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PREFACE

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-
seriptions of the experimental and chemical work which the
student should try to do for himself or have demonstrated
to him. The histological structure of the tissues and organs
which is now studied practically in every school is here
described only in so far as it is essential for the proper
understanding of their physiology.

D.N. P

vii



Digitized by Microsoft® . -

-



CONTENTS

PART 1
SECTION I

ProTOPLASM
SECTION I1

THE CELL .

A SECTION 111
THE TIsSUES

A. THE VEGETATIVE TISSUES—

Epithelium
1. Squamous
2. Columnar
3. Secreting
4. Ciliated

Connective Tissues—
1. Mucoid .
2. Fibrous
3. Cartilage
4. Bone

B. THE MasTER TiSSUES —MUSCLE AND NERVE—

Muscle

2. In Action
a. Skeletal
b. Visceral

3. The Chemical Changes in Muscle and Source of Eneroy

evolved
4. Death of Muscle

1. At rest— Structure, Chenuatx) and Physwal Characters ’

PAGE

13

20

20
20
21
22

25

25
25
30
32

37
37
42
42
70

64
72



Nerve

CONTENTS

1. Structure and Developmmt
2. Chemistry of Nerve .
3. Physiology of Nerve

SECTION 1V

I. TuE NEURO-MUSCULAR MECHANISM .

1. Neural Arcs

2. Mode of Action of \'eural Arcs
3. Fatigue of Neuro-Muscular Mechanism
4. The Chief Receptor Mechanisms
a. Intero-ceptive Mechanism
b. Proprio-ceptive Spinal Mechanism
c. Extero-ceptive Mechanism

(a) Contact —1.
2.
3.
(b) Distance—1.
2.
3.

Tactile Sense
Thermal Sense .
Taste, Sense of .
Smell, Sense of
Sight, Sense of
Hearing, Sense of

d. Proprio-ceptive Mechanism of the Head

5. The Connections between the Receivingand Reacting Mechamsms

II. CeExTRAL NERVOUS SYSTEM—

A. Spinal Cord
B. Medulla .

C. Region of Pons Varolii

Cerebellum

D.
E. Crura Cerebri and Corpora Quadrlgemma

. Cerebrum

PART II

THE NUTRITION OF THE TISSUES

Broop AxD Lyypr

A. Blood
B. Lymph

SECTION V

Fruips Baraixg THE TISSUES

PAGE

73
76
T

87

87

90

99
104
105
107
108
108
110
113
115
116
138
147
149

157
167
173
174
179
180

202

202
299



CONTENTS X1

CIRCULATION—
PAGE
1 General Arrangement . . . : . : -1 1225
. The Central Pump—The Heam. . : . . . 227
3 Circulation in the Blood and Lymph Vessels : . : . 258

SECTION VI
SUPPLY OF NOCURISHING MATERIAL To THE BLooD AND LyMmrH, aND
ELMINATION OF WASTE MATTER FROM THEM

I. RESPIRATION ! g . . ! . . . ) . 204
1I. Foop axp DicestioN . . e . . . . . 326
a. Food g o . . . . . . . . . 326
b. Digestion . . 5 o 5 5 5 5 . . 337
¢. Absorption of Food . 5 5 : 5 . . . . 379
d. Fate of the Food Absprbed . . . . . . . 381
e. General Metabolism . . . . . . . . . 392
f. Dietetics . s I . : . . R . . 397

SECTION VII
INTERNAL SECRETIONS OR HORMONES—
Their Production and Action 2 . . . . . . 404

SECTION VIII
ExcrETION oF MATTER FROM THE BoDY—

1. Excretion by the Lungs (see p. 294).
2. Excretion by the Kidneys—

Urine . 5 . c 5 5 e . 414

Secretion of Urme—Kldney c . . ? . . 423

3. Excretion by the Skin . o c ol MW =, .. 428
PART III

ReprobpucTION . . . oW ol o L 5 ... 432

APPENDIX . . s o ] 5 o o . 1

INDEX . . . c 0 o < . 5 . . . 449

ERRATA . . 3 3 5 . o 5 . c . . 464



Digitized by Microsoft ®

-




INTRODUCTION

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

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

From the early metaphysical speculations to such true
inductions was a great stride, for a scientific method of advance
had been established. 1

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

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

s



xiv INTRODUCTION

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

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

The original conception of the cell was very different from
that which we at present hold. 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 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, and this substance Von Mohl named
protoplasm, by which name it is since generally known.

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

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

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

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

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

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

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

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

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

d. Chermical changes in the tissues generally—
Metabolism and Heat Production.

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

5. Reproduction and Development.
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PART I
SECTION I
PROTOPLASM

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.

1. Structure.—DProtoplasm is a semi-fluid transparent viscous
substance. It usually occurs in small individual particles—

(%)

(c)

F16. 1.—(a) Foam structure of a mixture of Olive Oil and Cane Sugar ; (b) Reticu-
lated structure of Protoplasu ; (c) Reticulated structure of Protoplasm in
the cell of an earth-worm (after BUTscHLI).

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

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

sponge, or like the films of a mass of soap-bubbles, with a more
Jo °



2 VETERINARY PHYSIOLOGY

fluid interstitial part. In all protoplasm, therefore, there seems
to be a certain amount of organisation, and in certain ecells this
organisation becomes very marked indeed.

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

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 cha.racters of protoplasm. ‘

Its physiology may be studied by placing a few torule in a
solution, containing glucose, C;H,,0,, and urea, CON,H,, with
traces of phosphate of soda, Na,HPO,, and sulphate of potash,
K,S0,.

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

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

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

1. If the yeast be mixed with the solid constituents of the
solution in a dry state no growth or reproduction occurs.
Waler is essential.

2. If the yeast, mixed with the solution, be kept at the
freezing point no growth takes place, but this proceeds actively
at about 36° C. 4 certain temperature is mecessary for the
vitality of protoplasm. In the absence of these conditions, proto-
plasm is only potentially alive, and in this state it may remain
for long periods without undergoing any change, as in the seeds
of plants and in dried bacteria.

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

- (@) The chemical elements in protoplasm are carbon, hydro-
gen, oxygen, nitrogen, sulphur, and phosphorus. These elements
are coutained 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.

(6) The energy is got by the breaking down of the sugar,
C4H,,0q, into aleohol, C,H,O, and carbon dioxide, CO,. Such a
breaking down of a complex into simpler molecules liberates
energy, as is well seen when nitro-glycerine explodes, breaking
into carbon dioxide, water, oxygen, and nitrogen—

2C,H,(NO,),=6C0,+5H,0+0+6N.

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

How does protoplasm liberate the potential energy of such
substances ?

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

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

C12H22011 + H20 =2 (CeHmoe)-

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

The precise way in which such katalytic actions are brought
about is still not quite clear, but there is evidence that the
agent acts as a middle-man between the reacting substances, in
the case of H,0, taking up the O and then liberating it—in the
case of the decomposition of cane sugar taking up H,0 and
handing it on; just as 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 and hand it on to
the glucose, thus making the oxidation more rapid.

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

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

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

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

The rate of these chemical processes may be quickened or
slowed by changes in the surroundings, and such changes are
called stimuli. If the stimulus increases the rate of change, it
is said to 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 water.

While the continuance of these chemical changes in proto-
plasm is life, their stoppage is death. For the continuance
of life the building-up changes must be in excess of or equal
to the breaking-down. The evolution of energy must be
sufficient for growth and maintenance. It is only the surplus
over this which is available for external work. In youth the
surplus energy is largely used for growth, in manhood 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
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of the tissue constitute the processes of Neerobiosis, and their
study is of importance in pathology.

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

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

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

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

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

PROTEINS

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

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

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

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

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

c. H. N. S. 0.
52 7 16 1 24

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

As regards the number of atoms of these elements which
go to form a single molecule, information has been obtained
by studying compounds with varions metals. The following
probable formula of the molecule of the chief protein of the
white of egg is given simply to show how complex these
substances are : C,y H;0,N;,04,S,.

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

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

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

Native Proteins. 2% [3 §6'| I \
2 §T [BEq, O
& by B S 7S O
3~ 848 |\
Proteoses. Q‘Z_EE' o @
5
Peptones. ,g - @
o | B I
Polypeptides. ;‘ 5 (I)
@ =
2 = |
Dipeptides. 2 3 O
il et BN R
Amino Acids 3 .~ O D '®) e} o
(mono- and di-).| ¥
“ =
-
on o0
T 3% ¢ .
“ T2 7] = _E 3
£ 28 = £s £
E ES g EE €
< < < -] =)
| 4

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

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

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

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

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

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

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

H—C—C—H
[/
H—C C—H
N
N
l
H

They are seen in indol and its derivatives, where a phyrrhol
ring is attached to the benzene ring, thus

I\
l/ I
|_x
NSNS
X
i

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

The presence of indol in the protein molecule explains the
purple reaction when a protein is treated with glyoxylic acid
and sulphuric acid—Adamkiewicz’s reaction.
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9. Synthesis of the Produects of Disintegration

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

)5 C0(0) (@5 METERE 150~ ©

B Ry o A
§>N-—C—C LN | SIS ' -

| |

H H

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

Glycyl-glyein.

This he calls glycyl-glycin,—the amino acids which have lost
the OH of the acid being characterised 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 pyrrhol derivative,

pyrrholidine carbonic acid, or prolin as he calls it, into
polypeptides.

(C) Classification of the Proteins!
(A) Simple Proteins

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

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

d 'Ijhe general tests for proteins and the methods of separating the different
proteins must be studied practically. (Chemical Physiology.)
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solution, and by being precipitated from solution by half
saturating with ammonium sulphate.

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

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

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

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

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

(B) Conjugated Proteins

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

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

(2) Nueleins, so called because their existence was first
demonstrated in the nuclei or central parts of the cells of the
body, may readily be split into a protein part and into nucleie
acid, a phosphorus-containing material of definite composition,
having an acid reaction, and containing about 10 per cent. of
phosphorus. In certain places the amount of nucleic acid is
large in proportion to the protein, in others it is small. The
term nuclein is usually confined to the former, nucleo-albumin
to the latter of these. From the pure nucleic acid, which
occurs along with protamine in the heads of spermatozoa, to the
proteins almost free of phosphorus there is a continuous series.
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Nucleic acid, when decomposed, yields phosphoric acid and a
series of bodies called the purin bodies which belong to the
class of diureides, and consist of two more or less modified urea
molecules linked together by an oxy-acid with three carbons
in series (see p. 427).

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

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

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

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

(C) Sclero-Proteins

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



SECTION II
THE CELL

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

(A) Cell Protoplasm

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

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

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

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

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

1 The micro-millimetre is the yg5pth of a millimetre.
13
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the frog or newt. Processes are pushed out, and these are
again withdrawn, or the whole cell may gradually follow the
process, and thus change its position. The processes are callgd
pseudopodia (false feet), and the mode of movement, from 1ts
resemblance to that seen in the ameeba, is called amceboid.

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

F16. 2. —Diagram of a Cell to show structure of Protoplasm and Nucleus. In
the protoplasm—4d, attraction sphcre enclosing two centrosomes; V7,
vacuole ; C, included granules ; D, plastids, present in some cells. In the
nucleus—Z£, nucleolus ; ¥, chromatin network ; @, linin network; X,
karyosome or net-knot (WiLsoN).

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

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

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

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

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

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

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

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

(B) Nucleus

(1) structure.—The nucleus, seen with a moderate mag-
nifying power, appears in most cells as a well-defined circular
or oval body situated towards the centre of the cell (figs. 1 (c)
and 2). 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, etc. In some cells
the nucleus is irregular in shape, and in some it is broken
up into & number of pieces, giving the cell a multi-nucleated
character.

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

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

(2) Functions.—The part taken by the nucleus in the general
life of the cell is not yet fully understood. 1st. It exercises
an influence on the nutritive processes, sinece it has been
observed in certain of the large cells in lower organisms that
a piece of the protoplasin detached from the nucleus ceases to
grow, and, after a time, dies. Important interchanges of material
go on between the nucleus and the protoplasm. 2nd. It is
the great reproductive organ of the cell, probably playing an
important part in transmitting inherited characters (see p. 194).

Reproduction of Cells

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

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

centrosome becomes double, and the two portions travel from
2
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one another, but remain united by delicate lines to form a
spindle-shaped structure (fig. 3, 1). The spindle passes into
the centre of the nucleus, and seems to direct the changes in the
reticulum. The nuclear membrane disappears, and the nucleus
is thus not so sharply marked off from the cell protoplasim.
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

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

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

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

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

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

The single 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 accom-
plished (fig. 3, 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 reproductive
function, the amount of phosphorus—i.e. of nucleic acid—
diminishes, and may be actually less than the amount in the
cell protoplasm.

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 I1I
TuHE TiSSUES

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

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

(4) THE VEGETATIVE TISSUES

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

I. EPITHELIUM
1. Squamous Epithelium—

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

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

interfered with, and the protoplasm undergoes a change into a
20
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body eclosely allied in composition to the proteins, keratin.
This substance is a hard, horny material, which is well seen in
the nails and hair, and in the
horns and hoofs of certain
animals. It first makes its ap-
pearance as a number of little
masses or granules in the cells,
and these run together to fill
the cells which from pressure
become flattened out into thin L
fpsive. ’ Fie, 4.—Stratified Squamous Epi-

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

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

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

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

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

The simplest form of gland is the simple tubular—a test-
tube-like depression, lined by secreting cells. Instead of
being simple, the tube may be branched, when the gland is
said to be racemose, In many glands the secreting epi-
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Fic. 5.—(a) Columnar Epithelium from the small intestine ; (b) Ciliated
Epithelium from the trachea.
thelium is confined to the deeper part of the tube, the
alveolus or acinus (fig. 6), while the more superficial part
is lined by cells which do not secrete, forming the duet.

