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A

AUTHORS PREFACE.

IT has been the aim of the authors in the preparation of
the present volume to gather together those facts of Physi-
ology with which medical students and practitioners should
be familiar. It is not the intention to produce a work which
shall take the place of more elaborate text-books, but to

supplement them by covering the essential features of the
subject.
Tueovpore C. GUENTHER, M. D,

Avcustus E. GUENTHER, B. 5.

New York, 1903.
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EDITOR'S PREFACE.

Ix arranging for the editorship of T'he Medical Epitome
Series the publishers established a few simple conditions,
namely, that the Series as a whole should embrace the
entire realm of medicine; that the individual volumes
should authoritatively cover their respective subjects in all
essentials ; and that the maximum amount of information,
in letter-press and engravings, should be given for a mini-
mum price. It was the belief of publishers and editor
alike that brief works of high character would render
valuable service not only to students, but also to practi-
tioners who might wish to refresh or supplement their
knowledge to date.

To the authors the editor extends his heartiest thanks for
their excellent work. They have fully justified his choice
in inviting them to undertake a kind of literary task which
is always difficult—namely, the combination of brevity, clear-
ness, and comprehensiveness. They have equalled the con-
scientious efforts with which the editor has performed his
duties from first to last. Co-operation of this kind ought
to result in useful books, in brief manuals as contradistin-
guished from mere compends.

In order to render the volumes suitable for quizzing, and
yet preserve the continuity of the text unbroken, the ques-
tions have been gathered at the end of each chapter. This
new arrangement, it is hoped, will be convenient alike to

students and practitioners.
Vicror C. PEDERSEN.
New Yorg, 1903,
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PHYSTOEQGY.

CHAPTER I.
GENERAL INTRODUCTION.

Physiology is the science that treats of the phenomena of normal
living matter. As living matter may be either of animals or of
plants, so there is a separation of physiology into corresponding
divisions—animal and vegetable.

Human physiology consists of those facts of animal physiology
which have been derived from experiments upon human beings,
together with much that has been ascertained for closely allied
animals and can be inferred to hold true for man. The chemistry
of living things is now a distinet science,—physiological chemistry,
—although it was not so formerly. The term physiology, derivel
from the Greek words ¢aee and Adyog, is synonymous etymologi-
cally in its broadest application and acceptation with natural phi-
losophy, and the earliest physiological coneceptions were formed in
prehistoric times, inseparable as such from the general mass of
knowledge which during the course of later centuries grew into
theological, scientifie, philosophical, and other aggrecations of
1deas,

The science of physiology as it exists to-day has been gradually
evolved out of the joint lahors of thousands and thousands of
workers. Of these, there are some that stand preéminent and
mark in a way the principal epochs in the history of the subject.
In the earliest times among the philosophers who dealt with prob-
lems that are now physiological may he mentioned Empedocles,
Hippocrates, Heraeleitus, and particularly Aristotle (384-322 8. ).
Galen (131 to about 200 A. n.) distinetly recognized the nature
and importance of physiology. His system of medicine, from
which the physiology of the time is inseparable, held an almost

. 2—Phys. 17



18 GENERAL INTRODUCTION.

indisputable sway for nearly thirteen centuries. Harvey (1578-
1657 A. ».), whose name stands foremost among those of his time,
discovered the circulation of the blood. His greatest accomplish-
ment was the establishment of the experimental method in physi-
ology upon a firm basis. With him originated the conception
“omne vivum ex ovo.”  Haller (1708—1T777 A. D.) was the first to
recognize the necessity of bringing together the mass of physiolog-
ical facts and theories that had arisen during the sixteenth and
seventeenth centuries into an independent science. This he did in
his Elementa Physiologie Corporis Humani. Johannes Miiller
(1801-1858 A. ».) was perhaps the greatest physiologist of all
times. He impressed upon his science the general form or aspect
that it wears to-day.

The aim of physiology is the investigation of life. The term
life is, however, not readily definable. In general, any given
piece of matter is said to be alive when it manifests the funda-
mental properties of living things. These properties may be de-
fined as follows :

1. Irritability is that property of protoplasm which enables it
to undergo characteristic physical and chemical changes when
acted upon by certain influences called stimufli. U ‘11]’1“1' there is
a liberation of energy in the response out of all pmpm‘tmn to the
energy applied in the stimulus.

9. Conductivity is that property of protoplasm by virtue of
which a condition of activity aroused in one portion of the sub-
stance may be transmitted to any other portion.

3. Contractility is that property of protoplasm which enables it
to change its form when irritated by stimuli.

4. Nutrition is that property of protoplasm which enables it to
convert dead food material into its own living substance.

5. Reproduction is that property of prutﬂplasm which enables
it to separate into a number of parts, each of which may develop
into the parent form. None of the fundamental properties serve
absolutely to distinguish living from dead matter, since all are
simulated more or less completely by phenomena in the non-living
world.

Life is always associated with a peculiar form of matter called
protoplasm, and is never found elsewhere.

Protoplasm has therefore heen called the ¢ physical basis of life.”
It may be defined as the active substance of which living things
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are composed. It is usually colorless, semifluid or gelatinous in
consistency, of greater refractive power than water, and granular
in appearance. Consisting largely of water, it nevertheless does
not mix with water as |ung as it is living. Its a}ﬂ*lhc gravity is
greater than 1 (paramcecium, 1.25), but varies in many organisms
by the formation and disappearance of vacuoles.

The fluid nature of protoplasm is shown—

1. By the streaming phenomena in plant-cells and in the pseu-
dopodia of rhizopods.

2. By its formation into spherical masses whenever it is freed
from its cell-walls,

3. By the assumption of a spherical form by fluids when
imbedded in a mass of protoplasm. Granules and all for-
eign substances lie in a ground substance, which at times is per-
fectly homogeneous, but usually has a structure resembling a
network.

Of the many attempts to explain the finer structure of proto-
plasm, that of Biitschli is the most successful. According to this
investigator, protoplasm is an emulsion, the vacuoles or globules
of which, through mutual pressure, according to well-known math-
ematical principles, give rise to the appearance of a network.
The granules, etc., never lie within the vacuoles, but always
between them. Biitschli has imitated in every detail the appear-
ance of protoplasm by artificial emulsions. These were prepared
by mixing mhmatelv cane-sugar or potassium carbonate with old
olive oil. A minute quantity of the mixture, placed in a drop of
water under the microscope, showed not only a]l the peculiarities
of the protoplasmic structure, but also spontaneously took on
ameehoid movements.

Pmtap!nﬂm is not a chemieal but a morphological term—i. e., it
does not consist of a definite chemical compound, but of the great-
est variety of substances, some of which are the most complicated
with which chemists have to deal. Tt contains carbohydrates, fats,
water, saltz, and always proteids. The elements which are present,
—C, N, H, 0,8 P, Cl, K, Na, Mg, Ca, and Fe—are all of low
atomic weight. Protoplasm with very few exceptions is divided
into mlcrmmplml masses, each of which possesses one or more
differentiated portions called a nuelens.

Such a mass with its nucleus is a cell. A cell may bhe defined
as the elementary unit of all organisms, no matter how simple or
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how complicated they may be. Every organism begins its indi-
vidual history as a cell separated from a preéxisting organism.
From time to time this ecell (ovum, spore, ete.) divides itself into
two or more parts, each of which in due time divides again, the

resulting divisions in every case forming complete cells. In the
pl otozoa the daughter-cells separate, and each leads an independent
existence, but in many-celled animals they remain connected and
become dependent upon one another.

A histological differentiation takes place as the animal develops,
so that they form groups of cells which are totally different in
appearance, and results in tissue- and organ-formation. They take
on different functions, pari passu, and one group of cells will
perform a certain work for the good of the entire economy.
They thus lose their individuality and become dependent upon
one another. This is known as the physiological division of
labor.

The exact molecular structure of living matter is unknown,
but there is no doubt that it is of very great complexity. It dif-
fers from dead protoplasm in its unstable, labile nature, reacting
tc an enormous number of substances which are indifferent to
dead protoplasm. It manifests a continual tendency to undergo
Lha,nrre s, while dead protoplasm, if protected from external agen-
cies, can he kept indefinitely. The nitrogen-containing oxidation
products derived from the two are radically different. Those from
living matter—uric acid, ereatin, adenin, xanthin, guanin, ete.—
are all characterized by the possession of the eyanogen group, CN.
This group 18 one of great internal energy, so that compounds
containing it have a mfukul tendency to undergo dissociation.
This is eapeﬂﬁllv the case in the presence of oxygen. It is a well-
known fact that eyanogen compounds also have the property of
polymerization—that is, of combining with compounds having a
structure like their own, so as to form more complex combinations.
By this process they become less and less stable, until the insta-
bility reaches its acme by the introduction of oxygen, when the
compound undergoes a breaking-down process resulting in the
formation of simpler, more stable, bodies. The act of dissociation
liberates energy, which appears in the manifestations of life.
Pfliiger has suggested that in the change from living to dead pro-
toplasm the cyanogen grouping is converted to the inert ammonia
grouping by the absorption of water. It is convenient to designate
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the expression, mass of living matter, by the shorter terms biogen
or bioplasm. By biogen is understood the smallest quantity of living
maltter that can manifest the property of nutrition.

That part of nutrition designated as metabolism is the most
characteristic of all the properties of living matter. By it is
meant the total series of changes by which substances are built up
into living matter (anabolism) and again hroken down (katabolism).
Anabolism and katabolism have opposite effects on living matter,
but they, nevertheless, go on simultaneously in the same cell, and
under normal conditions are always active.  When they equal one
another the cell is at rest—a condition that has been called auton-
omous equilibrium. If anabolism is in excess of katabolism, the
cell increases in bulk or grows, while an excess of katabolism over
anabolism will result in atrophy. The relations of anabolism to
katabolism may be expressed by the symbol i) ;
to suppose that biogens are all of the same structure ; on the con-
trary, they are probably as numerous as the cells have different

There 18 no reason

L FTs - -I\ =
functions. Therefore the relation D is more correctly expressed as
a-ta-tata, ...
s 59 et Wisr T Bes. -, where each of the factors a, a, a,...and
‘FI "i' 'ff': _'! l'l,a—'l {f‘ - W i :

d, d; d;... may vary independently of the others and within
very wide limits as the case may be.

In any given cell where processes of one kind are in excess
over the other, a reaction arises which renders the biogen more
resistant to further change of the same character, and favors a
tendency in the other direction. If, for instance, anabolic changes
have heen called out in a cell by a stimulus, they generate in time
an acceleration of katabolic processes until the two are in equi-
librium. The general condition of the cell, however, is above par,
and is called allonomous equilibrium. When the stimulus is re-
moved, anabolic processes are lessened, and therefore increased
katabolism now decreases also; but katabolism, although decreas-
ing, 18 in excess, and its reaction tends to inerease anaboliec proe-
esses until both are in equilibrium. There is thus an infernal
self-adjustment of metabolism in living matter. It must be borne
in mind that metabolism is probably not limited to the building-up
and breaking-down of the biogen, but may be brought about n
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other substances under the influence of living matter. Such
changes are designated contact changes.

In order that metabolism may continue living matter must have
a sufficient supply of such material as it can build into its struc-
ture. These materials are called foods, and may be defined as
substances which, taken into the cell, aid in the repair or in the
formation of new biogens, adding to the sum-total of energy
which the cell may liberate, and are finally cast off by the cell in
altered chemical condition. The taking-in of food by an organism
is termed wngestion. In very few cases iz the ingestion of solid
foods possible, so that in order that they may be made use of they
are digested—i. e., they are acted upon by complex nitrogenous
bodies known as ferments or enzymes, which convert them into
soluble forms. IEnzymes are the produets of animals and plants
possessing the power of producing chemical changes in ﬂther
bodies without apparently undergoing any change themselves. As
the conversion takes place within or without the protoplasm it is
designated as intra- or extra-cellular digestion.

The steps through which dead matter passes in its synthesis to
living matter are very incompletely known. In green plants
which thrive on the inorganic compounds, carbon dioxide, water,
and simple nitrogenous salts, the first step is observable in the
cells of the leaf, w her-?, under the influence of chlorophyll and
the energy of the sun’s rays (yellow chiefly), the carbon dioxide
of the air is split into its elements and the carbon is united with
ln‘dr:::-fr-;n and oxygen in the proportions of water to form starch
({J H,0.),. The latter is visible, microscopically, as minute gran-
ules, and its formation has been proved to go hand-in-hand with
the disappearance of carbon dioxide. This forms the starting-
point for the formation of all other bodies in the plant. Recon-
verted to sugars probably, it disappears from the cells, is united
with nitrogen, which has been taken into the plant in the form of
nitrites and nitrates, and is finally built into the structure of liv-
ing matter. The successive steps are not known. Animals eannot
live on mmqmm‘ salts, but require their nitrogen in the form of
proteids, and in this sense are dependent upon ]ﬁants for continued
existence.

The Nucleus.—In all cells the presence of a nucleus or nuclear
matter is indispensable to metabolism. Nucleus and protoplasm
separated from each other very quickly degenerate.
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Cell-growth.—The formation of new biogens or growth takes
p]me only when nuclear matter is normally present, and con-
tinues until the cell has reached its maximum size. At this stage
the extent of surface of the cell determining the quantity of nutri-
ment that can be absorbed is insufficient to supply the mass of
living matter. Such a point is always reached, sooner or later,
hemus& as the cell grows, the surface increases only as the square
while the volume increases as the cube of their like dimensions.
Reproduction now takes lll.u,L. which has appropriately been
termed * discontinuous growth.” It is always essentially a sepa-
ration from the body of an individual of a portion of its own
material, which under proper conditions grows into an adult organ-
ism. In man growth continues from the segmentation of the
ovum to about the age of twenty-five, and is increased by system-
atic exercise. It consists not only of an enlargement and multi-
plication of cells, but of a deposition also of intercellular material.
It may be divided into an embryonic period, a fotal period, infancy,
childhood, youth, maturity, and old age. As growth progresses,
the capacity for more growth lessens.

Reproduction.—There are two distinet methods of reproduection,
—the asexual and the sexual.

Asexual procreation, or agamogenesis, is the chief method in
unicellular organisms, and the sole method in the multiplication
of tissue-cells. It consists of the formation of offspring through
the activity of a single parent. An ameba, for instance, will ex-
hibit a gradual Ienﬂthenmrr of the nucleus, followed by a con-
striction at the equator of the long axis, so that it assumes the
shape of a dumb-bell, and by a progressive deepening of the con-
striction is finally separated into two portions. The protoplasm
now becomes separated into two parts in a similar manner by the
formation of a furrow running around the ameba, and falling
into the same plane as the constrietion of the nucleus. There
arise, in this manner, two nucleated masses of protoplasm which
lead an independent existence and in turn divide again. This is
known as simple, direct, or amitotic division.

When cells divide, there are, however, generally present com-
plicated changes of the nucleus, giving rise to indirect, mitotic, or
karyokinetic division. The ordinary resting nucleus undergoes
changes, so that the chromatic substance is transformed into
threads of equal length loosely coiled together. Simultaneously
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there oceur a disappearance of the nucleoli and of the nuclear
membrane, while. radiations in the eytoplasm of the cell at oppo-
site sides of the nucleus mark the positions of the centrosomes.
This stage iz known as the mother-skein. Kach of the chromatic
threads now divides lengthwise, so as to appear double. They
grow shorter, become V-shaped, and arrange themselves about the
equator of a spindle which has been formed between the centro-

Fia. 1.

Amceeba polypodia in six sucecessive stages of division (after F. E. Schultze, from
Yerworn).

somes, extending from one to the other. The free ends of the
chromatic filaments point outward, so that they have the appear-
ance of a wreath or star which gives to this the name of the
mother-wreath or aster stage.

The third stage consists in the migration of the segments, during
which the apices of the divided chromatic filaments separate from
one ancther and move toward their respective centrosomes, around
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il Fi1ag. 2. h

Schematie representation of mitotie nuelear division (after Flemming, from Ver-
worn): a, Mother-skein stage; b, aster stage; ¢ and o, migration of chromosomes ;
¢, diaster stage ; f, daughter-cells
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which they group themselves to form the daughter-wreaths or dias-
ter stage. 'The cytoplasm, while the above changes are taking
place, has become constricted by a marked furrow running about
the cell in a plane at right angles to the long axis of the spindle.
The gradual deepening of the furrow separates the cell into two
parts. During this time each of the daughter-wreaths undergoes
retrogressive changes leading to the formation of ordinary resting
nuclei. The connecting filaments of the spindle and the polar
radiations disappear. The chromatic threads lengthen and be-
come loosely coiled together ; a nuclear membrane is reformed,
and nueleoli make their appearance.

Sexual reproduction, or gamogenesis, is the most wide-spread
form. When it occurs in unicellular organisms, it is known as
conjugation. Two individuals, parameecia for example, assume
positions parallel to each other, and a fusion of their protoplasm
takes place at their oral openings. Ciliates have two kinds of
nuclei—a macro- and a micro-nucleus. The former degenerates in

ach individual, but the latter divides twice in succession. Three
of the resulting daughter-nuclei go to pieces, but the fourth divides
once more, thus forming two nuclei for each cell. Now, one of
each pair of the nuclei migrates into the other cell through the
bridge of connecting protoplasm, and fuses with the nueleus which
has remained there. The combination-nucleus now divides twice
in succession, while the cells separate from each other and divide
also. Each daughter-cell has two nueclei which grow into the
macro- and the miero-nucleus.

In the higher animals reproduction is more specialized. There
exist two kinds of sexes, male and female, each of which consists
of two groups of cells—somatic cells and germ cells. The latter
serve for reproduction, while the former serve all the other fune-
tions of the body. The male and female germ-cells differ, the
former being small and active, while the latter are comparatively
large and passive. The fusion of their nuclei is the essential part
of reproduction and is known as fertilization. In some metazoa
the germ-cells of the female may undergo development without
fertilization, which is known as parthenogenesis.

The significance of fertilization has been much discussed. There
are several views :

1. That it rejuvenates the protoplasm, renewing its power to
divide asexually.
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2. That reproduction prevents variation and preserves the uni-
formity of the race.

3. 'l hat by fresh combinations it gives rise to variations.

The living matter of the fertilized ovum is acted upon by two
forces— heredity, which preserves its characteristics, and adapta-
tion, which changes them. Heredity includes the transmission of
both actual and potential characteristics from parents to offspring.
The resemblance is most complete between child and parent, and
diminishes directly backward along the ancestral line. The re-
semblances may be anatomical, physiological, or psychological, or
all three variously combined and related. Characters that do
not appear in the parent, but are transmitted from grandparent
to child, are called latent and give rise to atavisin or reversion.
T'his oceurs most often when two strains are erossed ; thus half-castes
are usually more degraded than either their civilized or savage
parent.

The inheritance of acquired characters is a problem that has not
yvet been solved. It cannot be denied to exist in unicellular
organisms, where the protoplasm of the parent becomes directly
that of the offspring. In the human being, cases of transmissal
of acquired characters ean be explained otherwise. However,
germinal infeetions of syphilis ean take place through the ovum
or spermatozoon. Infra-uterine infections of typhoid, searlatina,
endocarditis, small-pox, measles, eroupous pnenmonia, and anthrax
have been observed to take place, but these are not comparable
to a modification of the germ-plasm through heredity in the ordi-
nary sense.

The hasis of heredity lies undoubtedly in the substance of the
cerm-cells. Some biologists maintain that the ehromatic is the
sole germinal substance. Others regard both protoplasm and
nuelear matter as essential, since the characteristics of every cell
depend upon its metabolism, and this in turn depends upon the
integrity of protoplasm and nuclear matter. Whatever the basis
18, it may be designated as germ-plasm.

The origin of germ-plasm is t"‘[]ﬂlli]l[‘ll by two views :

1. It may arise from small particles, qr*mmuhw (¢ little germs™),
given off from the various cells of the body and collected into
rerm-cells.

2. It may not be formed in the body, but be simply transmitted
from generation to generation, and be directly continuous from one
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individual to another. In this case parts of the body are deriva-
tives from the germ-plasm and cannot return to their primitive
condition.

There are also two views as to the structure of germ-plasm :

1. That it possesses a complicated structure and contains the
rudiments of the cells, tissues, and organs of which the body is
composed. This may be called the theory of preformation.

2. That germ-plasm is isotropous,—i. e., one part is essentially
A 1s the
result largely of external influences. This is called the theory
of epigenesis. The transmission of hereditary characters is not so
complete that the offspring are absolutely like their parents.
Every individual varies a little from every other. These varia-
tions are either acquired subsequently to fertilization or are inher-
ent in the germ-plasm. Those of the germ-plasm are due to
nutrition and to sexual reproduction. H;wmg eranted variations
of germ-plasm which produce divergencies in the adult organism,
Darwin has shown that in the struggle for existence all those indi-
viduals most elosely adapted to their environment survive in the
long run and produce most offspring which in turn inherit the
same favorable characters. Those not so well adapted to their
environment gradually become extinet. There arises thus a
selection of those most fitted to live, which is termed natural selec-
tron.

The fertilized germ-cell undergoes a series of changes by which
it becomes more complicated, and which constitutes its life-history,
or ontogeny. Through heredity those of one organism are
closely similar to those of another of the same species. But by
adaptation through variations and through natural selection
oroups of organisms begin to differ in their ontogeny, and conse-
quently in their adult state, so that they in time form distinct
species. This has taken place with all life on the earth, and these
changes in tofo constitute phylogeny. Phylogeny is the result of
the same factors as ontogeny. In faet, ontogeny is an abbreviated
history of phylogeny, modified to some extent by secondary adap-
tations.

Cell Stimulation.—ILiving matter is responsive to various
changes in its environment which are called stimuli. These may
be grouped into mechanical, thermal, photie, electrieal, and chemical
stimuli. Each may produce either of two results. If the normal
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phenomena are intensified or increased quantitatively, the result
is called an excitation. 1t they are decreased, it is called an in/hi-
bition. It is possible that the nature of the phenomena may
change in character, giving rise to necrobiotic phenomena, such as
are seen in fatty or amyloid degeneration.  Examples of excitation
by various stimuli are very familiar.

The most obvious result of the action of chemicals is seen in the
production of movements. If, for instance, there are added to a
medium containing amebe a few drops of a weak solution of an
acid, alkali, or r:..llt the activity of the animals is at first increased,
but soon their pseudopods are retracted and they take on a more
or less spherical shape. The same effects are produced in other
organisms possessing pseudopodia, while the eilia of infusoria have
their movements enormously increased. Various forms of’ muscle-
fibres (myoides, smooth and striated muscles) contract and tend to
take on a spherical form. Crystals of sodium chloride applied to
the motor nerve of a muscle will produce an irregular series of
twitches. In this connection may be mentioned a curious phenom-
enon observed by Biedermann. If the sartorius muscle of a frog
18 immersed in a solution of 5 grammes of sodium chloride, 2
grammes of sodium phosphate, and } gramme of sodium carbonate
in a litre of water at a temperature of from 3° to 10° (., the
muscle will fall into rhythmic contractions, which are never to be
observed in the musele under normal conditions.

Chemical stimulation may cause active relaxation as well as con-
traction. Amehe and myxomyecetes, when de]un’ed of oxvgen,
gradually cease all movement, but when oxygen is again provided,
marked aetivity is manifested in that the pmt{)phsm moves toward
the source of oxygen by the extension of its pseudopodia. Living
matter may be stimulated by chemicals in other ways. Many
marine organisms like the flagellate noctiluca are capable of pro-
dueing light. If to a quantity of sea-water containing such ani-
mals a drop of distilled water, concentrated solutions of salts,
acids, alkalis, ete., are gently added, they will occasion the pro-
duetion of a slowly increasing circle of light as the diffusing sub-
stance gradually ﬂ']mremln out.

[t has been shown by Voit that an adult hard-working man re-
quires about 118 grammes of proteid in order that he may not
lose weight. This amount is daily broken down to furnish energy
expended in his work. If the amount of proteid is now increased,
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the excess is not necessarily, as might be expected, built up into
the structure of his body, but is ‘metabolized and excreted as
urea, ete. It is assumed, in this case, that the excess of pro-
teid has stimulated both anabolism and katabolism. A super-
abundance of carbon dioxide supplied to a chlorophyll-containing
plant stimulates metabolism and leads to an increased production
of starch. In many cases chemical substances stimulate anabo-
lism more than katabolism. This is particularly true during the
growing years of a child. Pathology offers many examples of
what are, very probably, instances of chemical stimulation where
a rapid multiplication of cells—of the epidermis, for example—
leads to the formation of tumors,

Mechanical stimulation ncludes all alterations of pressure, no
matter how produced, to which living matter is subjected. The
slightest touch applied to the pseudopodia of a rhizopod will cause
their retraction. An amceeba under stronger stimulation becomes
spherical. In many ecases, as in actinospherium, a rapid secretion
of a sticky material takes place, which serves normally to hold
small infusoria that constitute food for this organism. Stentor
and vorticella, when touched, withdraw from the source of irrita-
tion with lightning-like rapidity. Smooth and striated muscle-
fibres contract when struck by a sharp blow. Phosphorescent
organisms of the ocean reveal their presence whenever the water
is disturbed. The rhythmic movements of the cilia of ciliates
are accelerated and increased in amplitude by mechanieal stim-
ulation.

Any sudden marked change, whether of an increase or decrease,
in the temperature of the medium surrounding an organism will
act as a stimulus. Slow changes act rhﬁ’erentlv. There is an
average temperature to which any given organism 1s subjected.
It may be stated as @ general rule that every increase above the
average up to a certain maximum temperature will cause in-
creased activity, while a decrease in temperature causes an oppo-
site result. A good example is to be found in the formation of
alcohol and carbon dioxide from grape-sugar through the action
of yeast-cells. Cold-blooded animals, fmma and ﬁlamﬂndpls, be-
come lively during warm and very inactive during cold weather,
which is correlated with corresponding metabolic changes. Warm-
blooded animals, however, by means of the mechanisms which
regulate and maintain a high internal temperature, show an in-
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creased metabolism in cold weather, thus proving an exception
to the foregoing rule.

Growth of various organisms is greatly influenced by temper-
ature. Seeds begin to germinate only when the warmth has
reached a certain point: this for Indian corn is 9° C.: for the
date, 15° C. Bacterial cultures thrive, likewise, only at definite
temperatures. The tubercle bacillus begins to grow and propa-
gate at 28° (. The effect of temperature on ciliary movements
can readily be investigated by viewing a portion of the mucous
membrane from the wsophagus of the fru'r under the microscope,
and subjecting to warm and eold saline solutions. A glass rod,
heated to redness and brought against the motor nerve of a frog’s
muscle, will produce a quick contraction.

There are in existence certain vertebrates (proteus) in which
the entire skin 18 sensifive to light.  This is true to a still greater
extent of the ordinary earth-worm. But among the higher ani-
mals the end-organs in the retina are alone clearly responsive to
photie stimulation. It has been found that when the skin is con-
stantly exposed to the intense light of the electrie are lamyp that
the epithelial cells of the skin um]er;,ru a genuine necrosis, which
is not brought about by the heat-rays hut by the short waves of
the violet end of the Q;:tu[rum. The ﬂllmu]dtmw power of light
on the chlorophyll-containing bodies of green plmts is easily
gshown for the absorption of carbon dioxide and the formation of
starch take place only in the presence of light. The rhizopod
pelomyxa responds to sudden illumination in the same manner as
it does to any other stimulus—namely, by quickly taking on a
spherical form. Certain flagellate and ciliate organisms are also
so sensitive to light that they respond by quick movements.

The excitation effects of the electrical eurrents have been inves-
ticated most throughly in nerve and muscle. A sudden change
in the intensity of a current arouses a nerve impulse in the nerve,
and ealls forth a contraction of the muscle. An electrical cur-
rent, however, stimulates also while it is flowing uninterruptedly
through any living strueture. This iz shown in nerve by the
heightened 1rr1mln]m at the kathode or region where the current
leaves the nerve; in actinospherium, by a disintegration of the
organism at the region of the anode, where the current enters the
structure and which ceases as soon as the current is interr upted.
Amaebe and leucocytes withdraw their pseudopods and become
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spherical when subjected to an electrical shock ; smooth, striated,
and cardiac muscle gives vigorous responsive contractions and re-
laxations ; the protoplasm of plant-cells is formed into spherical
masses, and phosphorescent animals emit light.

The inhibition of living matter is much more difficult to recog-
‘mize. A chemical inhibition is shown by the action of ansesthetics.
Mechanical inhibition has been demonstrated by several investiga-
tors by showing that the growth of bacteria is stopped by regular
vibrations. Heat and cold will both produce thermal inhibition
as they respectively approach the coagulation-point of protoplasm
and the zero-point. There is no indisputable evidence of inhibi-
tory power of light ( photic inhibition). The changes at the posi-
tive electrode when a current is passed through a nerve may he
regarded as an example of inhibition by electricity.

Cell Tropism.—Organisms that are capable of independent loco-
motion when acted upon by an influence coming from a definite
direction move either toward or away from the source of the stim-
ulus. If the latter is a chemical irritant, the phenomenon is
known as chemotropism or chemolaxis, and is positive or negative
according as the animal moves toward or away from the source
of the stimulus. In like manner, pressure, temperature, light,
and electricity produce respectively baro-, thermo-, helio-, and gal-
vanotropism.

The Origin of Life.—It may be said that as long as the earth
was a molten mass of excessively high temperature life could not
have existed as we know it to-day. During the evolution of the
earth living matter must have arisen as the result of physical and
chemical ﬂu,t.{}rs, as all chemical compounds whatsoever have
arisen. The formation of living matter was as necessarily the
product of evolution as was the formation of water. At first it
was probably eapable of manifesting vital phenomena indefinitely,
which, as a matter of fact, is true of germ-cells at the present
time. Under proper circumstances by means of germ-plasm life
is passed from individual to individual, and in this sense cannot
be said to suffer death.

Cell Death.—-According to Weismann, death has been evolved
for the good of the species, since in time, through wear and tear,
the w.tal]h of aged individuals is lessened and it is o the advan-
tage of the species that such individuals should no longer propa-
gate nor even exist. The term death has, however, many shades
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of meaning. In one sense since living matter is continually un-
dergoing katabolic changes. It is continually dying. The term
may be applied to the whole organism or to individual tissues.

Somatic Death.—The first oceurs when one or more functions
of the body are so disturbed that harmonious action of all the fune-
tions becomes impossible. The most convenient sign of somatic
death is the cessation of the heart-beat, which, however, 15 not
always the cause of death. The death of the tissues does not
necessarily take place with somatie death. The nervous system
dies very soon ; the heart lasts longer, the last portion to beat
being the right auricle. The smooth musecle of the intestines re-
mains irritable for three-quarters of an hour, and striated muscle
at times for hours.

Some of the most important problems of general physiology are
as yet highly speculative in character, but most physiologists be-
lieve that as knowledge inereases they will all, like the phenomena
of lifeless bodies, be explained as the result of the properties of
matter and energy working under definite laws.

QUESTIONS ON CHAPTER 1.

Define the term physiology.

What are the principal divisions of physiology ?

What is meant by human physiology ?

(Give the derivation of the term physiology.

When were the earliest physiological ideas formed ?

Name some of the earliest physiologists.

What services did Galen, Harvey, Haller, and Miuller render ?

What is the aim or object of physiology ?

How is it possible to tell whether a given piece of matter is alive or not ?

What are the fundamental properties of living things?

Define each.

Are they absolutely characteristic of living matter?

What is the ** physical basis of life’'?

Deseribe protoplasm.

What is the evidence that protoplasm is a fluid ?

What is the finer structure of protoplasmn ?

Why is protoplasm not a chemical term?

What substance is always present in protoplasm ?

What characterizes the elements of living matter?

What is a cell ¥

'| What are * histological differentiation’™ and * physiologieal division of

labor ™ ?

What evidence is there that dead protoplasm differs from living ?

Deseribe the properties of the evanogen group.

What is a biogen ?

What are metabolism, anabolism, and katabolism ?

3—Phys.
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What are the relations of anabolism to katabolism during rest, growth, and
atrophy ? :

Are all biogens alike ?

Deseribe the internal self-adjustment of metabolism.

