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PREFACE TO THE FIRST EDITION

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

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

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

D.N.P.
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PREFACE TO THE THIRD EDITION

THE Preface to the First Edition sufficiently explains the scope
and purpose of the book.

The present Edition has been almost entirely rewritten in
order to bring it up to date and to give greater prominence to
those parts of Physiology which have the most direct bearing
upon veterinary practice.

Our thanks are due to Dr. Burns for the section on hydrogen
ion concentration in Appendix IIL, and to Mr. William Dunlop
of Dunure for valuable suggestions on the section dealing with
the limbs of the horse.

D. N. P.
J. B. O.

September 1920.
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PART 1.
SECTION 1
THE GROWTH OF PHYSIOLOGY.

PuysioLogy formerly embraced the study of all nature
(¢vois), but it is now restricted to the study of life and
the activities of living things. It is really an older science
than anatomy, for even before any idea of pulling to pieces,
or dissecting plants and animals had suggested itself to our
forefathers, speculations in regard to the causes and nature
of the various vital phenomena were indulged in, some of
which foreshadowed in a truly wonderful way the scientific
discoveries of to-day. Thus, about 500 B.c., Empedocles not
only formulated a doctrine of evolution, but indicated that
the struggle for existence played a part in the process.
About a century later Hippocrates insisted on the importance
in the treatment of disease of studying the normal action of
the body, and recognised the importance of the vis medicatriz
nature. His followers adopted the idea of a pnewma, a
subtile agent attracted to the lungs and distributed to the
body as the basis of all vital phenomena. The physiology
of to-day is the offspring of such speculations.

Organ and Punction.—The first great and true advance
was through anatomy. Galen, about 200 A.p., dissected and
made observations on the physiology of animals. He described
various organs and endeavoured, more or less successfully,
to ascertain their mode of action by experiments on living
animals. He may well be called the father of physiology.

The Dark Ages fell upon Europe, and little further
advance was made till, in the sixteenth century, the group
of Italian anatomists showed how the body is built up of

1 1



2 VETERINARY PHYSIOLOGY

definite organs which they described in detail, and thus
prepared the way for the work of Harvey, which led to such
important discoveries, and which established the relationship
of function to organ.

The connection between organ and function having been
demonstrated, the question of why these various functions are
connected with the respective organs—why the liver should
secrete bile and the biceps muscle contract, next forced itself
upon the attention.

Tissues and Function.—Again anatomy paved the way
to the explanation. The dissecting knife and the early and
defective microscope showed that the organs are composed
of certain definite structures or tissues, differing widely from
one another in their physical characters and appearance, and,
as physiologists soon showed, in their functions. By the
end of the seventeenth century Leuwenhoek and Malpighi
had so advanced the knowledge of the tissues that Haller, in
the middle of the eighteenth century, was able to indicate
that the function of an organ is really the function of the
tissue of which it is composed.

Early in the nineteenth century Johannes Miiller, taking
a comprehensive survey of a great mass of observations which
had accumulated, and adding to them the results of his own
investigations, created the modern science of physiology.

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

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

Protoplasm and Punction.—So far, physiology had followed
in the tracks of anatomy, but now another science became
her guide. Chemistry, which during the early part of the
nineteenth century advanced with enormous strides, and
which threw such important light upon the nature of organic
substances, lent her aid to physiology ; and, morphologists
having shown that the vital unit is essentially a mass
of protoplasm, the science of life has become the science of the
chemistry of protoplasm.

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

Already these chemical studies have shown that proto-
plasm is not a single substance, but a mixture of many
substances in a constant state of flux and change, and that
its condition is largely determined by the physical relations
of the substances in the mixture.

Within recent years the application of molecular physics
to physiology has greatly advanced the knowledge of many
of the obscure characters of living matter.

In the study of physiology the order of its development
must be reversed, and from the study of protoplasm the
advance must be made along the following lines :—

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

2. Cells.—The manner in which protoplasm forms the
vital units of the body.

3. Tissues.—The manner in which these are formed by
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cells. Their structure, physical and chemical pro-
perties, and vital manifestations.

a. The Vegetative Tissues, supporting, binding
together, protecting and nourishing the body.

b. The Master Tissues—nerve and muscle—through
which the external world acts upon the
body, and the body reacts upon the surround-
ings.

4. Nutrition of Tissues.

a. The manner in which substances necessary for

the tissues are supplied— -
Food.
Digestion.
b. The manner in which the nourishing fluids are
brought into relationship with tissues—
Circulation.
¢. The fluids bathing the tissues—
Blood and Lymph.
d. The supply of oxygen and the elimination of

carbon dioxide.
Respiration.

e. The manner in which the waste products of tissues
are eliminated—Excretion, Hepatic, Renal,
Pulmonary, Cutaneous.

5. Reproduction and Development.

Students who have not the knowledge of Chemistry and
Physics necessary for the Study of Physiology are referred
to the Appendices.



PART II
SECTION L

ProTOPLASM.

I. Nature of Protoplasmic Activity.

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

The common yeast (Saccharomyces Cerevisiee) affords
such a simple form of living matter.

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

1. Manifestations of Life.—Its vital manifestations may
be studied by placing a few torule in a solution, containing
glucose, C,H,,04, some nitrogen-containing substances such
as urea, CON,H,, or ammonium nitrate, NH,NO,, with
traces of disodium phosphate, Na,HPO,, and of potassium
sulphate, K;SO, (Practical Physiology).

If the vessel be kept all night in a warm place, the
clear solution will in the morning be seen to be turbid, and
probably covered with froth. An examination of a drop of
the fluid shows that the turbidity is due to the presence of
myriads of torulee. In a few hours the few torule placed in
the fluid have increased many hundredfold. The whole
mass of yeast has grown in amount by the growth and

multiplication of the individual units.
[}



6 VETERINARY PHYSIOLOGY

This power of growth and reproduction under suitable
conditions is an essential characteristic of living matter.

2. Conditions necessary for Manifestations of Life.—
(a) If the yeast be mixed with the solid constituents of
the solution in a dry state, no growth or reproduction
occurs. Water is essential.

(b) If the yeast, mixed with the solution, be kept at the
freezing point no growth takes place, but this proceeds
actively at about 36° C. A certain range of temperature is
necessary for the vitality of protoplasm.

In the absence of these conditions, protoplasm is only
potentially alive, and in this state it may remain for long
periods without undergoing any change, as in the seeds of
plants and in dried bacteria.

3. Essentials for Growth.—In order that the growth of
the yeast may take place, there must be :—

(¢) A SuprLy oOF MATERIAL from which it can be
formed. The chemical elements in protoplasm are carbon,
hydrogen, oxygen, nitrogen, sulphur, and phosphorus. These
elements are contained in the ingredients of the solution
used. If yeast be sown in distilled water, even if it be kept
at a temperature of 36° C., it does not grow.

(b) A SuppLy oF ENERGY to bring about the construc-
tion. The source of the energy is indicated by an examina-
tion of the fluid in which the yeast has grown. The sugar,
C¢H,;04, has decreased in amount, being converted into
alcohol, C;H,O, and carbon dioxide, CO;—

CeH,304 = 2CO, + 2C,H,0.

It is this oxidation of the carbon to carbon dioxide which
yields the energy, just as the combustion of the coals in the
furnace yields the energy for an engine. But in this case
the O, comes from the CgH,,0q and not from outside, and
the energy evolved in the reaction is only about a tenth of
that liberated by the complete oxidation to CO, and H,0
which occurs in the animal body. The formation of alcohol
from sugar does not lead to the liberation of energy. So
far as this is concerned, the alcohol may be considered as a
by-product.
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The behaviour of the yeast plant shows that such
protoplasm, when placed in suitable conditions, has the
power of breaking down certain complex substances, and of
utilising the energy so liberated for building itself up, and
thus increasing and growing. It is this power of using this
energy for growth which has enabled living matter to exist
and to extend over the earth.

4. Liberation of Energy by Protoplasm ,—How is this
oxidation and liberation of energy effected ?

The answer to this question has been given by the
demonstration by Buchner that the expressed juice of the
yeast torule acts on the sugar in the same way as the

“-ai;-.'-;:';li:'.":'.r

F16. 1.—To show the relationship of the rate of enzyme action to tempera-
ture. The vertical lines represent different temperatures. The
dotted line represents the rate of enzyme action as modified by
temperature. The continuous line shows the destruction of the
enzyme as the temperature rises. The dash line shows the actual
rate of enzyme action as modified by these two factors.

living yeast. The yeast therefore manufactures something
which splits the sugar. This something belongs to the
group of Enzymes or Zymins which play so important a
part in physiology generally.

(1) Conditions of Enzyme Action.—For the manifestation
of their activity these enzymes require the presence of
water and a suitable temperature—in the case of the yeast
enzyme about 36° C. is the best. At lower temperatures
the reaction becomes slower and is finally stopped, and at
a higher temperature it is delayed and finally arrested by
the destruction of the enzyme (fig. 1).
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(2) Nature of Enzyme Action.—(i.) Enzymes act by
hastening reactions which go on slowly without their
presence, but they do not themselves take any direct part
in the reaction; they modify its rate but not its extent.
Hence, a very small quantity may bring about an extensive
change in the substance acted upon. (ii.) The reaction
does not pass beyond the point of equilibrium. Thus, when
the enzyme maltase acts upon malt sugar, it converts it
only in part into dextrose. (iii.) With certain enzymes at
least, the action may actually be reversed; the enzyme,
which splits esters into their component acid and alcohol,
may cause & linking of those components to form esters.
(iv.) The rapidity of the reaction is retarded as it proceeds
sometimes by the accumulation of H ions, sometimes by the
accumulation of the products of the change. When these
are removed the action may again be accelerated.

The general action of enzymes is catalytic. It may be com-
pared to the action of an acid in the inversion of cane sugar—

Clezzou + Hzo = 2(CGH1206)‘

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

(3) Mode of Action of Enzymes.—(a) The precise way in
which such catalytic actions are brought about is still not
quite clear, but there is evidence that the catalyser acts as
a middleman between the reacting substances—in the case
of H,O, taking up the O and then giving it off and in the case
of the decomposition of cane sugar taking up H,0 and
handing it on. In the same way in the oxidation of
glucose which occurs when it is boiled with an alkali, a -
metallic oxide, such as cuprous oxide, may take oxygen
from the air, becoming cupric oxide, and then hand the
oxygen on to the glucose, thus making the oxidation more
rapid.

(b) While such catalysers as the inorganic acids act upon
many different substances, the enzymes have generally a
specific action upon one substance alone, the substrate
of the enzyme. It is as if each enzyme fitted one special
substrate as a key fits one special lock. They are generally
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designated by attaching the suffix ase to the name of their
substrate, thus maltase is the enzyme that acts upon malt sugar.

Our knowledge of the chemistry of enzymes is not
complete, because when attempts are made to isolate them
it is frequently found difficult to separate them completely
from their substrate. Maltase has been shown not to be of
the nature of a protein.

(4) Bssential Nature of Enzymes—They are colloids (see
p- 12), and their colloidal character helps to explain their
activity.

The energy liberated by the enzyme of yeast is used by
the protoplasm for growth.

5. Metabolism of Protoplasm.—While ordinary proto-
plasm gets its energy by breaking down complex nolecules
and liberating their stored energy, green plants, by the action
of their chlorophyll, are able to store the energy of the sun’s
rays by building up complex molecules such as sugar and
starch. It is through these green plants that the energy of
the sun is made available for all living things upon the
earth.

Protoplasm is not only growing, it is also constantly
breaking down, and, if yeast be kept at a suitable tempera-
ture in water without any supply of material for construction,
it gives off carbon dioxide and decreases in bulk on account
of these disintegrative changes. These are as essential a
part of its life as the building-up changes, and it is only
when they are in progress that the latter are possible.

Protoplasm (living matter) i8 living only in virtue of its
constant chemical changes (metabolism), and these changes
are on the one hand destructive (katabolic), on the other
constructive (anabolic).

Living matter thus differs from dead wmatter in this
respect, that, side by side with destructive changes, con-
structive chunges are always going on, whereby its amount
8 maintained or increased, so that it has been able to
spread all over the surface of the earth.

Hence our conception of living matter is not of a definite
chemical substance, but of a set of substances constantly



10 VETERINARY PHYSIOLOGY

undergoing internal changes. It might be compared to a
whirlpool constantly dragging things into its vortex, and
constantly throwing them out more or less changed, but
itself continuing apparently unchanged throughout. Hoppe-
Seyler expresses this by saying: “The life of all organisms
depends upon, or, one can almost say, is identical with, a
chain of chemical changes.” Foster puts the same idea in
more fanciful language : “ We may speak of protoplasm as a
complex substance, but we must strive to realise that what
we mean by that is a complex whirl, an intricate dance, of
which what we call chemical composition, histological
structure, and gross configuration are, so to speak, the
figures.”

Death.—While the continuance of these chemical changes
in protoplasm is life, their stoppage is death. For the con-
tinuance of life the building-up changes must be in excess
of, or equal to, the breaking-down—the evolution of energy
must be sufficient for growth or maintenance. It is only
the surplus over this which is available for external work.
In the young the surplus energy is largely used for growth
and development; in adult life for work. When failure in
the supply or in the utilisation of the energy-yielding
material occurs, the protoplasm dwindles and disintegrates.
Death is sudden when the chemical changes are abruptly
stopped, slow when the anabolic changes are interfered with.

The series of changes which occur between the infliction
of an incurable injury and complete disintegration of the
protoplasm constitute the processes of Necrobiosis, and their
study is of importance in pathology.

Stimuli.—The rate of the chemical processes in protoplasm
may be quickened or slowed by changes in the surroundings,
and such changes are called stimuli. If the stimulus increases
the rate of change, it is said to excite; if it diminishes the
rate of change, it is said to depress. Thus the activity of
the changes in yeast may be accelerated by a slight increase
of the temperature of the surrounding medium, or it may be
depressed by the addition of such a substance as chloroform.
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II. 8tructure of Protoplasm.

Protoplasm occurs as a semifluid transparent viscous
material, usually in small individual particles—CELLs—more
or less associated. It may, however, occur as larger con-
fluent masses—PLASMODIA.

Protoplasm in its simplest state may be regarded as a
fluid, since fine particles in it are seen to move freely in
Brownian movement (p. 13 (3)), and if it contains drops of
water they assume a spherical form; certain plasmodial
masses of protoplasm among the myxomycetes in which
granules exist may creep through cotton wool and emerge
without their granules, having actually filtered them off.

®

(©)

Fic. 2.—(a) Foam structure of a mixture of Olive Oil and Cane Sugar;
(b) Reticulated structure of Protoplasm; (c) Reticulated structure
of Protoplasm after fixation in the cell of an earth-worm (after
BiTscHLI).

But while protoplasm may thus be looked upon as
essentially a fluid, a reticulated appearance can frequently be
made out even in the living condition (fig. 2), and from this
it has been concluded, chiefly as the result of Biitschli’s
investigations, that there is a sumewhat more solid part
arranged like the films of a mass of soap-bubbles, with a
more fluid interstitial part, a sort of foam structure which
might be compared to an emulsion of oil in a colloidal gum
solution. A certain amount of organisation is thus present
in most protoplasm, and in certain cells this organisation
becomes very marked.  This conception of the structure of
protoplasm leads us to regard each vesicle as a minute
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independent chemical laboratory, separated from others by
more or less permeable colloidal walls.

There is good evidence that when protoplasm is coagu-
lated, a marked netted appearance may be observed which
may vary greatly in character according to the fixing reagent
by which the coagulation has been produced, and which is
purely an artifact.

.III, Chemical and Physical Conditions.

Protoplasm is not a substance, but a mixture of various
substances, a heterogeneous complex, in a constant state of
flux and change.

A. WATER.

Water, holding or held in a Colloidal Complex with certain
crystalloids, constitutes something over 75 per cent., and acts
as the solvent or suspender of the other materials.

B. COLLOIDAL COMPLEX.

The series of substances which constitute the mass of all
protoplasm exist in a colloidal state.

Colloids.

(1) Colloids were long ago distinguished by Graham
from crystalloids by the fact that they do not dialyse
through an animal membrane when mixed with water,
and he concluded that this is due to the large size of
the molecule which constitutes such colloids. More recent
investigations have shown that this explanation is insufficient,
since substances of small molecular weight may at one time
exist in a crystalloid state, and at another in a colloid
condition, e.g., silicic acid.

The essential character of the colloidal state consists in
the existence of matter in two conditions, “ phases,” often so
finely subdivided as to render the detection of the con-
dition very difficult. The natures of the external or
continuous phase and of the internal or dispersed phase
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suspended in the other may vary greatly. Bayliss gives the
following table to illustrate this :—

Internal External
Dispersed Phase. | Continuous Phase. Example.

1. Gas Liquid Foam

2. Liquid Gas Fog

3. Liquid Another immis- | Emulsion or Emulsoid ; mists

cible Liquid

4. Liquid Solid Jelly, as Gelatine in some forms
5. Solid Gas Tobacco Smoke

6. Solid Liquid Ordi%ary Colloid Solution or Suspen-

soi
7. Solid Another Solid | Ruby Glass

Protoplasm may be regarded as an emulsoid.

The emulsoids are characterised by showing considerable
viscosity.

Colloids have sometimes been divided into sols when they
are fluid, and gels when they are more solid, and there is
some evidence that in the latter condition the dispersed
phase is the more fluid. (2) It is now known thatif a beam
of light is allowed to pass through a colloid it is rendered
visible—the Faraday-Tyndall phenomenon—whereas when
it passes through crystalloids in water it is not seen. (3) If
a suspensoid be placed under a microscope,-and a ray of
light be passed into it along the plane of the stage, it may
be seen to be full of shining, dancing particles. These last
two tests indicate the two phases in the colloid.

This fine subdivision of the two phases introduces an
element in the behaviour of a colloid which is not present in
the case of a solution, namely, the presentation of an
enormous extent of surface between the two phases. It has
been calculated that a sphere of gold with a radius of 1
millimetre, if subdivided into a gold sol or suspensoid, would
present a surface of no less than 100 square metres. This
allows of extensive interactions between the phases, and
these interactions will depend upon chemical changes in
each. Thus great activity of change is rendered possible.

The phenomena of surface temsion between the phases
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must manifest themselves on account of the large surfaces
exposed. Surface tension is, of course, most easily studied
at the surface bounding a fluid and air. At such a
surface a skin of increased tension exists. Its condition is
modified by many factors, among others by the solutes in the
fluid. Inorganic salts generally increase, while organic salts
decrease it. The solutes which lower surface tension tend
to be more concentrated at the surface, those raising it tend
to be less concentrated.

The amount of concentration at such surfaces is often
greater than can be accounted for by the condition of the
fluid. A process which has been called adsorption occurs,
one substance tending to deposit in large amounts upon the
surface of another. This seems to depend mainly upon the
electric charge of the two substances, those of opposite
charges tending to cling together. This may occur between
substances in solution and colloids, or between different
colloid particles in a compound sol, and may lead to an
increase in the size of the particles and to precipitation. It
may also explain the membrane-like covering of many cells.

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

The chief constituents found after the death of protoplasm
are the proteins, along with small amounts of fatty substances,
carbohydrates, and crystalloids.

Substances entering into the Colloidal Complex.

1. Proteins.

1. Physical Characters.—The Native Proteins—those which
may be separated from the residue of living matter—have a
white, yellow, or brownish colour when dried. In structure
they are usually amorphous, but many have been prepared
in a crystalline condition, and it is probable that all may take
a crystalline form. The crystals vary in shape, being usually
small and needle-like, but sometimes forming larger rhombic
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plates. In protoplasm proteins form part of the emulsoid
complex. But some purified proteins form colloidal suspensions
—hydrosols—in water, some require the presence of neutral
inorganic salts, others of an acid or alkali, while some are
completely insoluble and unsuspendable without a change in
their constitution. The animal proteins are insoluble in
alcohol ; all proteins are insoluble in ether.

All proteins rotate the plane of polarised light to the left
on account of the action of the amino acids of which they
are composed (p. 16).

2. Ohemistry.—(1) PERCENTAGE CoMPOSITION, —Proteins
contain the following chemical elements :—Carbon, hydrogen,
oxygen, nitrogen, and sulphur, in about the following
percentage amounts :—

H. N. 8. o.

c. .
52 7 16 1 24

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

(2) Sizeé oF MoOLECULES.—As regards the number of
atoms of these elements which go to form a single molecule,
information is afforded by the percentage of sulphur in the
molecule, and by the number of atoms of various metals
which combine with a molecule of the protein. The follow-
ing probable formula for the molecule of the chief protein of
the white of egg is given simply to show how complex these
substances are :—Cyy HooN;3046S,.

(3) ConstrruTioN.—The constitution of the protein
molecule has been investigated (A) by studying the products
of the decomposition of the molecule by various agents, and
(B) by attempting to build up the molecule by the synthesis
of the products of disintegration.

(A) The native proteins have very large molecules, and
they tend to break down into simpler proteins. This
decomposition is accompanied by hydration, and it is
accelerated by the action of acids, and by a group of
enzymes which may be named proteolytic enzymes.

Under the action of alkalies and under the influence of
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certain bacteria other lines of breaking down may occur, but
these have thrown less important light upon the constitution
of the proteins.

As the molecules become smaller the colloidal characters
decrease, diffusion through animal membranes becomes more
marked, and the tendency to precipitate is lessened. This
latter property has been used to classify the proteins into
three main groups—

Precipitated by—
1. Native Proteins boxlmg and by saturation with (NH,),8O,.

2. Proteoses. . not bﬁ boiling but by saturation with
H)S0,
3. Peptones . . mnot b{I bmhng, nor by saturation with

Products of Disintegration.—Under the influence of a
prolonged action of acids and of certain enzymes such as
the erepsin of the intestine (p. 328) the splitting of the
molecule is carried further, till finally the greater part of
the nitrogen of the protein comes to be distributed in bodies
of three different classes—

1. Mon-amino acids . . . . about 70 per cent.
2. Di-amino acids . . »w 20,
3. Amides and ammonia compounds . s 10,

1. Mon-amino Acids are thus the bodies from which the
proteins are chiefly formed, and the character of the proteins
of different animals and of different tissues depends largely
upon the mon-amino acids which predominate.

The different proportions of these which occur in
different proteins is indicated by the following table :—

Glycin. | Alanin. I"’::.h' Arginin. m' Tyrosin.
Serum Albumen . 00 27 20 ? + 21
Excelsin (from Brazil
Nut) . . . 06 23 87 160 + 31
QGelatin . . 165 08 21 76 00 00
Salmin (from Sper-
matozoa of Salmon) 00 00 + 874 ? 00




PROTOPLASM 17

In most, iso-amino-caproic acid, or leucin, is the most
abundant, and in disintegrative diseases of the liver, such
as acute yellow atrophy, it may appear in the urine,
separating out as oily-looking spherules.

Some of the mon-amino acids split off from the protein
molecule attached to the benzene ring, or to the benzene ring
linked to a pyrrol ring. In Tryptophan, amino-propionic
acid (Alanin) is linked to such a complex—

H NH, O
C— C—O—H

'\)\)a

In tyrosin, alanin is linked to an hydroxy benzene ring.
H NH O

l
0H{ >—C—-O—C—OH
|

H

Like leucin, it may appear in the urine in disintegrative
diseases of the liver. It takes the form of rosettes of
acicular crystals.

2. Di-amino Acids.—In most proteins, the di-amino acids
are less abundant than the mon-amino. But, in a simple
form of protein, which occurs linked with nucleic acid in
the heads of spermatozoa, called by Kossel protamine, these
di-amino acids constitute about 80 per cent. of the molecule.
They are—

Lysin—di-amino-caproic acid.

Arginin—amino-valerianic acid linked to guanidin
(p. 209).

Histidin—amino-propionic acid linked to the iminazole
ring.

gOf these three arginin is the most abundant.

3. Amides are always present in small amount, linked
together as in biuret H,N— CO—NH—CO—NH,, and it is

-
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these which give the biuret test—the pink or violet when
sodium hydrate is added to the protein with which a trace of
cupric sulphate has been mixed.

The different stages of the disintegration of the native
protein molecule may be arranged as follows, according to
their reactions to heat, ammonium sulphate, and
aleohol : 1—

Bu
2 3 '
= >
Native Proteins, | %= <
?_g; =g .3 .
o~ 1230] 83| O
SBom| 249 | \
B2 2o ®)
gazZ| 87 | O\
Proteoses. 5555 A (|) o)
I\
Peptones. . Ox. O
E AN
. s . .| O ‘
Polypeptides. - < g | X
S| E|2|o0
Dipeptides. § & £ |
5 2 2 O
Final Products. %0 o by ‘
S1g|g|lo o o o
Z
& -
= o =
3 2 2
2
E sz
g g R 2
g 9 g 5
& = - &
=] g o b=
= < [=] =]

For a “Classification of Proteins,” see Appendix. The
tests for the Proteins must be learned practically.