In many situations several simple glands are grouped
together, their ducts opening into one common 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, ete.
The acini containing such cells are usually large. The cells
themselves are large, and are placed on a delicate basement
membrane, a condensation of the subjacent fibrous tissue,
which bounds the acinus. The nuclei are situated near
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to the attached margin of the cells, which are somewhat
“irregular in shape, and are packed 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 condi-
tion, the cells are large, and pressed closely together. Their
protoplasm is filled with large shining granules. After treat-
ment with reagents, each cell becomes distended with clear,
transparent mucin formed by the swelling and coalescence
of the granules. i

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

Fie. 6.—A Zymin-secreting Gland, to show an acinus lined by secreting
cells containing zymogen granules and the duct.
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 of great importance in the animal
economy. When precipitated and freed from water it is
white and amorphous. On the addition of water it swells
up and forms a glairy mass. In the presence of alkalies it
forms a more or less viscous solution, and from this solution
it is precipitated by acetic acid. In composition it is a pro-
tein- linked to a molecule allied to the sugars, glucosamine
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CeH,NH,O;, and is therefore called a glyco-protein. When
boiled with an acid it yields sugar. (See Chemical Physiology.)

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

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

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

When "the gland has been actively secreting, the granules
become fewer in number, and are confined to the free ex-
tremity of the cell; they are obviously passing out. The
cell becomes smaller, and its outline is more 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 active.
Hence, the granules are said to be composed of zymin-
forming 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, sweat glands,
sebaceous glands, mammary glands, and perhaps in the liver.
The cells are composed of a granular protoplasm, in which the
presence of the material to be excreted either in its fuily
elaborated condition, or in process of preparation, may fre-
quently be demonstrated—e.g. fat globules, iron containing
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particles. These cells do not merely take up material from the
blood and pass it out, but they may profoundly alter it before
getting rid of it.

4. Ciliated Epithelium (fig. 5, p. 22).—The cells are usually
more or less columnar, and the free border is provided with a
series of hair-like processes, the 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 direc-
tion, and then again assuming the erect position.

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

As a result of this constant harmonious rhythmic movement,
any matter 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.

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 ciliary movement, which
may thus be taken as an index of the protoplasmic activity.

II. CONNECTIVE TISSUES

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

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

The connective tissues are thus clearly distinguished from
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the epithelia by having the formed material betueen and not
in the cells. They are composed of the following parts: —
I. Formed material.
(a) Fibres.
(b) Matrix.
I1. Spaces (Connective Tissue Spaces).
ITI. Cells.

1. Formed Material.—(A) Fibres (fig. 9)—1st. Non-elastic
(White Fibres). These are delicate, transparent fibrils arranged

F16. 7.—Mucoid Tissue from an emltryo rabbit.
in bundles, which do not branch, and which have a mucin-like

matrix between them. They are composed of a non-elastic
substance, collagen. This is closely allied to the proteins, and

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

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

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

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

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

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 ordinary tendous, where no elasticity is 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 arrangement of
the fibres. In the loose areolar tissue under the skin they are very
large and irregular, in fascia they are flattened, while in tendon,
where the fibres are in parallel bundles, they are long channels.

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

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

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

F1c. 10.—Fat Cells stuined with osmic acid, and lying alongside
a small blood vessel.
sary to stain with nitrate of silver, which has a special affinity
for the interstitial substance, and which thus forms a series
of black lines between the cells.

(B) Fat Cells.—In the areolar tissue of many parts of the
body fat makes its appearance in the cells round the smaller
blood vessels, and when these cells occur in masses Adipose
T'issue is produced. :

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

If the animal be starved, the fat gradually disappears out of
the cell, and in its place is left a clear albuminous fluid which
also disappears, and the cell resumes its former shape.
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The fats are esters usually of the triatomic aleohol glycerin—
OH
C,H 5{ OH
OH

by the replacement of the hydrogen of the hydroxyl molecules

by the radicles of the fatty acids.
The most abundant fatty acids of the body are : —

Palmitic Acid, C,;H,,0,0H
Stearic Acid, C;H,.0,0H
Oleic Acid, C;gH,,0,0H

_and from these the three fats—

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

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

Olein, C;H;(0,C;3Hy;0); = CyrH,0,
are produced.

It will be observed that the molecules of these fats are
very rich in carbon and hydrogen, and very poor in oxygen—
i.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 aleohol cools,
they separate out as crystals. They differ from one another in
their melting point, palmitin melting at the highest and olein
at the lowest temperature. Fat which is rich in palmitin
and stearin, as ox fat, is thus hard and solid at the ordinary
temperature of the air, while fats rich in olein, as dogs’ fats, are
semi-fluid at the same temperature. The olein acts as a solvent
for the fats of a higher melting point. (For tests, see Chemical
Physiology.)

The functions of adipose tissue are twofold :—

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

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

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

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

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

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

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

(1) Hyaline Cartilage—Development, however, usually goes
further, and before the capsule has hardened, the cartilage cells
again divide, and each half forms a new capsule which expands
the original capsule of the mother cell, and thus increases the
amount of the formed material. This formed material has a
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homogeneous, translucent appearance, and a tough and elastic
consistence, and cuts like cheese with the knife (fig. 11).
The formed material of cartilage is not a special substance, but

“a mixture of chondroitin-sulphuric acid with collagen in com-

bination with proteins. Chondroitin when decomposed yields
glucosamine, a sugar-like substance containing nitrogen, and

glycuronic acid, another substance closely related to the sugars
-~ (p- 23).

Cartilage is surrounded by a fibrous membrane, the peri-
chondrium, and frequently no
hard and fast line of demarca-
tion can be made out between
them. The fibrous tissue gradu-
ally becomes less fibrillated—
the cells become less elongated
and more oval, as if the inter-
fibrillar substance increased in
amount and became of the same
refractive index as the fibres.
During old age a fibrillation of
the homogeneous-looking carti-
lage is brought out, especially Net:f
in costal cartila,ge’ by the de- Fia. 11.-—'—Hya1§ne Cart.ilage covered
position of lime salts in the Dyeppuichong e
matrix, between the fibres. It was long ago shown that in
inflammation of cartilage this fibrillation appears; and by
digesting in baryta water, a similar structure may be brought
out. The close connection of cartilage with fibrous tissue is
thus clearly demonstrated.

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

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

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

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

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

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

At the centre of ossifica-
‘ ) , , tion the matrix between the

_%_‘ "R *,.’ s "y fibres becomes impregnated

F1e. 12.—Intra-membranous Bone i)evelop- with lime salts, Chieﬂy the

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

Above, the process of ossification is seen How this deposition takes

shooting out along the fibres, and on the . $
lower surface the process of absorption is place . : n,Ot' known; and
going on. Two osteoclasts—large multi- 110w far it is dependent on

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

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

It is by the extension of the calcifying process outwards,

- and the burrowing out of the central part of the bone, that

the diploé and cancellous tissue are produced.
Intra-cartilaginous Bone Developmeni.—In the bones pre-
formed in cartilage, the process is somewhat more complex,
although all the bone is formed in connection with fibrous
tissue, the cartilage merely playing the part of a scaffolding
and being all removed. Where the adult bone is to be pro-
duced, a minute model is formed in hyaline cartilage in the
embryo, and this is surrounded by a fibrous covering, the
perichondrium. In the deepest layers of this perichondrium
3
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the process of calcification takes place, as described above,
and spreads outwards, thus encasing the cartilage in an ever-
thickening layer ‘of bone (fig. 13). This was demonstrated
by inserting a silver plate under the periosfeum, and showing
that bone was deposited outside of it.

At the same time, in the centre of the cartilage, at what
is called the centre of ossification, the cells begin to divide
actively, and, instead of forming new cartilage, eat away
their capsules, and thus open out the -cartilage spaces
(fig. 13). Into these spaces processes of the perichondrium
bore their way, carrying with them blood vessels, and thus
rendering the cartilage vascular (fig. 13). The vas-
cularisatién of the centre of the cartilage having been
effected, the process of absorption extends towards the
two ends of the shaft of cartilage, which continues to
elongate. The cartilage cells divide and again divide, and,
by absorbing the material between them, form long irregular
canals running in the long axis of the bone, with trabecule
of cartilage between them. Into these canals the processes
of the periostenm extend, and fill them with its fibrous
tissue. A deposition of lime salts takes place upon the
trabecul®, 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 trabecule
become calcified, they are absorbed, while the active changes
extend farther and farther from the centre to the ends of
the shaft. The centre is thus reduced to a space filled by
fibrous tissue which afterwards becomes the bone marrow.

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

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

F16. 14. —Cross section through part of the shaft of an adult long bone to show
the arrangement in lamelle distributed as Haversian (1), interstitial
(2), peripheral (3), and medullary (4).
end of the bone one or more similar centres of ossification
form. These are the epiphyses. Between these and the
central rod of bone—the diaphysis—a zone of cartilage
exists until adult life, when the bones stop growing. In
this zone, the cells arrange themselves in vertical rows, divide
at right angles to the long axis of the bone and form
cartilage. This cartilage as it is formed is attacked by the
bone-forming changes at the diaphysis and epiphyses, but
the amount of new cartilage formed is proportionate to this,
and thus a zone of growing cartilage continues to exist until
early adult life, when epiphyses and diaphysis join and
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growth in length is stopped. The rate and extent of this
growth of the cartilage has an important influence on the
growth of the individual.

(2) CuEMISTRY.—The composition of adult boune 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 points to be remembered are the small amount of
water, the large amount of inorganic matter, chiefly caleic
phosphate, and the nature of the organic matter—collagen.

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

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

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

I. MUSCLE

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

1. MuscLE AT REST

Structure : Chemistry and Physieal Characters

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

1. Structure of Muscle

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

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

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

This consists of three parts—

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

2. The Muscle corpuseles consist of little masses of . proto-
plasm each with a nucleus, which lie just under the sarcolemma.

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

a b
Fi16. 15.—(a) Fibres of Visceral Muscle ; () Fibres of Skeletal Muscle to show

sarcolemma, muscle corpuscles, and sarcous substance composed of fibrils
showing transverse markings.

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

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

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

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

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

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

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

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

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

2. Carbohydrates.—Glucose (C4H,0,) is present in muscle,
as in all other tissues.

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

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

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

5. Sarecolactic Acid.—Hydroxy-propionic acid—

H OH O
I A4
H—C—C—-C—0—H

&
H H

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

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

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

NH CH,
I
H2N—C—N|—H
If this is linked to acetic acid—

H—NCHy| H 0

Lol
H,N—C—N--C—C-—0OH

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

3. Physical Characters of Musele

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

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

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

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

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

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

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

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

2. MUSCLE IN ACTION
A. Skeletal Muscle

1. Methods of making Musele Contract

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

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

To answer this, some means of throwing the nerves out of
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action must be had recourse to. If curare, a South American
arrow poison, be injected into an animal—e.g. into a frog, the
brain of which has been destroyed—it soon loses the power of
moving. When the nerve to a muscle is stimulated, the muscle
no longer contracts. But, if the muscle be directly stimulated by
any of the various agents to be afterwards mentioned, it at once
contracts.

It might be urged that the curare leaves unpoisoned the
endings of the nerve in the muscle, and that it is by the
stimulation of #iese that the muscle is made to contract. But
that these are poisoned is shown
by the fact that if the artery to
the leg be tied just as it enters
the musecle, so that the poison
acts upon the whole length of
the nerve except the nerve end- .

g 3 3 2 F16. 16. —Curare Experiment to show
REs-n the muscle, stimulation sciatic nerves exposed to curare, but
of the nerve still causes muscu- nerve endings protected on the left
lar contraction. Only when the side; while on the right side the
curare is allowed to act upon the curare is‘ allowed to reach the nerve

5 : endings in the muscle,

nerve endings in the muscle does

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

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

Various means may be used to make the muscle eontract.

1st. Various chemical substances when applied to a muscle
make it contract before killing it, while others kill it at once.
Among the former may be mentioned dilute mineral acids and
metallic salts. (Practical Physiology.)

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

M. deftoid.
(aaterior balf)
M, triceps (loog besd)
Museulo-
culancous .
M. tricops (inner besd) M. biceps brach
M. bragh.
Tnar n. { \ ioternus
} Medtan x.
i A L. supi longus
Y
3 \
M. Sexor carp! olparis ‘ \* Mp &
M. flex. digitor. commun. 2 \“ .
253l : [ M. fex. carpi ndiatis
LL flex, digitor. sublim, b— M. Sz, digitar. sublim.
(digiti 1, et 1IL)
AL flex, digh, sabl. it H. fcx. polilcis longus
l.ndkis';:'minlngld)l‘
Median n
Ulnar a.
M. palmaris brev. M pollia. drev
M. abd digits min, '3 poliicts
M. fliexor digit, min.
M. opponens digit. min,

M. fiex. poll, brev

Xm, lumbdricales { £ M. adductor pollic. Lrey

FiG. 17.—Motor Points of Arm.

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

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

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

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

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

It is the suddenness in the variation of the strength of the
current rather than its 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 cither
slowly or rapidly varied.

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

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

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

1. C.C :C.O
2. CC>CO
3.CKC CAO

How can these facts be explained ?
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. Electrotonus

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

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

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

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

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

effects under each pole. 3/, making or closing the current ; B, opening or
breaking the current. 17, weak ; M, medinm ; S, strong current.

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

When muscle is stimulated by induced electricity (fig. 20)

| ' '
Electric |
Current. ‘ 1 |
Make. Break. Make. Break.
l |
Contraction |
of Muscle. |
!
Kathode. Anode. Kathode. Anode.
Galvanic, Induced.

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

the question is much easier, for, with each make and break or
each sudden alteration in the strength of the primary eireuit,

Fie. 20.—Course of Electric
Current in primary circuit
(lower line), and in second-
ary circuit (upper line) of
an induction coil. Observe
that in the secondary the
make (upstroke) and break
(downstroke) are combined,
and that a stronger current
is developed in the second-
ary circuit upon breaking
than upon making the
primary circuit.

