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wEE FEEMENTS

OF

ANIMAL PHYSIOLOGY

CHAFTEER I.

The Essentials ol Life.

The best way to understand the working of a complex piece of
machinery is to examine the earliest and simplest types. If we know, for
instance, the principles on which Stephenson’s Kecket was constructed we
are in a fair way to understand the working of a modern locomotive.
The same may be said of living things. The animals we designate by the
term mammalia are the most complex and the most perfect of all living
things, at least on this planet, and, therefore, before we can hope to
understand what is known of the workings of their bodies we must first
of all study the earlier and simpler types of life. Now, a snake is lower
in the scale of life than a horse, but it 1s still high compared with the fish ;
whilst far below the fish we must place the worm. In this way we can
go down the long ladder of living things until we come to a point where
animals and vegetables meet, and below which there is no other form of life
possible. This lowest, simplest, and oldest tvpe of living thing is the
SINGLE CELL.

There are very many varieties of such lowly developed creatures. For
instance, the micro-organisms which enter our bodies and cause disease ;
some of these are plants, for example, the bacteria of consumption, lock-
jaw, and diphtheria ; some are animals, such as the germ of malarial fever.
Yeast belongs to this lowest class of life, and is looked on as a plant; a
teaspoonful of yeast is really a vast horde of individuals, each composed
of a single cell ; also the microscopic creatures which may be seen to sparkle
in the sea at night when the water is disturbed—these latter belong to the
animal kingdom. But all these living things at the bottom of the ladder
have this in common that each individual is composed of a single cell.

i



8 THE ELEMENTS OF ANIMAL PHYSIOLOGY.
Structure of the Cell.

A cell consists of a body called the nucLeus, enclosed in a layer of
substance called the proTopLasM. In most, if not all, cases, the proto-
plasm is lined on the outside by a thin covering called the CELL WALL.
The nucleus is always a small body, and it so happens that the layer of
protoplasm covering the nucleus can never be very much deeper than the
width of the nucleus; hence it is that most living cells can only be seen
under the microscope, and some of them only when high powers of magm-
fication are employed ; a very few may be seen by the naked eye, but they
are never more than a few millimetres* in length. In contrast to this
limitation in size, we find that the shapes which living cells display are
unlimited. But in all cases there is a nucleus, and bevond the nucleus
there is a protoplasm, and, we may further add, beyond the protoplasm
is a watery fluid, either fresh water, sea water, or some watery sol ution.

Fig. 1.—(g) Ameba (magnified). An animalcule found in stagnant water.
The dark body is the muclexs, and beside it is a pale palsaling vacwole, which, by
altering its shape, keeps the protoplasm in movement. (&) Paramecivm (magnificd).
An animalcule found in water in which hay has been soaked, Tt has a well-marked
muclcus, and two j‘:nf.'r.:r.fr'ng sacnoles, All round are li‘n_‘.' Prl}tﬂplilillﬁt feet {(onfial,
which, by rapid movement, can propel the eell in any direction. ([(After Verworn.)

Protoplasm is neither solid nor fluid, as we usually understand by these
terms ; it rather resembles unboiled white of egg in consistency. When
viewed under the microscope it presents a dotted appearance, as if delicate
strands of firmer material were running in all directions through it,
forming a meshwork. Here and there in the protoplasm are minute
particles of substance which the cell is about to push outside, or is storing
up for use as food. The nucleus is probably a little firmer than the proto-
plasm, but its structure is far more complex. In fact, a nucleus is an

= A millimetre = o ih inch approximately,
t The term niorLass will be used to denote both protoplasm and nuelenr substance.
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intricate mechanism rather than a simple substance, and it is in and around
the nucleus that the greatest activities of the cell are manifest. Of the
supreme importance of the nucleus many experiments give m'_ulum:e. Lt
has, for instance, been found possible in some of the larger s_ingle—t:elled
creatures to tear off a portion of the protoplasm, and thus divide the cell
into two parts, one with, and one without the nucleus. The ernuc.-leateld
protoplasm continues to show some signs of life for a :a]mrl_luju:, hutl it
has no power of repair or growth, and very soon dies. This is prettily
shown with the Polystomella, a cell with a calcareous wall, which can be
broken in the manner described. In the portion retaining the nucleus the

F:i_',;. 2.—Illustrations of the manifold variety in size and form of different
bacteria. (After P. Baumgarten.)

wound i3 speedily closed up with a new shell, and the cell’s activities con-
tinue unabated ; the unnucleated portion, however, goes rapidly to pieces,
and is eaten up by other micro-organisms, We mav lav it down. then, as an
all-important law in physiology, that, IF A CELL BE DIVIDED, THAT POR.
TION WHICH RETAINS THE NUCLEUS MAY LIVE, THAT PORTION WHICH IS CUT
OFF FROM THE NUCLEUS MUST DIE.

Fundamental Characters of Life.
There are some characters common to all living things, both high and
low, which may now be considered brieflv : —

1. RENEWAL AND REPAIR. It is essential to life that the
different structures emploved should be constantly renewed, not in large
portions at a time, but each part in a gradual manner. We are familiar
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with the mending and renewal of the parts of a machine, such as a bicycle;
at one time a new tyre, at another a new spoke is added, until, as some-
times happens, no single part of the original structure is present. But if,
instead of these parts being inserled complete and at separate times, the
renewal was constantly being effected—if in every moment of the bicycle’s
existence each spoke and tube and screw was taking a minute amount of
fresh material into itself, and throwing out a minute amount of old material,
if the paint and rubber were not only replaced as soon as rubbed off, but
were constantly being renewed in the same slow and continuous manner—

Fig. 3.—Showing four different types of motile cells. (a) Egg cell of a cal.
careous sponge; (&) blood cell of a crab; (¢) a fresh water animalcule ; (@) pigmeni
cell from the tail of a tadpole. (After Verworn.)

we should have a better model of a living thing. Certain larger portions
of the organism which have been lost by accident may be replaced. We
have seen that the Polystomella can mend a gap in its shell ; a lizard can
grow a new tail, and, in the same wav, a mammal can grow a new piece of
skin after a cut or a burn. But there is a limit to this power of replacing
a large portion of substance. We, for instance, if we lose a finger or an
eye, cannot grow a new one, much less an arm or a leg. In fact., the
higher an animal is developed the less power it has to make good such
insses ; one reason being that in the higher animals the parts lost are far
more complex than analogous portions of lower animals, so that, unfor-
tunately, repair is out of the question. T

. Now, to enable the animal to keep this renewal and repair in progress,
it 15 necessary that it should take up fresh material, in the shape of roop
and to eject old material in the form of EXCRETIONS, ,
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2. ABSORFTION OF ENERGY AND PERFORMANCE OF
WORK.—Most animals move their bodies about, chiefly to obtain food or
to escape from danger, and in doing so perform work. Even those single-

Fig g—Amxbs in eight successive stages ol movement., (After Verworn.)

celled organisms, which show no movement, such as yeast cells, perforn:
work, for in these, as in all cells, the protoplasm is in continuous move
ment ; other activities, too, such as the discarding of waste material and
taking up of fresh, and the various chemical reaction, to be described
later, are continually at work.

Now, no work can be done unless energy 1s expended, and we have to
consider whence the energy comes. We shall find that all the energy
utilized by living things, both plant and animal, is derived from THE
NREAKING DOWN OF COMPLEX UNSTABLE COMPOUNDS INTO SIMPLER AND

Fig. 5. —Amwba approaching and capturing a particle of food, in four successive
stages. (After Verworn.)

MORE STABLE SUBSTANCES. For instance, the yeast plant takes up sugar,
and splits it into aleohol and carbon dioxide. Now, experiment shows that
the beat produced by burning a definite weight of sugar is greater than
the heat produced by burning that weight of alechol, which would be
derived from the sugar. The carbon dioxide cannot be burnt, it is at the
bottom of the energy ladder. Now, this difference of heat between burning
sugar and burning alcohol represents so much energy which the veast
plant can have at its disposal. Another instance is the lactic acid bacillus,
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into the air. The living animal in the same way can only turn a fraction
of the energy into work; in the case of the human body about 22 per
cent. is so converted, the rest of the energy taking the form of heat,
which warms the living substances and escapes.  Hence it is that ALL
LIVING THINGS PRODUCE HEAT, AND THE MORE WORK THEY DO THE GREATER
15 THE HEAT PRODUCED.

We have seen that food is necessary for repair and renewal ; we now see
that food is also necessarv to supply the complex bodies which will liberate
cnergy.  The excretions also contain not only the scrap-heap bodies due
to repair, but also the degenerated remains of the food taken as fuel.

3. RESPONSE TO CHANGE IN SURROUNDINGS.—A child
wishing to find out whether an object is living will prod the object with a
stick, or make a loud noise, and then see whether the object moves. In

Fig. 8. —Amaba in six successive stages of division, showing the elongation aad
subsequent division of both protoplasm and nucleus, resulting in two amebe, each
witih o nuciens.  (After schulze.)

physiological language, the child has applied a stimulus, and the object,
if living, will respond to this stimulus. This change in a living animal
produced by a change in its surroundings is a most important characteristic
of life. The more highly developed an animal is the more able is it to
detect changes in its surroundings, and the quicker and better car it
respond. Now, this response to stimulus has alwavs a certain character—
it tends to preserve the life or the comfort of the living thing concerned.
A rabbit prodded with a stick will run away ; a dog similarly treated may
bite its tormentor ; but both with the same cbject in view. Another feature
of this response will be noted, namely, that the response is not limited only
to the spot stimulated. This is observable with the lowest animals. Touch
one of the tentacles of a sea-anemone, and all the tentacles are drawn in.
Even in a single-celled animal a stimulus which irritates one only of its
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tiny projections of protoplasm may be followed by the cell ﬁilrjrlkmgl and
drawing in all its protoplasmic feet. There must be some Jlmatllt!», ”TL-
fore, by which one part of the organism can send messages to the other
parts—this mechanism we shall deal with in another chapter.

What changes in the environment are able to evoke a response from
the cell ?

(a) Temperature Changes.—I1f the temperature uf_ Iht: sprmundmgs
i« lowered. the activities of the cell become sluggish—with rise of tempera-
ture a nise of activity occurs. But there i1s a limit to this response to
warmth. for very soon the high temperature destroys the living substance,
and cavses death. In fact, no living cell can stand the temperature of

Fig. y.—Showing the complicated structure of the nucleus and the changes 1t
undergoes on division. (After Flemming.)

boiling water, and most die at 125 degrees Fahrenheit. Heat high enough
to injure living substance, if applied to any part of the living substance,
acts as a powerful stimulus to that part, and causes a response from the
whole organism.

(&) Changes in Concentration of the Surrounding ['luid.— The changes
vary with the cell observed, and need not be described here, only it must
be noted that, just as with temperature, there is a limit. High concentra-
tions will kill—witness the [dead Sea, and the preserving action of strong

syrup ; whilst too low concentrations tend to make the cell become water-
logged, and finally to burst.

_ _{fﬁ Changes in Light.—With most cells very strong light acts as an
irritant, and often causes death ; hence the disinfecting action of sunshine.
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(d) Electrical Changes.—To all cells a sudden change in electrical con-
dition (i.e., a shock) acts as a stimulus, and may kill, if sufficiently great.

(e) Chemical Changes.—Sometimes we find that cells are attracted by
some chemical substance, or have their activities heightened. Many cells
move away from irritating chemical bodies. Most substances which
<hemically injure living bioplasm act as stimuli.

(f} Mechanical Changes.—Alterations in vibration or pressure may call
forth a response.  Local pressure, if intense enough, always acts as a
stimulus.

4. DEFENCE.—Living bioplasm is, as we have seen, readily dis-
turbed or killed by changes in the surroundings, and all living things have
living enemies. The lower in the scale living things are, the more readily
and in greater number do they succumb to such changes and attacks, but
in the lowest forms there is always some attempt at defemce.  Many
single-celled animals clothe themselves with a hard shell (see Fig. 7); most
living things capable of movement try to escape from injurious surround-
ings. It is probable that in all animals there is, in addition, a chemical
response in the living bioplasm, by which antidotes are produced when the
poison is derived from another living thing. This will be discussed more
fully in the chapter on the blood.

5. GROWTH AND REPRODUCTION.—Most living things start
life small, and grow larger; but all living things reproduce their species.
A single cell may divide into two in the manner indieated in Figs. 8 and g,
or its bioplasm may break up into a large number of very small spores,
each of which is capable of growing into an individual cell. There are many
other forms of reproduction, but throughout the whole realm of life the
law holds THAT EVERY LIVING INDIVIDUAL IS THE OFFSPRING OF ANOTHER
INDIVIDUAL, AND THAT EVERY CELL HAS ARISEN FROM ANOTHER CELL. This
is a very important principle, which has now a wide practical application.
It a food-stuff (meat, milk, fruit, &c.) is heated to destroy all living
germs, and then sealed in an air-tight vessel, no life can develop in it, and,
in consequence, the food keeps. If any foom of life—for instance, bacteria
—should be found in such a packet, as would be evidenced by the putrefac-
tion of its contents, we know that either the germs were not all destroved at
first, or that life has come in from without by means of a leak in the
vessel wall. '

6. MEMORY AND INTELLIGENCE.—A locomotive running into
a snowdrift will rebound, and then charge the obstacle again; a second
rebound will then take place, to be followed by another charge. This will
go on until the steam is exhausted or turned off by the driver. But if a
living cell moving about meets with an obstacle it may charge it once or
twice in the same manner, vet, sooner or later, it alters its direction of
attack, or simply tries to find a way round. This reaction, which has been
called the method of TriAL AND ERROR, implies the existence of MEMORY
in the cell (i.¢., it can remember its failure), and also of INTELLIGENCE, for
it tries a new way of getting over the difficulty.

Animals are marked off from plants by the possession of these faculties
in a much greater degree. The higher in the scale of life an animal is the
wider is its range of memory and intelligence. It is in mental characters
that man is so far apart from the mammals nearest to him (chimpanzee,
&c.) ; in other respects the differences are trivial,
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CHAPTER II.

Mammalian Tissues.

The lowest form of life is, as has been stated, the single-celled plant or
animal. The bioplasm of such a cell carries out manifold functions ; at its sur
face food for fuel and repair is absorbed and waste products are excreted ;
it prepares ferments and chemical antidotes against certain poisons as we
shall see later ; it is contractile and can propagate the disturbance caused
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Fig. 10.—Bone showing the tube systems cut across; the bone cells with their
prolengations (coloured black) lie between the tubes, The space in the centre
of each system containg blood wvessels and nerves. (After Sharpey.)

by a stimulus; it can also store food to some slight extent.  The animals
and plants next in order to these single-celled beings are those which may be
looked on as colonies or communities of cells. But in such a colony there
is a certain SPE.’T.‘ILR“IE‘Hiﬂﬂ of labour ; one set of cells, for instance, may be
concerned chiefly with the capture of food, and may allow the other
qualities of its units to remain in a backward condition. Another set may
have chiefly to do with the locomotion of the entire colony. As we proceed
upwards in the scale of life, and especially is this the case with animals,
we find that the collections of cells become larger and mere differentiated
and each set of cells more dependent on all the other sets, so that its units
die if cut away from the main mass. When in such a collection of cells we
find that the reproductive function is specialized, when from one cell (egg
or spore) there can arise not only reproductive cells but cells representing
all the various sets present in the complex, then we can no longer regard
this complex as a mere communitv—it has become a single individual.
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As we proceed upwards in the evolutionary scale we find then that
new groups of cells are marked off from their fellows to carry out some
function, and that the other cells of the animal body are relieved of this
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Fig. 11.—Bone showing the tube systems cut longitudinally. (After Rollett.)

function. This division of labour makes greater efficiency possible, for the
whole time and material present in each cell can be apphed to the perform-
ance, not of many duties, but of one onlv or, at least, a few. Thus we

Fig. 12.—Areolar tissue. The white fibres are seen in wavy bundles: the elastic
ibres form an open network. ([After Schiifer.)

fnd in muscle a number of eells so altered that contractility is the chief
or only function which they retain, whilst other powers have been sup-
pressed.  Each muscle cell can contract, and contract more forcibly than

B
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any single-celled organism, but only when waste material is removed, when
it is shielded from injury, when it is kept at the proper temperature and
washed with a solution of the proper concentration and chemical com-
position—and all by the labour of other cells, which, in their turn, are
arranged in groups, each group carrying out some single or simple set of
functions, and all of them forfeiting the power of contractility.

Such a division of labour finds a parallel but by no means so perfect
in communities of men. The higher the civilization the greater is the
specialization of duty, and the more dependent is one group on another.
We can see at the present day that the tendency is for men not only to
apply themselves to one trade or profession, but to specialize in it, whilst
other parts of the same calling are specialized in by other men, and all the
time the other necessities of life are being attended to by other groups of

Fig. 13—Ordinary cartilage. (After Schafer.) Fig. 1a.—Cartilage at the end
of bone eatering into a joint.

specialists. Now just as this tendency to specialize is regarded as anm
ecsential and a proof of advancing civilization among men, the same ten-
dency to specialize amongst cells of the animal body has meant advancing
organization of the body or evolution.

Everv higher animal starts life as a single cell (fertilized eggl. The cell
divides into two, and each daughter cell divides and subdivides repeatedly.
Even at an early stage of development the cells display a differentiation
into two or three groups. As growth and cell multiplication continue,
more and more differentiation is discermble until, in the mature animal,
the differentiation reaches its limit for that particular species to which the
individual belongs.  The structures, therefore, which are found in the
animal bodv may be classified according to the type of cell of which
they are composed—in other words, may be classified into TIsSsUEs.
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Connective Tlissues.

The cells in a particular group, relegated to a particular function, could
not act properly unless supported and held in position. Moreover, each
group must retain its proper place and not be lizble to any great alteration
in position or shape. We find then that between cell and cell there is
always a cementing substance or INTERCELLULAR SUBSTANCE even when the
cells are apparently in close contact.  This intercellular substance, though
outside the cells, has been derived originally from cells.  But such a union
is not sufficient for the bodyv's needs, and thus it comes about that certain
tissues are set aside to act in a purely phvsical manner, to support and bind
the cells of active tissues together, to hold organs in position, and to give
rigidity and elasticity where such is required. Such tissues are connective
tiszues, and in them we find that the intercellular substance is often in
great excess of the cell proper though dependent on the latter, for, if
separated from its cell, it undergoes degenerative changes. The cells in
connective tissues have no special function to perform, except to nourish
and to maintain the physical condition of the tissues ; their activities there-
fore are small.

Fig. 15— Endothellivm. {(After Elein)

In rigrous TIssuE such as we find in tendon (sinew), the intercellular
substance is composed of fine fibres which, though readily bent, are ex-
tremely tenacious and almost unstretchable.  If the fibres are densely
interwoven and spread out to form a flat membrane such a tissue can act as
an envelope or tough capsule, as in the eveball, testis, &c. In ponNeE we
find fibrous sheets, some forming a series of tubes one inside the other,
some running from one set of tubes to another, and each bolted to its
neighbour by fibrous pegs like layers in the sole of a boot. Even this
dense and well riveted tissue is not rigid enough for the body’s needs,
and so mineral salts, such as calcium and magnesium phosphates, are pre-
cipitated through and through the fibrous sheets,

The pENTINE or ivory of teeth is composed of very minute tubes of
fbrous tissue which lead from the tooth pulp to the inner side of the
enamel, and, like bone, are hardened bv deposition of minera] salts.
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In erasTic Tissue the fibres have a different chemical constitution
which confers on them very different properties—they are highly elastic in
the sense that indiarubber is elastic and. in consequence, this tissue is
found in parts where frequent stretching is necessary without producing a
permanent change.  All the larger quadrupeds have a strong band of
elastic tissue (gamentum nuchae) running from the head along the back

Fig. 16.—Section of zkin. (After Cadiat.)

of the neck and firmly joined to the spine.  This ligament saves the animal
a great amount of muscular exertion by helping to keep the head up or to
raise it when lowered. Elastic tissue is also fonnd in the arteries which
are subjected to varving pressures of the blood within.

Fig. 17.—Section of the lining of the bladder. [(After Schiifer.)

When the intercellular substance is composed of a verv loose network
of fine ﬁ’t_?ar&s, some elastic and some fibrous, the tissue is called ARFOLAR
Areolar tissue is admirably adapted for holding in its meshes the r-v:“;ivf:-
vells of other tissues; it enters into every muscle and nerve, ﬁupp:;j'.ting

the cells and collecting them into bundles. Tt 1
e o : . also enters into ew
binding the lobes of the gland together. S B



THE ELEMENTS OF ANIMAL PHYSIOLOGY. 21

CARTILAGE, or gristle, is really a form of fibrous tissue, though in some
forms the fibres have lost so much of their distinctiveness that the inter-
cellular substance looks transparent and glassy. In a few parts of the
bady, as in the pads between the bones of the spine, fibres are present, and
are elastic.  In all forms of cartilage the cells are fairly numerous, and
fibres, when thev can be seen, have onlyv a short course. Cartilage
functions as a pad with a smooth surface on the ends of bones when these
take part in forming a joint; it is also of use where some rigidity is
required, but where a certain amount of flexibility must also be retained.
Thus the ribs are joined to the breast bone by cartilage, the external ear
and the nostrils retain their shape by it, and the windpipe is kept open by
rir.gs of this tissue.

Tubular glands.

e e ——

Sample tubule.

of
.
Terminal pieces,
R . i
e e, g
Simple glands. Compound glands,
Fig. 1%.—Secction of mucous membrane Fig, 1g.—Simple and compound
ol siomach showing simple glands. (After tubular glands.  (After Stihr.)

Schifer.)

[n all connective tissues there are spaces, some like long tubes, but
mostly irregular in shape. The spaces are lined by ExporHELTUM, which
consists of a membrane formed of flat cells one layer deep.

Epithelial Tissues.

Epithelial tissues are composed of cells with well-defined nucleus and
a protoplasm that does not branch. The cells are never completely isolated
one from another, and as a rule but little connective tissue is found in
epithelial structures.  In the skin and in the lining membrane of the
gullet, tongue, and bladder, epithelium forms a membrane composed of
several layers of cells; in the lining membrane or mucous memorane of the
stomach, gut, and breathing passages it is one cell deep, each cell being
juined to its neighbours by a small amount of cementing substance,
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All glands which form a secretion and discharge this secretion by a
duct are formed of epithelium. To understand the structure of a gland
it is necessary to know that when epithelium is not merely protective, as
it is in the bladder and the skin, it is either absording materials, as in
parts of the food canal, or is secrefing, that 1s to say, is manufacturing

Fig. 20.—Twvpical section through gland. (After Harns.)

some substance out of the nutriment supplied by the blood, and is pushing
this substance outside the cell walls into collecting tubes or ducts. Each
gland may, in fact, be looked upon as a factory for the production of some
special material ; the epithelium of a salivarv gland, for instance, secretes

o bveculee of
hepatie celis

G b nad- I men
bile-capillary

Gland- Central vein.
L TTITEY 1
i
B
B
2]
)
Blonds il -
veasels. vessils |ll_.-"I
Interlobular vein. III'|I.'|I1| duct
Fig. 21.—(1) Scheme of a sepment of Fig. 22.—Scheme of liver lobule.
a terminal piece of an ordinary tubula: [After Stohr.)

aland. (&) Scheme of a serment of a
terminal |"U'f e of the liver. After Stohr.)

saliva, the liver secretes bile, the lachrymal glands secrete tears, &c., &c.
[t does not follow, therefore, that the functions of all epithelial glands
will be the same, even glands which are remarkably alike under the micro-
scope may manufacture totally different substances.
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Now, if a secretion has to be poured on a surface which is Imuped in
extent a great increase in the number of active cells can be effected if por-
tions of the surface are dimpled. This dimpled epithelial surface 1s in
reality a gland, and is found as such in the inner wall of the gut and part
of the stomach. But this process of dimpling can go much further, Etl:ld
the tube can be coiled as in the sweat glands, or branched as in the testis,
or branched and with pockets on the branches as in the salivary and mam-
mary glands and pancreas. A cross section through the tube or P!?L‘kFt
gives the characteristic appearance shown in Fig. 20.  The liver is In

reality a gland of the second variety (branched tube) though here the
structure 1s more complex than with glands generally.

Fig. 23.—Gland cells. @) At rest. (#) After a shori period of activity.
{¢) After a long period of activity. (After Langley. )

The secretions from these glands pass along ducts which are lined by
a single layer of epithelium. In all cases the glands can be divided into
lobes and the lobes into lobules, which are reallv terminal branches.
Lobules are held to lobules and lobes to lobes by connective tissue.

The progress of secretion in a gland can be followed under the micro-
scope. In a gland which has not secreted for some time the cells can be
seen to be filled with granules which represent material readv for a rapid
change into the special secretion of the gland : when the gland is stimulated

Fig. 24.—(a) Small Emtion of muscle natural size. (#) The same magnified
five times. (¢) A few fibres highly magnified. (After Sharpey.)

into activity the granules diminish in number whilst secretion is poured
into the space or lumen between the cells. If a gland be stimulated to
exhaustion no granules are visible, but on letting the gland rest the granules
are built up anew from the nutriment brought by the blood.
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Epithelium, when it forms skin, hair, nails, tooth enamel, horn,
feathers, scales or transparent parts of the eve, is devoid of blood vessels,
but glands composed of this tissue are richly supplied.

Muscular Tissues.

The essential elements in muscular tissue are cells in which the faculty
of contractility is carried to a high degree of perfection. There are three
types of this tissue from a functional as well as a microscopic stand-point,
Ir the muscles attached to bones and which are under the control of the
will, hence called volantary or skeletal muscles, the cells are long, thin,
unbranched cylinders which show a well marked cross striping, and have
each a nucleus placed well to one side.  Each cell is enclosed in a thin
sheath of connective tissue which insulates one cell from another and helps
to form the attachment to sinew or bone.  The muscle fibres, formed of the
cells and their sheaths, are grouped into bundles bv means of connective
tissue strands which carry blood vessels, nerves, and a variable amount of
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IF1g. 25.—Muscular fbre cells Fig. ab.—Muscular fibre cells from
from the heart. [(After Schiifer.) the muscular coat of the small intestines
* smooth muscle.” [After Schiifer.)

Fat. A second form 1s fheart muscle ; here the cells are short and squat,
have branches which unite with neighbouring branches, and have their
nuclei in the centre.  Like skeletal muscle cells they show a well marked
cross-striping. A third form is smooth or inveluntary muscle which is
concerned with the movements of those organs such as the stomach, gut.
bladder, uterus, &c., which are not under the control of the will. The
cells here are short in length and taper at both ends.  The nucleus is in
the middle, and is elongated in shape.  In both heart muscle and smooth
miuscle connective tissue carrving nerves, blood vessels. and fat is present,
but it never forms an insulating sheath for the contractile cell.

Lymphoid Tissue.

This tissue, as it is found in the spleen, tonsil, lvmph glands, &ec., is
simply areclar tissue packed with small round cells. ~The full sig:niﬁca}m
of organs composed of this tissue we are far from understanding , the little
that is known will be given in the chapter on the ductless glandrs_
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Fat or Adipose Tissue.

With the exception of a connective tissue framework which carries blood
vessels and nerves, adipose tissue is composed entirely of cells, in each of
which an accumulation of fat has occurred to such an extent that the
rucleus, with only a small amount of protoplasm around it, is pushed to
one side.

Fat acts as a valuable store of fuel food ; it also serves as nltmdding
filing up spaces, and so holding organs in position and shielding them
from injury ; under the skin it forms a non-conductive laver which prevents
the heat of the badv from escaping too rapidly.

Fig. 27.—Section of spleen showing lymphoid Fig. 28.—Fat cells, showing
tissue. ([Afiter Schoheld.) nuclei at the side. {(After Klein.)

The blood, which is generally reckoned as a tissue, and the structures
present in the nervous system, are so specialized and important that a

description of them had better be deferred until their functions are dealt
with.
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CHAPTER I11.

Hormnome and Nerve,

When certain cells in an animal body have been specialised to carry
out a certain function, we rarely find that they are scattered singly over
the body. As a rule, they are grouped into masses, and constitute the
active part of organs. Thus the cells that secrete tears are found clus-
tered together to form the lachrymal or tear glands; cells that have
specialised as regards contractility are massed into well defined muscles,
etc., ete.  In all such structures, it is necessary to remember that there is
present not only the active cells set aside for a particular duty, but al:o
a framework of connective tissue to support these cells and to preserve
their relative positions and to give a certain amount of rigidity or tenacity
to the mass. Moreover, there must be arrangements present by which
nutriment is brought both to acting cells and supporting structure and by
which waste matter is removed. Then in those organs (glands) which form
a secretion, there is usnally a duct system by which the secretion is carried
to that part of the body where it is of use. It will be at once obvious
that, if such cells were to act irregularly and spontaneously and without
regard to what is going on in the other parts of the body, the latter as
a whole would be incapable of carrying out any individual function.
We find, on the contrary, that the active cells of the body are under a stern
discipline ; they must work at the right times and with the proper intensi-
ties ; they must start, quicken, slow down, or stop, when ordered to do so
and only when so ordered. Were this discipline iniringed, and were
an organ to act on its own initiative merely, there would not only be a
waste of energv, but also an inteiference with the functions of the other
parts. A copious and unnecessary secretion of tears would render dis-
tinct vision impossible ; a stoppage of the normal supply would mean des-
truction of the eye ; muscular movements, especially of the heart or alimen-
tary canal, departing in a very small degree from those prescribed would
assuredly be fatal. We find, on regarding the ascending scale of life,
that the more specialisation has occurred the more rigid 1s the discipline
and the more dependent is one set of cells upon all the others. In the
mammalian body we can point only to one variety of cell, namely, the
white blood-corpuscle, which, at the first glance, looks as if it preserved
the old and solitary independence of the amoeba. But, when we see these
white cells flocking to a region where bacterial enemies have entered and
there giving battle and dying in myriads before the assailants are repelled,
we understand that they too work for the common weal and are obedient
to command. This specialisation and disciplinary system has brought
with it in the course of evolution a certain disadvantage for, should one
set of cells cease to act properly through injury on any other cause, the
whole community of cells would suffer. Thus in the higher animals the
delinquency of quite a small set of cells may subject all the others, though
wholly faultless, to lth! extreme penalty. This is a frightful wastage of
living matter, but it is the price we pav for high specialisation.
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To understand how this disciplinary system is maintained we must first
of all assume that in each active cell there is not only the special machinery
for carrying out the cell's particular function, but also a substance or
mechanism called the RECEPTIVE SUBSTANCE, which can receive
a message, and be set into action by the message, and by its action influence
the machinery of the cell, either increasing (also starting) or diminishing
(also stopping) the latter. This receptive substance, although not a part
of the special machinery, is still a portion of the cell, and dies when the
cell dies. In each cell of voluntary muscle (striped or skeletal muscle)
there is only one receptive substance, which in this case can start or augment
the activities of the contractile elements of the muscle cell. When such a
muscle cell stops contracting, it does so because its receptive substance 1s
no longer receiving any message. The drug curare (South American arrow
poison) has this interesting property, that it temporarily destroys the recep-
tive substances of voluntary musele all over the body, so that, although
urgent messages may be sent, the muscles remain uncontracted and useless.

Fat cells. Connective (issu,

Artery in transversc
gection.

Connective tissue
sheath of bundle.

‘N‘""\-. Fime connective li_S-EI.H:
strands supporting
nerve fibres.

Cross-section of
bundles of merve
fibres.

Fig. z9.—Portion of a cross-section of a nerve-trunk magnified (wenty times.
(After Stdhr.)

That the contractile part of the muscle is not affected can be shown by
stimulating the curarized muscle with electricity, when a vigorous contrac-
tion can be evoked. Hence it is that in an animal poisoned by this drug
all movements, including breathing, cease, and death occurs through
asphyxia, though the muscles themselves remain as powerful as ever.

In the cells of involuntary (smooth) muscle and heart muscle, and in
the cells of most secreting glands, we find two receptive substances, one
which can start or quicken, and the other which can slow down or stop.
It must be clearly understood that each receptive substance is fitted for a
particular mechanism ;: no matter how the receptive substance is set into
action, it always acts in the same way on the cell mechanism, either to
depress or to angment its activity.

So far as physiologists have been able to discover, there are but two
methods by which a receptive substance mayv be set into action. The first
is through the agency of a chemical substance, or HORMONE, which
travels in the blood stream, and so reaches eventually the cells to which
it is destined ; the second method is that of the nervous system.

Tue HorMone,

No more instructive instance of hormone action can be given than that
which is responsible for the activities of the pancreas, a gland which pours
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its digestive secretion into the first part of the intestine, not far from
its commencement at the stomach. Now, the contents of the stomach
(fourth stomach of ruminants) are acid in reaction, and when this acid
mixture leaves the stomach and enters the small intestine, the acid present
acts chemically on the wall of the gut and produces a hormone, called
SEcreTin.  This secretin, as soon as it is formed, 15 caught up by the
blood vessels, and is swept along in the blood stream, and so reaches all
parts of the body, including the pancreas. When the secretin has reached
this organ, at once the receptive substances are stimulated, and the gland
begins to pour out its special secretion—pancreatic juice—into the gut, and
right into the middle of the acid stuff from the stomach. Now, the pan-
creatic juice 1s alkaline, for it contains carbonate and bicarbonate of soda,
and thus when enough has been poured into the gut it will annul altogether
the acidity of the stuff from the stomach, But it was this acid which
formed the hormone secrerin, and started it on its travels, so that when
there is no longer any acid there will no longer be any secretin, and the
pancreas will therefore no longer be stimulated. But soon the stomach
will send a fresh squirt of its acid contents into the gut, secretin will be
formed by the acid, the pancreas will be stimulated, and the pancreatic
juice will keep pouring into the gut as long as there is any acid left un-
neutralized. By this automatic mechanism the pancreas will start acting at
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Fig. 3o.—Portion of a cross-section of a nerve trunk magnified two hundred times.
[After Stohr.)

the right moment, namely, when food enters the intesting from the stomach ;
and with the proper intensity, which will depend on the strength of the
acid ; and for a sufficient interval of time, namely, until the acid has been
neutralized, for until this has been effected the digestive ferments in
pancreatic juice cannot come into play.

We know of many other hormones which are at work in different parts
of the bodv. The profound changes that occur in both sexes as a conse-
quence of puberty, and the alterations in the mammary gland (udder) during
pregnancy, are instances of hormone action.

Of the chemical constitution of the hormones but little is as vet known,
only one true hormone, namely, ApremaLiN, a substance produced in
small organs situated near the kidnevs, and hence called adrenal or
suprarenal, glands, having been identified by the chemist and prepared in
the laboratory. But secretin and the hormones produced in the reproductive
organs and in the thyroid gland in the neck, &c., have so far baffled the
chemist’s researches. chiefly because thev are present in the bodv in such
extremely small quanuaes that to prepare an amount sufficient for an
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exhaustive analysis is at present impossible. We know this, however, about
hormones that they are all comparatively simple bodies; some of them
are probably closely allied to certain vegetable alkaloids, and to this simi-
larity in structure we may ascribe the medicinal properties of the alkaloids.
For instance, the drug pilocarpine, when it gains admittance to the blood
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Fig. 33—Diagram showing two neurons 5. Fig. 35.—Sensory nerve ending in
and T7.5. uniting with a third L.5. (After tongue of duck. (After Klein.)
Gowers. )

stream, stimulates through their receptive substances nearly all the secreting
glands of the body. The drug atropine paralyzes these same receptive sub-
stances, as well as some others. As a rule, the vegetable alkaloids do not
act so specifically as the hormones; they act rather on groups of organs
than on anv one singly, a fact which is probably to be explained by their
chemical structure, They may be likened to master keys which can open
a number of locks ; whereas a hormone may be fitted for one lock only.

The automatic mechanisms which employ hormones, though they may
be sure, must certainly be slow. The hormone is formed, then caught up
by the blood, and then distributed by means of the blood stream to all
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parts of the body, including the organ which it is fitted to stimulate. This
procedure at its quickest is still slow, compared with some of the reactions
of the body. The burnt child that touches the fire withdraws its hand in
a fraction of a second; were the hand to remain until the heat formed a
hormone which, when it reached the muscles of the arm, excited them to
draw the hand away, there might be very little hand to take care of.
Plainly, there is another svstem of messages in the body, a system which
may be likened to the telegraphic, whilst the hormone may be compared
with the letter post. It has been named already—the nervous system.

THE MNERVOUS SYSTEM,

When we cut across what is popularly termed a nerve, but what the
physiologist prefers to call a nerve trunk, and examine it under the micro-
scope, we get appearances such as are given in Figs. 29 and 30. The nerve
trunk is in reality composed of several thousand nerve fibres, grouped
together into bundles. If we examine one of these fibres we shall find in
its centre a core, which is concerned with the conduction of the nerve
message, and to which the name AXIS CYLINDER, or AXON, is given,
Around it we find an insulating jacket, composed of a phosphorized fat,
the MEDULLA, or MYELIN, which is, however, not complete, but broken
at intervals, as shown in Fig. 31, so that nutriment can get into the axis
cyvlinder.

Fig. 36.—Sensory nerve ending in tendon. (After Ciaccio.)

[t we choose any nerve fibre anywhere in the body, and follow it along
its course, we shall always come in one direction or the other to a nerve
cell. In fact, a nerve fibre, or, more correctly stated, the acting part of
& nerve fibre, the axis eylinder or axon, is a prolongation from a nerve
cell, and is therefore part of that cell. Nerve cells may possess few or
many prolongations, but generally one can be picked out which is a typical
axon or axis cylinder.  Most axons acquire the insulating jacket, or
medulla described, and are therefore termed medullated nerve fibres ; some,
however, do not, and are termed non-medullated nerve fibres. Every nerve
fibre contains an axon, and everv axon is a process from a nerve cell. To
this whole systcm—the nerve cell, with all its prolongations, axon included
—the name NEURON has been given. It is important to have a clear
idea as to the neuron, for out of neurons the entire nervous system is
built. The nerve trunk cut across, and shown in Fig. 29, contains several
thousand axons, each of which is part of a nerve cell.  Where the nerve
cell is situated will depend on the specific use to which its axon is put.
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Naw, the function of a nerve fibre, or axon, is to transmit a message,
called a NERVE IMPULSE. What the impulse exactly is still ba,f!:lﬁ
all attempts of physiologists to discover. We know that it is not something
material which is driven or sucked along ; nor is it a chemical change which
runs along the axon as fire will run along a train of gunpowder; nor is
it an electric current such as runs in telegraph and telephone wires, for
its speed is too slow for this—the electric current travels at the rate of
some hundred thousand miles per second, whereas the nerve impulse, if
given an axon long enough, could never cover more than 65 vards in _the
same time. All that we can state is that the nerve impulse is a physical
change, which runs along the axon without leaving it permanently a—.]te::ed
by being so used. A wave travelling along water, a sound travelling
through air, a twist running through a long thin strand of jelly, are instances
of physical changes, but thev are not quite the same as a nerve impulse.
That the nerve impulse is not chemical is shown by the absence of any
rise in temperature, and by the fact that no waste products can be detected.
Moreover, the axon cannot be fatigued ;: a hundred thousand impulses may
pass through an axon in quick succession, and the last be transmitted as
quickly and powerfullv as the first.  The only detectable change in the
nerve fibre which accompanies the passage of an impulse is a change in
the electrical state of the nerve as tested by delicate instruments. Most
probably the impulse is a change in the arrangement of the particles inside
the axon, which we know are charged with electricity ; when the impulse
has passed these swing back into their old positions.

An impulse is very readilv started in a nerve fibre; most things which
destroy its delicate structure will bring an impulse into being—for instance,
crushing, burning, or irritation with corrosive chemical bodies. These
may be applied, however, so weak as not to injure the substance, but still
capable of starting impulses ; thus, tapping a nerve lightly will send im-
pulses along it ; electric shocks are very efficient starters also. Now, in all
these cases, whenever an impulse is started artificially somewhere in the
course of an axon, the impulse travels always up and down, and passes
into every branch of the nerve cell. We may here lay down the law that
if an impulse be started in any part of a neuron it will travel through every
part of that neuron. Now, in nature it never happens (except in accidents)
that a nerve impulse starts in the middle of an axon; provision is always
made that it shall travel from one end of a neuron to the other end.