B. Synthesis of Proteins.—Emil Fischer and his co-workers
have succeeded in building up from the amino acids a series
of bodies containing several of the amino acid molecules,
linked to one another in series, the hydroxyl, OH, of

1 For a short account of the chemistry of these products of disintegra-
tion, see Appendix.
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one being linked on to the amidogen of the other with the
giving off of H,0, thus : —

H | |
H H
Amino-acetic acid. Anmino-acetic acid.
Glycin. Glycin.,
Glycyl-glycin.

This he calls glycyl-glycin,—the amino acids which have
lost the OH of the acid being designated by the terminal
yl.

Such compounds he calls peptides, characterising them,
according to the number of molecules linked, as di-, tri-,
tetra-, and poly-peptides.

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

He has also succeeded in building the pyrrol derivative,
pyrrolidine-carboxylic-acid, or prolin, into polypeptides.

2. Fats and Lipoids.

In addition to ordinary fats (see p. 41), protoplasm also
contains a group of substances which are, like the fats,
soluble in alcohol and ether, and which have been called
Lipoids. These are generally most abundant in the outer
layers of protoplasmic units, where they help to form a
covering membrane.

One of the most important is Cholesterol. This is a mono-
hydric unsaturated alcohol, which, when dissolved in hot
alcohol, tends to crystallise out on cooling in flat square
plates, generally with a notch out of a corner.

Some of the lipoids contain phosphorus, and have been
grouped as Phosphatides. The most important of these is
Lecithin.

This is a fat in which one of the acid radicles is replaced
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by phosphoric acid linked to cholin — hydroxyethyl-
trimethyl-ammonium-hydroxide.

Fatty acid.
Lecithin. Glycerol ¢ Fatty acid.
Phosphoric acid.
Cholin.
H H|OH
|| L CH,
Cholin. HO—C—C-|-N £-CH,
| | O\CH,
H H
Hydroxyethyl | trimethyl-ammonium-
- hydroxide.

Cholin has some action upon visceral muscle, and some
of the symptoms occurring in degenerative changes of the
nervous system may be due to its presence. It is closely
allied to muscarin, a very powerful poison of vegetable origin.

In protoplasm, the lipoids are intimately associated
with the proteins, and form part of the colloidal complex.
By their tendency to adsorb to the surface, and thus to form
membranes, they help to differentiate masses of protoplasm
from their surroundings and to present a more or less per-
meable membrane, through which exchanges between the
living matter and its surroundings go on.

3. Carbohydrates.

Closely connected with the proteins and fats, and some-
times actually built into the molecule of the former, are
small quantities of carbohydrates, bodies belonging to the
class of starches and sugars (p. 285).

C. CRYSTALLOIDS.

These may either exist in true solution or be combined
with the proteins and lipoids in the colloidal state. Those
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in solution may not be ionised, e.g. glucose, or they may be
ionised into an-ions and cat-ions. Among the more
important of the cat-ions are potassium, calcium, and
sodium. The presence of such crystalloids free in true
solution chiefly determines the osmotic pressure of the mass
of protoplasm, and hence this may vary from time to time
according to whether these substances are united to the
proteins or are free.

The osmotic pressure in the protoplasm of a cell may be
ascertained by subjecting it to fluids of different osmotic
equivalents and determining whether it swells by the passage
of fluid inwards or shrinks by the passage of water outwards,
thus ascertaining the molecular concentration of the
surrounding fluid and so of the cell itself. This has been
called the method of Plasmolysis. The red cells of the
blood have a very definite osmotic pressure, and when
subjected to a fluid of lower osmotic pressure, they swell,
while in a fluid of higher osmotic pressure, they shrink.

This is called the method of Hemolysis.

IV. Protoplasmic Activity.

This complex of substances called protoplasm is, during
life, in a constant state of active chemical change. All
its conditions make for great instability: its colloidal
nature, its demarcation from its surroundings as the result
of surface tension with adsorption, its frequent division into
innumerable vesicles separated from one another by very
unsubstantial and temporary septa ever changing as the result
of internal chemical changes, all of these combine to produce
a very labile condition. Thus oxidation may be going on in
one part of the mass, drawing oxygen fromn another, and thus
leading to a simultaneous process of reduction. Such a
mechanism is pregnant with possibilities as a transformer
of energy and as a producer of movement.
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That such movements really can be produced, even in
dead matter, by the combination of changes brought about
by osmosis and by alteration in surface tension, may be
demonstrated by the behaviour of mixtures of such
substances as camphor and water.’



SECTION 11
TrE CELL.

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

A, Cell Protoplasm.

1. 8tructure.—The general characters of protoplasm have
been already described (p. 11). In some cells condensation
at the surface is marked, and a so-called membrane
surrounds them. .

At some point in the protoplasm of many cells, one or
two small spherical bodies, the centrosomes (fig. 3), are found,
from which rays pass out in different directions. For the
detection of these bodies special methods of staining and the
use of very high magnifying powers are required. They will
be again considered when dealing with the reproduction of
cells.

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

In the protoplasm, vacuoles are sometimes found, and
from a study of these vacuoles in protozoa, it appears that

! The micro-millimetre is the yg;sth of a millimetre.
23



24 VETERINARY PHYSIOLOGY

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

2. Activities.—(a). Many cells have the power of ingest-
ing foreign material. This phagocytic action plays an

4

F16. 3.—Diagram of a Cell to show structure of Protoplasm and Nucleus. In
the protoplasm—4, attraction sphere enclosing two centrosomes ; V,
vacuole ; C, included granules ; D, plastids, present in some cells. In
the nucleuse—Z, nucleolus ; F, chromatin network ; G, linin network ;
H, karyosome or nodal swelling. (WiLsoN.)

enormously important part both in physiological and in
pathological processes in the body.

(b) In certain cells, protoplasm undergoes changes in shape
(ameboid movement). 'This may be studied in the white
cells in the blood of the frog or newt. Processes (pseudo-
podia) are pushed out, and these are again withdrawn, or
the whole cell may gradually follow the process, and thus
change its position.
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In some unicellular organisms movements take place along
some definite line, and fibrils are found arranged more or less
parallel to the line of movement. Such contractile processes,
from their resemblance to muscles, have been termed myoids.
In other protozoa the pseudopodia manifest a to-and-fro
rhythmic waving movement, which may cause the cell to be
moved along, or may cause the adjacent fluid to move over
the cell.  Such mobile processes, when permanent, have been
called cilia. These movements are the result of chemical
changes in the protoplasm, by which alterations in the
osmotic pressure and changes in the surface tension of the
various parts are produced.

The movements are modified by the various Stimuli
which alter the activity of the chemical changes (p. 10).
The stimulation may be (a) General.— Cocling diminishes
and finally stops them. Gentle heat increases them, but
when a certain temperature is reached they are stopped.
Drying and various drugs, such as chloroform, also arrest
the movements.

(b) Uwilateral.—Changes in the surroundings may cause
either contraction or expansion, may repel or attract. When
an attracting or a repelling influence, a positive or a negative
stimulus, acts at one side of the cell—unilateral stimulation—
it may lead to movement of the cell away from it or towards
it. If the action is towards the stimulus, it is said to be
positive ; if away from it, negative.

Chemiotaxis is the attraction or repulsion produced by
one-sided application of chemical stimuli. This is well seen
in the plasmodial masses of ethalium septicum, which grows
on tan. Oxygen and water both attract it, exercising a
positive chemiotaxis. It is also seen in the streaming of
the white cells of the blood to disintegrating tissues, or to
various micro-organisms introduced into the tissues which
have to be destroyed to prevent their poisoning the organism,
and in the attraction exercised by the ovum upon the male
element in reproddction.

Barotaxis is the effect of unilateral pressure or mechanical
stimulation. Many protozoa appear quite unable to leave
the solid substance—e.g. the microscope slide—with which

-
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they are in contact, the unilateral pressure seeming to cause
a positive attraction in that direction. It is well seen in
climbing plants.

Phototaxis.—Light, which plays so important a part in
directing the movements of the higher plants, also acts posi-
tively or negatively on many unicellular organisms. Thus,
the swarm spores of certain alge are positively attracted
by moderate illumination, streaming to the source of
light, while they are negatively stimulated by strong
light, and stream away from it. Light also plays an
important part in directing the movements of certain
bacteria.

Thermotaxis.—The unilateral influence of temperature is
well seen in the plasmodium of wthalium septicum which
streams from cold water towards water at a temperature of
about 30° C.

Galvanotaxis.—A current of electricity has a marked effect
in directing the movements of many cells. Certain infusoria,
when brought between the poles of a galvanic battery, stream
towards the negative pole, while other organisms move to the
positive.

The effects of this unilateral stimulation are of great
importance in physiology and pathology, since they explain
the streaming of leucocytes to the intestine during digestion
and to parts of the body infected by micro-organisins and
other poisons. They also explain the apparently volitional
acts of unicellular organisms. Many of these organisms
appear definitely to select certain foods, but in reality they
are simply impelled towards them by this unilateral
stimulation.

B. Nucleus.

(1) 8tructure.—The nucleus, seen with a moderate magni-
fying power, appears in most cells as a well-defined circular
or oval body situated towards the centre of the cell (figs. 2 (¢)
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and 3). Sometimes it is obscured by the surrounding proto-
plasm. It has a granular appearance, and usually one or
more clear refractile bodies — the nucleoli — are seen
within it. It stains deeply with many reagents of a
basic reaction, such as hematoxylin, carmine, methylene
blue, ete.

In some cells the nucleus is irregular in shape, and in
some it is broken up into a number of pieces, giving the cell
a multi-nucleated character.

It is usually composed of (a) fibres arranged in a compli-
cated network (fig. 3). These fibres appear to be of two kinds:
(1) those forming a fine network—the linin network (@);
and (2) those forming generally a coarser network, the fibres
of which have a special affinity for basic stains—the chromatin
network (F).

The chromatin fibres vary in their arrangement in dif-
ferent cells. Usually they form a network, but occasionally
they are disposed as a continuous skein. In nuclei with the
former arrangement of fibres, swellings may be observed
where the fibres unite with one another—the nodal swellings,
or karyosomes, distinct from the nucleolus. The resting
nucleus appears to be surrounded by a distinct nuclear
membrane, which is either a basket-like interlacement of
the fibres at the periphery, or a true membrane produced
by adsorption.

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

(2) Chemistry.—The nuclear network is composed of
Nucleins. These are combinations of protamines (p. 17)
with nucleic acid.

Protamines constitute about one-third and nucleic acid
about two-thirds of the nucleins. The chief di-amino acid
in them is Arginin, which constitutes nearly 90 per
cent.

The nucleic acid may be broken down into—

1. Purins, such as guanin and adenin (see Appendix).
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2. Pyrimidin Bases, such as thymin, which contain the
asymmetric ring

—N—C=
|

_E b
Lo

—N—(—

3. Hexoses (C¢H,;Oy), (p. 285).
4. Metaphosphoric Acid (HPO,).

73) Functions.—The part taken by the nucleus in the
general life of the cell is not fully understood.

1st. It exercises an influence on the nutritive processes,
since it has been observed in certain of the large cells in
lower organisins that a piece of the protoplasm detached
from the nucleus ceases to grow, and, after a time, dies.
In certain cells, e.g. cells of the nervous system, it has been
found to shrink and to become displaced from its central
position as a result of continued activity. Important inter-
changes of material go on between the nucleus and the
protoplasm.

2nd. It is the great reproductive organ of the cell play-
ing an important part in transmitting inherited characters
(p. 617).

C. Reproduction of Cells,

Cells do not go on growing indefinitely. =~ When they
reach a certain size they generally either divide to form
two new cells, or die and undergo degenerative changes.
The reason of this is possibly to be found in the well-known
physical fact, that, as a sphere increases in size, the mass
increases more rapidly than the superficies. Hence, as a
cell becomes larger and larger, the surface for nourishment
becomes smaller and smaller in relation to the mass of
material to be nourished. Probably the altered metabolism
so produced sets up the changes which lead to the division
of the cell. These changes have now been very carefully
studied in a large number of cells, and it has been shown
that the nucleus generally takes & most important part in
division.
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A. Mitotic Division.—In a cell about to divide, the first
change is a general enlargement of the nucleus. At the
same time the centrosome becomes double, and the two
portions travel from one another, but remain united by
delicate lines to form a spindle-shaped structure (fig. 4 (1)).
The spindle passes into the centre of the nucleus, and seems
to direct the changes in the reticulum. The nuclear mem-
brane disappears, and the nucleus is thus not so sharply

3 (4)

Fie. 4.—Nucleus in Mitosis. (1) Convoluted stage ; (2) Monaster
stage ; (3) Dyaster stage; (4) Complete division.

marked off from the cell protoplasm. The nucleoli and
nodal points also disappear, and with them all the finer
fibrils of the network, leaving only the stouter fibres, which
are now arranged either in a skein, or as loops with their
closed extremity to one pole of the nucleus and their open
extremity to the other. The nucleus no longer seems to
contain a network, but appears to be filled with a convoluted
mass of coarse fibres, and hence this stage of nuclear division
is called the convoluted stage.

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

The nuclear loops of fibres break up into short, thick
pieces ; and these become arranged around the equator of
the spindle in a radiating manner, so that when the nucleus
is viewed from one end it has the appearance of a rosette or
a conventional star. This stage of the process is hence often
called the single star or monaster stage (fig. 4 (2)).

Each loop now splits longitudinally into two, the divisions
lying side by side (fig. 4 (2)).

The next change consists in the separation from one
another of the two halves of the split loops—one half of
each passing up towards the one polar body, the other half
passing towards the other. It is the looped parts which first
separate and which lead the way—the open ends of the loops
remaining in contact for a longer period, but, finally, also
separating. In this way, around each polar body, a series of
looped fibres gets arranged in a radiating manner, so that the
nucleus now contains two rosettes or stars, and this stage of
division is hence called the dyaster stage (fig. 4 (3)).

The single nucleus is now practically double. ~Gradually
in each half finer fibres develop and produce the reticular
appearance. Nuclear nodes, nucleoli, and the nuclear mem-
brane appear, and thus two resting nuclei are formed from
a single nucleus. Between these two nuclei a delicate line
appears, dividing the cell in two, and the division is com-
_ pleted (fig. + (4)).

The network of the nucleus of actively dividing cells is
rich in nucleic acid, but in cells which have ceased to divide,
in which the nucleus has ceased to exercise its great repro-
ductive function, the amount of nucleic acid diminishes, and
may be actually less than the amount in the cell protoplasm.

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



SECTION III,
THE TiSSUES.

ALL the tissues of the body are formed from a single cell—
the ovum.

In unicellular organisms the functions of nutrition and
of reproduction are performed by the one cell. In the
metazoa there is a differentiation into gametic or reproductive
cells, and somatic or body cells which form the various
tissues of theindividual. The latter are primarily developed to
nourish and protect the gametic cells which are potentially
eternal, going on from generation to generation, while the
somatic cells perish with the death of the individual.

The mammalian ovum is holoblastic and undergoes com-
plete division. The cells get arranged in three layers, the
epiblast, mesoblast, and hypoblast, and from these the
tissues are developed.

The structure of the tissues must be studied practically
in the class of Histology. Here all that will be given is a
brief summary of their development, and of their structural
and chemical characters.

(4) THE VEGETATIVE TISSUES.

The Vegetative Tissues are those which support, bind
together, protect, and nourish the body. They may be
divided into the Epithelial Tissues, formed from the epiblast
or hypoblast, and consisting of cells placed upon surfaces,
and the Connective Tissues developed from the mesoblast,

and consisting chiefly of formed-material between cells,
0}
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I. EPITHELIUM.

1. 8quamous Epithelium—

(a) Simple Squamous Epithelium.—7This is seen lining the
air vesicles of the lungs. It consists of a single layer of flat,
scale-like cells, each with a central nucleus. The outlines of
these cells may be made visible by staining with nitrate
of silver, which blackens the cement substance between the
cells.

(b) Stratified Squamous Epithelium (fig. 5).—The skin and
the lining membrane of the mouth and gullet are covered by
several layers of cells. The deeper cells divide, and, as the
young ones get pushed upwards towards the surface and away
from the nourishing fluids of the body, their nutrition is
modified, and the protoplasm undergoes a change into
keratin, a substance belonging to the group of sclero-proteins

(Appendix). It is a hard, horny
material. It composes the nails
and hair, and the horns and
hoofs of certain animals. It
first makes its appearance as a
number of little masses or gran-
ules in the cells, and these run
together to fill the cells which

Fic. 5.— Stratified Squamous Epi- become flattened out into thin

thelium from the cornea. scales.
It forms an admirable pro-

tective covering to the body, not only on account of its hard-
ness and toughness, but because poisons cannot readily pass
through it, and also because it is not easily acted on by
chemicals. It is characterised by the large proportion of
loosely combined sulphur which it contains. Hence, lead
solutions colour keratin black by forming the black sulphide
of lead, and are much used as hair dyes (see Chemicul
Physiology).

The sulphur is largely in the form of cystin—
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two thio - amino - propionic acid molecules linked to-
gether.
H NH,

H—(li—(I}—CO.OH

$ i

|
S H

||
H—C—C—CO.0H

b,

Tyrosin (p. 17) is also relatively abundant.
(c) Transitional Epithelium.—A slightly modified stratified
squamous epithelium lines the urinary passages. It is char-

a b

F16. 6.—(a) Columnar Epithelium from the small intestine ; (b) Ciliated
Epithelium from the trachea.
acterised by the more columnar or pear-like shape of the cells
of the deeper layers, and by the cells being very elastic, so that
they may be stretched or compressed according to the state
of the viscus they line.

2. Columnar Epithelinm (fig. 6, a).—The cells lining
the stomach and intestine in the embryo elongate at right
angles to their plane of attachment, and become columnar
in shape. The free border of the cells has an appearance
like a hem, due to a series of short rods placed side by side.
The great function of this form of epithelium is to absorb
the digested matter from the intestine, and to pass it
on to the blood.

3
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Among these occur some larger, somewhat pear-shaped,
cells, attached by their small extremity. Their protoplasm
is collected at their point of attachment, while the body of the
cell is filled with mucin, a clear, transparent material. These
chalice cells producing mucin lead to the study of the next
type of epithelium.

3. Secreting Epithelium. — This type of epithelium,
which has as its function the production of some material
which is to be excreted from the cell, is generally arranged
as the lining of depressions or pits—the glands.

The simplest form of gland is the simple tubular—a test-
tube-like depression, lined by secreting cells. Instead of being
simple, the tube may be branched, when the gland is described

> g

F16. 7.—A Zymin-secreting Gland, to show an acinus lined by secreting
cells containing zymogen granules, and the duct.

as racemose. In many glands the secreting epithelium is
confined to the deeper part of the tube, acinus (fig. 7), while
the more superficial part is lined by cells which do not
secrete, forming the duct.

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

Secreting epithelium varies according to the material it
produces.

(A) Mucin-secreting Epithelium.—Many glands have for
their function the production of mucus, a slimy substance of
use in lubricating the mouth, stomach, intestine, etc. The
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acini containing such cells are usually large. The cells
themselves are large, and are placed on a delicate basement
membrane, a condensation of the subjacent fibrous tissue,
which bounds the acinus. The nuclei are situated near to
the attached margin of the cells. These are somewhat
irregular in shape, and are packed close together.

Their appearance varies according to whether the gland
has been at rest or has been actively secreting.

Resting State.—In the former case, in the fresh condition,
the cells are large, and pressed closely together. Their
protoplasm is filled with large shining granules. After treat-
ment with reagents, each cell becomnes distended with clear,
transparent mucin formed by the swelling and coalescence of
the granules, and the cells tend to burst, so that the lumen
of the gland becomes filled with the glairy mass.

After Activity.—After the gland has been actively
secreting, the cells are smaller and the granules are much
less numerous, being chiefly situated at the free extremity of
the cell, and leaving the nucleus much more apparent.

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

Mucin is a substance which occurs in many tissues.
When precipitated and freed from water it is white and
amorphous. On the addition of water it swells up and forms
a glairy mass. In the presence of alkalies it forms a
more or less viscous emulsoid, and from this it is pre-
cipitated by acetic acid. It is a conjugated protein
(Appendix)—a protein linked to glucosumine—a glucose
molecule in which one of the hydroxyls is replaced by
amidogen—NH,—

O NH,/H\ H
I [ |
H—C— (IJ —C—H
| I
H \0H/, OH

It is therefore called a glyco-protein. When boiled
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with an acid it yields a sugar (see Chemical Physi-
ology).

(B) Zymin-secreting Epithelium.—Another kind of secret-
ing epithelium forms the various juices which act upon the
food to digest it. These juices owe their activity to the
presence of enzymes or zymins (p. 7).

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

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

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

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

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

4. Ciliated Epithelium (fig. 6 (b), p. 33).—The cells are
usually more or less columnar, and the free border is pro-
vided with a series of hair-like processes, the cilia, which
vary in size in different situations.

In the living state the cilia are in constant rhythmic
motion, each cilium being suddenly whipped or bent down
in one direction, and then again assuming the erect posi-
tion.

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

As a result of this constant harmonious rhythmic move-
ment, any matter lying upon the surface is steadily whipped
along it; and, since the cilia usually work from the inner
parts of the body to the outside, this matter is finally
expelled from the body. They line the respiratory passages,
and their movement plays an important part in getting rid
of dust which has been inhaled.

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

II. CONNECTIVE TISSUES.

These are the binding and supporting tissues of the body
—fibrous tissue, cartiluge, and bone. They are formed
from the mesoblast of the embryo, and most of them contain
blood-vessels.

1. Mucoid Tissue.—The cells of the mesoblast of the
embryo, which at first lie in close apposition with one
another, become separated, remaining attached by elongated
processes. Between the cells a clear, transparent substance
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makes its appearance, forming a soft, jelly-like tissue. It
contains an abundance of mucin (p. 35). This tissue is
widely distributed in the embryo as a precursor of the con-
nective tissues, and after birth it is still to be seen in the

F16. 8.—Mucoid Tissue from an embryo rabbit.

pulp of a developing tooth and in the vitreous humour of
the eye (fig. 3).

2. Fibrous Tissue.—As development advances, the cells of
mucoid tissue elongate and become spindle-shaped, and are

F1c. 9.—Fibroblasts from young fibrous tissue.

continued at their ends into fibres (fig. 9). These cells are
often called fibroblasts.

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

I. ForMED MATERIAL.—(a) Fibres (fig. 10).—1st. Non-
elastic (White Fibress. These are delicate, transparent fibrils
arranged in bundles. They do not branch, and they have a
mucin-like matrix between them. They are composed of a
non-elastic substance, collagen. This is a sclero-protein
(Appendix), and it gives the biuret reaction but not the tests

F1c. 10.—Bundles of White Fibres, with Fibroblasts (a) and Elastic Fibres
anastomosing with one another (b).

for the proteins depending on the presence of the benzene
nucleus. It contains neither tryptophan nor tyrosin (p. 17),
but it is rich in amino-acetic acid—glycin. It is insoluble
in cold water, but swells up and becomes transparent in
acetic acid. It has a great affinity for carmine, and stains a
pink colour with it. When boiled, it takes up water to form
a hydrate, gelatin, a substance soluble in hot water, and
forming a jelly on cooling (see Chemical Physiology).

2nd. Elastic Fibres. These are highly refractile elastic
fibres, which branch and anastomose with one another,
They are composed of Elastin, a sclero-protein which is very
poor in tyrosin, and hence gives the xantho-proteic test very
faintly. It is insoluble in both cold and hot water and is
not acted on by acetic acid. It stains yellow with |picric
acid and it has no affinity for carmine.
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(b) Matriz.—This is composed of the mucus-like material
which is so abundant in the feetal mucoid tissue.

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

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

In fascia, in tendon sheaths, and in flat tendons, the
fibres are closely packed together to form more or less
definite layers. In tendons and ligaments the fibres run
parallel and close together. In the tendons of muscles, where
elasticity is not required, the fibres are of the white or non-
elastic variety. In ligaments, where elasticity is desirable,
the elastic fibres preponderate,

II. The spacEs of fibrous tissue vary with the arrange-
ment of the fibres. In the loose areolar tissue under the
skin they are very large and irregular, in fascia they are
flattened, while in tendon, where the fibres are in parallel
bundles, they are long channels,

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

In certain situations, peculiar modifications of fibroblasts
occur.

(A) Endothelium.—When these cells line the larger
connective tissue spaces they become flattened, and form a
covering resembling simple squamous epithelium. Such a
layer lines all the serous cavities of the body, and the
lymphatics, blood-vessels, and heart, all of which are
primarily large connective tissue spaces. To demonstrate the
outlines of these cells it is necessary to stain with nitrate of
silver, which has a special affinity for the interstitial
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substance, and which thus forms a series of black lines
between the cells.