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

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

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

The most manifest change is an alteration in the shape of
the muscle. It becomes shorter and thicker., This anyone
can see by studying their own biceps muscle. Coniraction
of muscle, however, is not a necessary result of excitation.
Thus, a part of a muscle when dipped in water may fail to
contract when stimulated, but may mani-
fest its excitation by conducting the
impulse to the part of the muscle not in
the water and thus making it contract.

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

In these fibrils the shortening and
thickening is most marked in the dim

Fic. 21.—Contraction of
Skeletal Muscle — re-

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

These appearances may best be ex-
plained on the assumption that the fibrils
are the part of the fibre which shorten
and thicken, and that these fibrils chiefly

laxed above, contracted
below. 4 isa diagram
of the change ina fibril ;
B shows the shading of
the clear band ; and C
shows the absence {of
any alteration in the
influence of the two
bands on polarised
light.

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

Usually the contraction of s muscle occurs simultaneously

in all the fibres. This is because a nerve fibre passes to every
4
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muscular fibre, and sets all in action together. When, as
sometimes occurs in disease, the nervous echanism acts
abnormally, the muscular fibres may not all act at once, and
a peculiar fibrillar twitching of the muscle may be produced.

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

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

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

1st. The course of contraction.
2nd. The extent of contraction.
3rd. The force of contraction.

1st. Course of Contraction (fig. 22).

By attaching the muscle (3) to a lever (L), and allowing
the point of the lever to mark upon some moving surface,
a magnified record of the shortening of the muscle when
stimulated may be obtained.

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

A
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Fic. 22.—A, Method of Recording Muscular Contraction. B, Key to Parts of
Apparatus. A, Muscle attached to crank lever L. p.c., Primary circuit,
and, s.c., secondary circuit of an induction coil with short circniting key,
k', in secondary circuit. B, Galvanic cell, and, %, a mercury key for
closing and opening the primary circuit. 7.3, A lever moved by an
electro-magnet placed in the primary circuit and marking the moment of
stimulation. In A, a tuning fork beating 100 times per second is shown
recording its vibration on the drum.

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

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

The latent period is followed by the period of eontraction.

: At first it is sudden, but it
becomes slower, and finally
stops. Its average duration
in the frog’s muscle is about
1ioth second.

The period of relaxation
follows that of contraction,

Fic. 23.—Trace of Simple Muscle Trwitch and it depends essentially
(?.) showing periods of latency, contrac- s
tion, and relaxation ; record of moment ©1 the elasmmty of the

of stimulation (2); and a time record muscle, whereby it tends to

n}ade with a tuning fork vibrating 100 recover its shape when the

times per second (3). A : i

istorting force is removed.
The recovery is therefore at first fast and then slow, and it
lasts in the frog’s muscle about 1&5th second.

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

2nd. Extent of Contraction.

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

Z.’n'd. Force of Contraction is measured by finding what
weight the muscle can lift, and the absolute foree of a muscle
may be expressed by the weight which is just too great to be
!lfted. The lifting power of a muscle depends priwarily upon
1ts thickness or sectional area. The absolute force of a muscle
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may therefore be expressed per unit of sectional area. In
man the absolute force per 1 sq. em. is from 5000 to 10,000
grams. The force of contraction is, however, modified
by so many other conditions that no definite figure can
be given.

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

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

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

11. The Factors modifying the Contraction

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

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

3. State of the Musele.—(1) Continued Exercise—If a muscle
is made to contract repeatedly, the contractions take place more
and more sluggishly. At first each contraction is greater in
extent, but, as the contractions go on, the extent diminishes as
fatigue becomes manifest, and stimulation finally fails to call



54 VETERINARY PHYSIOLOGY

forth any response. This condition is probably caused by the
accumulation of the products of activity in the muscle acting as
poisons upon its protoplasm, for the same phenomena may be
induced by the application of dilute acids and certain other
drugs, and may be removed for a time by washing out the
muscle with salt solutions (fig. 24). (Practical Physiology.)

(2) Temperature—If a muscle be warmed above the normal
temperature of the animal from which it is taken, all the phases
of contraction becone more rapid, and the contraction is at first
increased in extent, but subsequently decreased in force. If,
on the other hand, a muscle be
cooled, the various periods are pro-
longed. At first the contraction
becomes greater and more power-
ful, but as the cooling process goes

) orf it becomes less and less, until
- ! ;t‘i;I::“;ﬁ:‘l"egl °;’1‘:1‘s‘(':‘1:‘_"f finally the most powerful stimuli

(1) the first trace ; (2) a trace Produce noeffect. Cooling has thus

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

Frace when fatigue has been (ﬁg. 24). (Pmctica,l Physiology.)

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

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

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

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

ST

2231
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Fie, 25.—Influence of increasing the Strength of the Stimulus upon the con-
traction of Skeletal Muscle. St., the stimulus; Con., the resulting
contraction. 4, a subminimal stimulus; B, the minimum adeqnate
stimulus ; C, the optimum stimulus.

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

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

l”“h..

a b

F1c. 26.—Influence of Load on a Muscular Contraction. (a) The effect of in-
creasing the load on the extent of contraction ; (b) the effect of load on
the course of contractiou.

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

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

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

If, to a frog’s muscle which takes -J;th of a second to contract
and relax, stimuli at the rate of five per second are applied, it
is found that a series of simple contractions, each with an
&b ¢ interval of {,th of a second between
them, is produced (fig. 27, 1). If the
stimuli follow one another at the rate
of ten per second, a series of simple
1 contractions is still produced, but now
with no interval between them.
AV If stimuli be sent more rapidly to
N the muscle, say at the rate of twelve
2 per second, the second stimulus will
cause a contraction before the contrac-
/ ] tion due to the first stimulus has

\( | entirely passed off (fig 27, z).  The

3 1 S
second contraction will thus be super-
Flgtlizu;oEr:T:l:e(l): t:};"{’l‘l:i]‘;f imposed on the first, and. it i§ found
(See text.) that the second contraction is more
complete than the first, and the third
than the second. But while the second contraction is markedly
greater than the first, the third is not so markedly greater than
the second, and each succeeding stimulus causes a less and
less increase in the degree of contraction until, after a certain
number, no further increase takes place, and the degree of con-

traction is simply maintained.

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

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

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

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

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

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

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

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

The muscles are arranged in opposing sets in relationship
to each joint—one causing movement in one direction, another
in the opposite direction—and named according to their mode
of action, flexors, extensors, adductors, abductors, ete. But
in the production of any particular movement—say flexion of
the forearm at the elbow—not only are the muscles manifestly
causing the movement in contraction, but the opposing group,
the extensors, are also in action to guide and direct the force
and extent of the movement. This Co-operative Antagonism
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F1c. 28.—The three types of lever illustrated by the movements
at the aukle joint.

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

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

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

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

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

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

IV. Work of Muscle

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

Since the work done depends upon the
weight moved and the distance through
which it is moved, the work-doing power
of muscle is governed by the force of
contraction, which determines the weight Fic. 29.—Influence of the
which can be lifted, and by the amount lellgt}’ gt ok

S the work done,
to which the musecle can shorten, for
this will govern the distance through which the weight may
be moved.

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

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

One factor requires special consideration, namely, the Load.

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

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

0 b 45 = 00
20 X 30 = 60-0
40 X 2:37 = 94-8
60 X 2:00 = 1200
80 X 175 = 1400
100 X 12 = 1200

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

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

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

The awverage working capacity of skeletal muscle may be
estimated as follows:—A labourer who raises 130,000 kilos
through one metre during his eight hours of work does a good
average day’s work. His muscles weigh about 25 kilos, and
thus each gram of his muscle will do 5 kilogram-metres per
diem, or 0-06 gram metres per second.

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

V. Heat Production in Muscle

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

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

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

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

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

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

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

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

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

VI. Electrical Changes in Muscle

When a muscle contracts certain electrical changes occur.
These may be best studied in the heart, which is a muscle
which can be exposed without injury. With other muscles
the injury inflicted in isolating thers sets up electrical currents

of injury (p. 42).

Fic. 830.—To show electric current of action in a muscle (@) compared with that
in a galvanic cell (b). The contracting part”of the muscle is shaded.
(9) Galyanoneter.

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

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

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

VII. Extensibility of Muscle

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

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

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

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

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

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

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

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

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

4+ Carbon dioxide.

+ Sarcolactic acid.

+ Nitrogenous extractives ?

— Glycogen. )

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

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

It has been found that the resting muscle constantly takes

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

Here we have at once evidence that muscle breathes, and
that this process of respiration is increased during muscular
activity. The affinity of muscle for oxygen is very great, so
great that it can actually
take oxygen out of chemical
combinations. If alizarin
blue be injected into the vein
of an animal, the blood be-
comes blue, but the muscles
remain colourless, having
reduced the pigment to a
colourless condition. When
freely exposed to air after
Fic. 31.—Respiration of muscle in a closed death, the blue colour re-

chamber. T

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

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

We shall afterwards find that blood contains sinall quantities
of glucose, C;H,,04.  As it passes through muscle it loses some
of this, even when the muscle is at rest, and a much larger
amount when the muscle has been active.

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

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

MUSCLE.

N S0 T X NS SARCOLACTIC ACID
UM BLOOD —>— 1 N T
S T T T cardon pioripe

{ GLUCOSE
CFAT
.OXYGEN

F16. 82.—Exchanges between muscle and blood.

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

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

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

This was long ago recognised, but the older experimenters
did not sufficiently realise that the excretions are modified

* by the amount and character of the food taken, and hence
their results are of little value. In studying the influence
of muscular work on the excreta, food must be withheld or
must be unvarying during the experiment.
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If this precaution is taken, it is found that the excretion
of the various elements composing muscle is modified by
muscular work.

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

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

WORK WORK WORWK

o2 co, co,
N
s ——MJ
REST  WORK REST  WORK REST  WORK
1 2 3
Fic. 83.—To illustrate the influence of Muscular Work upou the Exeretion of

Carbon and of Nitrogen—(1) in a fasting or underfed animal ; (2) in an
animal fed on proteins ; (3) in an animal on a normal diet.

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

But if the animal be well fed on an ordinary diet, contain-
ing proteins, carbohydrates, and fats, the performance of
muscular work increases the excretion of carbon proportion-
ately to the work done, but may cause only a very slight
increase in the excretion of nitrogen (fig. 33, 3).

From the increased excretion of nitrogen and carbon the
consumption of proteins may be calculated, since proteins
contain 16 per cent. of nitrogen  and 52 per cent. of carbon—
t.e. 34 times more carbon than nitrogen. Each gram of
nitrogen excreted thus represents the breaking down of 625
grams of protein, and it is accompanied by 3°4 grams of
carbon. If more carbon is excreted, it must come from
carbohydrates-or fat.
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Proceeding in this way, it is found that in the fasting
animal and in the animal fed on proteins, the museles get
their energy chiefly from proteins, but that in an animal on an
ordinary diet the musecles get it chiefly from the carbo-
hydrates and fats of the food.

An example of such an investigation may be given.
Suppose that an animal during a period of rest excretes
daily 10 grams of nitrogen, and that it then does 100,000
kgms. of work, and during the next three days the excretion
of nitrogen is raised 2 grams above the 10 per diem. This
means that 2x625=125 grams of protein has been decom-
posed. Now the amount of energy which can be liberated
from 1 gram of protein has been found to be equivalent to
1738 kgms. (kilogrammetres), and therefore the 125 grams
decomposed in the experiment is sufficient to yield 21,635
kgms. of energy, about 20 per cent. of the total energy
expended in -the work. The rest of the energy must be
derived from fats and carbohydrates.

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

Amount. Yielding Calories.
Proteins . A . . 2,300 9,500
Fats . 2 : . . 800 7,500
Carbohydrates . ; . 12,500 50,000
67.000

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

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

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

Muscle then is 2 machine which has the power of liberating
energy from proteins, fats, and carbohydrates, but it uses
proteins more especially in construction and repair.

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

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

B. Visceral Muscles

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

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

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

2nd. The rhythmic contractions and relaxations are not
equally manifest in all situations, nor are they so continuous ;
but they are well marked in the muscles around such hollow
viscera as the intestines, bladder, and uterus. Like the tonic
contractions, they are to a certain extent independent of nerve
action, but are influenced by it.

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

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

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

4. DEATH oF MUSCLE

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

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

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

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

1. Structure and Development

In unicellular organisms changes in the surroundings act
directly on the cell protoplasm, e.y. an amceba, 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 omne, as has been
shown in considering unilateral stimulation (p. 15). Even
among unicellular organisms—e.g. among the infusoria— animals
are found in which the cell is differentiated into a receiving
and reacting part. Poteriodendron, a little
infusorian sitting in a cup-like frame, con-
sists of a long process or cilium extending
up from a cell while a contractile myoid
attaches the cell to the floor of the cup.
When the cilium is touched the myoid con-
tracts, and draws the creature into the pro-
tection of its covering.

In more complex multicellular organism,

e.g. in medusa, the different parts are con-
nected to one another by a network of
protoplasmic¢ strands, which bring cach part .
5 g - , Frc. 34. — Poterio-
into relationship with the others, and thus dendron to illus-
secure co-ordinate reaction to any stimulus. trate the first stage
A similar network exists and performs im- in the evolution of
portant functions in the wall of the aliment- ~ * "~ mivseiy
ary canal of vertebrates. L 4

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

a b .
Fie. 35. —To show a receiving (c) and a reacting Neuron (a), each with dendrites

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

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

F16. 36.—(a) A Nerve Cell with Nissl’s granules ; (b) a similar cell
showing changes on section of its axon,
divided into the receiving and reacting series, but in structure
they are alike.

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

These cells give off at least one process, which continues for
some distance, as the axon. Frequently other processes are
given off, which may either pass away as fibres, or may, while
still in close proximity to the cell, form a branching system of
dendrites. The axons end in much the same manner, so that
all the processes are essentially the same. These processes are
fibrillated, and the fibrillee may be traced through the protoplasm
of the cells (fig. 37). In many cases the dendrites show little
buds or gemmules upon their course, and, according to some
observers, it 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.