What is meant by ** contact changes” of biogens?

What is food ?

What is ingestion ?

What are enzymes?

How is starch formed in the plant-cell ?

What is the source of the nitrogen of plants?

What is the function of the nucleus in cells?

Explain why reproduction has been called ** discontinuous growth,”

What is growth due to? Effect of exerecise?

Give the various stages of growth.

Deseribe both methods of cell-division.

What two methods of reproduction, and how do they differ?

Deseribe conjugation.

How do male and female germ-cells differ ?

What is fertilization ?

What is parthenogenesis ?

What is the objeet of fertilization ?

What forces are active during the development of the ovum?

What is atavism or reversion ?

Ddiseuss the inheritance of acquired characters.

What is the source of germ-plasm ?

What is meant by preformation and epigenesis?

What are variations of germ-plasm due to?

What is natural selection ?

Define phylogeny and ontogeny.

What opposite results may stimuli produce in living matter?

How may stimuli produce neerobiotic changes?

(tive examples of excitation and inhibition of active protoplasm.

Define positive and negative chemotropism.

What can be said of the origin of life ?

(Give varions meanings of the term death.

What is the cause of somatic death?

CHAPTER IL
SECRETION.

THE term seeretion may be used to designate either the fiquid
or semiliquid produets of glandular organs which are discharged
upon free or elosed surfaces; or to designate the process itself by
which these products are formed. According as the surface is free
(skin, mucous membrane) or closed (blood and lymph cavities)
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SALIVARY GLANDS, i)

the geeretion 18 termed an external or an infernal secretion,  Such
substances serving a useful purpose are typical seeretions ; when of
no further use, are exeretions. There is no longer any doubt that
qland-cells are active in the formation of their gecretions.  The
pr uuﬁ; are :

The gland-cells undergo a microscopical change.

3. Specific substances in the secretion which are not found in
l]u? blood or lymph.

The liberation of energy in the form of heat, pressure, and
e]u-.t,rwit.}'.

4. The results of' the stimulation of the nerve-supply.

5. The action of certain drugs.

The processes of filtration, diffusion, and osmosis cannot, how-
ever, be entirely excluded for aeting in conjunction with the
physical and chemical properties of the living structure of gland-
cells. By filtration is meant the passage of fluids through a
membrane as the result of differences of hydrostatic pressure.
Diffusion is the interpenetration of the molecules of two fluids
when brought into centact.  Osmosis or dialysis 1s the diffusion
that takes place through membranes separating two fluids.

SALIVARY GLANDS.

The produetion of saliva is hrought about by the joint action of
three larger pairs of glands, the parotids, submazillaries, and sub-
linguals, and by innumerable smaller ones lying in the mucous mem-
brane of the mouth and tongue. In close pm‘cimi!r to the parotid
lies a glandular mass vl]lu] by Klein the inferior admaxillary
-.(31'1{ ia parotidis of man ), and in the connection with the sublingual
is a separable portion, the superior admarillary. These, as well
as many unicellular glands, pour their secretions into the huceal
cavity.

The distinction between albuminous and mucous r;frn.u.-"x hecomes
definite only when applied to individual cells. A series of glands
might be gathered, showing every gradation from those entirely
mucous to those entirely albuminous. The demilunes of Heiden-
hain in mucous glands are albuminous cells. The two types of
cells differ not nn]v histologieally, but also in the character of
their produets. The seeretion ,fmm albuminous ecells contains,
besides enzymes, water, salts, and albumin, while that from muecous
cells contains mucin, which makes it stringy and viscid.
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The activity of secretory cells is well shown by the salivary
olands. During secretion the granules which are present gradu-
ally disappear trom the outer side of the cells, and a clear non-
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Diagrammatie representation of the submaxillary gland of the dog, with its
nerves and blood-vessels. The digsection has been on an animal lying on its back,
but since all the parts shown in the ficure eannot be seen from any one point of
view, the fieure does not give the exact anatomical relations of the several struc-
tures (Fogter).

sm. gldd. The submaxillary gland, into the duet (sm. d.) of which a eanula has
been tied. The =sublingnal sland and duet are not shown., n.l, nl. The linFual
branch of the fifth nerve; the part n.l. is going to the tongue. cht., ch.t'., ch{”. The
chorda tympani. The part ch.t”, is proceeding from the faeial nerve:; at cht. it
becomes conjoined with the lingual #».., and afterward diverging, passes as ch.t. to
the gland along the duct; the eontinuation of the nerve in company with the lin-
rual n.l. is not shown., sm. gl. The submaxillary sanglion with its several roots.
. ear. The earotid ﬂl‘l‘f‘TT., two small branches of wlur'h . sm. a. and r. Sm. p.. pass
to the anterior and posterior parts of the gland. . . The anterior and posterior
veins from the gland, falling into v. j., the 1ngular 1'13-1':1 p. gym. The conjoined vagus
anid sympnthutiv trunks. . CEr. 8. 'l‘h{.- ufppw cervical ganglion, two hranches of
which. forming a plexus (. f) over the facial artery, are distributed (». sym. sm )
along the two glandnlar arteries to the anterior and posterior portions of the gland.

The arrows indicate the direction taken by the nervons impulses during reflex
stimulation of the gland. They aseend to the brain by the lingnal and descend by
the ehorda tympani.

stainable material is substituted. The nuclei become more spheri-
cal and lie nearer the centre of the cell-body, which shrinks in
size. The granular material is apparently used up in the forma-
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tion of the secretion, and since the enzymes formed are specifie
substances, the former are taken to be their source and designated
as z;,r.umgre;;. granules.  The forerunner of ptyalin is called ptyalino-
gen; of pepsin, e psinogen, ete.

The pressure in the duet of the submaxillary has been obgerved
at 190 mm. Hg, while the blood pressure in the carotid at the
time was but 112 mm. Hg. The qllt*htlnn of the amount of heat
given off during the activity of the gland is still unsettled. Lud-
wig and Spiess url;_rm.ilh determined the saliva to be 1° warmer
than the blood in the carotid. Heidenhain, by the thermo-electric
method, found the difference to hecome greater on stimulation of
the sympathetic. The electrical changes in glands are analogous
to the action currents in muscles. The current may be ingoing,
outgoing, or diphasic in character,

Nervous Factors.—The salivary glands have a cranial and a
sympathetic nerve-supply, whose influence may be illustrated by
the results obtained from the submaxillary of the dog. When
the chorda tympani, whose fibres are cranial in orgin, is stimulated
with weak induction shocks, the saiiva obtained is relatively
abundant, thin, and watery, containing not more than 1 to 2 per
cent. of solids. The gland hecomes redder in color, the veins are
distended, and the blood shows a distinet pulse, indicating a dila-
tation of the small arteries and that the chorda tympani carries
dilator fibres. Stimulation of the sympathetic fibres produces a
seanty secretion, which is thick and turbid and may contain 6
cent. of solids. The gland becomes paler, the blood flow is les—
sened, showing that a vasoconstriction has occurred.

Circulatory Factors.—That ithe character of the secretion is not
entirely due to the changes in the amount of blood flowing to the

glands is shown by the following facts :

1. The blood-flow may be cut off entirely when stimulation of
the chorda tympani still gives a secretion.

2. Iu|echun of atropine produces an increased flow of blood,
but no seeretion upon stimulation of' the chorda.

3. Injection of hydrochlorate of quinine gives a vascular dila-
tation, but no secretion until the nerve is stimulated.

When the chorda iz irritated with shocks of inereasing intensity,
it is found that the amount of water and salts secreted increases
proportionately to a maximum limit, which for salts is about 0.77
per cent., no matter what the condition of the gland may be. The
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production of organic constituents soon reaches a maximum and
then declines, and is closely dependent upon the previous condition
of the gland. In order to explain these facts Heidenhain decided
that there were two sets of nerve-fibres, one of which regulated the
formation of organie substances ({rophic fibres), and the other of
which regulated the production of water and salts (secretory fibres).
Mmmrer, their arrangement was such that the chorda carried a
greater number of aecleturv while the sympathetic carried more
trupluﬂ fibres. Langley has recently offered a simpler explanation
of the facts, attributit ng the differences of the chorda and the sympa-
thetic saliva to the variations in the quantity of blood supplied, so
that the assumption of only one kind of nerve-fibre is necessary.

Section of the chorda tympani produces after a few days a slow,
continuous secretion for five or more weeks, when it ceases. This
is called paralytic secretion. Antilytic secretion is the production
of a flow by the corresponding gland on the opposite side, the
nerves of which are still intact.  Section of the cervical sympathetic
causes a temporary dilatation of the blood-vessels, but has no other
effect. Afropine prevents the secretion of saliva by destroying
the endings of the cerebral fibres in the gland, leaving, when
proper doses are used, the sympathetic fibres still capable of fune-
tioning.  Pilocarpine has an antagonistie action to atropine, causing
a continual secretion by stimulating the cerebral fibres in the
gland. Nieotine eauses a slight flow of saliva, followed by a par-
alysis. The drug acts upon the end-brushes of both the cranial
and sympathetic Tibres in the superior cervical and submaxillary
ganglia.

Mechanism of Saliva Secretion.—The flow of saliva is normally
a reflex, the afferent impulses passing along the glossopharyngeal
and lingual nerves to the centre in the medulla, which lies near
the nuclei of origin of the seventh and ninth nerves. The efferent
path is for the submazillar y gland along the facial, chorda tympani,
and lingual nerves. The secretion may be called out by the
stimulation of many sensory nerves, sciatic, splanchnie, and vagus,
as well as by psychical states as the thought of food or in nausea.
Fear and embarrassment may inhibit the Hflow.

STOMACH.

Gastric Glands.—Two kinds of cells are present in the gastric
glands, known as chief cells and border cells. The former are
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alone present in the pyloric end of the stomach, and it has been
stated by Heidenhain that this portion of the stomach produces no
acid.  The pylovic end, carefully resected and converted into a blind
pouch, isalkaline tn reaction.  'This, by exclusion, leavesthe border-
cells as the source of the hydrochloric acid of the gastric juice.
During the activity of the gastric glands histological changes take
place especially in the chief cells, similar to those already described
in the salivary glands.  They also have a double supply of cranial
and m,rm.pu”uhr nerves. Stimulation of the vagi after a latent
period of from four and one-half to ten minutes gives a distinet
flow. The delay is due to the simultaneous irritation of inhibitory
fibres. Stimulation of the sympathetic gives no result. The
effect of psychical states is shown in the * fictitious meal ™’ experi-
ment, in which the w@sophagus of a dog is divided and the two
ends are brought to the skin and sutured so as to open externally.
Food taken by the dog does not reach the stomach, but neverthe-
less causes a flow of gastric juice, which has been shown to depend
upon the integrity of the vagi. The sight of food is alone suffi-
cient to cause a secretion. In order to determine the mechanism
of the normal secretion of the gastric juice investigators have
converted a part of the fundus of the stomach into a blind pouch
with an external opening, while the continuity of the stomach was
established by uniting the cut ends. The nervesupply was not
destroyved. The mtmductlun of food into the stomach hrought
out a secretion in the resected portion in from fifteen to thirty
minutes. This was interpreted to be due to the absorption of
digested substances from the stomach. The quantity of the gastrie
juice secreted varies with the amount of food to be digested,
while the quality depends upon the character of the food. There
is no evidence that the cells of the gastric glands ean be stimulated
directly. The flow upon mechanical stimulation is effected through
the fibres of the vagus and nossibly of’ the sympathetic.

PANCREAS.

The cells of the pancreas are mainly of the albuminous fype, in
addition to which irreqular masses of cells (bodies of Langerhans)
are to be found. The latter are clear and small, with readily
stainable nuclei.  The others show a elear, well-defined, non-stain.
able zone toward the lumen, During activity the cell-boundaries
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become more distinet and the granular zone becomes narrower.
Stimulation of the medulla increases the flow of the pancreatic
juice and changes its organic constituents. There are present
gecrefory nerves compar able to those of the salivary glands.
Owing to the sensitiveness of the gland to variations in the blood-
supply stimulation of the sympathetic will result in a flow of secre-
tion only if the vasoconstrictor fibres are allowed to degenerate by
previous section.  Stimulation of the vagus also causes a marked
secretion, both cases requiring a long latent period, due probably
to simultaneous stimulation of inhibitory fibres. The normal
secretion of the pancreatic juice begins very soon after the inges-
tion of food into the stomach, and is due to a reflex stimulus from
the mucous membrane of the stomach and duodenum resulting
from the acidity of the gastric juice. A relation has been shown
to exist between the quantity and quality of the pancreatic secre-
tion and the nature of the food.

LIVER.

The amount of bile seereted varies, but for man may be stated
to be about 800 c.c. a day. The liver-cells which are in relation
to the mixed blood of the portal vein and the arterial blood of
the hepatic artery are probably continuously active. The bile,
stored in the gall-bladder, is ejected intermittently. It has been
shown that the quantity of bile formed varies ‘with the quan-
tity and quality of the blood supplied to the liver. Bile-salts
stimulate liver-cells, and all such substances are designated as
cholagogues.

Stimulation of the spinal cord diminishes the secretion, owing
to constriction of the blood-vessels of the abdominal organs. Sec-
tion of the cord resulting in loss of vascular tone and wumrd] fall
of blood pressure, and TL]UL]h" decreases the seeretion. Stimula-
tion of the splanchnics which have been cut diminishes secretion,
owing to vascular constriction of the abdominal organs, while sec-
tioning alone increases the secretion, since the resulting loss of
vascular tone is limited to the abdomen, resulting in a greater
flow of blood to that region. The determination of distinct secre-
tory fibres for the formation of bile has so far been impunsihl&
In jaundice due to the occlusion of the bile-duets the bile is not
I'Efil_]f-mrhml by the blood directly, but by the lymphatics of the
liver, and gets into the blood thmugh the thoracic duct.
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INTESTINAL GLANDS.

Evidence as a whole points to the fact that many cells of the
intestinal glands undergo histological changes during activity, in
that their ;.{I'Jlnllit':'-l tii:-':tp!w:ll‘. Seetion f{_." intestinal nerves so that
the higher centres are separated from the mucous membrane leads
to an accumulation of fluid ; but if the inferior ganglion of the solur
plexus is left intact, the accumulation does not take place.

SEROUS SECRETIONS.

These are produced by the pleura, peritoneum, tunica vagi-
nalis, and by the a}rnuvla! membranes of joints, tendon-sheaths,
etc. The synovial secretion is more glairy and viscid than is truly
serous secretion, which is very much like lymph. The iu[mtmn
of serous secretion is to prevent friction between surfaces that are
in contact. It is of a pale yellow color, alkaline in reaction,
viscid, and coagulable by heat.

LACHRYMAL GLANDS.

The conclusion reached for the salivary glands may be applied
with little alteration to the glands of the nasal mucous mem-
brane and to the lachrymal n*iluul-c The latter resemble an
albuminous salivary rerd receiving cranial secretory fibres hy
way of the fifth nerve, and sympathetic fibres by way of the
cervical "-"L"ll!.[hl'l]lt"llt‘ Stimulation of most sensory nerves pro-
duces a secretion reflexly. The duets of the L'Lm-l lead to the
tun]mutlm of the upper eyelid, and usually the secretion is just
sufficient to keep the eye moist, and is drained into the nasal

cavity by way of the l.uhrvm.ll duct. When the seeretion is
inrme:l in =¢11|1emlnmul:1nt*t=. it appears as fears. These are alka-
line in reaction and contain 1 per cent. of solids, chiefly chloride
of sodium.

KIDNEY.

Although the kidney is richly supplied with nerves, there is no
]lllllﬁilllldh][’ evidence of sec retory fibres, but changes in the secre-
tion of urine can be explained by variations in the blood-flow. It
has been estimated that the supply of blood to the kidney may be
from four to nineteen times as large as that of other organs of
the body, and equals per minute 5.6 per cent. of the total quantity
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sent out by the left heart. The secretion of urine can he measured
directly, but variations in blood-supply are determined by an in-
strument called an oncometer. A rich supply of vasoconstrictor
fibres for the kidney emerge from the cord in the lower thoracie
spinal nerves (dog), pass through the sympathetic system, and
reach the kidney as non-medullated nerves. Stimulation of these
nerves causes a shrinkage of the organ and a diminution of the
secretion.  When the fibres are cut, the arteries dilate, the organ
(—.‘:]_‘thll"TL“, more blood passes through the kidney, and the secretion
18 ‘Lugmentml The vasodilator fibres to the kidney emerge from
the cord through the anterior roots of the eleventh, tw elith, and
thirteenth spinal nerves. Normally these fibres—i. e., constrictors
and dilators—are brought into activity reflexly and regulate the
formation of the secretion. Any factor that increases the differ-
ence in pressure in the renal artery and the renal vein will eause
increased secretion of urine. Vascular dilatation of the vessels
of the kidney, unless counterbalanced by a general fall of blood-
pressure, will give an increased secretion. The following table is
useful for reference :

TaBLE oF THE RELATION OF THE SECRETION OF URINE To ARTERIAL
Pressvre (KirkE).

A. Seeretion of urine may be increased—
(a) By increasing the general blood-pressure by—

I. Increase of the force or frequency of the heart-beats.

2. Constriction of the small arteries of areas other than that
of the kidney.

(6) By increasing the local h:’nmf-}n essure by relaxation of the renal
artery, without compensating relaxation elsewhere by—

1. Division of the renal nerves (causing polyuria).

2. Division of the remal nerves and stimulation of the cord
below the medulla (causing greater polyuria).

3. Division of the splanchnic nerves; but the polyuria is less
than in 1 or 2, as these nerves are distributed to a wider
area, and the dilatation of the renal artery is accompanied
by dilatation of other vessels, and therefore by a some-
what general inerease of blood-supply.

4. Puncture of the floor of the fourth ventricle or mechanieal
irritation of the superior cervical ganglion of the sym-
pathetic, possibly from the production of dilatation of the
renal arteries.
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B. Secretion of the urine may be diminished—
(a) By diminishing the general blood-pressure by—
l. Diminution of the force or frequency of the heart-beats.
2. Dilatation of capillary areas other than that of the kidney.
3. Division of the spinal cord below the medulla, which causes
a dilatation of the general abdominal area, and urine ger.-
erally ceases being seereted.

(b) By inereasing the blood-pressure by stimulation of the spinal
cord below the medulla, the constriction of the renal artery
which follows not being compensated for by the increase
of general blood-pressure.

(¢) By constriction of the renal artery by stimulating the renal or
splanchnie nerves or the spinal cord.

Ludwig regarded the secretion of urine as due to simple filtra-
tion and osmosis taking place in the glomeruli, and to a concentra-
tion in the convoluted tubules of the fluid thus formed. Recent
work has shown that the cells of the convoluted tubes have a dis-
tinct secretory function in the elimination of urea and related
bodies. The evidence is:

1. In birds, where uric acid takes the place of the urea of mam-
mals, the small solubility of the urates enables experimenters, by
lication of the ureters, to cause a deposit which is always found in
the cells of the convoluted tubes.

2. Indigo-carmine injected into the ecirculation of a living
animal may be precipitated by the injection of alcohol, when the
pigment is always found in the convoluted tubes.

3. The inactive cells of the convoluted tubes are small, granu-
lar, and toward the lumen show a striated border. During
activity they lose their striated border, project into the lumen of
the tubule, making it smaller, and a clear vesicular area is formed
near the nucleus. The vesicle ruptures and empties its contents
into the lumen.

The excretion of water and salts takes place mainly through
the glomerular epithelium. There are no secretory nerves. Sec-
tion of the cord in the cervieal region, which results in a general
fall of blood-pressure, diminishes the secretion. In general it has
heen found that the secretion of urine varies both with the pressure
of the blood in the glomeruli and the quantity of blood flowing
through the kidney, and Heidenhain has insisted upon the latter
factor as the essential one, givinge as evidence the fact that com-
pression of the renal vein stops the flow of the urine. This raises
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the pressure in the glomerulus, but stops the flow of blood. laga-
tion of the vein for one-halt minute will stop the secretion for
three-quarters of an hour, so that it probably depends upon the
living structure of the epithelial cells. The action of substances,
like potassium nitrate, which increase the flow of urine and are
knuwn as diuretics, is explainable in two ways :

They may cause hydremic plethora by drawing water from
the ’[l‘ﬁbllLS, thus inereasing the blood-pressure and favoring filtra-
tion.

The substances may act directly upon the cells of the glom-
erull.

Abnormal constituents of the urine in disease, as albumin 1in
nephritis or sugar in diabetes, escape from the blood through the
elomerular emthehum. Urea in the blood acts as a ntlmulus to
the cells of the convoluted tubules, causing its selection from the
blood where its percentage is less and its excretion into the tubules
where its percentage is greater.

URINE.

The urine is a clear, yellowish liquid, of a slightly acid reaction,
a characteristic odor, salty-bitter taste, and an average specific
gravity of 1017 to 1020. The daily amount formed may be
placed at from 1200 to 1700 e.c. The color is due to a pigment,
wrobilin, derived from the bilirubin of the bile, and its various
tints are due to various stages of oxidation. The acidity, which
is due to acid sodium and acid caleiwm phosphate, is less during
active digestion, particularly of vegetable foods. Herbivora have
alkaline urine except during starvation. That there 18 no free
acid present is shown by the fact that no precipitate is formed upon
the addition of sodium hyposulphite. Upon standing fermenta-
tion usually results, due to the presence of bacteria, which causes
first a precipitate of uric acid and urates and later of triple phos-
phates. The urine is very complex, because the kidneys eliminate
not only the normal end-produects of metabolism, with the excep-
tion of carbon dioxide, but also produets of decomposition from
the alimentary canal and substances, like drugs, that are not
ordinarily regarded as foods. A useful rule for approximately
estimating the total solids in any given specimen of healthy wrine s
to multiply the last two figures representing the specific gravity by
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2.33.  Thus, in urine of a specific gravity of 1025, 25 times 2.33
equals 58,25 grams of solids in 1000 c.e. of urine. In using
this method it must be remembered that the limits of error are
much wider in diseased than in healthy urine.

The most important constituents of the urine are wrea, wuric
acid, ranthin, hypoxranthin, gquanin, adenin, ereatinin, hippuric
acid, conjugated sulphates, water, and salts.

Urea, an amide of carbonic acid, is found in relatively large
quantities (2 per cent. or more). Twenty-four hours’ urine con-
taing from 50 to 34 grammes. It 1s the end-product of the phy-
siological oxidation of proteids and albuminoids.  One gramme of
proteids yields } of a gramme of urea, as determined from the con-
tained nitrogen. But as some nitrogen is eliminated in urie acid,
creatinin, ete., the amount of urea cannot be taken as an indiea-
tion of the total proteid broken down. Urea is also found
other secretions, as the milk and the perspiration.

The kiduney does not manufacture urea, as is shown by these
facts :

[rea does not form in the blood when irrigated through an
if-.‘an]ﬂ[tﬂ kidney.

The urea in the blood (0.03 to 0.15 per cent.) accumulates
steml]lv as long as the animal lives if' the kidneys are extirpated.

The evulml{e that urea is formed in the liver is as follows:

1. The blood of a well-fed dog, when irrigated through an iso-
lated liver, increases in the amount of urea mutmne:l, whieh is not
true of the blood of a fasting animal, from which may be concluded
that the first contains substances which the liver can convert into
urea

This power is possessed only by the liver.

3. Ammonium earhonate added to the blood and irrigated

thr-::u"']l the liver is converted, at least partially, into urea.
Removal of the liver decreases the percentage of urea in the
h]ﬂm].

['rea arises from proteids by hydrolysis and oxidation with the
formation of ammonia compounds, which are changed to urea in
the liver.  Ammonium earbamate may be one of the precursors
of urea, having been found in the b lood of dogs, and is easily
converted into urea by the loss of water. However, other and
more complex ammonia compounds, like leuein and glycocoll, can
be converted into urea by the liver. The blood of the portal vein
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is normally three or four times ag rich in ammonia compounds as
is arterial blood. Since ured does not entirely disappear upon
extirpation of the liver, it must have some other source, and a
decomposition-product of proteid by trypsin—/{ysatinin—has been
suggested as a possible source.

Uric Acid.—Its total quantity in the urine in twenty-four hours
varies from 0.2 to 1 gramme. In birds and reptiles it takes the
place of urea as the main end-product of the disintegration of -
proteids, and its place of origin has been proved to be the liver.
In mammals this has not been substantiated. Aeceording to one
investigator, uric acid is derived from nucleins being their specific
end-produets : for, among other things, it is found that feeding
with substances rich in nucleins, like the thymus gland, leads to
an Increased elimination of uric acid. Upon feeding an animal
with urie acid it is found that some of it is excreted as urea.

Xanthin, hypoxanthin, guanin, adenin, etc., which are closely
related to urie acid, are probably derived from the same source.
They are found in the greatest quantity in muscle.

Creatinin is derived partly from proteids eaten and partly from
the metabolism of proteids in the body. Muscle contains creatin
as a constant constituent, which, when taken into the stomach, 18
eliminated as creatinin, the latter differing from ecreatin in con-
taining one molecule less of water. The quantity of creatinin in
the urine of man a day is about 1.12 grammes.

Hippuric acid is excreted in the urine of man to the extent of
about 0.7 gramme in twenty-four hours. Foods like vegetables,
which contain substances that yield benzoie acid, increase the out-
put, since a union of benzoic acid and glycocoll taking place in
the kidney forms hippurie acid. Some, however, is the result of
proteid putrefaction in the intestines.

Conjugated sulphates are ethereal salts of organic compounds of
the aromatic and indigo series.  Among the most important organic
radicals are phenol, eresol, indol, and skatol. These are formed
by putrefactive processes in the intestines from proteids, and are
partly excreted in the fieces and partly passed into the blood.
Since they are injurious they are combined with sulphuric acid to
form the conjugate sulphates, which are harmless.  Sulphur is also
excreted as simple sulphates and : ¢1- unoxidized sulphur compounds.

Water.—The quantities lost through the kidneys and skin stand
I inverse proportion to one another. Since water lost through
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the skin affects the normal constitution of the urine through the
medinm of the blood, it is to be expected that other substances in
the cireulation might have similar influence.  This, as a matter
of fact, is true. A temporary alteration of the blood by the
ahsorption of large quantities of water and the presence of diuretics
inereases the flow of water from the kidneys. If saline dinreties
(potassium nitrate, sodium chloride, urea, dextrose, ete.) are in-
jected into the blood, an abundant seeretion soon takes place,
which is accompanied by an enlargement of the kidney and a
slight rise of blood-pressure. It has been shown that the power of
these diuretics is proportional to their molecular weights, and it is
therefore highly probable that through their osmotic power they
withdraw water from the tissues to the blood. The diuresis which
they bring about lasts only as long as the blood-pressure remains
above normal.

Other diuretics are caffein and digitalis. If } grain of caffein
is injected into the circulation, the kidney at first contracts in vol-
ume and the secretion of water is stopped. Soon, however, an
expansion takes place and a copious urinary flow results. The
general blood-pressure is also lessened and then heightened. Caf-
fein seems to act on the renal vessels, diminishing and then aug-
menting the flow of blood through the glomeruli. Digitalis is
-ather uncertain in its action as a diuretic. It slows and strength-
ens the beat of the heart in certain subjects ; increasing the arterial
pressure and lowering the venous pressure, which favors the flow
of blood through the kidney, and produces an increase in the
amount of water in the urine.

Inorganic Salts.—Those of the urine are chiefly the ehlorides,
phosphates and  sulphates of the alkalies and alkaline earths.
They are taken into the body partly as such and partly in the
structure of proteids.  Chloride of sodium oceurs to the greatest
extent, amounting to about 15 grammes in a day’s urine.

SECRETIONS OF THE SKIN.

The perspiration is a colorless liquid with a peculiar odor, a
salty taste, an acid reaction, and a specific gravity of 1004.  The
amount formed varies enormously with the temperature, with ex-
ercise, with I;,-:}'uhin'nl and ||:H|m||:-]_fil.':1| conditions, but may he
put at an average of from 700 to 900 grammes a day, a little
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more than half the total of urine excreted. Its constituents are
water, inorganie salts, traces of fat, fatty acids, cholesterin, and
urea.  Sodium chloride forms from 2 to 3.5 parts in a thousand,
The urea of perspiration in determinations of destroyed proteid is
usually neglected. During extraordinary muscular work the
nitrogen eliminated by the skin amounts to 0.7 or 0.8 gramme.
Sweat-glands are found over the entire surface of the skin, with
the exception of the external ear. Their total number is about
2,000,000.

Insensible perspiration Inereases in quantity with inerease of
temperature until a certain critical point is reached, when it is
markedly increased and appears as visible sweai. The percentage
of carbon dioxide is increased at the same time. Normally the
olands are stimulated by exercise and high temperature. In the
latter case it is produced through the central nervous system.
Instead of acting on the glands directly, the heat affects cutaneous
SeNsory nerves and reflexly exeites the glands. Sweating can be
l)ruuwht about by stimulation of the aﬁerent nerves and I:n,r dysp-
neea ; by the latter, even if the cervical cord is sectioned. Sweat-
centres are, therefore, surmised in the cord as well as in the
medulla, hut they have not been definitely demonstrated.

Sebaceous Secretion.— This is an oily, semi-liquid material,
which sets on exposure to air and consists of water, salts, albumin,
cholesterin, fats, and fatty acids. Its function is to keep the hair
oiled, and perhaps to prevent too great a loss of water through
the skin, and also too great an absorption. The sebaceous glands
are 11‘~I_ldl]‘i.' found in connection with hairs all over the h-:}(lv but
on the prepuce, glans penis, and lips they occur separately. The
secretion of the prepuce is known as smegma preputii ; that of the
external auditory canal, as cerumen ; that of the skin of the newly
born as wvernix caseosa. In the fm'm:itmn of the secretion the
oland-cells break down bodily and are replaced by new cells
from the layer nearest the basement membrane.

MAMMARY GLANDS.

The secretion of the mammary glands is an alkaline, bluish-
white fluid, bhaving a speecific ﬂ'rfl,vlh' of 1030. It is a typical
emulsion, consisting of a fluid plasma holding F:ll"?]lel]flf‘{l fat-glob-
ules. When the secretion takes place from a newly active gland
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there are, besides the fat-globules, certain albuminous bodies
known as colostrum corpuseles, which may be cells of the gland or
may, perhaps, have their origin in wandering connective-tissue
corpuscles.  The plasma of the milk consists of water holding in
solution casein, lacto-albumin, lacto-globulin, lactose, salts, traces
of urea, creatin, and creatinin. The fat-globules consist chiefly
of stearin, palmitin, and olein, which upon standing rise to the
surface as eream. Their number in 1 c.c. of milk has been esti-
mated to be from 1 to 5,700,000, They are not, as was formerly
believed, surrounded by an albuminous envelope. Through their
high refractive power they are chiefly responsible for the color of
milk. The casein which is held in solution by caleium phosphate
is, however, partly the cause of the color of milk.

The reaction of milk is often amphoterie, and may, especially
in carnivora, be acid.  Fresh milk is not coagulated by heat, but
upon standing it slowly becomes acid through the formation of
lactic acid h\r fermentation, and will then curdle if heated. The
seum fmmmg on cooked milk is a combination of casein and eal-
cium. As it is often necessary in infant feeding to replace the
mother’s by cow’s milk, it is important to consider some of the
differences between various milks. The following table is modi-
fied from Konig :

. ; 1
Milk. me'.i ﬁf' Water. Casein. ¢ 1':::1:1'1 o Fat. | Lactose. Ash,
gravity. | globulin, |

Woman . . . .| 1.027 | 87.41 1.03 I 1.26 3.78 6.21 0.31
e s - <o | 031 [BELT | 302 053 | 3.09 4 88 0.71
Colostrum of cow. . . | T74.67 | 4.04 1360 | 3.59 | 2.67 1.56
mant. s s s ol e PESERITE SN 1.09 478 | 4.46 0.76
Sheep . . . . .| 1.034 | 80.82 | 4.79 1.56 | 6.86 | 4.91 0.89
Mare . . . . .| 1.034 |90.78 | 1.24 0.75 1.21 2.67 0.35
BB i e |FB9.64: | D67 1.56 1.64 9.99 0.51
R T el oo i BN A i 4.55 3.13 1.05

The ecomposition of human milk varies with the constitution,
with the state of nutrition, with age, with the complexion, at dif-
ferent stages of lactation, from the two breasts, ete. It is distin-
guished from eow’s milk mainly by the low percentage of proteid
and the high percentage of sugar. The difference in the proteid
causes human milk to form a more flocculent and more easily

4—Phys=,
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fllgeqted precipitate when coagulated. Practically all the phos-
phorus is in urfrmuc combination as nucleon and caseinogen, and
is not, as in cow’s milk, found as pseudo-nuclein. The casein in
woman’s milk is more difficult to precipitate by aeids, salts, and
rennet and is also more easily redissolved by an excess of acid.