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

Little droplets of oil first appear, and these become larger,
run together, and finally form a large single globule, distend-
ing the cell, and pushing to the sides the protoplasm and
nucleus to form a sort of capsule (fig. 11).

Fia. 11.—Fat Cells stained with osmic acid, and lying alongside
a small blood-vessel.

If the animal be starved, the fat gradually disappears out
of the cell, and in its place is left a clear albuminous fluid
which also disappears, and the cell resumes its former
shape.

Pats.—The ordinary fats are esters of the triatomic
alcohol, glycerol (see Appendix)—

OH
CSH5{ OH
OH

formed by the replacement of the hydrogen of the hydroxyls
by the radicles of the fatty acids.
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The most abundant fatty acids of the body are :—

Palmitic Acid, C;H,;,COOH ;
Satumted_{Stearic Acid, C,,H,,COOH ;
Unsaturated —Oleic Acid, C,;H;,COOH ;

The unsaturated acids are more readily oxidised than the
saturated. They tend to break at the double link in the
chain thus—

H H | H H
oLl
—C—C=C—C—
I |
H H

The three fats are—

Paulmitin, CsH5(O.C‘6HleO)3 = CﬁlHQSOG’
Stearin, CyHy(0.C,yHgCO), = CyrH, 1006,
Olein, C;H,(0.C,;H,CO); = Cy; H,0,05.

It will be observed that the molecules of these fats are
very rich in carbon and hydrogen, and very poor in
oxygen, containing only about 12 per cent., ¢.e. they contain
a large amount of material capable of being oxidised, and
thus capable of affording energy in the process of combustion.

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

The functions of adipose tissue are twofold :—

18t. Mechanical.—The mass of adipose tissue under the
skin is of importance in protecting the deeper structures
from injury. It is a cushion on which external violence
expends itself. Further, this layer of subcutaneous fat
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prevents the loss of heat from the body, being, in fact, an
extra garment.

2nd. Chemical.—Fat, on account of its great quantity of
unoxidised carbon and hydrogen, is the great storehouse of
energy in the body.

(C) Pigment Cells.—In various parts of the eye the
connective tissue and other cells contain a black pigment—
Melanin. The precise mode of origin of this pigment is not
known. It contains carbon, hydrogen, nitrogen, oxygen,
and it may also contain iron. Melanin is closely related to
a series of dark pigments which are produced by heating
protein with mineral acids—the melanoidins—and like them,
when heated with potash, it yields indol and skatol (see p.
330). It is therefore probably connected with tyrosin
or with tryptophan (see p. 17). It has nothing to do
with the blood-pigments. Melanin-like pigments are widely
distributed in nature, occurring not only in the connective
tissue pigment-cells of animals, but also in epithelial cells of
the epidermis, hair, and eye, and in the tissues of some
plants. Its function in the eye is to prevent the passage of
light through the tissues in which it is contained.

The fibrous-tissue cells containing the pigment are
branched, and in many cases they possess the power of move-
ment. This is specially well seen in such cells in the skin
of the frog, where contraction and expansion may be studied
under the microscope. By these movements the skin is
made lighter or darker in colour. The movements of these
cells are under the control of the central nervous system.

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

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

(1) Hyaline Cartilage.—Development, however, usually
goes further, and before the capsule has hardened, the
cartilage cells again divide, and each half forms a new
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capsule which expands the original capsule of the mother
cell, and thus increases the amount of the formed material.
This formed material has a homogeneous, translucent
appearance, and a tough and elastic consistence, and cuts
like cheese with the knife (fig. 12).

The formed material of cartilage, chondro-mucoid, is not
a special substance, but a mixture of chondroitin-sulphuric
acid with collagen in combination with proteins. Chondroitin,
when decomposed, yields glucosamine, a sugar-like substance
containing nitrogen (p. 35): glycwuronic acid, a sugar with
the terminal carbon oxidised to the carboxyl state; and
acetic acid probably derived from the amino-acetic acid
of collagen.

Cartilage is surrounded by a fibrous membrane, the peri-
chondrium, and frequently no hard-and-fast line of demarca-
tion can be made out between them. The fibrous tissue
gradually becomes less fibrillated, the cells become less
elongated and more oval and the interfibrillar substance
increases in amount and becomes of the same refractive
index as the fibres. During
old age, a fibrillation of
the  homogeneous - looking
cartilage is made manifest,
especially in costal cartilage,
by the deposition of lime
salts in the matrix, between
the fibres. It was long ago
shown that in inflammation of
cartilage  this  fibrillation
appears; and by digesting
it in baryta water, a similar
structure may be brought
out. The close connection
of cartilage with fibrous
tissue is thus clearly demonstrated.

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

Fi1c. 12.—Hyaline Cartilage covered
by perichondrium.
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(2) Elastic Fibro-Cartilage.—In certain situations—e.g. in
the external ear—a specially elastic form of cartilage is
developed, elastic fibres appearing in the cartilaginous
matrix, and forming a network through it.

(3) White Pibro-Cartilage.—In other situations—e.g. the
intervertebral discs—a combination of the binding action of
fibrous tissue with the padding action of cartilage is required ;
and here strands of white
fibrous tissue with little
islands of hyaline cartil-
age are found. It is also
found where white fibrous
tissue, e.g. tendon, is in-
serted into hyaline cartil-
age, and it is really a
mixture of two tissues—
white fibrous tissue and
cartilage.

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

(1) DEVELOPMENT AND F16. 13.—Intra-membranous Bone De-

STRUCTURE. — Bo_n.e 18 velopment in the lower jaw of a foetal
formed by a deposition of cat. Above, the process of ossification
lime salts in layers or is seen shooting out along the fibres,
lumelle of white fibrous and on the lower surface the process
tissue. But while some of absorption is goingon. Two osteo-

olasts—large multi-nucleated cells—

bones, as those of the
are shown to the left.

cranial vault, face, and
clavicle, are produced entirely in fibrous tissue, others are
preformed in cartilage, which acts as a scaffolding upon
which the formation of bone goes on.

A. Intra-membranous Bone Development.—This may be
studied in any of the bones of the cranial vault where
cartilage is absent (fig. 13).

At the centre of ossification, the matrix between the
fibres becomes impregnated with lime salts, chiefly the phos-
phate and carbonate. How this deposition takes place is
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not known, and how far it is dependent on the action of
cells has not been clearly determined ; but in front of the
process, as it shoots outwards from the centre in all direc-
tions, accumulations of cells are to be seen, and these cells
have been called osteoblasts. The cells get enclosed in
definite spaces, lacune, and become bone cells. Narrow
branching channels of communication are left between these
lacunz, the canaliculi.

The fully formed adult bone, however, is not a solid
block, but is composed of a compact tissue outside, and of a
spongy bony tissue, cancellous tissue, inside. This cancellous
tissue is formed as a secondary process. Into the block of
calcareous matter, formed as above described, processes of
the surrounding fibrous tissue burrow, carrying in blood-
vessels, lymphatics, and numerous cells (fig. 13, lower surface).
This burrowing process seems to be carried on by the cells,
which eat up the bony matter formed. In doing this they
frequently change their appearance, becoming large and
multi-nucleated (osteoclusts). Thus the centre of the bone is
eaten out into a series of channels, in which the marrow of
the bone is lodged, and between which narrow bridges of
bone remain.

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

B. Intra-cartilaginous Bone Development.— In the bones
preformed in cartilage, the process is somewhat more complex.
But all the bone is developed in connection with fibrous
tissue, and the cartilage merely plays the part of a scaffolding
and is all removed.

Where the adult bone is to be produced, a minute model
is formed in hyaline cartilage in the embryo, and this is
surrounded by a fibrous covering, the perichondrium. In
the deepest layers of this perichondrium the process of calecifi-
cation takes place as described above, and spreads outwards,
thus encasing the cartilage in an ever-thickening layer of
bone (fig. 14, a).

At the same time, in the centre of the cartilage, at what is
called the centre of ossification, the cells begin to divide
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actively, and, instead of forming new cartilage, eat away the
material, and thus open out spaces (fig. 14, b). Into these
spaces processes of the perichondrium bore their way, carry-
ing with them blood-vessels, and thus rendering the cartilage
vascular. The vascularisation of the centre of the cartilage
having been effected, the process of absorption extends
towards the two ends of the shaft of cartilage, which con-
tinues to elongate. The cartilage cells divide and again
divide, and, by absorbing the material between them, form

c a

b

Fic. 14.—Intra-cartilaginous Bone Development. A phalanx of a feetal
finger showing the formation of periosteal bone round the shaft (a);
the opening up of the cartilage at the centre of ossification and the
vascularisation of the cartilage by the invasion of fibrous tissue (b);
and the calcification of the cartilage round the spaces (c).

long irregular canals running in the long axis of the bone,
with trabecule of cartilage between them. Into these
canals the processes of the periosteum extend, and fill them
with its fibrous tissue. A deposition of lime salts takes
place upon the trabecule, enclosing cells of the invading
fibrous tissue, and thus forming a crust of bone, while the
cartilage also becomes calcified. If this calcification of the
cartilage and deposition of bone were to go on unchecked,
the block of cartilage would soon be converted to a solid
mass of calcified tissue. But this does not occur. For, as
rapidly as the trabeculee become calcified, they are absorbed,
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while the active changes extend further and further from the
centre to the ends of the shaft. The centre, which was once
formed by the embryonic cartilage, is thus changed to a
space filled by fibrous tissue which afterwards becomes the
bone marrow.

The process of absorption does not stop at the original
block of cartilage; but after all of this has been absorbed,
the bone formed outside the cartilage in the fibrous tissue is
attacked by burrowing processes from inside and outside,

F1c. 15.—Cross section through part of the shaft of an adult long bone to
show the arrangement in lamelle distributed as Haversian (1), inter-
stitial (2), peripheral (3), and medullary (4).

which hollow out long channels running in the long axis of
the bone. These are the Haversian spaces (fig. 15).
Round the inside of each, calcification occurs, spreading
inwards in layers, and enclosing connective tissue cells, until
at length only a small canal is left, an Haversian canal,
containing some fibrous tissue, blood-vessels, lymphatics, and
nerves, with layer upon layer of bone concentrically arranged
around it. This constitutes an Huversian system. In this
way the characteristic appearance of the shaft of a long bone
is produced, with layers of calcified fibrous tissue, the bone
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lamell, arranged as Haversian, interstitial, peripheral, and
medullary lamelle (fig. 15).

One important function performed by the cartilage is in
bringing about the increase in length of the bones. As
growth progresses, the cartilage grows in length, and the
formation of bone outside the cartilage spreads to each end,
and thus the shaft of the bone is formed. But, in addition
to the centre of ossification in the shaft—the diaphysis, one
or more similar centres of ossification form at each end
of the bone. These are the epiphyses. Between these and
the diaphysis a zone of actively growing cartilage exists until
adult life, when the bones stop lengthening. In this zone,
the cells arrange themselves in vertical rows, divide at right
angles to the long axis of the bone and form -cartilage.
This cartilage, as it is formed, is attacked by the bone-form-
ing changes at the diaphysis and epiphyses. But the
amount of new cartilage formned is at first proportionate to
this, and thus a zone of growing cartilage continues to exist
until early adult life, when epiphyses and diaphysis join and
growth in length is stopped. The rate and extent of this
growth of the cartilage determines the length of the limbs.
It is influenced by many factors, such as the general nutrition
of the animal, and also by the influence of the internal
secretions of various structures, such as the thyreoid and
pituitary body (see pp. 595, 599).

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

Water, 10 per cent.
Solids, 90 per cent.
Organic, 35 per cent.—chiefly collagen.
Inorganic, 65 per cent.
Calcium phosphate, 51.
,,  carbonate, 11.
,»  fluoride, 0-2.
Magnesium phosphate, 1.
Sodium salts, 1.

The most important points are the small amount of water,
4
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the large amountof inorganic matter, chiefly calciuin phosphate,
and the nature of the organic matter—collagen.

(3) MEraBoLisM.—Although bone consists so largely of
inorganic matter it is permeated by blood-vessels and living
cells, and it undergoes metabolic changes not only during
development but in the full grown animal. In fasting and
in the conditions of acidosis (p. 481) the lime salts may
be removed from the bone to the blood and excreted. In
rickets the metabolism of growing bone is modified, the lime
salts not being properly laid down or being too rapidly
removed ; possibly both these changes go on together. The
bones are thus softened and undergo deformity. In osteo-
malacia there is a softening of the bones due to the
removal of lime salts.



(B) THE MASTER TISSUES —NERVE AND
MUSCLE.

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

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

Upon them the very existence of an
animal depends. It lives in a world of
constant change. The surrounding con-
ditions are not always compatible with life;
the temperature may be too high or too
low, or it may find itself plunged in a
medium in which it cannot breathe and it
must escape ; food may be wanting, and it
has to be obtained. A thousand changing
conditions have to be daily, hourly, almost Fie. 16. — Poterio-
momentarily met by adjustments of the  dendroninitscap-
body, and to make these appropriate the  sule, to illustrate
various different kinds of change must ‘the first stege in

. the evolution of
each produce different effects. & nearo-muscular

Some means by which they can do so system.
is the first essential for the continuance of
the animals’ existence. Not only must each produce its special
effect, but means must exist by which each different effect
or combination of effects may produce an appropriate
reaction.

In unicellular organisms changes in the surroundings act
51
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directly on the cell protoplasm, e.g. an amaba, when touched,
draws itself together. But, even in these simplest organisms,
certain kinds of external conditions will produce one kind
of change, while others will produce a different one, as has
been shown in considering unilateral stimulation (p. 25).
Even among unicellular organisms—eg. among the
infusoria—animals are found in which the cell is differ-
entiated into a receiving and a reucting part. Poteriodendron,
a little infusorian sitting in a cup-like frame, consists of a
long process or cilium extending up from a cell, while a
contractile myoid attaches the cell to the floor of the cup.
When the cilium is touched the myoid contracts, and
draws the creature into the protection of its covering
(fig. 16).

In multicellular organisms the result is secured by the
development at the surface of the body of special structures
or Receptors, each kind of which is stimulated or made to
undergo a change, more especially by some one kind of
external change.

Thus one kind is specially stimulated by the contact of
gross matter, another by the addition of heat, another by its
withdrawal ; another kind is specially acted on by the
vibration of air called by physicists “sound waves,” another
by the ethereal ‘“waves of light”; yet another by the
presence of substances suspended in air or in solution in
water.

But before the reaction of the body upon its surroundings
can be appropriate, the effects of these various changes must
be brought together and harmonised and integrated, and
this is secured by the existence of strands of living matter,
nerves, which pass from each receptor and lead to a common
or to several common receiving arrangements or stations in
the central nervous system.

The combined effect of all the different stimuli from
without call into play a series of the other stations in the
central nervous system which set in action the great re-
acting or effector arrangements, the Muscles.

It is impossible to study the mode of action of the
receptors without also considering the mode of action of the



NERVE 53

transmitting nerves and of the receiving stations in the
central nervous system.

This involves the study of the motor reactions which
may follow any given set of stimuli.

Before proceeding to study the physiology of the complex
set of receptors, nerves, central nervous system, and effectors,
it will be well first to consider— v

1. How the nervous system is developed.
2. The physiology of single nerve units.

I Development of the Nervous System.

To form the nervous mechanism, a part of the epithelial
covering of the embryo sinks inwards as a canal, and the
cells of this form functional connections with the surface
on the one hand, and with the reacting structures on the
other.

At first the cells composing this tube are undifferenti-
ated and alike (neuroblasts), but later some of them throw out
processes (a) towards the surface, and others (b) towards the
reacting structures. These cells with their outgrowths form
the units of which the nervous system is built up—the
Neurons. They are separate from one another, but are
associated by the close propinquity of their branching twig-
like processes or dendrites, such an association being known
as a synapse (fig. 17).

a 4

b

F16. 17.—To show a receiving (¢) and a reacting Neuron (a), each with den-
drites at its extremities, and their connection to one another through
a Synapsis (b).

1. Neurons to and from the Body Wall. —The nerve fibres
are formed as outgrowths from the nerve cells. This has
been demonstrated by the histological investigations of
Ramon-y-Cajal, who used a method of impregnating the

~
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fibres with silver, and still more strikingly by the experi-
mental investigations of Ross Harrison upon the tadpole.
The nerves which come from the central nervous system
each consist of two roots, one coming from the back of the
neural canal, the other from the antero-lateral aspect.
Harrison was able to remove the cells from the back of the
neural canal, and he then found that the posterior roots of
the nerves did not grow, but that the anterior roots did
grow. He also removed the cells from the front part of the
neural canal, leaving those at the back, and he then found
that processes grew out in the position of the posterior roots
only. He also found that from these posterior cells were
derived certain covering cells which afterwards formed the

. A

¢
A
!
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Fi1e. 18.—To show the formation of a Visceral Nerve. a, the neurons
which have travelled out to form the terminal ganglion; b, an emi-
grated neuron which has come to rest in a sympathetic ganglion ; ¢, a
neuron which has remained in the spinal cord and sent out a process so
that it may act upon the emigrated neurons.

sheaths of the nerve fibres. Lastly, he excised part of the
neural canal before the cells had differentiated, and kept it
alive for five weeks in lymph, and he was able to observe
the outgrowth of the processes which afterwards form the
axons of the nerve fibres. The evidence thus seems to be
conclusive, that these somatic nerve fibres are essentially
outgrowths from nerve cells.

2. Neurons to the Viscera.— While the nerves to and from
the body wall are formed as described above, those passing
to the wiscera are developed by a migration outwards of
neuroblasts. Some of these come to rest in the sympathetic
ganglia in front of the spinal column, others travel on and
come to rest in more remote ganglia, while a large number
pass right out into the tissues, there to throw out processes
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and to form a network which may be called a terminal
plexus. These are kept in conmection with the central
nervous system by the outgrowths of processes from cells
which remain in the spinal cord (fig. 18). In certain
positions, e.g. in the wall of the gut, these terminal plexuses
control the activity of the structure in which they are
placed (see fig. 48, p. 109).

It is as if the central nervous system had devolved

a b
Fia. 19.—(a) A Nerve Cell with Nissl’s Granules ; (b) a similar cell
showing changes on section of its axon.

the power of local government upon these emigrated
neurons.

IL S8tructure.

1. Cells—The shape and characters of the cells, and
their position upon the processes vary greatly, but they have
all the following features in common :—They are nucleated
protoplasts, the protoplasm of which, after fixing and
staining, shows a well-marked network, in the meshes of
which a material which stains deeply with basic stains, and
which seems to be used up during the activity of the
neuron, may accumulate in granules. The granules formed
of this material are generally known as Nissl's granules
(fig. 19).

Mott has failed to find such a structure in living nerve
cells, and by the use of the ultra-microscope has observed
particles moving freely in the colloidal fluid contents,
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which they could not have done had there been such
structures.

These cells give off at least one process, which continues
for some distance, as the axon. Frequently other processes
are given off, which form a branching system of dendrites.
The axons end in dendrites, so that all the processes are
essentially the same. These processes appear to be fibrillated,
and in fixed specimens the fibrille may be traced through
the protoplasm of the cells, but this appearance is probably
an artefact due to the action of the fixing agents employed.
In many cases the dendrites show little buds or gemmules
upon their course, and, according to some observers, it is
through these that one neuron is brought into definite
relationship at one time with one set of neurons, and at
another with other adjacent neurons. There is also some
evidence that the dendrites as a whole may expand and
contract, and thus become connected with those of adjacent
neurons.

2. Axon.—The axon process, as it passes away from the
cell, becomes a Nerve Fibre, and acquires one or two cover-
ings.
(1) A thin transparent membrane, the primitive sheath or
neurolemma, is present in all peripheral nerves. Between it
and the axis cylinder there are a number . of nuclei
surrounded by a small quantity of protoplasm, the nerve
corpuscles. Fibres with this sheath alone have a grey colour,
and they may be called grey or mon-medullated fibres.
They are abundant in the visceral nerves. This sheath
is absent from the nerve fibres of the eentral nervous
system.

(2) A thick white sheath—the medullary sheath or white
sheath of Schwann—which gives the white colour to most
of the nerves of the body appears somewhat late in the
development of many nerve fibres. It lies between the
primitive sheath with its nerve corpuscles and the axon. It
is not continuous, but is interrupted at regular intervals by
constrictions of the neurolemma at the nodes of Ranvier
(fig. 20). It is composed of a sponge-work or felt-work of
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a horn-like substance—mneuro-keratin—the meshes of which
are filled with a peculiar fatty material,

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

Not only do nerves branch and anastomose in the great
nerve plexuses, but in the nerves themselves a similar plexus-
like rearrangement of the bundles and fibres takes place.

Fi16. 20.—Pieces of two white Nerve Fibres.

Each nerve fibre ends in a series of dendritic expansions,
which vary greatly in character according to the structures
to which they pass.

III. Chemistry of Nerve.

The chemistry of nearon cells and their processes has been
deduced from a study of the chemistry of the grey matter of
the brain where they preponderate, while the chemistry of the
white fibres is indicated by the analysis of the white sub-
stance of the brain, which cousists chiefly of medullated fibres.

The grey matter contains over 80 per cent. of water.
The solids consist of rather less than 10 per cent. of proteins.
Two globulins, one coagulating at a low and the other at a
higher temperature, and a nucleo-protein have been isolated.
Lecithin and cholesterol each constitute about 3 per cent.

The white matter contains only about 70 per. cent of
water. The proteins, similar to those in the grey matter,
constitute between 7 and 8 per cent. Lecithin occurs in
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about the same amount as in the grey matter, but
cholesterol and lipoids, other than lecithin, constitute more
than 15 or 16 per cent.

From the fatty material of the white sheaths various
mixtures of lipoid substances have been isolated. These
have been named Cerebrosides and have been classified into—

1. Galactosides yielding a sugar—galactose, nitrogen, but
no phosphorus.

2. Phosphatides, of which lecithin is the most important
(p. 20).

3. Cholesterol, a monohydric alcohol, belonging to the
group of terpenes.

IV. Physiology of Neurons.

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

It is unnecessary and gratuitous to invoke the conception
of automatic action on the part of any portion of the nervous
system. Throughout life these neurons are constantly being
acted upon from without; and activity, once started by any
stimulus, sets up. a streamm of action which may be
coexistent with life.

A. SINGLE NEURONS,
OR NEURONS LYING SIDE BY SIDE IN NERVES.

It has been shown that the great purpose of neurons is to
enable external changes to produce appropriate reaction
(p- 32). The changes set up in the receptors at the surface
must be conducted to the stations in the central nervous
system, and again conducted out to the muscles. Oonduction
is thus the great property of nerve.
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1. Manifestations of the Activity of Neurons.

When conducting, nerve, like a telegraph wire, manifests
no visible change. Its activity is shown chiefly by changes
in the structures to which it passes, but also by certain
electrical disturbances in the conducting part.

(1) Action on other Structures.—The activity of the out-
going neurons— neurons conducting impulses from the central
nervous system to muscles, glands, etc.—is manifested by
changes in the muscles or other structures to which they
go : while the activity of ingoing neurons is made evident (a) by
their action on outgoing neurons to muscles, etc. (see fig.

Fie. 21.—To show the union of the vagus 4 to the anterior end of the sym-
pathetic B in the neck. The part of the central nervous system which
normally acted upon the abdominal viscera becomes trained to act upon
the structures in the face and head.

17, p. 53), and (b) sometimes by modifications in the state

of consciousness which may be of the nature of a simple

brief sensation, or, by the implication of a number of other
neurons, may develop into a series of changes accompanied
by a corresponding series of sensations.

Very interesting results follow from this fact, that the
activity of meurons is made manifest by changes in the
structure to which they pass. Langley has demonstrated
that, if the vagus, which conducts downwards to the
abdominal viscera, be cut, and the cervical sympathetic,
which conducts upwards to the head, be also cut, and the
central end of the vagus united to the peripheral end of the
sympathetic (fig. 21), fibres grow outwards from the vagus
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into the sympathetic, and when the vagus is stimulated, the
results which naturally follow stimulation of the sympathetic
occur.

Kennedy has shown that, if the nerves to the flexors and
the nerves to the extensors of a dog’s forelimb be cut, and
the central end of the former united to the peripheral end of
the latter, and vice versa, the normal co-ordinate movements
of the limb are restored, and that, if that part of the brain
which naturally causes extension be stimulated, flexion
occurs. He has applied the information thus gained to the
treatment of abnormal conditions in the human subject. In
a woman who suffered from spasmodic action of the muscles
of the face supplied by the seventh cranial nerve, he divided
this nerve and connected its peripheral end with the central
end of the spinal accessory and thus secured a complete
recovery. Such observations are of great interest, since they
indicate that the activity of the cells and synapses from
which the fibres come may undergo profound alteration in
function, that they may in fact be trained or educated to
take on activities not natural to them.