Axon.—The axon process, as it Fie. 37.— A Nerve Cell highly
passes away from the cell, becomes magnified to show passage of
a Nerve Fibre, and acquires one glrf"f::““ eyl {elicSSfrgpon
or two coverings. )

1. A thin transparent membrane, the primitive sheath or
neurilemma, 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. The
mode of origin of these is unknown. Fibres with only this
sheath have a grey colour, and may be called non-medullated
Jibres. They are abundant in the visceral nerves.

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

2. Chemistry of Nerve

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

F1c. 38.—Pieces of two white Nerve Fibres.

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

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

From the fatty material of the white sheaths various
complex substances have been isolated. The most abundant
of these has been called protagon. It yields stearic acid;
hence it is allied to the fats, and it contains nitrogen and
phosphorus.  Its constitution is not known. Along with
protagon, or as a result of its decomposition, leeithin occurs.




THE TISSUES 77

This is a fat in which one of the acid radicles is replaced by
phosphoric acid linked to cholin.

Fatty acid.
Glycerol { Fatty acid.
Phosphoric acid.

I
Cholin,
H H (OH

[ ||] CHs

HO—C—C-|-N <CH3
| CH,
H H

Hydroxyethyl. | trimethyl ammonium
hydroxide.

The chief interest of cholin is that it is toxic, 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 vegetable poison.

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

3. Physiology of Nerve

The neurons form a most intricate labyrinth throughout all
parts of the body, and more especially throughout the central
nervous system. Kach is brought into relationship with many
others by its dendritic terminations, and there is a continued
interaction between them, the activity of any one influencing
the activity of many others. In this way the constant activity
of the nervous system, which goes on tfrom 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
stiinulus sets up a stream of action which may be co-existent
with life. :
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1. Stimulation of Neurons,—Neurons, like all other
protoplasm, react to changes in external conditions; they
are capable of stimulation. A neuron is usually stimulated
from one or other of its terminal dendritic endings, either by
changes in the tissues round these or by changes in other
neurons. Thus (fig. 35) a neuron may be thrown into action
by changes in the tissue at its extremity, and a second may be
stimulated by the activity of the former. They may also be
stimulated at any part of their course, as may be demonstrated
by pinching the ulnar nerve behind the internal condyle
of the humerus.

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

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

The excitability of a neuron is modified by many factors.
It may be increased by a slight cooling, but is decreased at
lower temperatures. 1t is increased by warming up to a certain
point. Drying at first increases excitability, then abolishes
it. During the flow of an electric current it is increased
in the neighbourhood of the negative pole, decreased around
the positive pole, in the same way as in muscle (see p. 42).
It is influenced by many 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. Conlinued activity has no effect
on the.excitability of axons, and the phenomena of fatigue are
not manifested in them.

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

(z) By their action upon other structures, e.g. muscles,
glands, ete., either («) directly or () indirectly through other
neurons.

(b) By changes in the consciousness,

(¢) By electric changes in the neurons.

(z) and (b) Action on other Structures.—The activity of the
outgoing neurons—neurons condueting 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 by their action on
oulgoing neurous to muscles, ete., and sometimes by nodi-
fications in the state of consciousness, which may be of the
nature of a simple brief sensation, or, by the implication of a
number of other neurons, may develop into a series of changes
accompanied by a corresponding series of sensations.

Very interesting results follow from this fact that the
activity of neurons is made manifest by changes in the
structures 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, fibres
grow outwards from the vagus into the sympathetic, and when
the vagus is stimulated, the results which naturally follow
stimulation of the sympathetic occur. Kennedy has shown
that, if the nerves to the flexors and the nerves to the ex-
tensors of a dog’s forelimb be cut, and the central end of
the former united to the peripheral end of the latter, and
vice versd, co-ordinate movements occur, and that if that
part of the brain which naturally causes extension be stimu-
lated, 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.

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

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

»—

F16. 39.—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 a measured distance nearer the muscle. On the drum, 4
represents the onset of contraction on stimulating at 4, and B the onset
on stimuiating at B. To secure stimulation in each case with the drum
in the same position, the make and break of the primary circuit is caused
by the point X touching and quitting the point 7.

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

Factors modifying Conduction.—Conduction 1is 1modified
by the temperature. Cooling a nerve lowers its power of
conduction, gently heating it increases it. Various druys which
diminish protoplasmic activity —eg. chloroform — diminish
conduction. The clectric current acts differently on conduction
and on excitability. While a weak current has little or no
effect, a strong current markedly decreases conductivity round
the positive pole, and to a less extent decreases it at the
negative pole, so that the general effect of a strong current is
to decrease conductivity.

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

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

Classification of Neurons by the direction of Conduction.—

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

To find out the direction of conduction and the special
mode of action of any nerve, two methods of investigation
are 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; first, the
nerve is cut, and when the changes thus produced have been
noted, the upper end and the lower end of the cut nerve are
stimnulated. )

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

Outgoing or Efferent Nerves.—Section of certain nerves
produces a change of action in muscles, glands, ete., or, if the
nerve is not constantly acting, stimulation of the peripheral end
of the cut nerve causes some change in the activity of these
structures. Stimulation of the central end of such nerves
produces no effect. These nerves therefore conduct impulses
from the central nervous system outward.

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

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

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

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

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

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

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

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

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

Hence only one-sixth of the total *“latent time” of the reflex
action is occupied in the passage of the change along the
neurons, and ‘05 second, or five-sixths of the whole is taken up
in the passage of the change from one neuron to another.
Obviously the synapsis between the dendrites of the neurons
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offers a resistance, and this resistance varies with the condition
of the neurons involved, possibly with the condition of the
dendrites which form the synapses. i

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

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

We may at once dismiss the idea that the impulse is due to
a flow of electricity. 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 a molecular vibration, such as occurs in a stetho-
scope which conducts sound vibration, or it may consist of
a series of chemical changes such as cause the activity of
protoplasim generally.

In considering this matter it inust be remembered that
the amount of energy evelved in a nerve impulse need not
be great. All it 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 al the same time recuperation may
be extremely active.

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

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

In the cat, excitability disappears after three days, and the
white sheath shows degeneration changes in eight days. The
fatty matter runs into globules and stains black with osmie
acid even after treatment with chrome salts (Marchi’s method).
This seems to be due to the fact that osmic acid acts upon
the unsaturated oleic acid, and that in the normal nerve this is
oxidised by the chrome salt, whereas in the degenerated nerve
so much is set free that it cannot all be oxidised, and therefore
stains with osmic acid. The white substances gradually
disappear. At the end of a month the phosphorus has all gone,
and by the end of about forty-four days the fat can no longer be
detected. At this stage Marchi’s method is useless, and the
degenerated fibres may be demonstrated by the fact that they
do not stain with osmic acid or with Weigert’s hematoxylin
method, which stains the white sheaths of normal fibres. As
the degeneration advances, the axis eylinder breaks down and
the nerve 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 forty-four 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, buf the mass of evidence indicates that when an apparent
peripheral regeneration has occurred it has been due to the
ingrowth of axons from adjacent cut nerves.

The cell of the neuron appears to have the power of ac-
cumulating a reserve of material as Nissl’'s granules, for it
has been found that after continued action these granules
diminish in amount. The nucleus, too, would seem to have
the power of giving off material for the nourishment of the
neuron, since in conditions of excessive activity it has been
found shrunken and distorted.
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But the cell is also 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 decreases, and the
nucleus becomes displaced to one side, and ultimately the
whole cell degenerates. This is sometimes called Nissl’s
Degeneration (see fig. 36).
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SECTION 1V
THE NEURO-MUSCULAR MECHANISM

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

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

1. THE NEURAL ARCS

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

1. Spinal or Peripheral Arc—A. Ingoing (fig. 40, 4).—
These neurons start in dendritic expansions at the periphery,
and enter the cord by the superior or dorsal roots of the spinal
nerves. In these roots they are connected with cells by
lateral branches (see p. 158). When they enter the cord they
either pass to the dorsal portion, and divide into (@) branches
running for a short distance down the cord; () branches run-
ning right up to the top of the spinal cord to end in synapses
round masses of cells—the nuclei of the dorsal columns, or,
(¢) either directly or by collaterals, they form synapses with
other neurons. The most important of these in the spinal are
are the neurons in the ventral part from which the outgoing
fibres spring. The other neurons with which synapses are
formed send fibres either up the same side of the cord or
across to the opposite side. These may be considered as part

of the next two arcs (see p. 170).
87
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B. Outgoing (fig. 40, B).—From the neurons in the ventral
part of the cord, fibres are given off which pass out in the
ventral roots of the spinal nerves to muscles, glands, and
other reacting structures.

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

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

Fi6. 40.—To sliow the three Arcs in the Central Nervons System. 4, Peripheral
ingoing nenron giving off collaterals in the cord and some terminating
above in the nuclei of the dorsal columns ; B, peripheral outgoing neurons ;
C, ingoing cerebral neurons ; D, outgoing cerebral neurouns, crossing to
the opposite side at //; F, ingoing cerebellar nenrons; F, outgoing
cerebellar neurons.

2. Cerebral Arc—A. Ingoing (fig. 40, C)—(a) ZLZower
Neurons—These are the ingoing neurons of the spinal are,
described above.

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

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

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

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

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

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

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

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

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

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

The mechanism involved consists in :—

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

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

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

It is convenient to deal first with the conductors.

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

1. Conduction is slower, 7.e. there is a longer interval, a
longer latent perlod, between the application of the stimulus
and the resulting action. Thus the time between the appli-
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cation of a stimulus to a frog’s foot and the drawing up of
the leg is many times longer than the time which would be
taken in the passage of a nerve impulse up to the cord and
down again (Practical Physiology). The change takes an
appreciable time to pass across the synapse. The duration of
this time varies very greatly and is dependent on the strength
of the stimulus and on the condition of the synapse.

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

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

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

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

6. While a nerve conducts impulses in both directions, a
reflex arc allows its passage across the synapse in one direction
only from the receiving fo the reacting neuron. There is, as
it were, a valve action.
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7. Nerve fibres do not manifest fatigue, but reflex ares
readily do so, apparently through a change in the synapses,
and 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.

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

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

The reciprocal execitation and inhibition of muscles is a feature
of very great importance. It has been very fully studied by
Sherrington in the “spinal dog.” Excitation and inhibition
may occur («) at the same time as when the flexors contract
and the extensors are inhibited in drawing up the leg, or (3)
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they may follow one another as in the scratch reflex, which
may be elicited when the skin over the shoulder of the dog
is stimulated. The hind leg then performs rhythmic scratching
movements, involving alternate contraction and relaxation of

the flexor muscles.

The mechanism involved in the ordinary

flexion action of scratching is indicated in fig. 41.
That specific channels for excitation and inhibition do not

exist is shown by the fact
that under the influence of
strychnine, the inhibitory
effects may be abolished and
eonverted to excitor effects.
As a result of this, havoe is
played with the co-ordina-
tion of the reflexes.

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

F1e. 41.—To show play of different Reflex
Arvcs upon a motor neuron FC to the
vasto-crureus muscle of dog, e, Stimu-
lation of the ear, tail, fore foot, and
pressure on the pad of the hind foot of
the same side, all canse excitation, as
also do stimulation of the shoulder of
the opposite side and nocuous stimuli of
the opposite hind foot. On the other
hand, it is inhibited by stimnlation
of the shoulder of the same side, as
in the scratch reflex and by nocuous
stimuli of the hind foot of the same
side. (SHERRINGTON.)

The activity of every spinal arc is carried on alongside that
of many others, and each of these may materially modify its

character.

Two reflexes induced by similar stimulation from

adjacent areas may reinforce one another and increase the

general reaction.

On the other hand, two stimuli of different



94 VETERINARY PHYSIOLOGY

kinds from the same area may induce one or other reflex.
Thus, while pressing the finger in the pad of the dog’s foot
causes the extensor thrust, injurious stimuli cause a flexion-with-
drawal of the foot. When the two stimuli are applied at once,
one or other, but not a combination of the reflex actions, will

manifest itself. In the per-
O

formance of each of these
reflexes the same outgoing
nerve paths arc employed,
and in the contest between
the two stimuli one of the
stimuli overcomes and re-
places the other. In this
way ineo-ordinate mo v e-
ments by mixtures of re-
flexes are prevented.

The ingoing fibres are pro-
bably five times as numerous
as the outgoing fibres, and
S each one of them is con-
Fic. 42.—To show the way in which the nected,or may become func-

dilferent reflex arcs react on one another, tionally connected, with

S, skin ; M, muscle ; V, viscus; C,spinal 5y different combinations

cord with synapses. (M‘DoucaLy.) 3

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

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

a b c

% \

Fi6. 43.—Reflex figures struck in decerebrated cat on stimulating a fore and
a hind paw. (SHERRINGTONX.)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3. FATIGUE OF THE NEURO-MUSCULAR MECHANISM

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

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

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

Special Neuro-Muscular Mechanisms of the Horse

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

Fi6. 44.—The Walk. (ELLENBERGER.)

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

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

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

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

Fie. 45.—The Trot. (ELLENBERGER.)

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

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

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

Near Hind. Off Hind. Near Fore. Off Fore.

1 off off off off
2 on off off off
3 on on off off
4 off on on off
5 off off on on
6 off olf off on

after the opposite hind foot is planted in advance of it (3).
The near fore now comes to the ground, and as it does so the
near hind is lifted and the horse rests on diagonal fore and
hind legs (4). Then the off hind foot leaves the ground and
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the animal is now on the near fore foot (5). The off fore foot is
now planted and the near fore leaves the ground i6), and finally
the off fore is also raised and the horse is again in the air.

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

S e e e

6
Fic. 46.—The Gallop. (F. SmITH.)

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

(6) Jump.—The fore legs propel the body upwards, and the
hind legs give a further forward and upward propulsion and
are then fully flexed under the body to clear the obstacle.
The animal alights on its fore feet, one reaching the ground
before the other.
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THE Foot

The physiology of the foot in the horse in these neuro-
muscular actions is of great importance (fig. 47).