Another fact about nerve fibres follows at once from what has been
stated in a former chapter. If a nerve fibre be cut, then that portion still
in contact with the nerve cell lives, the portion cut off from the nerve cell
dies. This fact gives the experimenter a valuable method for tracing the
destination of any particular group of fibres.

The nervous svstem is divided into two parts—the CENTRAL
NERVOUS SYSTEM, composed of brain and spinal cord : and, secondly,
the parts that lie outside the central nervous system, and to which the name
PERIFHERAL NERVOUS SYSTEM has been given. In the peripheral
nervous system we meet with four types of neurons—one tvpe which carries
impulses /nfo the central nervous svstem (or C.N.S., as we mav briefly
call it), the other three types being concerned with the passages of 'impu]sﬁ
out of the C.N.S5. We shall deal with these in sequence.

ENTRANT or AFFERENT Neurons—that is. neurons which carrv
impulses into the C.N.S.—are all of the tvpe indicated by A in Fig. 39.
The nerve cell is small, and is to be found in a ganglion placed near the
C.N.5., but not init. We find such ganglia near the spinal cord, and called
dorsal root ganghia, to be described in a later chapter. The eonnexion of
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the axon with its cell by a T-piece is fairly characteristic of this type. 1f
we trace such an axon towards the periphery—that is, away from the
C.N.S.—we shall find that it comes to an end in a special organ specially
made for the starting of impulses. Let it be at once understood that all
these afferent or sensory nerves are the same in nature. They differ, how-
ever, in their connexions with the C.N.5., and in the n2ture of r.he: end-
organ or sensory end-organ, which starts impulses in them. TheTlmpulf:es
themselves do not differ one from another ; what gives them their special
significance is their place of origin and their destination in the spinal cord
and brain. Each nerve is a mere conductor of nerve impulses, and impulses
only differ from each other in intensity.

A sensory end-organ we may look upon as a special apparatus, which
will start an impulse in the nerve to which it is attached when it 1s disturbed

Fig. 37.—Diagram showing how an impulse entering the central mervous system
by a sensorv neuron DE may pass to the motor neurons A by means of the linking
neuron DE. (After Kolliker and v. Lenhossek.)

in a particular manner ; we generally find, too, that the end organ is shielded
from disturbances which it is not asked to record. Thus we find in the
skin of all the higher animals certain end-organs which start impulses when
they are warmerﬁ The animal will thus feel the sensation of warmth,
and will ascribe it to the part of the skin warmed; but if the nerves
coming from these same end-organs were stimulated with electricity, and
not heat, the animal would still have the sensation of warmth, and would
locate the feeling at the spot stimulated. Tt is the point of origin and the
distribution in the C.N.S., and not the nature of the impulse which deter-
mines the nature of the sensation.

A tabulated list of the sensory end-organs may be given as follows: —

{a) Confined to the skin, starting impulses—
1. On application of pressure: or at the base of a hair when the
hair is moved, giving rise to touch.

2. When warmed, giving rise to sensation of warmth.
3. When cooled, giving rise to sensation of cold.
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(#) In muscles and tendons (sinews) and ligaments of joints, starting
impulses when these are stretched, and therefore informing the
C.N.8. as to their condition,

(c) In the eve, shielded from heat, and to some extent from mechanical
injury, and starting impulses when acted upon by light (or
darkness after hight).

(d) In the ear, starting impulses when acted upon by waves of sound.

(¢) In the semi-circular canals of the ear (the most important sense
organs animals possess). Here impulses are produced by the
way in which water lies (or is driven by movements of the head),
in a system of arched tubes that run in three directions, and
in this way tell the animal the position of its head, and in
what direction its head is being moved, and thus allow the body
to be kept balanced.

(/) In the nose. starting impulses when acted upon by certain gases,
giving sense of smell.

(g} In the mouth, starting impulses when acted upon by certain soluble
chemical bodies, giving sense of taste.

(4) Widely distributed over the bodv. and starting impulses when any-
thing threatens to destroy the structure of adjacent living
tissue ; hence acting as danger signals, and giving the animal
sensation of pain.

(#7) There are other nerve endings in the body which can start impulses
under special conditions—for instance, those telling the animal
that its stomach is empty, or its bladder full, &c., &ec. These,
however, are few in number, and highly localized.

In these end-organs impulses can be started, and in most of them
impulses are constantly being started, which, travelling along their respective
axons, enter the central nervous system. The course of these impulses
through the C.N.S, this is hardly the proper place to describe. It will be
sufficient to say that each afferent neuron makes connexion in the C.N.S.
with a number of other neurons, and each of these latter with a number of
others, so that the impulse after it arrives is carried up and down, and
is widely distributed through the C.N.8. The passage of an impulse from
one neuron to another takes place at a region called a svnarse, where
branches from both neurons interlace. Of the importance of the synapse
something will be said later, but one of its peculiarities must be mentioned
here, and that is its valve action, which allows impulses to pass in one
direction only. Hence it is that no impulses ever leave the C.N.5. by
any of the afferent nerves, and, conversely, none can get in by anv other
channel. The nerve impulses that enter the C.N.S. pass through it in
various directions, such directions being determined by the past history of
the race (reflex action and instinct), and the past history of the individual
(memory and intelligence). They do not lose in intensity by being thus
scattered ; in fact, they may gain enormously in power, and mav last for
much greater intervals of time, a change which is effected bv the nerve
cells of the neurons through which thev pass. The nerve cell of the afferent
neuron does not influence the impulse ; it has, in fact, but few duties to per-
form, chief among which is maintaining the integrity of the whole neuron ;
but the cells of the C.N.S. not onlv preserve the vitality of their axons
and other prolongations, but also do actval work by ;tugrimnting and pro-
longing the impulses which pass through them. We must picture the C.N.8S.
as constantly receiving impulses from its afferent neurons. These impulses
pass through and through the dense network of neurons of which the
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C.N.S. is composed, blend with each other into special i{tinlbitialiﬂliﬁa Ell‘d

finally leave the C.N.S. by exit or efferent paths, of which there are two
types— |

1. Motor to Voluntary Muscle (Fig. 398).—The nerve cell 1s found 10

the C.N:S.. and from it an axon passes uninterruptedly to a

muscle ; the axon divides up in the muscle substance, and each

branch ends by passing into the receptive substance of a muscle

fibre,

2. Autonomic Paths. — Each autonomic path is peculiar in that the
efferent nerve fibre does not pass uninterruptedly to the organ
to be innervated, but ends by branching round a nerve cell
which is situated in a nerve ganglion (Fig. 3oc). To this nerve
fibre the name PRE-=GANGLIONIC is given. (In the diagram,
for the sake of clearness, the pre-ganglionic fibre is made to
branch round one cell only ; in reality it branches round several,
and so the impulses multiply.) From the nerve cell in the
ganglion a nerve fibre (axon) called POST-GANGLIONIC
passes into the receptive substance of the cell innervated

(Fig. 3o0Dm).

It is interesting to note that, whilst the first type of efferent nerves,
viz., the motor, passes only to one kind of tissue, namely, voluntary muscle,
in the autonomic system, we find that the post-ganglionic fibres can pass
to two different tvpes of tissue—

(@) involuntary (smooth) muscle found in the walls of the stomach,
bladder, gut, uterus, and the various ducts of the body; also
the muscles in the walls of arteries and veins and the small
muscles attached to roots of hairs (and feathers). Heart muscle
must also be included here,

(&) Secreting glands, such as the glands of the stomach and intestine,
the salivary glands, tear glands, sweat glands, &c.

One very important character about these organs innervated by the
autonomic svstem is that they are not under the influence of the will. An
animal can move its voluntary muscles at will, but over heart and artery,
stomach, bowel, gland, &c., the will has no power; these organs, inner-
vated by the autonomic system, receive their nerve impulses, therefore,
in a purely awtomatic manner, and the number, duration, and intensity of
the impulses they receive from the C.N.S. will depend on the nature of
the impulses that have gone info the C.N.S.

Another striking character of the autonomic system is that whilst it
may be divided anatomically into three parts—namely, that coming from
the brain (ecranial autonomic), that from the spinal cord in the thorax
(thoracic autonomic), and that from the lowest portion of the spinal cord
(sacral autonomic)—it may physiologically be divided into two parts only,
namely, the thoracic autonomic on the one hand, and the cranial and sacral
on the other. The thoracic autonomic system has long been known under
the name of the sympathetic system, from a mistaken idea as to its nature.

We frequently find that an organ is supplied with two sets of autonomic
nerves with different functions, one of these sets alwavs being thoracic
autonomic, or svmpathetic, the other being either cranial or sacral. For
.inst:lnce, the movements of the stomach (stomachs of ruminants) and small
intestine are depressed bv thoracic autonomics, but excited by cranial
autonomic (vagus nerve). The movements of the large intestine are depressed
by thoracic autonomic impulses, but excited bv sacral. The heart is slowed
down in speed by cranial antonomics (vagus fibres), but excited by theracic,
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The salivary glands secrete a copious watery saliva when the cranial
autonomics are stimulated, but a scantv and thick saliva when the thoracics
are stimulated. The iris dilates under the influence of thoracic, but con-
stricts under the influence of cranial. The arteries in the reproductive
organs are dilated by sacral, the arteries of the salivary glands are dilated
by cranial, but all arteries of the bodv except those in lung and brain,
which have no nerve supply, are constricted by thoracic autonomic impulses.

Mention may be made here of the fact that the nerve trunks which we
find in the animal body generally contain representatives of more than one
of the four tvpes of neurons described. Thus, the sciatic nerve contains
afferent, motor, and post-ganglionic axons: the vagus nerve contains
afferent, motor, and pre-ganglionic axons; nerves connected with muscles
always contain afferent as well as motor fibres.

BeEnsSory mrve-
fibres.

Muscle-fibres.

Aotor end-plate.

Medullated nerve.—7
filbages.

Merve-fibire
braamid b,

Fig. 3% —Motor nerve-endings in muscle. A few sensory nerves coming from the
muscle are also seen. (After Stohr.)

Reviewing the whole nervous svstem, we find, first of all, that there
are organs in which impulses can be started, namely, sensory end-organs.
The impulses thus started travel by means of afferent nerves to the central
nervous system. After traversing the C.N.5., and being modified as regards
power and duration, they pass out into two sets of efferent paths, one
going to voluntary muscle, the other set going to organs over which the
will has nmo control. The central nervous syvstem, though it can modify
impulses, apparently cannot create them. [If no impulses pass in none
will pass out. Even if a limited number of entrant or afferent paths be
blocked, some of the exit or eiierent cannot be used. If, for instance, the
sensory nerves of a limb be cut, the limb cannot ba moved by any effort
of will—it is as completelv paralvzed as if the motor nerves were cut.
The same may be seen on a reduced scale when one’s fingers are very cold,
and in consequence clumsiness of their action ensues. The cold paralyzes
the sensory end organs of the skin, tendons, and joints of the fingers, but
does not affect the muscles of the forearm which move the fingers, and
vet these muscles are partiallv paralyzed.

This Cﬂ“ﬂEpHﬂn of the dﬂp&ﬂd&ﬁﬂﬁ of outlet impul&&s on inlet should
always be borne in mind. If, for instance, we find that an organ is re-
ceiving an unusual rush of efferent impulses, there is generally some altera-
tion in the sensory impulses to account for it. The muscles of the dog's
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hind leg that are thrown into action when the animal scratches, receive
their impulses from the spinal cord, but the original impulse was started
at the skin by something tickling the skin. It is interesting to note that
the action of scratching, like many other actions, needs only a portion :_Jf
the C.N.S. to carry it out. A dog which has its spinal cord cut across in
the neck will scratch with its hind foot when a spot on the back is tickled,
though it feels nothing with its brain. and is apparently unaware of the
whole proceeding. The leg of a man whose back is broken across will
kick out when the sole of the foot is tickled, and vet the man be utterly
unconscious of the action, and unable to move his legs by any effort of
will,
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Fig. 3g.—Diagram showing the four varieties of nerves carrying impulses inio or
from the central nervous system. (a) Afferent fibre from the sensory surface, s, to the
central nervous system.  The cell is situated in a ganglion elose to bui not within
the central nervous system. (&) Maotor fibre to the voluntary musele, m. The cell
is situated within the central nervous system. () l’rﬂgnnglicmil: fihre from cell in
tie central nervous system to ganglion. (4) Post ganglionic fibre from cell in gang-
lion to inveluntary muscle or gland.

There is, however, another method by which the exit or efferent impulses
may be modified, and that is bv chemical bodies, which influence the nerve
cells inside the C.N.5.  For instance, in ordinary vomiting the afferent
impulses start usually from the wall of the irritated stomach, or from the
back of the mouth, pass into the C.N.S., and then out into the muscles
comecerned in the act of vomiting. In those animals that vomit readily
this act can be produced by injecting the drug apomorphine, which
operates on the nerve cells concerned with the motor impulses of vomiting,
and 1f it does not start impulses in them, at anv rate makes the cells irri-
table, and responsive to afferent impulses which normally would be far
toc weak to have any effect. These nerve cells particularly concerned with
vomiting constitute what is termed the NERVE CENTREE for vomiting.
There are similar centres for breathing, swallowing, &c.. which will be
dealt with later.
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CHAPTER 1V.

The Blements of Bio-Chemisliry.

Of the many elements known to the chemist—some 81 in number—
only twelve are essential for the maintenance of animal life. These are
carbon, hydrogen, nitrogen, oxygen, chlorine, sulphur, phosphorus, sodium,
potassium, iror, magnesium, and calcium.*  All these elements are found
in sea water or in soil, but the highlv complex compounds which thev form
in bioplasm. and which are essential to life, are never found in nature
except as products of life. Doubtless the chemist will one day be able to
build up these complex and highly unstable bodies from their elements, but
then only in successive stages, at considerable cost, and by the exercise of a
bighlv-trained intelligence. Some of the simpler bodies, such as certain
sugars, have been so built up, but the process is both tedious and costlv.
The chemical powers of living things are well exemplified in the case of
nitrogen compounds. Nitrogen occurs free in the air, making up about
four-fifths of its volume, but nitrogen compourds. produced apart from
lifr are present in air. earth, and water only in extremelv small amounts.
In every thunderstorm a small quantitv of oxides of nitrogen is produced,
but such oxides never occur in bioplasm. [t is with carbon and hyvdrogen
that the cell prefers nitrogen to be linked, and when we find such bodies
anvwhere on the earth, such as ammonia or sal-ammoniac, we may be sure
that living things have been the cause of their formation. Plants have the
power of taking up oxides of nitrogen by their roots and of changing the
rature of the compound in their active cells, but such a source of com-
bined nitrogen would never suffice for the needs of the marv plants that
grow on the earth’s surface or in the sea. It is to certain bacteria that we
must look for the performance of that most necessarv task—the “ fixing
of nitrogen ; that is, the picking up of free nitrogen from the air and the
formatior from it of such compounds as can readily be used by plants.
These nitrogen compounds are unstable bodies, so that if all life were
destroved on the earth. the combined nitrogen would tend in the course of
time to become free,

The carbon which is found in hioplasm in the form of complex com-
pounds was originallv derived from the carbon dioxide which exists ir the
atmosphere to the extent of only some three and a half parts per ten thou-
sand. If all life were to cease, these carbon compourds would rapidly
break down and revert to the condition of carbon dioxide. As it is. this
tendency is constantlv in operation. How and where is it. then. that these
complex carbon compounds have heen built up so that life mav be possible ?
For answer we must look to the vegetable kingdom. and particularly to
those plants which are exposed to light and have the exposed parts eolotired
(generally green). Starting from carbon dioxide and water, these plants

'Tn this_ |1'5I; might T.'::t added jodine., which occurz in the thvroid oland, and
_fl'uﬂfmr. tﬂurh is found in bone and tooth, The small quantities of silicon P}t'-‘il'nt
. the animal bodv mav be looked upon as an unaveidahble, bt harmless, impurity.
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can build up complex sugars and starches. But we have seen in a former
chapter that it is from the break-down of such complex bodies that living
things get their energy. How do the plants at once build up and break
dowr:? If breaking down gives off energy. then building up requires
enerev, and where do the plants obtain this? The answer is from sunlight.
This process is taking place all around us wherever there is a green leaf or
blade ; light is being absorbed, and the energy in the light acting on the
carbon dioxide and water is welding them together irto the large :111::-14:21!.'.‘.!.1_1*3:i
of sugar or the still larger molecules of starch. Then, from the breakin-
down of these into the two substances from which they were originally
built, energy can be liberated by the plant in different parts of its struc-
ture, both to build up the simple ritrogen bodies absorbed by the roots, into
the complex nitrogen compounds which we shall shortly study, and to main-
tain its other manifold octivities. such as its upward growth and the raising
of its sap.

With animals the case is different : they have no power of building up- -
thev can onlv break down—and the complex substarces which they require
have all to be obtained from the vegetable world. Though animals are
un-uestionably on a higher plane of evolution, thev are but poor chemisis
compared with plants. Plants can link the elements at their disposal,
especially carbon, hydrogen, nitrogen, and sxvgen, in mary different wavs,
and produce an almost endless series of compounds.  Animals, on the other
hand, can do verv little with the simpler bodies, and have to be content
with the linkings which plants have produced. Some few chemical trans-
formations they car bring about, but these are of a comparatively elemen-
tarv nature. In fact, it pavs the amimal to get its complex bodies rear
made, to be used in growth and in the repair of its bioplasm, and, by their
break-down, to furnish the energy which it requires in a muech higher de-
gree than the plant. We thus see that animals ae parasites on the
vegetable world, for, even though some of them get their complex carbon
and nitrogen compounds from the bodies of other animals, these, in their
turn, live on vegetables or on other animals which do so. But the plam
kingdom is not a complete loser by this parasitism, for everv animal gives
off carbon dioxide, and. therefore, adds to the store ot this substance with-
cut which light, acticg on the green leaf, could produce nothing ; again,
the excreta of animals, as well as their dead bodies, contain nitrogenous
compounds which the plant can absorb by its roots and use in the manu-
facture of its bioplasm.

In dealing with the special chemistry of animals, it will be as well to
include also certain compounds rot found in the animal body, but prese:
in the vegetable substances taken as food. The compounds to be studied
will be considered under the following groups : —Water, metallic compound-,
carbohydrates, fats and lipoid, proteins, and enzvmes.

WaTER.

The importance of water will be at once admitted when we consider
that it is the vehicle which brirgs nutriment to the tissues ang carries waste
matter from them ; it is the chief ingredient of every cell, and is never
completely absent from any part of the body. Deprivation of water kills
quicker than stoppage of anv other supply except oxvgen.
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The following table gives the percentage amount by weight of water in
a number of tissues:—

Per cent. . Per cent.
Enamel of tooth 0.2 Cartil - 54—74
Dentine of tooth 10 Muscles, glands, blood,
Fatty tissue vor. B—12 and brain... ... 75—80
Bone e L4—40

The percentage amount of water in the body as a whole is subject to
continual variation ; voung animals have always a higher percentage than
adults, and lean animals thar: fat. It is, however, safe to state that, on an
average, two-thirds, or 66 per cent., of the weight of the arimal body is
water.

METALLIC COMPOUNDS.

Chlorides, carbonates and phosphates of sodium, potassium, magresium,
and caleium are found in animal bodies, and are absolutely essential to
life.®* It is a verv suggestive fact that these salts are present in blood in
much the same relative proportions as they occur in sea water. In fact, a
mixture of one part sea water and three parts pure water, if pumped
through the vessels of an organ (for instance, the heart or bowel) which
has been removed from a living or recently killed animal, wil] maintain
life in that organ for many hours. A somewhat diluted mixture can keep
the heart of a tortoise alive and beating vigorously for some days. On the
cther hand, we find that any disturbance of the quantities of these salts in
the blood (as regards either the total amount present or their mutual ratios),
if not promptly rectified by the kidneys, will bring about serious derange-
ments of every living cell in the body. As sodium chloride, or common
salt, is the chief salt of the blood, we find animals instinctively endeavour-
ing to keep up the supply ; but too much of this substance will be injurious
as well as too little, as is seen in the case of castawavs who drink sea water.
An animal fed exclusively on maize grains will soon be afflicted with
muscular weakness and other troubles indicative of calcium starvation ; the
same often follows from exclusive catmeal feeding.

How far these actions of salts are due to their combination with the
ritrogenous ingredients of bioplasm, and how far to their electrical state,
we do not at present know. This, however, is certain, that their presence
in a fixed quantitv and proportion is an absolute essential of life,

Another metallic compound which, unlike the foregoing, can hardly be
called a metallic salt is the compound of iror which exists in the blood, and
to which blood owes its red colour. Iron is so widely distributed in nature
that a deficient supply in food must be of rare occurrence ; it is, however,
often stated that an adult mammal living exclusively on a milk diet suffers
from iron starvation.

When the bodv of an animal or a portior of such is subjected to heat
strong enough to burn all the carbon compounds present, the metallic com-
pounds are left behind, and form what is called the ash. The compesition
of the ash varies with the portion of the bodv thus tested ; for instance,
bore ash is chieflv calcium phosphate, muscle ash is chiefly potassium
phosphate, and blood ash is chieflv sodium chloride.  The percertage
amount of ash in the whole bodv will vary with different species of animals,
and will vary even with individuals of the same species. Generally speaking
the fatter the animal the lower is the ash content. Thus. the ash of an

-

*Sulphates are also found to a slight extent in the blood, but they are probably
waste products which the kidney is always endeavouring to remove, -
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ox will vary from 6—4.4 per cent., a sheep from 4—3 per cert., and a pig
from 3—2 per cent. ,

The following table gives an idea of the percentage amount by welght
of ash in different parts of the animal body :—

Per cent. Per cent.
Hair and brain e OL5—D0.7 Cartilage ... oo T.5—2
Rlood vee O.6—1 Bone .. B—7
Muscle SR o Enamel of tooth ... gb—o8
{ARBEOHYDRATES.

Carbohydrates are compounds of carbon, hydrogen, and oxygen, the
last two elements beirg present in the same proportion as in water—hence
the name. All carbohydrates can be burned in the presence of oxygen, and
when thus treated vield two end-products of combustion, namely, water and
carbon dioxide. The absence of nitroger is always to be borne in mind.

It is usual to classify the carbohvdrates into the following groups:—
Simple sugars, or MONOSACCHARIDES.,
Compound sugars with two sugar components, or DISACCHARIDES.
Compound sugars with three sugar components, or TRISACCHARIDES.
Carbohydrates compounded of a large number of sugar components,
or POLYSACCHARIDES.

MONOSACCHARIDES.—These bodies are all soluble in water, are
sweet to the taste, and can be prepared in the form of white erystals. They
not only burn when heated in the presence of air, but also combine with
oxvgen when in solution. This property is strikingly shown in the follow-
ing simple experiment:—If to a few drops of copper sulphate (bluestone)
solution some strong caustic potash is added, the colour gets slightly deeper
and a faint flocculent precipitate of copper hydrate is formed. If a little
glucose solution is added and the mixture be heated to boiling point, a
copious red precipitate forms, due to the sugar robbing the copper hydrate
of some of its oxygen. A large number of monosaccharides is known to
the chemist, but only a few of them have any physiological importance;
these few can now be taken in series.

1. DExTrOSE, called also GLUCOSE or GrRAPE sUGAr. It is present, as
the third name implies, ir the juice of the grape. It is also found in the
blood, ir honey, in various vegetable juices, and in the urine of diabetic
animals. It is prepared on a large scale by boiling starch with weak
sulphuric acid.  Dextrose ferments readilv with veast, producing alcohal
and carbon dioxide.

2. LEvuLosE, called also FRUCTOSE or FrUIT sucar. This sugar is
found associated with dextrose in honey and in many plant juices. [t
cannot be so readily cryvstallized as dextrose, and is much more difficult to
prepare ; in consequence if is a much more expensive article to purchase.
Like dextrose, it ferments with veast, producing aleohol and carbon dioxide.

3- Gavacrose, which is important on account of its relation to milk
sugar, to be discussed later. With veast it ferments either verv slowly or
not at all, :

4. The Penroses.—This group comprises sugars which, though they
are not found free in nature unless in exceptional eircumstances, had hetter
be mentioned here.  They cortain in their molecules less carhon. less
Fx-drogen. and less oxvgen than the three monosaccharides given above, and,
in fact, belong to a different chemical categorv. None of them ferment with
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veast, and it is verv doubtful whether thev can be utilized to any great
extent as food. Ir the human being, though thev can be absorbed from
the bowel, thev pass through the body unchanged. AraBINOSE, prepared
from gum arabic, and NXvrose, prepared from wood, are the two pentoses
best known.

DISACCHARIDES.—These compound sugars are, as has been stated,
each composed of two simple sugars united chemically together. When
boiled with acids thev split up into their two components. Disaccharides
are all white, crvstalline, sweet to the taste, and soluble ir water.

1. SaccHArOSE, called also CANE SUGAR or BEET SUGAR. This familiar
sugar of commerce is found widelv distributed in the vegetable world, as,
for instance, in the nectar of flowers, in maize, in sorghum, but particularly

STARCH GRAINS (AFTFR VOGL).

(a) Wheat. (5) Rve. (¢) Barlev. (&) Oats. (&) Rice, (1) Maize.

in the sugar cane and sugar beet. With veast it ferments readilv, but it
does not give the copper sulphate test. When boiled with ar acid it splits
into its two components, namelv, dextrose and levulase ; this mixture is
known as invert sugar, and is frequently used to adulterate honev which
it closely resembles in chemical composition. Invert sugar gives, of course,
the copper sulphate test as the two sugars, dextrose and levulose. are free
and not combined chemically.

2. Mavrose.—This disaccharide when boiled with an acid gives only
dextrose, but it can be shown that each unit, or molecule. of maltose is
composed of two dextrose units, or molecules. united together. 1t is found
in germinating seeds, and thus is present in malt from which it derives its
name. The malt extract of commerce is chiefly composed of a maltose
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svrup. Maltose is a most important sugar from a bio-chemial stand-point,
for into it all the starch of food must be changed by the action of digestive
ferments before absorption by the bowel can take place. Maltose can be
prepared in quartitv by allowing seeds iich in starch to gerninate vr by
subjecting starch itself to the action of the ferment diastase. Maltose, as
is well known, ferments readilv with veast; it also gives the copper
sulphate reaction.

STARCH GRAINS (AFTER VOGL)

(a) Bean. (&) Pea. (¢) Lentil. (&) Potato.

3- Lactosk, called also MmiLk sucar. This disaccharide, when hojled
with an acid, splits into a mixture of dextrose and galactese. It gives the
copper sulphate test, but ferments verv slowly oi rot at all with ordinar
veast. [t is not so sweet to the taste as the other disaccharides and is not
so soluble. It is of importauee in that it is the carbohvdrate ingredient of
milk, and is rot produced anvwhere in the animal kingdom except in the
mammary gland (udder) of a mammal. It is readilv attacked in solution
by a bacillus (bacilins lactis) and transformed into lactic acid. a change
which accounts for the souring of milk.

TRISACCHARIDES.—Onlv  ane trisaccharide is of importance,
namely, rarFmNosE, which is present in cottor seed, encalvptus manna, and,
to a small extent, in barlev and beet. When bhoiled with an acid it gives
rise to a mixture of dextrose. levulose and oalactose.
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A number of compound sugars with more than three components is
known, but as these are of little bio-chemical importance we may pass to
the carbohvdrates with manv components.

POLYSACCHARIDES.—These carbohvdrates are each compounded
of a large number of sugar components, how large it is as vet ‘meomible
to sav. The polysaccharides differ markedly from the sugars of which they
are composed ; they are not sweet to the taste, thev do not ferment with
veast, thev do not give the copper sulphate reaction, many are insoluble in
water, and only a verv few car be obtained crystalline. When boiled with
an acid a polysaccharide breaks up into its sugar components, in some cases
readilv, in some cases with great difficulty.

1. STARCH.—Of the wide distribution of this carbohydrate in the vege-
table kingdom and its importance in animal nutrition little reed here be
said.  Starch occurs in nature in the form of microscopic grains which
vary in size and shape according to the plant from which thev are derived.
It is insoluble in cold water, but soluble in hot, forming a paste which sets
into a jellv on cooling. When treated with a solution of iodine it gives a
rich blue colour, a reaction which can be used as an analytical test. When
boiled with an acid it passes through a number of transition stages, irclud-
ing the dextrins and maltose, and is finally transformed into dextrose.
When acted upon by the ferment diastase it passes through the dextrin
stages, but ends as maltose, as has alreadv been roted. Though important
as an animal food, starch is rot found anywhere in the animal bodv.

2. DextrIns.—These bodies represent steps in the splitting up of
starch under the influence of acids or a ferment. Thev are all soluble in
cold water, and give no colour with iodine, except the highest members of
the series which give a chestnut tint.

3. Grycocen, also called AvimaL Starcu.—This polysaccharide rather
resembles the higher dextrins than starch. [t is soluble in water, and gives
an intense chestnut browrn colour on treatment with i1odine. Diastase
transforms it into maltose, but acids can carry it further, like starch and
the dextrins, into dextrose. It is found in the liver and in muscle tissue
and in many living cells. It functions as a store of fuel food on which the
body can draw at need, just as starch, and to some extent the celluloses act
as reserve material in the plant kingdom.

4- CeELLvLose.—This substance makes up the greater part of wood,
vegetable fibre, and the walls of vegetable cells. Tt is familiar in the form
of cotton wool and filtering paper. It is insoluble ir water, cold or het,
and is acted upon by dilute acids onlv in a verv slow manner. Strong acids
rransform it into dextrose. In alkaline solutions it swells up and becomes
semi-transparent.  The property of being il]‘:ﬂ]ul)l@ in water renders cellu-
lose eminently fitted for the purpose to which it is put in nature, namely,
tv build up the greater part of the framework of the walls of wgetah]e
cells, of vegetable fibres and of wood.

Its insolubility, however, makes it extremely difficult of digestion in the
anima! bowel ; in some mammals it passes through practicallv uichanged, in
others a small percentage is dissolved by the combined action of bacteria
ard a special ferment.

The HemicerLuroses differ from true cellulose in that thev are not
so resistant to solvents, and can be digested a little more teadilv : more-
cver, thev also differ in their chemical composition, for, whilst cellulose
proper vields onlv dextrose on treatment with acids, the hemicelluloses give
rise to mixtures of various simple sugars. Thev are found in the outer
covering of cereal seeds and in the reserve cellulose of plants.
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The substarce LIGNIN may be mentioned here. 1t is found in wood and
in coarse woody fibre, and is a still more resistant substance than cellu-
lose. Its chemical constitution has not been made out, and its chief physio-
logical importance is that it passes through the animal bowel unchanged.

The cellulose group is quite unrepresented in mammaliar tissues.

5. PEnTOsANS.—These polvsaccharides are compounded of pentoses, as
treatment with an acid testifies. They are found chiefly in vegetable gums,
but are also present in woody fibre. Pentosans are not found in the animal
bodv. ard their food value is very low.

‘Fars axp Liroin.

Under the term fats we include not only ordinary animal fats but also
the animal and vegetable oils, for these latter are simply fats that are
liquid at ordinary temperatures. The term, however, does not include the
mineral oils such as kerosene and paraffin oil, nor the “ essential oils "' of
plants, which belong to totally different chemical classes and can neither
act as foods nor take anv part in forming the structures of the animal body.
As common characters of fats which are well known we might mention that
they are insoluble in water, and retuse to mix with it, and, as they are
lichter weight for weight, thev float on the surface of water. They boil
at a temperature which is generally higher than the boiling-point of water,
and thev are readilv inflammable.

(QQualities not so generally known are the following: Thev are soluble
in ether, chloroform and benzine. They are soluble in hot alcohol, but, as
« rule, separate out in solid form on cooling. Wher liqguid and when
shaken with water containing even a small quantitv of soap thev break up
into a multitude of droplets of microscopic size. These droplets, on accourt
of their minuteness, rise to the surface so slowly that the fat may exist for
a considerable time evenly distributed through the mixture—such a mixture
being termed an emulsion. This formation of an emulsion in the presence
of soap not only accounts for the detergent or cleansing action of this sub-
?tanue. but is, as we shall see, of the utmost importance in the digestion of

ats.

Before we can understand the chemistry of fats mention must be made
of the rarry acips. These acids cortain carbon, hydrogen and oxygen,
the carbon and hydrogen being greatly in excess of the oxvgen. A 'large-
number are known to the chemist, and are classified in a regular series, the
lower members of which (such as acetic acid) being liquid at ordinary
temperatures and soluble in water, the higher members (such as stearic
acid, present in certair candles and quite erronecusly termed stearin) being
solid at ordinary temperatures and insoluble in water. Between these
extremes are intermediate forms, but the majority have solubilities like the
fats; are, namelv, insoluble in water but soluble in ether or hot alcohol.
M:tr]l_'r of the fatty acids possess a characteristic and often a very unpleasant
smell. '

Now, wher a fatty acid forms a chemical compound with an alkali the
result of the union is a seap,; but when the fattv acid forms a chemical
compound with glycerine the result is a faz. That fats are so compounded
is shown by many facts and experiments. Fats, when subiected to the
action of superheated steam, break up into glycerine and fattv acids: the
same decomposition can occur through the actior of bacteria or of a special
ferment found in the mammalian bowel. When fats are boiled with an
alkali, glycerine is produced, whilst the fattv acid unites with the alkali
to form a soap.
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Of the many fattv acids known to the chemist only some five need be
mentioned here—
Stearic acid which is solid at ordirary temperatures.

Palmitic acid s Solid i "

Oleic acid v liquid = "

Caproic acid v liguid ., i

Butyric acid . liquid - o N
Now— Stearic acid united to glveerine gives the fat stearin

Palmitic acid . i v +» palmitin

Oleic acid = e = . olein

Caproic acid ., i % . (caproin

Butvric acid ’ T i+ fhutynn

Fats, as they occur in the body, contain alwavs two or more of the fats
above given. mixed together. Stearin and palmitin, when mixed, often go
by the name of margarin, and the more of these two a fat cortains the more
solid will it be. On the other hand, olein, caproin and butyrin are linuids,
and the larger the amount in which thev are present the more fluid will be
the fat. For instance, suet is chieflv composed of stearin and palmitin ;
vlive oil contains olein as its chief ingredient, whilst milk fat or butter con-
tains a considerable proportion of butvrin as well as some of the solid fats.

When a fat gets rancid what happens is that, through the agercy of
bacteria, the fat is split up into glyoerine and fattv acid, the latter being
readily detected by its odour—the smell of rancid butter, for instance,
being due largelv to butyric acid. In addition to this there is a slight
uxidation of the liberated fatty acid and the consequent formatior of olheor
bodies which are not only odorous, but also harmful to the body when
taken in food.

An interesting property of fats may be referred to here. When a liquid
fat is shaken up with sodi.m carbonate it forms an emulsion exactly the
same as if it had been shaken with soap. The reason for this is that in
most fats there is always a small amount of free fatty acid which unites
with the alkali in the sodium carbonate to form a soap, and it is this small
amount of soap that conditions the emulsion.

Lirorp.—Lipoid is a substance found in the wall and in the protoplasm
of every living animal cell, it forms the envelope of the red corpuscles of
the blood, and also makes up the chief bulk of the myelin or insulating
material of nerves, It possesses much the same solubilities as fats (soluble
ir: ether, chloroform, and hot alcohol), but differs from thiem in this, that
it can absorh water, and though not dissolving in the water, can mix with
it. Asa constituent of the cell wall, it carries out a most important func-
tion ir controlling the permeability of the wall, allowing some bodies
through more readily than others. Lipoid is composed of a variable mix-
ture of at least two substances, LeciTHiN and cHoLESTERIN, Lecithin is in
reality a modified fat. Whilst fat contains carbon, hydrogen and oxvgen,
}ec_ﬂhm contains carbon, hvdrogen, oxvgen, nitrogen and phosphorus, and
18 in consetuerce often spoken of as a phosphorized fat.  Lecithin can be
prepared in considerable quantity from volk of egg and from brain.
Cholesterin.—With this bady must be included the compeunds it forms with
fﬂtt'!u' acids. C]‘Iﬂlﬁﬁrfﬁﬂn can he prepa red from brain, but the reacliest source
is wool-fat or lanoline. The compounds with fatty acids are much less
I!"E-“I::II?'-.I' broker up than fats. and. in consenuence, do not become rancid so
:—E-‘ﬂl? ; hence ;h“]-;“]‘m:ff‘-'mﬂﬂ of lanoline as a basis for ointment, and hence

e presence of cholesterin and i i i
man’iljmaiinn skins. Choleslrl:iﬂl]l;: t;f:]li'[!?{l:l:lf; Iil:\ 't!;:zriﬁuml otllanent 4 mm‘f
chance, it is no longer held in solution it f HiE, 810 Wien, by, any
ey in solution it forms a gall-stone or biliary
calculus. Cholesterin is a compound of carbon, hvdrogen and oxy hut
its exact chemical nature has not been fully made out. i
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CHAPTER V.

The Elements of Bio-Chemistry —(Contfinucd. !

The Proteins.

We have seen in the preceding chapter that complex polysaccharides,
such as starch, are formed by the union of many units of a comparatively
simple sugar, namely dextrose. But the proteins with which this chapter
deals are immensely more complex than any carbohydrate, for they are
formed, not by the union of a number of units of a single substance, but
by the union of many units of many substances. We have seen that a
complex carbohvdrate, when boiled with an acid, splits up into its com-
ponent parts ; the same occurs with a protein, and the chemist is able in
this manner to determine what the constituent groups are. Now, the simple
bodies into which proteins can be decomposed, and from which they zan
be built up by the plant or animal, all belong to the class of bodies called
amino-Acips, These are soluble, crystalline substances, weakly acid in
<haracter, and containing nitrogen as well as carbon, hydrogen, and oxygen.
It would be inadvisable here to give anything like a complete list of the
amino-acids which can enter into the composition of proteins; the im-
portant ones only will be mentioned, and these are—

I.eucin, which crystallizes in spherical lumps, and is gritty, like sand.
It can often be seen as a sediment in pancreatic extracts,

GrvcocoLr, which has a sweetish taste and is formed in quantity when
gelatine is boiled with an acid,

Tyrosin, found in considerable amount in cheese, and hence its name
(Greek, turos = cheese). This important amino-acid belongs to the same
great class of chemical bodies as carbolic acid and benzoic acid, that is, the
class of aromatic compounds,

Tryproruang, this body is the mother substance of nearlv all the pig-
ments of the animal body: in itself it possesses no colour, but when its
structure is slightly modified it can vield substances of very rich tints—
the colour of blood, bile, of urine, all being due to this bodv ; even the
green colouring matter in plants is a close ally. Moreover. it is largely
to tryptophane that the evil smell of a putrid animal bodv is due, as also
the smell of the fmces of carnivores, for tryptophane, under the action of
bacteria, can pass readily into chemical bodies (indol, skatol, &c.), which
have a penetrating and disgusting odour,

CysTin, this amino-acid contains not only carbon, hydrogen, oxvgen,
and nitrogen, but also sulphur, and it is to cvstin that the sulphur content
of protein is due.  Cystin, when attacked by bacteria, gives off its sulphur
as sulphuretted hydrogen. a poisonous gas which some peonle regard as
having a most objectionable odour, and being reminiscent of rotten eges,

Hexone amino-acips, these contain more nitrogen and have much
weaker acidic properties than the amino-acids mentioned. Thev are pre-
sent in all true proteins, and are obtained in considerable auantity from
the soft roe of fishes.
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This list, it must be remembered, is by no means complete, it omits
many of the amino-acids (such as asparagin), but, as stated, it gives the
important ones.

Now, if we imagine a large number of representatives of these amino-
acids united to each other and forming an enormous molecule—a veritable
tangle of amino-acid groups—we shall have something resembling a pro-
tein. The building up of a protein from its groups is verformed rapidly
and with ease bv the animal or plant, but, so far, the chemist has not
succeeded in performing this task in the laboratory.!

Proteins differ from each other. not only in the number of the groups
present, but in the manner in which these components are arranged. There
is practicallv an infinite variety of proteins possible, and we accordingly
find a wide diversitv between the proteins contained in living cells, of which
‘thev constitute the greater portion of the solid matter present.