(2) Electrical Changes.—The part of the neuron in action
is electro-positive to the rest of the neuron. This simply
means that the parts in action become to the rest of
the neuron what the zinc plate (the -electro-positive
element) in a zinc and copper galvanic cell is to the copper.
The flow of current set up along the wire connecting the
elements of the cell is made manifest by the deflection of a
galvanometer needle. In the same way the zinc-like
(electro-positive) action of the acting part of the neuron is
made manifest if wires are led off from the nerve round
a galvanometer (fig. 22).

In order that neurons may produce their effect they must
be capable of Excitation and Conduction, and these must
now be studied.

2. Excitation of Neurons.

Neurons, like all other protoplasm, react to changes in
external conditions ; they are capable of stimulation.



NERVE 61

A. A neuron is usually stimulated from one or other of
its terminal dendritic endings, either by changes set up in
the tissues round these, or by changes in other neurons.
Thus (fig. 17) one set of neurons may be thrown into action
by changes in the tissue at their extremity, and a second set
may be stimulated by the activity of the first.

B. Neurons may also be stimulated at any part of their
course, a8 may be demonstrated by pinching the ulnar nerve
behind the internal condyle of the humerus, when a sensation
localised on the ulnar side of the hand is experienced, and
by the contraction produced in the gastrocnemius muscle of

Fi6. 22.—4, To show a galvanio cell with a zinc and copper element and the
flow of the electric current passing round a galvanometer. B, A nerve
in which the dark part is in action and is acting to the rest of the
nerve as the zinc elements in the cell.

the frog when the sciatic nerve is stimulated in its middle
(Practical Physiology).

Means of Stimulation.

Anysudden change tends to excite to activity, whether it be
mechanical, as in pinching a nerve, or a change in the
temperature, or in the electric conditions, or in the chemical
surroundings of the neurons; agents which withdraw water,
like glycerine, stimulating strongly.

The electrical method of stimulating nerve is constantly
used in medicine, and it must be studied carefully. It isa



62 VETERINARY PHYSIOLOGY

matter of no importance how the electricity is procured, but
most usually it is obtained either—

lst. Directly from a galvanic battery, accumulator, or
electric main ; or
2nd. From an induction coil.

1st. Galvanic Stimulation.

A. Exposep NERVE.

The sciatic nerve of the frog passing to the gastrocnemius
muscle may be placed upon the wires from a galvanic
battery, and the contraction of the muscle may be taken
as the index of the stimulation of the nerve.

It will be found that—(«) On making the current,
and upon breaking the current, a contraction results.
While the current is flowing through the nerve, the
muscle wsually remains at rest; but if the current is
suddenly increased in strength, or suddenly diminished
in strength, the muscle at once contracts. With strong
currents, a sustained contraction—galvanotonus—may persist
while the current flows (Practical Physiology).

It is the suddenness in the variation of the strength of
the current, rather than its absolute strength, which is the
factor in stimulating, as may be shown by inserting some
form of rheonome into the circuit by which the current may
be either slowly or rapidly varied. This fact is of great
importance in applying galvanic currents in the treatment
of various diseases in the human subject. Great care is
necessary to increase slowly and to decrease slowly the
strength of the current, or painful stimulation may be pro-
duced (Practical Phystiology).

() The stimulus on making is stronger than that on
breaking, so that, if a current be made weaker and weaker,
breaking ceases to cause a contraction, while making still
produces it (Practical Physiology).

(¢) The two poles do not produce the same effect. The
negative pole or cathode stimulates on making ; while the
positive pole or anode stimulates at breaking. This may
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be stated—the nerve 8 always stimulated at the point
where the current leaves it. On making this is at the
cathode; on breaking at the anode (fig. 28) (Practical
Physiology).

These results may be summarised as follows :—

1. Stimulation on closing (making); stimulation on open-
ing (breaking).

2. Closing stimulation stronger than opening stimulation.

3. Stimulation at cathode on closing, at anode on
opening.

Or, taking the contraction of the muscle as the sign of
stimulation, and representing it by C, the law of galvanic
stimulation may be expressed thus:—

1. CC-CoO
2. CC>Co
3. CCC cCAO
Explanation of Elec- = +
tric  Stimulation. — A
, P N
study of the influence Break

of the current while it
is flowing throws im-
portant light on this

point. This condition g 23.—To show stimulation at the

of the tissue is known cathode on olosing and at t};‘e anﬁe
on opening, at the point where the

as Electrotonus (Prac- current leaves the nerve.

tical Physiology).

While the current simply flows through a nerve no
stimulation is produced, but the excitability is profoundly
modified.

Round the cathode the nerve becomes more easily stimu-
lated, while round the anode or positive pole it becomes less
easily stimulated. This may be expressed by saying that
the part of the nerve under the influence of the cathode is
in a state of catelectrotonus, of increased excitability, while
the part of the nerve under the influence of the anode is in
a state of anelectrotonus, of decreased excitability or of more
stable equilibrium. This is easily demonstrated by passing
a galvanic current along a nerve going to a muscle, and
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stimulating first in the region of the cathode and then in the
region of the anode. A much stronger stimulus will be
found necessary to cause contraction of the muscle at the
second point, in the region of the anode.

It is the sudden production of increased excitability at
the cathode on closing which causes an explosion, a stimu-
lation. The sudden removal of the increased stability round
the anode when the current is broken is sufficient to cause
an explosion if the current is strong enough.

The study of electrotonus thus explains (1) why any
sudden change in the flow of electricity through a muscle
stimulates it; (2) why the stimulation starts from
the cathode on closing and from the anode on opening ;
and (3) why the closing contraction is stronger than the
opening.

This law of Polar Excitation, while it applies to normal

- +
—

F16. 24.—To show the passage of a galvanic current along a nerve so that
distinct polar effects are produoced.

muscle and nerve, does not apply to all protoplasm. Thus,
amceba shows contraction at the anode and expansion at the
cathode when a galvanic current is passed through it.

B. NERVE UNDER THE SKIN.

In practice the galvanic current may be used to
stimulate nerves and muscles 4n sitw under the skin. To
use the current for this purpose an electrode is placed over
the nerve or muscle to be investigated and the other over
some indifferent part of the body. The very considerable
electrical resistance of the skin has to be overcome by using
rather large electrodes usually covered with chamois leather
well soaked in saturated salt solution.

Applied in this way, the current passes from pole to
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pole, not along the nerve or muscle (fig. 24), but more or
less across it (fig. 25).

The nerve, if under the cathode, is thus under the
influence of the cathode on the side near the pole, and
under the influence of the anode on the side away from the
pole, and, vice versa, under the anode (fig. 25).
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Fig. 26.—Electrical Stimulation of human muscle or nerve to show the
passage of the current across the structure, and the oonsequent

combination of effects under each pole.

Hence there will be a stimulation both at making
and at breaking (p. 63) under both cathode and
anode.

The cathodal closing contraction is the stronger because
of its dependence upon the more effective pole, the cathode,
as it is a closing contraction, and also because the excitation
begins at A, which is near the stimulating pole. The
cathodal opening contraction has the less effective pole—the
anode as its origin, since it is an opening contraction, and
the excitation is at the less effective position B, which is
separated from the stimulating pole—the anode by a

5
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greater distance than is A from the cathode. Similarly, the
anodal closing contraction has the better pole, the cathode as
the stimulating pole, but in the worst position D, far
from the cathode. The anodal opening contraction has
the less effective pole—the anode as the origin of excita-
tion, but in the better position C, close to the stimulating
pole.

i4s Strength of Current
Pole. Position. neoeutg; t: |timul:te.
Cathode, Closing A ce Better Better Weakest
Anode, Closing | Better Worse Medium
Anode, Ogening C Worse Better Medium
Cathode, Opening B A0  Worse Worse Strongest

The strength of the current required to stimulate is
measured in milliamperes. The effective strength varies
greatly, even in normal individuals of the same
species.

Changes in Disease and Injury.—In tetany in children,
and after the removal of the parathyreoids in man and
animals (p. 603), a condition of increased excitability of
the nerves to mechanical and galvanic stimulation occurs,
and this is used in the diagnosis of these conditions when
other symptoms are latent.

When the nerve to a muscle is cut it rapidly loses its power
of responding to electrical stimulation (p. 76), but the muscle
continues to respond, and its response, although at first it
may be decreased, is afterwards increased and becomes
peculiarly slow. Some neurologists have maintained that
there is a qualitative change in the response, that the
response to anodal closing—A.C. becomes greater than that
to cathodal closing—C.C. With fine electrodes applied to ex-
posed muscle this does not occur. It is probably due to the
fact that in normal muscle it is the nerve endings which are
stimulated, but that in degeneration the response depends
upon the number of muscular fibres stimulated rather than
upon the pole applied. Hence in anodal closing the worst
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position, far from the pole, acts upon more fibres than the
cathode acts upon in closing.

F16. 26.—To illustrate the reason for the increase in the anodal oclosing
stimulation in a muscle after degeneration of the nerve and nerve
endings.

2. Faradic Stimulation.
When nerve is stimulated by induced or faradic electricity

1
Electric |
Current. ‘;
l |
Make. Break. Make. Break.
Contraction
of Muscle.
Cathode. Anode. Cathode. Anode.
Galvanic. Induced.

Fi16. 27.—To show separation of make and break stimuli and of anodal and
cathodal effects when a galvanic current is used, and their combina-
tion when the induction coil is used ( faradic).

(fig. 28), with each make and break, or with each sudden
alteration in the strength of the primary circuit, there is a
sudden appearance and equally sudden disappearance of a
flow of electricity in the secondary coil. If, therefore, wires
from the secondary coil are led off to a nerve, each change
in the primary circuit causes the sudden and practically
simultaneous appearance and disappearance of an electric

Y
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current in the nerve, and this, of course, causes a contraction,
But here the effects of closing and opening the current are
practically fused, and hence the influence of the anode and
cathode, and of closing and opening, need not be considered
(fig. 27) (Practical Physiology).

It must, of course, be remembered that in an induction
coil the opening of the primary circuit produces a more power-
ful current in the secondary coil than the closure of the
primary circuit, and therefore a more
powerful stimulation of the nerve (fig.

28). ,
Relationship of the Excita-
tion to the Strength of the
Stimulus.—A nerve is made up of a

series of axons placed side by side.
The difference in the effect of a weak
and of a strong stimulus as indicated
by the contraction of the muscle
supplied may be due either to a
graded effect of the stimulus on every

dllll

Fic. 28.—Course of Elec-
tric Current in primary

circuit(lower line),and in
secondary circuit (upper
line) of an induction coil.
Observe that in the
secondary the make (up-
stroke) and break (down-
stroke)are combined, and
that a stronger current
is developed in the
secondary circuit upon
breaking than upon mak-
ing the primary oircuit.

fibre or to the number of fibres
stimulated by the different strengths
of stimulus. The cutaneus dorsi
nerve of the frog is composed of only
ten fibres, and, as the strength of
stimulus is steadily increased, the
resulting contractions increase in ten
stages. The conclusion is that the
result depends upon the number of
fibres stimulated, and that, when a

stimulus excites a fibre, it does so to call forth its full
action—the stimulation of each axon is either all or nothing.

Variations in Excitability. — The influence of the
galvanic current upon the excitability of nerve has been
already considered (Electrotonus, p. 63).

Many other factors modify its excitability. It may be
increased by a slight cooling, but it is decreased at lower
temperatures. It is increased by warming up to a certan
point. Drying at first increases excitability, then abolishes
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it. It is influenced by many chemical substances, some of
which increase its excitability in small doses, and diminish
it in larger doses; some again even in the smallest dose
depress its activity, e.g. potassium salts, and such drugs as
chloroform and ether.

Continued activity has no effect on the excitability of axons,
and the phenomena of fatigue are not manifested in them.

This may be proved by taking two nerve-muscle prepar-
ations, A and B, and stimulating both nerves repeatedly with

Stimulating Current.

i ’ ) Blocking Current.

A B

F1c. 29.—Experiment to show that a nerve cannot be fatigued. Two muscle

nerve preparations, A and B, are stimulated by the faradic current.

B is blocked by a galvanic current or by cooling, till the muscle of A

no longer contracts. The block is then removed, and B contracts.
the same electric current, but preventing the stimulus from
reaching one of the muscles, B, by blocking its passage by
passing a galvanic current through the nerve (see p. 71) or
by applying ice to it (fig. 29).

If, after muscle A no longer contracts, the block

is removed, muscle B will contract, showing that the nerve
is not fatigued.

3. Conduction in Neurons.
When a neuron is stimulated at any point, some time
elapses before the result of the stimulation is made manifest,
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and the further the point stimulated is from the structure
acted upon, the longer is this latent period. This indicates
that the change does not develop simultaneously throughout
the neuron, but, starting from one point, is conducted along it.

(a) The rate of conduction may be determined—

1st. By stimulating a nerve going to a muscle at two
points at a known distance from one another, and measuring
the difference of time which elapses between the contraction

»>

F16. 30.—M, Muscle attached to crank lever marking on revolving drum. The
secondary circuit of an induction coil is connected with a commutator,
with the crossed wires removed so that the current may be sent either
through the wires going to the nerve at 4 far from the muscle, or at B,
a point at & measured distance nearer the muscle. On the drum, 4
represents the onset of contraction on stimulating at 4, and B the onset
on stimulating at B. To secure stimulation in each case with the drum
in the same position, the make and break of the primary circuit is
caused by the point of K touching and quitting the point P.

resulting from stimulation at each (fig. 30) (Practical
Physiology).

2nd. By taking advantage of the fact that the conducting
part of a neuron is electro-positive, i.e. like the zinc element in
a galvanic cell, to the rest (p. 60), and by finding how long
after stimulation at one point this electric change reaches
another point at a measured distance from it (fig. 31).

The rate of conduction varies considerably; everything
stimulating protoplasmic activity accelerating, and everything
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depressing protoplasmic activity diminishing it. Under
normal conditions in the fresh nerve of the frog, the velocity
is about 33 metres per second. In man it is about 100 to
150 metres per second, and in the octopus only about 2
metres,

(b) Factors modifying Oonduction.—Conduction is modified
by temperature. Cooling a nerve lowers its power of con-
duction ; gently heating it increases it. Various drugs
which diminish protoplasmic activity—e.g. chloroform,
ether, carbon dioxide, etc.—diminish conduction. But
while the excitability of the part of the nerve under the

F16. 31.—N, a pieoe of a Nerve connected by non-polarisable electrodes to the
galvanometer, G. By an induction coil it may be stimulated at 4.
When the nerve impulse reaches a, a deflection of the galvanometer
needle takes place.

influence of these agents undergoes a steady decrement, <.e.
the contractions of the muscles supplied steadily decrease,
the conduction of the impulse is either completely blocked,
or, if it is transmitted, it regains its full strength in the part
of the nerve peripheral to the block. Very important
conclusions as to the nature of the nerve impulse have been
based upon this fact. The electric current, too, acts differently
on conduction and on excitability (p. 63). While a weak
current has little or no effect, a strong current markedly
decreases conductivity round the positive pole, and to a less
extent decreases it at the negative pole, so that the general
effect of a strong current is to decrease conductivity and to
block the passage of impulses (fig. 32).
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From this influence of the electric current upon (a) excit-
ability and (b) comductivity certain differences are to be
observed in the effects of stimulating an exposed nerve with
currents of different strengths and of different direction—
downwards, to, the muscle or upwards, from, the muscle,
These have been formulated as Pfliiger's Law. But
since they have no bearing upon the stimulation of
unexposed nerves in animals they need not be considered
here.

(c) When a neuron is stimulated in the middle, the change
travels in both directions, although its result is only made
manifest by the action of the structure at the end on which
it normally acts. (i.) This two.way conduction may be

F1a. 32.—To show the effect of a galvanic current upon the excitability
(continuous line) and upon the conductivity (broken line) of a nerve.

demonstrated by using the electric changes as an index of
nerve action connecting a galvanometer with the nerve on
each side of the point stimulated instead of with only one
side, as in fig. 81. (ii.) It is also demonstrated by the
experiment of ¢ paradoxical contraction,” in which the
electric variation, set up by stimulating the branch of the
sciatic nerve of the frog going to the muscles of the thigh,
stimulates the nerve fibres to the gastrocnemius lying along-
side of it, and causes that muscle to contract. That this
does not occur when impulses from the central nervous
system pass along the nerve is because the strength of these
impulses, Z.e. the number of fibres implicated, as indicated
by the electrical change, is very much weaker than that
of impulses caused by direct stimulation (Practical
Physiology).



NERVE 73

4. Classification of Neurons by the Direction of Conduction.

Since a nerve is normally stimulated from either the
one or the other end, and hence conducts in one direction,
and since the passage of impulses along it is made manifest by
changes in the structure to which it goes (p. 59), it is possible
to classify nerve fibres according to whether they conduct to or
from the central nervous system,and according to the structure
upon which they act.

To find out the direction of conduction and the special
mode of action of any nerve, after its anatomical distribution
has been determined, two methods of investigation may be
employed—

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

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

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

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

A. Outgoing or Efferent Nerves.—Section of certain nerves
produces a change of action in muscles, glands, etc., or, if
the nerve is not constantly acting, stimulation of the peri-
pheral end of the cut nerve causes some change in the
activity of these structures. Stimulation of the central end
of such nerves produces no effect. =~ These nerves there-
fore conduct impulses outward from the central nervous
system.

The nerves going to the skeletal muscles may cause either
an increased activity or a decreased activity according to the
way in which they are called into action, so that at one time
the nerve may be an excitor of the muscle, at another time
an inhibitor.

The nerves going to the wisceral muscles, on the other
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hand, are either augmentor or inhibitory, but they do not act
at one time in the one way, at another in the other.

B. Ingoing or Afferent Nerves.—Section of another set of
nerves may produce loss of sensation in some part of the
body. When the peripheral end of the cut nerve is stimu-
lated no result is obtained. When the central end is
stimulated, sensations, with or without some kind of action may
result. Such nerves obviously conduct inwards to the central
nervous system. Those which, when stimulated, give rise to
sensations may be called sensory; those which give rise to
some action are called excito-reflex, because the action which
results is produced by reflex action (p. 82). But these two
are not distinct from one another, and a nerve which at one
time, when stimulated, causes a sensation, may at another
time cause a reflex action without sensation. The branch of
the fifth cranial nerve which passes to the conjunctiva of the
eye is an example of such a nerve. When the conjunctiva
is touched—i.e. when this nerve is stimulated—the
orbicularis palpebrarum is brought into action through the
seventh cranial nerve, and the eye is closed. The conjunctival
branch of the fifth cranial nerve is thus an excito-motor
nerve.

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

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

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

5. The Nature of the Nerve Impulse.

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

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

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

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

As a matter of fact, the evidence of chemical changes in
nerve fibres is slight. No change in reaction, no heat pro-
duction, and no phenomena of fatigue can be demonstrated.
But two bits of evidence point to the existence of chemical
changes. Oxygen is required ; and the fact that, if an impulse
succeeds in passing through a piece of nerve in which con-
duction is decreased by cold or by drugs, it regains its
original strength must mean that the impulse is due
to a chemical change similar to that which occurs as a
spark passes along a trail of gunpowder. The spark may be
delayed and reduced to a minimum in a damp part of the
trail, but, if it passes this, it regains its original strength
when a dry part is reached.

NERVE CELLS.

1. Automatic Action ?—It has sometimes been supposed
that nerve cells originate nerve impulses, that they have an
automatic action. The nerve cells which send fibres to
muscles may be isolated from the influence of incoming
neurons by cutting the posterior roots of the spinal nerves
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(p. 107), and when this is done the muscles supplied remain
soft, flaccid, and motionless. Under normal conditions no
impulses pass from the cells.

2. Conduction ?—That the. cells do not play an essential
part in conduction has been most clearly demonstrated by
experiments upon the common crab, where it is possible to
remove the nerve cell from the fibre with which it is
connected without injuring the fibre. For some time after
this is done the fibre continues to conduct.

3. Nutrition of the Neuron.—The function of the cell
is to preside over the nutrition of the neuron. It appears
to have the power of accumulating a reserve of material
which, when the cells are fixed, appears as Nissl's granules,
for it has been found that after continued action these
granules diminish in amount. The nucleus, too, gives off
material for the nourishment of the neuron, and in conditions
of excessive activity it has been found shrunken and dis-
torted. '

If any part of the neuron is cut off from its connection
with the cell, it dies and degenerates, and later the cell may
also undergo changes.

(a) Degeneration and Regeneration of Nerves.—In the cat,
excitability disappears after three days (p. 66), and the white
sheath shows degenerative changes in eight days. The fatty
matter runs into globules and stains black with osmic acid,even
after treatment with chrome salts (Marchi’s method). This
seems to be due to the fact that osmic acid acts upon the
unsaturated oleic acid, and that this, in the normal nerve,
is oxidised by the chrome salt, whereas, in the degenerated
nerve, so much is set free that it cannot all be oxidised,
and therefore stains with osmic acid. The white sub-
stance gradually disappears; at the end of a month the
phosphorus has all gone, and by the end of about forty-four
days the fat can no longer be detected. At this stage
Marchi's method is useless, and the degenerated fibres may
be demonstrated by the fact that they do not stain with
osmic acid or with Weigert's hematoxylin method which
stains the white sheaths of normal fibres. As the degenera-
tion advances, the axis cylinder breaks down, and the nerve
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corpuscles proliferate and absorb the remains of the white
sheath, so that nothing is left but the primitive sheath filled
by nucleated protoplasm.

Into this, axons may grow downwards from the central
end of the nerve, and regeneration may occur. This
generally begins after about forty days and is well marked
after about one hundred days.

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

The neurolemma with its nuclei appears to be essential for
regeneration. It is not present in the white fibres of
the central nervous system, and hence regeneration does not
occur there after the nerve fibres have been severed and
have degenerated.

() The cell is dependent for its proper nutrition
upon the condition of the rest of the neuron. When the
axon is cut, the chromatin of the cell nucleus slowly
decreases, and the nucleus becomes displaced to one side,
and ultimately the whole cell may degenerate. This is
sometimes called Nissl's degeneration (see fig. 19, b).

B. ACTION OF NEURONS IN SERIES.

So far, the physiology of single neurons, or of neurons
running side by side in nerves, has been considered. But
in the nervous system, as already indicated, they are
arranged in chains or series, the activity of one set leading
to changes in other sets (fig. 17, p. 53).

The apparently inextricable labyrinth of neurons running
throughout the nervous system may be arranged in three
groups or arcs, according to their distribution.

Each arc consists of ingoing neurons, starting from
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Receptors on the one side, and outgoing neurons ending in
Effectors on the other side; the neurons between them
constituting the Conductor mechanism.

THE NEURAL ARCS.

A. Arrangement.

The neural arcs will later have to be studied more in
detail. At present a mere outline of their distribution will
be given.

Fig. 33.—-To show the three Arcs in the Central Nervous System. A, Peri-
pheral ingoing neuron giving off collaterals in the cord and some
terminating above in the nuclei of the posterior columns ; B, peripheral
outgoing neurons ; C, ingoing cerebral neurons ; D, outgoing cerebral
neurons, crossing to the opposite side //; E, ingoing cerebellar
neurons ; F, outgoing cerebellar neurons.

1. Spinal Arc.—A. Ingoing Neurons (fig. 33, 4) —This
set of neurons is developed primarily in connection with the
surface of the body, but they also start in muscles, joints,
and internal organs. They start in dendritic expansions at
the periphery, and enter the cord by the dorsal roots of
the spinal nerves in the swelling or ganglion upon which the
cell of each neuron is situated (see p. 106). In the cord
they divide into (a) branches running for a short distance
down the cord; (b) branches running up the spinal cord.
From these branches, processes pass forward to form
synapses with the neurons in the ventral part of the spinal
cord from which the outgoing fibres to the skeletal muscles
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spring. It is probable that several series of intercalated
neurons exist between the ingoing and outgoing neurons.

B. Outgoing Neurons (fig. 33, B).—(a) From the nerve
cells in the ventral part of the grey matter of the cord, fibres
are given off which pass out in the anterior or ventral roots of
the spinal nerves to skeletal muscles, and (b) from cells
situated in the lateral part of the grey matter of the cord
fibres pass out to be connected with the visceral neurons
which pass to muscles or to glands (p. 54).

The fibres entering and leaving the base of the brain by
the cranial nerves belong to this spinal arec.

The action of these spinal neurons is controlled and
modified by the two other arcs.