The anatomical study of the structure has taught that the
weight of the body is transmitted through the coronal bone
(second phalanx) (£.) to the foot, and that the articular
surface of the coronal is larger than that of the pedal bone

F1e. 47.—Longitudinal Section of Foot of the Horse. H., hoof; C., inter-
cartilaginous pad ; Pe., pedal bone; P., coronal bone; M., navicular
bone; P.T., perforans tendon.

(third phalanx) (Pe.), so that it rests at its posterior part upon
the navicular bone (V.) and perforans tendon (2.7'). Further,
at each side of the pedal bone posteriorly are the large lateral
cartilages with a dense fibrous and fatty mass of tissue between
them (C.). The periosteum of the pedal bone is covered by a
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dense fibrous tissue which on its surface is raised in numerous
ridges with side branches—the sensitive lamelle, vertical in
direction in front and oblique posteriorly, and on the surface
of these is formed the great epithelial structure, the borny hoof
(H.), comparable to an exaggerated nail. In this the anatomical
point of importance is the fact that it is very dense and hard
in front and softer and more elastic behind, especially in the
region of the prominence on the sole called the frog.

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

1. The elastic horn of the frog ;

2. The almost transversely disposed lamellé ;

3. The elastic lateral cartilage and intermediate tissue;

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

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

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

4, THE CHIEF RECEPTOR MECHANISMS
THE SENSES

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

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

A. INTERO-CEPTIVE MECHANISM
Common Sensibility

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

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

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

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

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

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

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

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

(2nd) Organs of Golgi are small fibrous

capsules in the tendons near the muscle
fibres into which a medullated fibre enters,
and losing its white sheath forms a plexus
of fibrils with varicosities upon them.

(3rd) Varicose terminations of axons sur-
rounded by fibrous tissues are found in the
synovial membranes and round joints.

Through these mechanisms information

Fic. 48.

— Structure
of muscle spindle—
only one fibre repre-

sented. b, capsular
space ; ¢, capsule;
p, motor termina-

tion ; T.S., sensory
termination on the
spindle fibre. (From
Recaup and FAVRE.)

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

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

C. EXTERO-CEPTIVE MECHANISM
The Special Senses

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

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

NON-DISTANCE RECEPTORS
(a) For ConTACT
Tactile Sense

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

1. Receptors

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

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

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

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

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

F1c. 49.—Simple form of sensory

nerve termination. In the

We live under an at‘,mospheric tactile corpuscle the nerve fibre

pressure of 760 mm. of mercury coils round the capsule before
e b

. . 0 entering. (DoGIEL.)
. but this gives rise to no sensa- £

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

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

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 separately felt.
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But if the wheel is made to rotate more and more rapidly, the
separate sensations are no longer fel, but a continuous sense
of contact is experienced. (Practical Physiology.) This in-
dicates that, if stimuli follow one another sufficiently rapidly,
the sensations produced are fused. From this it is obvious that
the sensation lasts longer than the stimulus—the contact.

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

() For ApDITION AND WITHDRAWAL OF HEAT
 Thermal Sense

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

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

Certain parts of the skin are stimulated by.the withdrawal
of heat, and their stimulation is accompanied by sensations
of cold, while others are stimulated by the addition of heat
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and give rise to a sense of warmth. This may be demonstrated
by taking the cold point of a pencil and passing it over the
back of the hand, when it will be felt as cold only at certain
points ; such points have been called eold spots, while similar
spots stimulated by the addition of heat are called hot spots.
(Practical Physiology.) :

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

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

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

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

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

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

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

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

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

-o-0-o0 Deep l'ibres. (See text.)

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

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

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

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

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

(¢) For CHEMICAL STIMULI
Sense of Taste

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

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

2. Connections with the Central Nervous System. — The
posterior third of the tongue is supplied by thes.glosso-
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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 these fibres enter the medulla by
way of the Gasserian ganglions and the root of the fifth nerve ;
but the study of cases in which the ganglion has been removed
does not support this view, and the evidence seems to indicate
that the fibres enter the medulla by the roots of the nerve
in which they run.

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

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

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

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

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

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

(a) For CHEMICAL STIMULI
Sense of Smell

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

The olfactory organs are the most fundamental of all
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F1a. 51.—The Connections of the Olfactory Fibres. 4, olfactory cells; B,
synapses in the olfactory bulb I.; ii., olfactory tracts; iii., olfactory
centre ; iv., decussation of fibres. (HowELL.)

distance receptors, and they play a most important part in

the life of the lower animals in gniding them to their food and

repelling them from danger, in causing positive and negative
chemiotaxis. In such animals the mechanism is very highly
developed.

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

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

2. Connections with the Central Nervous System.—The con-
nections of the olfactory fibres with the cortical centre in the
cerebrum (see p. 205) is shown in fig. 51, 771

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

(b) For VIBrATION OoF ETHER
Sense of Sight
A. General Considerations

While the addition to and withdrawal from the surface of
the body of the slower ethereal waves which are the basis of
heat act upon the special nerve terminations in the skin to
give rise to sensations of heat and cold, a certain range of
more rapid vibrations act specially upon the nerve endings in
the eye to produce molecular changes which in turn affect the
cenfres 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 are comparatively
limited, the slowest being about 435 billions per second, the
most rapid about 764 billions. Vibrations more rapid than
this, which are capable of setting up chemical changes, as in
photography, do not produce visual sensations.

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

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

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

From the very first it must be remembered that the modifica-
tion of our consciousness which we call vision is not direetly due
to external conditions, but is a result of changes set up in the
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brain. We do not perceive the object we are looking at, but
simply the changes in our brain produced by cuanges 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. This fact has been for-
mulated in the doctrine of specific nerve energy, that different
varieties of stimuli applied to the same organ of sense always
produce the same kind of sensation. And the converse that
the same stimulus applied to different organs of sense produces
a different kind of sensation for each also holds good.

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

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

The idea of size is based upon the extent of the eye-cells
stimulated by the light coming from the object. 1f 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 distanee from the eye, since the further the object
is from the eye the smaller is the image formed. Hence, our
ideas of size are judgments based upon the size of the picture
in the eye, and the appreciation of the distance of the object.
The distance of an object, when over fifty or sixty metres from
the eye, and very probably even when over as little as six
metres, is judged by the modifications in its shading and colour
due to the condition of the atmosphere. A range of hills will
at one time be judged to be quite near, at another time to be
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distant. Since the estimation of the size of an object depends
upon the judgment of its distance, the estimate we form of
the size of such objects as a range of hills is often erroneous.
When objects are near the eye, a special mechanism comes
into play to enable their distance to be determined (see p. 144).

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

B. Anatomy of the Eye

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

The eye may be described as a hollow sphere of fibrous
tissue (fig. 52), the posterior part, the sclerotic (Scl.), being
opaque ; the anterior part, the cornea (Cor.), being transparent
and forming part of a sphere of smaller diameter than the
sclerotic. Inside the sclerotic coat is a loose fibrous layer,
the choroid (Chor.), the connective tissue cells of which are
loaded with melanin, a black pigment. This is the vascular
coat of the eye—the larger vessels running in its outer part,
and the capillaries in its inner layer. Anteriorly, just behind
the junction of the cornea and 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. In these the ciliary muscle is situated. It consists of
two sets of non-striped muscular fibres—first, radiating fibres,
which take origin from the sclerotic just behind the corneo-
sclerotic junction, and run backwards and outwards to be
inserted with the bases of the ciliary processes; second, cir-
cular fibres which run round the processes just inside the
radiating fibres. The choroid is continued forward in front of
the ciliary processes to the pupil as the iris, and in it are also
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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, and from the edge of 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.

That 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

F1c. 52.—Horizontal section through
the Left Eye. Cor., cornea ; Sel.,

sclerotic ; Opt V., optic nerve ;
Chor., choroid ; Cil.M., ciliary
processes with eciliary 1nuscle ;
D.P., dilator pupille muscle ;
Sph. P., sphincter pupillee muscle ;
L., crystalline lens ; S.L., hyaloid
membrane forming snspensory lig-
ament and capsule of lens; ZRet.,
retina. The vertical line passing

by a fine jelly-like mucoid tissue,
the vitreous humour. The vitre-
ous humour is enclosed in a deli-
cate fibrous capsule, the hyaloid
membrane, and just behind the
ciliary processes this membrane
becomes tougher, and is so firmly

throngh the axis of the eye f.al]s adherent to the processes &\hat

npon the central spot of the retina. 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 erystalline lens (L.), a biconvex lens, with its greater
curvature on its posterior aspect, and characterised by its great
elasticity. Normally it is kept somewhat pressed out and
flattened between the layers of the capsule, but if the suspen-
sory ligament is relaxed its natural elasticity causes it to bulge
forward. This happens when the ciliary muscle contracts and
pulls forward the ciliary processes with the hyaloid membrane.
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Between the hyaloid membrane and the choroid is the
retina (Let.). This is an expansion of the optic nerve, which
enters the eye at 3 to 4 wm. to the inner side of the posterior
optic axis (fig. 53). The white nerve fibres pass through the
sclerotic, through the choroid, and through the retina, to form
the white optic disc, and then losing their white sheath, they
spread out in all directions over the front of the retina, to
form its first layer—the layer of nerve
fibres (1). These nerve fibres take
origin from a layer of nerve cells (2)
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 internal molecular layer (3).
The cells of these neurons are placed
in the next or fourth layer, the inner
nuclear loyer (4), and from these cells,
processes pass backwards to form syn-
apses 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 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 g B8 Dingram of (s Soo-
rods and cones (7). These structures tion through the Retina
are composed of two segments—a stained by Golgi’s method.
somewhat barrel-shaped basal piece,  For description, see text.

5 7 (From VAN GEHUCHTEN.)
and a transparent terminal part which
in the rods is eylindrical and in the cones is pointed. Over
the central spot of the eye in man or apes there are no rods,
but the cones lie side by side, and the other layers of the retina
are thinned out. The rods and cones are imbedded in the last
or eighth layer of the retina—the layer of pigment cells, or
tapetum nigrum. The retina in front thins out, but the tapetum
nigrum, along with another layer of epithelial cells representing
the rest of the retinal structures, is continued forwards over
the ciliary processes and over the back of the iris.

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

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

C. Physiology

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

1. The mode of formation of pictures on the nerve struc-
tures (retina) of the eye.
(1) One eye (monocular vision).
A. The method in which rays of light are focussed (di-
optric mechanism).
B. Stimulation of the retina.
(2) Two eyes (binocular vision).
2. The conduection of the nerve impulses from the retina to
the brain.
3. The position and mode of action of the parts of the brain
in which the changes are set up which accompany visual
sensations (the visual centre).

1. THE MODE OF FORMATION OF PICTURES UPON THE
RETINA

(I.) MoxocuLAR VISION
A. The Dioptric Mechanism

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

Cornea . T3S Lens . . 145
Aqueous . 133 Vitreous . 133

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

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

and at these surfaces it is bent. The degree of bending
depends upon—T1st, The difference of refractive index; 2nd,

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

The obliguity with which the light hits the surface. This
will vary with the convexity of the lens—being greater the
greater the convexity.

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

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

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

from distantand near objects  rays from a nearer object will be

are not focussed on theretina 40,5500 behind the retina, and a

at the same time. 3 : .

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

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

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

F1c. 56.—Scheiner’s Experiment represents rays from the near needle
and - - - - rays from the far needle.

Objects may be brought nearer and nearer to the eye, and
yet be seen distinetly up to a certain point, the near point of
accommodation within which they cannot be sharply focussed
upon the retina. This, however, requires a change in the lens
arrangement of the eye, and this change, beginning when the
object comes within about 6 metres (the far point of aceom-
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modation), becomes greater and greater, till it can increase no
further when the near point is reached. The change is called
positive accommodation, and it consists in an increased curvature
of the anterior surface of the lens. This may be proved by
examining the images formed from the three refracting surfaces
(Sanson’s images), when
it will be found that the
image from the anterior
surface of the lens be-
comes smaller and
brighter when the eye

= . Ble’ o o I‘leal‘ F16. 57.—Mechanism of Positive Accommoda-
object. ~The examina- tion. The continuous lines show the parts
tion of these images is in negative accommodation, the dotted lines
facilitated by the wuse the positive accommodation.

of the Phakoscope. (Practical Physiology.)

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

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

The muscles acting in positive accommodation—the ciliary
and sphincter pupille (fig. 57, C.M. and S.P.)—are supplied by
the third cranial nerve (Z71), 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 pupillee (see p. 180).

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

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 moomg nerves causing a
dilatation of the pupil when the medulla is intact (fig. 58).

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

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

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

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

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

Imperfections of the Dioptric Mechanism

(1) Hypermetropia.—The eye is sometimes too short from
before backwards, and thus, in
the resting state, parallel rays
are focussed behind the retina, " 4
and in order to see even a
distant object the individual
has to use his positive accom-
modation. As the object is
approached to the eye it is b
focussed with greater and
greater difficulty, and the near Fia. 59.—To show the cause of Astig-
point is further off than in the matism. 4, a slight curvature of

o § 8 the cornea in the vertical plane ; B,
emmetropic e.ye (fig. 58, 0)‘ more marked curvature in the hori-

The long-sighted eye differs zoutal plane, leading to rays from
from the slightly presbyopic b—a horizc;‘ntii.l line beinghfocussed
o in front of the retina when a—a
g] e f::'Ctbt::at IDOt merﬁl}; vertical line—is looked at.

ivergent, but also paralle
rays, are unfocussed in the resting state.

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

B. Stimulation of the Eetina

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

A

F16. 60. —Methods of demonstrating the Blind Spot : @, by Mariotte’s
experiment ; b, by moving a pencil along a sheet of paper.