Human milk contains the fatty acids—oleic, stearic, palmitic,
butyrie, caproie, capric, and myristic, combined with gl}Lerule
Cow’s milk contains in addition caprylic and arachic acids.
Human milk is poor in volatile acids. The chief base is potas-
sium, while that of other animals 1s calcium.

The cells of the mammary glands, which during pregnancy be-
come active for the first time, undergo hlsu}lugmul changes of
such a nature that each cell increases in size, undergoes a fatty
metamorphosis, the nuclei divide, and then a portion, at least, of
the cell, if not the whole of it, disintegrates. The fragments form
the constituents of the milk. There are known instances where the
secretion of milk has been suppressed by strong emotions, epilep-
tic attacks, ete., indicating a control of the central nervous system.
The connection between the gland and the uterus, which stand in
close relation, is mainly through the blood.

That the secretion of milk may be continuous is not known with
certainty, but it is probable that as it accumulates in the sacculated
ducts of the gland the tension finally inhibits further secretion.
The emptying “of the ducts is the normal stimulus, either directly
or reflexly, for a renewed activity of the gland. Otherwise the
cells undergo retrogressive changes, but they never become as they
were before the first pregnancy.

THYROID.

The secretion of the thyroid is a homogeneous, glairy liquid,
known as colloid substance, and is contained within the closed vesi-
cles and surrounding lymph-spaces of the gland. Its composition
1s not well known. Of the bodies related to the thyroids, para-
and accessory thyroids, the latter probably have the same funetion.
Complete removal of the organs, or H:z,n'ﬂ-.i's?rﬂr'frmu;, as 1t 1s called, 18
followed by a train of symptoms that ends in death and is more
fatal in the young than in the old. In dogs musecular tremors and
spasms are accompanied by emaciation and apathy. Section of
the motor nerves prevents the spasms, indicating that they are of
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central origin. In monkeys thyroidectomy resembles myzadema
in man. The symptoms are anmmia, failure of muscular and
mental power, 1]1:,[11&5 of the skin, loss of hairs, and swelling of
the subcutaneous tissue. They may be prevented by grafting a
Inur: of the thyroid under the skin or anywhere in the a nluuun.l]
cavity. In human beings favorable results have been obtained
by the ingestion of l'h‘;lu]{l extracts and by feeding with the fresh
gland.

It appears that the thyroids and accessory thyroids, on the one
hand, differ from the lmr.:l,lhnmnh on the other, in that removal
of the first causes slow trophic disturbances, while removal of the
last results in acute disturbances and quick death. These glands
may be regarded as functioning in two ways. They may either
antagonize toxic substances that are found in the blood, or may
|'I|['{}(1L1LB a secretion which is necessary to the metabolism of the
body in general, and particularly of the central nervous system.
There has been isolated from the thyroid a substance which is
peculiar in containing a large percentage of iodine, and w hich is
for the most part, while in the eland, combined with pr oteids. It
has been named iodothyrin. The [nmt}nmula contain relatively
larger amounts of this substance. It is quite stable, and possesses
the same beneficial action as the thyroid extract.

PANCREAS.

Ettirpnliun of the pancreas is followed by the appearance of
sugar in the urine, polyuria, emaciation, muscular weakness, and
ultimate death. The result depends upon the completeness of the
removal ; one-fourth to one-fifth of the gland remaining prevents
the fwmptnma As in the case of the thyroid, they may be pre-
vented by grafting a portion of the gland anywhere under the
skin or in the abdominal cavity. The sugar of the blood is in-
creased from 0.15 to 0.50 per eent., and ﬂlE‘ olycogen of the liver
disappears. ('1rhnlw{1mte foods are not used up, but are appa-
rently eliminated in the urine. It is believed that the pancreas
gives off’ a substance that is necessary either to the consumption
of sugar in the body or else hinders the liberation of sugar from
sugar-producing organs. It may be of the nature of an enzyme.
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LIVER.

The liver in its_production of urea and glycogen resembles
those organs l]l‘Uf]ll(lll“‘ internal secretions. The blood of the
portal vein brings sugars and proteids to the liver, which are con-
verted into animal starch or glycogen (C.H O,),. The latter can
be seen 1n the hiver-cells microscopically. As the demand arises,
it is by a process of hydration changed to dextrose, and secreted
back into the blood, to be made use of by other tissues. Urea is
made by the liver-cells from ammonia compounds, and secreted
into the blood, to be excreted by the kidney. In both cases the
liver functions for the good of the entire body. It is possible that
it may also be essential to the conservation of iron of broken-down
hzemoglobin and in the formation of conjugate sulphates.

SUPRARENAL CAPSULES (ADRENAL BODIES).

The removal of these bodies is more quickly fatal than the
removal of the thyroids, death occurring in a few hours or a few
days. The symptoms are muscular weakness, loss of wvascular
tone, and great prostration, resembling those of Addison’s disease,
which involves lesions of the adrenals. The glands may normally
be supposed to remove toxic substances from the body, ‘which are
formed chiefly in the muscles. Aqueous extracts of the medulla
of the gland injected into the vessels of an animal will cause a
marked slowing of the heart-beat and a simultaneous rise of blood-
pressure if the vagi are intact. When the latter are cut, the
heart-beat is increased in its rate and the blood-pressure rises
enormously. The effect is due to a direct action upon the museles
of the blood-vessels. It requires very little of the substance to
produce maximum effects, but they are of a transitory nature. It
has heen found to he present in the adrenal vein, and is Increased
by stimulation of the splanchnie giving evidence of distinet secre-
tory fibres to the H].;’:]'HI_ cells. An nnqtﬂhlp basic body, called
epinephrin, has been isolated, which gives the same physiological
effects when injected into the circulation as does the extract.

PITUITARY BODY.

Extraets of the infundibular portion of the pituitary body
cause a rise of blood-pressure and a slowing of the heart-beat
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when injected intravenously. Removal of the pituitary body is
followed by muscular tremors, spasms, dyspneea, and death. — Patho-
logically, lesions of the pituitary are connected with a disease of
the bones causing hypertrophy, known as acromegaly.

TESTIS AND OVARY.

Brown-Séquard first investigated the internal secretion of the
testis. He showed that an extract of the gland or of the spermatic
fluid when injected under the skin will produce mental and phy-
sical vigor in cases of prostration, neurasthenia, and old age. The
active substance has been isolated and called spermin (C,H N,).
It is not essential to life, since the testes may be removed without
fatal results. It iz a well-known fact that ovariotomy and prema-
ture menopause may be followed by abnormal mental symptoms
and often by a gain in weight. In osteomalacia, a disease giving
rise to a softening of the bones, removal of the ovaries has been
found to exert a favorable influence. In dogs complete ovariotomy
is followed by a lessening of the consumption of oxygen, which is
increased again by feeding with ovarian extracts. These facts
show the influence of the ovaries upon the general nutrition.

KIDNEY.

Some investicators have described the effects of extracts of the
kidney which cause a rise of hluml—preﬁsure. The active substance
has been named rennin.

THYMUS GLAND AND SPLEEN.

Extracts of the thymus and spleen seem to have no specific
effect.

The function of the latter organ is very little understoed.
It may be removed from the organism without serious injury,
giving rise, it is asserted, to an enlargement of lymph-glands and
to an increase in the amount of bone-marrow. It has also heen
found that the number of red blood-corpuscles is diminished. The
following suggestions of the function of the spleen have been
offered :

1. That the spleen manufactures blood-corpuseles.  This is
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without doubt true in man during fietal life and at birth, but it is
not known that it continues throughout life.

2. That the spleen destroys the red blood-corpuseles. The evi-
dence for this theory is that spleen tissue is rich in iron-holding
compounds, and that certain amcwboid cells of the spleen have
been seen apparently ingesting and destroying red blood-cells.

3. That the spleen produces uric aeid. Urie acid is found in
the spleen, but also in all lymphoid tissue.

4. That the spleen produces an enzyme which is ecarried to the
pancreas in the blood, converting trypsinogen into trypsin. A
striking feature of the spleen is its rhythmic movements. 1t under-
goes a slow expansion and relaxation, with definite periods of
digestion. These are due to vasomotor changes, the maximum
vasodilatation oceurring about the fifth hour after a meal. In cats
and dogs there are, in addition, rhythmical changes taking place
from minute to minute which serve to maintain a constant cireu-
lation through the organ. The spleen is well supplied with
nerves, stimulation of which produce a contraction.

The chemical substunces found in the spleen are interesting,
since they indicate a marked metabolism. There is a large per-
centage of iron in an unknown organic combination. In addition,
there are fatty acids, fats, cholesterin, xanthin, hypoxanthin,
adenin, guanin, and uric acid. -

QUESTIONS ON CHAPTER II

What is meant by the term seeretion ?

Distingnish hetween external and internal secretions and execretions.

Giive proofs that gland-cells are active during secretion.

Define filtration, diffusion, and osmosis.

What is the source of saliva?

Disenss albuminous and mneous glands and their produets.

Deseribe the histological changes in salivary glands during activity.

What are zymogen granules ?

Deseribe the nerve-supply of the salivary glands.

(ive results of the stimulation of chorda tympani and sympathetic nerves.

What are the proofs that secretion is not simply due to increased blood-
supply ? ‘

What is the relation of the composition of saliva to the strength of stimu-
lation ?

Give Heidenhain’s and Langley’s views on secretion,

What is paralytie secretion ?  Antilytie secretion ?

Explain changes in secretion produced by drugs.

Give mechanism of normal secretion of saliva.

Discuss the cells of the gastrie glands.

Give the results of stimulation of their nerve-supply.
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In what ways may the gastric juice be caused to flow ?

Deseribe changes in cells during activity.

Deseribe the cells of the pancreas and the changes they undergo when
active,

What is the effect of stimulation of the medulla on pancreatic secretion ?

Discuss results of stimulation of nerve-supply to pancreas,

What causes the pancreatic juice to flow normally ¥

How much bile is secreted in a day ?

What is the relation of bile-secretion to the blood-supply ?

Describe the effect on bile-secretion produced by stimulation of the cord
and splanchnic nerves,

What can be said of the influence of the nerve-supply on the cells of the
intestinal mucous membrane ?

Discuss serous secretions,

What is the nerve-supply of the lachrymal glands?

What are tears?

Are there secretory fibres to the kidney ?

Giive the relation of the blood-supply to the secretion of urine,

What is an oncometer?

Describe the nerve-supply to the kidney.

In what way is the secretion of urine influenced by nerves ?

(rive evidence that cells are active in the formation of urine.

Where in the kidney does the exeretion of water and salts take place ?

GGive reasons for thinking that the cells of the glomerular epithelium are
active in secretion.

How is the action of diuretics explained ?

Describe the urine and state the amount formed.

What is the color of the urine due to?

Why is the urine of complex composition ?

What are the most important constituents of urine?

Discuss the urea of the urine.

What are the proofs that the kidney does not manufacture the urea?

What evidence is there that urea is formed in the liver?

What is the preeursor of the urea in the blood ?

Diseuss the uric acid of the urine.

What is the source of the xanthin bases?

What is the source of creatinin ?

Discuss hippurie acid of the urine.

What are conjugate sulphates?

In what other forms is sulphur excereted from the body ?

What is the relation of the water lost through the kidney and the skin?

Discuss the action of eaffein and digitalis on the secretion of water by the
kidney,

What are the inorganic salts of the urine ?

Disenss the seeretions of the skin.

How are the sweat-glands stimulated to activity ?

What is the method of action of temperature in producing secretion of
sweat ?

Deseribe the properties and method of formation of the sebaceous secretion.

Deseribe the secretion of the mammary glands,

What are colostrum corpuscles? Compare human milk with that of the
COW,.

Deseribe the histological changes that take place in the formation of milk?

What facts indicate a control of the central nervous system over the
activity of the mammary glands?
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Deseribe the normal secretion of milk.

What is colloid substance ?

GFive the symptoms of thyroidectomy in man and in the lower animals,

How can the spasms following thyroidectomy be shown to be of central
origin ?

How may the symptoms of thyroidectomy be prevented ?

In what way do the parathyroids differ from the thyroids?

What is the function of the thyroid gland?

What is iodothyrin ?

Describe the symptoms of extirpation of the pancreas.

How may the symptoms be prevented ?

What is the function of the internal secretion of the pancreas?

Describe the glyecogenic function of the liver.

What are some of the functions of the liver?

What are the symptoms of removal of the suprarenal capsules?

The symptoms of what disease in man do they resemble ?

What is the function of the suprarenal capsules?

Describe the effects of injections of extracts of the medulla of the gland.

Explain the cause of the results obtained.

What evidence of seeretory fibres to the suprarenal capsules?

Deseribe the physiological effects of epinephrin.

Give the effects of injections of the pituitary body.

What disease is connected with lesions of the 1ntuitdr3 7

Give the source and physiological action of spermin.

What evidence that the ovaries may have an effect on the general nutri-

tion ?
Give the source and physiological action of rennin.

CaeA-E TR I
DIGESTION.

SuBsTANCES that constitute food may occur in a gaseous, fluid,
or solid state. When in the last condition it is merely in a limited
number of cases that it may be ingested. For most organisms
the solid must be converted into the liquid form. This trans-
formation 1s termed digestion and 1is effected by ferments. What
we call food appears to consist of the most varied substances, but
upon analysis is found to be composed of a small number of food-
stuffs. There are seven classes.

1. Proteids are absolutely essential to animal organisms, since
they are the sole available source of nitrogen. The;,r serve for
the repair of old tissue, for the formation of new tissue, and as a
source of energy. They contain the elements C, H, N, O, S, and
sometimes P and Fe. Hundreds of atoms are contained in a
molecule ; the formula for egg-albumen, for instance, has been
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given as C, H, N _O_S.. Owing to the uncertainty of their struc-
ture, classifications of proteids vary in minor ways. It will be
sufficient to bear in mind that t]u-.]u are .-:.'m_;.-.r’r* and rumi"u'.ru_*tf Jiro-
teids.  As concrete examples of the first may be given egg-
albumen and fibrin; of the second, hmmoglobin, muecin, and
caselnl. Hi[]]ljlu I;rut.uitiﬂ ey he divided into n‘,Hmm.:us, f,rfm"mﬁu.x,
albumoses, peptones, albuminales, and coagulated proteids. Satura-
tion of the solution with magnesium sulphate throws down the
globulin, but not albumin. Saturation with ammonium sulphate
throws down albumin, globulin, and albumose, but not peptone,
The presence of proteid in solution may be detected by the follow-
Ing tests :

() Biuret Test.—To the solution to be tested add an equal
volume of strong sodium hydrate. Heat to boiling-point, and add
one or two dru]nﬁ of dilute copper sulphate solution. Reaction :
a pink color, which is due to the diamide group in the proteid
molecule.

(h)y Millow's Test.—To the solution to be tested add two or three
drops of Millon’s reagent. This reagent 1z made by dissolving in
the cold one part of mercury in an equal part by weight of con-
centrated nitric acid. To effect an entire solution a gentle heat
must be finally applied, and then two volumes of water are added.
If proteid is present in the solution, a white precipitate forms
which, on boiling for several minuteﬂ. turns red. This reaction is
due to an aromatic nucleus, since it is given by phenol and tyrosin,

(e) Heller's Test—To the solution to be tested add an equal
volume of concentrated nitric acid carefully, so as not to mix.
The proteid is precipitated.

(d) To about 5 c.c. of the solution to be tested add two drops
of strong acetic acid and then one or two drops of potassium ferro-
eyanide.  Proteid precipitates. This i a very delicate test.

2. Albuminoids resemble and are derived from true proteid,
but cannot take the place of' the latter as a source of nitrogen to
animals. They are of complex structure, and have the same nu-
tritive value as carbohydrates. Gelatin is a well-known example.

3. Carbohydrates include starches, sugars, gums, ete. They
are divisible into three main ,f_rruups—mmr.-mm:r.-"mrir.’t’& disac-
charides, and polysaccharides. Those of the first group may
possess either the structure of an aldehyde aleohol, when they are
known as aldoses, or of a ketone alcohol, when they are known as
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ketoses. Dextrose is an example of an aldose, while levulose is
an example of a ketose. The most familiar example of a mono-
saccharide is dextrose (CH ,0,). It may be detected by hoiling
with Fehling’s s{)lutluu Disaccharides are represented by cane-
sugar (C,H,,0,,). Not reducing Fehling’s solution, it may be
detected by the fermentation test. This test may be made as fol-
lows: The solution to be tested is rubbed up with a little yeast
and placed in a U-shaped tube, one arm of which is closed. The
closed arm must be filled completely and free from air. After
twenty-four hours’ exposure to a warm temperature an accumula-
tion of gas in the closed end, due to fermentation, denotes the
presence of sugar. Polysaccharides are represented by starch
(CH,O.),. The value of the (,) has been placed at from 6 to
200. This substance is insoluble in water, except at a high tem-
perature, which produces soluble starch and perhaps many minor
hydrolytic products. It may be detected by the addition of iodine
solution, a blue color resulting.

4. Fats, like carbohydrates, consisting of ecarbon, hydrogen,
and oxygen, are more valuable sources of energy, but not so
cheap or so easily digested. Chemically, fats are esters resulting
from the union of gir;r*srme with a monobasic fatty acid. Ordinary
fats are mixtures of the three chemical fats—stearin, palmitin, and
olein. They are readily split by hydration into their components,
glycerine and fatty acid. The latter uniting with a base gives
rise to ~apf}ii?ﬁimt¢r:1¢~—-f g

Stearin. - Potassinm hydrate = Potassium stearate <+ Glycerine.

((leH;{. 0):1 e (":'lf'!-H:.ﬁU ‘!_ (jq'iHEn
G }0 el 10 -3(g=="} 0) + g},

H, 6. Water and salts are absolutely essential to life, since the
tissues must maintain a certain composition in water and salts
which are continually being lost, so that they must be replaced in
the food.

7. Oxygen being absolutely essential to the continued existence
of life, may in this sense be considered a food. Condiments and
flavors have a heneficial effect in promoting the flow of digestive
juices and in increasing the palatableness of the food. Mustard
and pepper increase absorption from the stomach.

These classes of food-stuffs enter in varying proportions into all
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substances that constitute the food of animals, and during diges-
tion are changed chemically by being brought into contact with
the digestive juices. The active substances in the latter are com-
plex organic bodies termed enzymes. They are non-living sub-
stances containing nitrogen, and are soluble in water and glycer-
ine ; destroyed by temperatures from 60° to 80° C., and inhibited
by cold and by the produets of their own activity. The coagu-
hn'mf; fe rments are an exception to the statement that ferments are
inhibited by the prmluuta of their activity. The most peculiar
property of all ferments is that in their action they are not used
up, o that a small amount of ferment will change an almost in-
definite amount of the substance acted upon. fhm have been
said to act by eatalysis, which means by their mere presence. It
is conceivable that a ferment may act through its physical proper-
ties or through ecertain chemieal changes that it undergoes, but
which leave it ultimately as it was at the llL‘l"]I]iIIllg Both possi-
bilities may be illustrated by phenomena from inorganic nature.
For instance, a trace of iodine added to ﬂmurphmh phosphorus
will convert the entire mass into red phosphorus.  The iodine un-
dergoes no chemical change, but acts through its physical proper-
ties, possibly by inducing a more active molecular vibration in
the phosphorus, so that it assumes a more staple structure.

Chittenden has given an ex*lmple illustrating the other possible
method of action of enzymes. Carbon monoxide and oxygen, when
perfectly dry, cannot be made to unite by means of an electric
spark, but if a small quantity of water vapor is present, they com-
bine readily. The following equations explain the reactions. In
them it is seen that water takes part in the reaction, but remains
finally as it was at the beginning :

2H.0 + CO + O, = CO(OH), + H,0,.
H.O, -+ CO = CO(OH),.
2CO(OH), = 2CO0, + 2H,0.

There is much more certainty in regard to the changes produced
in the bodies upon which the enzymes have acted. These are in
all cases, probably, hydration !.-'HHH,H*d-—J ., the substances acted
upon take up water and then break down into simpler combina-
tions. The reasons for this belief’ are as follows :

1. Enzymes act only in the presence of water,
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2. In many cases an examination of the substances before and
after fermentation show directly a taking-up of water.

3. The action of ferments may be imitated by dilute acids or
alkalies, which are the most powerful hydrolytic agents known.

Enzymes are classified according to the results that they bring
about. They may be proteolytic, amylolytic, fat- and sugar-split-
ting, and coagulating ferments.

SALIVARY SECRETION.

The saliva is a transparent, viseid fluid of a specific gravity of
1002 to 1008. It is normally alkaline in reaction. The amount
formed in twenty-four hours is about 1500 ¢.c.  When taken from
the mouth, it is known as mized saliva, and is turbid, owing to
suspended particles of matter. It contains characteristic mﬂwary
corpuscles, which are probably altered leucocytes. Chemically it
consists of 99.5 per cent. water, holding in solution salts, proteids,
and the ferment ptyalin. The ‘let‘li.lltj 18 due to a glyeoproteid,
muein. Saliva keeps the mouth moist in chewing and in speaking,
dissolves certain substances, and so brings them in contaet with the
organs of taste, makes swallowing possible by wetting the food,
and acts by means of its ferment on starches. Ptyalin, by a pro-
cess of hydration, converts starch to maltose through numerous inter-
mediate steps. The first change is probably the formation of
soluble starch or awn*,ufnn’rrfnne which, by further aection of the
enzyme, gives oft a molecule of maltose, lmvmg a body known as
ﬁra,rthmrfpmtim The latter may be detected by the red color it
gives upon the addition of iodine. Erythrodextrin, by a further
splitting-off' of a maltose molecule, is converted into a series of
mfuﬁrjf?.-?xi’um which give no eolor reaction with iodine. These
are, by the continued splitting-off of maltose molecules, finally all
converted into maltose. Ptyalin acts in a neutral or slightly "l]kﬂ-
line medium. Free h!.dm{*hlm'w acid to the extent of 0. 003 |
cent. stops its action, which, taken in conneection with the fact that
the food remains in the mouth but a very short time, indicates that
the ptyalin digestion is not very important and is limited to the
initial stages, that is, within the mouth only, as the acid of the
stomach stops it. Cooked starch is more readily aeted upon than
raw, owing to the fact that the cooking destroys the cellulose
envelope that surrounds the starch-grains,
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GASTRIC JUICE.

The gastric juice, which is the next digestive juice to act upon
foods, is a thin, nearly colorless liquid, of strong acid reaction and
peculiar odor.  Its specific gravity varies from 1001 to 1010.  Its
constituents are water-holding peptone, mucin, murgnnw salts,
hydrochlorie acid, and the enzymes pepsin and rennin.  The acid
of the gastric juice is proved to be free hydrochlorie acid in the
following ways :

(@) When all the chlorides are precipitated by silver nitrate and
the total chlorine is determined, more is found than can be held
by the bases present.

(b) The secretion gives the color-tests for free mineral acids—
methyl-violet solutions are turned blue, ete. The amount of free
acid varies, but may be put at 0.2 to 0.3 per cent. It has ]lE'EIl
attempted to determine the source of the hydrochlorie acid by in-
jecting into the circulation of an animal substances like ferrie
lactate, followed by potassium ferrocyanide, which react only in
the presence of a free mineral acid with the production of Prussian-
blue. But this only in a general way proved its formation in the
gastric mucous membrane, leaving the method of its formation
unrevealed. During the active secretion of the gastric juice the
alkalinity of the blood is increased and the acidity of the urine is
decreased, corroborating the view that neutral chlorides are decom-
posed ; the chlorine going to form the hydrochloric acid, while the
bases pass back into the blood.

Pepsin is a proteolytic enzyme that acts only in acid media. A
piece of fibrin, for example, when subjected to an artificial gastric
Juice, swells up and finally passes into solution. It is changed
into a more diffusible form of proteid called peptone, but this
conversion takes place through a number of intermediate steps.
There is, first, the formation of an acid-albumin, which has been
named syntonin. Upon neutralization of the mmhum syntonin 18
precipitated, and upon further addition of the alkali is converted
into alkali-albumin, which again passes into solution.  Syntonin is,
by hydrolysis, changed to a series of hodies known as primary
proteoses.  These in turn undergo cleavage with the formation of
secondary proteoses or deuteroproteoses.  The latter finally become,
by the further action of the ferment. peplones.

Rennin.— Besides pepsin, the gastric juice contains an enzyme
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named rennin, that coagulates milk. The latter, if left undis-
turbed at the proper temperature, sets into a solid elot which
shrinks and presses out a clear yellowish liquid called whey. The
curd of human milk is not a solid, but is deposited in loose floe-
culi. Rennin acts upon the ruseumqf n, causing hydrolytie changes,
with the formation of paracasein and whey proteid. The first
unites with ealcium salts and is precipitated as the curd. The
conversion of starch by ptyalin may continue within the stomach
for some time in the interior of the food boli which were formed
in the mouth. It has been shown that cane-sugar may be con-
verted to dextrose and levulose in the stomach, but otherwise car-
bohydrates are not acted upon. Fats are liquefied by the heat of
the stomach, and mechanically mived with other food-substances.
Albuminoids undergo changes analogous to those of proteids.
The mixture of food-substances passing from the stomach to the
small Intestine 1s known as ehyme.

PANCREATIC JUICE.

In the intestine the food undergoes the greatest digestive ehanges.
The pancreatic juice which enters the upper portion of the intes-
tine is a clear, colorless, alkaline liquid, of a speecific gravity of
about 1015. Its composition varies, consisting of water, salts, and
organic bodies. It contains the three important enzymes—itrypsin,
amylopsin, and steapsin. Trypsin acts on proteids in alkaline
media, but may also act in neutral and weak acid media. The
changes effected are similar to those which result from the action
of pepsin, but the action is more rapid, the prinmrv proteoses
being omitted. The proteid, instead of swelling as in peptic diges-
tion, undergoes erosion and disappears. It has been found that
tryptic dwtﬂtmu will go further than peptic digestion, inasmuch,
that of the peptone formed, a portion undergoes further changes
into amido-acids and nitrogenous bases, and is designated as hemi-
peptone. The portion that resists further change is called anti-
peptone.  Together they are known as amphopeptones.  The most
important of the ﬁ]mp]ﬁl organic bodies formed are leuein and ty-
rosin. They are of smaller molecular weight and of simpler
structure than peptones, and since they have little available energy
and are useless in the repair of proteid tissue, their significance is
problematical.



BILE. 62

Amylopsin is the ferment of the pancreatic juice that acts on
starches, and is identical with ptyalin. It forms an end product
—maltose—and intermediate dextrins.

The fat-splitting enzyme of the pancreatic juice is known as
steapsin or lipase. It acts by causing neutral fats to undergo
hydrolysis, which results in their t'lL‘lHL”’L into glyeerine and a free
tlm acid. It was formerly thought that only a portion of the fat
was thus changed, and that the fitt_', acid was united to some of
the bases present in the pancreatic juice, forming a soap and
emulsifying the remainder of the fat, which was then absorbed as
fine globules. Recently another view has become prominent,
which supposes all the fat to be converted into soluble glycerine
and fatty acids, which are absorbed as such and later recombined
as neutral fats in a fine state ot emulsion called molecular fut.

BILE.
The constituents of bile are partly exeretions and partly secre-
tions. The lilhl[ltlh‘ formed a day in man is from 500 to 800 c.c.

It consists of water, salts, hl]&-p]gments, bile-acids, cholesterin,
lecithin, neutral fats, soaps, traces of urea, and a mucilaginous
nucleo-albumin wrongly called muein. The color of bile in car-
nivora is a bright golden red, due to the pigment bilirubin, while
in herbivora it is green as the result of the pigment biliverdin.
The color of the human bile varies from a yvellow to a dark ohive.
[t is feebly alkaline, and has a specifiec gravity of 1010 to 1050.
Biliverdin (C, H,.N,0,) is an U\:]ciltmn prnf]u{-t of bilirubin
(C .,II.HN ;). They are detected by Gmelin’s reaction, which
consists in bringing the solution to be tested in contact with fum-
ing nitrie acid, when a series of color changes result. The hile-
pigments originate in the liver from hwemoglobin. They are
mixed with the food in its passage along the intestine, and are
partly reabsorbed and carried back to the liver in the portal
blood.  The hile-acids are found as the sodium salts of glycocholic
and faurocholic acid. Both are present in human bile, and may be
detected by Pettenkofer's reaction, which consists in adding to the
liguid to be tested a few drops of a 10 per cent. solution of cane-
sugar, and then, carefully, strong sulphurie acid. The tempera-
ture must be kept below 70° F. If bile-salts are present, a violet
ring is formed at the junction of the liquids, which is due to the
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formation of a substance known as furfurol. The latter reacting
with the bilesalts gives the color. The bile-salts are reabsorbed,
partially at least, and again given off’ by the liver. The value
of this process is not known unless it is to economize material,
since the bile-salts serve to hold the excretion cholesterin in solu-
tion, which is constantly present in the bile, and serve also to assist
in the absorption of fats from the intestine. Cholesterin (C,;H,O)
15 eliminated by the liver-cells and remains unchanged in the
fieces. It 1s a crystallizable, insoluble substance, found particu-
larly in the Ille{llll]'lrj substance of nerve-fibres. The nucleo-
albumin of the bile is formed by the cells of the duects and gall-
bladder, and gives to bile its mucilaginous character. Bile has
feeble antiseptic powers, and to some extent retards putrefactive
changes in the intestine, and it also neutralizes the acid chyme
from the stomach.

INTESTINAL SECRETION.

The intestinal seeretion, or swecus entericus, may be obtained
by the Thiry- Vella fistula, which is made by cutting out a portion
of the intestine and bringing the cut ends to the abdominal wall,
so as to form two openings. It is a yellowish liquid of alkaline
reaction, having no influence on ]]I‘UtE:lL]b and fats, but may con-
vert starches to maltose and dextrin, invert cane-sugar to dextrose
and levulose, and change maltose to dextrose. This shows the
presence of amylolytic and inverting enzymes. The latter is
called invertase.

SECRETION OF LARGE INTESTINE.

This secretion is composed mainly of mucus, is scanty, alkaline
in reaction, and has no enzymes of its own. I)lﬂ?%tn'e changes
occur, however, for some time, and are due to enzymes hmught
down from above. Extensive bacterial decomposition takes place.

Bacteria may be found in any portion of the intestinal tract.
It has been ascertained that the ileum, at its junction with the
colon, is acid after a mixed diet. This is due to acetic acid (0.1
per cent.), which is formed through the action of bacteria. In
the large intestine bacterial decomposition results in the forma-
tion of many substances. Some, like skatol, carbon dioxide, hy-
drogen sulphide, etc., promote movements of the intestine ; some,
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like phenol and indol, are reabsorbed, to be eliminated in the
urine. .

Feces.— The fieces vary in composition and amount with the
nature and the quantity of the food. On a mixed diet the amount
in twenty-four hours varies from 100 to 500 grammes in weight.
Its constituents are indigestible materials, undigested food-stufis,
intestinal secretions, prmluuts of bacterial action, cholesterin, ex-
cretin, mucus, pigment, salts, gases, and micro-organisms. Among
the products of bacterial action are indol (C.H N) and skato!
(C,H,N ), which are erystallizable bodies giving mlur to the fieces.
The color is due to hydrobilirubin.

SUMMARY OF DIGESTION.