2. Cerebral Arc.—A. Ingoing Neurons (fig. 33, O)—
Lower Neurons.—The ingoing fibres of the spinal cord and
cranial nerves not only give off branches to form the spinal
arcs, but they also form other synapses in or just above the
cord from which fresh neurons run upwards, cross the middle
line to the opposite side, and finally form synapses higher up
and chiefly in the thalamus (fig. 101). From these fibres
pass (a) to other basal ganglia such as the red nucleus, and (b)
to the cortex cerebri to form synapses. From these fibres
pass to the outgoing neurons.

B. Outgoing Neurons-—These cross the middle line and run
down the spinal cord to act upon the spinal arcs (fig. 33, D).

3. Cerebellar Arc.—A. Ingoing (fig. 33, E).—(a) Some
of the branches of the spinal ingoing neurons from muscles
and joints end in synapses round nerve cells at the side of
the grey matter of the spinal cord. From these, fibres run up
to the cerebellum to form, directly or indirectly, synapses
round the cells in this organ.

(b) Fibres from the synapses, formed by the incoming
fibres from the vestibular part of the labyrinth of the ear,
also course to the cerebellum.

B. Outgoing (fig. 33, F).—From the cells of the cortex of
the cerebellum (a) fibres pass to masses of grey matter—the
roof nuclei—and to a mass of cells lying outside the
cerebellum on each side—Deiters’ nucleus—where they form
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synapses with neurons which send their axons down the
same side of the spinal cord, and give off collaterals which
act upon the spinal arcs. (b) Fibres also pass to the
red nucleus of the cerebrum, from which fibres pass down
the cord to modify its action.

B. General Action of the Arcs.

The special action of each of these arcs may be studied
by observing the effect of interruption of its ditferent
parts.

1. Cerebral Arc.—(1) If, in a normal frog, the attitude,
movements, responses to various stimuli and power of balanc-
ing be studied, and if (2) the anterior part of the brain, the

Fig. 34.—A4, Pigeon with the Cerebellum destroyed to show struggle to
maintain the balance; B, Pigeon with Cerebrum removed to show
balance maintained, but the animal reduced to somnolent condition.

cerebrum, be removed, it will be found that the animal
still sits in its characteristic posture. When touched it
jumps; when thrown into water it swims. It is a perfect
reflex machine, with the power of balancing itself unimpaired.
But it differs from a normal frog in moving only when
directly stimulated, and in showing no signs of hunger or of
thirst. A worm crawling in front of it does not cause the
characteristic series of movements for its capture which is
seen in a normal frog. Generally a condition of decere-
bration rigidity appears after a time, and the frog, when held
by the sides and placed upon the table, remains with its legs
rigidly stretched, supporting the body well above the surface,
with the back arched like that of an angry cat.

In the pigeon (fig. 34, B), removal of the cerebral hemi-
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spheres reduces the animal to the condition of a somnolent
reflex machine. The bird sits on its perch, generally with its
head turned back, as if sleeping. If a sudden noise is made,
if light is flashed in its eye, or if it is touched, it flies off its
perch and lights somewhere else. Clapping the hands and
letting peas fall on the floor both produce a start, but the
bird makes no endeavour to secure the peas, as it would do
in the normal state.

In the dog, by a succession of operations, Goltz
removed the greater part of the cerebral cortex without
causing paralysis of the muscles. The animal became dull
and listless, and did not take food unless it was given to it.
It showed no sign of recognising persons or other dogs, and
did not respond in the usual way when petted or spoken to.
But it snapped when pinched, shut its eyes and turned its
head away from a bright light, and shook its ears at a loud
sound. It did not sit still, but walked constantly to and
fro when awake. It slept very heavily. In fact, all the
responses of the animal might be classed as reflex responses
to immediate excitation,

In monkeys, removal of the cerebral cortex leads to
such loss of the so-called voluntary movements that all other
symptoms are mnasked. But recent experiments have shown
that, after removal of considerable parts of the cortex,
recovery of functions may occur.

2. Oerebellar Arc.—If the part of brain behind the cerebrum,
including the cerebellum, be removed from the frog, all power
of balancing is lost and the animal lies on its back or belly as it
may have been placed. But when the toes are pinched the legs
are drawn up into their characteristic attitude of flexion
alongside the body and are maintained there, while the
muscles feel firm.

3. 8pinal Arc—When the spinal cord is destroyed the
muscles are flaccid and soft, and the limbs remain in any
position they may be placed, and no response to pinching
occurs.
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I. THE SPINAL ARC.
Reflex Action.

When the cerebrum and cerebellum are destroyed, the
frog is under the influence of the spinal arcs alone, and it
may be used for studying the action of these arcs uncom-
plicated by the disturbing effects of the cerebral or cerebellar
arcs.
For the study of the action of the spinal arcs in higher
animals, Sherrington has used a dog with the spinal cord
cut below the level of the phrenic nerves, which supply the
diaphragm—the great muscle of respiration, so that the dog
can continue to breathe.

In such an animal it is possible to record the movements
of a limb as a whole by attaching it to a reducing lever,
i.e. a lever in which the power is applied to the long limb,
so that the extent of movement is reduced on the record.

The action of any muscle or muscles may be recorded by
cutting their tendons and attaching them to the lever.

In the horse, as a result of injury or disease, the lower part
of the cord may be cut off from the higher arcs and its
uncomplicated action may be studied.

Beginning with the frog with the whole brain destroyed,
it is found that if one of the toes is pinched the leg is drawn
up. This is one of the simplest examples of reflex action.

Reflex Action may be defined as the response of effectors
to the stimulation of receptors without volition being involved.

Such reflex actions are definite and purposeful. This
may be demonstrated by placing a small bit of blotting-
paper dipped in acetic acid on the thigh of the frog, when
a series of movements will be made, manifestly with the
object of removing the paper (Practical Physiology).
These movements involve the most perfectly co-ordinated
action or a large series of muscles, some contracting, some
relaxing, the contraction and relaxation alternating in an
orderly manner between the groups of muscles.

The mechanism involved consists of the receptors stimu-
lated, the ingoing nerves to the spinal cord, the great
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labyrinth of intercalated neurons in the cord, the outgoing
neurons and the muscles upon which these act.

The marvel is, that in the labyrinth of neurons in the
cord any sufficiently definite course can be taken to secure
the perfectly harmonious and co-ordinated response which
occurs, and it is not surprising that the definite passage of
the impulse may be readily interfered with. Thus, the
administration of strychnine leads to the abolition of
definite reaction and to a generalised contraction of the
muscles.

Only by a long process of evolution can such definite
paths have been marked out through this labyrinth, and
only on the supposition that, if once a certain response has
followed a given stimulus, the same response will tend to
follow it again, can we understand how these definite reflex
actions have been gradually established. The reflexes are
then inherited reactions and in the process of evolution only
those of benefit to the species have survived.

Primarily reflex action was confined to the segment of
the body in which it was originated, but gradually the reflex
association of all segments, of different levels of the cord,
has been established.

In order that the appropriate response should follow a
given stimulus, the structural and functional integrity of
all the structures involved is of course essential, and any
modification in the condition of any part may seriously
alter the result.

Above all, the condition of the spinal cord itself is of
importance.

1. The impulse in passing across the synapses in the
cord takes time, and the period between the application of
the stimulus and the resulting action is much longer than
the time which the impulse would take to travel up the
ingoing nerve and down the outgoing nerve (p. 70). This
is called the latent period of reflex action.

The duration. of the latent period varies with the strength
of the stimulus, and with the condition of the spinal cord.
It also probably varies with the number of synapses which
bhave to be crossed in the cord, and hence some simple
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reflexes, such as the knee-jerk (p. 89), have very .much
shorter latent periods than more complex reflexes.

2. As a result of the impulse having to traverse these
various synapses, there is not the same strict correspondence
between the strength of the stimulus and the resulting action
as is found in stimulating single sets of neurons in a
nerve (p. 68). The result does vary with the strength of
the stimulus —a weak stimulus producing a feeble contraction
of only a few muscles, and a stronger stimulus a more
vigorous response in a larger number of muscles. But it
also varies with the condition of the spinal cord, after
the administration of strychnine the least touch produces
a powerful generalised contraction, while if the cord is cooled
a much feebler response is obtained.

3. When a nerve is stimulated, the excitation stops as
soon as the stimulus ceases. But in reflex action there
is apt to be a continuance, an after-discharge, for some time
after the stimulus is removed. This is well seen when the
toes of the spinal frog are pinched ; the leg, when drawn up,
remains in position for a considerable time. The duration of
this after-discharge varies with the strength of the stimulus,
and with the condition of the synapses in the cord (Practical
Physiology).

4. The rhythmic repetition of a subminimal stimulus is
more capable of liberating a reflex action than it is of
causing a stimulation of a neuron. Apparently the resist-
ance to the passage of the impulse over the synapses
is decreased by repetition ; just as while one knock at a
door may not secure its opening, a series of knocks may
do so. . :

5. While a nerve conducts impulses in both directions, a
reflex arc allows its passage across the synapse in one
direction only, from the receiving to the reacting neuron.
There is, as it were, a valve action. This was demonstrated
by using the electric variation which accompanies the passage
of a mnerve impulse (p. 60). If the ingoing neuron A
(fig. 35) and the outgoing neuron B are connected with
galvanometers, when A4 is stimulated, an electric variation
occurs in 4 and in B. But if B is stimulated while an
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electric variation occurs in B, it does not occur in 4. The
impulse has failed to cross the synapse.

6. A nerve may be stimulated again and again at very short
intervals of time, the refractory period being about Lo
sec. Reflex arcs manifest much more prolonged refractory
periods during which it is impossible to elicit another
response. This is of importance because a reflex act takes
a very appreciable time to be completed, and unless it is
completed before it is again started confusion of movements
would be produced.

By the use of the spinal dog (p. 82) Sherrington has
been able to show how it is that definite reflex actions
are possible, and how, in spite of the number of stimuli
which are constantly falling on the body, there is no confusion,
no mixture of reflexes.

A / \ B

F16. 356.—To show the method of demonstrating the Valve Action
in reflexes by means of the electrical response.

He finds that the response varies with the character and
locality of the stimulus.

Thus, if the hind foot of the dog be pinched, a flexor
withdrawal of the leg occurs varying in extent with the

_strength of the stimulus. If the stimulus is strong, this
may be accompanied by an extension of the opposite leg—a
crossed extensor thrust.

If, on the other hand, a finger is thrust into the pad of
the dog’s hind foot, an extensor thrust, such as occurs in
the act of walking, is produced.

If, while this extensor thrust is being produced, the foot
is pinched—i.e. if a harmful stimulus is applied, the
extensor reflex is checked and is replaced by the flexor with-
drawal reflex. As Sherrington puts it, nocuous stimuli are

prepotent.
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(1) In the example given, the harmful pinch caused the
replacement of one reflex by another. But (2) occasionally
the application of a second stimulus may simply cause the
disappearance of the reflex in progress.

(8) A third effect may be produced. The second stimulus,
if it is of a somewhat similar nature to the first, and in
proximity to it, may cause a simple augmentation of the
action.

F1c. 36.—To show the play of different ingoing neurons upon a motor neuron
FC to the vasto-crureus muscle e of dog in producing reflex action.
Stimulation of the ear, tail, forefoot, and pressure on the pad of the
hind foot of the same side, all cause excitation, as also do stimula-
tion of the shoulder of the opposite side and nocuous stimuli of the
opposite hind foot. On the other hand, stimulation of the shoulder
of the same side, as in the scratch reflex and nocuous stimuli of the
hind foot of the same side inhibit it. (SHERRINGTON.)

In both the flexor withdrawal and the extensor thrust
the same muscles of the thigh are used—the extensors and
flexors ; but in flexor withdrawal the extensors are inhibited,
while in the extensor thrust they are contracting. The
nerve to the extensors, therefore, in the first action carries
checking impulses, in the second stimulating impulses. It
is the common path for both kinds of outgoing impulses.

The ingoing neurons from the body are about five times
as numerous as the outgoing. Each set may be looked
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upon as the private path of the special reflex it produces.
In acting upon the muscles the special incoming impulse
has to get command of the common outgoing path.

Fig. 36 shows how one set of outgoing neurons is played
upon by a whole series of ingoing neurons from different
parts of the body.

When any muscle is made to contract, its antagonist
is inhibited or relaxed. This has been demonstrated by
taking a simultaneous record from flexors and extensors.

Under the influence of strychnine the inhibitory effects

Fi1a. 37.—To show the way in which the different Reflex Arcs react on one
another. 8., skin; M., muscle; V., viscus; C., spinal cord with
synapses. (M‘DouGALL.)

may be converted into excitor effects, and when this occurs
havoc is played with the co-ordination of the reflex.

A study of the familiar ‘““scratch reflex” which can
often be produced by rubbing the shoulder of a normal
dog, and which can much more inevitably be produced
in the spinal animal, has demonstrated that, whatever
be the character of the stimulus producing it, the scratch-
ing movements occur at a perfectly definite rate of four
or five per second, and that the movements consist of a
perfectly rhythmical alternation of contraction and relaxation
of the flexor and extensor muscles by which the leg is first
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drawn up, then extended, again drawn up, and so on. The
cause of this is that the first movement of muscles and
joints leads to the stimulation of nerves from the muscles
and joints to the spinal cord (fig. 37), and it is these which
bring about the reversal of action. This leads to a fresh set
of impulses from the muscles and joints which re-establishes
the first action. So the rhythm is maintained for a consider-
able time after the stimulus which started it has stopped.
These impulses from the muscles and joints do not always,
a8 in the scratch reflex, bring about a reversal effect. In
many cases they tend to keep up the position produced, and

a b c

\

Fia. 38.—Reflex Figures struck in Decerebrated Cat on stimulating a fore
and a hind paw. (SHERRINGTON.)

hence to fix a particular posture. This is best seen in
animals which have had their cerebrum removed above the
tectum (fig. 38).

Postural Reflexes.—By putting such an animal in
certain postures, sustained reflex movements may be caused,
or they may be inhibited.

Magnus has shown that, in decerebrated cats, the position
of the head and the cervical vertebree modifies the tonus of
the muscles of the limbs, and so determines the position
taken by the animal. If the head is bent forward, as when
a cat looks under an object in pursuit of its prey, the tonus
of the fore limbs decreases, that of the hind limbs increases,
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and the cat sinks down on its forequarters. This is due, not
merely to stimuli coming from the joints of the neck, but
also to stimuli coming from the labyrinth of the internal ear
(p. 121).

In ducks it has been found that by placing the head and
neck in various positions—e.g. in that taken up in diving—
a postural reflex inhibition of the movements of breathing is
induced.

Fatigue of the Reflex Arc.—Nerve fibres do not manifest
fatigue (p.69), but reflex arcs readily do so, apparently through
a change in the synapses. These synapses are also much
more susceptible to the influence of poisons—e.g. deficiency
of oxygen or the action of such drugs as chloroform—than
are nerve fibres. As a reflex response decreases from fatigue
it becomes more and more easily replaced by other reflexes.
But a very brief cessation of the stimulus, and, still more,
the brief substitution of another reflex, rapidly restores the
activity of the action.

Visceral Reflexes.

Reflex actions in connection with various visceral muscles
are also connected with the spinal cord. Many of these are
complex reflexes involving inhibition of certain muscles and
increased action of others, some visceral, some skeletal. The
best marked of these are the reflex acts of micturition
(p- 581), defcation (p. 335), erection, and ejaculation (p. 623).
The lumbar enlargement is the part of the cord involved.

As has been shown by the study of postural reflexes, the
nervous arcs in the cord exercise a constant reflex tonic
action, due to the constant inflow of incoming impressions.
When this tonic action is interfered with by any condition
which interferes with the integrity of the reflex arc, the
response from the muscle may be diminished. This is
exemplified in the contraction of the quadriceps extensor
femoris which occurs when the ligamentum patellee is struck
sharply, causing a kick at the knee joint—the knee jerk

—_—-
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(fig. 39). When the reflex arc at the level of the 3rd and
4th lumbar nerves is interfered with, the knee jerk is
diminished or is absent, and when the activity of the arc is
increased, by the removal of the influence of the cerebrum,
the jerk is increased. The fact that the latent period is very
much shorter than that of most reflex actions has been used
as an argument against the reaction being a true reflex. But
the reflex arc is certainly necessary for its production, and,
in spite of the short latent period, it may be regarded as a
true reflex from the quadriceps extensor muscle involving

T

F16. 39.—The Neuro-muscular Mechanism concerned in the Knee Jerk, and
the time of the knee jerk (4.J.) compared with the time of a reflex
action (4.R.).

only one or two synapses and set up by the sudden develop-
ment of tension in the muscle which is being maintained in
a state of tonus (fig. 39).

Tonus is most manifest in muscles concerned with the
maintenance of posture, and it might be called a postural
reflex response.

When, as the result of disease or injury, a part of
the spinal cord has been severed from the brain, a marked
increase in the spinal reflexes is manifest. This is particu-
larly well seen when the downcoming fibres from the
cerebrum are interrupted (p. 194). In this case the
condition is similar to that of the decerebrated dog or cat,
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and the tonic condition of the muscles is increased because
the impulses from the vestibulo-cerebellar arc (p. 121),
which increase the tonic action of the spinal arcs, are
no longer held in check by impulses from the cere-
brum.

When the cerebellar arc is thrown out of action one of
the most marked features is a loss of muscular tone.

Trophic Influence of the Cord.

The spinal cord presides over the nutrition of the
muscles, which are directly supplied by fibres coming from
cells in the cord. When disease destroys the cells of the
anterior horn, the muscles atrophy and degenerate.

Injury of the cells connected with the outgoing visceral
fibres does not lead to the same atrophy and degeneration
of the visceral muscles supplied. Apparently the post-
ganglionic neurons survive degeneration of the pre-ganglionic
fibres (p. 76), and are able to maintain the nutrition of the
structures supplied. Even after the post-ganglionic fibres
have degenerated, it is probable that the terminal nerve
plexuses, which in the intestine at least act as local reflex
centres, survive and are capable of presiding over the
nutrition of the tissue.

Certain facts seem to indicate that the ingoing fibres with
their cells in the ganglion upon the posterior root are
connected with the nutrition of the structures from which
they pass. Thus shingles—hkerpes zoster, an outbreak of
vesicles along the distribution of a cutaneous nerve—has
been found to be associated with inflammatory conditions of
the ganglia (p. 93).

Relationship of Nerve Cells to Muscles.

The Nissl's degeneration (p. 77) of special groups of
cells in the anterior horn of grey matter after amputation of
the leg at different levels seems to indicate that the various
groups of cells have definite connections with individual
muscles (see fig. 40).
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Peripheral Reflexes.

There is evidence that reflex action occurs in groups of
neurons outside the spinal cord in connection with the
viscera.

External rotators of hip.
Hamstrings.

Calf muscles and extrinsic muscles
of foot.

Intrinsic muscles of foot.

Muscles of bladder and urethra.
Extrinsic muscles of foot.

Intrinsic muscles of foot.

Levator and sphincter ani.

F16. 40. —The Groups of Cells in the Anterior Horn of grey matter at the
level of the 2nd, 3rd, and 4th sacral nerves, as determined by the
degenerations which follow amputation. (From Bruck.)

1. The Myenteric Plexus.—The terminal plexus in the
wall of the alimentary canal acts reflexly to produce the
characteristic movements by which the contents are churned
up and driven down the gut (p. 832).

\
IMG. =X N~

F16. 41.—To show the possible Axon Reflex in connection with the bladder.
I.M.G., the inferior mesenteric ganglion; H.N., the hypogastric
nerve ; B., the bladder.
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2. Bladder Reflex—In connection with some of the
collateral ganglia apparent reflex action has been described.
The bladder is supplied by the hypogastric nerves which
come from the inferior mesenteric ganglion. The pre-
ganglionic fibres to this are in the splanchnic nerves.
When the splanchnics are stimulated the bladder contracts.
But if they are cut above the ganglion, stimulation of the
central end of one cut hypogastric will cause contraction of
the bladder if the other hypogastric is intact (fig. 41).

Langley and Anderson argue that this is not a true
reflex, but that it is due to the fact that a nerve will conduct
in both directions, so that, if the hypogastric nerve is
stimulated, an impulse is carried up in a fibre which
77 e X GaNaLon oF
9 \PosterorRooT.

Fi16. 42.—To show possible Axon Reflex in fibres of posterior root.

bifurcates in the ganglion, one branch passing through, one
forming a synapse, and that, through the synapse, post-
ganglionic fibres in the other nerve are set in action (fig. 41).
They have called this an axzon reflex.

It seems just as possible that true ingoing fibres give off
side branches in the ganglion and produce the reflex.

The possibility of axon reflexes occurring in visceral
nerves requires further investigation.

3. Posterior Ganglion Reflex.—Bayliss has found that
stimulation of the peripheral end of the posterior root of a
spinal nerve causes vaso-dilatation in the hind leg of the dog,
and Bruce has shown that this may be reflexly excited by
applying irritants to the skin, even if the posterior root is
cut centrally to the ganglion. The conclusion has been drawn
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that bifurcating fibres pass from the ganglion, one limb
going to the skin, one limb to the blood-vessels, and that
thus a reflex occurs in one axon without passing through a
synapse (fig. 42). It is, however, not proved that synapses
do not exist in the ganglion on the posterior root.



II. THE CEREBRAL AND CEREBELLAR ARCS.

IN reflex action involving the spinal arcs the ingoing
fibres from the receptors in the skin and subjacent parts of
the body when stimulated produce inevitable results vary-
ing only with the condition of the spinal neurons and
synapses.

When the cerebral and cerebellar arcs are brought into
play, the resulting actions are much more complex, and the
possibility of differences in the resulting action is enormously
increased.

The object of the development of these higher arcs is
simply to secure a more appropriate response to external
conditions, to enable the different external conditions acting
through the various receptors (p. 52) not only to produce
each its own special effect, but also to ensure that the effects
may be brought together so that the resulting action may be
determined by their combined effect.

In studying the action of these arcs it will be convenient
to take the ingoing side first and the outgoing side later, and
in the study of the cerebral arc to intercalate between’
these a consideration of the relationship of brain action to
consciousness and to mental activity.

A. INGOING SIDE OF THE AROCS.

Special parts of the central nervous system are connected
and associated with the peripheral structures, so that a
definite reaction to each of the various kinds of stimuli may
occur. These reactions may be accompanied by changes in
consciousness—by sensations; and since the lower animals
have not the power of communicating the character of these
sensations by speech, the possibility of studying them is

restricted.
96
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If the special part of the nervous systemn with which any
set of receptors is connected be destroyed or become discon-
nected from the receptors, stimulation will produce no effect.
The condition is that of a telephone with the transmitter
intact but with the receiver out of action.

The study of the physiology of the peripheral receptors
must therefore be taken up along with that of those parts
of the central nervous system with which they are connected.

These, when thrown into action through the receptors, may
(1) produce certain inevitable reactions, as has been shown
by the study of reflex action (p. 82), and these may or may
not (2) be accompanied by changes in the consciousness
known as sensations, which cannot be investigated in lower
animals.

Receptor Arrangements.

The Receptors may conveniently be grouped in three
classes.

1. Those connected with the viscera and stimulated by
the activity of these organs—the Intero-ceptive Receptors.

2. Those connected with the surface and stimulated
by changes in the surroundings—the Extero-ceptive Receptors.

Some are acted upon by changes at the surface of the
body, such as the contact of gross matter, others by changes
originating at a distance, e.g. light waves. @he former may
be called non-distunce receptors—the latter distance receptors.

3. A set of receptors called into play by movements of the
body, i.e. by the action of the body itself, and hence called
Proprioceptive Receptors.

We have already seen that each special effect is brought
about by the development of special receptors, each
responding chiefly to one kind of external change (p. 52).

It is not the case that each reacts to one kind of change
only, but rather that it reacts specially to one kind, that it
is tuned to one kind and responds much less readily to all
others. As Sherrington puts it, it has a “low threshold ”
for one kind of stimulus, a “ high threshold ” for all others.
Thus, the eye is generally stimulated by the ethereal vibra-
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tion of light, but it may be stimulated by sudden pressure
or by electrical changes.

In whatever way any special variety of receptor is stimu-
lated, the sensation which results is of the same kind. Thus
the retina of the eye may be stimulated by ethereal vibra-
tions of light, or by mechanical pressure, or by an electric
current, but however stimulated, a sensation which we call
visual is produced. This fact was formulated by Johannes
Miiller as the doctrine of Specific Nerve Energy. The con-
verse holds good that the same kind of stimulus applied to
different kinds of receptors produces different kinds of
sensation.

The sets of Receptors developed in the body wall and
viscera may first be considered. They may be called the
Body Receptors.

I. BODY RECEPTOR MECHANISMS,
A. General Arrangement and Physiology.
I. Visceral (Intero-ceptive).

A. 8tructure.—Throughout the internal organs are various
peripheral terminations of ingoing nerves, some of the
nature of simple dendritic expansions, some of dendritic
expansions enclosed in definite fibrous capsules (Pacinian
corpuscles). .