Proteins in drv form are white and tasteless; a few can be prepared m
crvstalline form, for instance, the albumen of the white of egg, but only
bv verv special treatment. Dry protein heated over a flame chars and
gives off fumes that smell of burnt feathers; this smell, indeed, tells us
that nitrogenous groups are present. The charring protein will readily
take fire, and the char, which is chiefly carbon, will. if heated stronglv
enough, burn slowly awav, leaving a very small residue of mineral ash.
It is still a matter of debate how far these mineral salts enter into the com-
'position of the protein ; certainly no protein appears in the animal body
‘that does not contain such salts, and the presence of the latter seems to be
of vital importance ; but, by suitable methods of washing, the amount of
mineral matter mav be reduced to a very small fraction of what was
originallv present.

A protein in solution tends to break up into a mixture of its amino-
acid components. This is a verv slow process, and can onlv be detected
after the lapse of vears, vet it is noticeable in tinned meats and preserved
milk that have been stored a long time. This decomposition can be greatls
accelerated, in fact, it can be completed in a few hours, by various means,
one of which has been already stated, namely, boiling with an acid. A
very interesting propertv of proteins, and one which has a very important
practical as well as theoretical application is their inability tc pass
through a membrane composed of parchment paper or gelatine. [f, for
instance, we place white of egg in a bag made of parchment paper and
dip this bag into pure water, the salts and sugars of the egg-white can
diffuse into the water, but the protein remains behind as in a trap. If the
water be renewed continuously, a time will come when nothing remains
inside the bag but protein and water. This procedure is termed dialysis,
and can be emploved with a number of substances which, like protein, have
large and highlv complex molecules.

Proteins in solution can be thrown out as insoluble precipitates hv
means of various reagents. A number of these precipitations are frequently
given as tests for proteins. Anything which precipitates protein destroys
life if it gains access to the cell. The poisonous pronerties of corrosive
sublimate, blue stone, sugar of lead, and most metallic salts are due to
this fact, whilst a number of antiseptics owe their utility to their power
of precipitating a part or all of the protein in bacteria.

! It may be safely prophesied that this problem will shortly be solved by Dr.
Emil Fischer, who appears to be within measurable reach of success.
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Proteins can be precipitated bv—

(@) Salts of heavv metals, for instance, mercuric chloride (corrosive
sublimate), copper sulphate (blue stone), lead acetate (sugar of lead), iron
chloride, &c.

(5) Strong mineral acids, notably nitric acid.

(¢) Addition of ammonium sulphate to saturation point; the protein is
here thrown out of solution in the same manner that soap is curdled by
adding common salt to its solution,

(d) Certain reagents, like tannin or picric acid ; the precipitation here
produced depends upon the presence of the hexone amino-acids in the pro-
tein complex.

(¢) Alcohol, which precipitates all proteins except a few occurring in
the plant kingdom.

(f) To the above we might add the coagulation produced by boiling ;
the number of proteins thus precipitated is small. but the two chief animal
proteins (albumens and globulins) possess this character.

In addition to these precipitation re-actions, proteins vield a number
of colour tests when treated with certain re-agents —

() Due to the presence of tyrosin.—When protein is warmed with
nitric acid, a yellow colour is produced ; if the mixture is then cooled and
ammonia added, an orange tint is developed.  This reaction is frequently
observed with voung chemists who spill nitric acid over their fingers, a
vellow stain is formed, which darkens with ammonia.

(8) Due to the presence of trvptophane.—If to a solution of protein
a small quantity of strong acetic acid (which has been kept some time) is
added, and then large excess of strong sulphuric acid, a splendid purple
colour is produced.

{¢) Due to the presence of cvstin.—If protein, strong potash, and lead
acetate be boiled together, the mixture darkens owing to the formation of
sulphide of lead. The darkening of a silver egg-spoon is similarly due to
the formation of silver sulphide, the sulphur being derived from the cystin
of the albumen.

(d) Due to the manner in which the amino-acids are linked together.—
If to protein solution some strong potash is added, and then a few drops
of weak copper sulphate solution, a pretty violet-pink colour is produced ;
this colour can be readily distinguished from the bluish shade which would
be formed if the protein were absent.

The percentage composition of drv protein deprived of mineral matter
is generally given as follows:—

Carbon ... §0.8 — 54.5 per cent.
Hvdrogen 6.5 — 7.3 per cent.
Nitrogen ... 15.0 — 17.6 per cent.
Sulphur 0.3 — 2.2 per cent.
Oxygen - 21.50 — 23.50 per cent.

It will be seen that carbon constitutes more than one-half, and nitrogen
about a sixth of the whole,

(CLASSIFICATION OF PROTEINS.

ALBUMENS. —Albumens are present in blood, milk, eggs, seeds, and
bioplasm generallv. The albumens differ but slightly from one another,
and are named according to their origin. Thus, LAcTALBUMEN is found
in milk (but in small quantity compared with its chief protein caseinogen),

D
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SERUM ALBUMEN in blood, whilst EGG ALBUMEN Or OVALBUMEN mnstitutf,-s
the chief solid constituent of white of egg. Albumens are soluble in
water, and are coagulated by heat as is familiar to us in the cooking of

an egg.

GLOBULINS.—Globulins accompany albumens wherever these are
found. The chief protein in muscle is a globuiin, and the more important
vegetable proteins belong also to this class. Globulins, like albumens, are
coagulated by heat, witness the cooking of meat, but, unlike albumens,
are insoluble in pure water. The addition of a small amount of salt to
the water renders them soluble, and in this way they can appear in
bioplasm, blood, &e., in dissolved form.

PHOSPHO-PROTEINS.— These are more complex than the two pre-
ceding, and, as the name implies, are rich in phg:ﬁphnrus.+ 'I:he most
important phospho-protein is caseinocen,! the chief protein 1n milk.
Caseinogen is insoluble in water and dilute acids, but soluble in weak
alkalies. If to a solution in weak alkali sufficient acid be added, the
caseinogen is thrown out as a precipitate. This explains the curdling of
milk when it sours or when acid is deliberately added to it.2 Caseinogen
in solution is not coagulated by boiling,

Another important phospho-protein is vITELLIN, which is found in yolk
of egg.

NUCLEO.-PROTEINS. These are present in large amount in the
nuclei, and, to a lesser extent, in protoplasm; they are also found 1n
certain body-fluids, particularly in the bile of the ox.

The structure of the nucleo-proteins is extremely complex, as no less
than two complete protein molecules are linked on to a complex acid ealled
nucleie acid.  This nucleic acid is itself fairly complex in structure, and,
though not comparable with protein, has nevertheless several groups of
bodies present, amongst which we may note a sugar, phosphoric acid, and
some compounds of carbon. hydrogen, oxvgen, and nitrogen, which are
closelv allied to uric acid. Nucleic acid united with one protein group
gives NUCLEIN, with two protein groups, NUCLEO-PROTEIN,

The nucleo-proteins have many properties in common with caseinogen,
for example, they are not coagulated by heat, are insoluble In water and
weak acids, but soluble in weak alkalies.

GLUCOPROTEINS.—These are compounded of protein and a
carbohvdrate. The chief glucoprotein is mucin, the glairy adhesive
material which is found in the inner wall of most canals and ducts of the
body, Tt is present also in large quantity in the slime of snails and in the
saliva of most mammals.  If to saliva we add some dilute acid, the mucin
is thrown out as a stringy precipitate, which can be redissolved by adding
sufficient alkali. The solubilitics of muecin are the same as those of
caseinogen and nucleo-proteins.

CHROMOPROTEINE.—The chief chromoprotein is HAMOGLOBIN,
which is a compound of protein and a substance called h®matin. This

1 & anfortunate confusion exists as to the nomenclature of this protein.  In England the term
casginogen (s used for the chief protein of milk, and casein is restrieted to the prodact of rennin clotting :
in Germany, kasein i nsed for the former and parakasein for the latter. The Americans and some
Engish chemists follow the German nomenslature,  Tn accordanes with the views of the committee
appointed jointly by the Chemical and Physiologienl Societies of England the term CASEIX is used for
the rennin prodact and CASEINOGEX for the unaltered protein as it orcors inmilk.,

2 The reader must bear in mind the fundamental diference between the clotting of milk by an
acid and the elotting prodweed by fermoents, such as rennin.  Tn the former case, the caseinogen 8
rendered insolufile by the acid, but is not chemically altered and ean be brought back again into the

galalble form. With rennin a distinet chemleal transformation oeenrs roduet eazelin
by any means be mads to revert to ensclnogen. e ey i s
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hematin contains iron, is rich in derivatives of tryptophane, and is red
in colour. We find h&moglobin in the red corpuscles of the blood, and
constituting about 3o per cent. of their weight.

METAPROTEINS.—When proteins are treated with dilute acid or
alkali in the cold, products called acip-ArBUMEN and ALKALI-ALBUMEN
respectively are formed. These are soluble in the acid or alkali emploved,
and do not coagulate on heating. If, for instance, a piece of meat is
placed in dilute hvdrochloric acid, a considerable part of the protein is
dissolved out as acid-albumen ; this acid extract can be boiled without for-
mation of a coagulum, but, if it be neutralized with alkali, a curdy pre-
cipitate at once forms. If alkali be emploved to extract the meat, ithe
solution is rapid.

PROTEOSES, PEPTONES, and POLYPEPTIDES.—When pro-
tein undergoes disintegration into its component amino-acids, a number of
steps can be traced by the loss of one true protein property after another.
When coagulation by heat is lost, and when copper sulphate and potash
give a rose-pink instead of a violet, the product consists of a mixture of
PrOTEOSES.  When, in a further stage of disintegration, the property of
being precipitated by ammonium sulphate is lost, and the substance can
penetrate through parchment paper, the product is termed rEPTONE.L
Below the peptones come the poLyeepTIDES, which no longer give any dis-
tinctive colour with copper sulphate and potash, and finally the amino-acids
themselves.

SCLERO-PROTEINS (called by some authors ALBUMINOIDE). —
These are compounded of amino-acids, but, unlike the previously-men-
tioned proteins, contain little or no tyrosin or tryptonhane. They are
all ins,o[lnhle in cold water, and are fairly resistant to chemical reagents.
They cannot be substituted for protein in food, and are used in the body,
as constituents of connective tissue, horn, hoof, &c., on account of their
physical properties.

1. KeratTin, the basis of hair, feathers, horn, and the outer lavers of
the skin. It is very tenacious and resistant to chemical attacks. Tt con-
tains more cystin, and, therefore, more sulphur, than ordinary protein.

2. CorLaceN, generally present in the form of fine fibres or sheets
which make up the greater part of connective tissues (see Chapter IL.).
Collagen is a colourless inelastic substance, insoluble in water. and of re-
markable tenacity. When boiled with water, or treated with dilute acids,
it swells up and changes into gelatine.

3. CHonprOGEN, closely allied to collagen, and forming the basis of
cartilage (gristle).

4. Erastin, also closelv allied to collagen, but differing in its physical
properties, It is a highly elastic substance in the sense that indiarubber is
elastic, and forms the basis of elastic fibres, such as are found in the
ligamentum nuchea, ete.

VEGETABLE PROTEINS.—These, which occur widelv distributed
throughout all plants, and which are of special importance in connexion
with the question of fodders, are partly globulins, partly albumens, and
partly prote'ns which cannot well be classified.  Some of them possess
the remarkable property of being soluble in alcohol. Generally speaking
they are insoluble in' water, and require much more salt for their solution
than do the animal globulins.

“The article on the market called Witte's Peptone contains very little true - ik i
o mixture of protecses. : SR S S ERRONE 18 oy
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CHATTER VI.

The Flements of Bio-Chemistry —(Coxfinucd )

The Enzvmes.

The changes denoted by the word fermentation have long been a
mystery to the human mind. The most familiar example of this process
is the transformation of sugar into alecohol and a gas (carbon di-oxide)
by the action of veast. The salient feature in all fermentations is the
large amount of substance which is changed by a small amount of ferment
without any loss of power being incurred by the ferment. To explain
this mystery many crude theories have been put forward from time to
time such as the philosophers’ stone, spiritual agency, &c. The great
Liebig fell into the blunder of regarding it as a simple chemical trans-
formation unconnected in any way with life, It was the brilliant work
of Pasteur that proved conclusively that veast was a living thing—a
plant in fact. He showed that putrefaction was caused by living bac-
teria and that the souring of milk and kindred changes were due to living
things. Before Pasteur’s discovery a few observations had been made
on certain products of living things, but themselves not living, which
could produce changes allied to fermentation. Thus, in the saliva, a
ferment was discovered which, though present in minute amounts, could
transform large quantities of starch into sugar. In the gastric juice a
ferment pepsin was found which, in conjunction with an acid, could
digest protein. Independently of these workers the chemists had dis-
covered a number of reactions in which small amounts of substance could
produce changes in immensely greater quantities of other substances with-
out themselves undergoing any change. Thus it was found that hvdrogen
and oxvgen would unite almost instantaneously in the presence of a minute
amount of platinum, the platinum remaining unaffected and capable of
producing the same change apparently for all time. To such reactions
the name contact reactions was given and later the name catalysis. The
number of catalvtic reactions known to the modern chemist is very great
and catalvsis is being more and more employed in the laboratory and
manufactory.  But the mere naming of a reaction did not do away with
the mystery. A step in the solution of this problem was made when it
was shown that in all catalvtic reactions the essential feature is a
hastening, an acceleration of a change which is normally going on but
in a very slow manner. Hvdrogen and oxygen mixed in a test-tube at
ordinary temperatures are really uniting to form water, but the change
is so slow that the life time of a man would be insufficient to show any
appreciable diminution in bulk; introduce a tiny speck of spongy
platinum and the reaction is over in a fraction of a second. Hvdrogen
peroxide is continuously decomposing into oxygen and water but at a
slow rate; introduce a drop of water in which finely divided platinum is
floating and the decompoesition gains enormously in rate even though the
amount of platinum added can only be expressed in millionths of a grain.
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If pure copper be dipped into pure nitric acid no reaction is at first
observed, but introduce an unweighably small amount of sodium nitrite
and the copper is immediately attacked by the acid. Catalytic reactions
are checked by cold and increased by heat and show a marked sensi-
tiveness to the presence of certain other bodies for which the term poisons
has been borrowed from medical science. Thus a minute amount of
prussic acid will stop the catalytic action of platinum on hy(!mgen per-
oxide and mere traces of arsenic will hinder the catalytic action of the
same metal as it is emploved in the manufacture of sulphuric acid.

Now this idea can be extended to the ferments of saliva and gastric
juice. The action of the diastase of 'saliva or of malt extract is simply
an acceleration of the change from starch into sugar which is normally
progressing at a very slow rate. The same may be said of pepsin. It
has been noted in the previous chapter that proteins tend to disintegrate
even when sheltered from bacteria, but that some vears must elapse before
this is noticeable. Now all that pepsin does is to bring about in an
hour or two what might otherwise take a full century to accomplish.
Neither the diastase nor the pepsin does any actual work ; their action may
be compared with oiling the axles or removing the brake from a truck
which is slowly crawling downhill. To catalvsors such as diastase and
pepsin, which are products of life but not themselves living, the term
ENzZYMES has been given.

But what of the fermentations like the aleoholic which apparently
demand the existence of life in their midst? In 1895 a discovery was
made that yeast mav be killed and an extract made from it which can
carry out the aleoholic fermentation in a rapid manner. It had already
been shown that sugar solution placed in sunlight shows traces of aleohol
after a lapse of a considerable time. Clearly the veast when it trans-
forms sugar into alechol does so by means of an enzyme which
accelerates a process already in action. Kindred discoveries were made
with wvarious bacteria and with living organs so that we can now state
that a large number of the reactions carried out in the animal body are
due to enzymes, which enzvmes are specially made by living cells for
those particular reactions.

When we consider the immense number of chemical substances which
are made or transformed by living things we cannot but be amazed at
the ease with which these activities are conducted and in the face of so
many difficulties. A chemist in his laboratory can employ high and low
temperatures, high and low pressures, he may use strong acids and
alkalies, he may crystallise, volatilise and sublime, vet even in the mam-
malian body, highly as it is organised, all reactions proceed within a
temperature range of a few degrees, pressure is evervwhere constant,
the reaction is neutral or only very faintly acid or alkaline, crystalliza-
tion, at least in animals, is never resorted to, and volatilisation and sub-
limation are impossible.  Despite this heavy handicap the body can pro-
duce, rapidly, accurately and economically, a host of chemical com-
pounds which defy the utmost resources of the chemist even to analyse.
As research in physiology has proceeded it has been found that many
chemical reactions which were formerly thought to be due to mysterious
powers of life can be classified as catalvtic. The mysterious part remains
in the fact that the cell makes anew the proper catalysor at the proper
time and in the proper place. This is but another response to change in
environment.

Single-celled animals have but a small equipment of enzymes to
liberate, as compared with higher animals where special sets of catalysors
are relegated to special organs and the total number thus made very
great.



54 THE ELEMENTS OF ANIMAL PHYSIOLOGY.

Some special characters of enzymes may now be described in detail.

Enzvmes are probably closely related to proteins in constitution.
Chemmnl reagents which precipitate proteins deﬂrm enzymes. They are,
like albumens and globulins, altered by heat, in fact no enzyme in
solution can stand a temperature of 70°C. and many not even 60°C.
Thus it happens that an enzyme has an optimum temperature, 7.e., a
temperature at which it acts most rapidly. If the temperature be in-
creased from zero upwards the activity of the enzyme increases too, but
when the heat becomes sufficiently great to injure the enzyvme its activity
begins to fall off and will emnm*lll". disappear. With the majority of
enzvmes the optimum temperature is just a little above the temperature
of the mammalian body. Unfortunately no enzvme has ever been isolated
in a pure form, in fact we have no idea, when we have a solution of
an enzvme, how much of the solid matter present is impurity and how
much is ferment.

2. Enzvmes act specifically. An acid, as we have seen, can split
up all disaccharides, all polysaccharides and all proteins, but such uni-
versal application in an enzvme would be disastrous to the bioplasm.
We find for instance that the enzyme which accelerates the splitting of
cane sugar into dextrose and levulose, fails utterly to act on any other
disaccharide, not to mention pﬂl}ﬁ..lﬂﬂh.lnde": and pmlems It is highly
probable that each enzyme unites at first with the body acted on and has
a structure related in some way to the structure of the latter as the wards
of a key are related to the lock. We find many instances of an enzyme
acting not on one but on a small number of bodies, yet when these are
investigated it will be found that they all present some striking similarity
in chemical structure. Thus the alcohol-producing ferment of veast or
symase, as it is called, can act not only on dextrose but on levulose and
another sugar called mannose.

3- Enzymes determine the direction of change. One enzyme will
transform dextrose into aleohol and carbon dioxide, another will change
it into butyric acid and hydrogen, a third will transform it into lactic
acid. Here we have a quahtv which seems at variance with the law
concerning the accelerating action of enzymes.  This point has not vet
been properly investigated, but the probable solution of the difficulty seems
to be that dextrose of itself tends to decompose into carbon dioxide and
water, whilst aleohol, butyric acid and lactic acid are all steps towards
this end. This brings us to the next property.

4. Enzymes, much more than inorganic catalysors, tend to halt at some
stage of change. An acid will carry starch through dextrins and maltose
into dextrose, but the enzvme which acts on starch (diastase) will earry
the change as far as maltose and then stop.

5. Enzymes like catalvsors generally may be poisoned by minute
quantities of other substances. Prussic acid even in minute doses stops
the action of all enzymes and to this its great poisonous action in the

body is due,

6. Enzymes, like other catalysors, may be the cause of extensive
changes though present in very minute amounts. Owing to the reason
already given the amount of an enzvme in solution cannot be determined
but even grant:ng that all the solid matter were enzvme the amount of
change which it can produce is surprising.  Thus one part by weight

of rennin can transform 100,000 times its weight of caseinogen into
casein.

7. As enzymes accelerate changes, which normally occur but slowly,
it can be shown that all these changes are from a condition of a higher
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to a lower potential energy. The enzyme does not put work into the
system that it acts on; on the contrary it liberates available energy and
allows work to be done. The transformation of sugar into aleohol and
carbon dioxide is accompanied by the formation of heat; we may liken
the sugar to a reservoir of water on a hill side and the action of the
enzvime zymase to the opening of a tap which allows the water to run
down into another reservoir at a lower level. The acticn of an oxidising
enzyme which transforms alcohol into water and earbon dioxide we can
further liken to a second tap which allows the water in this lower reservoir
to rush down to the sea.

Enzymes are found wherever there is living bioplasm and without
enzymes life is impossible. In most cases, if not all, a number of
enzymes working instantaneously or in succession mav be observed. Thus
the yeast plant, if placed in a cane sugar solution, can make no use of
its zymase unless the cane sugar is first of all split up by another enzyme
called invertase. In the same manner the yeast plant produces malrase
which transforms maltose into dextrose and allows the zymase scope for
its activity. But most of the veasts emploved have no enzyme which can
accelerate a change of lactose into dextrose and galactose and hence in
a solution of this sugar no alcohol mayv be produced.

In many cases we can show that the free enzyme does not exist as
such in the cell ; it is present in an inactive form, a mother substance
or pro-enzyme which we mayv liken to a knife in a sheath or a gun at
half cock. Probably this is the case with all enzvmes.

We see that living bioplasm does not merely store bodies at high
potential energy and let them degrade into bodies of low potential
energy ; it can accelerate this degradation and for all we know may be
able to check it at the right time and in the required direction. To make
a very rough analogy the molecules of food may be likened to a number
of wound-up watch-springs, whilst the cell is composed of a number of
complicated clockwork mechanisms. The cell then places each spring
in the proper machine and sets it going or checks its action when changes
in the environment induce it to do so. Only a limited number of springs
can be emploved, namely those that fit the various mechanisms.

We find enzymes not only in the food canal where theyv are of service
in digesting food ; in the tissues for the liberation of energy, the getting
rid of waste and the formation of new compounds; but also in every
living cell where they have the power of digesting and destroving the
cell should the latter be cut off from the circulation. If an organ, say
the liver, the spleen or a piece of muscle, be cut out of a living animal
or one recently dead, it will begin to disintegrate and its proteins be
changed into amino-acids even though bacteria be rigidly excluded. T%is
process has been termed autolysis or self digestion. If the organ were
heated to boiling point then no autolysis would occur and the proteins
present would remain intact for many vears, Autolysis explains the
softening of meat when it is hung and is of immense importance in the
digestion of food by horses and ruminants. We see autolysis also in
an organ which remains in its normal .condition but from which the blood
supply has been cut of. The probable reason for this strange occurrence
is that during starvation the body has to live on itself, that is, has to
digest its own substance as food, and that cutting an organ away from
the circulation is only an extreme form of starvation. :
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CHAPTER VII.

Muscle.

Muscle we may regard as the tissue which is responsible for all
intrinsic movements in the higher animals whether of the body as a
whole (running, swimming, jumping, &c.) or of individual parts of the
body (circulation of the blood, movements of eves jaws stomach &e.).
As has been already stated, the essential elements of muscle are cells
in which contractility is highly specialised. All muscle-cells are longer
than they are broad and when thev contract the length is diminished
whilst the breadth is increased. The change is therefore one of shape
and not of size.

SKEELETAL MUSCLE.

The subdivision of muscle into three classes has already been given.
The first class which is called striped, voluntary or skelefal muscle, and
which is familiar to us as the flesh of an animal, possesses certain char-
acters already implied in these names. Such muscle on microscopic
examination is seen to consist of cells which are striped horizontally, the
stripes being due to rows of little prismatic bodies which by their change
of shape determine the *otal change of shape in the cell. The second
name implies that they are under the control of the will. They are set
into activity solely by nerve impulses which come to them from the
central nervous svstem and are more dependent on the central nervous
system than any other form of tissue, for, if the nerve supplying the
muscle be cut and not allowed to heal, the muscle rapidly undergoes
atrophy and dies. The third name informs us that such muscles are
attached, at least by one end, to bone and by their contraction can, in
most cases, make certain bones to move with respect to each other. A
glance at the illustration on page 344 will make this clear. Here two
muscles are shown, the #ibialis anticus and the gastrocnemius, which have
each a double bony attachment. In each of these tyvpes there is a broad
origin and a narrow insertion by means of a tendon or sinew, but these
features are by no means universal amongst muscles. Now if the gas-
trocnemius alone were to contract, the calcaneum would be drawn nearer to
the femur, in other words the hock would be opened out or extended, and
the stifle somewhat flexed. If the tibialis anticus alone were to contract,
the hock would be flexed. With respect to the hock these two muscles
are therefore antagonistic in their action and similar arrangements will
be found if we examine any other joint, one set of muscles being extensor
and the other flexor. The necessity of such an arrangement is obvious,
for a muscle, whilst it ean pull cannot push, and furthermore delicate and
skilled movement of a limb can be best brought about by having both sets
contracted and allowing one set to act a little more powerfully than the
other. In ball and socket joints such as the hip, shoulder and eve we
find sets of muscles on four or more aspects so that the range of move-
ment may be increased.
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NATURE OF MUSCLE CONTRACTION.—A muscle is in reality an engine
for transforming energy into work. Each muscle is continually drawing
on the blood with which it is copiously perfused for a supply of nitrogen-

free carbon compounds with a relatively high potential energy. When
the muscle contracts these |::n.|'|]|:-||]][|4i-i are  broken down and ENCTEy 15
liberated. A sufficient supply of oxvgen is also essential. It was for

I'm-|'|}. Il‘trll[i_;l'l'l that these carbon r't||'|1]r|-1:lmf.~| were burned ||}' the OXVEEN
with the formation of heat and that the heat thus |=l'4>f]1]*'1'=1 made the
prisms in the muscle cell contract, just as stretched catgut will contract
when its temperature is raised. But muscle works far too economically
for this to be the case. Maore ]r|'1r|1.1il|'u the carbon ':‘M11|1I-I1t!|]5. by a
partial disintegration, give rise to electric energy which is transformed
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Fig. 40.—Part of a contractile cell of skeletal muscle., The cross stripes are
due to the rows of ]!T:*-Ill tic hodies. A wave of contraction 15 seen '[I.L'.i*-ui::;_': :I;]I:I::IF:
the cell. [(After =Schiifer.).

into work ; then these break down products, which if allowed to accumu-
late would check the ;Il'ntl'!1‘1iu1| of electric ENergy, arec burnt up b the
OXVgen. Whatever be the exact nature of the [|'-;=|1-|5;f.(',|1"r111:'|_lir',nl‘l1 we know
that the final chemical products of muscular activity are water and car-
bonic acid. lf oxvgen be withheld from the muscle the latter can go
on contracting for some time but weaker and weaker until it zventually
ceases to respond to even the most urgent nerve impulses. I1f we examine
a muscle in this condition we shall find that it is acid in reaction, and that
this acidity is due to the presence of lactic acid which possibly represents
one of the break down ||r--|]11.r'ra which normally are ]-1-11'|11 off, -
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The carbon compounds which bring potential energy to muscle can be
derived from either carbohvdrates, proteins or fats. In the case of pro-
teins the nitrogenous parts of the molecule are previously split off, forming
urea which leaves the body by the kidney, whilst the more carbonaceous
part can be used as a muscle fuel-food. There is some evidence to show
that the carbon compounds derived from proteins can vield their energy
to muscle at a quicker rate than those derived from carbohydrate and fats.
An ox, for instance, whose diet is largely carbohvdrate, may do far more
work in a day than a tiger, but such work is performed in a com-
paratively slow and regular manner. The tiger, as a protein-eater, can
command a sudden liberation of energy in its muscles and can in conse-
quence drag the ox down, kill it, and run off with it. The same thing
is shown in horses which are put on a liberal protein ration ; they become
spirited and fresh and are better able to produce the swift and powerful
muscular contractions that are needed in a race.

[t has been stated that a muscle as an engine works economically.
Speaking generally a muscle can transform 3o per cent. of the energy it
receives into work, the remaining jo per cent. taking the form of heat
which warms the muscle and escapes into the blood and surrounding
tissues.  Another way of stating this fact is to say that muscles supplied
with a certain amount of carbonaceous matter will produce onlv 50 per
cent. of the heat which these same compounds would give rise to if burned
elsewhere. Now this 3o per cent. efficiency of a muscle places it far
above any steam engine as an economical machine. It is not however
so economical as some of the latest forms of oil engines which have an
efficiency of close on 4o per cent.

From the foregoing facts we can now state that, when a muscle con-
tracts, 1t uses up nitrogen-free carbon compounds and oxvgen, gives off
water and carbonic acid, and produces heat.

FACTORS THAT INFLUENCE MUSCULAR CONTRACTION.—Even though a
muscle may not be contracting visiblv we shall find that in a conscious
amimal it is shorter than if the animal were narcotised or asleep. This
slight, but constant, contraction, which keeps the muscle taut and ready
at a moment’s notice to contract foreibly in response to a stronger nerve
message, is called ‘° muscle tone.’’

The greater the resistance to be overcome the greater is the force of
contraction. This can be seen even in a muscle which has been cut out
of a recently killed animal ; within certain limits it liberates more energ
and contracts more forcibly, the more it is hampered in its cortraction.
Then again we are aware that by our will we can make a muscle act
strongly or weakly as we are inclined. That is to sav, the force of a
muscular contraction will vary according to the nerve message the muscle

TECe1ves.

It is an every day experience to find that exercise increases muscular
power. This is due to two factors. First, the exercise itself actually
mal:uef;r th_f: muscle either bigger or more efficient ; and secondly, when an
exercise i1s repeated and learnt, unnecessary muscular exertion is avoided.
When an animal performs a skilled action for the first time (a man
doing an athletic exercise, or a horse Jumping or in harness) a number of
superfluous muscles are called into plav and antagonistic muscles are too
forcibly contracted. When the exercise is learnt the requisite muscles
and no more, receive the nerve messages calling on them to contract, and
hence the work is done more economically and with less fatigue, When
a muscle, acting under the influence of the will, and opposed by a re-
sistance sufficiently great, continues contracting until fatigue has set in
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and the resistance can no longer be overcome, we find that the contractile
substance of the muscle is still capable of doing vigorous work. If for
instance a weight be lifted by the flexion of a single finger 111nl1i utter
fatigue has set in, and the muscle, or its nerve, be stimulated in the arm
by an electric shock, the weight will be lifted, and can continue to be
lifted, for a considerable time. Fatigue, in fact, is most strongly marked
in the motor nerve-cells of the central nervous system, much less strongly
marked in the receptive substance of the muscle, and _5-111” less 1n the
contractile mechanism of the muscle ; for a muscle if !-i!!.ltulhtli.:t] L]lrcct_lju
can contract long after it has ceased to contract on stimulation of its
nerve. \

That muscular power is different in different 'Irulix"ullll.'ilti; is less in
the female than in the male; and is greater in adult life than in youth

Fig. 41.—The muscle on the right is the gastrocnemius, that on the left is the
tibialis anticus. (After Hagemann.).

or old age, is well known. These differences are due, partly to the
differences in number and size of the muscle cells, and partly to the
variable efficiency of the contractile elements.

CHEMICAL COMPOSITION OF MUsSCLE.— The contractile cells of muscle
are arranged on a scaffolding of fibrous connective tissue. Moreover con-
nective tissue sheets pass through and through the muscle marking off the
muscle cells into bundles. With the connective tissue there is always some
fat. As the amounts of connective tissue and fat are very inconstant, the
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chemical composition of muscle substance varies within wide limits. As
an average of the figures obtained for muscle which has been freed from
fat as far as the eve could determine we may take the following as
useful : —

Per Cent.
Water .. - 75
Proteins ... 18
Chondrogen and fa VA
Mineral matter ... I
Glycogen and various extractives® ... o°g

We have seen that muscle requires carbon compounds as sources of
energy, but it also requires true protein for repair. A muscle, like any
other machine, is constantly losing some of its substance from wear and
tear, but this (unlike the machine) is constantly being replaced from the
proteins of the blood. This amount of repair protein is very small as
compared with the amount of carbon compounds used as energy supply.

DEATH OF MUSCLE.—When an animal dies and the circulation stops,
the muscles continue to live for some time, as is shown by their contracting
on stimulation by electricitv ; but as no oxygen is brought to them the
breakdown products, including lactic acid, accumulate and make the re-
action markedly acid. When these substances have been heaped up to
a certain degree, part of the protein of the muscle coagulates and this
coagulation produces a shortening of the muscle so that all the limbs of
the dead bodv become for a time quite rigid. This death stiffening 1is
termed rigor mortis. We may summarise the condition of a muscle in
rigor mortis by stating that it is more opaque than normal, is acid in re-
action, is in a contracted condition due to coagulation of certain proteins,
and is no longer responsive in any wayv to stimulation—in other words is
dead. Then autolvsis or self digestion sets in, the rigidity disappears,
and, in the case of an animal killed for food, the flesh becomes more
tender. Bacteria of course find autolvsed muscle a suitable habitat and
will complete the breakdown, aided by the larve of various insects, if
the muscle (meat) be left exposed to the air.

HearT MUuscLE.

Heart muscle differs from skeletal chiefly in the fact that its con-
trations are rhvthmic in character, are short and quick, and further, that
they do not depend for their existence on the central nervous svstem. As
we shall see later, the nerve impulses that pass to the heart from the
central nervous system, onlv modify the rate or force of the contraction ;
if the nerves are cut, the heart continues to beat and, unlike skeletal
muscle, shows no sign of atrophy. Whether this power of beating
rhvthmically is a property of heart muscle or is due to a nervous me-
chanism embedded in the heart substance, is still a debatable point. The
heart resembles skeletal muscle in using nitrogen-free carbon compounds
as sources of energy and in requiring a liberal supply of oxvgen; it also
contracts more forcibly the greater the resistance it encounters and it
passes into rigor mortis in much the same manner. It is unlike skeletal
muscle in being less dependent on the central nervous system, in not being
under the control of the will and in the much more restricted range in
the variation of its force.

'By the term extractives is meant those simple chemical substances which make
up the main part of meat extract,
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CHAPTER VIII.

Animal Heat.

It has long been recognised that from the stand-point alone of tempera.
ture animals can be divided into two great groups. The popular terms
for these groups namely cold-blooded and swarm-blooded are based upon
very profound differences, but they are not too well chosen, fo a so-called
cold-blooded animal, sav, a snake, mayv occasionally have a temperature
exceeding that of a so-called warm-blooded animal, say a man or a horse.
The true distinguishing point is this that, in one class, the temperature of
the animal is never far removed from the temperature of the environment,
and that it varies within wide limits and parallel with the changes in
temperature to which the animal is exposed. The temperature of such an
animal is in fact determined by the temperature of the environment 1n
which it lives. Such an animal we may call an animal of variable tem-
perature or, to use the technical adjective, a poikilothermal animal. But
when we examine a bird or 2 mammal we find that its temperature varies
within extremely narrow limits, is independent of ordinarv changes in en-
vironment and has a marked tendency to remain constant. Birds and
mammals are therefore constant-temperature animals or homoiothermal.
The homoiothermal animals by virtue of their constant temperature possess
many advantages over the poikilothermal. Tt has already been stated that
the activities of all cells increase or decrease as the temperature of the
cells rises or falls. Thus it is that a lizard is active on a warm day but
sluggish on a cold one.  The vitality of such a creature is constantly
changing with the weather and the animal has but feeble powers of
resisting extremes of temperature. A homoiothermal animal on the other
hand ecan remain uniformly active despite extensive changes in climate
ar season and is not compelled on the onset of cold to abate one jot of its
activity ; on the contrarv, for a reason we shall shortly see, it is actually
stimulated by cold to more energetic movements.

The temperature of a mammal or bird is never absolutelv constant ;
it shows distinct oscillations, but these oscillations are small and within
fairlv fixed degrees of temperature. The temperature of a man at 6
o'clock in the evening is generally about 1§ degrees* F. higher than that
taken shortly after midnight, but the average temperature remains remark-
ably constant. When we speak therefore of the normal temperature of a
man or any other mammal we mean a temperature which lies well within
the daily range of oscillation in health. Thus the normal temperature of
a man is given as g8.4 I, in England, but as 08.0 F. in Germany ;
both are right for both are within the dailv range of rise and fall.

Another difficulty in giving a fixed value to the temperature of a homoio-
thermal animal is the fact that all parts of the hody of the same animal
have naot the same temperature. Stated generally the more central organs
are warmer than those nearer the surface, the maximum being found in

* Throughout this chapter temperature is measured in degrees Fahrenheit, as this
system, for some inexplicable reason, is more popular in English-speaking countries.
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the blood flowing from the liver. As a rule the readings of a thermometer
placed in the rectum may be accepted as giving a good idea of the internal
temperature of an animal. The following values may be taken as approxi-
mately correct for the normal rectal temperatures of various domestic
animals : —

horse e 1o —ioz F. cal 1ot.7 I
COwW e IDL.5—I1D2 Fowl e 1O7—104
sheep ... e 104 —I[0§ duck ... toB—110
pig i 101 =103 ponse 107

dog oo 1O0.2—T01.§ turkev 104

It is interesting to note that the temperature of most homoiothermal
animals is only a little below that temperature at which the enzymes act
most rapidly ; this is doubtless the chief reason why we find such a
temperature in the highest evolved animals,

As man and most domestic animals belong to the homoiothermal group
attention may be confined exclusively to this class and the methods by
which a practically constant temperature is maintained, may be discussed
under the headings, the source of heat, the distribution of heat, the loss of
heat, and finally the physiological variations in an animal’s temperature.

Ture Source oF HEAT.—In every living cell of the body heat is pro-
duced, but the amounts formed in the smaller organs, such as the salivary
glands, may be very minute and scarcely detectable. It is to the skeletal
muscles that we must look for the main source of animal heat. In an
animal apparently quite at rest the breathing muscles are active and
moveover the other skeletal muscles are mostly in a state of tautness or
“tone "' which implies chemical change and heat production. During
violent exercise the heat produced may be so great that the animal cannot
get rid of it quick enough and a passing rise in temperature may be noted.
On the other hand if an animal is drugged with chloroform, ether, or
alcohol, muscle tone is greatly diminished and the animal’s temperature
will fall unless the surrounding air be kept sufficiently warm. An animal
whose muscles are rendered inactive by the poison curare will, if kept
alive by artificial respiration, graduvally sink to within a few degrees of the
temperature of the room and become to all intents and purposes a poikilo-
thermal animal.

Next in importance to the muscles may be placed the liver where
chemical transformations are continuallv occurring most or all of which
liberate heat. As has been stated the blood leaving the liver is the hottest
in the body. Next in importance to the liver, as heat producing tissues
we may place the heart, and the smooth muscles particularly those in the
digestive tract.

Tue Distrisution oF HeaT.— The heat produced in any muscle or
organ tends by ordinary physical conduction to spread to adjacent organs,
but the chief factor in heat distribution is the blood-stream which is
constantly perfusing each tissue and organ and passing thence to the heart.

Tue Loss oF Hear.—The chief loss of heat is from the skin, con-
cerning the structure of which a few words may be said. The skin or
integument can be divided for descriptive purposes into two parts. The
superficial part is epithelial and is composed of closely packed epithelial
cells which are constantly being renewed and pushed up from below and
as constantly being shed at the surface. This laver has neither blood
vessels nor nerves. Special outgrowths of this laver form hair, feather,
nails, claws and the bloodless parts of hoof and hom. The second or
deeper part of the skin is formed of connective tissue, is rich in blood



THE ELEMENTS OF ANIMAL PHYSIOLOGY. fis

vessels and nerves and possesses special sensory nerve-endings. This
layer contains two sorts of glands with ducts that pierce the epithelial
laver and pour their secretion on the surface. The sweal glands secrete
a fluid sweat, consisting chiefly of water and containing traces of salts,
urea and fatty acids. The sebaceons glands secrete a semi-solid, olea-
ginous substance (sebum) which consists of lipoid and a little protein and
water. The sebum acts as a natural ointment keeping the skin and hair
soft, and preventing them from being injured bv rain and moisture. Both
these glands are constantlv secreting, though their activity is subject to
considerable variations in intensity. [In the connective-tissue part of the
skin, or below it, we find a laver of fat.