Proteid food is but slichtly altered in the mouth, and only in a
mechanical way. The muscle-fibres of meat, for instance, are
crushed, and their connective-tissue sheaths broken by the action
of the teeth, thus becoming somewhat white in appearance. Mixed
with saliva, which has no digestive action on these food-stuffs,
they are passed into the stomach and brought under the influence
of the gastric juice. By the combined action of the hydrochlorie
acid and the ferment pepsin proteids pass through a series of
steps w hich consist essentially of a taking-up of water and a break- -
ing into simpler bodies. Synfonin, the first product formed, be-
comes converted into proto- and heteroproteose. These in turn are
further changed to deuteroproteoses and to peptones. But the
food does not remain in the stomach long enough for all the pro-
teids to be changed to peptones. Some pass thmuwh entirely un-
changed, while others have reached various stages of digestion.

In the intestine the energetic action of the trypsin E'hﬂtl’?f“‘ those
pmteula that reach it more quickly to peptﬂnes than the gastric
juice, the intermediate stage of the pnmarv proteoses being
omitted. Furthermore, of “the peptones (amphopeptones), the
hemi- group is still further changed to comparatively simple
amido-bodies and nitrogenous bases. The most important of these
are leucin and tyrosin. Finally, in the large intestine proteids
that still remain are attacked and decum[md by bacteria, but
some escape and are ejected in the fieces.

Albuminoids.—These hodies undergo changes analogous to those
of proteids; the conversion in the stomach reaches chiefly only

5—Phys.
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the gelatose stage, but the pancreatic juice produces gelatine pep-
tones.

Carbohydrates.—T he time that starches remain in the mouth 1s
too short for the ptyalin of the saliva to produce any very great
changes, and thuu;.r,h the (hg(-‘btlﬂﬂ may continue for some time
within food-boli in the stomach, it 1:-1'(3[1;11}1}! does not pass the
initial stages. The acidity of the gastric juice soon stops all car-
hﬂlﬂill.it? digestion, and it iz not until the food reaches the in-
testine that the amylopsin of the pancreatic juice actively begins
the conversion of starches. The action of ptyalin and amylopsin
is identical.  Starch is modified into soluble starch, and then begin
a series of hydration changes during which the starch molecule is
split into maltose and ﬂjﬁtm(ff.t,frm The latter again into mal-
tose and achroddextrin ; achroodextrin again into maltose and a still
simpler dextrin, and so on until only malfose results. In the in-
testinal secretion there is an enzyme which aids amylopsin in the
conversion of starch to maltose. The sugars thus formed and
others, eaten as such, are by means of inv thulg enzymes (inver-
tase and maltase) of the intestine changed to monosaccharides.
This is illustrated by the following equations :

{.""l:i:[-['::i{-}ll =i I'I-,:O — C.;I’Ilgﬂﬂ 1'- (;J.‘IHUE

Maltose. Dextrose. Dextrose.
UIEHEE{-—}H ]| HJO —- CﬁIImOu ‘!' C'uI'L::Or.
Cane-sugar. Dextrose. Levulose.

It has been found that cane-sugar mm' also be converted to
dextrose and leyulose in the stomach. Carbohydrates that escape
digestion and absorption and reach the large intestine are largely
deatm} ed by bacteria.

Fats.—These are not changed until they reach the fat-splitting
ferment, i-,teupcdn of the pancreafic juice, except that they are
separated from the connective tissue by the action of the teeth and
proteolytic enzymes, and are partially melted by the heat of the
body in the stomach. In the intestine fats are changed to glycerine
and a cr:n*reapnmhna* fatty acid. The latter may unite with bases
present to form soaps, which emulsify the remaining unaltered fat.
According to one view, fat is l'I]dl[ll“, absorbed in the form of an
emulsion. Aeccording to another and later view, the greater part
is converted to fatty acid and glyeerine, absorbed as such, and
then recombined to form neutral fat. While considering the
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action of digestive juices, it is interesting and important to remem-
ber that the ferment rennin of the gastiric juice coagulates milk.
The casein of' the milk under the iuﬂuuu-v of the enzyme under-
goes a hydrolytic cleavage, with the formation of paracasein and
whey [ll‘ll[{‘ili Paracasein unites with ealeium to form the insolu-
ble curd. The action of rennin is confined to milk, and the value
of the ¢ unllmg action lies probably in an easier conversion of the
milk proteids in the coagulated form. The digestion of milk after
coagulation is carried on by the enzymes of the gastric and pan-
creatic juices.

SELF-DIGESTION OF THE STOMACH.

Why the stomach or any other portion of the intestinal tract
brought into contact with digestive juices is not destroyed has
given rise to much discussion. Normally, self-digestion does not
oceur, but if an animal is killed while in full digestion and the
body is kept warm, the stomach will be destroyed. This has been
found to take place in human bodies. If a portion of the stomach
is deprived of its blood-supply, that portion will be attacked and
a perforation of the stomach may result. The imlmmitv of the
stomach to the gastric juice has been explained in a number of
ways, but not satisfactorily. It has been said that the epithelial
lining of the stomach prevents the absorption of the gastric juice,
but this explanation raises the question why the living epithelial
cells are immune.

The secretion of mueus forming a protective coating for the
stomach iz an inadequate {tp]dnatmn owing to the difficulty of
conceiving such a means of protection to be as perfect as it is.
Another theory which holds the alkaline blood to neutralize the
acid of the stomach as it is formed cannot be applied in the case
of the intestine, where the digestive juice is alkaline. An ex-
planation is at present impossible. A1l that can be said is that
the immunity of the intestinal tract is due to the fact that it is
alive. Bernard introduced the hind-leg of a living frog into a
dog’s stomach through a fistula. It was digested. But in this
case the cells of the frog’s limb were first destroved by the acid.
It has been shown by Neumeister that a living frog’s leg is not
digested by a strong pancreatic digestive mixture of weak alkaline
reaction, because in this case the cells are not killed.
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QUESTIONS ON CHAPTER III

What is digestion ?

What are food-stuffs? Give classes.

Into what subdivisions do simple proteids fall ?

How are globulins separated from albumins?

How are peptones isolated from other proteids ?

What purposes do peptones serve ?

What ean be said of the molecular structure of proteids?

Give tests for the identification of proteid.

How do albuminoids resemble proteids?

In what way are they like carbohydrates?

What are the main groups of carbohydrates? Examples.

How may dextrose be detected ? :

What is the test for cane-sugar ?

What chemiecal is used for the detection of starch?

How do fats compare with carbohydrates as a source of energy?

What is saponification ?

Of what value are water and salts to the body ?

In what sense may oxygen be called a food ?

What are the characteristics of enzymes?

In what ways are enzymes supposed to act?

How are enzymes classified ?

Describe the saliva. What is its composition ?

What is the function of saliva ?

Give detailed steps of the action of ptyalin on starch.

What is the action of acid on the activity of ptyalin?

Why is starch more easily digested when cooked than when raw?

Describe the gastrie juice.

What are the proofs that the acid of the gastrie juice is free hydrochlorie
acid ?

How is the reaction of the blood and the urine affected during active secre-
tion of gastric juice?

What is pepsin ?

Give detailed steps of the action of hydrochloric acid and pepsin on proteids.

Explain the action of the ferment rennin in detail.

Deseribe the eurd of human milk.

In what ways are fats and albuminoids changed in the stomach ?

Where does the food undergo its greatest digestive changes?

Describe the pancreatic juice. Its ecomposition.

How does the action of trypsin differ from that of pepsin ?

What are amphopeptones ?

What is the sourece of leucin and tyrosin ?

Compare the action of amylopsin and ptyalin.

What is lipase ?

What is the action of steapsin on fat?

Deseribe the bile.

What causes the difference of the color in the bile of herbivora and ecar-
nivora ?

How are the bile-pigments detected ?

What is the source of the bile-pigments?

What is their fate ?

What are bile-acids? How detected ?

Give fate of bile acids. What is their function ?
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Describe cholesterin,

What makes the bile viscid ?

How is the intestinal seeretion obtained ?

Deseribe the succus entericus,

Deseribe the secretion of the large intestine,

What is the reaction of the large intestine ?

What is the reaction due to ?

What changes do bacteria produce in the intestine ?
Describe the fieces.

What substances give odor and color to the fieces?

CHAPTER 1IV.
MUSCULAR MECHANISMS.
MASTICATION.

IN order that the food may readily be swallowed and acted
upon by the digestive juices it is h:leh divided by the action of
the jaws, which, by means of the incisors and canines, cut the
food, and by means of the bicuspids and molars, erush it. The
lower jaw is raised by the masseter, temporal, and internal ptery-
ooid muscles ; depression is largely passive, but is aided by the
tli;_':ﬂbtrws ;u.ul slightly by the mvh}hvnui and geniohyoid muscles.
When the mimh\'tml aroup fix the hyoid Imm—:* all the muscles
passing between it and the mandible act to depress the latter ; it
is moved laterally by the external pterygoids acting separately,
and forward by their joint action, and is retracted lw the hori-
zontal fibres of the temporals. The action is voluntary, the
impulses coming through the trigeminal and hypoglossal nerves.
The tongue and cheeks serve to bring and keep the food between
the teeth.

DEGLUTITION.

This process is usually divided into three stages:

1. The food is properly placed on the tongue, which is elevated
against the palate from tip to base, forcing the food toward the
fauces.

The food is rapidly transferred through the pharynx by the
contraction of the tongue and pharyngeal muscles, while simul-
taneously all passages with the exeeption of that to the csophagus
are closed. The mouth cavity is shut off by the tongue and
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anterior pillars of the fauces; the nasal cavity by the soft palate,
posterior pillars of the fauces, and uvula; the larynx by the
depression of the epiglottis, adduction of the cords, and elevation
of the larynx under the base of the tongue.

3. Having reached the cesophagus, the food is seized by the
circular musecles, which contract from above downward in the form
of a peristaltic wave. The most active contraction is just above
the bolus of food. The total time involved by the food in reaching
the stomach is about six seconds. Liquids when in the second
stage are brought under pressure by the contraction of the mylo-
hyoid and hyoglossi muscles, and quickly shot deep down into the
esophagus. Deglutition is a reflex aetf, with the exception of the
first stage. Section of the cesophagus does not prevent the passage
of the peristaltic wave. The afferent fibres are in branches of
the fifth, ninth, and tenth nerves (especially in the superior laryn-
geal branch of the tenth). The ceutre in the medulla is not defi-
nitely localized. The efferent fibres are in the fifth, seventh
(ninth), tenth, and twelfth nerves.

MOVEMENTS OF THE STOMACH.

When food is passed into the stomach it is moved about and
thoroughly mixed with the gastric juice for several hours, while
at regular intervals peristaltic waves sweeping over the organ force
some of the digested mass through the relaxed pylorie sphincter
into the intestine. The peristaltic waves begin feebly in the fundie
end of the stomach, and increase in intensity until they reach a
maximum at the transverse band, which contracts so markedly as
to divide the stomach into two portions. Then follows a contrac-
tion of the antrum upon the food that has been moved into if,
forcing the digested portions into the duodenum. Portions not
digested set up an antiperistaltic wave and are thrown back mto
the fundus. Throughout the digestion of the food the fundus is in
a tfonie state and gradually contracts to smaller dimensions as the
food disappears. The peristalsis of the stomach is independent of
the nervous system. There is, however, a rich supply of nerve-
fibres from two sources: from the vagi and from the solar plexus.
Stimulation of the first causes a contraction, and stimulation of the
second an inhibition, of the stomach. Their funetion is probably
a regulatory one.
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VOMITING.

Vomiting is a complete reflex action. It is preceded by a feel-
ing of nausea, a flow of saliva, and retching movements w ‘hich are
]l'[‘l‘.i'l]"‘llt about by spasmodic contractions of the diaphragm with a
closed glottis.  This causes the negative pressure in the thorax to
increase and open the wsophagus, while simultaneously pressure is
brought to bear upon the stomach. 'The abdominal muscles v igor-
i.‘."ll*-l‘» contracting force the contents out of the cardiac end of the
stomach and up through the mouth. The glottis is closed, and the
nasal passages also, The stomach during vomiting may not be in-
active, but the main factor in the ejection of its contents 1s the eon-
traction of the abdominal museles. This was shown by Magendie,
who substituted a bladder of water for the stomach and produced
vomiting by injection of an emetic. It has been shown, moreover,
that an emetic is without effect in a curarized animal. Vomiting
is brought about by local irritation of the mucous membrane of
the "-tﬂl!]"l.(*h by tickling the pharynx, by psychical states, lesions
of the brain, I}}' toxic mhatml{'m: in the blood, ete. The afferent
path when the reflex is from the stomach is through the vagus. A
centre has been described near the calamus seriptorius, but its
existence is not certain. The efferent impulses pass over fibres of
the vagus, phrenics, and spinal nerves that supply the abdominal
muscles.

MOVEMENTS OF THE INTESTINES.

These are of the same nature, but simpler than those of the
stomach. There are two kinds—the peristaltic and the rhythmie.
Peristalsis is effected mainly through a contraction of the circular
muscle-fibres of the intestine, which involves successive portions
Ilnl_l is followed lw a gradual relaxation in the same order. This
gives rise to a series of waves that normally pass from the stomach
to the rectum. Waves in the reverse direction aré known as anti-
peristaltic. That peristalsis 1s due to some mechanism in the walls
of the intestine has been shown by cutting out a portion and re-
placing it in a reversed position. Such animals show nutritive
disturbances and examination reveals an accumulation of food at
the upper end of the reversed part. The peristaltic waves pass
over the intestine normally quite slowly, but abnormal waves may
sweep over its entire length in a minute.



4 MUSCULAR MECHANISMS.

Fic. 4.

RV 0 L.V

e Sk

Diagram to illustrate the nerves of the alimentary canal in the dog (Foster). The
fizure 1s, for the sake of simplicity, made as diagrammatic as posgible, and does not
represent the anatomical relations.  Oe, to Ref. The alimentary canal, cesophagus,
stomach, small intestine, large intestine, rectum. L. V. Left vagus nerve, ending
on front of stomach. .. Recurrent laryngeal nerve supplying upper part of esoph-
argus. K. V. Right vagus, joining left vagus in cesophageal plexus, oe. pl., supplyving
posterior part of stomach and continued as R'. 7. to join the solar plexus, here rep-
resented by a gsingle ganglion and eonnected with the inferior mesenterie ganglion (or

lexus) m.gl. a. Branches from the =olar plexus to stomaeh and small intestine and
rom the mesenteric ganglion to the large intestine. Spl. maj. Large splanchnic
nerve arising from the thoracie ganglia and rami communieantes, r.c., belonging to
dorsal nerves from the sixth to the ninth (or tenth). Spl. min. Small splanchnic
nerve similarly aricing from tenth and eleventh dorsal nerves. Thes~e hoth join the
solar plexus and thence make their way to the alimentary eanal. c.r. Nerves from
the ganglia, ete., belonging to eleventh and twelfth dorsal and first and second
lumbar nerves, proceeding to the inferior mesenterie ganglia (or plexus), m. gl., and
thence by the hypogastric nerve, n. hyp., and the hypogastrie plexus, pi. hyp.. to the
circular musecles of the rectum. Lr. Nerves from the second and third saeral nerves,
8.2, 83 (nervi erigentes), proceeding by the hypogastric plexus to the longitudinal
mugcles of the rectum.
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The rhythmie movements are caused by the contractions of the
circular muscles over extensive portions of the intestine at the
same time. By pressing upon the veins of the submucous plexus
they force the blood into the superior mesenteric vein, and so aid
in maintaining a circulation through the intestines. These move-
ments differ from peristalsis in not being prevented by nicotin, in-
dicating a purely muscular nature.

The intestines have a double nerve-supply. The fibres of the
vagi carry chiefly motor impulses, while those of the sympathetie,
chiefly inhibitor y impulses. The intestinal movements are not
altered by complete severance of all extrinsic fibres, so that the
latter probably have only a regulatory influence. It is known
that the movements may be influenced by psychical states, so that
there are evidently connections with higher centres.

DEFECATION.

When the undigested food has reached the lower part of the
large intestine and the rectum, sensory impulses pass to the brain
from the latter, giving rise to a desire to defecate. The normal
peristaltic movements of the rectum are increased, while volunta-
rily a deep breath is taken, the glottis is closed, and pressure is
brought to bear upon the abdominal contents. The external
gphineter ani is voluntarily relaxed, while the internal sphincter is
inhibited. Both rectum and sphincters have a double nerve-sup-
ply, which in function are motor and inhibitory. It has been
shown that section of the spinal cord of dogs in the lower thoracie
region does not prevent normal defecation. The cenfre probhahly
lies in the lumbar cord, but is connected with the brain so as to be
under voluntary control.

MICTURITION.

The urine as it is formed in the kidney is periodically carried
to the bladder by a peristaltie action of the ureters. W hether the
peristalsis is due to the stimulus of the contained urine or whether
the ureters are automatically rhythmie is not known. The urine
18 emptied into the bladder in a series of spurts, and is prevented
from flowing through the urethra by the elasticity of the parts and
perhaps also by a tonic eontraction of the internal sphineter of the
bladder. As it increases in amount and a desire to micturate
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arises, the sphincter of the urethra is voluntarily contracted to
prevent the escape of urine, and the back-flow through the ureters
is prevented by their oblique entrance. Micturition is wnitiated
voluntarily by a relaxation of the sphineter urethree. The walls
of the bladder contract, driving the liquid out forcibly. This may
be aided by a closure of the glottis and a contraetion of the abdom-
inal muscles. In the male the last portions are ejected in spurts
by the contractions of the bulbocavernosus muscle. The tone of
the bladder is continually undergoing changes, so that the pressure
of the urine varies independently of the quantity present. This
explains why a desire to micturate, if not satisfied, may pass off.
The centre of micturition has been located in the lumbar portion
of the cord, between the second and fifth lumbar spinal nerves,
The bladder has a double nerve-supply :

1. From lumbar nerves passing through the inferior mesenterice
ganglion and hypogastric nerves. Stimulation of these causes a
feeble contraction.

2. From sacral spinal nerve-fibres contained in the nervus eri-
gens. Stimulation of these causes a strong contraction.

PARTURITION.

This process is inaugurated by painless, rhythmical peristaltic
waves that sweep over the upper segment of the uterus. These
contractions inerease in intensity and duration until they give
pain, which is intensified by resistance ahead or may be absent
altogether if the child is small and the canal large and free. The
pain is at first confined to the uterus, but later apreada up into the
abdomen and down into the thichs. Contractions in the human
being involve only the upper portions of the uterus, the lower
SEETI‘HPI]t and cervix remaining passive. When the membrane
which precedes the feetus in its passage through the os uteri
bursts, there is for a time a cessation of uterine contractions (owing
to the considerable reduction in the bulk of the uterine contents),
but they are soon renewed with inereased vigor, aided by foreible
contractions of the abdominal museles and by forcible primtiuns
with closed glottis. By these means the head of the foetus is
gradually pu:lwc] through the os into the vagina, followed by the
more easily passing remainder of the body. After expulsmn of
the feetus the contractions gradually diminish, becoming painless,
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and in about fifteen minutes the after-birth, consisting of placenta,
amnion, chorion, decidua reflexa, and parts of the decidua vera
appears. At this time the blood flows freely ; the average loss,
amounting to about 400 grammes, which can be and should be
greatly reduced by a proper * following down ”—i. e. intermittent
massage—of the fundus. After parturition, by a process of involu-
tion lelmg for several weeks, the uterus returns to its unimpreg-
nated state. The entire process is a reflex act, the nervous centre
being in the lumbar portion of the cord. The nerves reach the
uterus in company with blood-vessels, and are derived from the
pelvie plexus.
LOCOMOTOR MECHANISMS.

The two hundred or more bones of the body are joined together
to form articulations of four types : sufures, symphyses, syndesmoses,
and diarthroses.

A suture is formed when two bones gradually interlock immov-
ably, leaving only a more or less distinct seam. The best exam-

ples are in the skull.

A symphysis is the unicn of two bones by fibrocartilage, as in
the case of vertebrze. This allows a limited amount of movement.

A syndesmosis is a union of two bones by fibrous bands, which
allows considerable movement as in the inferior tibiofibular artic-
ulation.

A diarthrosis is a union between two bones that allows the
greatest movement, generally, however, only in a special direction.
The parts in contact are lined with cartilage, and lubricated with
a viscid synovial fluid. The union is made firm by guiding liga-
ments and fibrous capsules. In some cases, as in the head of the
femur and acetabulum, the parts fit so well that they are kept in
place, partially, at least, by atmospherie pressure.

The movements between joints may be: (1) Angular; (2)of eir-
cumduction ; (3) of rotation; (4) gliding. In the first the angle be-
tween the ]ﬂ[‘]‘-"" axis of the bones changes in value. In the second
the luntrltuduml axis of the bone forms the sides of a cone whose
apex is at the joint. In the third the bone moves about its longi-
tudinal axis. In the fourth one hone slides over the other.

Many of the bones may be looked upon as levers, with the mus-
cles attached as sources of power. Levers are divided into three
classes, according to the relative position of the power, the weight
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to be moved, and the axis of motion or fulerum. Different move-
ments of the foot offer an illustration of the three kinds of levers.
The first kind (Fig. 5), where the fulerum (F) is between the
source of power (P) and-the weight of resistance (W), is shown
when the foot is raised and the toe tapped upon the ground, the
ankle-joint being the fulerum. The second kind of lever, where
W is between F and P, is illustrated when the body is raised upon
the toes, which, resting upon the ground, are the fulerum. The
third kind of lever, where P is between F and W, is illustrated
when a weight is held up by the toes, the ankle being the fulerum
and the anterior group of muscles of the leg the source of power.
Standing is a mmplex coordinated aetion in which the museles
are continually in play to keep the centre of gravity of the body

F1a. o.

ITI

IMustration of levers of all three orders (Huxley): W. Weight of resistance. F.
Fulerum, P, Power.

over the base of support. In walking the centre of gravity is
continually being put forward, but the body is kept from falling
by the legs, which alternately move forward to sustain it. Une
ﬁmt or the other is continually on the ground. Running differs
in that the body is more forcibly moved ahead by vigorous pushes.
The body is more inclined, and both feet leave the ground at
times,

VOICE.

The larynz iz a closed cavity, except in its communieations with
the trachea below and the pharynx above. The walls are made
up of curti]aqea together with various museles and membranes.
Across the cavity in an anteroposterior direction are stretched the
vocal cords by the vibration of which the voice is produced. Mere
vibration of the cords held in a state of tension by muscular action
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produces in itself but a feeble sound. This is intensified by recn-
forcement of the vibrations by resonating cavities above and below
the cords. It is necessary to “consider tilrm. features of the voice
the intensity, the pitch, and the quality. The intensity depends
upon the amplitude of vibrations of the cords. This is partly the
result of their structure and partly of the energy with which the
air passes between them. The piteh is determined by the thick-
ness, tension, and length of the cords. The quality of the tone
depends upon the character of the upper partial tones which are
combined with the fundamental tone. These are varied by alter-
ing the shape and size of the buccal and nasal cavities. The
voice is controlled by an exceedingly complex nervous mechanism
of afferent and efferent fibres to various centres in the cerebral
cortex. That relations between the hearing and speech centres,
for instance, are very intimate is shown by the fact that dumbness
is usually a :lefect of hearing which leaves the voice uncontrolled
by the ear in pitch and rluahtv The pitch of the voice is ele-
vated usually by the contraction of the erico-thyroid musele, which
stretches the vocal cords. There are numerous other methods of
altering the pitch. Whenever there 13 a transition from one
method to another, a break occurs in the musical scale. The
range of voice between these breaks is known as a register. The
lowest register is commonly designated as the chest voice, and the
highest as.the head voice. When a third division is made, it 1=
by some called the falsetto. Language consists of short musical
sounds produced by the vocal cords with other noises added by
the mouth-parts, the whole being interrupted by different methods
of obstruction. In whispering the musical component is greatly
replaced by noisy vibrations.

QUESTIONS ON CHAPTER IV.

What is the function of the jaws and the teeth ?

Give action of the muscles concerned in mastication.

What purpose do the tongne and cheeks serve ?

Into what stages is deglutition divided ?

Describe each stage in detail.

How does the deglutition of liquids differ from that of solids?
How long does it take food to pass from the pharynx to the stomach ?
Is sw: I."n“tllf: reflex or voluntary ?

What is the effect of sectioning the asophagus on peristalsis?
(zvive the nervous mechanism of th‘"hll"ltlnll

Desceribe the movements of the slumm‘h,

What is the funetion of the fundic end of the stomach ?
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Give the nerve-supply to the stomach and its function.

Describe vomiting. Is it a reflex act?

What experiment shows that food is ejected from the stomach mainly by
abdominal muscles?

Give the nerves involved in vomiting.

Explain the movements of the intestines.

What is antiperistalsis ?

What is the proof that normal peristalsis is due to a nervous mechanism ?

What are the differences between the peristaltic and the rhythmic move-
ments of the intestine ?

How do rhythmic movements aid the circulation ?

Discuss the nervous mechanism of the intestines.

Describe defecation. Give nerve-supply and locate centre,

Describe micturition.

Explain why a desire to micturate may pass off.

Locate centre and give nerve-supply involved in micturition.

Deseribe parturition.

What forms the after-birth ?

How much blood is lost during parturition? Is this essential ?

Give source of nerve-supply and locate centre involved in parturition.

Name the types of articulations between bones.

Define each type.

What kinds of movements may take place between joints?

Describe the three kinds of levers formed by bones.

Define standing, walking, and running.

How is the voice produced ?

Define piteh, intensity, and quality of voice.

What is the relation of the centre of speech to other centres of the cerebral
cortex ?

What constitutes a register?

Define head voice, chest voice, and falsetto.

Define language., Define whispering.

CHAPTER V.
ABSORPTION.

General Principles.—When food in the intestinal canal has
undergone its digestive changes, it is absorbed. The alimentary
~canal from csophagus to rectum consists of a single layer of
columnar epithelial cells placed on a basement membrane. The
solible diffusible constituents of the food on one side and the
blood on the other side seem to offer favorable conditions for fil-
tration and osmosis. But it has been proved that the activity of
the epithelial eells is an important factor in abgzorption.

1. Substances are absorbed from the infestine having the same,
less, or greater osmotic tension.
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2. Sugar and peptones, which are less diffusible than sodium
sulplmle, are absorbed more rapidly.

3. Non-dializable substances like egg-albumen may be absorbed.

4. Some substances like peptone are changed 1n their passage
through the intestinal wall.

There are two paths which absorbed products may take : they
may pass directly into the blood of the capillaries and so into the
pmtll system, in which case they are taken to the liver, or they
may pass into the lacteals of the lymphatic system, forming Llnle.
In this case they pass through the thoracie duct to enter the gen-
eral circulation at the junction of the left internal jugular and
subclavian veins. It will, therefore, be noted that the blood is the
final objective point by each path.

ABSORPTION FROM THE STOMACH.

The absorption of substances from the stomach is not very
marked. Sugars, peptones, and proteoses may be absorbed with
difficulty. The same is true of water, which is usually rapidly
passed into the duodenum. Alcohol is absorbed more rapidly,
salts slowly, and fats not at all. Some salts like sodium iodide are
not absorbed at all in dilute solutions, but when the concentration
of the solution reaches 3 per cent., absorption becomes pronounced.
Normally, salts never reach this degree of concentration. It has
been found that the absorption of sodium iodide is greatly in-
creased by mustard, pepper, and aleohol, which act either by con-
sesting the mucous membrane or by stimulating the epithelial
cells to greater activity.

ABSORPTION FROM THE SMALL INTESTINE.

The food in its passage along the intestine moves slowly, requir-
ing from nine to twenty-three hours after ingestion to appear at
the end of the small intestine. The latter, moreover, presents a

vast surface for absorption by reason of the vi/li and the valvule
conniventes. Both of these conditions favor absorption. As a
matter of fact, 85 per cent. of the proteid has been found to dis-
appear. That proteoses and peptones are absorbed directly by the
blood iz shhwn in ligating the thoracie duet, which does not inter-
fere with ti eir disappearance. Nevertheless they do not appear

fi—Phys. .
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in the blood as such, and if present, act as poisonous bodies which
cannot be used by the tissues and are immediately excreted by the
kidneys. It is probable that the epithelial cells convert them into
serum albumin. Carbohydrates which are changed to diffusible
sugars, dextrose, and levulose are also absorbed directly into the
blood, and the portal vein has been found to show an increased
percentage of sugar after meals. The lymph of the thoracic duct
shows no such increase unless excessive quantities have been taken.

Fats, it is conceivable, may be absorbed in an emulsified condition
or as glycerine, fatty acids, and soaps. KExperimentally it has
been found that the greater part of the fat (60 per cent.) is passed
through the Eplthelldl cells and through the stroma of the villi to
the central lacteal, which is the beginning of the thoracic duct.
The remainder, however, remains unaccounted for and may be
absorbed by the blood as fatty acid and glycerine. There is very
likely a wrpnhrim of the latter substances in the body of the epi-
thelial cells into neutral fat. The absorption of water and salts by
the small intestine is very active, but there is also a secretion of
water into the intestinal lumen, so that the contents remain of the
same fluid consistency. Water and salts are absorbed directly
by the blood unless excessive quantities are taken, when a portion
passes through the lymphatic system, accelerating the rate of flow
of the chyle.

ABSORPTION FROM THE LARGE INTESTINE.

The absorption from this part of the alimentary canal is con-
siderable, as is shown by the changes in its contents, which, enter-
ing the ileoczecal valve in a fluid state, are converted into solid
fieces. Of the 15 per cent. proteid present, some 1s absorbed and
some is destroyed by bacterial action. The results obtained from
nutrient enemata consisting of egg-albumen, salt, and milk-fat, show
the absorbing capacity of the large intestine. Animals may be
kept alive by this method of nourishment, although no enzymes
are present to digest the food.

QUESTIONS ON CHAPTER V.

What conditions are present in the alimentary canal that favor filtration
and osmosis ?
Give proofs that epithelial eells are active during absorption.
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What paths may absorbed products take in their passage into the blood ?

Discuss the absorption that takes place in the stomach.

What conditions in the small intestine favor absorption ?

What is the path taken by absorbed proteid ?

In what form do proteids appear in the blood ?

Where are they changed ?

What is the fate of peptones and proteoses injected into the blood ?

Give the path taken by absorbed carbohydrates.

How are fats absorbed ?

Trace the path of fats from the intestinal lnumen into the blood.

Discuss the absorption of water in the small intestine.

What paths do water and salts take in absorption?

Discuss the absorption that takes place from the large intestine.

What change in the counsistency of the contents of large and small intestine
is brought about by absorption ?

CHAPTER VI.

METABOLISM.

Having traced the food to its reception in the blood, it will be
proper to consider the facts that are known concerning its further
history. The food-stuffs are rapidly taken to all portions of the
body, and in the capillaries are transferred through their walls to
the lymph, which in turn brings them into intimate contact with
the tissue-cells. Each cell extracts from the lymph the substances
that it needs for its nourishment. Then, under the influence of
living matter, they undergo a series of changes, anabolic and kata-
bolie in nature, which converts them finally to simple stable bodies
possessing little energy. This is shown in the following tables.
During twenty-four hours there are taken into the body :

Food (chemicallydry). . . . . . . . . . . . . . .16 ounces

Water (as drink and as combined with solid food) . . .80

Oxypgen (absorbed by longs) . . . . . . . . . . . .20 *
¢y e e bl A L e S . 122 ounces.

These substances are converted to relatively simple bodies, and
leave through the ordinary excretory channels—Ilungs, skin, kid-
neys, and intestines.
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From the lungs there are exhaled every twenty-four hours—
Of carbonic acid, about . . . . . . . .30 ounces,
Of water . . . St e, T D [ 40 ounces.
Traces of organie II]JHE[‘

From the skin—

Water . . . . e b (e

Solid and gﬂ&&eml‘« nw.tter S T e B S e e R L
From the kidneys—

Wealer sttt ot L i B orn e

Organic matters il e

Minerals and salines . . . . . . . .. #ounce 52 -«
From the intestines—

MWater: e . = . . 4 ounces,

Various organie ‘and mineral ﬁl1bstdnces. D e (s

O e e e e ]S o s

The income and expenditures of the normal adult body balance
each other.