B. Physiology.—These are called into action by different
kinds of stimulation, nocuous and innocuous, to produce
reflex adjustments of the bodily mechanism either without or
with the involvement of consciousness—that is, either with-
out or with the production of sensation.

(a) Central Reflex Adjustment.—When food is taken
into the stomach, it stimulates the ends of the afferent
nerves, and these carry the impulse up to the central nervous
system to produce a reflex dilatation of the gastric blood-
vessels.

(b) Peripheral Reflex Adjustment.—Many of these visceral
reflexes occur apart from the central nervous system in
peripheral plexuses (p. 92). This is specially well seen in

7
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the wall of the alimentary canal where the co-ordinated
reflex of peristalsis (p. 333), involving co-ordinated con-
traction behind the contents of the gut and inhibition in
front of the contraction, is dominated by the myenteric
plexus. The peripheral mechanism is controlled by impulses
from the central nervous system passing by excitor and by
inhibitory nerves which are reflexly called into play when
any modification of the ordinary peristalsis is required.
The importance of the local mechanism is indicated by the
small number of nerve fibres which pass to the spinal cord
from the viscera.

When the visceral receptors are abnormally stimulated,
abnormal reflex responses may result. Thus, when the
stomach and certain other parts of the visceral tract are
irritated, the act of vomiting may be produced.

Normally the visceral reflexes, peripheral and central, are
carried out without consciousness being involved. But, in
abnormal, conditions, consciousness may be implicated and
sensations may be produced which direct the attention to the
condition of the viscera. This is sometimes called common
sensibility.

In the stomach and intestine these sensations are generally
the result of stretching of the muscular coats. This may
lead to a feeling of distension or to actual pain. Later, the
existence of a separate set of pain receptors and pain nerves
in the skin will be considered. In the viscera there is no
evidence of their existence, and the unpleasant sensation
characterised as painful must be considered as due to over-
stimulation of nerves which, when normally stimulated, give
rise to no sensation. But there is evidence that abnormal
stimulation of visceral nerves may give rise to pain, which
is referred by the sufferer to the distribution of the corre-
sponding somatic nerve, such referred pain is seen in heart
disease (p. 423). The stomach and intestines seem to be
destitute of receptors capable of stimulation by touching,
pricking, or by changes of temperature. Hence, after the
abdominal wall is divided, abdominal operations may
frequently be performed without a general anssthetic.

The gullet and anal canal are provided with more
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specialised receptors, resembling in some respects those
of the skin.

The sensation of hunger is associated with rhythmic
periodic contraction of the empty stomach, and it also is due
to stimulation of the ingoing nerves in the muscular wall of
the viscus.

The sensation of thirst, although it is due to deficient
water throughout the body generally, is experienced in
the mouth and throat, which are not moistened by
the free secretion of saliva. In these regions alone
does the deficiency of water stimulate any receptive
mechanism.

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

Those developed in connection with the skin are generally
stimulated by changes in the immediate vicinity, while
those developed in the head, such as the eye, ear, and
olfactory receptors, are stimulated by changes at a
distance, thus warning the animal of conditions it is
approaching. :

II. Cutaneous,

A. Structure.—The cutaneous receptors are of three
kinds :—

1. Dendritic terminations of nerves between the cells of
the deep layer of epidermis.

2. Tactile corpuscles, consisting of a naked branching
varicose dendrites enclosed in a fibrous capsule (fig. 43).

3. A plexus-like arrangement of the dendrites of nerve
fibres round the roots of the hairs.

B. Physiology.—When the sole of the foot is stroked,
the leg is involuntarily, .e. reflexly, drawn up. If the skin
of the foot is subjected to a high temperature, it is
withdrawn.  These are examples of simple responses to
stimulation of the receptors in the skin, and these responses
are frequently accompanied by sensations of a definite kind.
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Much of our knowledge of the mode of action of these
cutaneous mechanisms has been gained by a study of the
~ relation of the changes of con-
sciousness to the nature of the
stimuli producing them.

In studying reflex action
it has been seen that the
stimuli acting upon the skin
may be divided into harmful,
or nocuous, and non-harmful,
and that these tend to produce
different reactions and are
accompanied by different kinds
of sensation—the former char-
Fic. 43.—Simple form of sensory acterised as unpleasant or pain-

nerve termination. Inthe tac- ful; the latter byothercharacters,

Ule corpuscle :‘;ipﬂ:f:"bﬁl;: such as contact, warmth, or cold.

entering. (DOGIEL.) The mechanisms for the

reception and transmission of

nocuous or painful stimuli and of ordinary cutaneous stimuli
seem to be independent.

1. Reaction to Nocuous 8timuli—Pain,

By exploring the surface of any small area of skin with
the point of a very sharp needle it will be found that prick-
ing certain parts gives rise to a more painful sensation than
pricking other parts. The first may be called pain spots.
By gentle pressure by a bristle with a rounded end other
spots may be discovered, which, when touched, give a
sensation of contact. These are the touch spots. Pieces of
skin cut out from the pain spots show no special nerve end-
ings, but pieces cut out from the touch spots show the
presence of a tactile corpuscle in a papilla under the
epidermis.

It must be recognised that the mechanism of the pain
spots has been developed to lead to appropriate responses to
nocuous stimuli, and that the implication of consciousness
is secondary.
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In fact pain is purely a relative term, and conditions
which in one animal will cause pain will not cause it in
another, while stimuli which will produce what are called
painful sensations when the nervous system is debilitated
may give rise to sensations not considered as painful when
the nervous system is normal.

All pain, since it means a change in consciousness,
is metaphysical. There is no such thing as “ physical pain.”
The fatigue and the other sequences to any kind of pain are
frequently cited as proofs of the influence of the mind on
the body. But we have no right to assume that they are
caused by the “ pain” rather than by the physical disturb-
ances in the nervous systemn of which the pain is an
accompaniment.

Separate nerve fibres appear to carry pain-producing
impulses up the spinal cord, and in some diseases the sense
of touch may be lost without loss of the sense of pain, and
vice versa (p. 112).

2. Reactions to Contact.
The Tactile Sense.

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

1. The Power of Distinguishing Differences of Pressure.—
Variations of pressure in time and space are alone distin-
guished. We live under an atmospheric pressure of 760
mm. of mercury, but this gives rise to no sensation. Any
sudden increase or diminution of pressure, however, leads to
a marked change of sensation, but a slow change causes a
lesser modification of consciousness. When a finger is im-
mersed in mercury, the sensation of pressure is felt as a
ring at the surface of the mercury, where the greater pres-
sure of the mercury joins the lesser pressure of the air
(Practical Physiology).

The acuteness of the pressure sense varies in different
parts of the body, being greatest where the nerve terminations
are most abundant, as in the lips of the horse.

The acuteness of the sense is influenced by the condition
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of the mechanism, peripheral or central. (a) Peripheral—
When the skin is cold, the sense is much less acute than
when it is warm. (b) Central—The nerve centres are readily
fatigued, and the power of appreciating sensation is thus

decreased.
2. The Power of Localising the Place of Oontact.— W here
the tactile organs are abundant, the power of distinguishing
accurately the point touched

‘aYtalalala) is more acute than in places

where they are more scat-

tered. For this reason, if two
Wkkl\ contacts are made at the same
time, they may be very close

Fie. “"g&’]“m’”“fﬂl of Skenu:i together in the former situation,
::‘:Ent; Suimulas, g:fm‘:f“m;; e.g. the lips, and each of them
sented by vertical lins—the may be localised and felt as
strength being indicated by  gigginet from the other, whereas
their height. Sensations repre- ., . .
sented by the curves. in the latter situation they may

be felt as a single contact.

3. The Power of Distinguishing Contacts in Time.—If the
finger be brought against a toothed wheel rotated slowly,
the contacts of the individual teeth will be felt separately.
But, if the wheel is made to rotate more and more rapidly,
the separate sensations are no longer felt, and a continuous
sense of contact is experienced (Practical Physiology). This
indicates that, if stimuli follow one another sufficiently rapidly,
the sensations produced are fused. From this it is obvious
that the sensation lasts longer than the stimulus—the
contact (fig. 44).

The duration of the sensation depends upon the degree
of stimulation of the peripheral tactile organs.

Probably two sets of receptors are involved in the tactile
sense,

1st. The tactile corpuscles, which are stimulated by direct
pressure on the surface of the skin. It is these which form the
centres of the touch spots already mentioned. They are best
investigated by von Frey’s bristles—bristles of varying thick-
ness fixed in suitable handles and with the pressure required
to bend them determined by pressing on a spring balance.
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2nd. The plexuses round the roots of hairs, and possibly in
the epidermis, which are stimulated when a small piece of soft
cotton-wool is drawn over the skin. This might be called
the kinetic stimulation of the tactile mechanism, and the
other the static stimulation.

3. Reactions to Changes of Temperature.
Thermal Sense.

Heat, like light, is physically a form of vibration of the
ether.

1. The temperature sense depends upon the fact, that when
heat is withdrawn from the body, a sensation of coolness or
cold, and, when heat is added to the body, a sensation of
warmth or heat is produced. This depends upon the tempera-
ture of the body in relation to the surroundings, and not
merely on the temperature of the surroundings. If three
basins of water are taken, one very hot, one very cold, and one
of medium temperature, and if a hand be placed, one in the
very hot and one in the very cold water for a short time,
and then transferred to the basin with water at a medium
temperature, the water will feel hot to the hand that has
been in the cold water and cold to the hand that has been
in the hot water (Practical Physiology).

2. The rate at which heat is abstracted or added is the
governing factor in causing the sensation; a sudden change
of temperature stimulates far more powerfully than a slow
change. For this reason the thermal conductivity of sub-
stances in contact with the skin has an influence upon the
sensation. If a piece of iron and a piece of flannel laid side
by side be touched, the first will feel cold, the second will
not. This is because the former has high thermal con-
ductivity, the latter has not, and thus the former abstracts
heat more rapidly than the latter. When the skin of a horse
is covered by sweat, heat is rapidly abstracted and shivering
may be produced (p. 267).

3. Certain parts of the skin are stimulated by the with-
drawal of heat, and their stimulation is accompanied by
sensations of cold, while others are stimulated by the addition
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of heat and give rise to a sense of warmth. This may be
demonstrated by taking the cold point of a pencil and passing
it over the back of the hand, when it will be felt as cold only
at certain points; such points have been called cold spots,
while similar spots, stimulated by the addition of heat,
are called hot spots. Such cold and hot spots have
been excised and examined microscopically, but no
special receptor mechanisms have been found. In all
probability, special developments of the intercellular plexus in
the epidermis form the receptors (Practical Physiology).

4. The temperature sense is independent of the tactile
sense, and the changes set up travel in separate fibres in the
cord (p. 112). The one sense may be lost and the other
retained.

4. Special Cutaneous Receptors.

In certain regions of the skin special receptor organs
exist, stimulation of which excites reflexes in connection with
the sexual and other special functions. In the anal canal
tactile and thermal receptors exist, but distension gives rise
to a special sensation—the desire to defwecate.

Von Frey’s observations on man indicate that in the skin
there are at least four receptor mechanisms, stimulated separ-
ately by pain, by touch, by the withdrawal of heat, and by the
addition of heat. He finds that certain parts of the
surface do not respond to all three kinds of stimuli, but
only to one or two. Thus, pain alone can be produced
from the cornea, tooth pulp and dentine, and the parietal
pleura; pain and temperature sensations, but not sense of
touch, from the edge of the cornea and conjunctiva; and
touch and temperature sensations alone from certain patches
inside the mouth.

When a severed nerve begins to unite and regenerate (p.77),
an imperfect return of all these types of sensation occurs, but
only after complete regeneration are the senses completely
restored.

In addition to the interoceptive and exteroceptive
receptors of the body, other receptors are found throughout
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the muscles, tendons, and joints which are stimulated by
movements generally originated by stimuli from without, and
which we have already seen (p. 88), may have an important
influence on the course of the movements produced. These
are one kind of the group of receptors which Sherrington has
called Proprioceptors. ~They might be called the muscle-
joint receptors.

III. Muscle and Joint (Proprioceptive).
A double mechanism is involved—1st, A mechanism
stimulated by the contraction of the muscles; and 2nd, a
mechanism acted on by movements at the joints.

A. 8tructure—(1st) Muscle Spindles.—Among the fibres

of the muscles are found long fusiform structures containing
modified muscle fibres. Into each spindle .
a medullated nerve passes and breaks
up into a non-medullated plexus round
these fibres (fig. 45). That these nerves
are ingoing and not ordinary motor fibres
is shown by the fact that they do not
degenerate when the anterior root of a
spinal nerve which carries the motor
fibres is cut, but that they do degenerate
when the posterior root is cut outside the
ganglion. Fio. 45. — Structure

(2nd) Organs of Golgi are small of muscle spindle

. —only one fibre re-
fibrous capsules in the tendons near the presented. b, cap-
muscle fibres, and into each a medul- sular space; c, cap-
lated fibre enters, and, losing its white oenoi 2 TS,
sheath, forms a plexus of fibrils with sensory termina-
varicosities upon them. fon o8 :;m“‘[‘gl‘_’

(8rd) Varicose terminations of axons gaup and Favre.)
surrounded by fibrous tissues are found
in the synovial membranes and round joints.

B. Physiology.—Through these mechanisms information
is transmitted to the central nervous system as to the position
and movements of the various parts, and this is of the
utmost importance in modifying and guiding the movements
without consciousness being necessarily implicated (p. 83).
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When the consciousness is affected, valuable information
as to the conditions of the surroundings may be afforded by
this sense in conjunction with the sense of touch. In
estimating the weight of bodies, these sensations are much
used. The body to be weighed is taken in the hand, and by
determining the amount of muscular contraction required
to support or raise it, the weight is judged. The shape and
size of objects are also determined by this sense in con-
junction with the sense of touch. In the dark, the distance
of objects is also judged by estimating the extent of move-
ment of the limb necessary to touch them.

The sensibility to deep pressure which exists after section
of the cutaneous nerves must be due to a stimulation of
these receptors.

B. Connection of Body Receptors with the
Central Nervous System.

1. Ingoing Nerves.

The ingoing nerves from these various receptors pass
towards the spinal cord in regular segmental series (fig. 46),

= ~~
VN. R

F16. 46.—Structure of a Typical Spinal Nerve. P.R., posterior root with
ganglion ; A.R., anterior root; S.l., ganglion of sympathetic chain ;
W.R., its white ramus ; G.R., its grey ramus; V.N., visceral nerve
with collateral ganglion ending in terminal plexus; S.X., somatic
nerve.

except where the symmetry is interrupted by the outgrowth
of a limb. There the segmental arrangement is disturbed
into a pre-axial and post-axial arrangement.
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The fibres enter the spinal cord by the posterior roots of
the spinal nerves (fig. 46).

(i.) Section of a series of posterior roots leads (a) to loss of
sensation in the structures from which the fibres come, and
(b) to a loss of muscular co-ordination, as a result of cutting
off the afferent impulses connected with the muscle-joint
mechanism (p. 105), and (c) to loss of tone in these muscles.

As a result of this section, the parts of the fibres cut off
from the cells of the ganglia on the posterior root die and
degenerate (p. 76). Therefore, if the root is cut between
the ganglion and the cord, the degeneration extends inwards
and up the posterior columns of the cord, and, if it is cut
outside the ganglion, the degeneration passes outwards to the
periphery.

Stimulation (a) of the central end may cause reflex
movements and pain ; (b) of the peripheral end may, in
certain situations, cause dilatation of blood-vessels (p. 93).

(ii.) Section of the anterior root causes paralysis of the
muscles and other structures supplied by the outgoing
fibres, and the fibres die and degenerate (p. 76).

Stimulation of the peripheral part causes contraction of
the muscles supplied.

2. Oourse of the upgoing Fibres in the S8pinal Cord.

In the spinal cord the course of the upguing fibres has
been traced by experiment, by clinical observation, and by
pathological investigation, chiefly in man and in the ape.

(1) Section of Posterior Roots.—As already pointed out,
when the posterior roots are cut reflex action is abolished and
all sensation in the part of the body supplied by the nerve
likewise disappears.

(2) Section of 8pinal Cord.—If the spinal cord is cut across,
after a certain period of spinal shock, reflex action
occurs and may be increased, but all sensation is absent
below the level of the section.

It must therefore be concluded (1) that these ingoing
nerves act upon the effector mechanism in the cord by
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which reflex action is produced (p. 82); (2) that other parts
of the ingoing nerves run up the spinal cord to act upon
some part of the brain the activity of which is related
to those changes in consciousness which we call sensa-
tions.

(3) Hemisection of Spinal Oord.—If only one half of the
spinal cord is cut across all sensation of changes of temperature,
and all sensation of pain are lost on the opposite side below
the level of section, but tactile sense is partially lost for some
distance below on the same side, and further down on the
opposite side. The proprioceptive sensations are lost on the
same side.

The fibres connected with pain and with heat and cold

F16. 47.—To show the Ascending Degeneration in the Spinal Cord. 1, after
section of the posterior roots. 2, after hemisection of the cord.

receptors must cross the middle line at once and run up the
opposite side of the cord, while those connected with touch
must run for some distance, probably in part, right up
the same side of the cord. Those connected with the
muscle-joint sense must run up the same side of the
cord. (For outgoing fibres see p. 195.)

(4) Ascending Degenerations of Oord.—Taking advantage of
the fact that nerve fibres when separated fromn their cells die
and degenerate (p. 76), light has been thrown upon the course
of these fibres in man and apes by studying the degeneration
which follows: —

1. Section of a series of posterior roots inside the ganglia.
2. Section of one half of the cord.
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It must be remembered that the nerve ribres of the
spinal cord do not regenerate, since they have no neuro-
lemmal sheath.

Fig. 47 shows where the degenerated fibres are found
in each case.

1. Section of the posterior roots leads to degeneration
extending up in the posterior columns.

To ngu ToCeresmn

7

F1g. 48.—To show Redistribution of Impulses in the Cord and the general
course of impulses of different kinds.
2. Section of the cord leads to this, and, in addition, to
a zone of degeneration round the lateral and anterior
columns.
The conclusions to be drawn are—(1) that the fibres of
the posterior columns are a direct continuation of the
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posterior root fibres which have their cells in the ganglion
upon the posterior root.

(2) That the fibres which degenerate only after section of
the cord must have their cells in the cord itself, z.e. that
the incoming fibres of the posterior roots have formed
synapses with fresh neurons (fig. 48).

A

B

F1a. 49.—To show Redistribution of Impulses in the Cord. 1 to 5, incom-
ing fibres of posterior root ; 4, tract of kinmsthetic sense and touch
for some distance before crossing; B, tract of unconscious impulses
for muscular co-ordination and tone; C, same as B, but on opposite
side; D, tract of impulses of pain, heat and cold ; E, tract of impulses
of touch and pressure. (PAGE May.)

The degenerated fibres may be traced across the an-
terior white commissure to the opposite side of the
cord from cells situated in the posterior horn of grey
matter.

c
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The ingoing fibres thus enter the cord, some pass straight
up the posterior columns, some enter the grey matter to
form synapses with fresh neurons (fig. 49) from which
fibres pass up on the lateral and anterior aspects of the cord.

By tracing these degenerated fibres upwards, it is found
that they end as follows :—

(a) Fibres of the Posterior Oolumns,—These end in the
nuclei of the postero-internal and postero-external columns in
the lower part of the medulla oblongata, where they form
synapses with fresh neurons. From these nuclei (1) fibres
cross to the opposite side and run up in the fillet through
the medulla, through the pons Varolii, through the mesial
fillet, till they reach (a) the tectum, where they form
synapses ; (b) the thalamus opticus, where synapses are
also formed ; (2) fibres pass to the cerebellum of the opposite
side.

(b) Fibres in the Lateral and Anterior Columns.—These pass
up till the medulla is reached, and here they separate into
two distinct sets.

i. Those going to the Oerebellum.—These are the more
marginal set of fibres in the cord.

(a) Those on the postero-lateral aspect enter the cere-
bellum by its inferior peduncle.

(b) Those on the more anterior aspect enter by the
superior peduncle (p. 127).

ii. Those going to the Tectum and Oerebrum.—These pass up
with the mesial fillet, and (a) on reaching the tectum some
form synapses there, (b) some run on and end in the
thalamus opticus, where they form synapses (fig.
50, p. 113).

(5) Pathological conditions and injuries of the cord in man show
that, when the lesion is towards the anterior margin, tactile
sensations are abolished, and if it is more in the anterior part
of the lateral column painful and thermal sensations are lost.
In gunshot injuries to the cord the anterior part is more apt
to escape, so that the sensations of touch may persist
while painful and thermal sensations are lost. The sense
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of tickling is lost, not with tactile sense, but with the sense
of pain.

The upgoing fibres in the lateral columns may thus be
sorted out into. five sets as is shown in fig. 49.

They may be called—

The direct cerebellar tract, B.
The anterior cerebellar tract, C.
The lateral spino-thalamic, D.
The spino-tectal.

The anterior spino-thalamic, E.

L

Qt

Injury to the posterior columns causes a marked loss of
the muscle-joint sense and of tactile sense for some distance
below the lesion.

The fibres from each of the several kinds of receptors in
the body which run side by side in the nerves are thus
sorted out physiologically in the spinal cord by passing
through synapses—(1) Those from pain receptors being sent
up a definite tract in the lateral column (fig. 49). (2)
Those from temperature receptors passing along with the last.
(8) Those from tactile receptors passing up the posterior
columns for a considerable distance before forming synapses
and after crossing the middle line (fig. 48) being grouped
at the anterior margin of the cord. (4) Those from the
proprioceptive receptors of muscles and joints (a) passing
up the posterior columns to the top of the cord before form-
ing synapses from which fibres lead up the brain-stem and
finally to the cortex cerebri; (b) forming synapses in the
grey matter of the cord in Clark’s vesicular column, from
which fibres run up in the two cerebellar tracts to the
cerebellum (p. 127).

3. Connections with the Brain-Stem and Cerebrum.

These various fibres from the synapses in or above the
cord which pass up the brain-stem end by synapses—
A, in the tectum (T, fig. 58),
B, in the thalamus (Th, fig. 58),
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while from the thalamus fresh fibres pass on to the
cortex to end in the area situated round the central
fissure.

Each of these—tectum, thalamus, and cortex—is a
shunting station, from which impulses are sent down the
cord to act upon the spinal reflex arcs.

1. Spino-tectal 8ynapses.—In the tectum these incoming
impulses from the body are associated with incoming
impulses from the eye and ear (fig. 50, C.Q).

If the brain-stem be cut above the tectum, as it is in the

F16. 5§0.—To show the endings in the thalamus of the ingoing fibres from
all the receptor mechanisms. ., ingoing fibres from the body
generally ; VIII., ingoing fibres from the cochlea; V., ingoing fibres
of the fifth cranial nerve ; II., ingoing fibres of the optic nerve ; C.Q.,
tectum. (ELLIOT SMITH.)

process of decerebration, the tectal synapses and the
cerebellar connections are left intact.

The action of these, uncontrolled by the upper cerebral
synapses, is to set up an extensor tone of the muscles
known as decerebration rigidity. In man the disconnection
of the cerebral cortex from the cord by the interrug-
tion of the pyramidal tracts brings about this condi-
tion with a characteristic increase in the spinal reflexes

(p- 82).

2. Spino-thalamic Synapses.—It was from the thalamus
8
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and other basal ganglia that the cortex cerebri originally
developed, and in lower vertebrates the separation is incom-
plete except as regards the rhinencephalon, which originally
developed independently as the centre for the olfactory
organs (p. 133); (fig. 50, V., 8, VIIL).

Visuo-sresery

Fic. 51.—To show the mapping out of the Cerebral Cortex in man on its
outer and inner aspects into areas by the character and distribution of
the cells, and fibres to show the convolution round the central fissure
connected with the reception of stimuli from the body-receptors.
(CAMPBELLL.)

In the thalamus the ingoing fibres from the body
receptors are brought into close association with those from
the distance receptors of the head, the eye, and the
ear, and in this region there is some evidence in man that
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stimulation may be associated with crude modification of
consciousness.

As will be seen later there is good evidence
that stimulation of the thalamus may lead to muscular
movements without implication of the cortex through the
corpus striatum and red nucleus (p. 189).

3. Synapses in the Cortex Oerebri—From the nuclei of the
thalamus fibres, which early get their white sheath, extend

F16. 52.—Superior and inferior aspects of the brainof the dog to show the various
sulci and the distribution of the chief receiving and reacting mechanisms.

outwards to that part of the cortex cerebri which lies
round the central fissure (figs. 50 and 53). That this part
of the cortex is closely associated with the changes in
consciousness has been proved both by studying the effects of
(@) stimulation, and of (b) removal, and (c) by careful observa-
tion of the symptoms following disease or injury.