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

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

(3) The layer of the retina capable of S
stimulation is the layer of rods and cones.
This is proved by the experiment of Pur-
kinje’s images, which depends upon the fact
that if a ray of light is thrown through
the sclerotic coat of the eye the shadow of
the blood vessels stimulates a subjacent

layer (fig. 61, ¢), and these vessels appear
as a series of wriggling lines on the surface
looked at. If the light be moved, the lines
seem to move, and, by resolving the fri-
angles, it is possible to calculate the distance
behind the vessels of the part stimulated,
and this distance is found to correspond to
the thickness of the retina. The shadows
of the blood vessels are not seen in ordinary
vision, because they then fall upon parts of

Fi16. 61.—To show that
the hindmost layer
of the retina is stim-
nlated. (Purkinje’s
Images.) a, source
of light; b, blood
vessel of retina ; c,
shadow of vessel on
rods and cones ; d,
image of shadow
mentally projected
on to the wall.

the retina which are insensitive. (Practical Physiology.)

The cones are the more: specialised elements of the retina,
and they react more particularly to bright light, which soon
exhausts the rods. The rods, again, react to faint illumination.
This explains why it is that, when we go outinto a dark night
from a brightly lighted room, we at first can see nothing, but
after a time, when the rods have recovered, we begin to see
objects more distinctly. It also explains why it is that if we
direct our eye to a small faintly shining star we may fail to see

9
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it, because its image falls on cones alone, while it becomes visible
if the eye be directed slightly from it. The rods seem incapable
of giving rise to colour sensation, and when the solar spectrum
is looked at in a very dim light it appears as a greyish band of
illumination with the red end wanting, because the slow red
vibrations fail to stimulate the rods. It is because the blue
end of the spectrum is the more active in faint illumination
that the illusion of a moonlight scene may be got by looking
through a blue glass, while looking through a yellow glass
gives the idea of sunlight and brilliant illumination. (Practical
Physiology.) ‘

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

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

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

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

3rd. Electrical changes occur.

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

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

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

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

2. While the various sensations which we call colour are
generally produced by vibrations of different lengths falling
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on the retina, eolour sensations are also produced in various
other ways.
(@) By mechanical stimulation of the retina. - By pressing

on the eyeball as far back as possible a yellow ring, or part

of a ring, may often be seen. (Practical Physiology.)

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

3. By allowing different parts
of the spectrum to fall upon
the eye at the same time, it is
possible to produce either a
sensation of white or of some
other part of the spectrum.
(Practical Physiology.) To pro-
duce a sensation of white from
two or three different parts of
F16. 62.—Distribution of Colour Sen- the' speetrum, 4. dne SRS

sation in relationship to the surface of each part must be taken,

of the retina (Colour Perimeter). A since different parts have differ-
indicates the extent of retina stimu- ent sensational activity. This

lated by white and black ; B, the
part also eapable of stimulation by may be represented by a plot-

blue and yellow ; and C, the central ting out the various parts of

part capable also of stimulation by the spectrum on a curve, and

JeaneuTent joining them to a central spot
by means of lines. The length of the line then represents the
relative sensitive activity of the particular part of the spectrum
to which it passes (fig. 63).

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

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

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

Red, the second will be green blue ;

Orange, . i blue;
Green, » " pink ;
Yellow, = . indigo blue;

and wvice versd. (Practical Physiology.)

Theories of Colour Vision.—1. From consideration of the per-
ipheral eolour-blind zone
of the retina and of the
more limited area giving
sensations only of blue
and yellow when stimu-
lated, and of the most
limited central part giv-
ing also sensatious of
red and green, it would
seem that some special
substance or substances
must exist in each of Fie. 63.
these areas which by its or their stimulation give rise to the
various sensations.

2. Considered along with this, the phenomena of comple-
mental colours suggest the possibility of there being one
substance which when undergoing one change, say breaking
down, produces yellow, and when undergoing anether change,
say building up, produces blue, and another substance which
when undergoing one change produces red, and another change
produces green. If such a view be correct, it hecomes almost
necessary to postulate the existence of another substance
which when stimulated gives rise to sensations which we
call white. Or there might be four different substances, one
when changed giving rise to yellow, another to blue, another
to red, and another to green. When the substance giving
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the sensation of yellow is used up, then the parts stimulated
by the rest of the spectruin would react to white light and
give a complemental colour, and so on through the other
substances.

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

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

(IL.) BixocuLAR VISION

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

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

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

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

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

3. The superior and inferior obliques acting in the line

(S.0b.).
The internal rectus rotates the pupil inwards.
,, external . . outwards.
, superior ., . upwards and inwards.
0 ] { downwards and in-
, inferior 0 »
|l wards.
g ¢ downwards and out-
,. superior oblique ,, .
wards,
,» inferior N . upwards and outwards.
Nose
In OF, SR
h 4
ExR. In R
S.0L, in R,

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

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

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

may be well seen in a passenger

lookmg out of a rallway carriage
- in motion.

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

Frc. 66.—The Nervous Mechan-
ism presiding over the combined
movements of the two Eyes in
man and apes. ILR., internal
rectus ; E.R., external rectus ;
C.C., convergent centre acting
on the internal recti through
the nuclei of the third nerve;
S.0., superior olive (centre for
lateral divergence) acting on the
external rectus of the same side
through the nucleus of the sixth,
and on the internal rectus of the
opposite side through the nucleus
of the third ; E., ear.

95, p. 179).

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

A combined mechanism, each part of which acts harmoni-

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

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

2. CONNECTIONS OF THE EYES WITH THE CENTRAL
NERVOUS SYSTEM

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

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

1. A posterior division passing to the anterior corpora
quadrigemina on the same side (fig. 67, 4.0.Q.).

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

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

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

3. THE VISUAL CENTRE

A response to stimulation on the part of the neurons in the
occipital lobe of the brain (p. 201) is the physical basis of
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visual sensations, and hence this part of the brain is called the
visual centre. Usually the visual centre is stimulated by
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Fie. 67.—The Connections of the Retine with the Central Nervous System
in man and apes.

B, retine ; Ch., chiasma leading to optic tract;
Op.Th., optic thalamus ; 4.C.Q., anterior corpora quadrigemina ; Oc.AL.,
oculo-motor mechanism (fig. 66) ; Occ. L., occipital lobe of the cercbrum ;

Teg., tegmentum.
changes in the chain of neurons passing from the retina and

set in action by retinal changes; but direct stimulation of
the occipital lobe may induce visual sensations.

(¢) For VIBRATION OF AIR
Sense of Hearing

1. General Considerations

~

While through the tactile mechanismn differences of pressure

act as stimuli, through the ear certain vibratory changes of

pressure stimulate and may affect the consciousness. Even
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simple organisms, devoid of any special organ of hearing, may
be affected by vibratory changes, and in fish it is difficult
to be certain how far such vibrations produce their effect
through the ear or through the body generally. But in higher
vertebrates it is chiefly through the ears that they act. In
these there is a special arrangement by which the vibrations of
the air are converted into vibrations of a fluid in a sac situated
in the side of the head into which the free ends of neurons
project (fig..68).

INT.

Fie. 68.—Diagram of the Ear. Er. A, external meatus; T%., tympanic mem-
brane ; m., malleus; 4., incus; s., stapes; f.o., fenestra ovalis; fir.,
fenestra rotunda ; En. 7., Eustacbian tube ; »., vestibule with the utricle
and saccule ; s.c., semicircular canal ; Coch., cochlea,

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

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

2. External Ear

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

The object of the middle ear is to overcome the mechanical
difficulty of changing vibrations of air into vibrations of a
fluid. It consists of a chamber, the tympanic eavity, placed
outside of the petrous part of the temporal bone (fig. 68). Its
outer wall is formed by a membrane, the membrana tympani
(7y.), which is attached to a ring of bone. Its inner wall
presents two openings into the internal ear — the fenestra
ovalis (f.0.), an oval opening, situated anteriorly and above,
and the fenestra rotunda (f..), a round opening placed below
and behind. Throughout life these are closed, the former by
the foot of the stapes, which is attached to the margin of
the hole by a membrane, and the latter by a membrane. The
posterior wall shows openings into the mastoid cells, and
presents a small bony projection which transmits the stapedius
muscle. The anterior wall has above a bony canal carrying
the tensor tympani musecle, and below this the canal of the
Eustachian tube, which communicates with the posterior nares
(fig. 68, Ent.).

In the tympanic cavity are three ossicles—the malieus (m.),
ineus (z.), and stapes (s.), forming a chain between the
membrana tympani and the fenestra ovalis. The handle of
the malleus is attached to the membrana tympani, and each
. time a wave of condensation hits the membrane, it drives in
the handle of the malleus. This, by a small process, pushes
inwards the long process of the ineus, which thrusts the stapes
into the fenestra ovalis, and thus increases the pressure in the
enclosed fluid of the internal ear. The fenestra rotunda (f7.)
with its membrane acts as a safety valve. The bones rotate
round an antero-posterior axis passing through the heads of the
malleus and incus. They thus form a lever with the arm to
which the power is applied—the handle of the imalleus—longer
than the other arm. The advantage of this is that, while the
range of movement of the stapes in the fenestra ovalis is
reduced, its force is proportionately increased.

The range of movement is still further controlled by the
stapedius muscle,-which twists the stapes in the fenestra. This
muscle seems to act when loud sounds fall on the ear, and
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when its nerve supply, derived from the facial nerve, is
paralysed, such sounds are heard with painful intensity.

. If the membrana tympani is violently forced outwards by
closing the nose and mouth and foreing air up the Eustachian
tube, the incus and stapes do not accompany the malleus and
membrane, since the malleo-incal articulation becomes unlocked.

The membrana tympani is so loosely slung that it has no
proper note of its own, and responds to a very large range of
vibrations. By the attachment to it of the
handle of the malleus it is well damped, and
stops vibrating as soon as waves of con-
densation and rarefaction have ceased to
fall upon it. The tensor tympani muscle,
supplied by the fifth cranial nerve, has some
action in favouring the vibration of the
membrane, and its paralysis diminishes the F16. 69.—Transverse

q Section  through
acuteness of hearing, C;u‘tilaginouslo:er

The Eustachian tube has a double function. part of Eustachian
It allows the escape of mucus from the middle Tuabe to show the
ear, and it allows the entrance of air, so that Cartilaginous Arch

. . cut across and the
the pressure is kept equal on both sides of T La T it

the membrana tympani. Its lower part is  pulleddownandthe
generally closed, but opens in the act of tubeopenedinswal-
swallowing. It is surrounded by an arch of ~ [©Ving (shaded).
cartilage, to one side of which fibres of the tensor palati are
attached, so that when this muscle acts in swallowing, the arch
of cartilage is drawn down and flattened, and the tube opened
up (fig. 69).

When the Eustachian tube gets occluded, as a result of
catarrh of the pharynx, the oxygen in the middle ear is
absorbed by the tissues, and the pressure falls. As a result,
the membrane is driven inwards by the atmospheric pressure,
and does not readily vibrate, and hearing is impaired.

4, Internal Ear

The internal ear is a somewhat complex cavity in the petrous
part of the temporal bone, the osseous labyrinth. It is filled
with fluid, the perilymph. It consists of a central space, the
vestibule (77.), into which the fenestra ovalis opens. From the
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anterior part of this, a canal makes two and a half turns round
a central pillar, and then, turning sharply on itself, makes the
same number of turns down again, and ends at the fenestra
rotunda. This is the osseous coehlea (fig. 68, Cock.). The
ascending and descending canals are separated from ome an-
other, partly by a bony plate, partly by a membranous partition
—the basilar membrane. At the base, the bony lamella is
broad, but at the apex its place is chiefly taken by the
membrane, which measures at the apex more than ten times
its width at the base.
From the posterior and superior aspect of the vestibule a
mechanism unconnected with hearing has been evolved. Three
sc semicireular ecanals (fig. 70), each
with a swelling at one end, open
into the vestibule. One runs in the
horizontal plane, and has the swell-

C / \ ing or ampulla anteriorly (fig. 70,

""""""" - h..). The other two run in verti-

cal planes placed obliquely to the

the Semicircular Canals to one suidie plane’ ag = 1ndlcatgd - ﬁg

another. h.c., horizontaleanal ; 10- Lhe anterior or superior canal

s.c., superior éanal;p,c., pos- (s.c.), has its ampulla in front and

terior canal. ] the posterior (p.c.) has its ampulla

behind. They join together, and enter the vestibule by a
common orifice.

In the perilymph of the bony labyrinth lies a complex
membranous bag, the membranous labyrinth.

In the vestibule this is divided into two little sacs, the
utricle, related to the semicircular canals, and the saececule,
related to the cochlea. They are joined together by a slender
canal. From the saccule comes off a canal which runs into
the cochlea upon the basilar membrane, forming a middle
channel between the other two, the seala media or membranous
cochlea. This terminates blindly at the.apex. From the
utricle a membranous canal extends into each of the bony
sewicircular canals, being provided with an ampulla, which
nearly fills up the bony ampulla, while the canal portion is
small, and occupies only a small part of the bony canal (fig. 68,
p- 139).

In the membranous cochlea the lining cells form the organ

Fre. 70.—The Relatmnship of
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of Corti (fig. 71). This is set upon the basilar membrane, and
consists from within, outwards, of—1s¢. A set of elongated sup-
porting cells; 2nd. A row of columnar cells, with short, stiff,
hair-like processes projecting from their free border; 37d. The
inner rods of Corti, each of which may be compared to an
ulnar bone attached by its terminal end, and fitting on to
the heads of the outer rods; 4th. The outer rods of Corti,
each resembling a swan’s head and neck—the neck attached
to the basilar membrane, and the back of the head fitting

F1e. 71.—Transverse Section through one turn of the Cochlea to show the
Organ of Corti on the Basilar Membrane. S.J/., scala media; S.7.
scala vestibuli ; S.7%, scala tympani.

into the hollow surface of the inner rods; 5¢h. Several rows
of outer hair cells, with some spindle-shaped cells among
them ; 6¢th. The outer supporting cells; 7¢h. Lying over
the inner and outer hair cells is the membrana reticularis,
resembling a net, through the meshes of which the hairs
project ; 8th. Arching over this organ is a homogeneous
membrane—the membrana tectoria.