ENERGY OF FOOD.

The law of the conservation of enerqy teaches that the sum-total
of energy of the universe is constant, and that it can be neither
created nor destroyed, or, in other terms, increased or diminished.
This law is as rigorously true for the body as for any physical
system, so that the manifestations of ]Wlng bodies must be the
transformations of energy brought to them in some form or other.
Of all the sources of energy to the body, the chemical energy of
the food is the most important. It is in a potential form, and
appears in kinetic form as heat, electricity, and mechanical work.
By far the greatest amount appears as heat. An adult man in
the course of twenty-four hours will liberate about 2,400,000
calories of heat—a ecalorie being equal to the amount of heat
which is required to raise one cubic centimetre of water one
degree Centigrade.

Since the energy of food-stuffs is set free by their physiological
oxidation, it is obvious from the standpoint of the doctrine of the
conservation of energy that it may be measured by burning the
food-stuffs outside of the body. This is done by means of a cal-
orimeter, and the number of calories of heat obtained is known as
the combustion equivalent. This, in round numbers for proteids,
has been found to be 4100 calories ; for fats, 9300 calories; and
for earbohydrates, 4100 calories. These food-stuffs, as far as their
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potential energy is concerned, are interchangeable, so that if’ car-
bohydrates are to take the place of fats, they must be furnighed in
the ratio of 9300:4100 or as 2.2:1. In other words, it takes
more than twice as much carbohydrate material to render the
same energy as any given amount of fat. This ratio of 1:2.2is
known as the mmh,,rmunu equivalent.

The energy produced by the body in twenty-four hours may be
measured as heat in two ways :

1. It may be measured directly by placing the animal in a
{-ulurtmeter

[t may be obtained by feeding on a given diet, determining
frum the excreta the amount of iuml I.IEHII'U\ ed, and multiplying In
the proper combustion equivalent. These methods are known re-
spectively as direct and indireet calorimetry. The nutritional
value of food-stuffs cannot be estimated from their contained
energy alone, and it is necessary to follow the changes they un-
derrru in their metabolism as far as it is possible.

Pmt»md is taken by the blood to the tissues, and under the in-
fluence of living matter is oxidized to carbon dioxide, water, urea,
sulphates, and phosphates. It is believed that a part of the pro-
teid is built up into the structure of living matter and is desig-
nated as tissue proteid, while the other part is simply destroyed
and is called eirculating proteid. These terms do not imply that
there are two varieties of proteid, but refer only to their ultimate
fate. Any given proteid may fulfil either function.  Since living
matter is essentially !'lltl’ﬂ"'ElIDll*i in its composition, it must hm'
some source of nitrogen. This it finds in proteid food-stuffs, which
consequently are ’I.]HU]I.]tLl\' necessary to life. No animal can live
for any length of time on fat and mrhnh\ drate food alone, hut
these are, neverthelmﬁ, used and broken down in the body to fur-
nish energy. The amount of proteid destroyed during any given
time is indicated by the amount of nitrogen in the various excreta,
and can easily be determined by Kjeldahls method.

Place 5 c.c. of the substance to be tested in a Kjeldahl flask,
and add 15 e.c. of sulphuric acid and | gramme of copper sul-
phate and heat until foaming ceases. Then add 10 grammes of
potitq.qunn sulphate, and finally a little potassium permanganate,
continuing the boiling until the liquid is light-green in color.
Allow to cool, and transfer the contents to an }urlenrmﬂ. er flask,
adding about 500 c.c. of water. Add also a little tale on the



36 METABOLISM.

point of a knife. Insert into the neck of the flask a thistle tube
and Reitmaier bulb. Connect the latter with a condenser. In
the receiving flask place 50 c.c. of decinormal oxalic acid solution,
which will unite with the ammonia that is to be distilled off.
When everything is ready, put into the flask strong sodium
hydrate until the contents are alkaline ; then heat and distil over
about 200 c.c. of the liquid. Add to the distillate a few drops of an
alcoholiec solution of rosolic acid, and titrate with decinormal
sodium hydrate solution to a deep pink color. When the nitro-
gen of the excreta equals the amount ingested as food, an animal
is said to be in nitrogenous equilibrium. Likewise carbon equilib-
riwm 1s a condition in which the total carbon of the excreta (CO,,
urea, etc.) is equal to that taken in the food. W hen, from the
total earbon, there is subtracted the amount that belonged to pro-
teids broken down, the remainder is an indication of the carbo-
hydrates and fats that were used. An animal may be in both
nitrogen and carbon equilibrium at the same time, or may be in
either alone. If an animal is giving off more nitrogen in the
excreta than it receives in the food, it must be losing the proteid
of its body and so losing in weight, but if the nitrogen given off
is less than that of the food, the animal must be &tﬂrmg up proteid
and gaining in weight.

Tt would seem that if proteid fulfils two functions, enough might
be given to an animal to cover the tissue waste and the balance
of the food might be given as energy producing fats and carbo-
hydrates, and still maintain nitrogen equilibrium. This is not
the case, however. It reqmre*a more proteid than is theoretically
necessary. Part of it is always used as circulating proteid whuh
carbohydrates eannot replace. The fact that proteids are always
taken in excess of what is necessary to just cover tissue waste has
led to the designation of the excess as a luxus consumption. This
is an inappropriate term, since animals which only receive enough
nitrogen to cover tissue waste show nutritional disturbances for the
reasons already given.

Albuminoids resemble proteids in percentage composition, but
cannot be uged to maintain nitrogen equilibrium nor for the forma-
tion of new tissue. They serve, however, as a source of energy,
and can take the place of circulating proteids. The value of
albuminoids as a food is limited because of the aversion that its
continued use produces.
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Carbohydrates are oxidized and furnish energy. They may be
converted into fat, and stored as reserve material. Of the end-
products, CO, and H,O, the latter obtains its oxygen from
the c&rhuhrllrute ll]UlE‘[ ule, so that only enough additional oxy-
gen is required to oxidize the carbon. The respiratory quotient,

CO, (ecarbonic acid
0 oxygen

|
drates in the meal are increased. These tood-stuffs, like proteids,
are first split before undergoing oxidation. Dextrose in its pas-
sage through the liver is converted to animal starch or r;fjrr;:;r .
It may be detected by the port-wine-red color which it gives with
iodine. 1[|t*ru-{'u|r1{, ally, it can be seen to disappear during fast-
ing and to increase after meals. The amount formed depends
upon the character and quantity of the food, exercise, temperature,
etc. It forms from 1.5 to 4 per cent. of the weight of the liver,
and may be increased to 10 per cent. by a rich carbohydrate diet.
(:lycogen may also be produced from purely proteid food, but not
from fats. It seems that the proteid molecule is split into a nitro-
genous and a non-nitrogenous portion, and that the latter forms
rrhc'nﬂfen Glyeogen perfurms a useful function as a femporary
reserve store, for, if the dextrose formed during digestion be passed
directly into the general circulation, the percentage of sugar would
he increased at oo rapid a rate and would then be excreted by
the kidneys. It is, therefore, stored up by the liver as glycogen,
and from time to time, as the demand arises, is reconverted to dex-
trose and secreted into the blood, so that the sugar in the latter
remains nearly constant (0.1 to 0.2 per cent.). It i1s found that
after the liver is removed from the body its supply of glycogen
quickly disappears, and dextrose 1s found instead. In this con-
nection it is interesting to know that extracts of the liver yield an
amylolytic enzyme which converts glycogen into dextrose. The
dextrose that the liver gives to the blood is taken to the tissues,
and in time is oxidized. It may, however, again be sftored in
the museles as ;:Ivcngen These contain, when-at rest, 0.5 to
0.9 per cent.,, and 111 the entire muscular system there is as
much as is present in the liver. When a muscle is active, its
store of glycogen quickly disappears. It has been shown that
an isolated muscle when irrigated with blood containing dex-
trose can form glycogen; also that an active muscle will take

), therefore approaches unity as the carbohy-
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up more sugar from an artificial supply of blood than a resting
muscle.

Fats which reach the circulation as neutral fats are taken to the
tissues, and in time are converted to CO, and H,O. They contain
more available energy, weight for “elglat than carbohydrates.
The body fat, particularly that of the panniculus adiposus, 1s a
reserve supply, and is drawn upon whenever the need arises. The
origin of fat was at first supposed to be simply that which was
taken in as food, but the history of fat as seen microscopically
showed that it was not simply deposited, and it was soon demon-
strated that in cows and pigs an amount of fat might be formed
out of all proportion to the amount ingested. In addition to this
it was found that the fat of an animal differed in kind from that
which was taken in as food. It has been definitely decided that
only under special conditions, as when an animal is richly supplied
with fats, are the latter stored directly. Usually the fat of the
food is completely oxidized, and that which is stored is derived
from carbohydrates and prutuds The latter is an important
source ; the theoretical maximum that it can yield is about 51.5
per cent. It has been shown that in a young pig the amount of
fat laid on in a given time was greater than that obtained from the
food directly, plus the theoretical maximum obtainable from pro-
teids, so that it must have come from the ingested carbohydrate
food. It is of interest that the Banting diet for reducing obesity is
characterized by the absence of carbohydrates and the excess of pro-
teids.

Water is lost through the skin, lungs, kidneys, and freces. It is
replaced in the food as such, and also as part of the structure of
food-stuffs. It is not a source of energy, but serves as a menstruum
in which metabolism takes place. Deprivation by changing the
composition of the tissues leads to death.

Salts. hloride is the only salt usually taken deliber-
ately with the rest of the foods. Salts are not a source of energy,
and most of them are eliminated as they are taken in. Sodium
chloride in the formation of the acid of the gastric juice is an
exception. Some of the sulphates and phosphates are formed in
the body. The general function of salts is to preserve imbibition
relations. Diets which are entirely lacking in saline constituents
fail to preserve life at all, even w hen they are present in proper
amount and kind separately—so that they seem to be ordinarily in
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organic combination with food-stutls,  Carnivora do not erave salts
as herbivora do. This is explained by Bunge as being the result
of the fact that plants contain an excess of’ potassium salts, which
react with sodium chloride to form potassium chloride and a cor-
responding sodium salt, which are exereted by the kidneys when
they reach above a normal limit.  The ll]”U“l].l"‘ uses of calcium
Hm".".q have been given :

. They are necessary to the development of the bones, as a
lllLt poor in calcium salts brings about a condition similar to
rickets in children.

They are necessary to the coagulation of blood, lymph, and
milk

They are necessary to the rhythmic activity of the heart and
to t]u- normal activ ity of all ]n'utn]rl.lsm

The ecalcium u{:tlulrul and lost by the body normally is very
small in amount, and is excreted 111.11111'-.' thmuwh the intestinal
walls. The main portion of the calcium of the faeces, however,
1s that ingested with the food, and simply passes through the canal.
It 1s pmlmhle that the caleium, in order to be .lhnurlmcl, must be
in organic combination. The salts of iron are of importance in
their I‘l‘l:ltlull to lm-nm;ﬂnlnn which, i:-f:mtr continually lost, must
be replaced. Most of the iron of the fuml including that of the
hemoglobin of meats, is passed out unchanged in the freces, and
to this 12 added a slicht exceretion of iron from the intestinal walls.
The iron absorbed by the system is probably in the form of organie
compounds.

DETERMINATION OF METABOLISM.

In determining body-metabolism the nitrogen of' the excreta is
multiplied by 6.25 to give the amount of |1rnten] destroyed. The
value 6.25 iz obtained from the proportion—proteid molecule :
nitrogen contained : : 100 : 16. It has been ascertained by numerous
analyses that on an average the nitrogen forms ahout 16 per cent.
of the proteid molecule. The metabolism of the hody varies
greatly with its eondition. It has long been known that muscular
work increases metabolism, and since the latter involves living
matter, which is essentially nitrogenous, it was thought that there
must be a simultaneous inerease in the output of urea. But
numerous experiments have shown that this is not usually the case.
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During severe labor, however, upon a diet insufficient in earbohy-
drates and fats, the proteids of the body are drawn upon to furnish
energy, and there is then an increase in the excretion of urea.
The earbon dioxide is markedly increased by muscular activity, in
intact organisms as well as in isolated muscles. Since nitrogenous
components are not used up, the energy must come from non-nitro-
genous food-stuffs, or from non-nitrogenous portions of the biogen.
During sleep the exeretion of urea is not diminished, but that of
carbon dioxide is distinetly. In general the consumption of . non-
nitrogenous material increases with the fall of the outside temper-
ature, providing that of the body remains constant, therefore while
the excretion of carbon dioxide increases, that of urea is un-
changed. In pathological cases with an excessively high or low
body-temperature, the metabolism of both proteid and non-proteid
1s changed. High temperatures increase, and low temperatures
decrease, the output of waste matters. In starvafion an animal uses
its reserve material, and then lives on its own tissues. During the
first day or two of starvation the quantity of proteid destroyed is
greater than on subsequent days, when the circulating proteids
have been destroyed and only th-,ue-pmtf-lcls and non-proteids re-
main. After the latter substances have disappeared, shortly before

death, there 1s an increased excretion of urea, for the animal is
then entirely dependent upon tissue proteids alone. In starvation
the various tissues and organs are differently affected. Muscles
suffer most absolutely, and fats most relatively, while organs in
continuous activity, like the heart and central nervous system, lose
practically nothing.

QUESTIONS ON CHAPTER VL

How do the food-stuffs reach the tissue-cells?
Define * conservation of energy.”
Does the law of the conservation of energy hold true for the body ?
What is the source of energy of the body ¥
Into what forms of energy does the body convert the energy of the foods?
How muech heat is given off by the body per day ?
Define a calorie.
Discuss the ** combustion equivalent™ of foods.
How is the eomhustion equivalent obtained ?
Intn what simple bodies are proteids converted by the body ?
Give the combustion equivalent of proteids, carbohydrates, and fats,
Discuss the isodynamic equivalent of fats to mrht:-lwdrates
Discuss eirculating and tissue proteids.
Why is proteid necessary to the animal economy ?
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Give the method of the determination of total nitrogen.

What is meant by nitrogen and carbon equilibrium ?

How are the destroyed carbobydrates determined ¥

Discuss ** luxus consumption,”

What is the nutritive value of albuminoids?

Into what simple substances are earbohydrates converted ?

What happens to the respiratory gquotient as the result of a carbohydrate
diet?

Are the various food-stufls directly oxidized ?

Give the history of glycogen.

Give the quantity of glycogen in liver and muscle.

What is the percentage of dextrose in the blood ¥

Into what simple bodies are fats changed ?

What are the function and the origin of the body-fat?

Give proofs as to the origin of fat.

What values have water and salts to the animal ?

What salt especially undergoes a change in the body ?

Why do herbivora crave salts ?

What are the sources of the salts of the body?

What are the uses of calcinm salts ?

How is the amount of proteid broken down by an animal determined from

the nitrogen of the exereta ?
How is metabolism varied under different conditions ?
Is the excretion of urea increased by muscular work? Is the excretion of

CO; increased ?
Give changes in metabolism during starvation.
How are the different organs affected by starvation?

CHAPTER VEL

BLOOD AND LYMPH.

BLOOD.

Tae blood, a chemically complex fluid contained within the
vessels of the body, has been recognized from the earliest times as
indispensable to the life of man. An excessive hemorrhage pros-
trates, enfeebles, and may cause death. This becomes evident
when it is known that the blood carries to the tissues material for
their growth and repair, and removes from them matters that have
become effete. It equalizes the temperature of the body, and
maintaing uniform tmbibition relations between the cells. It is an
internal medium that bears the same relations to the fissues that
the outer world does to the entire body. It forms in total nearly
one-thirteenth of the body-weight, so that a man of 770 pounds will
possess over I3 pounds of blood, or nearly 6 quarts. In given
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individuals it does not vary through any wide limits.  Variations
that are brought about by loss of water as by perspiration or by a
gain of water, as through the ingestion of excessive quantities of
water, are compensated for by a passage of fluid from or to the
tissues. In starvation the quantity and the quality of the blood
are maintained at the expense of the other tissues. An estimation
of the amount of blood of an animal is made by measuring di-
rectly as much as will escape from the vessels. The latter are
then washed out with normal saline solution, and the tint of the
washing is matched by diluting a given quantity of normal blood.
This process is repeated after muetullv maneing the entire body.
The blood in the washings may be calculated by knowing the dilu-
tion of normal blood quunLd to mateh it. This, added to the
amount measured directly, gives the total quantity. It is distri-
buted in the body as follows :

One-fourth in the heart, lungs, large arteries, and veins.

One-fourth in the liver.

One-fourth in the skeletal museles.

One-fourth in the remainder of the body.

The blood consists of a fluid plasma (liquor sanguinis), in which
are suspended cells called blood-corpuseles. [t may be regarded as
a tissue of which the intercellular matriz s a fluid. Freshly
drawn, it is of a bright scarlet color when taken from the arteries
or pl]lnmmrv veins, but erimson when taken from the svﬂ;tu?mm
veins. This is the result of different owxidation stages of the pig-
ment hemoglobin, which is contained in the red f:l::rrpusdes. The
blood is opaque, caused by the fact that its solid elements oppose
the transmission of light by reflecting it back from their surfaces.
In various ways, as by the addition of ether, bile, excess of water,
by freezing and thdﬁ]ng, ete., the coloring-matter may be driven
from the {*urpus{]eq into solution in the |1ldsmf1 I{Jmmﬂ' a delicate,
colorless cell-body, through which the light passes J'Pﬂdllv The
blood is then transparent, and is known as lak: y blood. The spe-
eific gravity varies from 7041 to 1067, according to age, sex, state
of health, meals, exercise, and sleep. Its slightly alkaline reaction
is due to the phosphates and carbonates of the alkaline metals.
Estimated as sodium carbonate, it is equal to 0.35 per cent.
Ordinary litmus-paper cannot be used in testing the reaction of
the blood, owing to the fact that it stains. Soaking in saturated
salt solution covers the paper with a layer of salt that holds the
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corpuscles, and which may then readily be washed off. It never
becomes acid. Blood has a salty faste, and A peculiar, character-
istic odor.  The temperature is about 98.9° F., but probably is
higher in the internal parts of the body.

Corpuscles.

The corpuscles of the blood are of at least three kinds—ied
corpuscles (erythroeytes), white corpuseles (leucoe i,r."w.-cj. and blood-
plates (microcytes). The red cells may be put at 5,000,000 per
c.mm. for males, and at 4,500,000 for females, as an average
number. Their number varies with the constitution, nutrition,
manner of living, and age of the individual. They are most
numerous in the embryo and young. In the adult their number
1s at a minimwn after meals ; it is inereased during menstruation,
and decreased during pregnancy. Change of altitude has been
found to exert a most remarkable influence. A mountain life has
been found to raise the average number to 8,000,000, and to in-
crease the contained hf{:nmglulun ag well. A return to a lower
level brings back the blood to its normal state. A diminished
pressure of oxygen in the blood, whether produced by high alii-
tudes or by the actual loss of blood, stimulates to greater activity
the fissues that form new corpuscles.

When viewed under the microscope i;ruf:'rir.’nm'hf, each corpuscle
is of a faint yellowish color. Each consists of an extensible, pro-
toplasmie material known as stroma, which gives ‘-hEll}'E to the cor-
puscle and holds the hzmoglobin. © The latter, forming 90 per
cent. of the solid matter of the corpuscle, is held in some weak
chemical combination with the stroma, since its behavior within
the corpuscle differs from that when separate.

Haemoglobin is a member of the group of combined proteids.
It may be separated in various ways into a proteid body, globin
(96 per cent.), and a simpler pigment, hematin (4 per cent.),
together with other bodies whose nature is unknown. If the de-
composition takes place in the ahsence of oxygen, hamochromogen
1s formed instead of hsematin. It is the hwemochromogen that
gives to haemoglobin its peculiar power of taking up oxygen into
loose chemical combination.  There are 1 grammes of hamoglobin
to every 100 grammes of blood, so that @ man weighing 68 kilos has
760 grammes of hwmoglobin distributed among 25 trillions of cor-



94 BLOOD AND LYMPH.

puseles, giving a superficial area of about 3200 square metres.
This is important from a respiratory point of view, as the entire
surface is practically exposed to the absorption of oxygen. Hzemo-
globin will take 1.59 e.c. of oxygen to each gramme weight, and
form in so doing a compound known as owxyhemoglobin. The
latter, if placed in an atmosphere which is deficient in oxygen, will
be converted by the loss of oxygen to reduced hwmoglobin.
H:emoglobin has the power of combining with a number of other
cases. With carbon monozide it unites in the proportions of one
volume to one of heemoglobin, forming carbomonozide-hemoglobin,
which is more stable than oxyhsemoglobin, so that it is not easily
converted into ordinary hmmoglobin. This explains the fatal
effects produeed by breathing illuminating gas, which contains car-
bon monoxide as a constituent. The oxygen of the air is prevented
from uniting with hzemoglobin and thus produces asphyxia. Nitrie
oxide (NO) produces a still more stable combination. Carbon
dioxide (CO,), however, which in its reaction with hzmoglobin
produces earbohemoglobin, unites with a different part of the
hzemoglobin molecule since it does not interfere with the absorp-
tion of oxygen. Thus is explained the action of this gas as an
anesthetic. 1t has been suggested that the carbon dioxide unites.
with the proteid portion, and it makes possible the transportation
of carbon dioxide by hsemoglobin from the tissues, where it is
given off as a waste- pmdurt to the lungs, where it is removed
from the hml];f The most characteristic feature of hemoglobin
is the presence of iron, which amounts to about 0.47 per cent., so
that an estimation of the iron of the blood would be a method of
determining the amount of hemoglobin. This element remains a
part of heematin when haemoglobin is decomposed, and upon it
depends the affinity of hfem{:-crluhln for oxygen. One atom of iron
will take up one molecule “of oxygen. Both oxy- and redueed
hemoglobin are erystallizable. A good method is to shake the
blood in a test-tube until it becomes laky, and then place it on
ice until the erystals form. They have different forms in different
animals—for example, those of man and most mammalia are
:-hr::-mbiep? isms; of the squirrel, rhombic plates ; and those of the
cuinea-pig, tetrahedra. These crystals are soluble in water, but
do not dialize. Heematin unites with hydrochloric acid (HC) to
form heemin, the erystals of which are of the oreatest 1mpnrtance
in the identification of blood-stains. Scrapings from the stain are
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placed on a glass slide, and a drop of a 1 per cent. solution of
sodium chlurula (NaCl) is added. Heat over a gentle flame,
avoiding ebullition until the water has nearly evaporated.  Then
quickly add one or two drops of glacial acetic acid, cover with a
cover-glass, and again warm until the acid has nearly disappeared.
When cool, microscopic, characteristic, brown erystals are depos-
ited. Together with the spectroscopic test they indicate positively
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the presence of blood. The presence of cells of certain size and
non-nucleated ones will exclude the blood of certain animals, but
it 18 not sufficient evidence of human blood. Mammals have non-
nueleated eells.

Solutions of hwmoglobin and compounds derived from it give
characteristic absorption bands. The spectrum of a dilute solu-
tion of oxyhwemoglobin shows two dark bands, both between the
lines D and E. That nearer the red end of the spectrum, or
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alpha band as it is called, is darker, narrower, and more distinet
than the other or befw band. The distinetness and width of the
band vary with the density of the solution. With very dilute
solutions only a faint alpha band is present ; with stronger solu-
tions the bands grow wider, fuse, and finally shut off all light.
The orange is the last to disappear. If a solution of oxyhsmo-
globin is converted to reduced hzmoglobin by the addition of
Stokes' reagent (an ammoniacal solution of a ferrous salt), only
one absorption band is seen, called the gamma band, which lies
between the lines DD and E. The position of these bands be-
comes readily apparent by referring to the accompanying figure
(Fig. 6).

The length of life of a red blood-corpusele is not known. Since
heemoglobin forms the mother substance of the bile-pigments which
are continually being passed from the body, and also since the cor-
puscles are non-nucleated, it is believed that they are continually
undergoing disintegration in the blood-vessels. They are replen-
ished by special corpuscle-forming or hsematopoietic tissues, the
process of production heing known as hematopoiesis. The red
marrow of the bones is the most marked example of such tissue.
Here groups of nucleated colorless cells known as erythroblasts
undergo karyokinesis, and the daughter-cells, after forming hzemo-
clobin in their cytoplasm, are nucleated corpuse les which in time
extrude their nuclei and are forced by the growing tissue into the
blood-stream. In the embryo the liver and the spleen also pro-
duce new red corpuscles.

White Blood-cells.—These are variously classified. Ehrlich
makes three divisions—oxyphiles or eosinophiles, whose granules
are stained with acid stains; basophiles, which stain only with basie
stains; and neutrophiles, which stain only with neutral dyes.

A simpler classification may be made :

1. Lymphoeytes, small, having a round vesicular nucleus and
scanty cytoplasm.

2. Mononueclear leucocytes, large, having a vesicular nucleus and
ub s dant eytoplasm.

. Polynuclear leucocytes, large, with nueleus divided into lobes
or wm distinet parts.

4. Eosinophile cells, like the last, but with eytoplasm filled with
coarse granules.

It is possible that the members of the last classification may be



BLOOD. 97

progressive stages in the growth of a single kind of cell, the lym-
phocyte forming the youngest, while the pul\ nuclear cell forms the
oldest stage, Leucoc vies *-I'IU“ amahboid movements which enables
them to move from place to place (therefore called wande ring
eells), and even to pierce llm walls of the blood- 's'{-'*sbt']'-l and get into
the lymph-spaces. This process is known as diapedesis.  Their
number is put at about 7500 per c.mm. A marked increase in
number (leucoeytosis) 18 seen in leuksemia.

Function of Leucocytes.—A number of suggestions have been
made as to this:

1. They protect the body from disease by ingesting pathogenic
bacteria (phagoeytosis).  Such cells ave known as phagocytes ; or
they may guard the hody by the formation of protective proteids
which destroy disease-germs.

2. They aid in the r.rfmnpfmn of futs and peptones.

3. They take part in the r-uﬂ“;ufatnm of' the blood.

4. They help to maintain the normal composition of the blood in
recard to its proteids, since the latter are not all formed directly
from absorbed food. They do this by undergoing disintegration
in the blood and by active metabolic changes which are indicated
by their eytoplasm in the formation of zymogen granules. Leuco-
eytes multiply by karyokinetic division, and are also newly formed
in the lymph-glands and Iymphoid tissue.

The blood-plates are small circular or oval bodies of homoge-
neous structure and of variable size. Their number is about
250,000 per c.mm. They are not independent cells, and therefore
soon disintegrate. LOJ]II}DEE{l of the same substance as the nuclei
" of IEIIGI}‘J\'EE‘U. they are often regarded as nothing more. They take
part in the cﬂﬂgulatmu of the blood.

Plasma.

The plasma, which is an alkaline, viseid, straw-colored fluid of a
specific gravity of 1030, may be obtained in a number of ways:
The blood may be cooled, in which case coagulation takes place
slowly and the corpuscles have time aradually to sink to the hot-
tom of the vessel. The corpuscles having a specific gravity of
1088 are the heaviest components of the blood. W hen blood is
received directly into neutral salt solutions, as sodium or magne-
sium sulphate, it will not clot. The corpuseles may then be allowed

i—Phys.
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to sink, or they may be centrifugalized off. The method of action
of the salt is not known.

FPeptones and albumoses, when injected into an animal, will pre-
vent the clotting of its blood for a long time. But peptone added
to blood already shed has no such effect. The action of the peptone
in the body is explained in that it causes a rapid destruetion of
leucocytes. This sets free two substances—a nueleoproterd and
histon. The first takes part in the formation of fibrin ferment,
which is destroyed by the liver, while the second, which is known
to be antagonistic to the coagulation of the blood, is left in the
blood-vessels. The addition of oxalate solutions by precipitating
the soluble calcium salts will prevent coagulation.

Plasma consists of water, at least three kinds of simple proteids,
combined proteids, extractives, and salts. The simple proteids are
serum-albumin, serum-globulin, and fibrinogen. The serum-albu-
min 18 separated from the other two by saturation with magnesium
sulphate, which leaves it in solution, while it precipitates the glob-
ulins. It may be brought down in a neutral or acid medium by
heat, which gives three different coagulations: at 73°, 77°, and
84° C. respectively, indicating three kinds of serum-albumin. In
man it forms about 4.52 per cent. of the solids. Its source is the
absorbed food-stuffs. Serum-globulin ( paraglobulin)is coagulated
at 75° C. In man it forms about 3.1 per cent. of the solids pres-
ent, and is more abundant in serum than in plasma, on account of
the disintegration of the white blood-corpuseles, which takes place
during m}‘lgul'“-rtlun Whether this 1s its sole source 18 not known.

Fibrinogen is another globulin eoagulating at from 56° to 60° C.
It is present in human blood to the extent of 0.22 to 0.4 per -
cent. Its nutritive value to the body and its source are unknown.
It is indispensable to the coagulation of the blood.

Combined Proteids.—These are haemoglobin and nucleo-albumins.

Extractives.—Such include substances like fats, sugar, urea,
lecithin, cholesterin, and gases.

Inorganic Salts.—These are peculiar in their distribution, inas-
much as the plasma contains an excess of sodium galts while the
corpuscles contain an excess of potassium salts.

Coagulation or Clotting.—After the blood has escaped from the
vessels of the body it exhibits its most peculiar property—that of
clotting. If the blood is caught in a beaker, it is at first perfectly
fluid, but soon becomes viscous and sets into a jelly. As the clot
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shrinks in size it presses out a clear, faint-yellow liquid called blood-
serum, which inereases in quantity until at the end of about an
hour it is sufficient in amount to float the clot.  The latter becomes
separated from the sides of the vessel. The appearance of the clot
or erassamentum is due to the formation in the plasma of fine fibrils
which extend in every direction and which gradually contract and
inclose in their meshes the various corpuscles, The process may
be indicated by diagram as follows :

Blood.

I
Plasma. Corpuscles.

Serum. Fibrin.

Clotted blood.

When coagulation has been retarded for some time, the red cor-
puscles have time to sink from the surface, producing after coagu-
lation a yellow layer which is known as the buffy coat. Manv
leucocytes, owing to their ameeboid movements, escape from the
meshes of the clot. If the blood, while it is coagulating, is
agitated with a bundle of rods, the fibrin 18 removed as quickly
as it is formed, and appears as a stringy white mass on the rods.
After this the blood appears normal, but it has lost its power to
coagulate, and is known as defibrinated blood.

The value of clotting is that it stops hemorrhage. A serious
condition is present in some pathological states where the blood
will not clot. The time of clotting varies in different individuals
and at different times. '\urmnllv the jelly-stage sets in in from
three to ten minutes, while the formation of serum requires from
ten to forty-eight hours.

Owing to the complexity of the blood, the investigations as to
the cause of clotting have given rise to many different views. It
seems fo be well established, however, that the formation of fibrin
depends upon the interaction of two factors—the fibrin ferment
(thrombin) and fibrinogen. The latter is not entirely used up in
the formation of fibrin (only 60 to 90 per cent.), but a portion
appears in the serum as a new, globulin-like proteid called fibrin-
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globulin.  Caleivm salts are absolutely essential in ovder that this
reaction may take place. Their exact behavior is still under dis-
cussion. It has been stated that the disintegration of leucocytes
and blood-plates in the blood sets free a nucleo-albumin, which may
be considered the precursor of the ferment and called prothrombin.
Prothrombin unites with caleium to form the ferment, which has
the power of reacting with a portion of the fibrinogen molecule by
transferring its calcium to it and so giving rise to fibrin, I*iblin
ferment was originally prepared by %ulljf-{'tlllfr serum fo an excess
of alcohol, which coagulated the proteids. The latter were re-
moved and extracted with water. Such preparations were found
to coagulate fluids like hydrocele liquid, which normally do not
clot spontaneously or at least very slowly. The nature of the
action was believed to be that of an enzyme, since very small
quantities produced great changes, and it was destroyed perma-
nently by heating to 60° C. By allowing the blood to run from
the vessels directly into aleohol it was found that the ferment is not
present in normal blood ; that, moreover, it has its origin in the
leucoeytes 1s shown by the following faets :

1. In microscopic preparations of coagulating blood the fibrin
fibrils radiate from broken-down leucoeytes and “from blood-plates.