The skin has many functions to perform ; it protects the muscles and
other organs beneath it from mechanical injury and from rain, strong
sunshine, &c. ; it helps a little in getting rid of waste matter and excess
of water. The skin possesses sensorv nerve-endings which are responsive
te heat and ecold, to injury, and to contact with bodies or to movements of
hairs. Onlv under abnormal and rare conditions can it absorb Auid from
without. But one of the most important functions is its blanketing action
in keeping the heat of the body from escaping teo rapidly and by allow-
ing changes to be made in the rate of heat escape. In the first place the
layer of fat already mentioned is a very efficient non-conductor of heat.
This laver is, in consequence, enormously developed in those animals which
live in the ocean, and particularly in cold latitudes, as, for instance,
porpoises, seals, whales, &e. It is also well developed in the pig. The
epithelial portion is likewise a feeble conductor especially when it is thick,
as it is in the elephant, &c. Then, as outgrowths frem the skin, we find
in the majority of homoiothermal animals, hair, fur, wool or feathers which
act, not so much by their intrinsic feebly conducting powers, as from the
fact that they contain large volumes of air enclosed in myriads of tinv
spaces. Now air, thus divided, is a very poor conductor of heat and to
air is due the chief value of these natural coverings, as well ns that of
the artificial clothing of human beings.* When a bird ruffles its feathers
in cold weather it merely adds to the enclosed air and this acts as an extra
laver of clothing. The same action mav he observed in many mammals.

Heat is lost from the skin in three wavs. First by radiation. in the
same way as a fire in an old-fashioned fireplace radiates its heat into the
room. Secondly by conduction, that is by warming the air with which
the surface of the bodv is in contact; thus a stove in the middle of a
room not only radiates heat, but also conducts heat by warming the
adjacent air, Loss of heat by conduction is great when the air is
eold, greater when the air is cold and moist, and greater still when the air is
cold, moist, and in rapid movement. The third method is bv evaporation
of water or sweat. Sweat glands are found in great number in man and
the horse; very much less in sheep and swine; and still less in cattle.
dogs and cats. In man and the horse the amount of sweat secreted is
generally just enough to balance the loss by evaporation so that the sweat
just comes to the surface of the sweat pores and no more. When the
evaporation is checked by certain conditions of the atmosphere, or when
excess of sweat is secreted, as in violent exertion, certain diseases and
disorders and nervous disturbances, the sweat accumulates and trickles
down the surface, particularly from those regions most abundantly supplied
with sweat glands. '

*A given volume of flinnel cr woollen cloth contains a larger volume of air

than tihll' same volume of linen or cotton stuff, hence its high value as a clothing
material.

E
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The cooling action of evaporation is familiar in the various devices
for keeping drinking water and butter cool in warm weather as by porous
clay or damp cloth. Evaporation is greater the drier the air and the
quicker the air movement. If the air is saturated with water vapour then
no evaporation can take place from a moist surface no matter what the
velocity of the air is, or its temperature within the limits that occur
naturally.

Heat is also lost in the lungs and respiratory passages by warming the
air breathed in, or inspired, as also by the evaporation of water from the
lining membrane of these tracts.  This loss of heat from the lungs, ete.,
plavs a more important part in the feebly-sweating animals (cattle, dogs,
cats) than in the sweating (man and horse).

Some. heat is also lost by the warming of food and drink which are
generally cooler than the stomach which they enter.

The Recuration ofF TEMPERATURE.—We have now to explain how it
comes about that all mammals which are found both in tropical and polar
regions are able to maintain a practicallv constant temperature which
varies very little with species and variety. We shall find that. homoio-
thermal animals in cold latitudes have an extra thick coating of fur or
subcutaneous fat to retain the heat. Some such, as the bat, adopt the
artifice of becoming poikilothermal during the winter and spending the
cold months sleeping in a sheltered retreat. Then too we are familiar with
the seasonal shedding of fur or feathers and the growth of a thicker coat
for winter.

But the most interesting problem is the maintenance of a constant
temperature from day to dav in each animal despite great changes in heat
production and the atmospheric conditions that influence heat loss. Most
people are familiar with the principle of the common incubator for hatching
eggs. Here there is a méchanical arrangement by which, when the tempera-
ture rises a little above what is desired, the heat supply is automatically
reduced.  An instrument on the same principle, but far more delicate,
is the thermostat of the chemist which can be kept constant to within a
one fiftieth of a degree Fahrenheit. Here too the flame vielding the
heat is reduced when the temperature of the thermostat rises only a small
fraction of a degree. 'But the incubator or thermostat must be kept in a
sheltered room and cannot be exposed to rain and snow and frost ; more-
over the combustion in the flame cannot be allowed to fluctuate within
wide limits. The superiority of the homoiothermal animal to such a
mechanism lies in the fact that not only can it regulate its heat supply
but also can regulate its heat loss.

How is the heat supply regulated? When a mammal or bird is exposed
to atmospheric conditions that check heat loss and therefore tend to allow
the heat of the body to accumulate we find that, through the agency of
the nervous svstem, the muscle tone 1s reduced and that the animal instinc-
tivelv avoids strenuous exertion.  There is less combustion in the body as
can be shown by the diminished consumption of food and the decreased
output of carbon dioxide, Converselv when the animal is exposed to
cold its musecle-tone is reflexly raised, it instinctivelv takes exercise, and
its consumption of food and output of carbon dioxide mav be more than
doubled. That play of muscles which we call shivering is a muscular effort
for the sole purpose of raising the temperature, A bat waking from its
winter sleep resorts to shivering to work up its temperature rapidlv and
animals in fever show the same thing. ;

How is the heat loss regulated?  An animal may be called upon to
do strenuous work irrespective of weather conditions ; moreover there is
in the resting animal sufficient combustion going on to make the temperature
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mount up if the heat loss from the skin is seriously interfered with. We
shall find in the homoiothermal animal that there are continual adjustments
of the heat loss to suit the altered combustion within and the altered state
of the air without. In the first place, if, through any reason, it is neces-
sary to check heat loss the blood vessels in the lower laver of the skin
contract, so that less blood flows through the skin and less heat is lost
by radiation and conduction. We also find in most birds and mammals
that the little muscles attached to the roots of the hairs or feathers, con-
tract so that the external coat is ruffled and made therefore a poor con
ductor of heat. Man possesses these muscles, but their contraction in cold,
producing goose-skin, is useless as he has lost in the process of evolution his
hairy covering. Many animals reduce the surface of the exposed skin
by cowering or huddling the limbs together.

If however the heat of the body threatens to accumulate then various
devices can be brought into playv to facilitate heat loss. The superficial
vessels can be enlarged and the skin flooded with quick flowing blood so
that radiation and conduction are increased. In man and the horse sweat
can be poured out in great volume over the skin. Further, the breathing
may be increased so that loss of heat from the lungs and air passages and
even mouth may be increased ; this reaction is more marked in the non-
sweating animals, witness the lolling tongue and panting respiration of a
dog after violent exertion or even when artifically heated. :

The exact mechanism by which heat is regulated is not clearly under-
stoodd. There is undoubtedly in the central nervous system a nerve centre
exquisitely sensitive to changes in temperature and from which nerve
impulses can pass to the muscles and the blood vessels and glands of the
skin.

Tue Variations oF Hear.—The capability of regulating the tempera-
ture within narrow limits varies with different species. In the non-sweating
animals and particularly with those that have a thick woolly covering
(sheep) or a thick laver of skin-fat (pig), exertion in warm weather may
readily bring about an accumulation of heat in the body which is often
dangerous. Man and the horse owing to their rich supply of sweat glands
are far better off in this respect than cattle. The wonderful endurance of
the horse is in large measure due to this provision ; it can keep on trotting
without any marked rise of temperature whereas a bull after a few rushes
mounts up to fever-heat and shows distressed respiration. This same
provision is also responsible for the fact that man and the horse can stand
temperatures much higher than that of the body, provided the air be dry
and in motion. Under these conditions a man can readily stand a tempera-
ture above the boiling point of water. 1f however the air be warm, moist
and calm, thus giving little play to conduction and evaporation, violent
exertion in all animals will bring about a rise in temperature which is
often serious and occasionally fatal.

When an animal is exposed to cold so extreme that it cannot be com-
bated by increased heat formation and decreased heat loss. the temperature
of the body sinks, the animal falls into a deep sleep, and eventually dies.
Recovery can occur by artificial warming if the temperature has not fallen
below s0 degrees F. If a part of the body be frozen, gangrene generally
results and the frozen part is lost. As to the highest internal temperature
which the animal body can stand the limit usually given is 113 degrees
F. The highest authentic case in man followed by recovery was 111 degrees
F., which oceurred in rheumatic fever, :

The temperature of an animal varies slightly with age being higher
in extreme vouth and also, according to some observers, in extreme old age.
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CHAPTER 1X.

Animal Nutrition.

An animal that has reached adult life and is not increasing in weight
must nevertheless eat, digest and absorb food which, as we have seen,
serves as material for renewal and repair and for the supply of energy.
In dealing with this subject it will be advisable to consider, the essential
ingredients of food, the adventitious ingredients of food, the essential
qualities of food, food required for growth, and finally the composition of
various natural foods.

The Essenrial [RGREDIENTS OF Foob,

1. REpair Foop.—Every living cell in the body is in a state of con-
stant repair requiring a continual intake of fresh material. Moreover there
are constant losses of complex material from the skin, such as the protein
of sebum, hairs, and the outer lavers of the skin itself. [In lactating
animals the secretion of milk is a heavy drain on many constituents of the
Lody. Water is continually being excreted by the kidney, lung, and skin,
and salts leave the body in the urine. All these materials must be present
in the food consumed.

Water is present in all foods. Hayv may contain as much as 13 per
cent., oats about 18 per cent., green fodders vary between 6o and 8o per
cent., and roots and tubers as much as go per cent. If the water taken
in these foods is not sufficient then thirst is provoked and water is in-
stinctively taken by the animal. The rule holds with the domestic animals
as with man that the water supplied for drinking purposes should be
pure and fresh and above suspicion,

Salts of soda, potash, lime, magnesia, phosphorus, and iron are all
in the body, are constantly leaving the body and so must be supplied in
the food. The various foods eaten by different animals are all fairly
rich in salts, but with grazing animals there is sometimes a danger that
too little common salt or sodium chloride may be present; for vegetable
foods, though rich in potash salts, are poor in soda salts. This is par-
ticularly the case the more distant from the sea the grazing country is.
Hence the instinctive relish with which most herbivorous animals lick
common salt if placed within their reach. In lactating animals there is
a considerable loss of lime in the milk, for this fluid contains actually
more lime than does lime water. The amount of lime in oats and maize
kernels is very small, roots also are somewhat poor in this constituent,
out clovers are rich and to a lesser degree the grasses.  Animals fed on
«alt free foods die speadily ; even a poverty in one salt constituent will
lower vitality and cause emaciation, skin trouble and feeble resistance to
disease. Equally dangerous is a salt content much above what is in the
animal’s natural food.

Protein is a very important repair food for out of protein most of
the solid matter of living cells is composed. A certain amount of protein
must be taken in food to cover the constant loss through wear and tear
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of the body machinery. Protein in excess of this amount is used by the
animal as fuel food and it is always advisable to have such an excess.
Not all the protein eaten is digested and absorbed ; this is especiallv the
case when the protein is of vegetable origin, part passing through the
digestive tract and leaving the body with the faeces. Carnivores and
omnivores obtain rich supplies of highly digestible protein from the animal
substances they eat, but vegetable feeders have mote difficulty in obtaining
their protein.

The following table gives the approximate percentages of proteins in
various foods:—

Roots and tubers ... th—2
Most green fodders g —3
Cows' milk 34
Clovers and alfalfa 4 —5
Hav from mixed grasses es: 1B
Hav from mixed grasses and clovers ... 10
Most grains . 1oh—i1zd
Wheat bran S
Meat e 18
Cotton seed (whole) e 184
Flax seed 325
Beans and peas ... e 21—34

As has been stated the proteins vary as regards their digestibility. The
animal proteins are almost wholly digested but the vegetable proteins show
marked differences in this respect. The percentage of protein digested
is relatively high—70-88 per cent. in grains, seeds, clovers, legumes, and
cereal by-products ; medium, 50 to 70, in green fodders, hays and silage ;
and low, 20 to 45, in straws and potatoes. As a general rule the proteins
are less digestible the coarser the fodder. A term frequently employed
in animal dietetics is the watritive ratio which means the ratio of the pro-
tein in the food to the remaining digestible organic matter expressed as
carbohydrate.® Nutritive ratios are described as narrow, 1 to 5} and
under ; medium ; and wide, 1 to 8 and over. It has been found by ex-
perience that animals thrive better on a certain dailv protein intake.
Animals at rest or doing moderate work require 1} to 2 Ibs. protein per
1,000 lbs. live weight; with severe work, or with growing or fattening
animals. or in the case of cows vielding over 16 lbs. of milk per diem, or
ewes suckling lambs, 2% to 3} lbs. per 1,000 lbs, live weight are required.
It must be clearly understood that only a fraction of what is absorbed from
these amounts is required for bodv repair (in the case of a man less than
one-third of the total dailv consumption) the remainder being used for
energy supply and for the laying on of fat or flesh or for milk production.

2. Fuel Foops.—All vital processes require an expenditure of energy
which is derived solely from the food. - Moreover the animal's temperature
must be kept up, and this, too, must be met by the heat produced from
the oxidation of food in the bodv. The more work an animal does, and
the colder its surroundings, the more fuel food is required. The energy
value of any food stuff can be caleulated by determining the heat produced
by burning a definite weight of the substance and measuring this heat.
Such a determination is carried out in an instrument called a calorimeter.
The unit of heat is the kilo-calorie which is approximately the quantity

* Fat can be expressed in terms of carbohydrate by multiplying its percentage
by z.4. ; i j
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of heat which will raise one pound of water four degrees Fahrenheit,™
The unit weight is the gramme which is roughly one-twentv-eighth of
an ounce. In this way tables can be }lI‘PparP{j giving the number of
calories produced by burning one gramme of each food-stuff. Thus:—

Food. 1 grm,, dry, Rilo-calories, Fogd, 1 grm., dry. Kilo-calories.
Cane sugar ... e 390 Wheat gluten ... e
Starch FR Mixed hay ... Snlagas
Cellulose 4.2 Sugar beets ... cast B0
Egg albumen ... L Linseed meal. .. ek
Caseinogen 5.0 Butter e N
Gelatin 5.2 Fats and oils... o0

A correction has to be made in the case of proteins because these sub-
stances, unlike fats and carbohydrates, are not oxidised completely in the
animal body, and are represented in the urine by urea and other bodies
which have a calculable energy value. Making this correction and striking
an average for the various proteins, carbohvdrates, fats or oils, we may
state that—

One gramme of protein will give rise to 4.4 kilo calories.
One gramme of carbohvdrate will give rise to 4.15 kilo calories,
One gramme of fat or oil will give rise to g.4 kilo calories.

A further correction must be made for the amount of each food stuff
which escapes digestion, Thus, 1,000 grms. (2!1bs.) of starch which,
if fully digested, would vield 4,183 kilo calories, really vield about
3,760, and the same weight of drv wheat straw instead of giving 4,470
kilo calories only gives about 3,330. It mayv be definitely stated, how-
ever, that the foods absorbed furnish the animal with the exact amount
of energy which we can thus calculate and express in terms of heat
units. The foods which give energy are fats and oils, carbohyvdrates and
proteins including gelatine.t To these must be added small quantities of
nitrogenous bodies, amides, and amino-acids, which are not proteins but
which are closely allied to the products formed from proteins during diges-
tion. It will be understood from what has been said that part of the
protein is used for repair and part for fuel. Protein must always be
present in the food but carbohvdrate can replace oil or fat in a large
MEASUTE.

If an animal eats more fuel food than it requires for heat and work,
it either lays on fat or gets disturbances of digestion. If it eats less than
is required it becomes emaciated.

3. BarLrast.—In every amimal a portion of the food remains undi-
gested, and, by its presence, helps the bowel to force its contents towards
the rectum. This undigested residue has been named ballast and is
essential for the health of the animal. A rabbit fed on pure protein,
carbohydrates, fat, salts, and water will die of inflammation of the bowel,
but will live |f lmllﬂPstlhlP material (say horn ﬁhwmm-.} be added to its
food. Carnivores require little ballast but that little is essential. In dogs
the phosphate of lime from bones acts as ballast: in cats the skin or hair
or feathers of their victims. In both animals some earth is generally eaten
with their food and this acts in the same wav. [n omnivores, such as man

®*More accurately defined, the kilo calorie is the amount of heat which can raise
one kilogramme of water from 4 degrees to 5 degrees Centigrade,

tIt should be noted that gelatine cannot act as a repair protein, as it does not
contain tyrogin or tryptophane.
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and the pig, ballast is present in the form of cellulose and woody fibre in
the vegetables eaten. Grazing animals eat enormous masses of material
which escape digestion and they have special digestive mechanisms to
deal with this residue. The coarse fibres in fodders are only feebly
digested and even the fine cellulose of vegetable cells only partially so.
The silica of plants is also feebly absorbed. If a herbivorons animal
be given a fodder poor in fibre or with fibres too finely chopped, digestion
is impaired, the contents of the bowel tend to become stagnant and putre-
faction by bacteria [.1L::~; place !:.“'“E-. rise 1o poisonous pl‘ﬂducts whlch
are absorbed. This is well exemplified in cows that “lose their cud”
when placed on a fodder too rich and digestible.

4. Organic Acips.—It is doubtful if carnivores require organic acids
but omnivores and herbivores certainly do, and grave constitutional dis-
turbances follow upon their disuse. Fortunately all the ordinary vege:
table foods are rich in these acids or their salts. Fruits are exceptionally
rich in organic acids and to this, as well as their ballast content, is
due their beneficial action in man and other omnivores.

F],-.'l.rm.mhe sussTANCES. —If food is unpalatable, no matter
Imv. ﬁmhhle it is in other respects, it is badly digested. The greater
the relish with which an animal eats its food the greater is the amount
of digestive juices secreted. The palatableness of foods is largely de-
pendent upon the odours or flavours thev possess and these are due
to chemical bodies which, though they do not come into any of the
categories mentioned, are nevertheless essential constituents of normal
food.

7. Emzvmes.—Carnivores and omnivores do not require any enzymes
in their food but with herbivores, and especially the ruminants, these
are essential ingredients. As we shall se¢ in the following chapter on
digestion, one of the first transformations that food undergoes in the
alimentary canal, is an autolvsis, or self digestion, by means of enzvmes
existing in the living cells of plants.  Hence it is that fodders which
have been steamed or boiled mav, under certain conditions, be not so
well digested as the natural plant substances.

There are other essential constituents of diet but their exact composi-
tion has not been worked out, for mere traces of them are apparenth
sufficient. It is highlv probable that the bodv is dependent for its
supply of hormones on certain chemical substances which are present
in food though onlv in small amounts. The effects of deprivation of
these bodies are only seen in laboratory experiments.

ApvexTiTioUs CONSTITUENTS oF Foob.

In the food of carnivores there is little that does not come under the
headings already given. In the case of omnivores and herbivores wvari-
able quantities of substances are taken and absorbed which are either
harmless and pass out of the body unchanged in the urine or have their
harmful properties neutralized in the liver and leave the body as innocuous
compounds. Herbivorous animals absorb from their food considerable
quantities of substances allied to carbolic acid. and other substances allied
to camphor, also sugars that have little or no fuel value. Useless mineral
matter (nitrates, silicates and sulphates) mav be absorbed in small quan-
tities and excreted in the urine.

THE Essextian Quarrries or Foop.

Each food must be suited to the species of anmimal and even to the
ndividual. Tt must have the proper digestibility and palatableness and
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aave the amounts of ballast, etc., to which the speeies, through myriads
of generations, has been accustomed. ‘The essential constituents enume-
rated above must be present and in the proper ratios to suit the animal’s
needs. In most, if not all, of the domestic animals, variety in the food
leads to better results than if one ration be too exclusively relied on.

If food be insufficient in quantitv the animal has to draw on its
own fat and flesh which are actually digested in the body by the ferments
they contain, and sent into the blood-stream to make good the deficiency.
An animal when completely starved loses nearly all its fat, a great por-
tion of its muscle and spleen, a small portion of its heart substance,
but hardly any of its nervous matter, During violent exertion an animal
rarely eats enough fuel food; it draws on its supply of fat and glycogen
(the latter present in the liver and muscles) and makes good the loss in
rhew bodies during the rest which it ought to have 1flpr the exertion
is over. L]'I.di-"fft"l"{lil'!E with anv of the above-named essentials will
injure the animal, the most common instance being underfeeding with
protein in the case of the ruminants.

Overfeeding when it exceeds what the animal can retain as fat and
flesh, causes {Ingﬁ.tue disturbances. Excess of protein (an error which
l'El.lE‘.'h occurs with ruminants) leads to putrefactive changes in the bowel
b which poisonous products are produced and absorbed, causing muscular
weakness and loss of fat.

Foop ReQuirep For GROWTH.

A voung animal requires protein, salts, and fuel food, in excess of
its repair and energy needs. The milk of each animal suits the needs
of the voung of that species. Thus comparing cows’ milk and human
milk, we find in cows’ a larger amount of lime salts to suit the quick
bone-growth of the calf, whilst in human milk we find a larger amount
of lipoid to suit the quick brain-growth of the human infant. Protein
in excess of the repair amount is needed for the building of muscle and
gland ; fuel food for the formation of fat; lime and phosphorus for bone ;
lipoid for nerve, etc.

Proteins and “carbohvdrates can be transformed and laid on as fat
in a fattening animal. In a pregnant animal the growth of the voung
in wfero has to be considered.  An animal with rapidly growing wool
requires more protein.  An animal recovering from fever or starvation
requires fuel food and protein in excess.

CoOMNSTITUENTS OF SoME Foobs.

To give here an extensive list of food-stuffs with their chemical content
would be impossible. To obtain such information special treatises on
the subject should be consulted. A few food-stuffs mayv however
be given as types; the values, which are expressed in percentages, to be
taken as approximate only.

It must be understood that a chemical analysis only gives the per-
rentage amounts of each constituent in a particular and and gives
little or no indication how much of each can he actually absorbed by
the animal. This is particularly the case with proteins and fibrous residue
a fraction of the latter being digested and a fraction of the former
remaining undigested. The absorption of fat and digestible carbohydrate
is on the contrary fairly good. It is however always NECessary for each
food material, not only to bhe chemicallv and L"ﬂnnmetrlmlh analvsed,
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CHAPTER X

Digestion and Absorption.

The alimentary canal can be regarded simply as a tube which passes
through the animal from mouth to anus. As the length of this tube is
always greater than the length of the animal, 1t follows that the tube

Fig. 42. Diagram of Human Alimentary Canal (After Ellenberger, 3. Tongue
4. Pharynx. 7. (Esophagus. 8 Termination of esophagus. 9 Funduos 10, Pylorns,
11. Duodenuam 12 to 13. Small intestine 4. Corenm. 15. Vermiform Appendix.

16, 17, 18 19. Colon 20, Rectom.
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in some part of its course is coiled. The length, relative and absolute
of the alimentary canal varies with each species of ammal. We find
tor instance that the ratwo

Sheeps
Cat. Dog. Horse. Pig Ox, an
Goat
length of alimentary canal 1 1 i I 1 1
o equals approximately — - - = Sl =
lengil of animal 4 & 12 16 2o zh

GENERAL ANATOMY.—In the course of the alimentarv tube we
hnd some dilatations and constrictions, which mark it off into special
parts and to which distinctive names have been given. At the beginning
of the canal we find the mours; this opens into a short and muscular
part common to the digestive and respiratory systems, called the PHARYNX ;
then comes a straight narrow portion called the gullet or ®soPHAGUS.
The lower part of the cesophagus is in some animals dilated forming
an organ which is termed the crop or rrovenTrRICULU'S  This opens into
the true sTomacn which consists of two parts, the Funpus and the
PYLORUS.

At this point the alimentary canal becomes a thin and very convoluted
tube called the sMaLL INTESTINE : the first part of the small intestine which
always forms a very distinct loop is called the pvopeEsum. The small
intestine opens into a dilated pouch called the caEcum which in some
animals takes the form of a long blind tube. The next part of the
a!lnwn!:u_'.' canal nsm|:u|*ru_'i1],§_br at the cecum i the LARGE INTESTINF Or
CoLON ; this merges into the RecTusm which ends in the anvs.

Fig. 43. Diagram of BSection of .l'l._iil'l'lti:!'ll'-l-'l'}' Tube.—L, 1"11_""51}' o gut; gim.,
.._:|_m.|[< af mucous membrane; ep., u-]r1t|:|.'|.||.|11'|: :.:|---. ;:_l-’ll'll:i:'r in sub-mucous coat :
mir., muscularis mucosx; sm., submucous coat; rm., circular muscular coat Im.,
longitudinal muscular coat; s, serous or peritoneal coat; ss., mesentery; pmy. and
gsm., nerve panglia.  (After Sobotta.)

GENERAL HISTOLOGY.— The wall of the alimentary tube consiits
of several lavers.  Most central is the lining mucous membrane which
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extends trom lips to anus. The character of this mucons membrane
varies in different parts. In the mouth, pharvrx, cesophagus and crop
it is of the character known as stratified epithelium and functions as a
protective membrane only ; in the true stomach, cecum, colon and rectum
the epithelium is columnar and is depressed into simple tubular glands
(Fig. 45); in the small intestine there are not only these small depressions
but between them are elevations or viLLl which markedly increase the
surface. Immediately external to the epithelium is a delicate band of
smooth muscle called the MuscurAris mMucosa which by its contraction
can pucker the epithelial layer. External to this is a laver of loose
connective tissue called the susmucous coat which allows the epithelial
layer some freedom in altering its shape and which generally contains
a few mucous glands. The latter secrete a glairy tenacious fuid,
MUCHS, q:un:a.i:-‘.tiug chiefly of water, mucin and salts, which is poured on
the surface of the epithelium and which acts as a lubricant as well as
a protection to the exposed cells. The next laver is a strong band of
smooth muscle disposed circularly, whilst external to this is another strong
band of smooth muscle disposed longitudinally.  In those parts of the
tube that lie in the abdominal cavity (crop to beginning of rectum) we
have another coat external to this longitudinal muscle called the serous
or PERITONEAL COAT which is really a sheet of fibrous tissue thrown round
the .ube but not completely enclosing it, and continuous with the same
sheet liming the inner wall of the abdominal cavity. Thus the tube is slung
in the abdominal cavity by a double layer of fibrous tissue, called the
MESENTERY, in which run the vessels and nerves supplving the wvarious
coats of the tube. The peritoneal or serous coat on its exposed surface
15 very smooth and is constantlv moist, so that the various organs can
move about without Ffriction.

Fig. 44. Diagram to show arrangement of mesentery. AW., abdominal wall;
P., peritoneal coat lining abdeminal wall and reflected over gut; M., mesentery.

The structure of the villi deserves some special mention. These
prr;:-]ef'huns. which give a velvety appearance to the mucous membrane of
the small intestine, are lined, as has been stated, with columnar epithelium ;
within this is found a Lner of blood vessels; within this a thin band of
smooth muscle ; whilst most centrally is phr:f:d a small vessel ending in
a knob which vessel belongs to the lvmphatic svstem (to be discussed
later) and is called a LaCTEAL.

THE GLANDS OF THE ALIMENTARY CANAL.—The mucous
membrane of the mouth, pharynx, cesophagus and crop is kept lubricated
by small mucous ghnds in the sub-mucous laver. 1In the mouth however
are found the openings of the ducts of special masses of glandular tissue
called the sarrvary cranps.  The secretion of these glands is ecalled
saliva or spittle.  In the stomach the tubular glands, described above,
secrete gastric juice. In the intestines the secretion of the tubular glands
is called swceus entericus. The tubular glands of the colon secrete a
large amount of mucus as well as succus En!ericus,

Opening into the duodenum. or first part of the small intestine, are
the ducts of the two largest glands of the bodv, the river and the
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pANCREAS. The duct of the liver has, in most animals (not in the solipeds
however), a pear-shaped dilatation called the caLL BLADDER. The secretion
of the liver is called Bile. The pancreas or sweetbread is, in part,
firmly attached to the duodenum ; its secretion is called pancreatic juice.

Fig. 45.—Section of mucous membrane
of stomach showing simple glands. (After
schiifer.)

ADENQID TISSUE OF THE ALIMENTARY CANAL.—We have
seen in a former chapter that adenoid tissue is composed of densely packed
cells supported on a connective tissue frame-work. The alimentary canal is
fairly rich in this tissue. At the junction of the mouth and pharynx
are found two masses of adenoid tissue, one on either side, called the
TonsiLs. In the mucous membrane of the pharvnx many adenoid nodules
are found. In the cesophagus, crop and stomach adenocid tissue is present
in but small amounts. But in the small intestine we find large nodules
of it interrupting the mucous membrane and called PEVER'S PATCHES.
The caecum is also rich in this tissue which in some animals forms a definite
outgrowth called the vErMIForM apPExDIX. Close to the stomach but
independent of the alimentary tube, is an organ composed wholly of
adenoid tissue and well supplied with blood vessels, called the sPLEEN.
Of the functions of these adenoid organs we know nothing.

MOVEMENTS OF THE ALIMENTARY CANAL.—Only in the
motth and pharynx, and in the cesophagus in varving degrees in different
animals, and around the anus do we find striped muscle which is under the
control of the will. In all other regions of the canal the muscle is smooth
and involuntary. The typical movement which the alimentary wall can
carry out is a worm-like motion by which the contents of the canal are
urged in the direction of the anus. The circular coat of muscle contracts
immediately headward of the food mass. and the constriction thus formed
is capable of passing like a wave for a short distance down the tube.
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At the same time the longitudinal coat helps by contracting, so that the

cut wall 15 pulled over the food-mass. This worm-like action is called
peristalsis. Peristalsis is rapid in the wesophagus but slow in other

regions of the canal. In the cesophagus and in the first part of the colon
of most mammals peristalsis can also take place in the reverse direction,
namely, towards the mouth.

Another movement that is found in many parts of the canal is a
peristalsis of a very weak character, the constriction of the tube being
never complete.  This movement does not urge the entire food mass
onwards ; it seems rather to drive forward the most outward layer of
the food and to bring a fresh surface in contact with the mucous membrane.

Villi Initestinnl @ linds

Submucosa Muscularis Adencicd nodules Circular L ongitudinal-

GOSN layer. layer.
T ——

Muscularis.
Fig. 46. Transverse section of a patch of Pever of the small intestine of a cat.
The crestza of four nodules were not within the plane of the section. (After
Stihr. )

Dilated parts of the eanal like the crop, cmcum, colon and fundus
of stomach do not show a true peristalsis. On their walls faint waves
of muscular contraction may be seen which produce surface currents in
the food-mass or rotate the whole. These organs are also capable of
strong contraction involving the whole wall so that the contents can Le
squeezed out,

When a thin part of the canal opens into or out of a dilated part
we generally find a strong ring of circularly disposed smooth muscle,
really an enlargement of the ordinary circular layer, which maintains
a continued contraction and keeps the entrance or exit of the dilated part
closed. This muscular ring only relaxes when it is necessary for a
food-mass to be driven through and when this is over the ring closes up
tightly again. Such rings of muscle are called sramwcrers.  The
external sphincter of the anus is remarkable in that its muscle is striped
or voluntary,
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The acts of prehension and mastication (chewing) of food are under
the wnl, and are carried out by slightly different methods in different
species, The act of swallowing is uvsually divided into three stages.
In the first, which is voluntary, the food, after mastication, 15 passed
to the back of the monwth and into the pharynx. Ones the food is in
the pharvnx the second stage takes place reflexly and independent of
the will. A strong peristalsis of the pharynx occurs and the root of the
tongue is jerked against the retreating bolus of food. At the same time
the hinder openings of the nostrils are closed by the soft palate, and
the entrance to the wind-pipe is closed by this being drawn forward under
the tongue. By the vigorous muscular action of the pharvnx and of
the tongue the food is shot into the cesophagus where the third stage
takes place. In this the food is carried towards the stomach or crop by
a quick and inveluntary peristalsis and as the food arrives at the termination
ot the gullet the sphincter guarding the entrance to the stomach or crop
relaxes, lets the food pass, and then closes again.  The muscular character
of peristalsis explains why most animals are able to eat and drink with
their heads lower than their stomachs.

Vomiting can take place readily in carnivores and omnivores but in
solipeds it 1s of very rare occurrence and is almost unknown in ruminants.
When a man vomits a deep breath of air is taken and the escape of the
awr prevented by closure of the glottis.  Then the abdominal and thoracic
muscles contract vigorouslv—an action which, if the glottis were not
closed, would onlv drive air out of the lung, but owing to the closure
of the glottis the pressure is borne by the abdominal organs. The
muscles of the stomach contract too and the sphincter between the
esophagus and the stomach is relaxed. The pressure on the stomach
contents forces them along the esophagus and so into the mouth (nostril
of the horse). Vomiting is a reflex generally started by the presence of
irritating matter in the stomach, though it mav alse be due to nervous
diseases and disturbances.

Defecation is the act of extrusion of fmeces through the anus. When
the fmeal mass accumulates in the lower colon it excites reflexly a strong
peristalsis by wkich it is carcied through the rectum. The anal sphincter
then relaxes amd a strong contraction of the rectum drives the fecal
mass outwards. This action is generally helped by the abdominal
muscles contracting and exercising a pressure as in vomiting. Rumination
will be discussed under digestion in the stomach.

BLOOD SUPPLY OF THE ALIMENTARY CANAL.—-All parts
of the alimentary tube are richly supglied with blood vessels that bring
red, arterial blood from the aorta. A remarkable peculiarity is present
in the parts of the tube that lie in the abdominal region. The blood
which has traversed these portions, together with that from the pancreas
and spleen, instead of passing into veins that flow direct to the heart,
is collected by a svstem of veins which join into one great vein called
the porTarL vein. This portal vein runs towards the liver and breaks
up into myriads of branches in that organ so that the blood is brought
into the sphere of action of the liver cells. Then from the liver it passes
by the ordinary route of the veins to the heart. Thus all the blood
drained from the abdominal digestive organs and from the spleen must
pass through the liver before it can reach the general circulation. The
great importance of this we shall see later.

The lvmphatic vessels or lacteals placed centrally in the villi com-
municate with a smaller number of larger lvmphatic vessels and these
pour their contents into the largest Ivmphatic vessel of the baody, the
tHoracic pUCT, which passes up close to the spine and empties into a
vein near the heart.
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There are therefore two paths by which a substance, absorbed from
the gut, may get into the general circulation ; namely by the blood vessels
of the gut, in which case it must run the gauntlet of the "ver; or by
the lymphatics, in which case the absorbed substance can enter the general
circulation without passing through the liver, but its progress is much
siower owing to the sluggish stream in the |vmphatics.

NERVES OF THE ALIMENTARY CANAL.—In the intestines,
and to a lesser degree in the crop and stomach, we find a local nervous
system which reminds one of that present in the lowest invertebrate
animals, It consists of a plexus or nerve-network with ganglia, in
between the muscle layers and in the submucous coat. This system can
work independently of the central nervous system and can carry out
the peristaltic and rippling movements of the walls of the canal. Under
normal conditions, however, it does not work independently, but is under
the direct subordination of the central nervous system through autonomic
nerves. In the first place the thoracic autonomic or sympathetic system
sends nerves to the canal from cesophagus to rectum which can exert two
functions, they can tighten up or constrict the small arteries in this
region, and secondly, can slow down or stop the various movements of
the canal muscles. On the other hand we have the cranial autonomic
system, throngh the vagus nerve, innervating the pharynx, csophagus
and all the abdeminal portions except the lower colon and rectum. Impulses
passing down the vagus increase the muscular movements of the canal
and can bring about forceful contraction of the entire musculature of the
stomach ; they can also start and increase secretion in the glands of the
stomach. In the lower colon and rectum the vagus is replaced by sacral
autpnomics  passing out of the spinal cord by the second and third sacral
nerves.

The alimentary canal is also supplied with afferent or sensory nerves,
giving in the mouth sensations of touch, taste, heat and cold and pain,
but, in the main portion of the canal, pain is the only sensation obtainable
except the special sensation of thirst and prolably of hunger.

The salivary glands in the mouth region have each a double nerve
supply, sympathetic and cranial autonomic ; the former have fibres which
constrict the blood vessels thus lowering the blood flow whilst the latter
have fibres which dilate the blood vessels thus increasing the blood flow.
Each has fibres acting on the gland cells but their distribution has not
been worked out with sufficient clearness. Tt is known however that
certain nerve impulses can influence the composition of the saliva fitting
it for the particular substance in the mouth which has reflexly excited
its flow. '

The nerve centres which regulate the movements of the alimentarv
canal are all in the medulla oblongata, with the exception of that regulating
aefecation which is in the lower part of the spinal cord. Thev are
excitable Ly appropriate afferent impulses due generally to the food
itself ; thus food in the mouth starts afferent impulses which excite the
centres for the salivary glands and for the secretion of gastric juice ;
food in the pharynx excites the centre for swallowing ; feces in the
rectum excites the centre for defmcation. But the centres are excitable
by other afferent nerves and by impulses coming down from the brain.
Thus, increased intestinal peristalsis mayv be caused by fright, and vomiting
in the human being mav be due to many factors other than those connected
with digestion,

. THE FUNCTIONS OF THE ALIMENTARY CANAL.—The first
Important function of the alimentary canal is the digestion of certain
ingredients of the food by rendering them soluble. and soluble in such

F
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a form that they can pass into the columnar epithelium of the mucous
membrane and so be absorbed. The second important function is the
absorption of the digested food. These are the fundamental functions
but they do not exhaust the list. Thus the lower part of the alimentary
canal in all animals has excretory powers, i.¢., it gets rid, to some extent,
of waste matter or foreign materials from the blood. Further, in many
animals, we find some part of the canal functioning as a reservoir of water
which can tide the animal over long marches between one drinking place
and another,

DIGESTION IN THE MOUTH.—The shape and arrangement of
the teeth vary in different animals according to the food they are fitted
to eat and their manner of eating. In all mammals the tongue is a mus-
cular organ covered with a rough and thick layer of stratified epithelium ;
it is richly supplied with end-organs for touch, and at its back has special
end-organs for taste.

The saliva is the mixed secretion of a number (generally three pairs)
of salivary glands. Its composition varies according to the composition
of the substance in the mouth which has excited the flow. Thus sand or
an irritating chemical in the mouth excites a flow of very watery saliva
suitable for washing the substance away : water excites the flow of a very
thick saliva rich in mucin, whereby the water is rendered semi-gelatinous—
generally speaking the saliva excited is the best for that particular sub
stance which enters the mouth. Saliva keeps the mouth moist, and by
wetting the food can help the teeth and tongue to grind or roll the food
into a mass fit for swallowing. 1In the saliva of omnivores and herbivores,
especially when these are eating foods containing starch, the saliva contains
an enzvme diastase or piyalin which can convert the starch into the sugar
maltose. The main ingredients of saliva are water, over gg per cent.,
mucin to make the saliva adhesive and viscid, salts, and particularly lime
salts, so that the saliva shall not absorb awav the lime of the teeth (in
fact lime salts are often deposited on the teeth as tartar) and diastase as
mentioned. In saliva are also found some round white cells or salivary
corpuscles, the function of which is not known. The functions of the
mouth as regards digestion are therefore the prehension of food; the
mastication of food, by which the surface of the food is increased and the
food made into masses fit for swallowing ; the selection of food by taste;
and the mixing of the food with saliva. No absorption of food occurs
in the mouth. .

DIGESTION IN THE CROP AND STOMACH.—The food, when
swallowed, enters the crop or proventriculus, which, as we have seen, is a
dilated portion of the esophagus. In man and the carnivores this organ is
wanting, and the food therefore enters directly the fundus of the stomach.
In ruminants the crop is represented by the large rUMEN or paunch (first
stomach) with its attendant reTICULUM or honeyoomb ; in the horse and pig
the crop is joined to the fundus without anv narrowed portion or neck
between. In the crop the food gets warmed up to the temperature of
the body, and gets thoroughly macerated with the saliva. Moreover, the
diastase of the saliva continues its action on anv starch which mav be
present. A very important action is the digestion of the food bv the
ferments which it alreadv contains. This autolvsis is also aided bv harm-
less bacteria, and in consequence of this combined action. the food mass,
which is constantly being rotated and stirred bv the movements of the
muscular wall, is subjected to a partial digestion which affects most of
the food ingredients.  Starch is partiallv transformed into sugar, proteirs
into proteoses, whilst oils and fats are acted upon onlv slightlv. But the
most important action is a semi-digestion of cellulose and woody fibre.
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by which the vegetable mass is softened, and the contents of the vegetable
cells made more accessible.  The carbohydrates in the food produce con-
siderable quantities of acids, like lactic acid and butyric acid ; and gases,

Fig. 47. Diagram of stomach of horse, pig, and dog.
ventriculus ; ¥., fundus; Py., pylorus; D., duodenum.

like hydrogen and carbon dioxide, are also liberated, so that the whole
mass in the crop may have a spongy look and feel. Sometimes, as with
voung wet clover, the gases produced by fermentation are excessive, and
a dangerous distension of the crop (hoven) may be produced.

