormal stimuli, such
as are produced by a large cutaneous burn, especially if on
the trunk, injury to a large nerve trunk, such as the sciatic
of the cords of the brachial plexus, or injury to the spinal
cord itself. These abnormal stimuli travel up the spinal cord
fo the vaso-constrictor part of the vaso-motor centre and inhibit
its activity ; the result is that the %Eipheml arterioles in the

splanchnic area dilate, and the blood pressure gradually falls.
Injury to the cord itself may cut off all efferent vaso-constrictor
1#[?5@5% As a result of vaso-dilatation in the splanchnic
area the brain is rendered somewhat bloodless (anzmic),
and the patient may pass into a subconscious condition.
If, however, the vital centres in the floor of the fourth
ventricle—that is, the respiratory and the cardiac centres—
are rendered anmmic, their activity may give out and the
patient die. It is seen that shock is brought about either by
abnormal afferent depressor impulses, or by cutting off efferent
vaso-constrictor impulses which travel down the spinal cord.
Shock may be appropriately treated by the application of a
broad abdominal binder to ﬁrﬁmuhﬂ_&tgumu.latmﬂ..ﬂf_.blqud
in the splanchnic pool, and by the administration of adrenalin
or ergot; which-aet-peripherally and tone up the arterioles ;
while barium salts—3 grs. of the chloride—which act directly
on the muscle fibre, and not on nerve endings, are appropriate
(Langdon Brown). A e SRy Y. 31

2. Pressor Influences.—If the upper cut end of a large nerve
trunk, such as the sciatic, the cords of the brachial plexus,

or the vagus nerve itself, is stimulated, afferent impulses travel

up the spinal cord to the vaso-motor centre, which increase
the activity of the vaso-constrictor part of the centre; stronger
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impulses now travel down the spinal cord to the blood vessels
in the splanchnic area, vaso-constriction takes place, a:}d the
arterial blood pressure is raised. The result of the application
of a blister is very much of this nature. If a large blister
or mustard plaster is applied to a large cutaneous area, the
local result i1s vaso-dilatation of the cutaneous arterioles
beneath the blister or plaster; but the general result is
vaso-constriction and a slight rise of arterial blood pressure,
brought about by afferent impulses which start in the irritated
cutaneous area and travel up to the vaso-motor centre.
Efferent Impulses.—The vaso-constrictor impulses which
start in the vaso-constrictor part of the vaso-motor centre travel
down the spinal cord, probably in the mixed lateral tract on
the same side as they arise in the medulla; there is no
evidence of any crossing of the fibres. The nerve fibres,
which bring down these impulses, traverse the cervical region
of the cord, and travel into the grey matter of the dorsal
region, where they arborise around the nerve cells found in the
lateral cornu of the grey matter of the spinal cord. It should
be noted that these lateral cornual cells exist only in the
dorsal region of the cord. New fibres arise from these lateral
corneal cells, and they travel straight through the anterior
cornua of the cord (zide Fig. 86). These vasomotor fibres,
which become finely medullated in the anterior root zone, leave
the cord in the anterior nerve roots in the dorsal region. They
then leave the anterior nerve roots, and travel to the nearest
sympathetic ganglia. The fibres which go to the ganglia are
known as the pre-ganglionic fibres (white rami com municantes).
In the ganglia these finely medullated fibres lose their
medullary sheath and arborise around the ganglion cells.
These proximal sympathetic ganglia are cell stations for the
vaso-constrictor fibres. New nerve fibres arise in these
ganglion cells and leave the ganglia as non-medullated
nerve fibres, they are called the post-ganglionic fibres (grey
rami communicantes). As such they pass back to the nearest
spinal nerve. The vaso-constrictor impulses for the body
leave the spinal cord by the anterior roots of the spinal
nerves from the second dorsal to the second lumbar inclusive.
The vaso-constrictor impulses for the vessels of the head
travel up through the first dorsal ganglion (ganglion stellatum),
through the annulus of Vieussens to the inferior, middle, and
superior cervical ganglia; Ze ascend the sympathetic nerve
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chain in the neck. The cell station is in the superior cervical
ganglion. The vaso-constrictor fibres for the arm have their
cell station in the ganglion stellatum, and travel dﬂ::hfn..byiha
motor nerves of the limb, The vaso-constrictor fibres for the
leg have their cell station in the lower lumbar and sacral
anglia, and travel down the nerves to the lower extremity.

The vaso-constrictor fibres for the thorax and abdomen have
their cell stations in the collateral ganglla, and t theae fibres
pass al{:-ng the sympathetic and splanchnic plexuae&. to the
vessels of the thorax and abdomen respectively.

If pre-ganglionic nerve fibres are stimulated, vaso-constriction
takes place. If the sympathetic ganglion is painted with a
weak sulutmn of nicotine, which pmsnns synapses and nerve
-::el]'i and then the pre-ganglionic fibre is stimulated, no Vaso-
constriction occurs; but if the En__st-ﬁganghomc fibres are
stimulated, vaso-constriction will take place beyond (Langley’s
nicotine e*:penment} If the cervical sympathetic nerve of a
rabb1t is divided, it is found, széer alia, that the blood vessels

—————

in the ear of the rabbit become dt]ated and caplII ries which

ENS—

were not obvious before the section come into_view. If the
upper or oral cut end of the sympathetic nerve is then
stimulated with EI.EI['HE interrupted induction shocks, the
arterioles of the ear of the animal become constricted, many
of the small capillaries disappear from view, and the ear
becomes pale (Claude Bernard’s experiment). If the cervical
sympathetic of the rabbit is divided, the blood vessels of the
ear become dilated, but after a time t_h_gg_ Tecover _t_h_mr tone ;
this is due to the nerve cells i cells in the superior cervical L_ang]_nn
exercising a_/oc fﬂfﬁfﬁﬂﬂj‘ﬂ-mﬂfﬁ??‘ vaso-molor control ; if, however, the superior
cew'Erﬂ_ganglmn is excised, the artermles of the ear remain
e
permanently dilated. |
That vaso- _constrictor impulses travel down the nerves
which are distributed to a limb may be demonstrated as
follows :—
If the sciatic of a cat is exposed and cut, and the limb

=

placed in a plethysmograph, ‘and the perlpherzil_}_:pt end of
the nerve stimulated by rapidly interrupte ed induction shocks,
the muscles will not only be thrown into tetanus, but the
limb will become smaller and paler, because of vaso-constric-
tion brought about by the stimulation of the vaso- -constrictor
nerves, That vaso-constrictor impulses t travel in the splanchm-::

nerves to the ‘i’lhﬂﬂl‘& may be shown by the following experi-
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ment. If the spleen, or the kidney, or part of the small
intestine is placeg_i—ﬂ an air plethysmograph which is covered
in by a plate of glass, and the nerves to the part are cut, it
will be noted that the organ increases in volume and becomes
redder. If the peripheral cut end of the nerves is then
stimulated by ;agid]?%é:guf)ﬁd...in_dm:,t_iqn_ shocks, the organ
gets smaller a