2. Whatever prevents the disintegration of the white blood-
cells retards the coagulation of the blood.

Clotting within the blood-vessels may be brought about by the
presence of foreign bodies or by injury to the elﬂtlwlml hnlng of
the vessels. When the clot is confined to the injured area, it is
called a thrombus. General intravascular elotting is brought about
by the injection of fibrin ferment, nucleo-albumins, ete., but this
is not accomplished eagily, owing to a defensive function for the
body exerted by the cells of the liver. Sometimes the blood is
rendered less coagulable by the injection of the above substances,
constituting the negative phase of the injection. This is explained
by the assumption of the predominance of histon over leuconuclein,
both of which are formed by the breaking down of leucocytes.
Histon retards the umgulai.mn, while leuconuclein favors it. Nor-:
mally the blood of the body is prevented from clotting by the
integrity of the lining epithelium of the vessels. In the living
test-tube experiment, ﬁ:r example, the jugular vein with its con-
tained blood are removed from the neck of the horse, and it
is found that the blood under these conditions remains fluid
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until the epithelial cells of the blood-vessels undergo degenera-
tive changes.

It is not known what percentage of blood may be lost by man
through hemorrhage without fatal results, but judging from experi-
ments upon lower animals, it may be put at about 3 per cent, of the
body-weight, or one-fourth of the total blood,

Regeneration of the blood takes place rapidly and is completed in
from twenty-four to forty-eight hours.  After severe hemorrhage
recovery is more certain if' a solution of' sodium cl]lur!de, 1sotonie
with the blood (0.9 per cent.) in man, is injected into the veins.
The salt solution increases the blood-pressure and makes effective
the remaining blood-corpuseles, which in normal blood are always
in exeess of the number absolutely required for respiratory purposes.

The injection of saline solution into the blood-vessels of a normal
animal raises the blood-pressure, but never above 180 mm. Hg.
This limit holds true also when the pressure has previously been
lowered by hemorrhage or by section of the cervical cord. The
-E‘L[]l!lt]ﬂtlﬂl] of this fact lies in the manner in which the heart is
affected. As soon as the arterial tension reaches its maximal
height, the heart beats slower and less vigorously, and the re-
sidual blood in the left ventricle increases. This eauses a diastolic
rise of pressure in the ventricle, which is propagated back through
the left auricle, pulmonary cireuit, right heart, to the veins.
There arises in this way a congestion of the veins and capillaries
of the lungs and abhdominal organs chiefly. An amount of salt
solution equal to four times the normal quantity of blood of the
animal may in this way be accommodated. The liver becomes
hard, tense, and swollen, and other tissues become cedematous.
Owing to the transudation of fluid, the body becomes dl‘ﬂl)ﬂt“ll
The bladder is distended with urine, and the stomach and intes-
tines become filled out with fluid. These factors prevent the
blood-pressure from rising much above the normal. After the in-
jection the arterial and venous pressures return quickly to the
normal, generally within an hour. Injection of saline solution
differs from transfusion of blood in that in the former case the
blood-flow is accelerated. The solution injected must be isotonie
with the blood of the animal, of the same temperature, and every
precaution taken to prevent the entrance of air. When injection
of salt solution 18 maintained for some time, the work of the heart
18 increased, and ecardiac failure sometimes results. In the en-
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deavor to avoid the latter it has been found that blood-letting
rapidly reduces arterial pressure, owing to a general paralysis of
the vasomotor apparatus through nverdlbteutmn, so that the ani-
mal is easily killed by the hemorrhage. One hundred and fifty
per cent. of the normal quantity of blood of the animal is the
maximal amount that can be injected without directly endanger-
ing the life of the animal.

Tmmfuxmn of blood is dangerous for two reasons:

1. Lﬁtrantrb blood, even after defibrination, carries an excess of
fibrin ff:‘.im--:’ﬂf liable to cause intravaseular clotting

2. The blood of one animal has a globulicidal action and towie
effect on the corpuscles of another. By globulicidal action is
meant that property of the serum of an &nmmi which causes it to
destroy the red corpuseles of the blood of another, thereby ren-
dering it laky. The white corpuscles may be LlE'th‘U} ed as well.
As an example it may be said that man’s serum is globulicidal to

abbit’s blood. "-11111Lu'h' the blood of one animal may be poison-
ous to that of another aside from its globulicidal action. Thus
the injection of 10 c.c. of dog’s serum will rapidly kill a rabbit.
These properties are destroyed if the blood is heated to 60° F.,
and they may, as has been suggested, be the result of a proteid
substance—an alexine—which is present in small quantities in the
blood of every animal.

LYMPH.

Lymph is a pale, straw-colored liquid found in the extravascular
spaces and lymph-vessels of the body, bathing every ftissue-ele-
ment. It is slightly alkaline, of a salty taste, and has no odor.
It contains a number of leucocytes; after meals, fat-globules;
accidentally, red corpuscles and blood-plates. Lymph contains
the three blood-proteids, the extractives, and the salts. The last are
in the same proportions as in the blood ; the proteids, especially
the fibrinogen, are in lesser amounts. L‘.mph coagulates more
glowly and less firmly than blood. During rfnﬁshnu there 1s a
marked increase of fatsin the lymph of the intestines, making it
resemble milk, and it becomes known as chyle. The lymph de-
rives substances from three sources—from the blood, from the tissues,
and from the villi of the intestines. It is fivst collected into capil-
lary spaces, which open into definite lymphatic vessels which
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finally empty their contents into the blood-vessels at the junction
of the subclavian and internal jugular veins. The continual
formation of lymph, aided by subsidiary forces, leads to a rela-
tively high pressure in the lymph-spaces, which drives the lymph
to the veins or points of lowest pressure. Among the subsidiary
forees may be mentioned the pump-action of the villi, the peris-
taltic movements of the intestine, and the action of the skeletal
muscles in contracting and the pressure-changes in the chest during
respiration.

The formation of lymph from the blood is brought about mainly
by filtration and osmosis. The endeavor to prove the participation
of the active epithelial cell has not been successful.  The capilla-
ries, however, in different regions of the body have a different
structure, which is not Upmm]l:{ reuugmaﬂhk, but which gives
them different permeabilities, so that they influence the character
of the lymph formed, particularly in regard to the percentage of
proteids.

QUESTIONS ON CHAPTER VIL

How does excessive hemorrhage affect man ?

What is the function of the blood ?

What is the total quantity in the body of man?

How does the quantity vary ?

How is the total quantity of an animal estimated ?

How is the blood distributed in the body ?

What are the components of the blood ?

What is the cause of the difference in color in arterial and venous blood ?

What makes the blood opaque ?

What is laky blood ?

(Give the physical and chemical properties of blood.

Discuss the corpuseles of the blood.

What is heemoglobin ? How is it held in the corpuscle ?

What is heemochromogen ?

What is the total area which thc red corpuscles expose to the action of the
air?

Discuss some of the compounds formed by hemoglobin and various gases.

Explain why illuminating gas is dangerous when inhaled.

What is the percentage of iron in hemoglobin ?

Describe the erystals of hemoglobin and their manner of preparation.

| What are hemin ecrystals? How prepared? Of what importance are

they?

Discuss the absorption speetra of oxyhmmoglobin and of reduced hmmo-
globin.

What facts indicate that red corpuscles remain in the vessels but a limited
time ?

What is hiematopoiesis?

Where are red corpuscles formed ?  Deseribe the process.

How are the white blood-cells classified ?
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What is diapedesis ?

What is the function of lencocytes?

Discuss the blood-plates.

Describe the plasma of the blood.

By what methods may plasma be obtained free from eorpuscles ?

Explain the effect of the injection of peptones into the blood of an animal.

Why do oxalate solutions affect coagulation ?

What are the chemical constituents of plasma ?

(Give the percentage of serum-albumin in the blood of man. How is it
separated from the globulins?

What facts indicate that there is more than one kind of sermmn-albumin.

What is the percentage of serum-globulin in the blood ? Give its probable
souree.

What is the percentage of fibrinogen in the blood ?

What substances are ineluded under extractives?

What peculiarity in the distribution of salts in the corpuscles and in the
plasma ?

Deseribe the process of clotting.

How is the buffy coat produced ?

Give the chemistry of clotting.

How is fibrin ferment obtained ?

How has it been shown that fibrin ferment is normally not present in the
blood ?

(Give proof as to the origin of the fibrin ferment.

How may intravascular clotting be produced ¥

Explain the * negative phase” produced by the injection of ferment into
the vessels of an animal.

What experiment shows that the epithelial lining of the vessels normally
prevents clotting of the blood ?

How much blood may be lost without fatal results?

Why is the injection of sodium chloride solution beneficial after severe
hemorrhage ?

Why is the transfusion of blood dangerous?

What is meant by the globulicidal and toxic actions of the blood ?

What is defibrinated blood ?

Give the composition and the physical properties of the lymph.

What is chyle ?

What is the source of lymph ?

What forces cause the lymph to flow into the blood-vessels ?

To what extent do the capillaries influence the composition of the Iymph ?

CHAPTER VIILIL:

CIRCULATION.

THE HEART.

TuaE blood is forced through the vessels that contain it mainly
by the rhythmie contractions of the heart. Its path, in general, is
as follows: Beginning with its exit from the left ventricle it
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passes into the aorta, and through its various branches is rapidly
taken into the systemic .1p|l|mu of all portions of the body.
From the tllpl”‘ll'lt"i 1t 15 passed nto the veins, which lead it back
to the right auricle, through which it passes to the right ventricle.
The latter, in turn, forces it through the arteries, ¢ 1p|l|:u‘1{*=-. and
veins of the- pulmonary system to the left auricle, and then to the left
ventricle, thus reaching its »-mrun-r-Innut That portion of the
blood which happens to pass into the capillaries of the stomach,
intestines, spleen, or pancreas necessarily circulates thruug]l
second set of capillaries which are found in the liver, giving rise
to what is known as the portal circulation. The kidney exhibits
a somewhat similar arrangement.

Every particle of Munrf follows a path which, no matter how de-
viating it may be, ,ﬁnn!fu returns into itself. The blood, moreover,
is ﬂumn-r always 1n a certain definite direction. This is the mean-
ing of t]u? expression “ etreulation of the blood.” The left side of
the heart forces the blood through the systemic vessels, while the
right side forces it through the- vessels of the lungs. It is thus
Iuhﬂh]& tor the blood to carry the food-stuffs ahanrhenl from the
intestines and those brought to it by the thoracie duct, as well as
the oxygen which is absorbed in the lungs to all the cells of the
body. In addition it carries the waste-products of the cells, in
order that they may be removed by the proper excretory organs.

The energy of the contractions of the heart is derived from the
Imtentmi chemical energy of the food-stuffs, and is entirely con-
verted into heat before it leaves the body. Each contraction is
technically known as a systole, and each relaxation as a diastole.
During the systoles of the ventrieles, which occeur simultaneously,
the blood is forced into the arteries, because the cavity of the ven-
tricles is diminished in size, and, as the auriculo-ventricular valves
are closed, the blood must pass through the open semilunar valves.
During diastole the semilunar valves are elosed, preventing the
requrgitation of the blood from the arteries, but the auriculoven-
tricular valves are now open, so that the blood in the large veins
and in the auricles can enter the ventricles.

By experiment on a dog it has been found that blood can pass
from a point in the external jugular through the richt cavities of
the heart, aorta, arteries, capillaries, and veins of the head to the
starting-point in fifteen to eighteen seconds. Each contraction and
relaxation or heat of the heart consists of a regular sequence of
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events known as the eardiac eycle. The systoles of the two auri-
cles occur together, as do timae of the ventricles, and the same is
true of their diastoles. While the auricles are contracting they
shrink in size, and at this time the ventricles swell. Then follow
immediately the systoles of the ventricles, during which the ven-
tricles diminish in size, the auricles swell, and the injected arteries
erow larger and longer. During the succeeding diastoles of the
ventricles both ventricles and auricles swell until the next contrac-
tion of the auricles swells the ventricles still more. These changes

Fia. 7. Fra. 8.

DIASTOLE. SYSTOLE.

Diagrams of valves of the heart (after Dalton).

in the size of the heart are due entirely to the varying amounts of
blood econtained, and not to any variations in the bull of the
heart-muscle. In the relaxed condition the heart-walls are very
soft and flaceid.  Owing to this fact the changes of form that the
heart undergoes are l‘-ll‘ir’ modified by gravity when the thorax
is opened and the heart exposed, since it is then unsupported by
the hmrp which normally have a rh'fnf;?n-f;r influence. In this con-
dition in an animal lying on its back it is seen that during a con-
traction of the ventricle the long axis of the heart sweeps Ctoward
the median line, and also toward the head, so that the apex rises a
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little toward the observer. The heart twists so that the left ven-
tricle moves nearer the breast, while the right turns toward the
spine. There is no change of color in the ventricle, but the au-
ricles being thin, show the blood within—the right, bluish; the
left, bright “red. As the auricles contract they become pdhﬂ A
distinet pulse is present in the arteries, but none in the veins. In
the unopened chest it is probable that the ventricles become
smaller in girth during systole, and that they are always approxi-
mately cireular and not elliptical. The ventricles shorten some-
what in length, but the apex does not leave the chest-wall, because
the injected arteries at the base of the heart lengthen and push
the entire heart forward thus fully compensating Tor the shorten-
ing of the ventricle. The apex of the heart as it contracts
hardens, and protrudes the chest-wall in the intercostal space of
the fourth and fifth ribs, midway between the left margin of the
sternum and a vertical line let fall from the left nipple. This
constitutes the impulse or apex-beat, and it coincides with the up-
stroke of the pulse. Around the protrusion caused by the apex-
beat the soft parts of the chest-wall are drawn in slightly, which
is due to the fact that the heart becomes smaller at tlmt time, and
is, therefore, in contact with the chest-wall over a smaller area.
This drawing-in is called the negative impulse.

The heart during each cyele produces two sounds. The first,
low- pl.tr:hEll and l‘uuﬂ'led coineides with the ﬂ;sfﬂfﬂx of the ventricles,
and is therefore heard when the apex-beat is felt. The second
sound 18 shorter, higher, and elearer than the other, and follows
after a scarcely appreciable interval. It coineides with the early
part of the diastole of the ventriele. After the second sound there
is a period of silence, which is coineident with the latter portion of
the diastole of the ventricle and the systole of the aurieles. It has
been proved that the second sound is due to the closure of the
semilunar valves of the pulmonary artery and the aorta. When
these are E:g.perlmentftllv rendered incompetent, the second sound
disappears and is replaced by a murmur. The first sound is be-
lieved to be due to the combined action of the closure of the tri-
cuspid and mitral valves, and by the musecle sound produced by
the ventricles in contracting. The first sound is heard best over
the apex of the heart. The closure of the tricuspid valve can be
listened to best at the lower end of the sternum. The second
sound 1s heard best at each side of the sternum, between the first
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and second ribs, being propagated upward along the great vessels
to which the semilunar valves are attached.

The average rate of heari-beat in an adult man is about 72 a
minute, and 1s somewhat faster in women. It varies, however, so
that in some individuals it may be 40 or 100 a minute. Shortly
before and after birth it averages from 120 to 140. During ex-
treme age its frequency is increased. It is influenced by many
LDllthtllel‘-i of bodily health and enuuumrwut, such as sleep, position,
temperature, :u.i,mfj, and emotions. Exercise may increase it to 200
or more.

The auricular systole is rapid, and forces the blood into the still
quiescent ventricles. On completion of the auricular systole the
auricles expand and remain quiet during the systole of the ventri-
cles, which begins the moment the auricles cease contracting. The
ventricular sy stole is more forcible than that of the auricles, and
they remain lumrel in a contracted state. During ventricular sys-
tole the blood is forced into the arteries. At the close of the ven-
tricular systole the ventricles dilate. The auricles do not take up
the work again at once, buf there is a period during which the
entire heart is in repose. After this a new cycle 1 1‘- henuu If we
assume the average number ot heart-beats to be 72 a nnuute, each
cardiac cyele oceupies 0.8 of a second. The contraction of the
auricles lasts 0.1 of a second : that of the ventricles, (0.3 of a sec-
ond ; and the repose of the entire heart, 0.4 of a second. If the
heart-rate be increased, the ventricular systole remains about 0.3
of a second, and the increase in rate is made at the expense of the
time occupied by the diastole.

It is the function of the heart to force the blood in one direction
only, and this is effected by means of the valves. As the ventricle
fills, the auriculoventricular valves are floated up from the sides
of the ventricle in such a manner that their edges are brought into
contact. As the ventricle contracts more forcibly pressure 18
brought upon the valves, so that not only are the edoes in contact,
but also portions of the surfaces of the CUSDS. These valves are
of considerable area, and are held in position by the chorde ten-
dine, which arise from the ;m;ui&u y museles, g0 ‘that eversion of
the valve into the auricle is impossible. The semilunar valves
form a guard against the return of the blood to the ventricle at
the pulmonary and aortic openings. These valves are forced
open during the ventricular contraction by the blood which passes
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through them to distend the elastic wallz of the large arteries,
The pressure of the blood under the elastic recoil is sufficient to
throw the cusps of the valves into action. The corpora Arantiv
are useful in making a perfect closure of the valve, although not

Fia. 9.

Ludwig's stromuhr and a diagrammatic representation of the same. This eon-
gists of two glass bulbs, A4 and B, communicating above with each other and with
the common tube €, by which they may be filled. Their lower ends are fixed in
the metal disec D, which may be made to rotate, through two right angles, around
the lower dise E. In the upper dise are two holes, a and b, continnous with A and
B respeetively, and in the lower dise are two similar holes, a’ and ¥, similarly eon-
tinuous with the tubes & and H. Hence, in the position of the dises shown in the
fizure, the tube & is continuous with the bulb A, and the tube H with the bulb
B. On turning the dise D through two right angles, the tube & becomes contin-
uous with B instead of A, and the tube H with A instead of B (Foster).

ahsolutely essentinl. A part of the weight of this pressure is
horne by the thick ventricular wall, which forms a ring from the
outer edge of which the arteries spring, while the valves are
attached to the inner edge. Under some circumstances the tricus-
pid valve does not entirely close, but allows a certain amount of
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regurgitation of blood. This occurs in conditions of disease or of
violent exercise, when the lung capillaries are overcharged with
blood. The leakage of the valve is conservative, and relieves the
pressure upon the delicate capillaries of the- pulmonary system.
Pulsation in the jugular veins indicates this regurgitation. The
condition is not pathological, and with altered conditions dis-
appears.

During each eycle of the heart there is ejected from the ven-
tricles a quantity of blood known as the eontraction or pulse vol-
ume. It varies in the same heart at different times, but on an
average must be equal for both ventricles, and must also equal the
amount that enters the systemic or pulmonary capillaries during
the entire cycle. The amount may be roughly measured by intro-
ducing a modified stromuhr between the origins of the coronary
arteries and of the innominates. It may also be measured by en-
closing the heart in a plethysmograph. It has been estimated for
man as being from 50 to 190 c.e. If its weight is taken at 100
grammes and the blood in an average man weighs about 5300
grammes, 1t is seen that the pulse volume is equal to about one-
fifty-third of the entire blood, so that all the blood of a person passes
through the heart in less than a minute. Each pulse volume is’
injected into the arteries against considerable resistance, so that the
ventricles perform work. “The amount of work may be calculated
by multiplying the weight of the [}ulqe volume into the force
exerted by the ventricles. The latter is equal to the pressure
under which the pulse volume is expelled. This pressure may be
measured in animals by introdueing a tube through the external
jugular into the ventricle, and econnecting with a mereury manom-
eter provided with a valve, so that the maximum pressure may
be recorded. The left ventricle exerts more than twice as much
power as the richt. The exact infraventricular pressure in man has
not been determined. The expansion of the heart exerts a neqative
pressure which aids the onflow of the blood especially from the
lungs to the left auricle and ventricle. The intra-auricular pres-
sure is very much less than the intra-ventricular, and there is a
negative pressure during the diastole of the auricles. It has been
estimated that each ventricular contraction equals 33 to 4} foot-
pounds. In twenty-four hours this is equal to more than 120 foot-
tons.  Practically all the energy of the heart’s contractions is
converted into heat by the friction of the blood in the vessels.
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By a slight alteration of the “maximum manometer " it may be
converted into one that records minimum pressures. By the em-
ployment of such manometers it has been ascertained upon a dog
in one case that the maximum pressure in the ventricle rose as
high as 234 mm. Hg., while that in the aorta reached 212 mm.
Hg. The minimum of the left ventricle was minus 38 mm. Hg.,
while that of the aorta did not get lower than 120 mm. Hg. These
values vary, but their relations to s

J 1G. 10.

one another may be taken as an [
example of what is true of both .
ventricles. It is seen that the |
pressure in the artery is always |
high, fluctuating but little, while I
that of the ventricles rises above |
the highest arterial pressure and ‘

|

|

falls much below. The pressure
of the blood in the ventricle must
overcome that within the artery
to open the semilunar valves and
force the blood into the artery. | &
As the pressure falls in the ven- I l
tricle the ‘{’:ewfihmﬂr alves {.]HFE,’ fimultaneons tracings from the
as soon as it 18 less than that of  right auricle and ventricle of the
the ﬂI'tEl‘:i'. and '[‘I'I‘E'E,'E'l’lt I"Egurgitﬂ- Eflfr’s.t}:rn[-i;ti-tlrlrli1(1r:!:]it;']::;-';trl:ili:::'l1:'13‘1?'llltf.:r:';?ft':
tion. When the pressure in the rheofpmeasum due touricular oy
ventricles is at its lowest, the systole: d’,oscillations duetoinertia:
blood streams in from the large ¢ ¢loseof cardiaccycle.
veins and from the auricles, hecause the pressure in the latter,
although low, is higher than that in the ventricle,

Curves of endocardiac pressure which are obtained by inserting
a hollow probe into the various chambers of the heart differ in
their form as the method is by air or by liquid. Pressure-curves
from the ventricle transmitted by air are peaked, the pressure
rising swiftly to a maximum, and then as rapidly falling to or
below atmospheric pressure. There follows then a slow gradual
rise until the next systole of the ventricle. Transmission by water
gives the same curve, with the exception that the peak is replaced
by a plateau—i. e., the pressure instead of falling after reaching a
maximum is sustained for some time. The latter is probably the
truer form of the pressure change. The fluctuations of the platean
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are due to oscillations produced by inertia. An endocardiac
pressure-curve very rarely shows any indieation as to the play of
valves. These must be obtained by carefully graduating two elas-
tic manometers and connecting them with auricle and ventricle,
or ventricle and aorta respectively. The relative pressures are
aiven by the heights to which the recording levers rise, and thus
the closure of the various valves may be ascertained. As long as
the tricuspid or mitral valves are open the pressure in the ven-
tricle is lower than that in the auricle, and the blood is entering
from the veins. That in the arteries is shut out by the closed
semilunar valves. This is called the period of reception of the
blood. When the cuspid valves are shut, the semilunar valves
are open, and the blood is being forced by the ventricle into the
arteries. This is the period r}f' ejection. There are two brief
periods of complete closure of the ventricles—i. e., when both cuspid
and semilunar valves are closed. When the ventricle contracts
upon its contained blood and thus raises the pressure, the cuspid
valves close readily, but it takes some time for the pressure to be-
come sufficiently high to open the semilunar valves. Similarly
when the ventricle relaxes the high pressure in the arteries closes
the semilunar valves immediately, but it takes some time for the
pressure to fall low enough that the cuspid valves can open.
During the ventricular diastole at the time when the cuspid valves
are just opening the blood which has been accumulating in the
auricles flows, and to some extent i1s drawn into the ventricles.
This foree of slight suction is due to the elastic fibres of the lung,
which tend to open the ventricles and also to the elasticity of the
heart-muscle itself, Ewpl&’l’_,]ﬂ”}’ of the auriculo-ventricular ring.
The ventricles can maintain the eireulation of the blood for a time
at least, unaided by the auricles. The latter form a storehouse
for the blood which accumulates during the ventricular systole.
The pressure in them in the dog, for instance, seldom rises ‘above
10 mm. Hg. They form, therefore, but a feeble force-pump
which cumpletes the filling of the ventricles. Their value in
this respect bhecomes 1mportmt when the heart-rafe inecreases, for
then the wventricular pawse is shortened and the auricles form an
efficient mechanism for quickly charging the ventricles. The nega-
tive pressure of the auricles has been found to be as low as minus
10 mm. Hg. This iz ecaused by the elasticity of the lung, which
just at this moment is heightened because the contracting ventricle
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inereases the negative pressure in the ehest.  The mouths of the
great veins emptying into the auricles are unprovided with valves,
but are rich in eircular musele-fibres which, by their contraction,
may obliterate the lumen of the vessels and so prevent regurgita-
tion. The systole of the heart is known to begin with the veins,
and sweep down over the auric leg, and some have contended that
the flow of venous blood is never checked, but that the econtracting
veins and auricles carry it smoothly into the ventricles by com-
pensating by their contraction for the expansion of the auricles
and ventricles and the opening of the cuspid valves.

The cause of the rhythmic movements of the heart lies within
itself, since it can be severed from the central nervous system with-
out necessarily destroying its activity. For some time many ob-
servers contended that the rich nerve-supply was essential, but it
has been shown that many forms of contractile substance may be
rhythmically active. A strip of muscle cut from the apex of a
tortoise’s heart, which contains no ganglion-cells, and suspended
in a moist chamber, may beat as lunw as thirty hours with a slow
rhythm. Very small microscopical pieces from the bulbus aortee
of the frog, which are probably devoid of nerve-cells, contract
rhythmically. Curarized striated muscle placed in certain saline
solutions will show a recular rhythm for hours. Many inverte-
brates have hearts that are not provided with nerve-cells. The
heart of the embryo beats before the nerves have grown into it.

The cardiac contraction is preceded by a change of electrical
potential, which sweeps over it in the form of a wave. DBoth nor-
mally take the same course, beginning at the great veins and
spreading rapidly over the auricles, then a short pause, after
which they epread over the ventricles. At times the contraction
may originate in the ventricle. Thus, by drawing a tight liga-
ture about the heart at the junetion of the auricles and ventricles,
the rhythm of the heart is disturbed and the ventricle beats with
an independent slower rhythm. If the electrical changes of the
beating heart are investigated, it is found that the base becomes
negative before the apex, and that this condition of negative
potential passes along in the form of a wave to the apex. Its
speed has heen found to average at least 50 mm. a second. The
latent period of frog’s heart-muscle is about 0.08 of a second,
but the change of pntentml takes place instantly after the applica-
tion of the stimulus. The excitation wave can be made to pass

8§—Phys.
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Diagrammatie representation of the eourse of cardiac angmentor fbres in the
frog (Foster) : V.r., roots of vagus (and ninth) nerve. &.V.. ganglion of same. Cr.,
line of eranial wall. Vg, vagus trunk. 1X., ninth, glossopharyngeal nerve.
S. V. C, superior vena cava. Sy., sympathetiec nerve in neek. G.c., junction of
sympathetic ganglion with vagus ganglion sending i. ., intra-cranial fibres, passing
to Gasserian ganglion. The rest of the fibres pass along the vagus trunk. (FR
splanchnie ganglion connected with the first spinal nerve. &1, splanchnic gan-
rlion of the second spinal nerve. An. 1., annulus of Vieussens. A. &h., subelavian
artery. &', splanchnie ganglion of the third spinal nerve. III, third spinal
nerve.  r. e, TAMUS communicans.

The eourse of the augmentor fibres is shown by the thick black line. They
may be traced from the spinal eord by the anterior Toot of the third spinal nerve,
through the ramus communieans to the corresponding splanchnie ganglion GV,
and thence by the second ganglion ¢, the annulus of Vieussens, and the first
ganglion &1, to the cervical sympathetic Sy, and so by the vagus trunk to the supe-
rior vena cava S. V. (.
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Diagrammatic representa-
tion of the eardial inhibitory
and auvgmentor fibres in the
dog. The upper portion of the
figure represents the inhibi-
tory, the lower the augmentor,
tibres (Foster): r. V., roots of
the vagus, r.Sp.de., roots of
spinal accessory: both drawn
very dingrammatically, f.J.,
ganglion jugulare, &.7Tr. Vi,
ganglion trunci vazi. Sp.de.,
spinal accessory trunk. ert.
Sp.Ae., external spinal acees-
sory. €.Sp.dAce., internal spinal
ACCEesS0ry. V.g., trunk of
vagus nerve. n.r., branches
going to heart. (.5y., cervi-
cal sympathetie. G.C., lower
cervical ganglion. A.sb, sub-
clavian artery. An.V., annu-
lus of Vieussens., G.80 (Th.)).
ganglion stellatum or first
thoracic ganglion. . Th.=,
&.Th3, . ThA, second, third,
and fourth thoracie ganglia.
D.IIL, D.III., DIV, D.V.,sec-
ond, third, fourth, and fifth
thoracic spinal nerves r.c.,
ramus communicans. n.c.,
nerves (eardiac) passing to
heart (superior vena cava)
from cervieal ganglion and
from the annulus of Vieus-
SEens.

The inhibitory fibres,
shown by black line, run in
the upper (medullary roots)
of the spinal accessory, by the
internal branch of the spinal
accessory, past the ganglion
trunci vagi, alone the trunk
of the vagus, and so by
branches to the superior vena
cava and the heart.

The augmentor fibres,
also shown by black line,
pass from the spinal cord by
the anterior roots of the
second and third thoracic
nerves (possibly also from
fourth and fifth as indicated
by broken black line), pass
the second and first (stellate)
thoracie ganglia by the annu-
lus of Vieussens to the lower
cervieal ganglion, from
whenece, as also from the
annulus itself, they pass
along the eardiac nerves to
the superior vena cava,
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over the heart in any direction, and the speed with which it travels
indicates that it passes through muscle and not through nerve.
The duration of the pause or block in the frog’s heart has been
found to be from 0.15 to 0.30 of a second. The speed of the ex-
citation-wave in embryonic muscle (3 to 11 meters a second)
makes it plausible that in the healt the block ig due to the fact
that the excitation-wave is transmitted through embryonic muscle-
fibres that exist between the auricle and ventricle. It 1s found
that when a heart is sul}Jerted to a series of stimuli 1t will respond
reqularly when the rate is slow, but when it becomes too rapid, the
stimuli will not all be able to call forth a response. The heart-
musele loses its irritability during a part of its systole, and regains
it during the remainder of the systole and the following diastole.
During a part of the cardiac cycle, therefore, it is refractory to
stimuli, A stimulus falling within the refractory period is without
effect. A stimulus fﬂlllug within the non-refractory period calls

Fia. 13.

WV ooy

Effect of stimulation of pneumogastric nerve upon action of heart in frog. To be
read from left to right (Chapman).

out a contraction, but does not disturb the rhythm of the heart,
because it is followed by a pause of extra length. This is called
the compensatory pause. The first systole after an extra contrac-
tion and a compensatory pause is of marked strength.

The nerves of the heart are branches of the vagus and the
sympathetic. Some of the fibres of the vagus which are derived
from the spinal accessory terminate in end-baskets which surround
sympathetic canglion-cells whose axis-cylinder processes end on
the musele-fibres. Other fibres of the vagus end in end-brushes
in the pericardium and endocardium. Fibres of the sympathetic
system arize from cells in the cord and pass out through the white
rami, ending in the inferior cervical and stellate ganglia on cells
whose axis-cylinder processes in turn pass either directly to the
heart-muscle or to a third neuron lying in the heart.

Stemulation of the vagus fibres ﬂ]{‘}llﬂ" any portion of their path
from the medulla to the heart inhibits the heart’s action. The
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effect is not immediate, but follows a latent period which extends
over a beat or two. The inhibition manifests itself at first by a
lengthening of the duration of the diastole without any ¢ ‘hange in
the systole. A stronger stimulation lengthens the systole also, and
may stop the beat of the heart altogether. Inhibition is further
shown |11|.' i ff.-mrufmjr of the foree of the contraction; ]H‘ an increase
of’ pressure in the heart l‘.llll]ll”‘ diastole ; ln an tnerease 1in the
amount of residual blood ; by a duwuw in the tnprut and output
of the ventricle, and by diminished ventrieular tonus. It may
further be said that during vagus exeitation the propagation of
the cardiac excitation is more ditheult. A demarcation current
derived from a portion of the awricle is increased by vagus excita-
tion, although the auricle shows no visible change of form. The
heart cannot be continuously inhibited by plulunged stimulation.