In the horse and pig, the contents of the crop pass readily into the
fundus, the two being practically confluent. But in the ruminants, the
passage into the fundus is roundabout, and involves a return to the mouth.
In the process of rumination (chewing the cud) the contents of the rumen

Fig. 48. Proventriculus and Stomach of Sheep. 1, 13, and th, Fumen; 2z, Re-
ticulum ; 3, Omasum; 4, Abomasum or true stomach consisting of a fundus tapering
into a pylorus; s, I!cginning of duodennm. (After Hagémann.)

are forced in small portions at a time into the cesophagus, and by a reverse
peristalsis into the mouth. The mass is then subjected to a thorough
grinding by the teeth, and is once more swallowed. This time, however,
the food mass is not delivered into the rumen by the eesophagus, but by
means of a double fold on the roof of the rumen which, closing over,
becomes a tube, it passes into the oMasuM or manvplies. The character-
istic feature of this organ is the presence of strong muscular leaves lined
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with coarse stratified epithelium which, by their movements, rasp the fool.
and if they do not actually break up some of the fibres, at least roll the

and work them so that the food mass is fit to enter the remaining portions
of the canal. The omasum contains a few glands, but they are of little
importance.  The reticulum or honeyeomb acts as a reservoir of fluid,
moistening the food mass which is to be ruminated or passed into the
omasum. [ts exact significance, however, has not been fully worked
out. There is no true digestive secretion, nor is there any absorption from
the proventriculus,

In the fundus of the true stomach (abomasum of ruminants) we find
that the lining membrane is secretorv and capable of pouring out a diges-
tive fluid called gastric juice. Gastric juice consists chiefly of water, but
it has also some very important ingredients, namelv, hvdrochloric acid,
pepsin and traces of other ferments. The amount of hvdrochloric acid
varies with different animals, and even in the same animal with different
diets ; generally speaking as much acid is secreted as the protein present
can absorb, and frequently a little more, making the free acid present
equal to 0.2 to 0.4 per cent. The uses of hvdrochloric acid are :—

1. To combine with the proteins and so alter them that thev can
be attacked by pepsin ;

2. To act in the duodenum as an exciter of the pancreas, liver and
duodenal glands ;

3. To act as a bacteria-trap killing many, but by no means all,
bacteria.

Pepsin is an enzvme which can transform proteins into proteoses
(albumoses and peptones) which latter are much simpler bodies and
tetter able to be absorbed. Pepsin however can only act if the protein
be altered by treatment with acid and hence the significance of the hydro-
chloric acid. Traces of lipase or fat-splitting enzyme are also found
in the gastric juice but the activity of this ferment is very small. Another
enzyme frequently described as occurring in the stomach is rennin which
clots milk, changing the caseinogen into casein; but it is very probable
that this action is produced bv the pepsin, in fact it seems to be a property
of everv enzyme acting on protein. In herbivores and omnivores one
always gets lactic acid in the stomach, but this most probably is derived
from the carbohvdrate of the food by fermentative change. Salts are
also present, the same as are found in the blood, namely chlorides and
phosphates of soda, potash, lime and magnesia.

In animals that possess no proventriculus, namely in man and carni-
vores, the masticated food enters the fundus directlv. If the amount of
food be great the gastric juice mav not penetrate through the mass for some
time and so the saliva may continue to act on the starch. When however
the food mass is saturated with the acid juice the action of the saliva
on the starch is stopped. Tn such animals autolvsis of the food practically
does not occur,

Fats in the stomach are acted upon onlv verv feebly; but as the
envelopes of the fat-cells are digested, when the fat is of animal origin,
a liberation of the fat oceurs so that it is prepared for subsequent digestion.
Carbohydrates are unchanged in the stomach with the exception of that
due to the saliva before it is acidulated. Summarising the digestive
processes so far we may state that in mammals food is ground and its
surface multiplied by the action of the teeth. Tn animals with a proven-
triculus all food constituents are slightly digested bty autolvsis and
bacterial action, but the main action is a loosening and softening of the



THE ELEMENTS OF ANIMAL PHYSIOLOGY. 85

fibres and cellulose cell-walls. Complex carbohydrates (polysaccharides
and notably starch) are partially broken down into sugars by the action
of saliva and by autolvsis in the crop. In the fundus of the stomach
proteins are saturated with acid and subjected to pepsin; by this means
all solid protein that is not retained within the woody envelopes is dissolved
or pulped, being broken down into the simpier proteoses.

In addition to these functions we may describe some others. The
proventriculus or the stomach itself acts as a reservoir of food so that while
the latter may be eaten intermittently (this is especially the case with
carnivores) the intestines receive a continuous supply. In most animals
the stomach never becomes actually empty and, by this reservoir action,
can tide the animal over short periods of starvation. Another important
action is the dilution of strong solutions down to a fixed concentration,
or conversely, of strengthening weak solutions up to the same standard.
Thus a syrup of sugar or a draught of Epsom salts is diluted, but pure
water has salts added to it. This is an important action for the delicate
lining membrane of the intestine is readily disturbed by concentrations
above or below the standard.

It is verv doubtful if anv absorption occurs before the small intestine is
reached except as regards highlv diffusible bodies such as alcohol, &e.

The glands of the stomach are stimulated into action in a twofold
manner. In the first place, they are responsive to nerve impulses passing
down the vagus nerve from the brain. Whenever an animal is hungry and
sees food, or sees preparations being made for a meal, a secretion of gastric
juice occurs reflexly.  Just as the human mouth will proverbially water at
the bare mention of anvthing appetising, so the gastric glands will secrete
when anvthing even suggests food, provided the animal be hungry. The
more appetising the meal, and the more eagerly it is eaten, the greater
will be the secretion of gastric juice. If the pleasure of eating be inter-
fered with, as by fright, strange surroundings, pain, or unaccustomed in-
terruptions, the flow of gastric juice will be much less than the normal,
and may be practically absent. ‘The mere act of chewing food will, if
it be accompanied by ordinary pleasurable sensations, also provoke a flow
of gastric juice. Owing, then, to this nervous mechanism the food mass,
entering the stomach, finds this organ ready for digestion and is sub-
jected at once to the action of hydrochloric acid and pepsin.  This des-
cription of the nervous reflex 2ia the vagus has been proved experimentally
to be true for man and the carmivores, but it 15 doubtful how far it
applies to the herbivorous animals and particularly to the ruminants. The
act of grazing in the latter class is apparently unaccompanied by any
gastric secretion, but it seems to be universally admitted that the more
content a beast 1s, the better does it assimilate its fodder. Tt is probable
that the nervous reflex is present in ruminants during the act of chewing
the cud. The second method by which the stomach can be excited to
secretory activity is by the food itself. The protein of the food, meeting
the juice already secreted through the nervous (psychic) reflex, is partially
digested and the products of digestion have the power of further stimu-
lating the gastric glands, most probably by producing a hormone in some
portion of the stomach wall. It seems probable, however, that certain
constituents of some foods can excite the gastric glands without undergoing
peptic digestion. The flesh (meat) of the ox, sheep, and pig, contain
some such stimulating substance. White flesh, such as that of the rabbit,
contains very little. Dextrin formed from starch by the action of the
saliva also has some excitant action, but whether directly, or by hormone
formation, has not been definitely ascertained. :

The pylorus of the stomach is characterised by strong peristaltic waves
that drive the stomach contents, when these hecome sufficiently pulped or
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digested, through the Py loric sphincter into the duodenum. The glam::ls
with which the pylorus is supplied act chiefly by adding some more pepsin
to the food; they do not add acids as the proteins have already been
saturated with hydrochloric acid in the fundus.

DIGESTION IN THE SMALL INTESTINES.—In the duodenum
the food mass or ¢liyme as it is called, encounters the pancreatic juice and
the bile, concerning the secretion of which a few words may be now said.
In the wall of the duodenum is a substance called prosecretin which is held
fast by the epithelial cells. When, however, this substance comes into con-
tact with an acid it is changed into another body called secretin which is
liberated by the cell, is caught up by the blood stream and so reaches
gventually all parts of the body. Now secretin is a true hormone or
chemical messenger, for it acts on the pancreas causing this to secrete
pancreatic juice ; it also acts on the liver causing this to secrete bile ; and
it probably acts on the duodenal tubular glands causing these to secrete
succus entericus.  T'he mechanism is therefore simple. The stomach content
or chyme is acid ; it liberates therefore secretin ; the pancreas and liver are
stimulated therefore to secrete and, as their secretions are alkaline, it
follows that they will continue to be stimulated until the acid of the
chvme is neutralized ; when this happens no more secretin will be formed
and the activity of the pancreas and the liver will come to a halt. But
when a fresh squirt of chyvme is sent into the duodenum the same evcle
will start over again.

The panumm juice is in many respects the most important digestive
secretion in the body. It contains the following ingredients besides
water and a little protein:—

1. sodium carbonate, about 0.6 per cent., which neutralises the acid
ot the chyme, emulsifies the fats and oils and to which the
alkalinity of the juice is due,

2. lipase, called also steapsin which splits fats into fatty acids and
glycerine,

3. diastase called also amylepsin which transforms starch and dextrins
into the sugar maltose,

4. erepsin which transforms p ﬂ]rntmses into amino-acids,

5. profrypsin a proferment which has in itself no action, but which,
by coming into contact with a constituent of the succus entericus
called enterokinase, is transformed into trypsin a remarkably
powerful ferment, which changes proteins into amino-acids.

The bile is a fluid of a vellow or greenish tint and with a characteristic
taste. It contains, besides some g2 per cent. of water and in most cases
a little protein, the following bodies :—

t. bile salts, which are compounds of sodium and potassium with
r:ﬂmplf‘x organic acids (glycocholic and taurocholic acids). The
importance of these salts is to be found in their power of dis-
solving fattv acids which would otherwise be insoluble. These
salts being alkaline also help in neutralising the chyme.

2. pigments—to be looked on as excreta and probably due to the
broken-down red colouring-matter of the blood.

3 lipoid—probably from the corpuscles of the blood and to be looked
on as waste matter.

The succus entericus of the duodenum and small intestines is a more
dilute fluid containing besides mucin :—

1. enterokinase, which transforms protrypsin into trypsin,
2. erepsin, which transforms protecses into amino-acids,
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3. maltase, which transforms maltose into glucose,
4. lactase, which transforms lactose into glucose and galactose,
5. invertase, which transforms cane sugar into glucose and levulose.™

The chyme, neutralised and mixed with bile and pancreatic juice, 1s
urged along the small intestine by peristalis, receiving succus entericus on
its way and having a certain amount of digested material absorbed from it.
The course of digestion here may be summarized as follows:—The un-
digested and semi-digested proteins of the chyme are attacked by trypsin
and disintegration into amno-acids commences. The proteoses present
undergo the same change through the presence of erepsin.  Fat is split
by the lipase into glycerine and fatty acids which latter are dissolved by
the bile. Starch and dextrins are broken down into sugar by the diastase
and compound sugars are split into simple sugars by the ferments of the
succus entericus. The sojourn of the chyme in the small intestine is not
nearly long enough for these changes to be completed ; the ferments are
added and the action begun but the completion of the process takes place
in the lower tracts of the bowel.

Absorption in the small intestine can be shown to be undoubtedly
present and affecting all classes of food but Especiall{ the fats and sugars.
The fatty acids dissolved in bile, together with the glycerine, are absorbed
by the lining cells and recombined into fat. The fat in the form of small
globules is carried by white cells capable of movement into the central
lacteals of the villi and thus sent into the circulation by the lymphatic
system. A small portion does not do so, however, being either absorbed
directly in the blood stream and sent on to the liver, or retained as fat
in the gut wall. The simple sugars, dextrose, levulose and galactose, and
the products of protein digestion are absorbed as soon as they are
formed and come in contact with the villi of the mucous membrane. The
path of their absorption is undoubtedly through the blood wvessels passing
thence to the portal vein and liver, but the fate of these digested products
is rather shrouded in mystery. The little that is known may be briefly
epitomised as follows. There undoubtedly occurs in the liver a break-up
of part of the amino-acids into urea and carbon compounds, the former
being excreted by the kidney, the latter being used as fuel-food or stored
as such. In the liver also a polysaccharide called glvcogen can always be
found. This glycogen increases in amount after the administration of
a food rich in carbohydrate and diminishes when the animal is actively
exercised. Now glveogen is readily transformed into glucose and glucose
is found in the blood, but never abtove a certain small percentage. and
it has therefore been suggested that the liver, by means of its glycogen
store, keeps the sugar content of the blood up to its normal figure. Part
of the digested protein is reformed into true protein taking its place as
such in the blood but where this occurs whether in the bowel wall, in the
Llood, or in the liver, is difficult to say. Sugars can be changed, as
above stated, into glveogen but this change accounts only for a fraction
of the total amount absorbed, the rest may probably be altered into fat
but in what organ we do not know.  An extraordinary fact bearing on
this problem of absorption is that, when the pancreas is removed from an
animal, or if it undergo degeneration as a result of any diseased condition,
sugar appears in quantitv in the urine, the animal becomes emaciated
and finally dies. This condition is known pathologically as diabetes but
of its origin and significance we know nothing.  Water is absorbed to a

* Recent research has shown that lipase and diastase are present in small amounts
in the succus entericus.
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slight extent in the small intestines making the contents less fluid than
the chyme. The bile salts are absorbed, returned to the liver, and neutralised
by that organ.  The cholesterin apparently escapes absorption.

The activity of the small intestine is governed largely by the food.
Each compound sugar for instance, can excite the secretion of the appro-
priate ferment ; and the texture of the food can influence the rate and
intensity of peristalsis. But the central nervous system has a considerable
control over the small intestine. Thus during active exercise, when a
large number of muscles are employed, the blood vessels of the intestine
constrict and digestion is checked ; moreover the emotional state of the
animal has, as is well known, considerable influence, whether favourable
or unfavourable on digestion.

DIGESTION IN THE CACUM.—The cecum is small in carnivores
and man, of moderate size in ruminants and the pig, and very large in the
horse. The entrance from the small intestine is controlled by a sphincter
called the ieocacal sphincter which in some animals is guarded by a valve-
like fold of mucous membrane. In carnivores and man the cecum functions
as part of the colon ; but in solipeds, ruminants and the pig, it is a digestive
organ of considerable moment. Perhaps the longest sojourn that the food
mass makes in its passage through the alimentary canal is made in the
ceecum of these animals. In the solipeds its huge size marks it out as
having special functions to perform ; in fact when we compare the process
of digestion in the horse with that in a ruminant we shall find that in
the former animal the proventriculus is comparatively small whilst in the
ceecum occurs most of the change which takes place in the rumen of the
ruminants, with this exception, that in the cscum autolvsis is not present
but is supplanted by the action of ferments brought with the food
from the small intestine or excreted by the emcal mucous membrane. Bae-
teria also flourish in the caca of all mammals and it is a matter of debate
whether their presence is not absolutely essential. Bacteria certainly help
in continuing the digestion of proteins, carbohvdrates and fats, but they
can also act in a manner not beneficial. Thus a part of the carbohvdrate
becomes changed into gases, hvdrogen, marsh gas, &c., and so loses its
nutritive properties ; and further, from the protemn of the food, evil-
smelling, poisonous products are formed which are absorbed by the blood
and carried to the liver where they are altered and their toxicity removed.
This safe-guarding action is one of the chief functions of the liver and
accounts for the verv rapid onset of death after loss of this organ,

If there be excess of protein in the food. or if its absorption be
delaved, then toxic bodies are produced in greater quantity than the liver
can destroy, and they therefore get into the circulation producing mus-
cular weakness, loss of fat, and general decline in health.

The cmcum secretes some ferments, and notably one that can digest
and dissolve cellulose and woody fibre. The importance of this ferment
does not lie so much in the cellulose becoming fuel-food as in the fact
that, in the food that reaches the cmcum, much protein, fat and earbo-
hydrate has remained unaltered through being enclosed in cells or lying
between tough woody-fibres.  In the cecum these bodies are liberated,
and their digestion begun.  In the non-ruminating animals with small
ceca, digestion of cellulose, if it occurs at all, must do so to a very
limited extent. We may look on the cecum therefore as an organ for
continuing digestion. It probably has a little absorbing power. In
the horse it functions as a water reservoir, serving the same purpose as
the reticulum of the ruminant. When a horse drinks the water is said
to pass rapidly through the stomach system, and even through the small
intestine to be poured into the cmcal cistern.
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DIGESTION IN THE COLON.—The colon varies in a remarkable
manner in each species of animal, and little is known of the parts that are
analogous in one species as compared with any other. Certain points
as regards digestion in the colon may be given as definite—

1. Digestion continues and is terminated. It is doubtful if the
succus of the colon has high digestive properties; most of
the glands seem to turn out mucus which lubricates the
lining membrane.  Bacteria decrease in number in the
colon as the rectum is approached.

2. The colon is the main absorbing portion of the whole alimentary
tract.  This is especially true as regards water, the fluid
food-mass changing to semi-solid even solid faces. Pro-
teins are well absorbed, and to a lesser degree the carbo-
hydrates and fats.

3-The colon 1s an excretory organ. In starvation, or when th_e
lower part of the colon is disconnected from the rest, it
will be found that some fmces are passed.  Experiment

also shows that many substances, particularly metallic
salts, leave the body by this channel.

THE FACES.—In the lowest part of the colon the feces collect, and
are moulded into the form characteristic for the animal. When the
fecal mass has reached the rectum, the act of defecation is excited
reflexly. The faeces consist of the indigestible and partly-digested por-
tions of the food together with mucin and excretory products from the
colon wall, altered bile pigments, cholesterin, remains of bacteria, and
products formed by these.  The character of the fmces depends on the
species of the animal as well as the nature of the food, and the rate of
peristalsis and absorption.  The smell of feces 15 due to bacterial pro-
ducts chiefly, and is especially offensive when the food contains excess
of protein and too little ballast. The colour is partly due to altered
bile pigment, and, in the case of vegetable eaters, to the altered chloro-
phyll or green colouring-matter of plants.
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CHAPTER XI.

The Blood

The blood is a red opaque fluid which circulates through a system

cf tubes called blood vessels. Its functions :
To carry oxygen and nutriment to the tissues.
To carry carbon dioxide and waste products from the tissues,

3- To distribute heat, equalizing it through the inner organs and pre-

venting local or general rise of temperature.

4. To carry chemical messengers or hormones from organ to organ.

5. To resist the attacks of bacterial parasites and to neutralize their

poisons.

The blood consists primarily of a straw-coloured, transparent fluid
called prLasma in which are suspended structures called corpuscreEs. The
plasma occupies about two thirds of the volume of the blood and consists
chiefly of water namely about go per cent. Of the solids present proteins,
in the form of albumens and globulins make up about 8 per cent. Small

amounts of sugar and fat can also be detected and traces of waste matter
such as urea, uric acid, &c. The mineral ingredients, constituting about
0.9 per cent, are made up of chlorides, phosphates and bicarbonates of
soda, potash, lime and magnesia. The metals with which these acids are
combined are present in a constant proportion, nearly the same proportion
that exists in sea water, and their importance is considerable. An organ,

Fig. 49. Blood corpuscles, highly magnified; R., red; W., white.
(After Hagemann.)

suy the heart, loop of bowel, uterus, &c., cut out of a recently-killed
animal, can be kept alive and maintained in an active condition for many
hours if a solution of these salts, in the proper proportion, is ‘pumped
through its vessels. Water alone or any watery solutions containing other
than the correct concentration and proportion of these salts will speedily
cause the death of the organ.

The corpuscles are of two kinds red and white. The wep corpuscies
are tough, elastic discs of microscopic size. Viewed from one aspect they
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appear circular, but looked at end-on they are dumb-bell shaped. Mam-
1.alian corpuscles do not possess nuclei and cannot be regarded as living ;
in fact there is evidence to show that they are continually being broken
down and replaced by fresh ones in the marrow of certain bones. Their
size (diameter of the disc) varies slightly with different mammals and
probably also in the same species. The following table gives approximately
the diameter of a number of types:—

Man o wrgw incli
1:’1),‘_.:: bus ans s Saluﬁ, s
Fig and Ox ... B 11 ST
Horss wih TETe
Sheep B

The number of corpuscles present is usually stated in terms of the
number present in a cubic millimetre® of blood. Thus—

Horse, 6,300,000—38,000,000 red corpuscles per cubic millimetre.

Man, ox, pig and dog, about 5,000,000 red corpuscles per cubic millimetre.

Goat, 9,000,000—10,000,000 red corpuscles per cubic millimetre.
The red corpuscles are composed of an external envelope of lipoid within
which is a meshwork of protein holding in its spaces the red colouring
matter of the blood or Aa@moglobin which constitutes over 3o per cent. of
the weight of the corpuscle. Hamoglobin is a complex protein containing
iron, and seems to be present in the body for the sole purpose of
carrying the oxvgen and part of the carbon dioxide. The red corpuscle
may therefore be looked on as a boat for the transfer of the two blood
ases, and this property it possesses through its hamoglobin content.

hen hemoglobin is linked to oxygen, forming oxyhaemeglobin, its colour
is bright red; if uncombined with oxvgen (simple lemeoglobin) its colour
is bluish-purple. Hence the blood leaving the lung and that in the arteries
(arterial blood) is red, whilst that leaving the tissues (venous blood)
is bluish-purple. When red corpuscles are placed in water or in a
zalt solution of less than the proper concentration, they swell up and
burst, liberating the hemoglobin into the fluid,  If placed in a salt
solution stronger than the blood they shrink and crinkle at the edges.
Anvthing which dissolves or breaks up lipoid (chloroform, ether, &c., and
certain toxic enzvmes) will destroy the integrity of the corpuscle and liberate
the hemoglobin; and it is important to note that hemoglobin, thus libe-
rated, acts as a foreign body, is incapable of carrving the gases properly,
and is promptly turned out of the blood by the kidney. The red cor-
puscles, as has been stated, are elastic.  They pass with ease through the
pores of fine filter-paper and can be forced through tubes or apertures of
smaller calibre than their diameters.

The wHITE corruscrLes, unlike the red, are nueleated living cells,
some of which move to and fro in the plasma and are capable of passing
through the walls of the smaller blood vessels. The number of white cells
is much less than that of the red; in man, for one white, 500 to 6oo
red can generally be found. There are several varieties of white corpuscles,
and it is probable that they may have different functions. The most
numerous sort are endowed with the power of attacking and digesting
bacteria just as an amceba can digest a particle of food. [If bacteria get
iodged in a tissue the white cells throng to the spot and a fight for life
or death ensues. What is known as pus or matter is most probably a col-
lection of white cells which have been exhausted if not killed in the
struggle,  This contest between the white cells and intruding bacteria is
probably in constant operation. Tt is only when bacteria get temporarily

* A cobie millimetre is approximately one-fiftieth of the volume of o drop of water.
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the upper hand that inflammation, with all its signs and symptoms, takes
place. These white cells can not only digest bacteria but they can also
eat away and remove small blood-clots and small portions of tissue that
have died through injury or stoppage of the circulation. White cells
undoubtedly play some part in digestion as their number is always increased
after a meal. That they can carry fat globules from the surface cells
of the villus into the central lacteal is undoubted ; probably they help
also in the absorption and rebuilding of proteins and carbohvdrates.

Both varieties of corpuscles are slightly denser than the plasma in
which they float. If blood be kept in a vessel and prevented from
clotting the corpuscles will sink by gravity ; this action can be hastened
by the centrifuge, an instrument on the same principle as the cream
separator, only that in this instance the corpuscles, unlike the cream, are
slung outwards.

THE CLOTTING OF BLOOD. — The spontaneous coagulation or
clotting of blood serves as a natural means of arresting hmorrhage. Were
it not for this property, a small and unperceived cut would continue to bleed
until death resulted. The essential change in bloed clotting is a trans-
formation of a soluble globulin called fibrinogen, which exists in a small
amgunt in the plasma, into an insoluble, stringy substance, fibrin. When
blegd clots as a whele the fibrin meshwork entangles the corpuscles so that
the clot consists of fibrin and corpuscles together. Such a clot at first
extends over the whole mass of blood affected, but very soon a clear
fluid will be seen exuding from the clot; this fluid is seram and is
really plasma bereft of its fibrinogen. If, while blood is clotting, it is
stirred briskly with a bunch of feathers, the fibrin is collected into a mass
angd does not entangle the corpuscles. Such blood is called defibrinated
blgod and when it is centrifuged or allowed to settle it separates into
corpuscles and serwm. If blood be separated into plasma and corpuscles
before clotting has taken place, then the clot will form in the plasma
and of course will contain no corpuscles.

The change of fibrinogen into fibrin is conditional on the presence of an
enzvme called fidrin ferment. But this enzvme does not occur as such in
the blood. It is there in an inactive form called ¢lrombogen. Now before
thrombogen can change into fibrin ferment, two conditions must be fulfilled
—firstly there must be lime salis present and secondly there must be a
substance called Ainase which is produced whenever a tissue is torn.  The
interaction of these factors can be given in a simple diagram.

Kinase .

Thrombogen fibrin ferment

Lime salts - fibwin or clot
fibrinogen Terl

The coagulation of blood may be prevented or delaved by cold, which
depresses all chemical change ; and further by the removal of any of the
precursors of fibrin. A favourite method is to add to blood, as soon as
it is shed, some sodium oxalate or sodium citrate which removes the lime.
Such blood can be centrifuged and plasma obtained from it. On adding
to this blood, or its plasma, sufficient lime salts, e.g., calcium chloride,
a clot forms very quickly. Leeches prevent clotting around the point
of their puncture by destroying the thrombogen, some snake venoms prevent
clotting by destroving the kinase. If blood be received into a vessel
smeared with oil or paraffin, clotting is greatly delayved ; the reason for
this is not clearlv understood.

IMMUNITY.—Whenever a cell, a protein, or a ferment, foreign to
the bodv, enters the blood, it provokes the formation of a neutralizing or
antagonistic substance. The exact site of origin of these substances is
not fully understood, one school regarding the white cells as the sole
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source, another school asserting that the tissues affected by the foreign
substance supply the antibody. These antagonistic substances are of
various sorts and can be briefly enumerated as follows:—

. Foreign proteins excite the formation of precipiting, which when
mixed with the exciting protein produce precipitates. Thus
if white of egg is injected several times into a rabbit the blood
of this animal will contain a precipitin which can readily be
demonstrated by mixing egg white with the rabbit’s serum.
These precipitins like all the other antibodies are fairly spe-::iﬁ[:.
For instance the precipitin evoked by the albumen of a hen’s
egg will give a well defined precipitate with the white of a
hen's egg but none or hardh any with the white of a duck’s
egz. The proteins of man’s blood will excite in the same
way a precipitin which reacts best with a protein derived
from a man or anthropoid ape.

2. Enzymes excite the formation of antiensymes. Even the digestive
ferments in the alimentary canal of an animal provoke in
the same animal the formation of antitrvpsin, &c., which fact
partly explains why these digestive ferments act crnl\ on the
food and not on the lining walls of the gut.

3. The toxins which bacteria produce and which can gain admittance
to the general circulation, giving rise to various disturbances,
excite the formation of awmfitoxins which neutralise these
bacterial products.

4. Foreign cells, including bacteria and foreign blood corpuscles,
excite the formation of a number of antagonistic bodies—
(@) Agglutinins, which ecause the foreign cells to clump
together.
(&) Opsonins which so act upon bacteria, &c., that these
latter are readily devoured by white cells.

(¢) Cyiotoxins which break up the cell-wall and cause dis-
integration of the cell. Thus the red copuscles of a
sheep, injected into a rabbit, will be followed by the
formation in the rabbit of a substance which destrovs
the envelope of the red corpuscles of the sheep and
acts only in a feeble manner on the red corpuscles of
other animals.

When an animal acquires a disease and, after its recovery, is no longer
liable to contract the same disease, as occurs, for instance, with typhoid
fever in man and distemper in dogs, the immunity acquired is explained
by assuming that these antibodies, formed during the disease, remain in
the circulation apd effectually prevent each new invasion from making any
headway. No substances qlmpler than the proteins or the enzvmes app&ar
capable of exciting the formation of antibodies ; thus ricin, the poisonous
protein of castor-oil seeds, causes the production of antiricin, but alkaloids
such as morphia or strychnine or other and simpler substances cannot act
in this way.

The total amount of blood in the body is about one-fifteenth to
cne-twentieth of the total weight of the animal.

The specific gravity of the blood is about 1036, that i= to say 1056
volumes of pure water would weigh the same as 1ooo volumes of blood.

The reaction of the blood is that of pure water, namely, neutral.

The freezing point of blood also remains wnnderfu!lv constant, namely
o.56 C. below that of water for mammalian blood.



a4 THE ELEMENTS OF ANIMAL PHYSIOLOGY.

CHAPTER XII.

The Circulation

The heart is in reality a double pump, the right and left portions
having no direct communication with one another. In each half there is the
thin-walled AURICLE, into which the blood is poured from the veins.
The auricle in each case communicates with a chamber with more muscular
walls called the VENTRICLE; the opening between the two being guarded
by a valve so that the blood can pass from auricle to ventricle, but not
in a reverse direction. This valve is formed by two flaps in the left
half, and is called theretore the BiCUSPID VALVE, or, from a fam:iqd
resemblance to a bishop's mitre, the MITRAL VALVE ; but by three flaps in
the right half, and called in consequence the TrRicuspip vaLve. Each
valve flap is firmly attached at its base to the junction of auricle and
ventricle and has the free end pointing towards the ventricle. These
valve flaps are staved with tendinous cords—cHORDE TENDINEZ—which
are fastened at one end to the edges of the flaps and at the other end
to muscular outgrowths from the inner walls ot the ventricle. Out of
each ventricle proceeds an artery with tough fibrous walls. This opening
is also guarded on each side by a valve, but the arrangement of the flaps
is different from that found in the mitral and tricuspid valves.  FEach
of these valves is formed Ly three pouches, the free edge of each pouch
pointing away from the ventricle. The shape of these pouches has given
the name SEMILUNAR to these valves.

The heart, as every one knows, beats rhythmically, that is, there is
a period of muscular activity called sysiele followed by an interval of
rest called diastole. The movements that take place in systole in a
mammal are too quick for the eve to follow ; but mechanical records of
these changes, as well as comparison with the slower beating hearts of
lower animals, allow us to give the following description:—Svstole
commences in the great veins, close to their junction with the auricle,
and takes the form of a wave of muscular contraction rather suggesting
a quick but imperfect peristalsis. When the wave reaches the auricle
the thin walls of this chamber contract in a short quick ** snap.” Then
the muscular wave passes through the connecting substance between auricle
and ventricle and reaches the ventricle, which at once goes into powerful
contraction. This sequence occurs on each side in the same manner and

at the very same time. When the contraction of the ventricle is over
the heart passes into diastole.

It is still a matter of debate whether this muscular rhythm is produced
by a local nervous system residing in the heart, or is to be looked on
as a property of the muscular substance itself. The nerves passing to
the heart from the central nervous system mav be severed without stoppage
of the heart; the heart may even be cut out of the body, vet so long as
its vessels are supplied with Llood or a saline solution of the proper
concentration, it will beat for many hours. Even certain portions of
the heart, if isolated, will exhibit the same propertv. But the central
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nervous system, though it is not the cause of the beat, can certainly exercise
some control over it. Two sets of nerve fibres pass into the heart. In
the vagus nerve there are cranial autonomic fibres which can slow down
the rate of the beat and also diminish the force of the ventricular
contraction.  The heart is normally under some vagus control, for if
these nerves be cut the beat at once increases in strength and rate.
Impulses can also pass down the vagus due to reflex action. Thus a
blow on the .stomach or wind-pipe, or an irritating gas getting into the
upper air passages, will cause stimuli to be sent down to the heart slowing
and weakening it. The other set of nerves is a supply of fibres from
the thoracic autonomic or svmpathetic svstem which has just the opposite
action on the heart, namelv, quickening the beat and strengthening the
torce. The increase in rate and strength of the heart beat during exertion,

Fig. 0. The heart with the right auricle and right veniricle opened by dissection.
1, 2, vene cave entering left auricle; 3, right auricle ; 41, muscular pillar attached to
chorde tendinea; 5, flaps of tricuspid valve; 4, semilunar valve guarding entrance
to; 6, the pulmonary artery; &, aorta; 1o, portion of left auricle. (After
Halliburton.)

or accompanying fear, is due to sympathetic impulses as well as weakening
ot vagus control. llu-: significance of the supply from the central nervous
svstem is that the heart- hmr_ may be altered to suit the requirements of
the body generally. In exertion more blood is wanted in the muscles :

in fear the heart automatically prepares for the muscular exertion of
fighting or running away.
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The rate of the heart beat varies in different animals, and in each animal

with the age, being quicker in the young than in the adult. As averages
for adult animals the following mav be given:—

Horse ... 30—40 per minute.
Cow ...  40—50 "
Sheep s i - io—%a 3
Man e 7o—80 .
Dog e O—I20 i

In a man or a sheep, with the rate of 75 per mniute, each beat will
take up 0.8 of a second, of which time o.4 is occupied with the systole
and the remaining half with diastole,

At the height of systole the ventricle comes into contact with the chest
wall, giving rise to the so-called ArEx BeaT, which may often be
seen and can usually be felt at the proper region in each animal. If the
ear or a stethoscope be placed on the skin over the heart-region two
sounds can be distinctly heard, one during, and one shortly after systole.
The second sound is short and sharp, and is due to closure of the semilunar
valves ; the first sound is duller and more prolonged, and seems to be
made up of more than one factor ; but closure of the mitral and tricuspid
valves and the contraction of the muscle of the ventricle are probably the
chief causes.

We are now in a position to trace the circulation in detail, and we may
begin with the veins entering the left auricle, These PULMONARY VEINS

Fig. 51. Diagram to show action of heart valves. A, left auricle: V, lefr
ventricle ; Ao, aorta: P, muscular pillars attached to t, chorde tendinew; Z 1, flaps
of mitral valve. In the diagram to the left the heart is in diastole; the mitral
valve is open and the semilunar is shut. In the diagram to the right, the heart is in
systole, the mitral valve is shut whilst the semilunar is open. [(After Schultz.)

as they are called, come from the lung and carry bright-red arterial blood
in a sluggish stream towards the auricle. The blood enters the auricle,
fills it out, and passes through the mitral valve into the ventricle which
it distends to a feeble extent, the flaps of the mitral valve floating up
so that their edges nearly meet. Then comes the systole. The contraction
in the veins has little action, but the quick snap of the auricle empties
this chamber, part of the blood passing back into the veins but the main
part being driven into the ventricle. Then the ventricle contracts strongly :
the walls approach one another and exert pressure on the blood between
them.  The mitral valve closes tightly, and the chorde tendinex being
pulled on by the muscular pillars to which thev are attached not only
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prevent the mitral valve from being driven into the auricle, but actually
pull the whole valve and its attachment down into the ventricle, so that
it may be said that the walls on every aspect of the ventricle approach
each other in systole. Now out of the left ventricle arises the great
artery of the body, the aorta, and as the blood within it is under pressure
the similunar valves are tightly closed.  When, however, the pressure in
the ventricle exceeds the pressure in the aorta, the semilunar valves open
and blood is shot out of the ventricle into the great artery; then the
ventricle stops, and at the same instant the semilunar valves close tightl}'
again. From the aorta arise the main arteries for supplying red arterial
blood to the whole body. This great vessel soon atter leaving the heart
forms an arch and then passes lengthwise through the body. 1In its
course it gives off numerous branches. The first branch is a tiny vessel
for the heart itself ; then come large arteries for the fore limbs and head ;
then small arteries for the walls of the body cavities ; then as the aorta
passes through the abdominal region a mighty system leads to the abdominal
alimentary canal ; then a pair of vessels to the kidneys; then arteries to
the pelvic organs, the lower limbs and tail. All these arteries give off
branches, and these again divide into smaller branches, and so0 on until
minute ARTERIOLES of microscopic size are formed.  As the calibre of
each parent branch is less than the sum of the calibres of the smaller
branches it gives rise to, the total cross-section of the arterial system
graduallv increases from the heart to the arterioles, and, in consequence,
the rate of the blood stream gradually diminishes. A change in the
structure of the walls may also be noted. The aorta and large arteries
have walls which are rigid with fibrous tissue and have only a little ** give.”
The smaller arteries have more elastic walls, whilst the arteriole walls
are chieflly muscular, the muscles, by their contraction or relaxation,
constricting or dilating the calibre of these vessels,

The blood throughout this arterial system is under pressure, and there-
fore, as it cannot escape from the aorta back again into the ventricle
owing to the semilunar valves, it is forced through the arterioles, which are
always more or less constricted, into the smallest vessels of the body
Or CAPILLARIES which form a dense network round the living cells of
the body. The flow of blood in this network of capillaries can be
beautifully seen by observing the web of the foot of a living frog under
an ordinary microscope. The diameter of a capillary vessel is about
that of a red blood-corpuscle ; its frail wall is composed of thin and verv
flat cells, one deep. The flow of Llood in the capillaries is slow, the
rate being usually given as an irch per minute (though it must be remem-
bered that in no region of the hodv could the blood pass through more
than a small fraction of an inch of capillaries), but its most remarkable
character is that the flow is constant and not intermittent and jerky as it is
in the arteries. This change is brought about by the elastic character of
the arteries, just as the elastic bag in a cosmetic spray-producer changes
the intermittent pumping of the air by the hand into a continuous outflow.
The blood as it passes through the capillaries alters in character ; amongst
other changes it loses some oxvgen and gains some carbon dioxide, so
that it becomes purplish (or venous) in colour.

The Llood now leaves the capillaries passing inte a number of thin-
}vallﬁd venules, each a little larger than a capillary ; these venules unite
into small veins and these into larger veins in a branching system resembling
the arteries, only that here the current passes from branch to stem
and Narrows as it travels heartwards. The venous blood from the
abdominal alimentary canal, the pancreas and the spleen, passes into
the portal vein, as has been stated, and this vein breaks up into branches

G



93 THE ELEMENTS OF ANIMAL PHYSIOLOGY.

and these finally into capillaries in the liver so that the blood passing
out of the aorta into the abdominal digestive organs has to pass through
two systems of capillaries. But from other parts of the body, including
the liver itself, the blood passes from twig to branch along the veins
until finally it enters into one of two great veins or veme cave which
open into the right auricle. The veins are thin-walled compared with
the arteries, and also very much more distensible. An increase in pressure
which would make no apparent increase in an artery might increase
tenfold the calibre of a vein. The causes that operate in the flow of
blood in the veins are somewhat complex. First there is some back
pressure due originally to the heart.  Secondly in every movement of
the body the muscles during their contraction press on the veins and urge
their contents heartwards. This is one of the reasons why exercise is
so beneficial and why animals, if they are kept on their feet too long
and bereft of natural exercise, show swelling of the veins of the leg or
even dropsy. Thirdly there is the suction which is exerted by the chest
in breathing. When the thorax expands not only is air drawn into the
lung but also blood is drawn towards the thorax along the great veins
leading into it. At the same time the midriff or diaphragm compresses
the contents of the abdomen and drives heartwards the blood contained
therein.
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Fig. 52. Diagram of Circulation. (After Halliburton.)

The blood when 1t reaches the right auricle is subjected to the same cycle
as when in the left heart. In the right ventricle however the muscular
walls are much thinner and less powerful than in the left, and the artery
arising from it, called the PuLmoNARY ARTERY, has within it a much
smaller pressure than in the aorta. The right ventricle contracts at the
same time as the left; the tricuspid valve is closed tight and pulled
down ; a quantity of Llood equal to that expelled from the left ventricle
is forced into the pulmonary artery; the ventricle stops; the semilunar
valves close; and the blood in the pulmonary arterv must perforce pass
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onwards into a series of branches of which the first two into which the
artery divides are destined one for each lung. In the same manner as
already described a network of capillaries is formed which in this case
lines the air cells of the lung. Here a marked change is produced.
The blood which has entered the right auricle and ventricle and from
this has gone into the pulmonary artery, is venous; here in the lung
capillaries it gives off some carbon dioxide and gains oxvgen so that it
chnnFas its colour from purple to bright red. The capillaries pass into
venules and then into veins. The flow of blood through the lung is
sluggish, the pressure in the pulmonary artery is small, and as the whole
systemn 15 inside the thorax the suction of the latter cannot count; but
as the lung is continually shrinking and expanding the blood is worked
along, aided by back pressure, until it enters the great pulmonary veins
and then flows quietly into the left auricle. Thus the double circuit is
completed.