Mott found that, when the cortex round the central
fissure on one side of the brain of a monkey is removed,
clips may be attached to the skin on the opposite side of the
body without attracting attention, while if they are placed
on the same side they are at once removed. He therefore
regards this region of the brain as connected with the
reception of tactile impressions.

These conclusions have been supported and amplified by ex-
perimental observations during operations on the human brain.
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Harvey Cushing has described a case in which, for relief of
epileptic attacks beginning in the right hand, the brain was
exposed and stimulated. When certain parts of the post-
central convolution were stimulated, sensations, not painful
in character, were experienced in the right hand, with also
a vague sensation of warmth.

Horsley has described a case in which, for severe spasmodic
contraction of the hand and arm, he removed a consider-
able part of the pre-central convolution from the brain
of a boy. This was followed by temporary loss of tactile

Fic. 53.—The passage of fibres from the nuclei of the thalamus to the
cortex cerebri of a primitive mammal. 7Th.Op., thalamus ; L.P., lobus
pyriformis ; f.r., fissura rhinica ; VIII", auditory area; II", visual
area ; H., hippocampus. (ELLioT SmITH.)

and thermal sensibility and of knowledge of the position
of the limb of the opposite side—stereognostic sense
(p. 106).

The evidence thus seems conclusive that-the area of the
cortex round the central fissure is receptive for what may
be called the various bodily sensations of touch, tem-
perature, and muscle-joint sense. But, so far, no indica-
tion that it is connected with painful sensations is forth-
coming.

Very probably, as is indicated by the observations
of Cushing, in man and in apes the post-central is
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mainly receiving, just as we shall afterwards find the
pre-central is mainly discharging. The arrangement and
character of the cells in these two regions are distinctly
different.

This area must be a sort of chart of the opposite side of
the body in which each part is represented.

4, Connections with the Cerebellum.

The ingoing fibres from the muscles and joints have been
seen to play an important part in guiding ordinary spinal
reflex action.

It has also been shown that by their connection with the
cerebral cortex consciousness is implicated and special sen-
sations produced (p. 115).

Through their connection with the superior vermis
of the cerebellum they become associated with incoming
impressions from the skin and from special receptor
mechanism in the head, through the action of which the
position and movements of the head in space bring about
adjustments of the balance of the body.

The eyes play a certain part in such adjustments, but
the special mechanism developed is the labyrinth of the
internal ear for which the cerebellum has developed as the
great receiving and reacting centre. The mechanism may
be studied as the labyrintho-cerebellar mechanism.

Labyrintho-Cerebellar Mechanism.
I. Labyrinth.

1. Structure.

In the petrous part of each temporal body there is
a somewhat complex space, the bony labyrinth, consist-
ing of three separate parts. (1) The vestibule; (2) the
cochlea connected with hearing which will be considered
later ; and (3) three semi-circular canals opening from the
superior and posterior aspect of the vestibule (see p. 170) of
the internal ear. One lies in the horizontal plane and has a
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swelling or ampulla anteriorly. The other two lie in vertical
planes each placed diagonally to the mesial plane of the body as
indicated in fig. 54. The superior
of these has a swelling or ampulla
in front; the posterior has an

ampulla behind.
The horizontal canals may be

/\) considered as forming the arc of a

circle with an ampulla at each

Fic. 54.—The Rem,omh,p of end. The superior canal of one

the Semicircular Canals to gjde has its ampulla in front, while

T . ,2;;;1-12"3::1" ! its twin—the posterior of the

p.c., posterior canal. opposite gside — has its ampulla

behind, and they together form

the arc of a circle with an ampulla at each end
(fig. 54).

The bony labyrinth contains a clear lymph-like fluid, and
in this a membranous labyrinth lies.
(a) In the vestibule are two small vesicles,
the saccule and utricle, connected by a
narrow duct.

(b) From the latter of these the
membranous semicircular canals run
into the bony canals. Each of them Fic. 55.—Bony apd
has an ampulla which almost com-  membranous canal
pletely fills the bony ampulla in 9 2mpulle to
which it lies, while the part lying mode of action.
in the bony canal is very narrow
and occupies only a small part of the Iumen
(fig. 55).

On the convex aspect of each ampulla is a
thickened ridge covered with columnar cells with stiff
hair-like processes, and among these cells the dendritic
terminations of the vestibular nerves run. Similar
patches exist on the inner aspects of the utricle
and of the saccule. A somewhat viscous endolymph
fills the membranous labyrinth, and in it over these
swellings lie small concretions of carbonate of lime—
the otoliths.

bi
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2. Connections with the Central Nervous System.

The fibres of the vestibular root take origin in dendrites
between the cells of the macule in the ampulle of the
semicircular canals and of the saccule, and have their nerve
cells upon their course (fig. 56).

They enter the medulla ventrally to the auditory nerve,
along with which they are described as the eighth cranial
nerve.

They have wide and important central connections which
may be divided into four arcs :—

(1) Labyrintho-8pinal Arc.—As the fibres enter the medulla
they divide and run upwards and downwards. Those pass-
ing down form synapses with the higher spinal arcs which
take part in spinal reflex actions. From the upward and
down-going branches, collaterals enter the nucleus of Deiters
lying in the side of the pons Varolii and there form synapses.
From these fresh neurons send fibres down the cord on the
same side and on the opposite side to act upon the spinal
arcs.

(2) Labyrintho-Oculo-Motor Arc.—This is essentially a part
of the spinal are, but it is so important that it may be dealt
with separately. The ingoing fibres form synapses in Deiters’
nucleus, from which fibres pass to act upon the oculo-motor
nuclei, and thus.to influence the movements of the muscles
of the eyes (p. 161).

(3) Labyrintho-Cerebellar Are.—Some of the upgoing fibres
pass to the deep nuclei of the cerebellum, from which fibres
pass down the spinal cord to act upon the spinal reflex
arcs,

(4) Labyrintho-Oerebral Arc.—Other upgoing fibres pass to
the cerebrum forming synapses in the optic thalamus, from
which fibres pass on to the cortex. From this, fibres extend
down the cord to act upon the spinal reflex arcs and upon
the oculo-motor mechanism.
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F1¢. 56.—Connections of Semicircular Canals with Central Nervous System
in Four Arcs. Ves.R., Vestibular root of eighth nerve sending fibre
upwards to the cerebrum and cerebellum, downwards to the centre in
medulla oblongata (Med.) and to Deiters’ nucleus (V. Deit.), from which

fibres pass to the oculo-motor mechanism (.. }i.) and to the centres
in the anterior horn of the spinal cord.
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3. Physiology.

A. Labyrintho-Spinal and Cerebellar  Arcs. — This
mechanism acts in two ways :—

1st. As a great tonic dominator of the muscular system.

2nd. As a great proprioceptive reflex adjuster of move-

ments.

B. Labyrintho-Cerebral Arc.—This acts by modifying
consciousness.

A. Labyrintho-Spinal-Cerebellar.—1. Tonic Action—One
effect of removal of the labyrinth on one side is to cause
a loss of tone in the muscles of the same side. If
the labyrinths on both sides are removed, a general loss
of tone occurs. The result of this is that a very small
force is capable of preventing the muscles from adjust-
ing the position of the head. In a pigeon deprived of
its labyrinths, if a small weight is attached to the head and
the head is bent over the back, it remains in this abnormal
position. It is the cerebellar arc which is involved in the
maintenance of tonus, and after removal of the deep nuclei
of the cerebellum and the paracerebellar nuclei the tonus is
lost. The cerebellar arc acts upon the spinal arcs («)
through its connections with the red nucleus (p. 127), under
the tectum ; (b) probably directly through descending fibres
of the vestibulo-spinal tract. If the spinal arcs are interfered
with by section of a series of posterior roots, the influence of
the labyrintho-cerebellar arc is lost.

The importance of this tonic action is illustrated by the
pugilist’s ‘knock-out ” blow on the chin, which drives the
condyles of the lower jaw against the petrous part of the
temporal bone which contains the labyrinths, and throws
them out of action. Instantly there is a complete loss of
muscular tone, and the man falls in a heap on the ground.

The cerebral arc is not involved. In fact, an increased
tonus appears after removal of the cerebrum.

2. Proprioceptive Reflex Adjustment of Movements.—(1)
This action of the labyrinth is shown by the effects of injury
and removal. When one of the canals is opened, an
operation which can be performed in the pigeon with
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comparative ease, the head is rotated backwards and forwards
in the plane of the canal. If the labyrinth on one side is
removed, rotation to that side from overaction of the
labyrinthine mechanism on the opposite side occurs. It is,
however, soon recovered from. The same result follows
section of the vestibular nerve.

(2) Stimulation of one of the canals by electricity in the
cartilaginous fishes causes movements of the eyes and fins
as if the animal were being rotated in the plane of the canal
stimulated.

Injury to a canal causes loss of control of the group of
muscles which govern the movements of the head round the
axis of that canal. Overaction, on the other hand, causes
muscular adjustments to counteract movements round the
same axis.

Such a mechanism might be called into play either—

(1) By the position of the head in space.
(2) By the movements of the head.

(1) That the position of the head in space acts is in-
dicated by (a) the experiments of Kriedl upon the shrimp
Palinurus. When this creature casts its shell it also casts
its otic vesicle with the contained grains of sand that act as
otoliths, and, when its new shell is grown, it inserts particles
of sand into the vesicles. By supplying it with particles of
iron, Kriedl compelled it to insert these, and when, by
means of a magnet, they were brought into contact with
different parts of the vesicle, the animal took up different
positions.

(b) The static action of the labyrinths is further shown
by the production of definite postures in decerebrated cats,
by placing the head in different positions (p. 88). It is also
shown by the production of apncea, absence of breathing, in
ducks, by placing the head in certain positions, e.g. directed
straight down in the diving position. Another element—a
proprioceptive reflex from the joints of the cervical vertebrae
—plays a secondary part in these adjustments.

These static actions probably depend upon the part of
the nerve terminations in the utricles and saccule upon
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which the otoliths press at any time as a result of the force
of gravity.

Such a static mechanism accounts for the adjustment
of the optic axis in the blind according to the position of the
head.

(2) That movements of the head play an important part
is shown by the fact that, when an animal, deprived of its
labyrinths, attempts to move, the most marked disturbances
of muscular action occur. It is still more clearly indicated
by a consideration of how the system of semicircular canals
is influenced by any acceleration or retardation of move-
ments of the head.

If the head is moved in any plane, certain changes are
set up in the ampulla or ampulle towards which the head is
moving, and converse changes in the ampulla or ampulle at
the other end of the arc of the circle.

If, for example, the head is suddenly turned to the right,
the inertia of the endolymph and perilymph tends to make
them lag behind. Thus the endolymph in the ampulla of
the left horizontal canal will tend to flow into the canal,
but the canal is so small that the fluid will merely accumulate
in the ampulla, and thus a high pressure will be produced
(fig. 55+ +).  The perilymph will tend to lag behind,
and a low pressure will result outside (fig. 55—). The
converse will take place in the opposite horizontal canal.

When the movement is continued the pressures will be
readjusted, and, on stopping the movement, the opposite
conditions will be induced.

In forward nodding movement of the head, the two
superior canals have the pressure of endolymph increased in
their ampulle—in backward movement this occurs in the
two posterior canals. In nodding to the right the superior -
and posterior canals of the right ear undergo this change.

B. Labyrintho-Cerebral Arcs.—Modifications of Conscious-
ness.—These changes, which can be studied only in man, act,
not only in bringing about an adjustment of the balance
through the cerebellar arc, but also on account of
the connections with the cerebrum, in modifying con-
sciousness, giving a sensation of movement in the
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direction of the ampulle in which the pressure is
increased. ~The mode of action may be analysed by a
study of the sensations which accompany acceleration or
retardation of movements. Acceleration produces a sensa-
tion ; when the motion is uniform there is no sensation,
but when it is suddenly stopped a sensation of rota-
tion in the opposite direction is produced. The fact that
only fairly rapid acceleration or retardation of movements

o
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Fic. 57.—Diagram of the Arrangement of Fibres and Cells in the Cortex of
the Cerebellum. G.L., molecular layer; N.L., nuclear laver;
P., Purkinje’s cells sending out axons to the deeper ganglia. (4fter
Ramon v CaJan.)

produces an effect explains why it is that the action of
the canals may fail to make an aviator when flying in
cloud aware of his position in space, so that he may actually
be upside down without knowing it.

The information conveyed from the labyrinth must
concord with that derived from other channels, e.g. from
vision. When they do not accord, a sensation of giddiness
and an inability to maintain the balance are induced. If
one sets a poker point down upon the ground, then places
the forehead on the top and rapidly circles the poker three
times, when one stands up one experiences a sense of
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giddiness and an inability to walk steadily This is due
to the fact that the sudden stoppage of rotation induces
the sensation of rotation in the opposite direction, while
the visual impressions convey the information that this
rotation is not actually taking place.

B. The Cerebellum.

The cerebellumn is developed primarily as the ganglion
or receiving mass of cells for the vestibular mechanism, and in
it stimuli from that mechanism are associated with those
from other receptors, so that they may be harmonised and
all the movements of balancing adjusted without implication
of consciousness.

1. Structure.

The cerebellum lies above the fourth ventricle, and is
Joined to the cerebro-spinal axis by three peduncles on
each side (fig. 58). It consists of a central lobe, the upper part
of which is the superior vermis, and two lateral lobes, each with
a secondary small lobe, the flocculus. Its surface is raised
into long ridge-like folds running in the horizontal plane,
and is covered over with grey matter, the cortex.

In the substance of the white matter, forming the centre
of the organ, are several masses of grey matter on each side,
the most important of which are—(i.) the group of roof
nuclet ; and (iL.) the dentate nucleus (fig. 58;.

The cortex may be divided into an outer somewhat homo-
geneous layer (the molecular layer, fig. 57, G.L) and an
inner layer studded with cells (the nuclear layer, N.L.).
Between these is a layer of large cells — the cells of
Purkinje (P.).

By Golgi's method the arrangement of fibres and
cells in the cerebellar cortex has been shown to be as
follows : —

(i.) Fibres coming into the cortex from the white matter
either end in synapses round cells in the nuclear layer, or
proceed at once to the outer layer (fig. 57). (ii.) From the
cells in the nuclear layer, processes pass to the outer layer
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and there form synapses with other cells. (iii.) From these,
processes pass to the cells of Purkinje, round which they
arborise ; and (iv.) from Purkinje’s cells the outgoing fibres
of the cerebellum pass into the white matter and so to the
deep nuclei, to Deiters’ nuclei, and to the red nuclei (fig. 58).

2. Connections.

The cerebellum is connected (fig. 58)—

1. With the Spinal Cord.

(a) Incoming Fibres.—1. The direct cerebellar tract
(p. 112) passes up in the restiform body to end chiefly in the
superior vermis on both sides. 2. The ventro-spinal tract
(p. 112) passes to the cerebellum in the superior peduncle
and ends in the superior vermis. 3. Fibres from the nuclei
of the posterior columns of the same side, and also from the
opposite side (p. 112), pass in the restiform body to the
cerebellum. 4. Fibres from the vestibular root of the eighth
nerve also pass to the cerebellum (fig. 58, p. 127).

(b) Commyissural Fibres.—Strong bands of fibres connect
the dentate nucleus and other parts of the cerebellum with
the inferior olivary nucleus of the opposite side.

(¢) Outgoing Fibres.—Fibres pass from the superior
vermis to the deep nuclei, and to Deiters’ nuclei (fig. 58),
from which others pass down in the descending antero-lateral
tract of the cord.

2. With the Cerebrum.—1. Fibres run down in the crusta
of each crus from the frontal and occipital parts of the cortex
cerebri. They form synapses with cells in the pons, and from
these, fibres pass in the middle peduncle to the cerebellum.
2. The fibres of the superior peduncle, coming chiefly from
the dentate nucleus and superior vermis, cross in the middle
line and end—(a) partly in the red nucleus of the opposite
side, from which the rubro-spinal, or pre-pyramidal tract,
extends downward into the spinal cord; (b) partly in the
thalamus opticus. From the thalamus fibres pass, some to
the cortex, some to the oculo-motor nuclei.

Functionally these connections are :—

4. Ingoing.—1. From the spinal cord—chiefly proprio-
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coptive, but also tactile. 2. From the labyrinth of the internal
ear—proprioceptive. 3. From the cerebrum—chiefly visual.

B. Outgoing.—1. To the spinal cord to act on the reflex
arcs. 2. To the oculo-motor mechanism. 3. To the
cerebrum, through the thalamus and red nucleus. These
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F10. 58.—The more important connections of the Cerebellum. Sk, skin ; M, musole ;
V, vermis; D.N., Deiters’ nucleus; L, labyrinth; P, pons; 7, tectum;
R.N., red nucleus ; T, thalamus ; E, eye; C.C., cortex oerebri; E, eye.

influence the spinal arcs through the rubro-spinal and
through the cortico-spinal arcs (p. 79).

The cerebellum thus constitutes the central part of one of
the great nervous arcs (p. 79).

3. Physiology.
1. Removal of Oerebrum.—Something may be learned of
the functions of the cerebellum by a study of animals from



128 VETERINARY PHYSIOLOGY

which the cerebrum above the tectum has been removed.
Decerebration rigidity in the position of extension manifests
itself. This rigidity is removed on one side, if that side of
the spinal cord in the neck be divided, showing that it is a
cerebellar action. The hypertonus is not removed on slicing
away the cerebellum until the basal nuclei and nucleus of
Deiters are destroyed. Apparently the cerebellum is con-
trolled by the cerebrum, and acts to excess after its removal,
either (a) directly upon the spinal arcs, or (b) indirectly
through its superior peduncles and the red nucleus.

While absinthe leads to clonic spasms in the intact
animal, when one cerebral hemisphere is removed the clonus
is replaced by tonus on the opposite side, the absinthe now
stimulating the cerebellum alone.

2. Removal of the Cerebellum.—This operation is easily
performed in the pigeon (fig. 34, p. 80), and the animal,
for a time at least, loses the power of balancing itself, and,
when disturbed, makes violent movements to recover its
equilibrium.

In the dog three stages are seen—

(1) Irritative Stage.—Immediately after removal, there
is marked extension of the spine—opisthotonus—extension
of the fore limbs, and alternating clonus of the hind limbs.
In the monkey the same symptoms appear, but there is tonic
flexion at the elbows.

(2) Stage of Imadequacy.—These symptoms gradually
pass off, and the animal then shows general muscular
weakness.

(8) Stage of Compensation.—Later still, this condition may
in large measure be recovered from.

3. Partial Removal.—If one side of the cerebellum be
removed the symptoms are—(1) At once a tonic contraction
of the muscles of the limbs of the same side by which the
fore limb in the dog may be powerfully extended. The head
is twisted with the ear to the shoulder of the side of the
removal, and the chin to the opposite shoulder, and the
animal may be driven round its long axis to the opposite
side. The eyes show a coarse lateral nystagmus—a jerking
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from side to side. (2) These irritative symptoms soon pass
off, and the animal then manifests inadequacy or weakness
in the limbs of the affected side, so that it droops to that side,
and, if a quadruped, may circle to that side. (3) After some
weeks these symptoms disappear, compensation for the loss
of one side of the cerebellum being established.

When compensation is completed in the dog, destruc-
tion of the cerebral cortex of the opposite side leads to a
reappearance of the muscular inadequacy.

In some cases in man, when slowly progressing disease
has destroyed the organ, no loss of equilibration appears.
In other cases the cerebellum has been congenitally
almost absent, and yet the individual has not shown any
sign of want of power of maintaining his balance. Evidently,
therefore, in such cases the cerebrum compensates for the
absence of the cerebellum.

4. Stimulation of the cerebellum has yielded results some-
what difficult of interpretation, but the most recent investi-
gations seem to show that stimulation of the cortex with
currents strong enough to produce movements when applied
to the discharging part of the cerebral cortex in the monkey
(see p. 192), does not produce manifest effects. On the
other hand, comparatively weak currents applied to the
basal nuclei do produce movements, the most manifest of
which are conjugate movements of the eyes, and of the
eyes and head to the side stimulated. If the nucleus of
Deiters is stimulated, the movements are rather in the
muscles of the limbs of the same side.

It has been further found that powerful stimulation may
also cause flexion of the elbow of the same side and
extension of the opposite elbow with extension of the trunk
and lower limbs. This may be associated with the main-
tenance of the body in the erect position and with the
alternate movements of the legs in the act of progression.

Although stimulation of the cerebellar cortex has failed
to reveal any localisation of function, a study of the relative
development of different parts in different groups of animals,
and a study of the effects of local removal, seem to indicate

that the median part is connected with the movements of
9
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paired muscles—the anterior part with the movements of
the eyes, tongue, and muscles of the face; the middle part
with the muscles of the neck ; and the posterior part with
the synergic movements of the hind limbs in walking, etc.

The lateral lobes seem to be connected with the inde-
pendent movements of the limbs of the same side. These
various parts are concerned, not with special anatomical
groups of muscles, but with definite co-ordinated movements.
Removal of a part concerned with the movements of a limb
in one direction is accompanied by a spontaneous deviation
in the opposite direction.

4. General Oonclusions—

1. The cerebellum, through the influence of the in-
coming fibres from the labyrinths and probably also trom
the spinal proprioceptive mechanism keeps up a con-
stant tonic influence on certain of the muscles of the
body.

2. It is a great central mechanism of reflex adjust-
ment of the balance when disturbed in any way. In per-
forming this function, its action is guided by incoming
impressions (1) from the labyrinths (p. 121); (2) from the
spinal proprioceptive mechanism (p. 105); (38) from visual
impressions received through the cerebrum (p.165); and
(4) from tactile impressions. It acts upon the spinal
reflex arcs to modify and regulate their action upon the
muscles.

It may thus be described as a ganglion superimposed
upon the brain-stem which associates incoming impulses to
secure tonic maintenance of the balance and appropriate
readjustment of the balance without consciousness being
involved.

III. DISTANCE RECEPTORS OF THE HEAD,

We have now studied—

1. The ordinary reflex response through the spinal arcs
to stimulation of receptors (p. 82).

2. The way in which this is modified by the stimulation
of muscle-joint receptors (p. 105).
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3. The inward course of the fibres from the receptors of
the bady to their termination in different parts of the brain
(p. 106 et seq.).

4. The mode of action of these various parts of the
brain (p. 116 et seq.).

5. The adjustment of the head and body brought about
through the vestibulo-cerebellar arrangement (p. 121).

We must next consider a series of receptors developed in
the head which are stimulated by changes at a distance, and
which thus warn the animal, so that it may prepare to adapt
itself to these conditions.

I. For Chemical Substance.
1. BUCCAL MECHANISM.
Taste.

This is really a modification of cutaneous sensibility, and
it might have been studied along with it; but its close
association with the sense of smell makes it more convenient
to deal with it here.

The mouth is richly supplied with receptors for tactile,
painful and thermal stimuli, and the receptors for thermal
stimuli extend down to the lower end of the gullet.

In the mouth special receptors have been developed with
the object of determining whether any particular material
should be swallowed or rejected, according to whether it is
beneficial or nocuous. Pavlov found that, in dogs, the flow of
saliva varies with the material put in the mouth. Flesh
. calls forth a flow of viscous saliva which lubricates the
mass and facilitates the act of swallowing, while sand placed
in the mouth causes a free flow of very watery saliva to
wash- out the nocuous substance. Pavlov used the reflex
flow of saliva to study what he has called Oonditioned Reflexes
—t.e. reflexes associated with changes in consciousness.
Two different notes were sounded near a dog, and it was
habitually fed after one of these but not after the other.
It was found that sounding the former produced a flow of
saliva.
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A. Receptors.—The most important receptors consist of
groups of spindle-shaped cells with which the dendritic ter-
minations of the nerves from the mouth are connected.
Each group of cells is surrounded by a series of flat epithelial
cells like the staves of a barrel to form a taste bulb. These
taste bulbs are mnost abundant on the sides of the large
circumvallate papille which form the prominent V-shaped
line on the posterior part of the dorsum of the
tongue.

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

The first synapses are in the medulla and pons, and from
this the lemniscus quinti—the fillet of the V.—passes up,
crosses, and forms synapses in a special nucleus of the
thalamus (fig. 50), from which fibres must pass to the
cortex, but to what part is not clearly determined.

The close association of taste and smell, and the results
of Ferrier's experiments (p. 136), make it possible that the
cortical representation is in the hippocampal region. On
this point evidence is by no means conclusive.