Fia. 14.

S
G

Effect produced by stimulation of peripheral end of the aceelerating nerve of the
heart. The heart beats more quickly. Stimulation begun at S (Landois).

It escapes from the influence of the vagus and resumes its former
rhythm with perhaps increased force. [Tmmediate stimulation of
the second vagus after the heart has escaped from the influence of
the first is without effect, making it probable that both nerves act
upon the same mechanism in the heart.

Stimulation of the sympathetie or augmentor ,fu’urﬂ causes an in-
crease in the rate of the heart-beat from 7 to 70 per cent., the
amount of increase depending upon the heart’s rate before stimu-
lation. A long exeitation produces no greater acceleration than a
short one.  The foree of the beat, the pulse-volume, and the speed
of the excitation-wave are all inereased. The latent period is
usually a long one, extending from two to ten seconds. The accel-
eration may continue for several minutes after the exeitation has
ceased. It has been found that pressure brought to bear upon
the human heart where a defect in the chest-wall makes it accessi-
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ble can be felt by the subject, and direct stimulation of the sur-
face of the heart in animals may cause movements of the limbs.

Fic. 1b.
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. _Diagrammatic view of the nerves influencing the aetion of the heart. The
right half represents the course of the inhibitory, and the left the course of the
accelerating nerves of the heart: the arrows showing the direction in which
nnpressions are conveyed. The ellipse at the upper extremity of the vagus looking
like the section of the nerve is intended to represent the vagal nucleus or centre.
In this diagram the nerves are incorreetly made to cross, instead of passing behind,
the aorta (Chapman).

The latter event 1s absent when the vagi are eut, so that it 18
thought the vagus carries afferent fibres to the brain, Stimulation
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of the central end of the cut vagus when the other is intact slows
the heart-rate. This effect disappears when both vagi are cut.

The depressor i1s a nerve whose fibres pass from the heart to the
central nervous system.  Section and stimulation of the peripheral
end cause no appreciable change.  Stinulation of the central end
causes a general fall of' blood-pressure to one-half or one-third its
former hughl and lessens also the pulse-rate.  Both are restored
after stimulation ceases. When both vagi are cut there is a fall
of blood-pressure upon stimulation of the depressor, but no change
in the pulse-rate. This shows that the impulses from the de-
pressor may spread to the cardio-inhibitory centre and through the
vagi slow the heart. It shows, moreover, that the fall in pressure
is not dependent upon the vagi. Section of the splanchnic nerve
causes dilatation of the abdominal vessels and a fall of the general
blood-pressure.  If, now, the depressor is stimulated, no effect is
produced, because the blood-pressure is already so low that little
more fall can be brought about. If, however, the general press-
ure is raised by stimulation of the splanchnic or by the injection
of saline solution, then stimulation of the depressor produces a
typical fall. This nerve is normally made active by stimuli aris-
ing from the endocardium of the heart when that organ is over-
LII&I""‘EG_I with blood. The impulses are conveved to the vaso-
motor centre, which causes a ch].lt.ltlnt] of the arterioles all over
the body. Unlike the vagi, the depressor is active only at times.

In werwml it may be said that weak stimulation of any sensory
nerve like the sciatic produces augmentor effects, while a strong
stimulation produces inhibitory effects.  Stimulation of the central
end of the abdominal sympathetic produces through the vagi a
reflex inhibition of the heart. Dilatation of the stomach has ex-
perimentally been shown to inhibit the heart.

The eardio-inhibitory centre is situated in the bulb at the level
of a mass of cells known as the accessory nucleus of the twelfth
and the nuclei of origin of the ninth, tenth, and eleventh nerves.
The centre is pl'ulmh]v always in action, since section of the Wur'l
which removes the influence of the centre, is followed by an in-
crease in the rate of the heart-beat. The continuous activity of
the centre is due to a stream of impulses that come from all por-
tions of the body. After cutting off most of these by dividing the
spinal cord near the bulb, section of the vagi no longer increases
the heart-rate. The augmentor centre is situated somewhere in the



120 CIRCULATION.

bulb and is also continuously active.  This is shown by sectioning
the vagi and then extirpating the inferior cervical and first
thoracic ganglia on both sides, which causes a slowing of the
heart. Dividing the cord in the cervical 1&;{1011 after the vagil
have been cut has the same effect. [nhibition of the heart
through the vagi is more easily obtwined when the augmentor fibres
have been severed. Whenever SeNSOry Nerves are stimulated,
producing an accelerated heart-beat, it 1s probable that both the
augmentors and the cardio-inhibitory centres are stimulated, but
the first more strongly, so that its effects prevail. There are a
few cases on record where the heart-centres in the medulla were
apparently influenced by impulses from the cerebral cortex, but
these are extremely unusual.

The heart of the higher animals has a distinet arterial and
venous system, upon which its nourishment depends. The arteries
in the human heart each supply a given area of the muscle, not
invading the area of its neighbors, and no collateral cireulation can
be established between them. If, therefore, an artery is plugged by
embolism or thrembosis, the part of the heart-wall that it supplies
dies, becoming dull-white or faintly yellow in color, granular in
cross-section, and is soon replaced by connective tissue. Such an
area is known as an infarct. The result of closure of the arteries
of the heart depends upon the size of the vessel operated upon.
Sometimes no effect is produced, or the ventricles may stop beating
and fall into fluttering, twitching movements known as fibrillary
contractions. The auricles will, perhaps, continue heating for a
short time. As the arrest of the heart draws near the force of the
ventricular beat becomes irrecular, but the pressure in the heart
oradually lessens during systole and hecomes greater during dias-
tole. The cause of the arrest is not the mechﬂmml injury done to
the heart, but to the sudden ansenmia pruduoed Aneemia brought

about by hemorrhage produces a different series of symptoms be-
cause the heart works against deereasing resistance in the arteries,
which is not the case when a branch of the coronary artery Is
licated, for then the '[H&I‘]!l]l?r‘ll resistance continues to be hlgll
(fm‘uh" of the coronary veins produces fibrillary contractions in a
rabbit in from fifteen to twenty minutes, but is without effect upen
the dog, owing to the fact that some of the blood passes into the
cavities of the heart throuch the venwe Thebesii, and is sufficient in
amount to maintain the nufrition of the heart,
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The contractions of the heart favor the entrance of the blood
into the coronary arteries in two ways :

I. By the pressure produced in the aorta.

2. By directly compressing the walls of the bloodvessels in the
heart muscle.

It has been found that the volume of the blood passing through
the coronary ecirculation, unless it varies very much, does not
influence the rate of the beat, but does modify the force of the
contraction.

The various constituents of the complex fluid, blood, have different
values in maintaining the activity of the heart. This has been
investicated by the use of nutrient solutions of definitely known
composition. The results obtained are briefly as follows : Nufrient
fluids for the heart must be alkaline in reaction.  Sodium carbonate
is the alkali generally used. It has no specific action, but neutral-
izes the carbon dioxide and acids formed by the activity of the
heart muscle. Sodium chloride must be present of a strength
1isotonic with the blood of the animal. Some caleium salt to pre-
vent the diffusion of calcium out of the musclefibres is essential
to continued contractions.  Caleiwm salts tend to produce prolonged
tonic econtractions, and this effect is neutralized by the addition of
potassiwm salts.  When ealeium salts are removed from a solution
by the addition of oxalate compounds, the heart ceases to beat, but
spontaneous contractions return when caleium is again added. A
well-known nutrient solution is Ringer’s, which iz a mixture of
100 e.c. of a 0.6 per cent. sodium chloride solution saturated with
tribasic caleium phosphate and 2 c.e. of a 1 per cent. solution of
potassium chloride.  Orygen is essential to the prolonged activity
of the heart. Carbon diozxide is injurious when present in large
quantities. A heart poisoned with the latter sulstance shows an
irreqular series of eontractions. It has not been satisfactorily de-
monstrated that organic substances are immediately necessary to
the rhythmie activity of the heart.

ARTERIES, CAPILLARIES AND VEINS,

The continuously high pressure that exists in the aorta causes
the blood to move to points of lower pressure, and it is thus kept
in constant movement from the arteries through the eapillaries lu
the veins, amd =0 back to the heart, where, by the action of this
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organ it is again transferred into the artery and put under high
pressure. Blood-pressure 13 usually measured by an instrument
called a mercurial manometer. It consists of a U-shaped glass
tube, the bend of which is filled with mercury. One limb of the
tube, filled with an anti-coagulation fluid, is put in connection with
the bloodvessel of the animal, while the surface of the mercury in
the other limb carries a small float to which is attached a delicate
pen that bears against a horizontally moving surface. Such an
arrangement 18 a kymograph. Variations of the blood-pressure
within the vessel are transmitted through the fluids to the mercury,
which moves up and down, carrying the float and pen with it, and
are thus recorded. By this method it is found that the blood in an
artery exhibits at least two regularly recurring changes of pres-
surey, which take the form of smaller waves superimposed upon

Fig. 16.

Tracing of arterial pressure with a mereury manometer (Foster). The smaller
eurves, p p, are the pulse-eurves. Thespace from r to rembraces a respiratory undu-
lation. The tracing is taken from a dog, and the irregularities visible in it are
thoze frequently met with in this animal.

larger ones. The latter are due to respiratory movements, while
the former are due to heart-beats. The mean blood-pressure is the
average pressure during any arbitrarily chosen length of time.
This in man is about 200 mm. of mercury (Hg.) or more in the
aorta ; from 30 to 50 mm. Hge. in the f"lpl]]mle%: about 20 mm.
of Hfr In the external ]11“"{11‘1] and in the veins near the heart
the pressure hecomes negative. From the aorta through the capil-
laries and veins back to the heart there is a continuous decline
in pressure.

The cause of the high pressure in the aorta is the intermittent
entrance into it of jets of blood, the resistance offered by the
peripheral eapillaries and the elasticity of the vessel-walls. Each
volume of blood forced into the aorta from the heart extends the
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wall of the vessel, which, through its elasticity, tends gradually
to return to its normal size during every diastole of the heart.
It is at all times, however, stretched, and therefore always exerts
a pressure upon the blood within. Under normal conditions the
amount of blood accommodated by the yielding artery during
each systole is equal to the amount that passes from the arteries
and to the capillaries during the diastole of the heart. Each in-
crease of pressure caused by the heart-heat 1s propagated in the
form of a wave through the arterial system, and constitutes what
18 called the pulse.

The pressure in the capillaries and veins is caused by the same
factors that are present in the aorta—power of the heart, resistance
of friction, and elasticity of bloodvessel-walls.  But in the capilla-
ries and veins their is no pulse and the pressure is low. The cause
of the latter becomes obvious when it is taken into consideration
that a part of the force of the heart has been lost in overcoming
the frietion of the bloodvessels. In addition, the frietion which
the blood has yet to overcome in its passage back to the heart is
but a fraction of the total friction which it encountered at first.
Diminished resistance ahead means lowered pressure. The blood
in the capillaries has become pulseless, because the elasticity of
the arteries displaces the blood in the capillaries at the same rate
that the systole of the heart does.

There are subsidiary forces that assist the heart in propelling
the blood. Among these may be mentioned the contractions of
the skeletal museles, the constant pull of the fibres of the lung, and
the movements of respiration. The muscles, in contracting, press
upon the veins moving the contained blood onward, since the
valves prevent all back-flow. The fibres of the lungs, through
their elasticity, are constantly pulling upon the walls of the heart
and the larce veins, which tends to draw the blood into them.
This effect is increased with each inspiration, and the blood then
rushes in at a quicker rate; during the following expiration the
hlood flows more slowly again. There may in thiz way arise a
distinet pulse in the large venous vessels of the ched, which may
extend along the veins to the root of the neck. In this region, in
deep respirations, there may be an intermittent flow of blood from
a cut vein. The bleeding occurs during each expiration and
ceases during each inspiration, when the blood is sucked past the
wound and not pressed out of it, Owing to this reason air may
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be drawn into the wvein, an event which causes wmmediate death.
This region 1s, therefore, known as the dangerous region.

Fig. 17.
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Trace of the radial pulse taken by the sphygmograph (Dalton).

By the term arterial pulse 1s meant the fluctuations of arterial
pressure that correspond to the beats of the heart. The pulse is
depemlem upon :

1. The contractions of the heart.
2. Upon the resistance produced by the friction of the blood in
thL vessels,

Upon the elasticity of the bloodvessel-walls. An abnormal
ohanrre in either of the three will modify its character. An artery
not mlly increases 1n its girth as the pulse-wave sweeps over it,
but also in its length, which can readily be seen when the vessel
has a sinuous course. The increase in girth can be felt with the
finger, and forms a constant means of ﬂmtrumh The rate of the
pulse-wave is from 3 to 9 metres a ‘*E‘U}II{I- As the blood moves
on an average in the arteries only a half metre in the same time,
it 1s clear that it is not the travelling of the blood that produces

F1a. 18.
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Diecrotie pulse of typhoid fever (Marey).

the pulse, but a wave of pressure. A number of terms describe
the character of the pulse. In regard to its fension it may be:
Of high tension or of low tension.
Incompressible or compressible.
Hard or soft.
Very hard (wiry) or very soft (gaseous).
High tension is 111:]1&1’[11’ of high blood-pressure, and can be



ARTERIES, CAPILLARIES AND VEINS. 125

measured by a sphygmometer.  In regard to its size the pulse
may be:

Large or small.

Very large (bounding) or very small (thready ).

A large pulse often indicates a low mean blood-pressure. Finally,
the pulse may be short or long. It is long when the upstroke
takes place slowly.

W hile an experienced physician can appreciate slight variations
in the character of the pulse, it is only by means of the graphic
method that different kinds of pulse can be investigated success-
fully and records kept. The sphygmograph is an instrument
which measures the succession of alternate dilatations and con-
tractions of an artery, magnitying them, and registering them on

Fra. 19.
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Marey's sphygmograph applied to the arm (Marey).

a surface moving at a uniform rate by clockwork. The tracings
show variations of the pulse too slight to be appreciated by the
most experienced fingers. The record of a sphygmograph 1s called
a sphygmogram. Each pulsation of the artery is seen to be made
up of a sudden and direct upstroke and a gradual oscillating down-
stroke. The latter in typical tracings 18 made up of three waves,
of which the middle one is the most pronounced, and is known as
the dierotic wave. When the dicrotic wave can be felt with the
finger, the pulse is spoken of as a dierotic pulse. This is apt to
accompany a low blood-pressure.  The dicrotic wave is caused by the
sudden closure of the semilunar valves.

The blood moves through the arteries in a series of pulses which
grow less and less pmnnunvml. until they are extinguished in the
capillary district. Here the blood flows toward the veins with
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much friction, slowly and under comparatively low pressure.
Instruments have been devised to measure rapid fluctuations of
speed. They consist essentially of a needle, which is thrust through
the wall of the vessel. The amount that it 1s deflected from the
perpendicular by the movement of the blood is read on a graduated
semicircle which is placed under the free end of the needle. It
has been ascertained that the blood in the large arteries flows at
a rate of from 250 to over 500 mm. a second. The speed in the
veins is somewhat slower. In the capillaries it has been measured
directly under the microscope, and some physiologists have observed
it in the retinal capillaries of their own eyes. It flows from 0.6 to

Fia. 20.
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Tracings of variations of rapidity and of pressure of blood in the carotid of &
horse, obtained by Chauveau and Lortet. The line v represents the curve of the
rapidity of the blood ; and p the eurve of arterial pressure. The figures and verti-
r-u'I)lines represent corresponding periods in the tracings (McK endrick).

0.9 mm. a second. The speed and pressure of the blood rise and
fall together in the arteries, but whereas the pressure falls contin-
uously from arteries to veins, the speed falls from arteries to capil
laries, but is increased again as it approaches the heart. The speed
does not depend upon the pressure alone, but also upon the width
of the blood-path. Whenever a vessel divides, the cross-sectional
area of its branches is greater than that of the vessel itself
The collective sectional area of the capillaries is several hundred
times that of the aorta, while the latter is half that of the venz
cave. The blood then flows swiftly through the arteries to the
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capillaries, where it performs its functions and is returned almost
as quickly to the heart by the veins. It has been estimated that
the blood remains about 0.6 of a second 1n a capillary § mm,
long.

The pulmonary circulation differs in minor respects from the
systemie.  The total frietion is less, in correspondence with which
the richt ventricular walls are far thinner than those of the left
ventricle. Owing to the fact that the pulmonary system lies en-
tirely within the thorax, it 18 subjected to the negutive pressure
which exists there, and the veins and arteries are opened by the
elastic pull of the lungs.  This tends to favor the flow in the veins
and to hinder it in the arteries The flow in the latter, however,
is not affected much on account of the thickness of the arterial
walls, so that, on the whole, the negative pressure 1 the thorax,
increased with each inspiration, helps the pulmonary circulation.
The capillaries are situated so close to the surface that they are
exposed to atmospheric pressure. Every expiration presses the
blood out of them, and so again the flow is favored.

The heart pumps the blood through all parts of the body, but the
amount in any one portion depends upon the active dilatation or
contraction of the vessels. That an arfery may dilate was first
shown by Bernard, who cut the cervical sympathetie of a rabbit on
one side and found an inereased redness of the skin of the ear and
an elevation of the temperature of from four to six degrees, which
persisted for months. If the peripheral end of the cut nerve is
stimulated with a galvanie current, normal econditions are resumed,
and which last only as long as the stimulus is applied. The existence
of dilator nerves is placed bevond doubt by the results obtained
upon the chorda tympani of the submaxillary gland. Nerves that
bring about a dilatation of bloodvessels are called wrasodilator
nerves ; those that cause a constriction are called vasoconstrictor
nerves.  Both are present in the nerves of the sympathetie system,
as well as in the cerebrospinal and spinal nerves.  They also supply
veins.  The portal vein, for instance, may he made to contract by
stimulation of the peripheral end of the cut splanchnie. The
changes n the eapacity of the bloodvessels may be studied by
direct inspection in many cases, but often it is more satisfactory to
place a manometer in a branch of the artery that supplies the por-
tion of the animal under ohservation. The principle underlying
this 1s that the pressure in an artery depends upon the resistance
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to be overcome in its distal eapillaries. Another method of study-
ing vasomotor phenomena is to inclose a portion within an air-tight
cy lmtler W ]11L]1 usually is filled with a liquid and is eonnected with
a tambour. Changes in volume of the pdltS inclosed, due to vari-
ations in the amounts of blood, are transmitted to a tambour. Such
an mstrument is called a plethysmograph.

Vasoconstrictor and vasodilator nerves are usually found in the
same nerve-trunk. Upon stimulation the effects of one may be
entirely masked by the effects of the other, so that i1t becomes
necessary to learn the differences between the two.

1. The vasoconsirictors are excited less easily than the vasodi-
lators.

2. The after-effect of stimulation of the constrictors 1s shorter
than that of the dilators.

3. Warming increases the excitability, and cooling decreases it,
more 1 the constrictors than in the dilators.

4, The maximum effect of stimulation is reached more quickly
im the constrictors than i the dilators.

5. The constrictors have a latent period of 1.5 seconds ; that of
the dilators 18 5.5 seconds.

There is in the medulla n the anterior part of the lateral col-
umns on each side of the median line a group of cells known as
the anterolateral nucleus of Clarke. This is the situation of the
vasomotor eentre. It 1s bilaleral, and occupies an area caudal to
the corpora quadrigemina. When sections are made through sue-
cessive levelg of the hulb, the pressure of the blood begins to fall
when a point 15 reached about 1 mm. caudal to the quadrigemina,
and continues to fall until an area extending over the fourth mil-
limetre has been reached. There is then no further fall. The
centre continually sends impulses along fibres that extend to the
nuclei of various eranial nerves, and also down the lateral columns
of the cord to small eells situated at various levels in the anterior
horn and lateral gray substances. From these cells axis-cylinders
pass out through the anterior roots of the cranial and spinal nerves
and enter the sympathetic ganglia. Here cells in turn send out
processes that end on the musele-fibres of the bloodvessels. The
evidence for the existence of subsidiary spinal centres is conelusive
It has been found that in a dog whose cord is severed at the june-
tion of the dorsal and lumbar regions mechanical stimulation of
the skin of the abdomen and penis will cause erections. Thisisa
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vasomotor reflex due to dilatation of
bloodvessels of the pems through the
nervi erigentes.  Again, section of the
cord in the dorsal region of a dog 18
followed by a vasodilatation of the ar-
teries of the hind limbs. If the animal
continues to hive, the hhmbs are in time
restored to their normal condition, De-
struction of the lumbar cord now brings
on a second dilatation. It must be as-
sumed, therefore, that centres exist n
the cord which normally are controlled
by the bulbar centre, and that when sev-
ered from the latter will become grad-
ually dependent. There are, m ad-
dition to the vasomotor centres already
mentioned, centres in the sympathetic
ganglia.  Destruction of both bulbar
and spinal centres does not destroy ar-
terial tone completely. For example,
the lower portion of the spinal cord of
a dog was removed for about 80 mm.
The dilatation of the vessels of the hind
limbs which followed was succeeded in
time by a constriction, leaving the tem-
perature of the limhs even cooler than
normally

Long oscillations in  blood-pressure
curves due to vasomotor changes are
called Traube-Hering waves. They in-
dicate alterations in the fonus of the
bloodvessels, and are caused by irradi-
ations of impulses from other centres
to the wvasomotor centre. Vasomotor
reflexes arise by impulses which come
either from the bloodvessels or from
the end-organs of sensorv nerves. In
the latter case the dilatation aﬁ‘pr-ts not
only the portion from which the im-
pulses come, but also parts functionally

9—Phys

VEINS.
Fia. 21.

-

€3
W
=

......
B

F:I.]l cl

J

Diagram illustrating the
paths of vasoconstrictor fibres
along the cervical sympathetie
and (part of) the abdominal
splanchnic (Foster): Aur., ar-
tery of ear; . C.S., superior
cervical gang hun* Abd. Spl.,
upper roots of and part of ab-
dominal splanchnic nerve;
V.M C, vasomotor centre in
medulla; € Sy. cervical sym-
pathetie; G. C, lower eervical
ganglion: G. Th) to &. Th.7,
the thoracie ganglia, first to
seventh both inclusive: D. 1T
and D V., respectively the
gecond and fifth dor=al nerve :
An, V', annulus of Vieussens.
The paths of the econstrictor
fibres are shown by the arrows
The dotted line in the spinal
cord, Sp. ., is to indicate the
passage of constrictor impulses
down the cord from the vaso-
motor centre in the medulla,
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related. Thus stimulation of the tongue causes dilatation of the
vessels of the submaxillary gland.  There is no sufficient evidence
of the existence of vasomotor centres in any portion of the brain
except the bulb. The fact that stimulation of the same nerve
oives rise sometimes to a reflex dilatation instead of the more
usual eonstriction, has given rise to the conception of special pres-
sor and depressor fibres. The former constrict, the latter dilate.
The cardiac depressor nerve is a good example.

CIRCULATION OF LYMPH.

The lymph, in moving from the tissue-gaps and lymph-capil-
laries to the veins, passes from a point of relatively high pressure to
one of low pressure. The pressure in the lymph-capillaries has
been estimated at from 12 to 25 mm. of He. ; in the thoracie duet,
near its entrance into the veins, it is very near to zero, and often is
negative.  In some of the lower animals there are separate lymph-
hearts which act as force-pumps to drive the lymph on. In man
such lymph-hearts do not exist, but the movement is brought about
by other factors :

1 By the continual formation of new lymph.

By the muscular movements of the body compressing the
lwnp]mtws, which force the lymph on in the proper rhrectmn the
reverse flow being prevented by valves. The ehyle is aided in its
flow by the action of the musecular fibres of the small intestine and
also by the eontractions of the villi. In the mouse the chyle has
been seen to flow with the intermittent movements corresponding
to the peristaltic waves. The contraetility of the walls of the
lymph-vessels themselves probably aid the flow.

3. The thoracic aspiration of the chest on inspiration draws the
lymph into the thoracic cavity in the same manner as it draws the
venous blood. The movement of the lymph is, without doubt,
irregular, but in the course of a day a considerable amount is
puur{anl info the veins. An acecumulation of lymph in the gaps of
the tissues constitutes dropsy, and such tissue is said to be wdema-
tous. A substance in solution injected into the blood ean he de-
tected at the mouth of the thoracic duet in from four to seven
minutes.
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QUESTIONS ON CHAPTER VIIL

Give the path of the blood through the body.

Give the path of the blood through the portal system,

What is meant by * circulation of the blood ™ 7

What function is fulfilled by the eirculation ?

Whence does the heart derive its energy ¢

Detine systole and diastole.

By what means is the blood forced in one direction only ?

How much time is required by the blood to complete its circuit ?

What different events take place during a cardiac cycle ¥

What are the changes in the size of the heart due to?

What is the condition of the heart when relaxed ¥

What changes take place in the heart during systole when the thorax is
open ?

chuw are these changes modified in the unopened chest ?

Give the changes of color of the heart during contraction.

Why does the heart not move from the chest-wall during systole ?

Where is the apex-beat felt?

What is meant by * negative impulse " ?

Describe the sounds of the heart.

With what portions of the cardiac eyele do they coincide ?

What is the cause of the heart-sounds?

Where can the souuds be best heard ?

Discuss the rate of the heart-beat.

Describe the character of the contractions of the auricle and ventricle.

Give the times involved by the various events of the cardiac eycle.

What changes take place in regard to the time oceupied by the cardiac eycle
events when the heart-rate is quickened ?

Describe the action of the valves during a heart-beat.

What is the pulse-volume ?

How is the pulse-volume obtained? What is its value ?

How is the work of the heart caleulated ?

How are intraventricular pressures determined ?

How much work does the heart do in a day ?

What are the relative pressures in ventricle and aorta ?

Discuss endocardiae pressure eurves obtained from ventricle with different
methods.

What are the oscillations of the platean due to?

In what way may the times of closure and opening of the valves be ascer-
tained on intracardiac pressure-curves?

Define ** period of reception ' and ** period of ejection.”

Discuss periods of complete elosure of the ventricles.

(‘an the ventricles alone maintain cirenlation ?

What is the function of the auricles?

What variations in pressure are there in the anricles ?

Diseuss the entrance of the hlood into the auricles from the veins.

Discuss the eause of the rhythmic activity of the heart.

What is the " cardiac exeitation wave '™ ?

Where does the contraction of the heart begin ?

What is the effect of tying a ligature about the auriculoventricular groove ?

What is the speed of the cardiac excitation wave ?

What is the latent period of the frog's heart-muscle ?

What is the time-value of the block of the heart’s contraction ?
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What is the cause of the block? Give evidence.

What is meant by the refractory period of the heart-beat?

Define compensatory pause.

What are the sources of the nerve-fibres to the heart? Deseribe their
course.

IMiscuss the effect of stimulation of the vagus on the heart-beat.

How does stimulation of the vagus affect a demarcation current from the
auricle ?

Dliscuss the end-apparatus by means of which the vagi inhibit the heart.

What is the effect of stimulation of the augmentor fibres on the heart-beat ?

Give the lengths of the latent periods of inhibition and aceeleration.

What evidence that atferent fibres run from the heart to the central nervous
system?

Discuss the function and the effects of stimulation of the central cul end of
the depressor nerve,

Are the vagi and depressor nerves continuously active ?

How do weak and strong stimulation of sensory nerves affect the heart ?

What effect has dilatation of the stomach on the heart ?

Discuss the situation and action of the eardio-inhibitory centre.

Discuss the action of the aceelerator centre.

Where are the ligatures of Stannius placed, and what effect do they pro-
duce ?

What is the peculiarity in the distribution of bloodvessels to the heart ?

What is an infaret ?

How does the an@mia resulting from hemorrhage differ in its action from
that caused by ligating the coronary artery ?

How do the contractions of the heart favor the entrance of blood into the
coronary arteries?

In what ways does the blood-supply to the heart affect its beat ?

Discuss the constituents of the blood that cause the rhythmie activity of the
heart.

How do the aetions of potassium and caleium salts differ?

What is Ringer’s solution ?

What effect has earbon dioxide on the heart?

Why does the blood move from the arteries to the veins?

How is blood-pressure measured ?

Deseribe a mercurial manometer.

What is the form of blood-pressure curves obtained from an artery ?

What is meant by mean blood-pressure ?

What are the mean blood-pressures in arteries, eapillaries, and veins ?

What is the canse of the high pressures in the arteries?

What are the causes of blood-pressure in capillaries and veins?

Why does the pressure decline from arteries to veins?

Why is there no pulse in the veins?

Discuss the action of subsidiary forces that aid the heart in eirculation.

What is the pulse? Itscause?

How does the character of the pulse vary ?

What is a sphygmogram ?

What is the dicrotic wave ? Its cause?

How are rapid changes in the velocity of the blood measured ?

Give the rate of flow of the blood and the eauses for its variations.

How long dues the blood remain in the capillaries ?

How does the pulmonary differ from the systemie eireulation ?

What governs the distribution of the blood in the body ?
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What are vasomotor fibres? Give proofs that they exist.

Are vasomotor fibres present in veins?

Give the means of distinguishing between dilator and constrictor fibres.
Discuss the location of the vasomotor centre and its communications,
What is the evidence that spinal and sympathetic vasomotor centres exist ?
What are Traube-Hering waves and their cause ?

How do vasomotor reflexes arise ?

What are pressor and depressor fibres?

Discuss the factors that cause the flow of the lymph,

What constitutes dropsy ?

What is the rapidity of the lymph eirculation?

CHAPTER LA,
RESPIRATION.

TuE expression respiration embraces two distinet ideas. It may
mean the entrance of oxygen into and the exit of carbon dioxide
from an animal, or it may have reference to the visceral-~—muscu-
lar and pulmonary, ete. —movements by which these gases are
caused to flow in and out of the lungs. The lungs of man are of
vital importance in the interchange of oxygen and carbon dioxide,
while the skin is of but subsidiary importance. This condition of
affairs is reversed in the frog. The lungs consist of an enormous
number of air-vesicles or alveoli which communicate by means of
a series of passages with the trachea and the external air, Their
total area 1s more than one hundred times the superficial area of
the skin, and their walls form a delicate partition in intimate rela-
tion to the blood-capillaries of the lung. Before birth the lungs
are airless (atelectatic), but after having once been expanded,
they never regain their atelectatic condition, because during ecol-
lapse the passages close first and so imprison some air in the
alveoli. The lungs are enclosed in the air-tight thorax, and sepa-
rated from its walls by a double layer of plewra. The thoraz of
the ehild grows faster than the lungs, so that the latfer become
distended in an air-tight cavity. Whenever the thorax is opened,
the lungs, owing to the elasticity of their structure, immediately
shrink tngeth&r It follows, therefore, that the lungs are always
tending to shrink and thus pulling away from the thoracic walls
and diaphragm. This produces a pressure in the pleural cavity
below that of the atmosphere, and it is called a negative pressure
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whenever atmospheric pressure is regarded as a standard. The
negative pressure has been found to vary greatly under different
conditions, but may be put at minus 6 mm. of Hg at the end of
a quiet expiration, and at minus 9 mm. of Hg at the end of a
quiet inspiration. During forced inspiration the value may reach
minus 40 mm. of Hg. 'The pressure in the pleural cavity—i. e.,
outside of the lungs and within the thorax—is known as intra-
thovacie pressure, while that within the lungs and respiratory
passages 1s called the wnfrapuimonary pressure. The variations
in pressure are caused by changes in the capacity of the thoraz,
which may enlarge in all ‘directions. It is obvious that when the
thorax increases in size the decreased pressure within causes the
entrance of air from the outside, where it is at a higher pressure.
The air rushes through the trachea and inflates the lungs. This
constitutes an inspiration. The opposite process, or an expulsion
of air by a deerease in the size of the thorax, is expiration, and
both together form respiration. The lungs during respiration are
entirely passive, and merely follow the thoracie walls because the
ﬂtﬂ]{]bl}hEIIL pressure acting on their inner surfaces is greater than
that between the lungs and the thoracic walls. The pleurze are
moistened with ]ﬂnph, and slide over each other without friec-
tion.