The circulation from left ventricle to right auricle is called the
GREATER Or sYSTEMIc circulation; that from right ventricle to left auricle
15 called the Lesser or pULMONARY CIRCULATION. The shortest time the
blood can take to pass through both circuits is 31 seconds in the horse;
this, it must be remembered, is the shortest, not the average time.

A knowledge of this mechanism will explain the following peculiari-
ties of the circulation in, say, a limb—

1. If a ligature be tied very tightly round the base of a limb, both
arteries and veins will be compressed, the blood in the limb will
be stagnant ; none will enter and none will leave. If the liga-
ture be tied less tightly so as to compress the veins and not
the arteries, blood will enter the limb, but none will leave,
and, in consequence, the limb will swell up and become
dropsical.

z. If a vein is cut, blood of a dark colour will well up from the
wound in a continuous stream; the bleeding can be stopped
by the application of pressure on the side awav from the
heart. If an artery is cut, the blood will spurt out in
bright-red jets that keep time with the heart beats. In this
case the bleeding can be stopped by application of pressure
on the side mear the heart.

We have now to investigate the significance of the pressure in the
systemic arteries and the changes which it undergoes.  That such pres-
sure should exist is due to the fact that the heart is continually pumping
blood into the aorta and the elastic arteries, whilst the arterioles, by

their constriction, hinder the escape of the blood into the capillaries.
It is evident that the arterial pressure will rise—

(a) If the force and frequency of the heart beat is increased, the
arterioles remaining the same;

(&) If the arterioles constrict still further, the heart beat remaining
the same;

{¢}) If the force and frequency of the heart is increased, the
arterioles at the same time constricting.

The muscles of the arterioles are connected with the central nervous
system by two sets of nerves.  In the first place fibres from the svmpa-
thetic system called wzaso-comstrictor can produce constriction of the
arterioles ; in the second place there are nerves of uncertain origin which
produce temporary paralvsis (inhibition) of the muscles and therefore
dilatation of the arterioles. These nerves are ‘termed wvaso-dilator.
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Whenever an organ is called upon to act, more blood is required, and
this increaseq flow can be obtained by the simple device of dilating the
arterioles in the organ—the blood will flow in greater volume towards
the region of lessened resistance. A still greater flow can be obtained
if the arterioles in the organ are dilated, and the arterioles in other
regions of the body are constricted ; whilst an even greater flow can be
obtained by these changes in the arterioles combined with an increase
in the force and frequency of the hLeart beat. The proper amount of
blood can therefore be regulated to a nicety. If the region requiring
the increased blood-flow were a large one, say the muscles of the limbs,
then if the arterioles of the muscles were simply dilated the resistance
to the blood escaping into the capillaries would be so greatly reduced that
the arterial blood-pressure would fall so much in amount that the blood-
flow through other regions, and particularly the brain, would almost
stop. This is obviated by other arterioles, and especially those in the
abdﬁminal region constricting so that the lessened resistance in the
muscles is balanced by a greater resistance in the abdominal wvessels.
This explains why, for instance, digestion nf a liberal meal proceeds so
badly during violent exercise; the blood is flowing chiefly through the
muscles, and a much diminished supply through the dlgr_*;twc organs in
the abdominal cavity.

Investigation has proved to what an extraordinary extent the blood
pressure is influenced by changes in the arteriolar calibre of the abdominal
region; in fact the major changes seem to be cr}ndltmnﬂd by its state
s, that the abdominal svstem has been aptly called the °f resistance box "'
of the circulation. If the constriction of the abdominal arterioles were
altogether abolished the blood pressure would fall to such a degree that
death would result, even though the arterioles in the muscles and skin
were constricted to their utmost. This explains the pallid skin, pinched
reatures and general collapse when inflammatory trouble occurs in the
bowel.

The actual pressure in the svstemic arteries varies with each animal
and to a slight extent with each artery. If a vertical tube were connected
with one of the larger arteries of a horse the blood would rise in the
tube to the height of about g feet and, until clotting occurred, would
show oscillations at the same rate as the heart beat. It is the pressure
in the arteries which produces the quick jetting of blood which occurs
when an artery is cut and which is apt to give a false idea of the rate
of flow in e intact artery.

General constriction of the svstemic arterioles can be brought about
by the following means:—
1. Salts of barium which act directly on the muscles of the arterioles.
2. The drug, or hormone, adrenalin, which acts on the receptive sub-
stances of the arteriolar muscles.
3- The drug nicotine (in its first stage of actioen) which stimulates the
nerve cells in the sympathetic ganglia.
4. Venous blood, as occurs in asphyxia, which acts on the nerve cells
in the medulla oblongata in the central nervous system, where
vaso-constrictor impulses arise,

When general vaso-constriction occurs the resistance  to the hlood
escaping into the capillaries is greatly increased and, if the heart were to
beat at the ordinary rate, the arterial pressure “’ﬂ“l{l mount up to a
dangerous extent. In such circumstances however the vagus centre in
the medulla is stimulated and the heart is greatly slowed so that a
dangerously high pressure is avoided. Conversely, when the arterioles,

T re
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are dilated, either generally or only in the abdominal region, as occurs
when certain poisons enter the circulation, or if the blood pressure 1s
iowered by extreme hamorrhage, the heart through the sympathetic system
is stimulated to greater activity whilst at the same time the vagus ceases
to act.

The arterial pressure in the lesser or pulmonary circuit is low and, as
it varies but slightly, and as these variations are dependent on what is
happening in the systemic circulation, they possess but little importance.

Pressure in the veins is alwayvs low, in fact in the great veins near
the heart a negative pressure may exist in which case if the vein wall be
cut, air may actually be sucked into the vessel.

When the left ventricle forces its contents into the aorta a pressure
wave is started which rapidly spreads through the branching arteries
and dies down before it reaches the capillaries. Much the same sort of
wave is seen in a long rubber tube in which water is flowing under a
little pressure (as in a garden hose). When a blow is struck on the tube
near the tap, a wave can be seen running along and the jet from the
nozzle can be seen to jump a very short time after the blow is given.
This pressure wave in the arteries is called the puLse and can be felt well
whenever an artery is near the skin and has a bony background. The
pulse, as felt by the finger, gives one the rate of the heart and the presence
or absence of regularity in the heart beat. The initiated can also diaw
conclusions from the feel of the pulse whether ** full "’ or ‘* thready,”
&c., though 1t must be remembered that the veins which accompany ‘the
artery have a share in giving rise to what is termed the * volume ’’ of the
pulse. The pulse wave is not single in character. Instruments for re-
cording the pulse and frequently the finger alone can detect a second
beat just after the crest has passed. This is the picroTic WAVE and is
produced by the rebound from the semilunar valve when this closes and
the ventricle passes into diastole,

The Lymphatic System.

The blood, as it passes through the capillaries, does not come into
actual contact with the cells of the various tissues. The capillary, it
has been said, has an actual wall. This wall however is so thin that it
allows some plasma to leak through forming Lympm which bathes the cells.
The lymph is contained in the loose connective tissue around the cells
and all the interchange of nutriment, oxyvgen, waste products, &c., which
takes place between the cells and the blood must be carried out through
this medium. When the pressure in the capillaries rises, as occurs in
local obstruction of the veins or in local dilation of the arterioles, e.g.
inflammation, the amount of lymph increases, and may collect to such an
extent that the tissue becomes cedematous or dropsical. There is a very
slow circulation of this fluid for it can be shown to pass from the tissue
spaces into tiny thin walled vessels which run in clusters, join together.
and finally form an easilv detected tube running towards the heart and
close to the spine. This is the THORACIC DUCT and it empties its contents
irto a large vein near the heart. 1In their course the lvmphatic vessels
enter masses of adenoid tissue called LympHATIC GLANDs which are often
situated near joints.  These glands come into prominence when the lym-
phatics happen to drain an area where inflammation is going on ; they swell
up and become painful. Thus an inflamed wound in the human foot will
produce swelling of the glands behind the knee and also of those in
the groin.
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I'he lacteal vessel in the centre of each villus belongs to the |_'||1J|'E1-I1if'
system and. as mentioned, its contents pass eventually into the circulation
through the thoracie duct. '

When a drug or poison is injected subcutanecusly it really is forced
into lyvmph spaces, unless by accident it is introduced into a vein, in which
case its distribution through the body is rapid. Now, absorption from the

I'.I]}in‘. ‘-ii:,_l'l'-\. CaAn OoCLLT

n two wavs. Firstly, the drug or poison may
diffuse into the adjacent capillaries and so reach the general circulation.
This occurs more readily the simpler the chemical constitution of the sub
stance. But with substances of extreme chemical complexity, such as
'.:r|;|1|-ir|,,-;_ this ._|i||ll-iu|1 i5 50 small as to be |-|‘;|f'1i4'.|'!|_l. absent and the only

path of absorption open to the substance is to pass in the verv tardy

Fig. 53. D ram of the principal rroup of lvmphai vessels [(After Qunin.)

Ivmph-stream, through the various :_::.:'11131, into the thoracie duct and so
: s

hief factor concerned in the flow of lvmph is muscular movement
which exerts an intermittent pressure on the vessels, and, as these possess
numerous valves all pointing heartwards, the Iyvmph is forced along in
that direction. This gives us another beneficial action of exercise,

The peritoneal, pleural and pericardial cavities, and the synowvial
cavities in joints, mayv be regarded as potential lymph-spaces in which a
minimum of |'~.'|||-|| 15 found in health. . When [||i- [ rtal vein is partially
obstructed, the amount of Ilymph which can collect in the abdominal cavity
may be estimated by the gall

- whilst collechons of fluid in the -I:'lt-:: a.
]s-.-riu'ar-lf:!!, nd svonowial cavities are j;e~r1:']'_|1|}' the result of inflammatory
conditions.
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CHAFTER XIII.

Respiration

No physiological activity is so obvious as that rhythm of movement
which we call respiration or breathing.  The necessity that exists for
breathing is made up of a number of factors of which the following are
the most important :—

t. The blood as it passes through the lungs takes up a supply of
oxygen from the air and gives off some of its carbon-dioxide,

2. The flow of blood towards the heart in the larger veins is facilitated
by the squeezing action on the abdomen, and the suction in the chest,
which occur during inspiration.

3. In most animals, and particularly those that sweat little, the lungs
can get rid of some superfluous heat.

The second and third factors have already been mentioned in previous
chapters ; the first and most important action will be considered in this
chapter.

The Physical Features o1 Respiration

Air, which is destined to enter the lungs, enters by the nostrils and
then through the nasal passages into the pharynx. In yawning or violent
breathing air may be admitted by the mouth. From the rraryNX the air
passes through a narrow opening called the 6LOTTIS into the LARYNX
which latter may be looked upon as the first portion of the wind-pipe. The
aperture of the glottis is controllable; it can be completely shut or
widened by means of special muscles. The TrRacHEA or wind-pipe is a
tube kept permanently open by means of incomplete rings of cartilage.
The trachea as it enters the thorax divides into two BroncHI, one for each
lung, and these bronchi divide and sub-divide until an immense number of
BRONCHIOLES are formed like the twigs on a tree. Each bronchiole ends
in a small air-chamber with pouches or alcoves, called air-ceLLs, around
all its sides.  In the walls of these air-cells, and separated from the air
only by a verv thin lining sheet of flat cells, is a dense mesh-work of
capillary vessels through which the blood, pumped from the right ventricle,
is constantly flowing. Each lung can therefore be looked on as a complex
bag sub-divided into a large number of compartments. Thanks to this
sub-division the air, which is breathed in, can be brought into contact with
an immensely greater number of capillaries than if the bag were a simple
One.

The outer surface of each lung is lined by an air-tight sheet of fibrous
tissue called PLEURA ; the inner surface of the wall of the thorax is simi-
larly lined. Now these pleural surfaces are practicallv in contact being
separated only by a thin layer of lubricating fluid. The lungs are highly
elastic, and, in no matter what positior the thorax is, are alwavs in a state of
stretch.  Thus if the chest wall is opened. as mav occur through a wound,
and air is admitted from outside, or if the lung and its lining of pleura
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be ruptured so that the air within can escape cutwards, the lung on the
affected side will, by virtue of its elasticity, collapse, and air will collect
between the pleural lining of the lung and that of the chest wall. The
lungs it must be remembered contain no muscle so that they are incapable
of spontaneous movement. Some of the lower air-breathers such as the
frog inflate the lung by forcing air in through a muscular effort in the
mouth, akin to swallowing. In all the higher vertebrates however, air is
admitted by the device of enclosing the lungs in an air-tight box—the
thorax—which latter can be altered in capacity through muscular effort

When the thorax expands the surface of the lung follows the retreating
thorax wall and so air is sucked in through the only inlet possible, namely,
the trachea. The thorax can be expanded by two methods. Between the

Fig. 54. Horizontal Section of the Horse's Chest, looked at from abeve, illustrating
the Movements of the Diaphragm. (After Sopssdorf)

a, right lung; & left lung, L Position of the disphragm during deep expimtion ; e, lver

d, stomach ; e, spleen. 2, Posltion of dinphragm during deep Iuspiration ; e, liver; o', stomach
 apleen ; f, posterior vena cavi as it passes through the diaphrgm.

thorax and the abdomen is a dome-shaped sheet of muscle called the
midriff or prapuracum. (Fig. 54). Within the dome are portions of the
abdominal viscera, whilst in contact with the convex surface is the heart
with a lung on either side. When the muscle, of which the midriff is
largely composed, contracts, the dome is flattened particularly at the sides,
and thus the thorax increases at the expense of the abdomen. The second
method of expanding the thorax is by altering the pcsition of the ribs.
This is a complex movement not easily described and best understood by
watching one of the larger animals, especially in laboured breathing. The
ribs will be seen to move headwards and outwards, increasing the chest
girth to a verv appreciable extent. The reverse act, namely expiration,
when it takes place in quiet breathing. does not demand any muscular effort ;
all that is required is that the muscular activities producing inspiration
should cease.  The abdominal contents being under pressure force the
diaphragm towards the thorax. Further, the weight and the elasticity of
the thorax and the elasticitv of lung combine towards the same end,
namelv, the expulsion of some of the air-content of the lungs. But when
breathing is forced or laboured, then expiration must be facilitated and
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this is accomplished by the muscles of the abdominal wall contracting and
therefore pressmﬂ' the abdominal viscera against the d:aphmgm Further,
the ribs move in the reverse direction to that which takes place in inspiration
and so the capacity of the thorax is reduced.

The amount of air which is taken in (or given out) in quiet breathing
has been called ‘“‘tidal’’ air but, as no definition of guiet breathing can
be given, the term is valueless. The maximum volume of air which can be
expired after the deepest inspiration possible, is called VITAL CcAPACITY.
The amount varies in man from 3 to 3.8* litres and is supposed to vary
in a horse from 25 to 3o litres. After the most violent expiration there
always remains a considerable volume of air in the lungs; this is called
RESIDUAL Alr and its volume is given as 1.5 litres for man and 7 to 17 litres
for a horse. Once air has been admitted to the lungs it cannot be
completely got rid of by mechanical means; in consequence the lungs of
a mammal, that has breathed only once, will float in water, whilst the lungs
of one still-born, or killed before a breath has been taken, will sink in
water.

The Chemistry of Respiration

A clue to what is happening in the lungs is given by the chemical
analysis of ordinary air as compared with that of expired air.

Adr inspired. Afr expived.
xygen 20°g per cent. 1574 per cent.
Nitrogen and Argon 79 per mut 74 per cent.
Carbon-Dioxide o' o4 per cent. 44 per cent.
Water vapour in varying amount o Suturated with water vapour,
Dust and bacteria present No dust or bacteria.
Traces of hydrogen and marsh
gis present,

The loss of dust and bacteria is due to the trapping action of the
moist surfaces of the breathing passages, particularly those in the nose,
but all the other changes we may refer to the lungs. It is evident that
oxvgen is absorbed and an almost equal amount {lfg carbon-dioxide added
to the air. The traces of hvdrogen and marsh gas are due to these sub-
stances being formed in the bowel by fermentation and being in part
absorbed by the blood and liberated in the lungs. The nitrogen it will be
observed undergoes no alteration. The main change concerns the oxygen
and carbon-dioxide. Now it is found that if blood be placed under an air-
pump, gases will escape in quantitv sufficient to measure and analvze.
The following table furnishes us with the next piece of evidence :—

The air-pump can extract from 100 volumes of blood—

Entering the lungs. Laaving the langs,
{Venous. ) {Arterial.)
?gm 13 vols. 20 vols,
rhon-Dioxide 46 vols, 40 vols.

Plainly, thcrefcrre, the blood as it passes through the lungs takes up
oxygen and gives off nearly an equal volume of carbon-dioxide. When we
next consider how oxygen is held by the blood, we shall find that the
hemoglobin of the corpuscles is responsible for this faculty. If blood be
bereft of its corpuscles and shaken with air, 100 volumes of the blood can
only hold about half a volume of oxygen, but if the corpuscles are present,
about 20 volumes of oxvgen. Moreover, a solution of hzmoglobin
will act in the same way. One very important character of
heemoglobin is that, if the oxvgen of the air, with which it is in contact,

* A litre = 61 cubic inches = 1§ pints,
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be lowered from the normal zo.g per cent. to 13 per cent., the deficit in
the oxvgen absorbed by the h@moglobin is trifling ; but if the oxygen be
still further lowered in a series of equal gradations, then the deﬁc_lt
becomes larger and larger until small differences in the oxygen of the air
mean large differences in the amount absorbed. There is nothing very
remarkable in this behaviour of h®moglobin. One can see much the same
phenomenon in the absorption of carbon-dioxide by a solution of ordinary
washing soda. But to the animal it has a profound s:gn_lﬁcanne, iIt
means that the oxygen content of the air can be lowered (either by high
altitudes or by dilution with nitrogen) and vet, within certain l'mits of
course, the amount of oxygen absorbed by the blood is little altered. Thus
an animal can live in an atmosphere in which a candle cannot burn, pro-
vided that poisonous gases are not present; and mountaineers frequently
attain to-day to heights of 18,000 feet where the mass of oxygen per
unit volume of air is reduced to one-half that at sea-level.

In the lungs the blood does not come into immediate contact with the
air, but the oxygen of the latter can readily diffuse through the thin lining
of the a‘r-cells and through the capillary wall and into the blood. Through
the same membranes the carbon-dioxide of the blood can diffuse outwards.
The carbon-dioxide of the blood is held partly in simple solution, partly
in the form of bicarbonates. Tt is also probable that the h@moglobin can
help in carrying some, but a small, portion.

The nitrogen in the blood is simply dissolved and plays no part in
the animal economy. Mention must be made here of the poisonous action
of carbon-monoxide, a gas which is produced by glowing charcoal and
incomplete combustions such as occur when a flame plavs on a metal
surface, or when dust is roasted by contact with hot metal, &c. This gas
has an extraordinary affinity for h@moglobin and in concentrations of 1
volume per 1,000 volumes of air can oust the greater part of the oxygen
from the hemoglobin. Carbon-monoxide injures or kills not by any
specific poisonous action but simply because of oxygen starvation.

Internal Respiration.

Every living cell in the body needs oxvgen for combustion purposes
either to furnish energy or to remove organic waste. When arterial blood
reaches the thin-walled capillaries its oxvgen can readily diffuse out into
the lymph and so into the living cells where oxidation takes place. Now
the chief products of cellular oxidation are water and carbon-dioxide both
of which diffuse out of the cell into the blood.  Hence arterial hlood
passing through the capillaries becomes venous, that is, loses some oxygen
and gains almost as much carbon-dioxide. The more active the cell, the
more oxygen does it require and the more carbon-dioxide does it pour out.

Respiratory Exchange.

The amount of oxygen absorbed, and conversely, of carbon-dioxide given
out, varies within wide limits according to the size of the animal and to the
activity of oxidation in the animal’s tissues. The following table gives

an idea of the respiratory exchange in a state of rest of a number of
animals for 24 hours :—

Animal. Weight. i ven absorhed, Carbon-dioxide given out
Horse : sro kg*® z, 630 litres 2,570 litres

Boy 6 e (O 206 o

Eheep 30w 360 n 127w

I'}c,.g ik i W = - icg "

* kgs Kilogramme = 32 ponnids
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But in the same animal the amounts may be greatly increased by exercise,
Thus, a horse weighing 450kg. has been found to give the following
figures :—

Oxyzen alsorbed per minute, Carbon-dioside given oul permin ot
Kest 17 litres 16 litres
Ordinary work 15°7  » T3 W

Heavy work 29°3 o e £33 o

Further, when the animal is exposed to cold greater than can be combatted
by cutting down the heat loss, the proper temperature is maintained by an
increased oxidation in the body and thus again the respiratory exchange
is increased. The respiratory exchange is also to some extent dependent
on the amount of food.  An increase in nutritive material absorbed is
always accompanied by increased oxidation and production of carbon-
dioxide.
The Regulation of Respiration

The muscles concerned in respiration receive rhythmic impulses from
their respective nerves which latter arise from the central nervous system
and chiefly from the spinal cord. Thus if the phrenic nerve in the neck
be cut, the diaphragm is thrown out of action and inspiration must be
carried out by the thorax alone. It has been found by experimental in-
vestigation that a collection of nerve cells in the medulla oblongata 15
specially connected with the nerves to the respiratory muscles and is also
in communication with a number of afferent or sensory paths and
particularly those in the vagus (1oth cranial) nerve. This collection of
nerve cells is concerned with the regulation of respiration and it has been
called the respiraTORY CENTRE. When these cells are excited, impulses
pass down the appropriate nerves and the respiration increases in rate or
depth or what is more common in both together and the wventilation of the
lungs is hereby increased. The respiratory centre can be excited in a
number of ways—

i. By carbon-dioxide brought by the blood. As has been shown
the red blood leaving the lungs still contains carbon-dioxide and it has
been found that this amount, when the animal is at rest, is just sufficient
to excite the centre to produce quiet breathing. If a man takes several
deep breaths then the breathing may be stopped for a longer period than
could normally be borne. This condition is due to the fact that the deep
breathing removes more carbon-dioxide than usual and not until this gas has
mounted up to a certain concentration will the centre act.  When an
animal is vigorously exercised the breathing gets laboured. This again is
largelv due to the increase to the carbon-dioxide in the blood. We have
here a beautiful automatic mechanism whereby the carbon-dioxide in arterial
blood can be kept almost constant. Even a trifling rise in the carbon-
dioxide content of the blood brings about a big increase in lung ventilation
and in consequence the gas can be got rid of at a quicker rate.

2. Low oxvgen content of the blood. [If an animal breathes air con-
taining less than 13 per cent. of oxvgen the deficit in the blond excites
the centre and respiration is quickened and deepened. Thus animals at
an altitude of 12,000 feet and over display a marked increase in the ampli-
tude of respiration. Tn strangulation the violent respiratory efforts which
are made are produced not only by oxvgen deficiency but by the heaping
up of carbon-dioxide. -

3- When the temperature of the blood rises above the normal the
respiratory centre is excited, particularly in the non-sweating animals. The
excitation, however, is never so intense as that due to either of the fore-
mentioned factors.
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4. There is some evidence that in very violent exertion and in asphyxia
such as occurs in strangulation, drowning, &c., the centre is excited, not
only by carbon-dioxide excess and oxygen loss, but also by the entry into
the blood of waste products from the muscles which would under normal
conditions be oxidised.

The centre can be influenced by nervous channels as well, witness the
limited voluntary control of the higher brain over the respiratory move-
ments. Then there is also the action of the vagus to consider. When the
1|m%7 is inflated and stretched the vagus sends up messages which stop
turther inspiration ; when the lung is partly deflated, and the stretch some-
what relieved, the vagus sends up messages which start inspiration. The
vagus mechanism is therefore for regulating the rhythm of the respiratory
centre.

Respiration Hygiene

If the air be too dry the mucous membranes are liable to suffer, if too
moist the temperature regulation of the body is impeded. Rarely does
the oxygen of a badly ventilated house or stable or pen fall to an extent
that would be harmful. But the carbon-dioxide of the air should not be
allowed to mount up. In the case of the human being, house-ventilation
aims at o.06 per cent. as the maximum, and the same figure may be given
for the domestic animals. When animals are herded too closely together
in a building a number of harmful factors are produced. The air is
rendered too moist and too warm ; the carbon-dioxide is increased in per-
centage ; poisonous gases voided from the intestine are breathed ; more-
over the warm moist air allows bacteria to grow luxuriantly on the débris
of the body (sweat, shed cuticle, and, in the case of the lower
animals, ordure) and so poisonous products of putrefaction are added to
the air. The opportunity given to infectious diseases to spread where over-
crowding exists is obvious.
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CHAFTER XI1V.

Renal Excretion.

The functions of the kidneys may be epitomised as follows:—
1. Waste matter and foreign or harmful substances are removed from
the blood.

2. The blood is kept neutral in reaction. If it tends to get acid the

kidney removes the acid excess, if alkaline then the alkali excess is
eliminated.

3. The blood is standardized as to the concentration and relative pro-
portions of its salts. As has been stated in the chapter on blood, not
only the total amount but the proportion between the individual salts in
the blood remains constant. As, however, the supply of salts in the food
is very variable, some adjustment is necessary and this we find in the
kidney.

The Mechanism of Renal Excretion.

The artery entering the kidney divides and subdivides until there are
formed thin, straight arterioles which radiate from within outwards.
Arising from these straight vessels and almost at right angles with them
are a number of smaller arterioles.  These finer arterioles then form
peculiar structures just visible to the naked eve—the GLoMERULI. These
in reality are produced by each fine arteriole being wound on itself to form
a convoluted tuft like a tangle in a cord. Wrapped closely around the
glomerulus is a double-walled capsule with an opening in it (Fig. 33).

Fig. 55. Diagram showing straight arteriole, «; glomerulus, m; capsule, f;
capillary plexus, &' ; and tortuous tube, £ [After Bowman.)

A good picture of the shape of the glomerulus can be obtained by imagining
a piece of thin rubber tubing folded into a knot or a bunch whilst around
this is closely applied a collapsed rubber balloon. Now the function of
the glomerulus is to act as a filter. The blood enters the glomerulus under
the pressure given it by the pumping heart and, as there is some resistance
to the outflow, it is forced not only through the capillary wall but also
into the adjacent wall of the capsule. A filtrate, therefore, collects in the
space between the two walls of the capsule. Now the membrane of which
the capsule is composed is such that water and the salts of blood, and pre-
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sumably also urea, can pass through, but the other constituents, with the
corpuscles, are held back and remain in the blood stream. Such a filte:
as this is not unknown in physical science. A clay cell soaked in hot
gelatine solution and then allowed to cool, so that the gelatine sets in the
pores, can be used as a filter, allowing water and the simple constituents
present in blood to pass through, but retaining the corpuscles and albumens
and other complex constituents. In the capsule, therefore, there collects a
watery filtrate from the blood : this escapes from the opening mentioned
above and travels down a tortuous tube and finally, being collected in
special ducts, is poured out as urine into the pelvis of the kidney. But
a great change occurs in the fluid as it passes through the tortuous or
* convoluted’’ tube. The blood which has been econcentrated and which
has lost some of its dissolved constituents in the glomerulus leaves the
latter by a small vessel and then flows in a network of ecapillaries which
embraces the convoluted tube. Here a good part of the water and some
of the salts are re-absorbed back into the blood ; but typical urinary con-
stituents are left alone. The lining cells of the tortuous tube also have
the power of picking out from the blood certain urinary ingredients such
as the pigments or foreign substances which have not passed through the
glomerular membrane, and of adding these to the urine within. Even
hmnmi,]ﬂbm which has escaped from corpuscles, when these are diseased
or in any way broken up, is treated as a foreign bodv and is thrown out
into the urinarv stream. The cells also of the tortuous tube have also the
faculty of standardizing the blood as to reaction and salt content. The
blood finally leaves the meshwork of the capillaries purified and standard-
ized whilst the fluid in the tortuous tube is now ordinary urine and is
ejected as such. The kidney contains many thousand glomeruli with
their attendant tortuous tubes and plexus svstems.

It will be evident from the above statements that the flow of urine will
be increased—

1. If the blood pressure be raised ;

2. If the kidnev vessels are dilated admitting more blood to the
glomeruli and at higher pressure; this occurs with drugs like turpentine
and caffeine ;

3. If absorption in the tortuous tubes is hindered ; this occurs after
administration of sulphates ;

4. If the blood be watery as oceurs after copious drinking unaccom-
panted by heavy sweating.

The converse of these will reduce the flow of urine.

The urine collected in the pelvis of the kidnev flows along a tube called
the uvreTEr being driven by pEI’Iﬁt‘IlIIC contractions, FEach ureter enters
the bladder so obliquely that a valve is formed effectually preventing anv
back-flow.  The bladder is a hollow organ well supplied with elastic
tissue and smooth muscle in its walls. Tts nerve supply and its capacity
relative to the animal’s size, vary with different species and are connected
with the animal’s habits. Thus the ox can void urine while walking, the
horse as a rule only when stationary, whilst the carnivore, being a hunting
animal, is fitted with an unusually capacious bladder and one more under
voluntary control, so that it can stalk its prev without betraving its pre-
sence by passing urine. The expulsion of urine from the bladder through
the urethra is a reflex action excited by tension of the bladder wall or
irritation of the mucous membrane. It can be started or stopped by
voluntary effort. The nerve centre for this reflex lies in the lower spinal
cord.
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The Urine

The amount passed per diem varies with the age and species and in
each animal with the quantity of fluid drunk and inversely as the amount
of evaporation from the skin and lungs. The following table gives an
idea of the amount passed in twenty-four hours :—

U= e 10 Lo 25 litres®
Horae 1) R i
Pig SO 1 R
Small rummnum S T e A
Man s g ... abous 15 ,,
Dug | £ L R
Cat ... about 0°3 ,,

Certain chemical substances are important constituents of the urine of
all nmnunals:—
. Urea, a nitrogenous body containing also carbon, hydrogen and
OXy gcn If urine be concentrated by evaporation, cooled and treated with
nitric acid, a rich deposit of flaky crystals of urea nitrate is formed. Urea
is readily attacked by bacteria if urine be exposed to air, and is changed
into amm{;nlum carbonate—hence the ammoniacal odour of stables, &ec.
Urea is derived from protein and the amount excreted in a day varies
parallel with the amount of protein eaten. It represents the protein used
as energy supply rather than that used for repair.

2. Purin bodies including Uric Acid. These are substances containing
the same elements as urea but they are more complex in constitution. They
are derived partly from the nucleo-proteins of food and partly from the
activity of the nuclei of not only the fixed tissues but also of the white
cells of the bload. Uric acid is found in small quantities in herbivores ;
generallv speaking it varies directly with the amount of protein eaten.

= R.rc-ﬂturn—cc-ntalnlng the same elements as urea but closely allied
to a constituent of muscle. Some physiologists regard it as the decom-
position product of protein used for muscle repair.

4. Pigments—these which give the characteristic colour to urine are
really altered bile pigments which have been absorbed from the gut.

5. Sulphates. Proteins contain sulphur which, in the body, is oxidised
to sulphuric acid and leaves the body in the form of sulphates of sodium.
potassium, magnesium and caleium.

6. Chlorides of Sodium, Potassium, &c. These are salts of the food
and of the blood and are continually being excreted in the urine.

7. Ammonia—fresh urine contains small quantities of this substance
probably formed by the spontaneous decomposition of urea.

Striking differences can be observed between the urine of herbivores on
the one kand and that of carnivores, of omnivores in whose food protein
preponderates, and of all yvoung mammals living exclusively on milk. ~ The
urine of the carnivores, etc., is acid in reaction, is transparent and contains
little or no sediment. Tt also contains phmplmm of the four pln siological
metals in considerable amount and its content of sodium is generally
greater than that of potassium. Urie acid is also present in ;;pprmable
quantity but aromatic bodies and oxalic acid are found only in traces.
Such urine mayv occasionally show a sediment of uric acid and when, on
standing, it becomes alkaline in reaction, phosphates are thrown out of
solution as cloudy precipitates. The urine of the herbivores on the other
hand is alkaline and turbid. The solid matter held in suspension consists
chiefly of carbonates of lime and magnesia so that the urine effervesces on

* A litre = 17 pints.
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adding acid. Oxalate of lime is also present in the form of minute
crystals. Phosphates are present in very small quantities, these substances
in herbivores being excreted mainly by the bowel. Potassium is generally
in excess of sodium. Hippuric acid and aromatic bodies, including
carbolic acid and pyrocatechin, are present in appreciable quantities. The
urine of herbivores when placed in a glass vessel will be found to darken
from the surface downwards just as a photographic developer will do; in
fact some aromatic bodies present in herbivore urine can actually be used
for developing photographs! The relatively large quantities of oxalic
acid and aromatic bodies are due to the presence of these substances pre-
formed in the food; thus a horse fed on meadow-hay will excrete three
times as much hippuric acid as one fed chiefly on oats.

It is interesting to note that, when a herbivorous animal is allowed to
starve, its urine becomes similar to that of a carnivore. This is due to the
fact that the starving animal lives on its own tissues and is therefore in all
truth a carnivore.

The number of waste products and of foreign substances, inert or
poisonous, that appear in the urine is very large and no useful purpose
could be served by attempting to name them here. Not a yvear passes but
some new ingredient of urine is discovered ; but the substances named above
constitute by far the greater portion of the solid matter present.

The following table gives an idea of the composition of human urine
taking this as a type :—
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In the healthy animal neither blood nor h®moglobin should be present
in the urine. If such appear it means disease or accident, or poisoning by
such substances as pine-needles, fox-glove, spurge, &c. Sugar in health
is present only in the minutest traces. Albumen is absent, though in most
mammals the urine may contain some slimy mucin or nucleo-protein
derived from the urinary tracts—bladder and urethra chiefly. Bile appears
in the urine in certain diseases such as jaundice.

* 1,000 ce. == 1 litre. 1 gram ™ 154 grains.
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CHAFPTER XV.

The Afferent Systems

In Chapter I11. it was stated that all nerve impulses entering the ner-
vous system start in definite end-organs or receptors which are specially at-
tuned to some particular form of stimulus. The various receptors of the
body present certain broad outlines of similarity which may be given as
follows :—

1. Each receptor is readily responsive to one particular form of
stimulus and responsive with difficulty to all other forms.

2. If a receptor, or the nerve coming from it, be excited by any form of
stimulation, the same sensation is always experienced.

3. A certain intensity of stimulus is necessary with each receptor before
it can start a nerve impulse. If the stimulus be increased a limit is
reached at which no further increase of sensation can be produced by in-
creasing the stimulus. Between these limits sensations vary in intensity
according to the proportion that exists between the stimuli.

4- Each type of receptor can readily be fatigued by its particular
stimulus, especially when this is intense.

The receptors of the body can be classified as follows:

PROPRIOCEPTORS.—These are receptors which are set in action by

stimuli caused by the animal’s movement or position. Impulses arising
from them give information as to the position of different parts of the body,

Fig. 56. Semi-cirenlar canals and cochlea. The smaller figure shows the natural
gize in man. 3, 4 and 5 the semi-circular canals ; G, 7 and 8 the ecochlea. 2, elastic
window leading to scale vestibufi ; 9, elastic window leading to scala fympani, (After
Simmering, |
the extent of movement and the resistance to muscular action. These recep-
tors are found in muscles, tendons and ligaments (see Chapter IIL.) and
are probably excited by strain in these tissues. They are also present in
Joints being here responsive to pressure and movement. In the head, and
associated with the internal ear, we find on each side a proprioceptive organ,

H
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the labyrinth or semi-circular canal system, which possesses a very signal
importance (Fig. 56). The leading feature in each labyrinth is the pre-
sence of three bony tubes each curved so as to form an arch and communi-
cating with a common reservoir at its base, One arch lies on the flat, that
is, in the horizontal plane, whilst the other two are vertical, one running
in a fore and aft direction and the other in a side to side direction. Within
these tubes is a watery fluid into which dips, in each tube, a brush of fine
filamental receptors. Held in suspension in the fluid are certain fine par-
ticles of solid matter like sand-grains. Now, in whatever position the head
is placed, the solid grains will gravitate in a particular direction, and if the
head be moved the fluid by inertia will circulate in a definite manner. It
is thus that an animal attains its knowledge of head position and move-
ment. If, in a pigeon, the horizontal arches are destroved, the bird ap-
parently loses all sense of movement in a horizontal plane and allows its
head to wag from side to side. The labyrinth also supplies the requisite
information for maintaining a definite posture and for preserving balance.
It is to the presence of the labyrinth that we may ascribe that great expan-
sion of the central nervous svstem called the cerebellum, for it is here
that the impulses, continually received from the labyrinth, are co-ordinated

and dispatched to other regions of the central nervous system concerned
with muscular innervation.

INTEROCEFTORS.—These are found in the lining of the alimentary
tube and are concerned with food. In the mouth, and particularly at the
back of the tongue, are taste receptors. These respond to various chemical
bodies when in solution and give rise to the sensations of sweet, bitter,
saline, acid and alkaline. Tt must be remembered that the majority of the
sensations loosely called tastes are really flavours and are detected by the
nose which is in communication with the back of the mouth. The sensa-
tions of thirst, hunger and satiety are probably referable to receptors in
the mucous membrane of the alimentary canal from the pharvnx to the
stomach

SKIN-RECEPTORS.—These give the animal cognisance of contact
and of the incidence of heat. Scattered irregularly over an area that in-
volves the entire skin and dips, for a short distance, into the mucous mem-
brane of the canals opening on the skin, are receptors that are sensitive to
rise of temperature, others to fall of temperature, and others to distortion
of the skin (touch). Many hairs are attached at their roots to receptors
and owing to the leverage which thev exert can give rise to a sensation even
on the most delicate displacement.

TELERECEPTORS. —These are receptors which give cognisance of
changes in the outside world at some distance from the animal. To them
are due the faculties of seeing, hearing and smelling.