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

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

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

2. NASAL MECHANISM.

Sense of Smell

The olfactory organs are the most fundamental of all
distance receptors, and they play a most important part in

F16. 59.—The Connections of the Olfactory Fibres. 4, olfactory cells; B,
synapses in the olfactory bulb L. ; IL, olfactory tracts; IIIL., olfactory
centre ; IV., decussation of fibres. (HOWELL.)

the life of the lower animals in guiding them to their food
and repelling them from danger, in causing positive and
negative chemiotaxis.

Smell, as Sherrington puts it, is taste at a distance.
Just as the taste organs are stimulated by substances taken
into the mouth, so the olfactory organs are stimulated in
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terrestrial animals by volatile substances inhaled through
the nose, and in fishes by substances dissolved in water.
Aquatic mammals, such as the Cetacea, possess this mechanisin
in an imperfectly developed condition, and seem to rely on
the sense of taste. They have been called anosmatic.

In the dog, and in many other mammals, this mechanism
is enormously more developed than in man, and it plays a
much more important part in the lives of these animals.

A. Receptors.—Over the upper part of the nasal cavity
the columnar epithelial cells are devoid of cilia, and between

He

F1a. 60.—Some of the more important Central Connections of the Olfactory
Receptors. O.F., olfactory cell ; O.B., olfactory bulb; O.T., olfactory
tubercle; U., unous; Hc., hippocampus; M., corpus mammillare ;
T.A., thalamus; Hb., habenula; 7T.N., tegmental nucleus; 7., fibres
to the tegmentum. (BRYCE.)

them are placed spindle-shaped cells (fig. 59, A4), which
send processes through the mucous membrane, and through
the cribriform plate of the ethmoid into the olfactory bulb I.

In the bulb these neurons form synapses, B, with other
neurons, C, the axons of which pass to the base of the
olfactory tracts (fig. 60).

B. Connections with the Central Nervous System.
—The olfactory tract connects with (a) the olfactory
tubercle which is rudimentary in the human brain, and with
(b) the pyriform area (fig. 61), which forms a prominent
feature on the base of the brain of animals in which smell
plays an important part, but which is less developed in the
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human brain. To this the fibres from the olfactory bulb, the
secondary olfactory newroms, pass. These form synapses from
which the tertiary olfactory neurons pass to the fascia dentata
running along the edge of the hippocampus, and to the hippo-
campus (He.). From these structures the fornix (F.) arises
which carries fibres across to the opposite hippocampus
and backwards on the same side to the thalamus (T"4.). The
olfactory fibres from the pyriform lobe have also extensive
sub-thalamic connections. They pass to form synapses in
each corpus mammillare (}.), from which fibres extend down
in the tegmentum, probably to act on the spinal arcs.
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Fic. 61.—Side view of the Cerebrum of one of the Lowest Mammals. B.O.,
olfactory bulb ; 7'.0.L., olfactory tract; Tuberc., olfactory tubercle ;
L.P., lobus pyriformis ; f.r., fissura rhinica, above which is the neo-
pallium, divided into receiving areas; II'”, visual ; VIII", auditory ;
S, sensations from body ; V", sensations from face ; L.4.H., motor
areas for leg, arm, and head. (ELLior SMITH.)

The evidence points to the hippocampus, including the
fascia dentata, being the receiving area, the area which
when stimulated, gives rise to sensations of smell, while the
fibres of the fornix serve to conmect these impressions with
those from the other sense organs.

The cortex in this olfactory region, the rhinencephalon,
contains cells arranged in two layers—(1) outside a layer of
small cells, often in clusters, the granular layer; (2) below
this layers of larger cells, the sub-granular layer. The fibres
passing to it'get their medullary sheaths at an early stage
of development.
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Ferrier states that removal of the hippocampal convolu-
tion, including the lobus pyriformis, leads in monkeys to
loss of taste and smell, and that stimulation causes torsion
of the nostrils and lips, as if sensations of smell or taste
were being experienced.

Other experimenters have observed interference with the
sense of smell in destructive lesions of the hippocampal lobe,
and one case at least has been described in which a tumour
of the right gyrus hippocampus was associated with sensa-
tions of smell.

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

II. FOR VIBRATION OF ETHER.
Vision.
A. General Considerations.

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

1. The action of light upon the protoplasm of lower
organisms has been already considered (p. 26), and it has
been seen that it may be either general or unilateral, pro-
ducing the phenomena of positive or negative phototaxis.

2. In more complex animals, special sets of cells are set
apart to be acted on by light, and these are generally
imbedded in pigmented cells to prevent the passage of light
through the protoplasm. Such an accumulation of cells
constitutes an eye, and, in the simpler organisms, an eye can
have no further function than to enable the presence or
absence of light or various degrees of illumination to produce
their effects through the impulses which are sent to the
nervous system.

3. In the higher animals these cells are so arranged that
certain of them are stimulated by light coming in one
direction, others are stimulated by light coming in another,
and while the former are connected with one set of synapses
in the brain, the latter are connected with another. Thus,
light from one point will stimulate one set of cells which,
through the nerve fibres passing to the central nervous
system, will excite one part of the brain, and light from
another point will act upon other cells which will excite
another part of the brain, and thus not merely the degree of
illumination but also the source of illumination becomes
distinguishable.

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

From the very first it must be remembered that the
modification of our consciousness which we call vision is not
directly due to external conditions, but is a result of changes
set up in our brain. Our sensation is associated with changes
in our brain produced by changes in the eye set up by rays of
light coming from the object.

Usually such changes are set up by a certain range of
vibrations of the ether, but they may be set up in other
ways—e.g. by the mechanical stimulation of a blow on the
eye ; but however set up, they give rise to the same kind of
changes in consciousness—visual sensation. It was in
connection with vision that Johannes Miiller formulated the
doctrine of specific nerve energy, that different varieties of
stimuli applied to the same organ of sense always produce
the same kind of sensation. The converse also holds good,
that the same stimulus applied to different organs of sense
produces a different kind of semsation for each.

4. The visual mechanism gives the power not only of appre-
ciating the degree and source of illumination, but also of
appreciating colour. Physically the different colours are
simply different rates of vibration of the ether; physio-
logically they are different kinds of changes set up in the
retina; psychologically they are different kinds of sensa-
tions. The slowest perceptible vibrations produce changes
accompanied by a sensation which we call red, the most
rapid vibrations produce a different set of changes which we
call violet. But, as will be afterwards shown, these sensa-
tions may be produced by other modes of stimulating the eye.

A flat picture of the outer world is formed, and, from this
flat picture, we have to make judgments of the size, distance,
and thickness of the bodies looked at.

The idea of size is based upon the extent of the eye-cells
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stimulated by the light coming from the object. If a large
surface is acted upon, the object seems large; if a small
surface, the object seems small. But the extent of eye-cells
acted on depends not merely upon the size of the object, but
also upon its distance from the eye, since the further the
object is from the eye the smaller is the image formed.
Hence, ideas of size are judgments based upon the size of
the picture in the eye, and the estimation of the distance
of the object and past experience plays an important part.

The idea of thickness or contour of an object is also largely
a judgment based upon colour and shading. When a cube
is looked at, it is judged to be a cube because of the
different degrees of illumination of the different sides—
degrees of illumination which may be reproduced in a flat
picture of such a cube.

B. Anatomy of the Eye.

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

The eye may be described as a hollow sphere of fibrous
tissue (fig. 62), the posterior part, the sclerotic (Scl.), being
opaque ; the anterior part, the cornea (Cor.), being trans-
parent and forming in most animals part of a sphere of
smaller diameter than the sclerotic. In the horse the curva-
ture of the cornea is less in the horizontal plane than in
the vertical. Inside the sclerotic coat is a loose fibrous
layer, the choroid (Chor.), the connective tissue cells of
which are loaded with melanin, a black pigment. This is
the vascular coat of the eye—the larger vessels running in
its outer part, and the capillaries in its inner layer.
Anteriorly, just behind the junction of the cornea and
sclerotic, it is thickened and raised in a number of ridges,
the ciliary processes (Cil.M.), running from behind forward
and terminating abruptly in front. The ciliary muscle is
situated in these. It consists of two sets of non-striped
muscular fibres—first, radiating fibres which take origin



140 VETERINARY PHYSIOLOGY

from the sclerotic just behind the corneo-sclerotic Jjunction,
and run backwards and outwards to be inserted into the
bases of the ciliary processes ; second, circular fibres which
run round the processes just inside the radiating fibres. The
choroid is continued forward in front of the ciliary processes
to the pupil as the iris, and in it are also two sets of non-
striped muscular fibres—first,
the circular fibres, a well-
marked band running round
the pupil, and called the
sphincter pupille (Sph.P.)
muscle; second, a less well-
marked set of radiating fibres,
which are absent in some
animals, and which constitute
the dilator pupille muscle
(D.P.). In the horse the
pupil is elliptical, the long
axis being in the horizontal
plane, and from the edge of

Fic. 62.—Horizontal section through
the Left Eye. Cor., cornea; Scl.,
sclerotic; Opt.N., optic nerve;
Chor., choroid; Cil.M., oiliary
processes with ciliary muscle ;
D.P., dilator pupille muscle;
Sph. P., sphincter pupille muscle ;
L., crystalline lens; S.L., hyaloid
membrane forming suspensory
ligament and capsule of lens;
Ret., retina. The vertical line
passing through the axis of the
eye falls upon the central spot
of the retina.

the iris a process like a small
bunch of grapes projects, and,
when the pupil is contracted,
nearly occludes it.

The membrana nictitans,
lying on the inner aspect of
the orbit, consists of a flexible
plate of elastic fibro-cartilage
covered with  conjunctiva.
When the eye is retracted
the post-orbital fat is pushed

forwards and thrusts the membrane over the inner half of

the eyeball (p. 160).

The part of the eye in front of the iris is filled by a

lymph-like fluid, the aqueous humour, while the part behind
is occupied by a fine jelly-like mucoid tissue, the vitreous
humour. The vitreous humour is enclosed in a delicate
fibrous capsule, the hyaloid membrane, and, just behind the
ciliary processes, this membrane becomes tougher, and is so
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firmly adherent to the processes that it is difficult to strip
it off. It passes forward from the processes as the suspensory
ligament (S.L.), and then splits to form the lens capsule.
In this is held the crystalline lems (L.), a biconvex lens,
with its greater curvature on its posterior aspect. It is an
elastic structure, and it is normally kept somewhat pressed
out and flattened between the layers of the capsule; but,
if the suspensory ligament is relaxed,
its natural elasticity causes it to
bulge forward. This happens when
the ciliary muscle contracts and pulls
forward the ciliary processes with
the hyaloid membrane.

Between the hyaloid membrane
and the choroid is the retina (Ret.).
This is an expansion of the optic
nerve, which enters the eye to the
inner side of the posterior optic
axis (fig. 62). The white nerve
fibres pass through the sclerotic,
through the choroid, and through
the retina, to form the white optic
disc.  This is about 1'5 mm.
in diameter in the human subject.
The fibres lose their white sheath, and
spread out in all directions over the
front of the retina, to form its first
layer—the layer of merve fibres (1)

TR RN
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F16. 63.—Diagram of a See-
tion through the Retina

(fig. 63). These nerve fibres take
origin from a layer of nerve cells (2)

stained by Golgi’s method.
For description, see text.
(From VAN GEHUCHTEN.)

behind them, forming the second

layer. The dendrites of these cells arborise with the
dendrites for the next set of neurons in the third
layer, the imternal molecular layer (3). The cells of
these neurons are placed in the next or fourth layer, the
imner nuclear layer (4), and from these cells, processes pass
backwards to form synapses in the fifth, or outer molecular
layer (5), with the dendrites of the terminal neurons. These
terminal neurons have their cells in the sixth or outer nuclear
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layer (6) of the retina, and they pass backwards and end in
two special kinds of terminations in the seventh layer of the
retina—the rods and comes (7). These structures are com-
posed of two segments—a somewhat barrel-shaped basal
piece, and a transparent terminal part which in the rods
is cylindrical and in the cones is pointed. Over the central

Fi1a. 64.—The use of the Ophthalmoscope, A, by the direot method. B,
by the indirect method. E, eye observed. El, observer’s eye. M,
mirror. S, source of light. L, convex lens. The direction of the
ingoing rays is shown in strong lines, of the rays from the observed
eye in thin lines.

spot of the eye there are no rods, but the cones lie side
by side, and the other layers of the retina are thinned out.
The rods and cones are imbedded in the last or eighth layer
of the retina—the layer of pigment cells, or tapetum nigrum.
The retina stops abruptly in front at the ora serrata, but the
tapetum nigrum, along with another layer of epithelial cells
representing the rest of the retinal structures, is continued
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forwards over the ciliary processes and over the back of
the iris.

The blood-vessels of the retina enter in the middle of the
optic nerve, and run out and branch in the anterior layer of
the retina.

The interior of the eye may be examined by the
Ophthalmoscope, either by the direct or by the indirect method
(fig. 64). By the direct method light is reflected from a
small mirror into the eyes, and the observer examines the
fundus directly through a hole in the middle of the mirror
(fig. 64, A). By the indirect method he reflects light from
a slightly concave mirror into the eye, and then inserts
between the eye and the mirror a biconvex lens so that an
image of the fundus is formed, and this is examined (fig.
64, B) (Practical Physiology).

The fluid which distends the eyeball may be considered as
a form of lymph.

It is derived by exudation from the vessels in the ciliary
processes. Some passes back into the vitreous humour, but
the greater quantity passes forward into the anterior chamber,
from which it is drained away in the lymph spaces in the
anterior part of the sclerotic called the spaces of Fontana,
which open into the canal of Schlemm. When these spaces
become obstructed, the fluid tends to accumulate, and the
pressure in the eyeball rises and it feels hard to the touch.
This condition of glaucoma leads to disturbances in the
nutrition of the eyeball.

The pressure in the eyeball varies with the arterial
pressure, and it is also influenced by any obstruction to the
flow of blood in the veins from the head so that in cases of
intracranial tumour the vessels of the retina are apt to
become congested.

C. Physiology.

The study of vision may be taken up in the following
order :—

1. The mode of formation of pictures on the nerve structures
(retina) of the eye.
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(1) One eye (monocular vision).
A. The method in which rays of light are
focussed (dioptric mechanism).
B. The stimulation of the retina.
(2) Two eyes (binocular vision).
2. The conduction of the nerve impulses from the retina to
the brain.
3. The mode of action of the parts of the brain in which
the changes accompanying visual sensations are set up
(the visual centre).

1. THE MODE OF FORMATION OF PICTURES UPON
THE RETINA.

(I.) MoNocuLAR VISION.
I. The Dioptric Mechanism.

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

Cornea . . 133 Lens . . 145
Aqueous . 133 Vitreous . 133

When a ray of light passes from a mediumn of lower into
one of higher refractive index, it is bent towards a line
drawn at right angles to the surface (fig. 65), and, conversely,
in passing from a medium of higher into one of lower re-
fractive index, it is bent away from a line at right angles to
the surface.

Light therefore passes from a medium of one refractive
index into a medium of another refractive index (fig. 65)—

1. At the anterior surface of the cornea, from a medium
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of lower to one of higher refractive index, so that the
peripheral rays are bent towards the perpendicular. Since
in the horse the curvature of the cornea is less in the
horizontal plane, rays of light in this plane are less refracted.

2. At the anterior surface of the lens, from lower to
higher, so that the rays are again bent in the same way.

3. At the posterior surface of the lens, from higher to
lower refractive index, so that the rays are bent away from
the perpendicular, that is, again towards the axial ray.}.

The degree of bending depends upon—1st, The difference
of refractive index ; 2nd, The obliquity with which the light

F16. 65.—To show how parallel rays are brought to a focus on the retina
by refraction at the three surfaces (a), anterior surface of the cornea;
(b), anterior surface of the lens ; and (c), posterior surface of the lens.

hits the surface. This will vary with the convexity of the
surface.

The posterior surface of the lens has the greatest convexity
with a radius of 6 mm. The anterior surface of the cornea
has the next greatest, with a radius of 8 mm. The anterior
surface of the lens has the least, with a radius of 10 mm.

A ray of light passing obliquely through these media will
be bent at the three surfaces proportionately to the curvature
of each.

These media, in fact, form the physiological lens, a com-
pound lens composed of a convexo-concave part in front,

1



146 VETERINARY PHYSIOLOGY

the cornea and aqueous, and a biconvex part, the crystalline
lens, behind. In the resting normal eye (emmetropic eye) the
principal focus is exactly the distance behind the lens at
which the layer of rods and cones in the retina is situated,
and thus it is upon these that light, coming from luminous
points at a distance, is focussed.

2. Near Vision—Positive Accommodation.—If an object is
brought nearer and nearer to the eye, the rays of light enter-
' ing the eye become more and more
divergent, and if the eye be set so
that rays from a distance—a.e.
parallel rays—are focussed, then
Fic. 66.—To show that rays Tays from a nearer object will be

from distant and near focussed behind the retina, and a

Oplects are not focussed on () oar image will not be formed

(fig. 66). This means that near

and far objects cannot be distinctly seen at the same time,

a fact which can be readily demonstrated by Scheiner’s
Ezxperiment (Practical Physiology).

Make two pinholes in a card so near that they fall
within the diameter of the pupil. Close one eye and place
the holes in front of the other. Get someone to hold a
needle against a sheet of white paper at about three

F16. 67.—8cheiner’s Experiment represents rays from the near needle
when it is looked at, and - - - - rays from the far needle.

yards from the eye, and hold another needle in the same
line at about a foot from the eye. When the near needle
is looked at, the far needle becomes double (fig. 67).

In man it is found that objects at a greater distance than
6 metres may practically be considered as “ distant,” and that
they are focussed on the retina.

Objects may be brought nearer and nearer to the eye, and
yet be seen distinctly up to a certain point, the near point of
accommodation within which they cannot be sharply focussed
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upon the retina. This, however, requires a change in the lens
arrangement of the eye,and this change, beginning in man when
the object comes within about 6 metres (the far point of accom-
modation), becomes greater and greater, till it can increase no
further when the near point is reached. The change is called
positive accommodation, and it consists in an increased
curvature of the anterior surface of the lens. This may be
proved by examining, in a dark room, the images of a candle
formed from the three refracting surfaces (Sanson’s images),
when it will be found that the image from the anterior surface
of the lens becomes smaller and brighter when the eye is
directed to a near object. The examination of these images
is facilitated by the use of the Phacoscope (Practical
Physiology).

Positive accommodation is brought about by contraction
of the ciliary muscle (see p. 139), which pulls forward the
ciliary  processes to
which the hyaloid
membrane is attached,
and thus relaxes the
suspensory ligament of
the lens and the front
of the lens -capsule,

and allows the natural -Fic.88.—Mechanism of Positive Accommoda-

ol tion. The continuous lines show the parts
elasmc“’y of the lens to in negative accommodation, the dotted

bulge it forward(fig. 68). lines in positive accommodation.

This change of posi-
tive accommodation is accompanied by a contraction of the
pupil due to contraction of the sphincter pupille muscle.
By this mesns, the more divergent peripheral rays which would
have been focussed behind the central rays to produce a
blurred image are cut off, and spherical aberration is prevented.

The muscles acting in positive accommodation — the
ciliary and sphincter pupille—(fig. 69, C.M. and S.P.)
are supplied by the third cranial nerve (I/II.), while the
dilator pupille is supplied by fibres passing up the
sympathetic of the neck. The centre for the third nerve is
situated under the aqueduct of Sylvius, and separate
parts preside over the ciliary muscle and the sphincter pupille.
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The sphincter centre is reflexly called into action, and the
pupil contracted—

1st. When strong light falls on the retina and stimu-
lates the optic nerve. In this way the retina is pro-
tected against over-stimulation. The two eyes act together
in this reflex ; if one be covered the pupils of both eyes
dilate. In the horse the light-reflex is sluggish.

2nd. When the image upon the retina becomes blurred
as the object approaches the eye and the centre for the

ciliary muscle is called into play to produce accommoda-
tion.

M.
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F1c. 69.—Nerve Supply of the Intrinsic Muscles of the Eye (see text).

3rd. The sphincter centre is also stimulated by
morphine and other drugs, and in the first stages of
asphyxia. In chloroform anmsthesia the pupil at first
responds to light, later, when the anesthesia is full, it
is contracted. If the chloroform is pressed further, it
dilates and does not respond to light. This is a danger
signal.

4th. In sleep the pupil is contracted.

The centre for dilatation of the pupil is situated in the
medulla oblongata  Like the centre of the sphincter it may
be reflexly excited stimulation of ingoing nerves causing
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a dilatation of the pupil when the medulla is intact
(fig. 69).

The dilator fibres pass down the lateral columns of the
spinal cord to the lower cervical and upper dorsal region,
where they arborise round cells in the anterior horn (cilio-
spinal region). From these, fibres pass by the anterior root
of the second (Fig. 69, 2 D.N.), possibly also of the first
and third dorsal nerves, and, passing up through the
inferior cervical ganglion, run on to the superior ganglion,
where they arborise round cells which send axons to the
Gasserian ganglion of the fifth cranial nerve (V.), which
course through this and pass along the ophthalmic division
and its long ciliary branches to the dilator fibres of the
iris (D.P.).

There is evidence of the existence of a peripheral
mechanism in the iris. The pupil may be seen to contract
and dilate in the eye of a cat after decapitation, and various
drugs act directly upon it. Atropin causes a dilatation and
physostigmin and pilocarpin cause a contraction. Adrenalin
causes dilatation when placed in the eye of a mammal, but
only after removal of the superior cervical ganglion of the
same side, which seems to render the peripheral mechanism
more sensitive. A nerve plexus exists in the iris, and this
probably acts upon the muscular fibres.

3. Range of Accommodation.—The power of positive accom-
modation varies at different ages, being greatest in young
animals, because in early life the lens is most convex and
more elastic.

Presbyopia.—The ‘““range of accommodation,” i.e. the
difference between the ‘“near point” and the *far point,”
steadily decreases as age advances till the condition of
Presbyopia—old-sightedness—is produced.

Imperfections of the Dioptric Mechanism.

(1) Hypermetropia.—The eye may be too short from before
backwards, and thus, in the resting state, parallel rays are
focussed behind the retina, and, in order to see even a distant
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object, positive accommodation is required. ~As the object is
approached to the eye, it is focussed with greater and greater

e
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Fia. 70.—To illustrate Presbyopia, Hypermetropia, and Myopia.

e b

myopic

4, emme-

tropic eye; B, presbyopic eye; C, hypermetropic eye; D, myopioc eye;
N.P.o, the near point, and F.P.x, the far point of accommodation.

difficulty, and the near point is further off than in the

emmetropic eye (fig. 70, C).

This long-sighted eye differs from the slightly presbyopic

B

Fic. 71.—To show the cause of Astig-
matism. 4, a slight curvature of
the cornea in the vertical plane; B,
more marked curvature in the hori-
zontal plane, leading to rays from b
--a horizontal line—being focussed
in front of the retina when a—a
vertical line—is looked at.

in the fact that not merely
divergent, but also parallel
rays, are unfocussed in the
resting state.

(2) Myopia.—In certain in-
dividuals the antero-posterior
diameter of the eye is too
long, and, as a result, parallel
rays — rays from distant
objects—are focussed in front
of the retina, and it is only
when the object is brought
near to the eye that a
perfect image can be formed.
In myopia no positive accom-

modation is needed till the object is well within the
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normal far point. The near- point is approximated to the
eye (fig. 70, D).

(3) Astigmatism is a defect due to unequal curvature of
one or more of the refracting surfaces in different planes.
If the vertical curvature of the cornea is greater than the
horizontal when a vertical line is looked at, horizontal lines
cannot be sharply focussed at the same time (fig. 71).

Errors of refraction are common in the horse, astigmatism
being present in something like fifty per cent.

II. Stimulation of the Retina.

1. Reaction to Varying Illuminations.

(1) The Blind S8pot.—At the entrance of the optic nerve
the retina cannot be stimulated because there are no end-
® A

/s ’

a b

F16. 72.—Methods of demonstrating the Blind Spot : a, by Mariotte’s experi-
ment ; b, Area subtending the Blind Spot in which objeots cannot be seen.

organs in that situation. The existence of such a blind spot
may be demonstrated in man—

1st. By Mariotte’s experiment, which consists in making
two marks in a horizontal line on a piece of paper, closing
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the left eye, fixing the right eye on the left-hand mark with
the paper held at such a distance from the eye that both
marks are visible, then bringing the paper nearer to the eye,
when the right-hand mark will first disappear. When the
paper is brought still nearer it will reappear (fig. 72, a)
(Practical Physiology).

2nd. By making a mark on a sheet of paper, and, with
the head about a foot from the paper, moving the point of a
pencil to the right for the right eye, or to the left for the left
eye, when the point will disappear and again reappear.
The eye is blind for all objects in the shaded region
(fig. 72, a, b) (Practical Physiology). By resolving the
various triangles, the distance of the blind spot from the