The membranous labyrinth is attached to the inner wall
of the bony labyrinth at certain points, through which fibres
of the VIIL nerve to the terminal organs enter it. One set
of fibres goes to the utricle and to the ampulle. A quite
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independent set, the true auditory nerve, goes to the saccule
and the cochlea.

The membranous labyrinth has an oater fibrous coat, and
inside this a homogeneous layer which is markedly thick-
ened where the nerves enter it. It is lined by tlattened
epithelium, which becomes columnar, and is covered with
stiff hair-like processes over the thickenings at the entrance
of the nerves. On the top of these hair-like processes lies
a little mass of calcareous nodules imbedded in a mucus-like
substance, the otoliths. In the fish and some lower animals
the otoliths are large structures.

The terminal neurons of both the vestibule and the
cochlea end in dendrites between the hair cells, and the
cell of these neurons is upon their course to the medulla.

5. Connection with the Central Nervous System

The VIII. nerve is essentially double, consisting of a
dorsal coehlear or auditory part, and a ventral labyrinthine or
vestibular part.

Cochlear Root (fig. 72).—This is the true nerve of hear-
ing. Its fibres (Coch.R.) begin in dendrites between the hair
cells of the organ of Corti, have a cell upon their course, and
when they enter the medulla branch into two divisions,
which end either in the tuberculum acusticum or the nucleus
accessorius (V. Acc.), where they form synapses. From the
cells, axons pass (a) to the oculo-motor mechanism of the’
same side and the opposite side (NV.vi.), and () up to the
cerebrum (CB.) of the same and of the opposite side.

Vestibular Root (fig. 73).—The fibres of this root take origin
in dendrites between the cells of the macule in the ampulle
of the semi-circular canals and of the saccule, and have their
nerve cells upon their course (VesZ.). As they enter the
medulla they divide into two, forming an ascending and a
descending branch. (1) The ascending branch sends fibres on
to the cerebrum (CB.), and to the superior vermis of the
cerebellum (CBL.). These fibres give off collaterals to the
nucleus of Deiters (IV.Deit.), from the cells of which fibres
pass, which divide, some running on the same side, some on
the opposite side; one branch passing up to the oculo-motor
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mechanism (V. vi.), the other passing down the spinal cord
to send collaterals to the cells in the grey matter. (2) The

Fie. 72.—Connections of Cochlea with Central Nervous System. Cock.R.,
cochlear root of eighth nerve ; V. 4cc., tuberculum acusticum and nucleus
accessorius sending fibres to the cerebrum (CB.) and to the oculo-motor
mechanism (. vi.) ; CBL., cerebellum.

descending branch forms connections with the medullary

nuclei as it passes down.

6. The Auditory Centre and the Physiology of Hearing

The qualities of sound which can be distinguished by the
sense of hearing are loudness—amplitude of vibration; pitch
—rate of vibration; and quality—the character of the sound
given by the over-tones. The perception of this last is
essentially a perception of pitch.

Loudness.—It is easy to understand how the peripheral

neurons in the internal ear are more powerfully stimulated
10
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by the greater variations in the degree of pressure which are
produced by more powerful aerial waves, and how the greater
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Fic. 73.—Connections of Semicircular Canals with Central Nervous System,
Ves. R., Vestibular root of eighth nerve sending fibres upwards to CB.
(cerebrum) and CBL. (cerebellum), downwards to the centre in medulla
oblongata (Med.), and to Deiters’ nnclens (. Deit.), from which fibres
pass to the oculo-motor mechanism (MN.v:.) and to the centres in the
anterior horn of the spinal cord.

stimulation of the receptive centre in the brain will be
accompanied by a sensation of greater loudness.

Pitch.—A study of the structure of the cochlea seems to
show a mechanism well suited to afford a means of estimating
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the pitch of a note and the existence of over-tones. The fibres
of the basilar membrane way be compared to the strings of a
piano, each one of which, or each set of which, will be made to
vibrate by a particular note.

D. PROPRIO-CEPTIVE MECHANISM OF THE HEAD
Labyrinthine Sense

Just as the retflex response of the limbs to external stimuli
leads to a stimulation of the proprio-ceptive mechanism in the
muscles and joints which plays an important part in guiding the
subsequent movement (see p. 107), so the reflex response to visual
stimuli in the muscles of the head and neck brings into play a
delicate proprio-ceptive mechanismn developed from the internal
ear which has an important action in guiding the movements
of the body as a whole, and very specially in guiding the co-
ordinated movements of the eye muscles.

_This is the labyrinthine mechanism consisting of the utricles
and the semi-circular canals,

The strueture of this mechanism has been deseribed on p. 142.

The mode of action may be analysed by a study of the
sensations which accompany its activity.

That there is no special mechanism making us aware of
uniform movement is proved by the fact that we are not
conscious of whirling through space with the earth’s surface,
and that in a smoothly running train we lose all sense of
forward movement. It is only as the train starts or stops
that we have a sensation of movement or retardation. The
same thing has been demounstrated by strapping a man to a
table rotating smoothly round a vertical axis and setting the
table spinning. A sense of rotation is experienced as the
table starts, but is lost when the movement becomes uniform.
Stopping the table gives rise to a sensation of being rotated
in the opposite direction,

The semicircular canals are the mechanism which act in
this way. They are arranged in pairs in the two ears. The two
horizontal canals are in a horizontal plane, the superior canal
of one side and the posterior canal of the other are in parallel

' planes oblique to the mesial plane of the body (fig. 74, ).

The horizontal canals may be considered as forming the arc
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of a circle with an ampulla at each end. The superior canal of
one side has its ampulla in front, while its twin—the posterior of
the opposite side—has its ampulla behind, and they together
form the are of a circle with an ampulla at each end (fig. 74, a).

The membranous canals are very narrow, and occupy but a
small part of the osseous canals. The membranous ampulle
are large and almost fill the osseous ampulle (fig. 74, b).

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

If, for example, the head is suddenly turned to the right,
the inertia of the endolymph and perilymph tend to make

@
KD -t

Fic. 74.—(a) Alrangement of the semicircular canals on the two sides; (b) bony
and membranous canal and ampulla to illustrate their mode of action.

them lag behind. Thus the endolymph in the ampulla of the
left horizontal canal will tend to flow into the canal, but the
canal is so small that it will merely accumulate in the ampulla,
and thus a high pressure will be produced (fig. 74, & + +).
The perilymph will tend to lag behind, and a low pressure will
result outside (fig 74, & —)." The converse will take place in
the opposite horizontal canal.

When the movement is continued the pressures will be
readjusted, and, on stopping the movement, the opposite con-
ditions will be induced, and a sensation of moving in an
opposite direction will be experienced.

In forward movement, the two superior canals have the
pressure of endolymph 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. In all probability the utricle with
its otoliths mounted on the top of the hair cells also plays a
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part in the labyrinthine mechanism. As the head is moved
the pressure of the otolith will change from one part of the
macula to another, and may thus give different stimuli for
different positions of the head.

The importance of this labyrinthine mechanism in muscular
co-ordination is shown by the effect of its destruction. This
leads to inco-ordinate movements of the eyes, head, and limbs,
and to loss of tone in the muscles. When injury to the
labyrinth is sudden, as when a “knock-out” blow is received
on the chin, driving the condyles of the lower jaw against
the petrous part of the temporal, the general loss of muscular
tone may be so complete that the individual collapses. The
muscles chiefly under the tonic influence of this mechanism
are those of the neck and trunk, and the extensor and abductor
muscles of the limbs of the same side.

Just as the eye dominates the movements of the muscles of
the body through the cerebrum (see p. 142), so the labyrinthine
mechanism dominates the Zonus of the muscles as a whole through
the cerebellum (see p. 177).

5. THE CONNECTIONS BETWEEN THE RECEIVING AND
REACTING MECHANISMS

1. THE SPINAL NERVES

The connections between the peripheral receiving mechan-
isms and the central nervous system, the activity of which
leads to the appropriate reaction of muscles, have been in part
studied in connection with the various special senses.

The main connecting channels between the peripheral receiv-
ing organs and the central nervous system on the one hand,
and the central nervous system and the reacting structures on
the other, may now be considered more generally.

These connections are seen in their most typical arrange-
ment in the spinal nerves, a pair of which comes off, one on each
side, from each level of the spinal cord, and passes outwards
between the vertebre.

General Arrangement

These nerves may be classified as ingoing and outgoing,
and they may be divided into those connected with the
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body wall and its appendages and those connected with the
viscera. :

A dorsal root (P.R) comes off from the dorso-lateral
aspect of the cord and has a swelling upon it, the ganglion
of the dorsal root. It joins a ventral root (4.L.) coming
from the ventro-lateral margin. These form the spinal nerve
which is distributed to the body wall. Lying in front of “this
is a swelling or ganglion (S...) joined to the nerve by two roots,
a white ramus (W .R). and a grey ramus (G.R.); and from this
a nerve extends towards the viscera (V.J.). Before this nerve
reaches its final distribution it passes through another ganglion.

Roots of the Spinal Nerves.—The dorsal root is the great
ingoing channel to the spinal cord, and the ventral root is
the great outgoing channel. Section of a series of dorsal
roots leads to (@) loss of semsation in the structures from
which the fibres come, and (d) to a loss of muscular co-ordina-
tion, as a result of cutting off the afferent impressions con-
nected with the kin@sthetic sense (p. 102).

As a result of this section, the parts of the fibres cut off
from the cells of the ganglia on the dorsal root die and
degenerate (see p. 85). Therefore, if the root is cut inside
the ganglion, the degeneration extends inwards and up the
dorsal columns of the cord, and if it is cut outside, the
degeneration passes outwards to the periphery.

Section of the ventral root causes paralysis of the muscles
and other structures supplied by the outgoing fibres, and the
fibres die and degenerate. L

The nerve to the somatopleur or body wall (S.2V.) is composed
of incoming and outgoing fibres. 1sf. Incoming fibres are
medullated and take origin in the various peripheral sense
organs. As they pass through the ganglion on the dorsal
root each fibre is connected by a side branch with a nerve cell
—the trophic centre of the neuron—and it then enters the
spinal cord, and either passes to the dorso-lateral columm, or
forms synapses in the cord (see p. 87). 2nd. Outgoing fibres
are medullated, and take origin from the large cells in the
ventral horn of the grey matter of the cord and pass on to
be connected with muscle fibres by end plates or to gland cells
by less definite synapses.

The nerve to the visecera or splanchnopleur (V.N.), and to
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the involuntary structures in the somatopleur, contains—1sz.
Incoming Fibres.—These take origin either in definite periph-
eral structures, such as Pacinian corpuscles, or in some less
defined endings, and as medullated fibres pass through the
various ganglia, and have their cell stations in the ganglion
on the ventral root. The nerve fibres coming from Pacinian
bodies and from muscles, like the similar fibres in the somatic
branch, are large and are connected with large cells in the
spinal ganglion, and they become myelinated at the same time.
A set of smaller fibres similar to those coming from the skin in
the somatic branch are also found in the visceral branch, and
they seem to be connected with smaller cells in the ganglion.

Fie. 75.—Structure of a Typical Spinal Nerve. P.R., dorsal root with
ganglion ; A4.R., ventral root; S./., ganglion of sympathetic chain ;
W.R., its white ramus; GQ.R., its grey ramus; V.N,, visceral nerve
with collateral ganglion ; S.NV., somatic nerve.

2nd. The Outgoing Fibres are characterised by their small size,
take origin chiefly in a lateral column of cells, which is well
developed in the dorsal region of the cord, and pass out as
medullated fibres by the ventral root. From this they pass
by the white root to a sympathetic ganglion, whence they may
proceed in one of two different ways (fig. 75).

(@) They may form synapses with cells, and fibres from
these cells may pass—

1. Outwards with the splanchnic nerves; or,

2. Back into the spinal nerve by the grey root, and so down
the somatic nerve to blood vessels, muscles of the hairs, sweat
glands, etec. The ganglia from which fibres pass back into spinal
nerve are known as lateral ganglia.
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(b) They may pass through these ganglia on to one more
peripherally situated in which they form synapses and are
continned onwards. These ganglia from which fibres do not
pass back are called collateral ganglia. Before their first
interruption they are termed pre-ganglionic fibres, after their
interruption post-ganglionic.

The various fibres after their interruption proceed as non-
medullated or grey fibres to their termination, where they
join a network of anastomosing fibres with cells—a sort of
terminal ganglion. Many drugs have a special action on the
terminal ganglia, e.g. apocodein paralyses them, while adrenalin
—the extract of the medullary part of the suprarenals—stimu-
lates certain of them.

The interruption of fibres in gangha or their passage
through these structures, has been determined by taking
advantage of the fact that nicotine in one per centf. solution
when painted on a ganglion poisons the synapses but does not
influence the fibres. Hence, when a ganglion is painted with
nicotine, if stimulation of the fibres on its proximal side
produces an effect, it is proved that the break is not in that
ganglion.

The arrangement of epicritic, protopathic and deep fibres
in the neuron and plexuses is considered at p. 170.

Distribution
A, SoMaTic FIBRES

(«) Outgoing Fibres—The course of these must be studied
in the dissecting-room.

(b) Ingoing Fibres—The fibres passing in by each pair of
nerves come from zones of skin encircling the body. These
are, however, interrupted by the limbs. Kach limb may be
considered to be an outgrowth at right angles to the trunk,
composed of a pre-axial and post-axial part.