1. THE EYE.—This organ may be roughly likened to a photographic
camera. It possesses a lens svstem which forusses a picture of the outside
world (when illuminated) on a sensitive surface—the retina—in which are
placed receptors specially sensitive to the ethereal disturbances known as
light. The structure of the eve is in brief detail as follows (Fig 57). In
front is a transparent convex sheet of tissue called the corwea which is
inserted, like the crvstal of a watch, into the very tough white tissue called
the scLeroTic which constitutes the major portion of the shell of the eveball.
The cornea is well supplied with pain receptors and probably with these
alone. It is kept moist, and its surface smooth and free from foreign
matter, by the rhvthmic wiping action of the upper evelid, or in some
animals by the transverselv moving nictitating membrane, the under surfaces
of which are kent lubricated bv a secretion formed in a special gland
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—the lachrymal or tear gland. Painful sensations arising from the cornea
give rise reflexly to closure of the lids and copious secretion of tears. The
cornea, it may be abserved, possesses no blood vessels. Covering the
sclerotic in front (i.e., the white of the eve) is a thin sheet allied to the
mucous membranes called the coxjunctiva. This is reflected on to the
under surface of the lids and is richly supplied with blood vessels which
are capable of wide alterations in diameter. The curvature of the cornea
is not regular ; it resembles more the bowl of a spoon than the surface of a
sphere. The direction of the different curvatures varies in different animals.
Within the dome of the cornea is a watery transparent fluid—the aQuEOUS
pumour. This fluid is under some pressure and so maintains the convexity
of the cornea and separates this from the next structure to be mentioned.
Floating in the hindmost region of the aqueous humour s a perforated
curtain or diaphragm called the mis. The iris in all animals (except

Fig. 57. The Eye. —U, cornea ; A, aqueous humour ; I, iris; L, erystalline lens ;
¥, vitreous humour ; B, retina ; 8, sclerotic ; (0, optic nerve.

albinos) is deeply pigmented and is opaque to light. It contains muscular
fibres, disposed radially and circularly, which by their contraction can
widen or narrow the central aperture called the pupiL. The iris is plenti-
fully supplied with blood vessels, and by two sets of nerves, a cranial auto-
nomic supply, from the third cranial nerve. which constricts the pupil, and
fibres fram the thoracic autonomic which dilate the pupil. The use of the
iris is twofold ; it can regulate the amount of light entering the eve and
thus shield the delicate receptors within from injury through excess of light,
and secondly, when the illumination is sufficient, it can help in forming a
clearer retinal image of the outside world by shutting off all rays of light
except a narrow central beam—an action which will be familiar at once to
all whe have had anvthing to do with photography. The iris works re-
flexly, that is, automatically. When the retina 15 in darkness or is feebly
illuminated, the pupil is widely dilated; if the light entering the eye in-
creases in intensity the pupil constricts correspondingly. The shape of
the constricted pupil varies with different animals, being circular in man
and the dog ; slightly oval in the rabbit ; having the form of a slit which is
vertical in the cat, but horizontal in most of the domestic animals. The
iris responds to drug treatment giving a dilated pupil with atropine, rocaine
and adrenalin and in the latter stages of chloroform anmsthesiz, but a
narrow pupil with eserine, and opium and in the earlier stages of chloro-
form anesthesia. It also varies to some extent with the blood-pressure and
the state of the emotions, ¢.g., fright. The movements of the iris serve this
additional purpose that they act as a circulating agency on the fluids within
the eyeball. Immediately behind the iris is the crysTALLINE LENs which
is composed of transparent laminz devoid of blood vessels and nerves and
arranged like the lavers in an onion. The lens is highly elastic and is at-
tached firmlv along its horder to a sheet of tissue called the cHoromp which
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sweeps round a great part of the eyeball beneath the scleroticc,  The
mechanism of focussing for near and far objects in some of the lower verte-
brates is carried out in much the same way as in a camera, namely, by
moving the lens forwards or backwards. But in mammals this device is
supplanted by another, namely, an alteration in the lens itself. When a.
mammal has its eye focussed for far distance that is, in the resting position,
the lens is kept on the stretch by the purely physical character of its
attachments to the choroid. As this stretch is exerted all round, the lens is
kept flattened, particularly in its front aspect. When however focussing
for near objects is desired, a special muscle called the ciLIARY MUSCLE,
which lies along the root of the iris, pulls on the choroid and draws it for-
ward so that the tension on the lens is relieved and the lens, by virtue of
its inherent elasticity, bulges, particularly on its front surface, becomes
therefore more convex as a whole or, in ordinary parlance, becomes a
stronger lens. This explains why focussing for near objects is recognised
by us as requiring effort ; when focussing for far objects we stop the action
of the ciliary muscle and let the choroid, through its greater elastic pull,
drag upon the lens margin.  The range of focussing in the domestic animals
15 not nearly so wide nor is the mechanism as perfect as it is in man and
the monkey. Behind the lens is a glairy but transparent fluid, the
VITREOUS HUMOUR which fills up the greater part of the eyeball. In
contact with the vitreous humour and sweeping round the inner wall of
the eyeball as far as the lens attachment, is the very delicate reTINA which
contains the receptors for light. The greater part of the retina does not
belong at all to the peripheral nervous system ; it is in realitv a protrusion
of the brain stem ; the so-called optic “‘nerve’ (second cranial nerve) which
can be seen entering the eveball and spreading out into the retina, being not
a nerve trunk but a column of white matter belonging to the central nervous
system. One of the many lavers of the retina does however belong to the
peripheral nervous system and this is the layer of ** rods and cones "’ which
consists of a mosaic of receptors for light attached each to an afferent
neuron. At that point in the retina where the optic “‘ nerve "’ with its
attendant blood vessels enters, the laver of light-receptors is absent and so
we have the well-known blind spot. In many portions of the retina the
layer of rods and cones does not present an unbroken surface to the light,
being traversed by blood vessels and nerve fibres, but in the centre and
almost 1n a line with the pupil and the centre of the lens, the layer of
receptors is free from superimposed blood vessels and on it the light ean
fall without any interruption.

The range of ether rhythms (red to violet) to which the retina is respon-
give is limited and is very small in comparison with the range of the air
rhythms which can be perceived by the ear as sound. The mechanism by
which colour is appreciated is not understood. According to one theory
there are receptors for the three fundamental colours, red, green and violet,
any intermediate colour being perceived by the unequal stimulation of two
or all three of these. According to another theory certain colours including
white, provoke chemical disintegration within certain receptors whilst other
colours including black excite chemical building up in the same receptors.
Vision, it may be stated, presents a number of curious features such as
contrast phenomena, after images, &c. in fact no sense organ can be so
easily tricked as the eve. One important faculty which has a distinct
significance is the power of the retina to adapt itself to feeble illuminations,
being able, after a certain interval, to see with fair distinctiveness, nhmcfs
which were at first hidden in darkness. Behind the retina in most domestic
animals is a glistening coat, the TapeTuM, which reflects light and gives
to the eves of these animals a peculiar glare in low illuminations.
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The eyes of all mammals present certain optical defects.

1. The system is not properly centred, that is, the centres of the cornea,
the pupil, the lens and the retina do not lie in a straight line.

2. The curvature of the cornea, as also that of the lens, is not regular.
Such a departure from the purely spherical means a distortion of the
image on the retina. This defect is present in all eyes and is very marked
in those of the lower animals whose vision must be far from perfect. To
it the name astigmatism has been given.

3- A very common failing is myopia, or short-sightedness, due to the
fact that the distance from the lens to the retina is too great and in conse-
quence the image of a far object is focussed in front of the retina. This
defect can be partly remedied in the human being by wearing concave
glasses. It is very common in the lower animals and is often associated
with marked astigmatism.

4- In Jiypermetropia the lens is too near the retina and objects at a dis-
tance require some focussing effort, whilst near objects cannot be seen
clearly at all or only so by a violent action of the ciliary muscle. This is
remedied in the human eye by wearing convex lenses.

The eyeball can move in its socket to a limited extent.  Four small
muscles, called rec#s, are attached to the outer surface of the sclerotic and,
by their contraction, can turn the eyeball so that the cornea looks up, or
down, or backwards, or forwards (outwards or inwards in man), or a com-
bination of two of these. The eveball can be rotated to a slight degree in
a direction with or against the hands of a watch by two other small muscles
called the mparfﬂr and inferior oblique; by this movement the pupil can
remain horizontal in whatever position the head is. Slight protrusion and
retraction of the eyeball from the socket can occur in most animals through
special muscles innervated by the thoracic autonomic.

II. THE EAR.—The ear in many respects is a mechanism superior to
the eye. Owing to the qualities of the air-waves to which it responds the
ear need not be directed towards the source of the sound. Moreover it has
a greater analytic power, being able to distinguish two notes when sounding
together, and has the faculty of recognising noises as well as musical tones.
The external ear has some slight action in collecting the sound waves and in
partially shielding the ear from all sounds except those to which the atten-
tion is directed. The sound waves enter the curved canal called the
EXTERNAL AUDITORY MEATUS and then strike against a thin membrane, called
the Ear prum, which completely separates the meatus from a chamber
within called the Tympanic caviTy. The ear drum is set in movement by
the sound waves in much the same manner as the disc in a telephone
receiver. To the inner or tvmpanic aspect of the drum is attached one end
of a bridge consisting of three small bones (ossicles) which stretches across
the ty mpamc cavity and conveys the vibrations of the drum to the wall on
the ﬂppnmte side. The tympanic cavity contains air which is in -:ﬂmmum
cation with the air in the upper part of the pharynx by means of a special
air-pipe—the Eustachian tube. This tube, however, opens only in the ac
of swallowing or yawning, but sufficiently often to equalise the pressure
within and without the tvmpanic cavity and so to prevent the drum from
being sucked inwards or bellied outw ards. The actual organ of hearing is
the cocHLEA, which is a bony structure bearing a stnkmg resemblance to a
snail’s shell (Fig. 56). The spiral cavity however is not H-ll']gl-E as in the
shell but divided, except at the extreme tip, by two partitions into three
spiral canals—the scala tympani, the scala vestibuli, and the canalis
cochlee (Fig. 58). All these canals are filled with a watery fluid. The
upper partition—Reissner’s membrane—is very flimsy, but the lower one
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is made up of a strong shelf of bone from which a membrane —the BASILAR
MEMBRANE—stretches to the opposite wall.  This basilar membrane is
composed of straight fibres which radiate out from the tip of the bony
shelf.  Perched on the basilar membrane, and continuing with it up the
-.r_hml. 18 the orGAN oF Corit of which no detailed description need be
given here as so far its method of action has not been fully elucidated. It
will be enough to state that the auditory nerve has its endings in the organ
of Corti, which latter may be looked on as an array of sound-receptors.

The vibrations of the ear drum are communicated to the bridge of
ossicles described above. The other end of the bridge is fastened to an
elastic window (Fig 56, 2) that shuts off the scala vestibuli from the tym-
panic cavity and so the vibrations are transmitted through this elastic
window to the fluid in the scala vestibuli. The vibrations pass up this
canal to the tip of the cochlea and then down the scala fympan: and come to
a halt at another elastic window which shuts off the lower end of the scala
fympant (Fig. 56, g). The vibrations therefore course above and below the
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w.z” Fig. 58, Section through the cochlea of the ear. ac, duct of cochlea;’ sc 2,
scala vestibuli ; se. . scala fympani ; w, bony wall of cochlea; ¢, organ of Corti
on wmembrang basifaris; we.r., membrane of Reissner; #., nerve fibres of cochlear
nerve. [(After Sobotta.)

cenalts cochlew and set the fluid in this receptacle moving. The basilar
membrane is affected by the movement and so causes a distortion of the
organ of Corti and this causes stimulation of the sound-receptors.

The intimate connection that exists between the organ of hearing and
the semi-circular canal system must serve some purpose but what it is has
not as vet been discovered.

I1I. SMELL. The sense of smell is in so many wavs connected with
the selection of food that it is often classed with interoceptive sensations ;
but with the majority of animals other activities are guided by it. Thus
the presence of enemies can be revealed; offspring can be recognised,
and traced if strayed; vitiated air can often be recognised as
such ; whilst in the sexual life of most animals it plays a very important
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part. In man the delicacy of the sense of smell is greatly inferior to that
existing in most other mammals, a decadence that may be due to the elevation
of the head through the assumption of the erect posture. Yet even as it
exists in man the sense of smell is many times more delicate, as a quali
tative test, than the most refined methods of spectrum analysis. The recep-
tors for smell are placed in a small yellowish patch of mucous membrane in
each nasal passage. The fine afferent nerve fibres pass through the ethmoid
bone into the skull and enter a special protrusion of the central nervous
system called the olfactory bulb. The so-called olfactory * nerve'' on
each side (first cranial) is, like the optic nerve, a strand of white matter
belonging to the brain stem. Substances which are perceived by the sense
of smell are carried in the air in the form of gases, more rarely as matter in
a finely divided state, and are first dissolved bv the moisture covering the
receptor patch of mucous membrane before the sensation is evoked.

PAIN RECEPTORS.—It is a matter of doubt whether a definite
apparatus is necessary to start nerve impulses classified as painful. Some
physiologists consider that a naked nerve-ending is sufficient. The signifi-
cance of pain is that, at the spot where the impulses are inaugurated, the
integrity of the living tissue is threatened by some destructive agency, such
as extreme heat, cold or pressure, wounds, chemical corrosives, &c., on the
skin ; distension in the gut and heart, and inflammation in every region en-
dowed with pain nerves. The receptors, or nerve endings, are constructed
so as to respond to the change before the tissue is seriously impaired ; the
attention can therefore be directed to the abnormal part and an effort be
made to remove the threatening agent, or to aveoid further injury. Pain
acts therefore like an alarm mechanism giving urgent warning that danger
threatens and is indeed a most beneficent provision of nature. The skin
and cornea are very rich in pain receptors which are frequently in action;
the alimentary and muscular receptors are occasionally active, whilst those
in the heart and other viscera may never start an impulse throughout a
whole life-time. The regions of the bodv devoid of pain receptors are
very few in number ; those that may be mentioned are the outer laver of
the skin, cartilage, the retina, and the central parts of the liver. :

~ Visceral sensations not classifiable under the above headings arise in the
urinary, genital and pulmonary argans. Thev are concerned with special
functions of these organs when such are under any voluntary control.
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CHAPTER XVI.

The Central Nervous System

The central nervous system is composed of a vast number of neurons
collected together and forming a column or cord with two pairs of special
expensions. The greater part of this column is composed of the spiNaL
corp which lies in a bony arch in the spine. This portion continued into
the skull constitutes first the MEDULLA OBLONGATA, then the rons, then
the region of the corrora QUADRIGEMINA, and then the region of the
THALAMUS. One paired expansion arises from the pons and is called the
CEREBELLUM, the other paired expansion arises from the top of the column
and forms the CEREERUM, or brain proper, a portion of the central nervous
system which is relatively very small in the lower vertebrates but, in the
mammal, fills up the greater part of the cavity of the skull. That
tion of the column which lies within the skull, namely from the thalamus
to the medulla inclusive, is frequently termed the BRAIN-STEM.

A striking feature of the central nervous system is the large number
of nerve cells present which, when massed together, constitute with their
smaller processes what is termed grey matfer.  Intermingled with the
nerve cells and their processes in the grey matter is a frame-work of cells
called neuroglia. The axons arising from the cells in the grey matter
when invested with insulating sheaths tend to run in strands and consti-
tute what is termed wiite matter. But the majority of the processes of
the nerve cells do not possess this sheath and do not extend beyond the
limits of the grey matter. The sheathed axons of the white matter
closely resemble the nerve fibres of the peripheral nervous system ; they
differ however from these in not possessing the external sheath or neuri-
lemma, and, probably owing to this deficiency, cannot regenerate when
injured. White matter is also devoid of the framework of connective
tissue which gives a characteristic toughness to nerve trunks; in conse-
quence it is s;ﬂft and pulpy and the constituent fibres are more easily
ruptured. In the chapter on nerve it was stated that the cells of the
afferent and post-ganglionic neurons were all external to the central
nervous svstem whilst those of the motor and preganglionic neurons lay
within the central nervous system. But these latter constitute only a
minute fraction of the totzl number of cells in the grey matter. By far
the greater number of the neurons of the central nervous system are
connecting neurons allowing impulses to pass from one portion of the
C.N.8. to another and forming so many junctions, by means of synapses,
that each afferent neuron is I:Ia-:ed in physiological connection with every
motor and preganglionic neuron and probably with every cell in the whole
central nervous system.

THE SPINAI. CORD.—In this portion of the central nervous
system the grey matter forms a central core completely surrounded with
white matter.  The fibres in the white matter connect different regions
of the spinal cord with each other and further allow impulses to pass
from all its levels to the brain-stem and brain and wice versd.  One
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very long tract of white matter carries impulses from the cerebrum to
the spinal cord and is probably concerned with skilled movements. The
shape of the grey matter on cross section of the cord is characteristic
(Fig. 59). On each side will be found a blunt ventral hom containing
amongst many others, large nerve cells which are those that give nse to
motor nerves ; a sharp dorsal horn into which stream afferent fibres; and
in some regions of the cord a small lateral horn probably connected
with the preganglionic fibres of the autonomic system. The spinzl cord,
both white and grey matter, is almost divided into two by a deep dorsal
cleft or fissure and a shallower and more open ventral fissure. If the
spinal cord be dissected out it will be seen that on each side and, at a
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Fig. 59. Transverse section of spinal cord (semi-diagrammatic). a, ventral

fissure ; 4, dorsal fissure; ¢, &, ¢, g, white matter; &, ventral rootlets; §, dorsal
root; m, ventral horn; », dorsal horn; o, lateral horn. (After Erb.)

series of different levels, the peripheral nervous system arises by means
of * roots.”” (Fig. 6e). On the dorsal side are the dorsal roots, each with
its ganglion attached, in which the nerve cells of the afferent fibres are
situated. FEach dorsal root is made up of z large number of fibres wholly
afferent in character and is connected with the dorsal horns of grey matter
and with the dense mass of white fibres on each side of the dorsal fissure.
The ventral roots arise, as the name indicates, from the ventral aspect
of the cord and are connected with the cells of the ventral horns. In
all regions of the cord they contain motor fibres for voluntary muscle but
in the thoracic and sacral regions they include preganglionic fibres as well.
Each ventral root joins & dorsal root a short distance beyond the ganglion
on the latter, and thus a mixed nerve trunk is produced. This condition
may be taken therefore as typical of the whole cord—a dorsal series of
groups of peurons bringing in afferent impulses and a ventral series
allowing an outflow of impulses to voluntary muscle and the organs
innervated by the autonomic system.

Afferent impulses reach the spinal cord from receptors in the skin of
the trunk, limbs and tail, from the pelvic viscera, to some degree from the
abdominal alimentary canal, and from the proprioceptors in the tendons,
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ligaments, muscles and joints of the trunk, limbs and tail. The motor
outflow is concerned with the muscles of the trunk limbs and tail. The
thoracic autonomic outflow produces constriction of arteries throughout
the body, acceleration of the heart, erection of hairs over the whole skin,
dilation of the iris, inhibition of gut movements, &c. The sacral autono-
mics. produce contraction of the colon, rectum, bladder and uterus, and
special movements of the genital apparatus in both sexes.

If the spinal cord be cut across in the lower neck region a mammal
continues to breathe by its diaphragm and can live many months. In this
case the whole of the central nervous system posterior to the cut will be
1solated from the higher nerve centres, but it will continue, after a brief
period of shock, to act normally.  As already pointed out in Chapter 111,
the function of the central nervous system is to divert afferent impulses
along particular paths and lead them eventually to the exit nerves.
(Fig. 37.) In this way reflexes are produced. For instance in a dog
operated on as described, the afferent impulses, started by movement of a
few hairs on the back of the animal, will enter the spinal cord below the

Fig. 6o. Different views of a portion of the spinal cord with the roots of
nerves.—1, ventral fissure; 2, dorsal fissure; 3, origin of ventral rootlets; g4, tip
of dorsal horn with entry of dorsal root; s, ventral root; sl, ventral root divided ;
6, dorsal root; 61, ganglion on dorsal root; 7 and 71, roots combined te form mixed
nerve which divides at once into two. (After Allen Thomson.)

cut, will traverse definite channels, and will finally leave by the motor
nerves which innervate certain muscles in a rhythmic way and thus
produce a movement of the hind limbs which we call scratching. The
foot will be zpplied fairly close to the region tickled though the animal,
through the operation, is unconscious of the stimulus and even of its own
response. A decapitated frog will scrape off with wonderful accuracy a
piece of paper soaked in acid which has been applied to its flank. As
snother instance may be given the reflexes due to afferent impressions
arising from the presence of faces in the rectum: these enter the spinal
cord, are grouped within the grey matter, and finally leave the cord by
the nerves, motor and preganglionic, which are concerned with that com-
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bined action of muscles, skeleta! and smooth we call defmecation. It so
happens that in this case the region of the grey matter where the distri-
bution is effected is small and circumscribed and we thus speak of the
centre for defecation. A trifling injury to the cord may ders.trroyl this
ventre and rob the animal of its power to defmcate normally. Similarly
there are centres for the bladder and for the sexual organs. It must be
noted in this connexion that, when muscles are involved in a reflex, it is not
enough merely for certain muscles to be activated—others must be stopped
or inhibited. Thus in the act of defsmcation the sphincter of the anus
must relax: when in the act of scratching, the hock is flexed it will be
found that the muscles which eatend the hock lose their tautness or
““tone '’ and vice versd. The muscular and visceral reflexes carried out
by the spinal cord, as also those of the brain stem, have & distinct pur-
posive character ; thus a spot tickled is scratched, fmces and urine are
expelled, a limb is withdrawn from a source of injury, &c. In the whole
central nervous system, except the fore-brain, we find that the chains of
acurons along which the impulses pass are definite and inborn. Certain
stimuli or sets of stimuli will provoke certain responses and only these.
1t will be apparent, from what has been stated above, that a reflex may
be lost through injury to receptors, or to afferent fibres, or to the central
nervous system, or to exit fibres, or to the receptive substance or active
structure of the muscle or gland.

The medulla oblongata is really a continuztion of the spinal cord
headwards.  The tvpical arrangement of the grey and white matter is
however disturbed, the central core of grey matter being broken up by
strands of white fibres, whilst special accumulations of nerve cells occur
in the midst of the white matter. It is in this region that the great strand
of white fibres, on either side, passing from the cerebrum to the spinal
cord, crosses from one side to the other and produces what is called the
** decussation of the pyramids.” It is owing to this decussation that an
epoplectic seizure involving, say, the riglt side of the forebrain, con-
ilitions a partial paralysis of the lef? side of the body.

In the pons the distribution of grey and white matter is still further
disturbed by the presence of fibres entering and leaving the cerebellum
and connecting together the two lateral expansions of this organ. Taking
the pons and the medulla together it may be briefly stated that the nerves
arising from this region are the s5th cranial or trigeminal, the 6th cranial
or abducens, the 7th cranial or facial, the 8th cranial or auditory, con-
taining however fibres from the semi-circular canals as well as fibres from
the cochlea, the gth cranial or glessepiaryngeal, the 1oth cramal or vagus,
the r1th cranial or spinal accessory, and the 12th cranial or Aypoglossal.
The afferent supply of the medulla-pons region is large and embraces
the following—from the skin of the forehead and face, the teeth, and
the mucous membranes of the mouth, eye and nose—these enter by the sth;
from the organ of hearing and from that great proprioceptive organ, the semi-
circular canal system—these enter by the 8th ; from the mucous membranes
of the pharynx, back of the tongue and the Eustachian tube, and probably
from the taste receptors—these enter by the gth ; from the heart and aorta,
the trachea, bronchi and lung, and the muecous membranes of the alimen-
tarv canal from the cesophagus to the colon—these enter bv the 1oth;
and finally from the muscles innervated by the motor outflow from this
region. As the medulla and pons are not isolated from the rest of the
C.N.S we accordingly find that the afferents of the spinal cord send up
branch fibres that enter here into the grey matter, and similarly afferents
entering higher up in the brain-stem make connection with this region by
circuitous routes. The motor outflow proceeds to the muscles that move
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the tongue—by the 12th; all the muscles of the larynx except one—by
the 11th ; the muscles of the jaws—by the 5th; the muscles of the face—
by the jth; the muscles of the soft palate and the pharynx and one
muscle of the larnyx—by the gth; and the external (posterior) rectus
muscle of the eyeball—by the 6th. The autonomic outflow is very con-
siderable and includes inhibitory to the heart, secretory to the glands
of the stomach, motor to the smooth muscles of the alimentary canal from
the cesophagus to the first part of the colon—these pass out by the
1oth ; secretory to the salivary glands and the glands of the mouth
!:r_v the 7th and oth. Perhaps the most remarkable fezture of the medulla
s the number of centres for various visceral reflexes which it contains—
there are, for example, centres for the heart movements, for arterial
constriction, for respiration, swallowing, vomiting, and secretion of saliva.
The pons contains the centre for closure of the eyelids on irritation of
the cornea or strong illumination.

The cereBELLUM may be regarded as a great expansion of the brain-
stem connected with the proprioceptive system. It has a peculiar laminated
structure with grey matter external znd white matter within. Into it
stream branch fibres from the nerves coming from the semi-circular canals
and from the afferents of those muscles, tendons and joints that are
concerned with body movement and posture.  From the cerebellum nerve
fibres pass to the brain-stem and particularly to the spinal cord. If the
cerebellum be injured, the animal moves in a peculiar reeling or drunken
manner or, if the injury be a serious one, may spin round or turn
somersaults with considerable violence. The tautness or ‘‘ tone’’ of the
various muscles of the body not actually in zetive contraction is partly
attributable to cerebellar influence.

The region of the corroOrA QUADRIGEMINA receives scarcely any afferent
fibres directly. It has a small motor outflow to the superior oblique
muscle of the eveball by the 4th cranial or frochlear, and to all the other
muscles of the eveball (except the posterior or external rectus) by the zrd
cranial or evnle-meter. The autonomic outflow occurs vid the 3rd nerve
and has to do with the ciliary muscle of the eye and the constrictor
muscle of the iris. This region contains centres for the adjustment of the
pupil to varving strengths of light, for phonation, for quadrupedal pro-
gression, and for sneezing.

The region of the THarumus is that portion of the brain-stem where
branch fibres from all the afferents of true sensation entering the central
nervous system meet and then form new relays that spread into the fore-
brain. A special protrusion of the thalamic region forms the so-called
‘optic nerves (znd cranial). An upward protrusion forms the pineal gland
which is really a degenerated eve; a downward protrusion forms the
pituitary gland the use of which is unknown (Fig. 61). The so-called
olfactory nerves (1st cranial) are often described as entering the forebrain ;
they are most likely protrusions from this region. The thalamus contains
centres for guiding bodvy movements by wvision.

The forebrain, brain proper or ceErRgBrUM consists of two highly con-
voluted expansions or hemispheres. As the grey matter is external to the
white matter the area of grey matter is increased the greater the
intricacy of convolution. The cerebrum has been described as the organ
of consciousness and of intelligence. From the physiological standpoint
it may be regarded as the organ of memory and of skilled movements.
In all the regions of the central nervous system previously described the
neuron paths, along which the impulses run, are inborn and are probably
not affected in the animal's lifetime. A dog without a forebrain will eat,
sleep, bark, growl and bite, but it will never associate its sensations, Tf
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fed by a particular man and from a particular vessel it will never link up
the sight of the man or the vessel with the act of eating but will struggle
violently with its keeper until the food is thrust into its jaws. A human
being in a state of complete idiocy is in much the same condition. Into
the forebrain there enter relav fibres from zll the afferents which give
sensations and particularly those of sight, smell, hearing and pain. From
the brain there emerge fibres which never pass out of the central nervous
system but proceed, firstly, to the grey matter throughout the whole cord
which controls muscular movements, and, secondly, but to a much lesser
degree, to the various visceral centres. The action of the cerebrum may be

Fig 61. Vertical longitudinal section through brain of horse.—1, left fore-
brain or cerebral hemisphere; 2, cerebellum ; 3, medulla oblongata; 4, spinal cord;
5, pons; 7, olfactory *‘nerve; 8, optic "“nerve” cut short; 14, corpora quadri-
gemina; 15, thalamus; 16, pineal gland; 17, bridge (cut across) connecting the two
cerebral hemispheres; 1g, pituitary body. (After Hagemann.)

looked on largely as an interference with the reflex mechanisms of the rest
of the C.N.5.; some of the fibres start or augment, a great many can
check reflexes ; other fibres can set muscles acting in a particular combina-
tion znd sequence that would never occur in any reflex at all. These last
mentioned, which have to do with skilled movements, show increasing
development the higher the animal is in the evolutionary scale. When the
heart’s action is increased by fear, when the saliva and gastric juice are
secreted on merely seeing preparations being made for a meal, we have
two of the many instances of the action of the forebrain on visceral
reflexes.

We mav regard the nerve paths (or the synapses—see Chapter ITL.) in
the forebrain as being sensitised so that the passage of a particular group
of impulses produces an actual physical change and allows subsequent
impulses to pass more readily ﬂlnng these paths. This is the phyvsical
basis of memory whereby past experiences are registered and to it we may
ascribe also the fact that “an act repeated becomes a habit" &c. An
animal possessing a cerebrum can guide its conduet by its own previous
etrors and successes, whilst human actions can be regulated not only by
these but also by the experiences of others properly communicated, by
true reasoning, and by ideals. But bereft of its forebrain an animal is a
pure automaton whose responses to stimuli are predestined and predictable.



126 THE ELEMENTS OF ANIMAL PHYSIOLOGY.

CHAPTER XVII.

Reproduction.

In all vertebrates, except the degenerate sea-squirts, reproduction takes
place sexually, that is to say each individual arises by the union of a cell
called a sperm cell or spErMATOZOON derived from the male, with a cell
called an ovum derived from the female. In Chapter I1. it was shown
that every higher animal and plant is built up of cells each of which con-
tains a nucleus. Now in every nucleus there are present a number of
structures like short pieces of microscopic twine called chromosomes (see
Fig. ¢). The number of chromosomes in each body cell is constant for
the members of a particular species. Thus in some snails there are 3z ;
in the mouse, trout, and lily there are 24 ; in the ox, guinea-pig, man, and
the onion there are 16. Now it is found that in the spermatozoon and
also in the ovum the number of chromcsomes is exactly one half that in
each of the body cells; when therefore these two cells fuse together in
what 1s called the fertilization of the ovum the correct number of chromo-
somes—and therefore an efficient cell—is produced. There is some reason
to believe that the chromosomes are those structures which are responsible
for the transmission of ancestral characters to the offspring.

The spermatozoa arise in two testes or testicles. Each spermatozoon
is composed of a head, a neck and a tail, the last mentioned part keeping
up a constant side to side or wriggling movement, so that the spermatozoon
can move spontaneously and is thus able to travel several inches or even a
few feet on a moist surface before exhaustion sets in. The spermatozoa
are microscopic in size, being about ;}; inch long for most of the larger
mammals. The spermatozoa floating in an albuminous fluid pass from
each testicle through a highly convoluted tube and then through a straight
tube close to the neck of the bladder where in most mammals a sEmmNAL
vEsIcLE or reservoir is found. In the sexual act the secretion of the
testicle is mixed with the secretion of other glands such as the prostaté,
and the mixed fluid or semexn is ejaculated through the urethra to the end
of the penis and thence into the vagina or uterus of the female. The
number of spermatozoa injected in a single insemination is verv large
being expressed as hundreds of millions for most mammals. When the semen
arrives in the vagina or uterus the powerful tail movement of each sper-
matozoon urges it forward, the direction being always the same and probably
determined by a chemical substance which is present in the moisture of the
genital passages of the female and which increases in strength from without
inwards. What may now be described as a race takes place. The sper-
matozoa travel through the uterus and up the Fallopian tubes attached to
the uterus. Should an ovum be present in the upper part of a Fallo-
pian tube, or even at the beginning of this tube in the abdominal cavity,
the first spermatozoon to arrive enters it and fertilizes it and immediately
the ovum alters its outer laver or tunic so that no more spermatozoa can
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enter.  (Fig. 62.) There is probably here a provision of nature for
selecting the most vigorous spermatozoon in somewhat the same way that
the queen bee selects the most vigorous drone during her nuptial .ﬁlght.

The cells that give rise to spermatozoa in the testes are laid aside for
this purpose at a very early stage of development—Ilong before birth—but
they do not become active until pubertv which takes place at an age
varving with each species. The production of spermatozoa is not the only
function that the testes carry out; these two glands are undoubtedly the
seat of formation of chemical messengers or hormones which pass into the
blood stream and influence most regions of the body. At puberty, beside
sexuil power and desire, a number of secondary elnmrter'; occur in the male
such as changes in the vocal chords and larynx giving the broken voice,
increased growth of hair, increased muscular, mental and emotional
activity, &c., which are referable to hormones derived from the testes. If
an animal be castrated before puberty these secondary sexual characters
do not appear; in such an animal however development of these missing
characters can be stimulated by grafting a testis from a male of the same
species somewhere in the body.

Fig. 62 Fertilization of an Ovam, Highly Magnified. -[. A number of
spermatozoa have reached the border of the ovam.  An alteration in the tunie of the
ovum takes place opposite the foremost spsrmatozoon. IL and III. Stages in the
entry of the foremost spermatoxoon ; the others are refused admittance, [Afler
Hagemann. )

The ova are formed in the two glands of the female called ovaries. The
cells from which the ova arise are already laid aside in the mammal lon
before birth, but do not become active until puberty is reached. After
this age until sexual activity ceases, a process of ripening of the ova can
be observed in each ovary. (Fig. 63.) From time to time an ovum sinks
in the ovarian tissue and gets enclosed in a hollow sphere of cells or
FOLLICLE containing a fiuid ; this sphere gradually works to the edge of the
ovary and then bursts, liberating the ovum into the abdominal cavity.
This process, ovulation as it is called, will occur if access is denied to the
male but though not entirely dependent upon the sexuval cycle it is hastened
both by the state of the genitalia in the period of cestrus or sexual desire
and by copulation with the male. The ovum in the abdominal cavity in
some manner not thoroughly understood is carried (possibly in a purely
passive way by the writhing of the pelvic gut) to the mouth of one of the
two FaHopian tubes. It is then apparently seized by the tentacular mouth
of the tube and driven slowly towards the uterus by peristalsis. Should
no spermatozoon be present the ovum passes through the uterus and thence
into the vagina and so is discarded. But should a spermatozoon enter into
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the ovum fertilization will occur.  When the spermatozoon bores into the
ovum its tail drops off but the head and neck parts enter and blend with
the nucleus of the ovum.  When fertilization occurs the ovum at once
begins to change. It divides into two, then into four, and so on, each
daughter cell growing at the expense of nutriment derived from the mucous
membrane of the tube. In this process of division it is interesting to note
that each daughter cell has the same number of chromosomes as the original
fertilized cell ; for by a process of division, like the splitting of a cane
longitudinally, each of the chromosomes of the mother cell divides intg two,
making a complete set for each cell, and each of the daughter chromo-
somes can divide longitudinally and so on. Thus it is that in every cell of
the adult body the chromosomes are derived half from the mother and half
from the father. The mass of cells to which the ovum has given rise passes
down the Fallopian tube into the uterus and there lodges becoming firmly
adherent to the uterine wall. Its further development will be considered
later. In the mammal an ovum is utterly incapable of developing unless
fertilized by a spermatozoon, and the spermatozoon must emanate from a
male of its own species or at least of species very closely akin. Thus suc.
cessful pairing can occur between hare and rabbit, but not between hare
or rabbit and dog.

Fig. 63. Section of the Ovary of a Cat. —i1, outer capsule ; 5, cells"from which ova
arise; 6, similar cells enlarging and sinking deeper, and ultimately forming follicles ;
7 and 8, unripe follicles ; g, ripe follicle, about to burst and shed evum ; 1o, corpus
utenm. (After Schrin. )

In the female, as in the male, secondary sexual characters are dependent
on hormones emanating from the active ovaries. If the ovaries are
removed before puberty these secondarv sexual characters will not appear
but they can be induced by grafting into some organ of the body (say the
kidney) the ovary ot a female of the same species. The ovary can also
through its hormones produce a number of significant changes in the body.
Thus the sexual cycle in the female, the growth of the mammary gland,
the regulation of the amount of fat in the body, the changes in the uterus
during pregnancy, and even the continued existence of the uterus itself
are due to chemical messengers arising from this important organ.

The ova in a mammal are microscopic in size, being about 1. inch
in man, whereas in the bird the ovum is enormously swollen by a supply
of food for the embrvo called the volk.
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The Sexual Cycle in the Female.

In all female mammals after puberty a definite cycle of changes is
observed in the genital organs when pregnancy has not occurred. These
changes have been named uas follows—pro@strum or period of preparation,
@&STRUS or period of sexuval desire, mEresTrum which wecurs if fertiliza-
tion is absent and is a period of subsidence of genital excitement, and
the ancEsTrRUM or period of rest in which the sexual organs lie fallow.
At the end of the ancestrum a new sexual season occurs and the cyele
begins again with the proeestrum. Animals that conform to this tyvpe are
termed MONESTROUS. Examples of moncestrous animals are many wild
sheep in which the sexual season occurs once a vear and the ancestrum or
fallow period extends over several months. Another moncestrus animal is
the domestic bitch in which however the ancestrum last only a few months
and so three or even four cycles can take place in a year. The other 1ype
has been termed pPOLY@®STROUS ; in this case, in the absence of fertilization,
there takes place atter the metcestrum instead of a long ancestrum, a very
short fallow period of a few davs called the presTrUM, then a new cycle
beginning with procestrum starts again. After a few of these cycles a true
ancestrum appears and lasts until a new sexual season occurs. As an
example of a polycestrous animal the mare may be taken. Durmg a certain
portion of the vear she passes, when not pregnant, through a series of cycles
separated each from the other by a short dicestrum, then a true ancestrum
occurs and ends with the advent of a new sexual season. The polyeestrous
condition is shown by domesticated cattle, sheep, and pigs. An extreme
form of polyeestrous rhythm is displaved by man, certain monkeys, and
some domesticated sheep. Here the ancestrum is absent and the cyvcles are
separated only by short dicestral periods and the female is therefore cap-
able of being impregnated throughout the vear. But in most polycestral
animals the dicestrous cveles are only two or three in number. Domesti-
cation and change ot climate and food have a marked effect on these cycles.
Generally stated domestication tends to shorten or even obliterate the
ancestrum and thus make the periods of cestrous or desire more frequent
though possibly less intense.

The period of procestrum has been termed the period of preparation,
i.e,, preparation for a fertilized ovum. The external genitals become
swollen and a discharge takes place from the vagina which may be bloody ;
there is also some general excitement and in some animals special indica-
tions, such as drooping ear in the sow, and blood-shot eye in the rabbit.
But it is in the uterus that the most significant changes happen. The
lining membrane thickens and its blood vessels become enormously dilated ;
some extravasation of blood beneath the surface generallv occurs and may,
in some animals, be so pronounced as to cause true bleeding into the uterine
cavity. The innermost laver of the uterus breaks down in part and passes
out as a mucous discharge, in some animals mixed with blood. These
uterine changes may be regarded as all preparatory for the reception of a
fertilized ovum. Immcrlmteh fﬁlh'ﬂ.\-mg the procestrum is tiu: estrus or
period of desire in which the male is sought. [Its duration is short and
rarelv exceeds twenty-tour hours. In many animals the female in cestrus
possesses an odour which informs the male of her condition and excites
him sexuallv. The cestrus in some animals, ¢.g.. sheep, mav overlap the
procestrum to some extent. If the sexual act takes place, and should a
fertilized ovum arrive in the uterus from either Fallopian tube, the uterine
wall is now in a fit condition for the attachment and nourishment of the
ovum.  Pregnancy begins and the sexual cyveles are intermitted.  But
should no such ovum arrive the uterus returns to its normal state in a
period of meteestrum.  Then follows a resting stage of anemstrum or
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dicestrum and then the cycle begins afresh.  Not only pregnancy but
lactation 1_:|11|r51ng}| may check the occurrence of these cycles. This rule,
however, is not without exceptions for many rodents may suckle a litter

of voung while pregnant with another litter, and the mare generally
experiences cestrus nine days after giving birth to a foal.

Fregnancy.

The number of fertilized ova that reaches the prepared uterus at one time
varies with the species of animal. In the larger mammals one only is the
rule. In the cat three to six, in the dog four to ten, and in the pig six
to twelve ova are fertilized at the same time. In the bird and lower animals
thﬁ. fertilized ova leave the body with a supply of nourishment and continue
their development outside the mother. In mammals however the ova
depend from the first for nourishment on the maternal uterus. When the
small mass of cells formed from a fertilized mammalian ovum reaches the
uterus at the proper stage in the sexual cvele it remains adherent to the
aterine wall. Subdivision and growth of the cells occur rapidly.  After
a short time a grouping of cells is evident, and the beginnings of skin, gut,
and central nervous svstem become apparent. So far the nourishment
required has been derived by simple absorption from the secretion of the
uterine lining membrane, but when the embrvo develops a system of blood
vessels and a heart a more efficient method of obtaining nourishment is
required. The embryo encloses itself in a bag containing a watery fluid
and composed of a fairlvy tough membrane. The wall of the bag fits itself
to the wall of the uterine cavity. ‘The chief use for this is to shield the
delicate embrvo from injury and also to bear the brunt of the work of
dilating the neck of the uterus and the vagina when the voung is born.
From a point in the embryo, which is afterwards recognised as the navel,
2 curious outgrowth arises called the apLvanrors, which eventually blends
with a portion of the wall of the membranous bag to form the PLACENTA.
The placenta sends long finger-shaped processes into similarly shaped de-
pressions in the uterus which are lined by walls richly supplied with blood
vessels.  Two arteries from the embryo pass along the stalk of the allantois
and break up into a dense meshwork of capillaries in the placenta ; then the
blood is collected into venules and finally into one large vein which runs
parallel with, and close beside, the two arteries mentioned and brings back
purified and enriched blood to the embryo. It must be remembered that
there is no direct connexion between the blood of the feetus and that of
the mother. The embrvonic heart pumps blood through its own
body and through the placenta. 1In the finger-shaped processes or
zilli of the placenta the separation from the maternal blood is
effected bv a verv thin membrane through which the exchange
takes place. The blood of the fwetus takes up oxvgen from, and
gives off carbon dioxide to, the maternal blood. Tt was formerly thought
that the nutriment required by the embrvo simply filtered through from
the uterine hlood vessels into the capillaries of the placental villi, but there
is reason to believe that the placenta is a digestive organ breaking down
the necessary constituents of the maternal blood and passing them into the
blood of the feetus. The stalk of the allantois with its vein and two
arteries is known in the later stages of embryonic development as the
uMBILICAL Corp.  The shape and attachment of the placenta varies in
different species of mammals ; in some the finger-shaped processes or villi
are simple and when the voung is born are detached from the uterine wall
without producing any tearing. In such cases thﬂ-_pla.centa COMes awav
without anv portion of the nterus heing attached to it—such placentas are
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termed indeciduate. In others the villi are so locked in the uterine
tissue that when the voung is born the villi drag with them pieces of the
inner wall of the uterus and leave what may be termed an open sore at the
site of the placental attachment. Such cases are called deciduate. We
may classify placentation roughly as follows:

!'rlet.up:liscni.dul—-thelvilli are at first scattered, but are collected into a
. ! dlige—man and monkey.
ik l'l.'-'lmmtlal—Hw villi are restricted to a cake-like dise— rodents,
fﬂllury—tg; villi are restricted to a belt-like band— carnivores, elephant,
; Cotyledonary —villi in patches—ruminants.
Indeciduate {leﬁ.lﬂe—\llll gcattered-—pig, horse.

As development proceeds the cells of the embryo increase continually
by subdivision and the crgans approach nearer and nearer to the condition
that thev present at birth. One extraordinary fact about embryvonic de-
velopment is that a number of stages are traversed which are singularly
reminiscent of stages in the evolutionary ascent of the race. Thus all
mammalian and bird embrvos at one period of growth show clefts in the
throat like the gills of a fish, and the human embryo at one time possesses

a tail.

From the moment of entry of the fertilized ovum the uterus begins to
change. Instead of the metcestrum a long series of important alterations
takes place too complex for full description here. The uterus grows
parallel with the growth of the embryo and the membranous bag of the
latter, its muﬁl:ular walls increase enormously in thickness and in the size
and power of the constituent muscular cells, and, where the placenta is to
be formed, an alteration in the inner wall is effected. These important
changes in the uterus are the outcome of hormone stimulation. The de-
veloping ovum unquestionably furnishes one set of hormones, but these
would apparently be useless unless backed up by hormones arising from
the ovary and pmb"nbh from one particular part of the ovary called the
corpus luteum (Fig. 63). The corpus luteum is produced from a burst
follicle and was nngumlh thought to be only a lump of scar tissue
but its secretory importance has been proved bevond doubt for if it be
destroved, or if it fail to develop, pregnancy comes to a premature end.
What exactly determines the onset of parturition or labour has not been
discovered.  The muqrul::r walls of the uterus contract powerfully in a
series of ** pains.” ‘Thanks to the membranes rmhmmg the watery fluid,
the narrow neck of the uterus can be dilated without injury being done to
the head or fore limbs of the feetus. The pains continue until the mem-
branes burst and the voung, after undergoing a characteristic rotation, is
driven through the vagina: after a variabie interval the membranes and
placenta are ejected by further uterine contraction, Once the placenta has
been detached from the uterine wall the voung ;.mmml can no longer get
its oxygen from the maternal blood ; slight asphyxia therefore ensues and
through the stimulation of the respiratory centres by the asphvxial blood
the first breath is taken. Coincidentally with this a change takes place in
the heart so that the right ventricle which in the feetus sent its blood into
the aorta now drives blood into the lungs through the pulmonary artery
and the condition of the circulation present in the adult is established.
After the expulsion of the placenta and membranes the uterus rapidly
contracts upon itself and undergoes a sort of degeneration, becoming smaller






THE ELEMENTS OF ANIMAL PHYSIOLOGY. 133

CHAPTER XVIII.

Lactation.

The mammary glands vary in number in different animals. In the
cow there are really two, for the udder, though apparently single, is divided
completely by a fore and aft partition of strong connective tissue which
completely separates the two glands. Each gland has one or more mamn
ducts and teats. The mammary glands increase in size at puberty but
such increase is largely due to connective tissue and fat. When, however,
the animal becomes pregnant the true glandular matter undergoes great
increase. This response of the mammary gland to pregnancy has been
proved to be due to hormone stimulation, but a doubt has arisen as to the
origin of the hormones. Probably such origin is twofold—from the ovary
atid from the feetus. In an animal in the wild state no secretion of milk
takes place, except when suckling, but, in domesticated animals, milk
secretion may occur throughout pregnancy and even in the virgin state.
Certain evidence points to the fact that from the feetus or its placenta a
hormone enters the blood stream which, reaching the gland, holds secretion
in check. The moment the placenta is detached this restraining agent is
removed and the gland begins to secrete actively. In the highly selected
and domesticated milch cow pregnancy does not stop the formation of milk
though it certainly lessens the amount secreted in the later months.

The mammary gland is a true gland and its product a true secretion.
The chief ingredients of milk do not appear preformed in the blood but
are manufactured by the gland cells out of the nutriment supplied by the
blood. In one respect the secretory epithelium of the mammary gland is
unique. The lining cells, when active, not only produce a secretion but
apparently break up, in whole or part, and pass into the secreted fluid.
Milk is to a ceriain extent a cell pulp as well as a fluid secretion. The
cells that are thus mutilated or lost are speedily repaired or replaced by
cell growth and subdivision. The mammary gland has a fine substructure
of connective tissue, embedded in the meshes of which lie the true gland
cells. It is plentifully supplied with blood wvessels, lymphatics, and
nerves. The ducts leading from the small gland follicles or acini join
together to form larger ducts, and so on until one or two large ducts are
formed which pass each through a teat.  One peculiarity of this duct
svstem is the presence of reservoirs, the largest being just at the root of
the teat. Another curious and important fact is, that in the branching part
of the duet svstem, sphincter muscles occur over which the animal has some
control. The teat is also well supplied with sphincter muscles. Closure
of the ducts can occur reflexly through fright, unfamiliar surroundings, or
cestrus, but it is certain that cows can acquire a pernicious habit of volun-
tarilv holding their milk on the slightest provocation. In some cows the
:;Iphincter of the teat is so toneless that the mere pressure of the milk in
the udder is sufficient to force it open. If milk is allowed to stagnate in
the ducts and their reservoirs there is a partial back ahsorption of some
of the ingredients; such milk tends to check further secretion and mav
induce inflammatory trouble through irritation. The secretion of milk is
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not under the control of the will but can be affected by the physical and
mental state of the animal.  Thus the quantity will diminish thmugh
sexual excitement, fatigue, insufficient food or water, &c. The secretion
of milk becomes verv active when the calf is sucking, and even during
the act of milking. TIn consequence the milk gained by the calf or milker
may be more than that simply stored in the ducts and reservoirs.

Physical Characters of Cow's Milk

The average specific gravity of cow’s milk at 60 deg. F. is about 1,032,
that is to say, 1,000 volumes of milk would weigh as much as 1,032
volumes of water at the temperature specified. As the fat in milk has a
specific gravity lower even than water it follows that the specific gravity of
separated milk is higher than that of whole milk. The white colour of
milk is due partly to the fat being in a state of emulsion and partly to the
caseinogen of the milk I:rr:mg to a slight degree also in a state of suspen-
sion. The yellowish tinge is due to a plgment associated with the fat.
The sediment present in uncontaminated cow’s milk is very slight in
amount and is composed of fibrin threads which have formed in the milk
itself and epithelial cells shed by the lining membrane of the ducts in the
udder and teat. During the colostral period (lasting a few days after
parturition) milk contains cellular elements—colostral corpuscles—which
represent the débris of incompletelv broken-down gland cells. Fresh milk
is slightly acid to some indicators owing to the presence of phosphates and
caseinogen.

Constituents of Milk

1. Caseinogen. This is a complex protein containing phosphorus. It is
an acid and is insoluble in water. In milk, however, it occurs as a salt
of lime which s soluble.  When acid is added to milk, or if the milk
develops lactic acid on standing, a clot is formed which is due to the added
acid seizing upon the lime and turning the insoluble caseinogen out of
combination. When milk is subjected to the action of a protein-splitting
ferment such as rennin, trypsin, &c., a totally different form of clotting
occurs. The caseinogen is altered chemically being transformed into casein
and cannot be restored to its ungmal state. Caseinogen in solution as salt
is not precipitated by boiling but it forms a tough skin on the surface.
The whole of the caseinogen in milk is not in solution; part is in sus
pension unattached to lime and thus the white colour ot separated milk
15 produced. Caseinogen is soluble in alkalies and in strong excess of
acids, but it is insoluble in weak acids.

2. Lactalbumen. This is a true albumen being coagulated by heat. It
differs only slightly from the albumen in blood. 1In colostral milk the
content of lactalbumen is very high and the milk will, if heated, torm a firm
clot.

3. Fibrinogen. A very small amount of fibrinogen is present which
undergoes spontaneous transformation into fine gelatinous threads of fibrin.

4. Fat. Milk mntainq a mixture of fats. each being composed of a
fatty acid and glycerine. The preponderating fatty acids are oleic, palmitic,
myristic, and butvric. The fat is held in suspension in the form of
microscopic globules each surrounded by a jacket of precipitated casein-
ogen. When milk stands the globules riser to the surface as cream. This
action, as is well known, can be accelerated bv centrifuging.

5. Lactose. This is a disaccharide sugar, as already explained in a
previous chapter. Lactose does not readilv undergo alcholic fermentation
but is very readily attacked by various barilli, becoming transformed into
lactic acid—hence the spontaneous souring of milk.
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6. Salts. Chlorides and phosphates of soda, lime, potash, and mag-

nesia are present, but the preponderating salt is phosphate of lime as this
is needed for the rapid bone growth of the young animal.

7. Lipoid. Lecithin and cholesterin are present in varving amounts in
the milk of different species.

_ 8. Organic acids. These reckoned as citric acid are present in cow’s
milk to the extent of about o.25 per cent.

9. Other substances. Without doubt there are manv substances present
in small quantities which further research will discover and estimate. There
is evidence that milk contains antitoxins which are absorbed best in the
colostral period ; also enzvmes, the use of which is unknown ; the precursors
of hormones, &c. The pigment has already been mentioned.

We may regard milk as a perfect food for the voung of the same
species as the milk-secreting animal. It is impossible to alter the milk of
any animal to make it suit the requirements of the voung of another species.

AVERAGE PErcENTAGE CoMposiTION oF THE MILK oF VARIOUS ANIMALS.

— Cow, | Goat. |Sheep, | Mare. | Ass, | Bow., | Human.

.| s e

“'u.tf.'r B74 | BY'3 54 R4 925 824 )
Caseinogen ... 2 3 43 1725 106 |1 .., 1:2
Lactalbumen ... 05 05 13 075 o7al) 05
Fat ... 37 34 24 1'1 04 04 g Tl |
Lactose i e B T 5l 4 5
Salts ... {07 s 0.7 ! o3 04 11 0z

[
|

Variation in Milk,

The milk of all mammals varies somewhat with the period of lactation
to suit the needs of the young. Variations in food supply affect chiefly
the quantity but not the relative proportions of the ingredients. The milk
fat can alter slightly in character when certain oily foods are administered.
Thus linseed meal gives a butter with a low melting point and bran one with
a high melting point. Stagnation of milk in the udder causes a fall in the
fat content. The breed of the cow is a most important consideration,
witness the high fat content of milk from Jersey cows and the much lower
fat content of milk from Ayrshires. In milking the last drawn milk is
much richer in fat than the first drawn. This is probably due to a number
of factors, one of them being that the larger fat globules meet with more
resistance in passing through the small ducts and so come out only towards
the end of milking. When the food of a lactating mammal contains
highly diffusible and strongly flavoured substances these are apt to appear
in the milk after a short interval of time. If the food in question be not
repeated the highly flavoured substances will be reabsorbed into the blood
and removed from the system by the kidnevs. Thus if a cow has a feed
of cabbage or garlic and is milked a few hours afterwards the milk is
strongly tainted with undesirable fluvouring matter ; but if the milking be
carried out immediately after, or twelve hours after the feed, the milk
may be free from the objectionable Aavour.

Heredity.

It has been shown that in the fertilised ovum and therefore in every cell
in the adult bodv the chromosomes are derived half from the mother and
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half from the father. 1f we regard the chromosomes as conveying the
special characters of each parent we might expect to find that the offspring
is a blend of its parents and ancestors. In fact Galton has framed a noted
law of ancestral inheritance which states that the two parents contribute
between them on the average one half of the total heritage of the offspring ;
the four grandparents one quarter ; the eight great grandparents one eighth,
and so on. It should be noted, however, that this law would only hold
true if a large number of cases were taken and the average computed.
Elaborate statistical investigation has shown that such qualities as size,
duration of life, and fertility, follow Galton's law.  But it must
be admitted that certain qualities do not, and here we enter on controversial
matter. In 1865 Gregor Johann Mendel read a paper on the results he had
obtained with crossing peas. His work excited no interest until 1900,
when the experiments were repeated and confirmed and Mendel's law, as
it is called, gaining a footing in biological circles. In Mendel’s law there
are two distinguishing features.  One is that certain characters may be
dominant and others recessive. Thus a grev mouse mated with a white
mouse will have grey offspring. Greyness here is dominant and whiteness
recessive ; but the offspring are true hvbrids for they will have some white
among their offspring. ‘The second feature in Mendel’s law is that it
allows us to calculate the distribution of certain characters amongst the off-
spring. An example or two will make this point clear. A black fowl of a
certain type mated with a splashed white of a certain tvpe will give a
hybrid which the fancier in his ignorance has termed pure-bred Andalusian.
[f we mate Andalusian with Andalusian the result is that the offspring
arise in the following ratios—one black, two Andalusians, one splashed
white. If the parental characters are represented by D (dominant) and R
(recessive) then if D is mated with R the offspring will all be DR. If DR
be mated with DR then the offspring will be DD, DR, RD, RR, which
may be written DD, 2DR, RR ; if the dominance be very marked the pro-
portion will appear as three dominants to one recessive. Take as another
example the susceptibility of wheat to ““ rust.”” The qualitv of immunity
15 recessive, that of predisposition is dominant. When an immune strain
and a predisposed strain are crossed the resulting hybrids are all sus-
ceptible. But if these hvbrids are allowed to self-fertilize then dominant
susceptibles and recessive immune plants are produced in the caleulated
ratio of three to one. A more complex example is that in which a pea
plant vielding green and round peas is crossed with one vielding vellow
and wrinkled peas. Now round and vellow are both deminant, whilst
wrinkled and green are both recessive. The hybrid therefore will be
vellow and round.  If such a hybrid pea plant be self-fertilized the
progeny will be found to follow the proportions which can be calculated,
namely g vielding vellow and round peas, 3 vielding vellow and wrinkled,
3 vielding green and round, and one vielding green and wrinkled.

Tt is a matter of the greatest importance that future research in this
field should give such results that the breeder will know what characters
follow Mendel’s law and what do not. As an example of an exception
mav be mentioned the crossing of Border Leicester rams and Cheviot ewes
giv'ing a hybrid which breeds true to its type. Also the various characters
mav. in the future, be classified according to their degree of dominance or
recessiveness. Thus, in the case of poultry, rose comb, white plumage,
feathered shanks, and brown eggs are supposed to be dominant as against
the recessive leaf comb, black plumage, bare shanks, and white eggs.
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Some Debatable Points in Heredity.

MaternaL Impressions.—That the offspring whilst still in the uterus
can be influenced by faulty nutrition or disease of the mother is admitted
by all ; that it can be influenced by things witnessed or cogitated by the
mother is an idea as old as Holy Writ. While firmly believed in by the
majority of breeders it is regarded as due to unscientific observation by most
if not all expert biologists.

TerLecony.—This word is used for ** the supposed influence of a pre.
vious sire on offspring subsequently borne by the same female to a different
sire.””  This also is believed in by most breeders, but all experiments at
biological laboratories and farms have failed to give a single instance of it.

[NHERITANCE OF ACQUIRED CHARACTERS.—Acquired characters are those
which result from the action of external agencies upon the organism in
contrast to those that arise or reside in the sexual cells. Thus, in man,
change of residence to a hotter climate will darken the skin ; certain trades
will give distinguishing characters of hand, skin, limb, and muscle; a
skilful movement repeated manv times will give facility in performing the
movement through changes in the nervous system and the limbs.  The
question arises—can these be transmitted to the offspring? Some of the
earlier upholders of the evolutionary theory believed strongly that such
was the case. A pgiraffe, for instance, was supposed to have acquired a
long neck through the perpetual stretching of it for many generations in
order to reach the leaves of trees. Though the subject is still sud judice it
may be stated that by far the majoritv of biologists declare that such trans-
mission does not exist. There is not only evidence against this view such
as the non-transmissibility of mutilations, but further it may be definitely
stated that there is no instance so far of supposed transmission of acquired
characters which cannot adequately be explained by assuming that variations
took place in the reproductive cells and that natural selection was able to
insure permanence to those animals that possessed an advantageous varia-
tion, and was able to weed out those that did not possess it. The repro-
ductive cells, both of ovary and testis, are set apart in a very early stage
of embryonic life and it is difficult to see how they could be affected by
alterations in an animal’s structure due to the animal’s own activity or to
the action of an altered environment. Of course malnutrition or disease
may influence the sexual cells like any other cells of the body but this does
not affect the argument. i

Variarion.—The Darwinian doctrine of evolution assumed that varia-
tions of almost imperceptible character were constantly occurring. If a
variation were of any advantage it persisted through natural selection and
so in course of time the variation became cumulative, There is however
some evidence for the view that, at any rate in plants, variations may arise
of unexpected magnitude and further that such variations do not arise at
all times in the history of a species or race but are limited to restricted
epochs.  Thus all the specimens throughout the world of chelidonium
laciniatum, a celandine, are descended from an ancestor that appeared in
1590 in the garden of an apothecary in Heidelberg. In 1887 Professor De
Vries found two new specimens of evening primrose in a deserted potato
field near Amsterdam. These bred on the whale true to type, but showed
unmistakable evidence of a power to alter by leaps and bounds and not by
the slow changes which Darwin considered the rule. To this form nf
variation Professor De Vries gave the name mufation. So fir instances
of mutation have not been clearly demonstrated in animals,
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CHAPTER XIX.

r———— —

The Ductiess Glands

So far as our present knowledge is concerned the most unsatisfactory
chapter in physiology is that dealing with those organs which have been
termed the ductless glands.  As the name implies these structures are
devoid of any visible efferent channel carrying a secretion.  In the case
of some of them it is indeed doubtful if any secretion is formed at all,
in which case the term “ gland " is wrongly wused. As regards the
functions of the ductless glands we know next to nothing. That they
play a most important part in the economy of the body has been proved
beyond doubt by pathological evidence and in the case of some of them
by the disastrous results that follow their removal.

LYMPHATIC GLANDS.—In the chapter on the circulation it was
shown that the living cells of the body are bathed in lymph, which fluid
can be regarded as a filtrate that has oozed through the thin walls of
the blood capillaries. The spaces between the body cells are filled with
lymph and these spaces open into minute vessels, the lyvmphatic capil-
laries, which convey the lymph into larger lymphatic vessels and so on
until the whole lymph stream is discharged back again into the blood.
The flow of lymph is very sluggish and, in the case of the limbs, is
practically absent unless the limb be moved or massaged, in which case
the Ivmph is worked along the vessels owing to the rich supply of valves
with which these are supplied. But before the lymph iz allowed to
re-enter the blood it is obliged to pass through at least one lvmphatic
gland. The lvmphatic glands are masses of lymphoid or adenoid tissue,
a structure composexd of a very open frame-work loaded with round white
cells which are remarkably like some of the white cells of the blood.
The lymphatic vessel as it enters the gland breaks up into a number of
finer vessels and the lymph thereby is brought into intimate contact with
the cells of the gland. 1Tt is highly probable that here we have a pro-
tective mechanism bv which toxins, or the bacteria themselves, are de-
stroved. If, fer instance, inflammatiorn occcurs in a limb the lymphatic
glands (such as those in the human groin), through which the lvmph
draining the infected area passes, swell up and become pamful. If
the toxins be in excessive amount thev mav be able to run the gauntlet
of the glands successfully and so enter the circulation producing profound
constitutional disturbances.  Malignant tumours are very liable to spread
along the lvmphatic vessels and infect the glands often fairlv remote
from the original seat of mischief,

In the alimentary canal we find masses of lvmphoid tissue placed
superficially in the mucous membrane. Thess belong to a slightlv dif-
ferent category from the lyvmphatic glands proper because they are not
situated in the course of a lvmph stream: but the tissve of which thev
are composed is practicallv identical with that in the lvmphatic glands.
At the back of the mouth on each side and guarding the entrance to
the pharvnx we have the tonsils and in the upper part of the pharvnx
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itself a ring of lymphoid tissue is found which, when swollen, constitutes
the well known adenoids. In the small intestine the I}'mp-ht}id MASses
are known as Peyer's patches. Then in connexion with the ceecum there
is a definite mass of this tissue which in some animals (as in man) is S0
pronounced as to constitute a distinct organ, the vermiform appendix.
Of the functions performed by these lvmphoid organs we know nothing.
The only surmise possible is that they act antagonistically t» invading
disease germs, but it must be admitted that they are themselves singularly
liable to bacterial aggression; thus, as in the human being, the tonsil 's
attacked by scarlatina and quinsy, Pever's patches by typhoid, and the
appendix by various inflammatory processes.

Fig. 64 —Part of a section of the human thyroid—s, fibrous capsule; &, thyraid
vesicles filled with, ¢, colloid substance; ¢, supporting fibrous tissue; &, short
columnar cells lining vesicles; 7, arteries; g, veins filled with blood; &, lymphatic
vessels filled with eolloid substanees. [After 5. K. Aleock.)

THE SPLEEN.—This organ, present in all true vertebrates, is com-
posed of a tissue closely resembling lymphoid tissue. It is well supplied
with blood vessels and its cells come into closer contact with blood than
those of almost anv organ of the bodv, as lymph spaces are practically
absent. The blood circulating through it passes eventuallv into the
portal vein and so must traverse the liver before reaching the general
circulation. It has been supposed that the function of the spleen is to
pick out of the blood the red corpuscles that are the worse for wear and
to destroy them, but the evidence on which this view is based is not con-
vincing.  Some have supposed the spleen to be the seat of formation
of white blood corpuscles but this hvpothesis rests chiefly on the fact
that in some diseases, such as malaria in which the white cells of the
blood are increased, the spleen is swollen. An animal deprived of its
spleen suffers in no detectable manner. This however does not prove
the uselessness of the organ as its duties mav be taken up bv other
tissues, in fact, some of the lvmphatic glands throughout the bodv have
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portions of their structure remarkably like the spleen in appearance, and

't has been conjectured that these glands can undertake the spleen’s duties,
when this organ is removed.

THE THYROID GLAND.—This organ when microscopically inves-
tigated has a structure distinctly gland-like except that its acini are
closed, that is, do not possess any duct, The acini are filled with a
glairy fluid which may be a true secretion, and if so must be absorbed
through the blood capillaries or by the lymph system. It is however a
matter of doubt whether the thyroid adds something to the blood or
whether it removes some poisonous product from the blood. The one thing
certain is that in the majority of mammals removal of the thyroid is fol-
lowed by muscular weakness, sluggish movement, and finaily death.
In man loss of the thyroid produces the disease known as myxcedema.
The liuman child, bereft by any means of its thyroid, does not grow at
the normal rate and at the usual age of maturity may remain a dwarf
in body and a child in mind. The marvellous fact is that such a child
(& eretin as it is called) may be induced to grow normally by administer-
ing the thyroid gland of any mammal with its food.  Similarly young
animals bereft by surgical means of their thyroid will grow normally if
the thyroid of a kindred species is grafted in a suitable place in the body,
It has been suggested that the thyroid manufactures hormones which regu-
late growth but it must be admitted that thyroid extract administered to
an adult has the reverse action, namely, induces loss of weight. The
thyvroid gland is placed in the neck caudal to the larynx. It is very
richly supplied with blood vessels. When greatly swollen it forms the
tumour known as goitre.  Associated with it are small glands called the
para-thvroids the function of which is unknown.

THE SUPRARENAL GLAND.—This organ has a double origin in
embrvological development and displayvs a correspondingly twofold char-
acter in its tissue.  The central portion, or MEDULLA, arises from the
nervous system; the outer portion consists of columns of epithelial
cells. Of the function of the outer portion we know nothing. As re-
gards our knowledge of the medulla we are in a more favorable position.
It has now been placed bevond doubt that the medulla of the gland pro-
duces and adds to the blood a hurmone which can be obtained in crys-
talline form and which is sold in the market under various names such
as adrenalin, cpinephrin, hemiscine, &c.  The chemical constilution of
this substance has been determined ; it is a derivative of the well known
organic compound pyrocatechin.  An extract of the suprarenal medulla,
or adrenalin itself, if injected will produce all the effects of stimulation
of the thoracic autonomic or svmpathetic nerves. Thus the arterioles
constrict, the pupil is dilated, the uterus contracts, the heart is accelerated,
the movements of the alimentarv canal are stopped, the hair is erected,
&c.  The intensity of the effect produced by even minute doses of
adrenalin is surprising.  Thus %55 grain injected into the blood
stream of a dog mayv double the blood pressure owing to the powerful
constriction of the arterioles as well as the local stimulating action on
the heart. A dilute solution placed on a mucous membrane will so
constrict the vessels that complete pallor results.  The effects of such
an injection or application are. however, very temporary, If the
suprarenal glands be removed all those functions that depend upon
thoracic autonomic stimuli fall into abevance and there is also a marked
muscular weakness and the animal invariably dies (Addison’s disease in
the human being). Adrenalin is largely used in medical and surgical
science on account of its powerful properties. If it accompanies a
local anmsthetic such as cocaine, when this is injecled subcutaneously or









APPENDIX

Classification of Carbohvydrates

A. MONOSACCHARIDES.—According as these contain three, four,
five, six, seven, etc., atoms of carbon in the molecule they are described as
Trioses CaH 04, Tefroses CH O,, Pentoses C,0,,H,, £Hexoses
C 4,]1,2(’:!{‘_!!(1.-“:5” C:H,,0;,etc. The hexoses are, however, the most
1m|1-nrt:1nt Hexoses C,H S0 e 8

Aldoses, containing the group CHO peculiar to the aldehydes.
There are several aldoses each existing in a dextro as well as a
laevo-rotatory form (turning the plane of polarised light to the
right or left). The chief aldoses are dextre (Glucese (glucose,
dextrose or grape sugar) and dextro Galactose.

b. Ketoses containing the group COCH,OH peculiar to the Ketone
alcokols. Each ketose can also exist |n a dextro or laevo-rotatory
form. The most important ketose 15 lacve-relatory Fructose
(levulose or fruit sugar).

B. DISACCHARIDES (C,2H,20,,).—0On boiling with delute acids
or by action of special ferme r1lh a molecule of disaccharide takes up a
molecule of water and forms two molecules of monosaccharides (hexose).

a. Saccharose (Cane sugar) + H.O = Glucose and Fructose.
b. Maltose + Hx0O = Glucose and Glucose.
¢. Lactose + H.0 = Glucose and Galactose,

C. TRISACCHARIDES (C;4H3,0,4).— On hydrolysis the trisac-

charide molecule gives rise to three monosoccharide um]etu!ew-., thus Rafh-
nose is split up into dextrose, levulose and galactose.

D. PoLysaccHARIDES (CyH;.05)n — Hydrolytic agents con-
vert these into disaccharides or monosaccharides, but the number of mono-
saccharide components in the molecule has not vet been determined.

a. Cellulose. &, Starch. ¢ Glyeogen. . Dextrine.

Puysical CHARACTERS ofF DEXTROSE (CaH | s03).

Dextrose is a white erystalline solid, It is readily soluble in water,
less soluble in alcohol, insoluble in ether. Its solutions rotate plane polar-
ised light to the right.

Cuemical Reactions oF DEXTROSE.

Dextrose readily forms compounds wlth metallic hydrates in the
th;l thu*} it dissolves cupric hydrate, giving : deep blue solution, and
grf:atlv increases the solubilty of calcium |l‘-d|“lti_1 in water.

b. Aldehyvde reactions.—
(143)
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1. Dextrose in solution heated with metallic hydrates reduce these to
the ons oxide or to the metal itself. Tf to a mixture of CuSO, and
KOH some dextrose be added a rich red precipitate of cuprous
oxide forms on boiling.  Similarly bismuth subnitrate, alkali
hydrate, and dextrose, when hoiled together, will vield a black
precipitate of metallic bismuth.

2. A molecule of dextrose will unite with two molecules of phenyl-
hydrazine to form a molecule of glucosazone which crystallises
in sheaves and is insoluble in water,

3. Glucose solution made strongly alkaline with alkali hydrate and
boiled gives a brown colouration.
c. Molisch’'s reaction showing presence of carbon chain of at least

four atoms. Dextrose solution treated with a small quantity of alpha naph-
thol and then strong H.SO, gives a rich purple colour, This reaction is
given by all carbohydrates.

d. Dextrose solution ferments readilv with yeast.

REactions oF Levurose (CyH,.04).

It dissolves cupric hvdrate.

It gives the reduction tests. being a ketone alcohol.

It gives glucosazone on treatment with phenylhydrazine.

It ferments with yeast.

Boiled with excess of strong HCI it gives a rich vinous colour.

S R

Reactions ofF Mavrtose (C,.H,,0,,)-

1. It dissolves cupric hydrate.

2. It gives all the aldehvde reactions of dextrose. The compound
with phenylhydrazine, called lacfosazone is soluble in hot water and crys-
lises in radially arranged plates.

3 It ferments with yeast.

REacTIONS OF LacTosE (C1aHa0y).

1. It dissolves cupric hydrate.

2. It gives all the aldehvde reactions of dextrose. The compound
with phenylhydrazine, called lactosazone, is soluble in hot water and Crys-
tallises in spherical agregates which, when magnified, look like wattle

or mimosa blossom,
3. It ferments very slowly or not at all with yeast.

Reactions oF Cane Sucar (C;:H:0p).

1. It dissolves cupric hydrate.

2. It does not give any of the aldehyde reactions of dextrose.

. Boiled with a mineral acid and then neutralised it gives all the
aldehyde reactions of dextrose owing to its inversion into dextrose and
levulose.

4. It ferments with veast.
5. Boiled with excess of strong HCI it gives a rich vinous colour
owing to the setting free of levulose by inversion.
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Cs Hs (COOC;H3;) 5, ete.  In addition to these there are, however, mono
and di-glycerides, and also mixed glycerides in which the glycerin molecule
15 attached chemically to two or even three different fatty acids. Palmitin
and stearin, which constitute the greater portion of animal fats, are solid
at ordinary temperatures. Butter contains 6 per cent, of tributyrin, olive
oil contains over go per cent. olein, lard contains approximately 6o per
cent. olein.

Fats have a specific gravity below that of water ; they possess a high
refractive index ; they absorb iodine, they are soluble in ether, chloroform,
benzene, carbon disulphide, petroleum ether, and hot alcohol.

Fats can be hydrolysed hy—

1. Superheated steam giving glycerine and fatty acids.
2. Sulphuric acid above roodeg. C., which forms sulpho-glycerides ;
these, when agitated with steam, hydrolyse readily.

3. Caustic alkali, giving glycerine, and alkali salts (soaps) of the acids.
4. The enzyme lipase.

ReEACTIONS OF STEARIC AcCID.

1. It has the same solubilities as fats.
2. It dissolves in hot caustic alkali solution, giving alkali stearate or

REACTIONS OF SDAPS.

1. Slightly soluble in cold water, readily sofuble in hot water, giving
colloid solution. If to a watery solution solid NaCl is added, the soap
is thrown out of solution and forms a curd.

2. A hot aqueous solution of soap treated with H,50, gives alkali
sulphate and free fatty acid, which floats on the top of the mixture.

3. Soap is soluble in warm alcohol giving a jelly on cooling.

Liroip.

Cholesterin, properly cholesterol, Cy; Hys OH, constitution unknown.

1. It crystallises from hot alcohol in white glistening plates with re-
entering angles.

2. Soluble in ether, chloroform, benzene, hot alcohol, and oil.

3. Is laevorotatory.
4. Dissolved in chloroform and treated with strong H.SO, a rich
red is given in tne chloroform layer.

Isocholesterol Cg? H.ﬁ OH.

1. Some solubilities as cholesterol.
2. Separates from hot alcoholic solution in jelly form.
3. Is dextroratatory.
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In connection with these alcohols the following might be given :—

Phytosterol, probably the same empiric formula as cholesterol ; it
occurs in all seeds and fruits, and is widely distributed in the
plant kingdom. It crystallises from hot alcohol in bunches of
needles.

Sttosterol, present in cereals ; it closely resembles cholesterol, but has
a lower melting point.

The Phosphatides.—The simplest member of this series is lecithin,
which consists of a glycerine molecule united with two molecules
of fatty acid radicals, and, through a phosphoric acid group,
with a molecule of cheline Cs Hys NO,

REeAcTions oF LECITHIN.

1. Soluble in chloroform, benzene, oil, and alcohol ; sparingly soluble

in cold ether.

2. Insoluble in water, but swells up and form an emulsion.

3- On saponification vields choline, glycero-phosphoric acid, and fatty
acid.

4. Burnt in air, leaves a residue of phosphoric acid.

Phosphatides can be obtained readily from brain, soft roe (sperma-
tozoa) of fishes, heart muscle, and egg yolk, which latter contains about
g per cent. lecithin, Lecithin is frequently found combined with protein
or carbohvdrate, but whether the union is physical or chemical is undecided.

Cholesterol and iso-cholesterol form esters with fatty acids which are
more resistant to hydrolysis than fats, and in consequence do not get rancid
so readily. Wool fat, which constitutes 16 per cent. of Australian raw
wool, when purified 1s known as adeps lanae ; this when mixed with water
gives lanoline. Wool fat consists of cholesterol and isocholesterol and
various esters of these. The lipoid of brain and nerve consist of phos-
phatides which are soluble in warm ether, but very sparingly soluble in
cold ether, also cholesterol, lecithin, and other bodies not yet identified.
Some of the constituents of lipoid are doubly refracting.

ProTEINS.

The exact chemical constitution of the proteins is unknown ; we cannot
even assign to any of them an empiric formula. The molecular weight is
large, being not less than 16,000. An approximate empiric formula has
been suggested, namely—C.s Hyz Nigs S: Ozs. The phospho-proteins
and the nucleo-proteins contain also the element phosphorus.

Proteins may be regarded as a condensation product of an immense
number of amino-acids. In the condensation the NHa of one acid unites
with the COOH of another, giving the linking group—CO-—NH—CH ;—.

The chief amino acids are as follows :—

A. Mono-amino acids.

Glycocol or amino-acetic acid, CH,NH,COOH.
Alanine or amino-propionic acid.

Leucine or amino-iso caproic acidCy H,, NH,COOH.
Phenylalanine or phenyl amino-propionic acid.
Tyrosine Cg Hy,OHC ,H,NH,COOH.

Cystine Cs H2 N, 0, S,.

ﬂ'\‘-_l'l-uhmwl-
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7. Aspartic acid or amino-succinic acid.
8. Glutamic acid or amino glutaric acid.
B. Diamino-acids.
9. Arginine Cg Hyy N O,.
10. Lysine or diamino-caproic acid C; H,, N,O,.
C. Heterocyclic compounds.
11. Histidine Cg Hg Ny O,.
12. Proline C; Hy NO,. -
13. Tryptophane Cy; Hy, N.Os.
The mono-amino acids are amphoteric and have feeble acid and
alkaline reactions. The diamino-acids and histidine are more markedly basic

in character, and are precipitated by such reagents as phosphotungstic acid,
potassio-mercuric iodide, tannic acid, etc.

REACTIONS OF UREA CO(NH,),

Urea is the amide of carbonic acid. It is a white crystalline substance
soluble in water and alcohol, insoluble in ether. It sublimes unchanged in
VaCuo.

t. It can be synthesised by warming ammonium cyanate.

2. When heated the crystals melt, liberating ammonia and a white
sublimate ; ultimately a white residue containing a number of bodies, includ-
ing cyanuric acid, is left.

3. It can be saponified in solution by caustic alkali. C O (NH:). +
saNaOH = Na; CO; + zNH;

4. It forms erystalline compounds with a number of acids, notably
nitric acid.

5. Treated with nitrous acid, it yields nitrogen, carbon dioxide and
water CO(NH: ): + zHNO, = CO; + N; +sH, 0

6. It gives a white precipitate with mercuric nitrate.

7. On treatment with alkaline hypobromite, it gives a brisk efferves-
cence of nitrogen CO{NH, ), +3Na BrQ + 2 Na OH = Na.CO; +
sNa Br + 3sH: O +3 N;

PURIN BODIES (Called Also Alloxuric Bodies and Xanthin Bodies).

They are precipitated from solution by ammoniacal silver nitrate.
When heated they char.

1. Uric Aeid Cs HyN,O; is almost insoluble in water ; its salts, how-
ever, are soluble. Evaporated to dryness with nitric acid at a temperature
not exceeding boiling point, and then treated with ammonia, it gives a
magnificent purple. Salts of uric acid in solution can be precipitated by
saturation with ammonium chloride ; if acidulated with mineral acid they
give a crvstalline precipitate of free uric acid.

2. Xanthin Cs H N, Ou and Ayvpoxautiun CyH N, O are obtained

chiefly from muscle.
3. GuaninCy Hy N5 O i a constituent of guano,

CONSTITUENTS OF MUSCLE,

1. Paramyosinogen, a globulin, coagulating at sedeg. C., precipitated
bv half saturation with ammonium sulphate. It is transformed slowly in
solution into an insoluble elot.
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Abducens nerve
abomasum ..
absorption
adenoid tissue.
tissue,
adipose tissue ..
adrenalin
afferent nerves

afferent neurons ..

agglutinins
air cells ..
albumens
albuminoids
alimentary canal
allantois
amino-acids
amoeba..
amylopsin
animal heat
anoestrum ..
antienzymes
antitoxins
anus

aorta

apex beat
apormorphine

aqueous humour. .
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autonomic wstem

axis eylinder
axon

Barium

basilar ml:mhram: s
See cane ﬂugﬂr
See mitral valve.

beet sugar.
bicuspid valve.
bile

hile plgl'l'u::ntq
hile =alts.
bioplasm ..
bladder
blood

blood corpu sc!ﬁ

hone

brain stem
bronchioles ..
hronchus

Caecum
caffeine
calorimeter

canalis cochleae .. ..

cane sugar ..
capillaries. .
carbohydrates ..

carbon dioxide .. &

carbon monoxide
cartilage

casein
caseinogen
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cell wall .. .. . R e 8
cElldloaes or o o ElisE e S i
central nervous system 32, 120
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cholesterin.. .. .. .. .. .. 46, 135
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chordae tendineae .. .. .. .. 04, gb
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chromoproteins .. et
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collagen

colon e e e R
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COTPOri quadng‘emma 120, 124
corpus lutenm .. .. . . .0 131
Cortii organ- ol .oova we e wen BIB
cramial autonomic s:.rstem SR
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Facial nerve

hormone. .

hoven A
h}rpcrmctrﬂpla 2
hypoglossal nerve ..

Ileocaecal sphincter
immunity

indeciduate placent:l. oo,

inferior oblique muscle..
mti:rciceptnrs :
invertase

lnvu]untar}r mscle

iris

Keratin
kilo-calorie
kinase
kreatinin

Lab. See rennin. ..
lachrymal gland
lactalbumen .
lactase

lactation

lacteal

[actosE: .. .. wo -
large intestine ..
larynx .. :
lecithin
leucin
levulose.
ligamentum nuchae
lignin .
lipase. .

lipoid
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gastric juice 77, 84
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glucose. See dextrose.
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grey matter LR 120
gullet S0
Haematin SR B RN
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metoestrim
milk .
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monoestrous ..
motor nerve
mucin .

mucor
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mucus

muscle y
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myelin. .
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Merve ..

nerve cell
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nerve impulse ..
nervous system
neuroglia
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nucleo-proteins ..
nucleus
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Oculomotor nerve
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