B. SprancaNIc FIBRES

(¢) The Outgoing. Fibres may be divided into (fig. 76) —
A. The Thoracico-Abdominal Fibres, which come out in the
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ISt
middles;égionzof the spinal cord and pass through the lateral
ganglia of the sympathetic chain—
(1) Head and Neck—These leave the spinal cord by the
upper dorsal nerves and pass upwards in the sympathetic
cord of the neck to the superior cervical ganglion where they

Head
D
2
Thorax s
4
[
é
7
8
3
10
1
Abdomen 12
L.
2
3
) 4
Pelvis

Fi6. 76.—Scheme of distribution of Splanchnic Nerves.

have their cell stations. From these, fibres are distributed
to the parts supplied. The chief functions of these fibres
are—1st. Vaso-constrictor to the vessels of the face and head;
2nd. Pupilo-dilator (see p. 126); 3rd. Motor to the muscle of
Miiller; 4th. Secretory to the salivary glands, lachrymal
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gland, and sweat glands. The course of these fibres is of
importance in medicine, since tumours in the upper part of
the thorax may press upon them.

(2) Thoraxr—~The fibres to the thoracic organs also come
off in the upper dorsal nerves, have their cell stations in the
stellate ganglion, and pass to the heart and lungs.

(3) Abdomen.—These fibres come off in the lower dorsal

and upper lumbar nerves. They course through the lateral
ganglia and form synapses in the collateral ganglia of the
abdomen—the solar plexus and the superior and inferior
mesenteric ganglia. From these they are distributed to the
abdominal organs, being vaso-constrictor to the vessels, in-
hibitory to the muscles of the stomach and intestine, and
possibly secretory to the pancreas.
_ (4) Pelvis—The fibres for the pelvis leave the cord by the
lower dorsal and upper lumbar nerves, and have their cell
stations in the inferior mesenteric ganglia, from which they
run in the hypogastric nerves to the pelvic ganglia. They
are vaso-constrictor, inhibitory to the colon, and motor to the
bladder, nterus and vagina and the retractor penis.

(5) Fore Limb.—These fibres, coming out by the upper and mid
dorsal nerves, have their synapses in the sympathetic ganglia
of the sympathetic chain, and passing back into the spinal
nerves by the grey rami, course to the blood vessels, hairs, and
sweat glands of the limb. ’

(6) Hind Limb—The fibres take origin from the lower dorsal
and upper lumbar nerves, have their cell stations in the lateral
ganglia, and pass to the leg in the same way as do the fibres
to the arm.

B. The Cranial and Sacral Fibres—These pass out from the
upper and lower ends of the cord, and they do not pass through
the lateral ganglia but have their cell station in some of the
collateral ganglia.

(1) The third cranial nerve carries fibres which have their
synapses in the ciliary ganglion, and pass on to the sphincter
pupillee and ciliary muscle.

(2) The scventh merve carries fibres through the chorda
tympani to cell stations in the submaxillary and sublingual
ganglia. These are secretory to the submaxillary and sub-
lingual glands.
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(3) The ninth nerve sends fibres to the parotid gland, which
have their cell station in the otic ganglion.

(4) The vagus sends inhibitory fibres to the heart, which
form synapses in the cardiac plexus. It also sends motor
fibres to the cesophagus and stomach, which, in sonie animals
at least, have the cell stations in the ganglion of the
trunk. .

(5) The nervi erigentes come off from the second and third
sacral nerves, and pass to the hypogastric plexus near the
bladder where the fibres have their cell stations. They are
the vaso-dilator nerves to the pelvic organs, inhibit the
retractor penis, and are motor to the bladder, colon, and
rectum.

(0) Ingoing Fibres—The course of these from the viscera
is not so clearly known; but they appear to enter the main
nerve largely by the white rami. In the normal condition
stimulation of their peripheral endings does not lead to
modifications of consciousness, and is therefore not accom-
panied by pain. But in abnormal conditions painful sensa-
tions are produced. In some cases abnormal stimulation
of visceral nerves leads to painful sensations referred to
the cutaneous distribution of the spinal nerve with which
they are connected. Thus, disease of the heart is often
accompanied by pain in the distribution of the upper dorsal
nerves in the left arm, with which the visceral fibres to
the heart are associated.
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2. THE CENTRAL NERVOUS SYSTEM

SpPINAL CoRD AND BRAIN

The anatomy and histology of each part of the central
nervous system should be mastered before its physiology is
studied. An outline sufficient to make the description of
the physiology intelligible is all that is given here.

CORPORA
QUAPRICEMINA .,

Fie. 77.—Mesial Section through the Brain and upper part of the Spinal Cord
to show the positions at which the sections figured in later diagrams have
been made. Cord, p. 157, fig. 78 ; Medulla, figs. 84 and 85 ; Pons, fig. 87,
p- 173 ; Corpora, fig. 90, p. 179.




A. SPINAL CORD
Structure

THE spinal cord is a more or less cylindrical mass of nerve
tissue which passes from the base of the brain down the
vertebral canal. There are two enlargements upon it, one in
the cervical region, one in the lumbar region, and from these

F16. 78.—Cross Section of the Spinal Cord through the Second Dorsal Segment,
to show disposition of grey and white matter. P., dorsal horn; 4.,
ventral horn with large cells; Z L., intermedio-lateral horn with small
cells; L.C., Lockhart Clarke’s column of cells; P.J. and P.L.
dorso-median and dorso-lateral columns ; 2.C., direct cerebellar tract
Asc. and Desc. Ant. Lat., ascending and descending ventro-lateral or spino-
ventral tracts ; B.B., basis bundles ; C.Py., crossed pyramidal tract ; O. Py.,
direct pyramidal tract. On opposite side, tracts which degenerate head-
wards are marked with horizontal lines ; tracts degenerating from the
head with vertical lines. (4 fler Bruck.)

the nerves to the arms and legs come off. A fine central

canal runs down the middle, and the two sides are almost

completely separated from one another by a ventraul and

a dorsal mesial fissure (fig. 78). Each half is composed of

a core of grey matter arranged in two processes or horns—
157
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the ventral and dorsal horns (4. and P.)—which divide the
white matter surrounding- the grey into a dorsal, a lateral,
and a ventral column. In the dorsal region a lateral horn
of grey matter projects into the lateral column (Z.ZL.). The
grey matter on each side is joined to that of the opposite
side by bands of grey matter; the ventral and dorsal grey
commissures, oue below and one above the central canal.

The grey matter is composed very largely of cells and
synapses of neurons supported by branching neuroglia cells.
The cells of the grey matter are largest and most numerous
in the ventral horn, where they constitute the cells from
which the majority of nerve fibres come off. In the dorsal
region a group of cells in the lateral horn, the intermedio-
lateral cells, give off visceral fibres (Z.Z.). In the dorsal
region also a set of cells lie on the mesial aspect of the
dorsal horn constituting the cells of Lockhart Clarke (Z.C.).

The white substance is composed of medullated nerve fibres
in which the neurilemmal sheath is absent. The fibres chiefly
course up and down the cord, and some run in a horizontal
direction :—1. The fibres of the spinal nerves; 2. Fibres pass-
ing from grey to white matter ; 3. Fibres joining the two sides
of the cord in front of the ventral grey commissure forming
the white commissure.

Functions

The spinal cord is the great mechanism of reflex action,
and the great channel of conduction between the brain and
the peripheral structures.

A. REFLEX FUNCTIONS

If the brain of such an animal as a frog be destroyed, the
animal lies prone on its belly and immovable for any length
of time; but the legs tend to be drawn up alongside the body,
and the muscles are in a state of slight tonic contraction
very different from the Hlaccid condition found after destruc-
tion of the cord. The study of the spinal reflexes (p. 90) has

shown that the animal has the power of reflex movements with
definite co-ordination of s muscles, but it has no power of
balancing itself, and manifests no spontaneous movements.



S i ] L o b

SPINAL CORD 159

These reflex functions of the cord in mammals have been
very fully investigated by Sherrington in dogs and cats in
which the cerebrum has been separated from the rest of the
nervous system, and his results have been considered on p. 92.
On suspending such animals in the normal horizontal position,
with legs dependent, it is found that all four legs are in a state
of tonic slight extension as they are in supporting the body.
This he terms ““decerebration rigidity.” It appears to be due
to impulses passing down from the semicircular canal mechan-
ism, which reinforce the spinal reflex arcs. That this is so is
shown by the fact that section of the posterior roots of the

External rotators of hip.

Hamstrings.
Calf 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. 79.—The Groups of Cells in the Ventral Horn of grey matter at the level
of the 2nd, 8rd, and 4th sacral nerves. (From BrUCE.)

spinal nerves removes the rigidity. Stimulation of definite
areas of skin at once causes the animal to strike a special
attitude (p. 95). Thus stimulation of the left fore paw
produces the attitude of walking, which is assumed normally
when that paw reaches the ground. Stimulation of the left
pinna produces the attitude assumed if ‘the animal were
turning away from the stimulus.

The anatomical connection between the different levels of
the cord involved in such reflexes has been demonstrated by
Sherrington by keeping a dog in which the spinal cord is cut
in the neck till all the down-going tracts below the point of
section have completely degenerated so as to leave a clean
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slate, and then cufting the cord at a lower level when the
proprio-spinal fibres connecting the different levels of the cord
degenerate. They are chiefly situated in the lateral columns of
the cord.

In man the cutaneous reflexes connected with various groups
of skeletal muscles are definitely associated with different
levels of the cord.

Reflex actions in connection with various viseeral museles
are “also .connected with the spinal cord. Many of these are
complex reflexes involving inhibition of certain muscles and in-
creased action of others, some visceral, some skeletal. The best
marked of these are the reflex acts of mieturition (p. 427),

T.

Fic. 80.—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.).

defseeation (p. 376), ereetion, and ejaculation (p. 434).

The lumbar enlargement is the part of the cord invelved.

The synapses in the cord are not only capable of acting
reflexly to set up definite contractions in muscles, but they also
exercise a constant tonie action upon them, due to the constant
inflow of incoming impressions (p. 42). When this tonic
action is interfered with by any condition which interferes
with the integrity of the reflex arc, the effect of directly
stimulating a muscle is diminished. This is very well seen in
the contraction of the quadriceps extensor femoris which occurs
when the ligamentum patellz is struck sharply, causing a kick
at the knee joint—the knee jerk (fig. 80). When the reflex
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arc in the lower lumbar region of the cord is interfered with,
the knee jerk is diminished or is absent, and when the activity
of the arc is increased, by the removal of the influence of the
brain, the jerk is increased. That the jerk is probably not a
true reflex is shown by the fact that the latent period is very
much shorter than that of most reflex actions (fig. 80). The
reflex are, however, is necessary for the tonus. This tonus is
increased by tension of the muscles and also by fatigue of the
nervous system, and this condition may lead to eramp.

The degeneration of special groups of cells—the anterior horn
of grey matter—which follows amputation of the leg at different
levels seems to indicate that the various groups of cells have
definite connections with individual muscles (see fig. 79).

B. CoNDUCTING PATHS

The study of the course of the ingoing and outgoing fibres in
the cord has proved to be one of great difficulty. It is possible
in animals to divide the cord comnpletely or to divide one half,
or to divide any one of the white columns, and to observe any
loss of muscular action which may ensue and to trace the course
of degenerated fibres; but to determine what changes in the
sensibility have resulted on animals, unable to give any expres-
sion to their sensations, is practically impossible.

On the other hand, the clinical method of carefully studying
the changes in sensibility during life and determining post-
mortem the exact site of the lesion which has produced these
symptoms has generally proved somewhat unsatisfactory on
account of the want of precision in the lesions produced by
injury or disease of the cord.

A. Ingoing Fibres.—In the cord there seems to be a sorting of
fibres into those the stimulation of which can effect consciousness
and give rise to sensations and those which simply produce reflex
responses. Thus, those kinesthetic fibres which give rise to the
musele and joint sense run up in the posterior columns and cross
above the cord, while those which are concerned with the
unconscious adjustment of muscular action through the agency of
the cerebellum are shunted off through the synapses in Clarke’s
column to the direct cerebellar tract of the same side and the

spino-ventral cerebellar tract of the opposite side. In all
. 1l
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probability fibres connected with the tactile sense are similarly
sorted out, and possibly even those connected with the condue-
tion of thermal and of nocuous stimuli.

As regards the course of the Ingoing Fibres, the most valuable
advance has been made by the study of the results of lesions
of the cord in the light of the observations of Head and his
co-workers on the course of these fibres in the peripheral
nerves (see p. 111). ]

While section of a cutaneous nerve destroys epicritic and
protopathic sensibility, and leaves deep sensibility intact,
lesions of the spinal cord are apt to interrupt the passage of the
impulses concerned -with different Ainds of sensation. Thus,
section of a cutaneous nerve abolishes any sensation of pain
from the surface of the skin, but leaves the possibility of the
sensation of pain being produced by severe pressure on deep
structures, while a lesion of the cord is apt to interrupt the
passage of all stimuli producing pain, whether coming by
epicritie, protopathic or deep fibres. A redistribution has taken
place—all the various fibres carrying the impulses derived from
nocuous stimulation have got shunted into one tract carrying
them up to the brain. Similarly the impulses connected with
thermal sensation coming by epicritic and by protopathic fibres,
and those connected with the sense of touch and pressure, each
get shunted into specific tracts (figs. 81 and 82).

This must mean that these impulses get sorted out by
passing through synapses in the cord, and the position of these
synapses and the course of the axons running from them to
the brain have been deduced partly from histological investiga-
tion of the fibres of the posterior roots, partly by careful study
of the symptoms and of the degenerations which follow definite
lesions of the cord. $

By the developmental method, by the different characters of
the fibres, and by the degenerative changes, a posterior root has
been divided into four main bundles :

1. A set of large fibres passing forward to form synapses with
the cells of the ventral horn at the same and other
levels of the cord.

2. A second passing up the dorsal columns of the same side,
some running right on to the top of the cord, but many
entering the grey matter as they course upwards.
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3. A third set forming synapses with the cells of Lockhart
Clarke’s column.

4. A fourth ending at once in synapses with the cells of the
dorsal horn or running for a short distance up the
dorsal column before forming synapses.
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