Inspiration is an active process brought ahout by certain mus-
cles which, by their action, enlarge the thorax in a vertical,
anteroposterior, and lateral direction. The upper part of the
thoracic eage being fixed, the vertical diameter is increased by
the descent of the {hdphl"l“‘lu in contracting. Other musecles act
on the ribs, so that they turn on their axes, with the result that
their sternal ends are raised up and carried forward, enlarging
the anteroposterior diameter ; at the same time the direction of the
axes of the ribs causes them to rotate outward and upward, o in-
creasing the lateral diameter. The chief muscles of wnspiration are
the di: 1phr‘1frm the scaleni, the serrati postici superiores et infe-
riores, the levatores costarum breves et longi, and the external
intercostals and interchondrals. The diaphragm projects into the
thoracic ecavity in the form of a flattened dome. During contrac-
tion it descends from 5.5 to 11.5 mm. in quiet respiration, and about
42 mm. in deep inspiration. There is a tendency for the dia-
phragm to pull in its points of attachments—the lower ribs, with
their cartilages, and the lower portion of the sternum, but usually
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this is counterbalanced by the pressure of the abdominal viscera.
The serrati postici inferiores assist the diaphragm by fixing the
ninth, tenth, eleventh, and twelfth ribs. The scaleni fix the first
and second ribs. The serrati postici superiores help to fix the
second rib, and raise the third, fourth, and fifth ribs. The ex-
ternal intercostals and interchondrals and the levatores costarum
elevate and evert the first to the tenth ribs. They serve also to
give the intercostal tissue a proper tension.

Duriugjhrc*ed inspiration additional museles are brought into
play to permit a more powerful inspiratory act. Besides the
muscles already enumerated, the following are brought into play :
The trapezei and rhomboidei fix the shoulders; the pectorales
majores and minores, acting from the fixed shﬂuldem, draw the
sternum and ribs upward ; the sternomastoidea fix the upper part
of the chest ; the erectores spin stiffen the vertebral column ; the
serrati postici inferiores, quadrati lumborum, and sacrolumbales
draw the lower ribs downward and backward.

At the close of inspiration the various muscles that raised the
thorax gradually relax, and by its weight the thorax compresses
the lungs and expels the air. In addition there is an active recoil
of the elastic tissue in the substance of the lung, which has been
put on the stretch during inspiration. Also during inspiration
the interosseous portions of the internal intercostal muscles were
put on a stretch ; when expiration begins these muscles contract,
but their contraction is not sufficiently foreible to pull the ribs
down, and the only purpose of this contraction seems to be to
keep the intercostal tissues tense and thus prevent bulging of the
intercostal spaces. During inspiration each costal cartilage is
twisted in the direction of its long axis by the eversion of the
ribs. During expiration the costal cartilage tends to untwist itself.
It may be said there are no muscles of quiet erpiration. Foreed
expiration is accomplished by the intervention of many mus-
cles.

The interosseous internal intercostals aet foreibly in drawing
down the ribs when the lower part of the thorax is fixed ; the ah-
dominal muscles fix the lower part of the thorax and press the
abdominal contents upward ; the levatores ani and perineal mus-
cles hold the floor of the ]'I»El‘.l‘i rigid against abdominal pressure ;
the triangularis sterni draws the costal cartilages down.

A number of movements which take place in connection with
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the ingress and egress of air to the lungs are known as associated
respiratory movements. The nostrils may dilate with inspiration
and return to their passive condition with expiration. The soft
palate moves to and fro; the gloftis is widened and narrowed.
During labored breathing the mouth is opened and the muscles of
the face become active ; the soft palate is raised and the larynx is
lowered.

It is stated that of the two types of respiration, ¢ thoracic” and
““ abdominal,” the former is more marked in women and the latter
in men. This is true in the sense that women increase the antero-
posterior and the lateral diameters of the chest more than do men,
owing not so much to functional differences between the sexes, as
to habits of dress, etc. Adult males and children of both sexes
use the diaphragm almost exclusively in quiet inspiration.

When the ear is placed in contact with the chest-wall or a steth-
oscope is used, a respiratory murmur will be heard—fairly marked
during inspiration ; short and faint during expiration. It varies
in different parts of the chest-wall, being loudest over the large
bronchi. The changes in these murmurs incident to disease of the
respiratory traect are characteristic of different pathologiecal changes,
and it is upon the recognition of these alterations that the value
of auscultation (lependa The force of the inspiratory muscles is
greatest in people of medium height, being equivalent on the
average to a column of mercury three inches lugh It diminishes
in pe:::-ple above and below this height. The force of expiration is

about one-third greater; but the variations are not so regular,
since the expiratory muscles are used for other purposes, so
becoming stronger. The value of breathing through the nose
instead of the mouth consists in that it warms the air and moistens
it ; foreign particles are partially removed and noxious odors
detected.

Normal respirations may be studied in man by means of the
stethograph or the pui':umurrmph of Marey. It is found that
inspiration and expiration follow each other without pause; that
inspiration is shorter, and that the curves of each differ in minor
respects only. In pathological eases there may be expiratory or
inspiratory pauses. The Cheyne-Stokes respiration consists of

aroups of ten to thirty respiratory movements, which are shallow
at first, but become deeper and deeper until a maximum is reached,
after which they gradually become shallow again. The intervals
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between the groups last from thirty to forty-five seconds. The
time-ratio of inspiration to expiration may be put at 5: 6. In
infants the ratio is 1 : 2 or 3. The rafe of respiration varies with
the most diverse internal and external conditions. In the normal
adult the rate is about 18 cycles a minute when the body is in
repose. The ratio to the pulse-rate may be put at 1 : 4. During
quiet respiration the inflow and outflow of air, which amounts to
about 500 c.e., or 30 cubie inches, is known as the tidal air. It
does not go lower than the large bronchi. The volume of expired
air, owing to its increased temperature, is greater than that inspired,
but the actual quantity is less. Complemental air (about 1500 e.c.)
1s the amount that can be inspired after an ordinary inspiration.

Fia. 22.

Co Yy
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Tracing of thoracic respiratory movements obtained by means of Marey's pneu
mograph (Foster). A whole respiratory phase is eomprised between a and a; in-
spiration, during which the lever descends, extending from a to b, and expiration
from b to a. The undulations at ¢ are caused by the heart’s beat,

The supplemental or reserve air (ahout 1500 c.c.) is the amount
that can be expelled after an ordinary expiration. Residual air
is the volume that remains in the lungs after the most forcible
expiration (1500 c.c.). Vital capacity is equal to the sum of the
complemental, tidal, and supplemental air.  Stationary air is the
amount that remains after the ordinary expiration, and is equal to
the sum of the reserve and the residual air. The lung capacity is
the total quantity of air that can be held after the most forcible
inspiration, and is equal to the sum of the vital capacity and re-
sidual air (4500 c.c.).

It may easily be caleulated that man in twenty-four hours respires
about 10,800 litres of air, which iz equal to a space 7} feet in
three dimensions. The ratio of the quantity of oxygen absorbed
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to the carbon dioxide given off is known as the respiratory quo-
tient. While in the lungs the air loses 4.78 volumes of O, in 100,
and gains 4.34 1-'Ulumu-3 of CO, in 100, so that the value of the

respiratory quotient, - is equal to 0.901. This value is subject

'8
to great variations, because the produetion of carbon dioxide is to
some extent independent of the amount of oxygen absorbed. This
is so for several reasons:

1. CO, may result not only from oxidation changes, but from
intramolecular splitting, so that the elimination of CO, in normal
quantity may continue when absorption of O, has entirely ceased.

2. Some food-stuffs require more O, for their complete oxidation
than others.

The air during its sojourn in the lungs is alfered in addition to
its O, and CO, contents by assuming the temperature of the body,
’:"'i’gfm.-'f-:s@% of the temperature of the outside atmosphere; by an
inerease of its aqueous vapor ; and by the presence of volatile organic
bodies. The nitrogen remains unchanged. The quantity of water
lost by the lungs varies inversely with the amount in the atmos-
phere, and directly with the quantity of air inspired. The blood
in its passage through the lungs becomes aérated. The O, and
CO, in arterial and v enuus: blood together form about 60 volumes
of the blood in 100. The proportions of the gases to each other
are constant in the J,rterml blood, but vary in the venous blood in
different localities.

The oxygen of the air enters the alveoli of the lung, passes into
the blood through the delicate epithelial walls, and is carried to
the tissues, where it is taken up by the cells. Very little is used
up in the blood. The CO, given off by the cells is carried to the
alveoli of the lungs by the lslnml and is there given off. But the
air that is inspired does not reach the alveoli directly, because the
lungs are never completely emptied of air. It becomes necessary,
therefore, to consider the methods by means of which the inter-
change of gases is brought about. The air-currents that are set
up mechanically probably help to equalize the composition of the
air in the lungs. Besides, the heart with each contraction as 1t
shrinks in size expands the lungs slightly and causes a movement
of air into the chest synchronous with its beat. These are known
as cardiopneumatic movements. In addition to the mechanical
factors, the physical process of diffusion is of great importance.
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The mimlltv of diffusion depends, among other things, upon the
differences of the partial pressures of the gases in various regions.
If the total atmospheric pressure is 760 mm. Hg and O, forms
L of the gaseous constituents of the air, then it will exert a press-
ure of its own equal to } of 760, or 152 mm. IILr; and earbon

dioxide, forming 0.04 volume in 100 of the air, will exert a

pressure of 013; of 760, or about 0.30 mm. Hg. It has been esti-

mated that the partial pressures of O, and CO, in alveolar air are
equal to 100 and 23 mm. Hg, res;mutweh The differences in
partial pressures, therefore, will cause O, to diffuse toward the
alveoli, and CO, from the alveoli to the outside air.

The gases in the blood are not only in solution, but also in weak
ehemical combination, so that diffusion from the alveoli into the
blood and vice versi is somewhat complicated. The amount of a
gas that is absorbed when brought in contact with water depends
upon the relative solubility, the temperature, and the barometric
pressure. Each, of a mixture of gases, is absorbed independently
of the others. The relative solubility is expressed by the cocffi-
cient of absorption of the fluid, which is experimentally determined,
and is found to be in inverse ratio to the temperature and in direct
relation to the pressure. The absorption-coefficient of water for
O,, as an example, at zero Centigrade and 760 mm. pressure, is
equal to 0.0489. This means that under the given conditions of
temperature and pressure 1 volume of water will take up 0.0489
volume of O, Since, however, the O, forms but 1 of the quantity
of the air, water will absorb from the Jtmnapllf're mlh L of 0.0489
volume, which is equal to 0{){}9—|— or nearly 0.01 volume. As
the partial pressure of O, is raised or lowered, O, will leave or
enter the water, so that the cas in solution is said to be under ten-
sion. The absorption- coefficient of blood for 0, is about that of
water, but at the bodily temperature is decrea ne:] to less than !
Every volume of blood should, therefore, contain } volume of oxy-
cen in 100 ; but experiment shows that there is much more present,
Upon subjeeting blood to a vacuum, O, is given off according to
the laws of ]mrtml pressures and tensions llnt]l the pressure is
lowered to {; of an atmosphere. From J; to ,'; of an atmosphere
the great hulk of O, 1s given off. Below ﬁ-‘ﬁ, physical laws, as
given above, again premul The explanation of this is that the
0, is held in chemical combination with the hwemoglobin, and is
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set free at I to 55 of an atmosphere. This pressure is termed
the tension of dissociation.

Venous blood contains 45 volumes of CO, in 100. Of this, 5
per cent. is in simple solution ; 10 to 20 per cent., in firm chemi-
cal combination ; and 75 to 80 per cent., in loose chemical combi-
nation. The largest amount is connected with the red blood-cells.
While the CO, absorbed by water increases regularly with the
increase of pressure, that absorbed by solutions of hzemoglobin is
relatively large for low pressures and small for high pressures.
The quantity in the blood is in excess of what physical laws will
permit. It is found that the partial pressures of O, and CO, in
venous blood are about 22 and 41 mm. Hg, respectively. Com-
paring the pressures of O, in the lung, alveoli, blood, and tissues
(152, 100, 22, 0), with those of CO, (0.3, 23, 41, 58), it is seen
that O, and CO, will diffuse in UI}[}USIIE directions. Pure oxygen
at a pressure of 1 atmosphere may be breathed without injury.
At higher pressures it acts as an irritant and produces inflamma-
tion. When less than 13 volumes of oxygen are present in the
air in 100, it 1s insufficient to maintain the life of man. Pure
CO, is fatal in from two to three minutes. N, H, and CH, cause
no inconvenience if sufficient O, is present. Nitrous oxide and
ozone produce anzesthesia, and finally death. Air containing 2
volumes of CO, in 100 is rapidly fatal.

SUPNEA 18 1mrmﬂ,1 easy breathing. Apnea is a condition of
suspended breathing. Hyperpnea is increased respiratory activity.
Polypneea is a condition of deep, labored breathing. Asphyxia is
characterized by convulsive breathing, followed finally by infre-
quent and feeble respirations. Apnea can be induced in man or
animals by rapid, deep respiratory movements or by foreing air
into the lungs with a bellows. It is brought about by using pure O,
or H, ; lasting for a longer time when the former is used. But the
fact that it can be produced with H, shows that the condition can-
not be due to a superabundance of f} in the blood. When the
vagi are cut, H, no longer brings ahout apneea. It is believed
that in the violent inflation of the lungs the sepsory endings of
the pneumogastric in the lungs are stimulated, which produces a
temporary paralysis of the respiratory centre. The increased
amount of O, in the alveoli and blood, however, prolongs the
condition. Hyperpneea is produced usually by the products of
muscular activity which excite the respiratory centre. The nature
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of these products is unknown, but the decreased alkalinity of the
blood indicates that they may be of an acid character. Polypneea
is due to direct stimulation of the respiratory centre through the
temperature of the blood or through reflex excitation of cutaneous
nerves. Dyspnwea may be the result of a deficiency of O, or due
to an excess of CO,, in the blood. Oxygen dyspnwea is charac-
terized by frequent deep inspirations; carbon dioxide dyspneea,
by infrequent, vigorous expirations. In the former, death is
severe ; there is a marked rise of blood-pressure and violent con-
vulsions. In the latter, death takes place more quietly, the
blood-pressure rises less, and no motor disturbances are present.
Cardiac and hemorrh-wu, dyspneeas are due to a lack of O, chiefly.

Asphyzia is divided into three stages—

1. One of hyperpneea ;

2. One of dyspncea and convulsions ;

3. One of mliap::e

If asphyxia is brought about by ligating the trachea, the proc-
ess lasts for four or five minutes. The first stage lasts one min-
ute, the second a little longer, and the third from two to three
minutes. It produced by a very gradual deprival of O, there
may be no motor disturbances. In the first stage the respirations
are increased in depth and frequency. Inspiration is pronounced.
During the second stage expirations become violent and convul-
sive. During the third stage respirations are shallow, the pupils
dilated, motor reflexes disappear, consciousness is lost, convulsive
twitches are present, the limbs are stretched and rigid, the head
and body arched backward, and finally the heart ceases beat-
ing. During the first and second stages the gums, lips, and
skin become blue, the heart-beats are less frequent, and the blood-
pressure is incr reased. During the third stage a general depres-
sion ensues. After death the blood is almost black, the arteries
empty, and the veins and lungs congested. Death from drowning
is due usually to asphyxia, but sometimes is due to a cessation of
the activity of the heart.

The rp.wprrmmlr,f movements have a marked effect upon the blood-
pressure. In the carotid artery with every inspiration it rises, and
with every expiration it falls (Fig. 23). The two events are,
however, not exactly synchronous, the pressure-changes lagging
a little behind the respiratory changes. The effects are re-uhlv
understood when it is remembered that the thoracic cavity is an
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air-ticht chamber, and that the elastic fibres of the lung which
fill it are constantly pulling on the heart and bloodvessels. This
effect is increased during inspiration when the thorax is enlarged.
The pressure of the blood is consequently lowered in the intrathoracie
vessels, and the blood rushes in from extrathoracic regions, where
it exists under atmospheric pressure. The effect of the pull of
the lungs is greater upon the flaccid walls of the veins than upon
the more rigid walls of the arteries, so that the inflow through the

Fia. 23.
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Comparison of blood-pressure curve with curve of intrathoracie pressure (Foster)
(dog): a is the blood-pressure curve taken by means of a mercury manometer; it
shows the respiratory undulation, the slower beats on the descent being very
marked. b is the eurve of intrathoracie pressure obtained by connecting one limb
of a manometer with the pleural eavity. Inspiration begins at 7, expiration at e.
With the beginning of inspiration ({) the expansion of the chest causes a marked
fall of the mercury in the intrathoracic manometer: but the effect soon diminishes,
since the lessening of intrathoracic pressure does not bear on the manometer alone,
but on the lungs also; and as the lungs expand more and more the fall in the mer-
cury becomes less and less until toward the end of inspiration the eurve becomes
very nearly a straight line. Conversely, the return of the chest at the beginning of
expiration (e produces at first a marked rise of the mercury in the manometer; but
this soon ceases as the air leaves the chest and the lungs shrink, whereupon the
mercury falls slowly.

veins is favored more than the outflow through the arteries is
hindered. The pulmonary circulation is favored also by the in-
creased negative pressure during inspiration, since the lung fibres
pull with greater effect on the pulmonary veins than on the pul-
monary artery, which produces a greater difference in pressure in
the two vessels, so accelerating the flow of blood. During expira-
tion there is not only a return to the former condition, but the
intrapulmonary capillaries are actively squeezed between the air
in the lungs and the thoracic walls. This again aids the flow in
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its passage from the right to the left side of the heart. The press-
ure which inspiration through the descent of the diaphragm exerts
on the abdominal organs will force the blood along the arteries
toward the limbs and check somewhat its exit from the thorax.
[+ like manner the pressure on the veins will force the blood into
the thorax and momentarily check its flow from the lower ex-
tremities. Finally, the heart-rate is increased distinetly during
inspiration. The combined action of the above factors is to draw
an increased amount of blood into the thorax and to the left ven-
tricle, which, having more blood to pump, raises the blood-press-
ure.

Respiration continues after the destruction of the entire brain
except the bulh. The location of the eentre would therefore seem
to be in the medulla, but its exact location is still in doubt. It 18
somewhere in the lower portion of the bulh. The area described
by Flourens as the nwud vital, or vital knot, consists of" a collec-
tion of nerve-fibres which arise from the roots of the tenth, eleventh,
ninth, and fifth nerves. The centre is bilateral, one-half being
gituated on each side of the median line. The two parts are in-
timately connected by commissural fibres, but may be separated by
a section in the median line, after which they act more or less in-
dependently of each other. Each half is connected with the lung
and muscles of respiration of the corresponding side, =0 that, if
destroyed, the movements on its own side cease. If one prneumo-
gastrie nerve, after a median section of the respiratory centre, is
cut, the respirations on that side are slower and inspirations
become vigorous. When, however, the commissural fibres are
intact, excitation or inhibition of one side affects the other as well.
After zection of one vagus, for instance, the respirations ave slower
and the inspirations stronger on both sides. FEreitation of the
central end of the cut nerve inereases the respiratory rate of both
sides. Each half of the centre is divided into an inspiratory and
an expiratory portion.  Weak stimulation of the inspiratory part
inereases the rate of breathing, while a sftrong stimulation arrests
respiration in the inspiratory phase. Stimulation in like manner
of the expiratory part of the centre diminishes the rate, and
finally causes an arrest in the expiratory phase.  Other respiratory
centres have been described. One in the tuber einereum, known
as the polypnaie centre, is exeited by a high external temperature,
and causes a very rapid rate of breathing. Destruction of the
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tuber cinereum stops all acceleration by heat. A centre in the
optie thalamus in the floor of the third veniricle is exeited by im-
pulses from the nerves of sight and hearing. It is an aceelerator
centre. Centres have also been described in the anterior and
posterior corpora quadrigeming and in the brain-cortex. The
existence of these, as well as of those described in the cord, is
doubtful.

After section of the eord in the cervical region, of the posterior
roots of the cervical spinal nerves, of the medulla from all parts
lying above it, of the vagi and glossopharyngeal nerves, the respi-
ratory movements still continue, which indicates that the centre is
automatically active. The rhythm may be affected by the will and
by the emotions, by the quality and the temperature of the blood,
and by afferent impulses coming over wvarious nerves, but particu-
larly the tenth. Section of one vagus slows and deepens the
.ir%ap.t-rfxte.m.'. Stimulation of the central cut end with stimuli of
proper strength restores the rate, if' it does not further increase
it. It is believed, therefore, that while the blood alone may bring
about rhythmical discharges, these are controlled by impulses
coming over afferent nervyes. Among the latter are the fifth,
ninth, tenth, and wvarious cutaneous nerves. Fueitation of the
superior laryngeal fibres causes increased expiratory movements,
and perhaps an arrest in the expiratory phase. Execitation of the
glossopharyngeal nerves has a similar effect, but the inhibitory
influence lasts for three or four successive respiratory acts. I‘.i'“?'i‘,-
tating gases affect the #rigeminal nerve-endings in the nose or the
endings of the tenth merve in the larynx and lungs. The effect
of the excitation of the cutaneous nerves may be seen in a cold
douche, which primarily inercases the respiratory rate and may
carise 1ts eessation.

The efferent respiratory nerves are the phrenics, which supply
the diaphragm ; certain spinal nerves supplying respiratory mus-
cles, as the pneumogastrics. Section of one phrenie causes paraly-
sis of the diaphragm on the corresponding side. Section of the
cord just below the fifth cervical nerve stops the costal movements,
but does not affect the diaphragm, because the nuclei of origin of
the phrenics lie just above the section. If the section had been
placed somewhat higher, respiration ceases entirely, but the asso-
ciated movements of the larynx and face continue. During foreced
breathing the facial, hypoglossal, and spinal accessory nerves are
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called into action.  During uterine life the respiratory centre is in
an apneie condition, on account of a low irritability of the respi-
ratory centre and the large amount, relatively, of oxygen in the
blood. Cases have been seen in which the child has made respi-
ratory efforts while within the intact feetal membranes.  Such an
attempt draws some of the amniotic fluid into the nose, causing
inhibition of all further efforts. After birth, when spontaneous
respiration s about to take place, it is well to remove all mucus or
other matter from the nose, to avoid inspiration of them.

The nerves which are distributed to the lung tissue are the
pneumogastries, sympathetiec, and dorsal nerves. Among the
pneumogastrie fibres are bronchoconstrictors and bronchodilators.
Ereitation of one vagus causes a constriction of the bronchi of
both lungs; section of the nerve causes a dilatation of the bronchi
in the corresponding lung ; stimulation of both peripheral and
central ends of the cut nerve causes constriction of the bronchi of
both lungs, which is more pronounced with the stimulation of the
peripheral end.  Asphyria causes bronchoconstriction, but not after
the vagi are sectioned. The sympathetic fibves are trophic and
vasomotor in funetion.

There are a number of involuntary and voluntary special
respiratory acts, largely reflex, which result from modifications of
inspiration and expiration.

Sighing.—This results from a prolonged inspiration, the air
passing noiselessly through the larynx and being expelled rather
suddenly.

Hiceough.—This resembles sighing, but the inspiration is
sudden, due to a spasmodic action “of the diaphragm.

Cough.—This results from a deep inspiration followed by a
forced aml sudden expiration, during which the glottis is closed
momentarily by the spasmodie action of the vocal cords.

Sneezing.—In this case after a deep inspiration the air iz di-
rected through the nasal passages by a sudden and forced expi-
ration.

Speaking.—In this case there is a voluntary expiration, and the
vocal cords being rendered tense by their muscles vibrate as the
alr passes over l‘]lt‘llh producing sound.

Singing.—This varies from speaking only in the differing ten-
sion and position of the voeal cords, and the consequently different
sounds produced,

10—Phys.
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Sniffing.—This results from rapid repeated but incomplete nasal
insgpirations.

Sobbing.—This consists of a series of convulsive inspirations,
during w 111[ h the glottis is more or less closed.
Laughing.—This results from a series of short and rapid expi-
-ations.

Yawning.—This 1s an act of inspiration more or less involun-
tary accompanied by a stretching of various facial museles.

Sucking.—This is caused chiefly by the depressor museles of the
os hyoides, which, by drawing down and back the floor of the
mouth, produces a partial vacuum in it..

QUESTIONS ON CHAPTER IX.

What two different meanings are included in the term respiration ?

What purpose do the lungs of man serve ?

What is the total area of the alveoli of the lung?

What is the condition of the lungs before birth ?

What are inspiration and expiration?

Why do the lungs follow the walls of the thorax?

In what directions is the thorax enlarged in inspiration ?

Why does the air enter the lungs in inspiration ?

Tell in detail by what mechanism the thorax is enlarged in inspiration.

What are the chief muscles of inspiration ?

(zive the action of each.

How is expiration brought about ?

zive the action of the musecles of foreed expiration.

What are associated respiratory movements ?

Deseribe the character and significance of respiratory sounds.

What is the force of the respiratory musecles equal to?

What is the value of nasal breathing ?

Deseribe a respiratory tracing.

Describe the Cheyne-Stokes respiration.

What are the relative lengths of inspiration and expiration ?

What is the rate of hrmthmﬂ', :111{1 how is it varied ?

Define and give values of tidal air; complemental and supplﬁ‘.r_nentﬂl air :
residual air and vital eapacity.

What is the stationary air vqual to?

What is the lung capacity ?

What volume of air passes through the lungs of man in a day?

What is the respiratory quotient? Explain why it varies.

How is the air altered in the lungs?

How does the gquantity of water vapor given off by the lungs vary?

How is the carbon dioxide held in the blood ?

What is the evidence that CO: is held in chemieal eombination ?

Compare the partial pressures of O: and CO-: in the external air, alveoli,
blood, and tissues.

What is the effect of breathing pure oxygen ?

Give the effects of breathing other gases.
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Define the terms—eupndea, apnea, hyperpnea, polypnea, dyspneea, and
asphyxia.

Discuss apnea and its canses,

How is hyperpnea produced ?

How is polypnmea produced ?

What is dyspnwea due to?

Dizeuss asphyxia in detail.

What is death by drowning due to?

Give the time-relations of the respiratory movements to the respiratory
blood-pressure changes.

Explain in detail how respiratory movements produce changes in blood-
pressure.

What are the changes in the heart-rate during respiration ?

Discuss the respiratory centre in the medulla.

What can be said of other respiratory centres?

What is the proof that the bulbar respiratory centre is automatically
rhythmic?

What happens to the blood in its passage through the lungs?

What is the amount of Os and CO: in the blood ?

What factors bring the Oz of the air to the alveoli of the lung?

What are cardiopneumatic movements ?

Explain what is meant by the partial pressure of a gas.

Explain in detail the diffusion of Oz from the outer air into the alveoli.

In what ways are the gases of the blood held?

What factors govern the amount of a gas absorbed by a liquid #

What is meant by the coefficient of absorption ?

What is the absorption-coeflicient of serum?

In what way is the gas in the blood under tension ?

How much oxygen should the blood take up according to physical laws ?
Does it in reality hold more or less?

How is the discrepancy explained ?

What is meant by tension of dissociation ?

How may the respiratory rhythm be affected ?

What is the effect upon the respiration of sectioning the vagi? Of stimn-
lation of the central end?

What are the afferent nerves that control the activity of the respiratory
centre ?

What is the effect of excitation of the superior laryngeal and glossopharyn-
geal nerves?

Through what nerves do irritating gases affeet respiration ?

What afferent nerves are involved in respiration ?

What is the effect of sectioning a phrenic nerve ?

(Give the effect of sectioning the cord just below the fifth spinal nerve.

Discuss the condition of the respiratory centre in the feetus,

What nerves are distributed to the lung tissue ?

Discuss the kinds of fibres in the vagus which are supplied to the bronehi.

What does stimulation of the central and peripheral ends of the fibres
bring about ?

Define—sighing, hiccough, cough, sneezing, speaking, singing, snifling,
sobbing, laughing, yawning, and sucking.



148 ANIMAL HEAT.

CHAPTER X.
ANIMAL HEAT.

WarM-BLoODED and cold-blooded animals are respectively
desienated as homothermous and potkilothermous. The former
have a body -temperature that varies very little from a certain
normal which is characteristic for the species, while the femperature
of the latter varies directly with the medium in which they live,
although usually from a }mrtmn to several degrees higher. Man
18 uﬂum hlumied—thu normal temperature being about 98.5° K.
(37° C.). The temperature is not invariable, and in the infernal
organs may be as high as 100° F. under normal conditions. In
the rectum the temperature is about 1 degree F. higher than in
the mouth or armpit. The warmest blood in the body is that com-
ing from the liver during digestion, and the coolest is that coming
from exposed parts, such as the tips of the ears and the nose. In
health the temperature varies slightly with the external temperature,
age, evercise, sex, constitution, ete. The tempemture of a newborn
child is about 37.86° C. [In the adult there is a diwrnal variation
of 1 to 1.5 degrees F. ; being lowest in the morning and highest late
in the afternoon. This corresponds to the usual temperature-ranges
in fever. In ordinary pathological conditions the temperature
doeg not remain long at a point below 95° F. nor above 105° F.
without fatal results. Under conditions of prolonged exposure to
cold and the algid stage of cholera, recovery has occurred after a
bodily temperature as low as 75° F. On the other hand, in some
cases of extreme fever, as from sunstroke, recovery has heen noted
after a temperature of 110° to 112° F.

It has been proved that the source of animal heat 1z the potential
energy of the foods. The latter 1s converted into heat either
directly as the result of chemical decompositions or indirectly
through muscular movements, friction, ete. Ahout 90 per cent. is
formed directly. The heat liberated by an animal may be meas-
ured by calculating the potential ener oy from the food ingested or
from the amounts of owygen absorbed and earbon dioxide t-‘n'en off.
This 1s indirect calorimetry.  Direct calorimetry consists in meas-
uring the heat directly by means of a calorimeter. A calorimeter
is an apparatus by means of which the amount of heat given off
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by an animal may be measured. It usually consists of two con-
centric cases separated by ice, air, or water, and provided with
thermometers and gasometers so arranged as to insure proper ven-
tilation to the animal which is placed in the inner case. The object
of ealorimetry is to determine the quantity of heat that is dissipated
in a definite time. A certain amount of the heat is taken up by
the apparatus, some is given to the air that passes through the
calorimeter, and finally some is lost in the evaporation of water.

To determine the amount imparted to the apparatus, it is neces-
sary before using to determine its ealorimetric equivalent, which is
done by burning aleohol within it until the temperature has been
raised 1 degree C. One gramme of alcohol will yield about 7000
calories of heat, so that if 5 grammes of’ alcohol are required to raise
the temperature of the calorimeter 1 degree C., then the quantity
of heat absorbed would be equal to 5 times 7000, or 35,000 cal-
ories. This is the calorimetrie c*gm'ruhmr It an animal has raised
the temperature of the calorimeter 10 degrees C., the quantity of
heat that it has given off would be equal to 10 times the calorimetrie
equivalent, or to 350 kilogramme-degrees. The quantity of heat
given to the air is determined by measuring the amount of air
passing through the calorimeter, and its temperature on its entrance
and exit. The volume of the air must be corrected for the increased
temperature and then reduced to weight, after which it is multiplied
by the specific heat of air at 0° C., and then by the number of
degrees of the increase of temperature. By specific heat is meant
the heat required to raise the temperature of any substance 1 de-
aree (., and is usually compared to water as a standard. The
specific heat of the animal body is about 0.8. The formula for
the correction of the volume of air is:

s 4
760 (1 - 0.003665¢) °

V'’ is observed volume at 0° C. and 760 mm. He; V, desired
volume at 0° C. and 760 mm. Hg: P, observed pressure; and
f, mean temperature. The value of 760 (1 + 0.003665) is ob-
tained from standard tables, while the barometriec pressure and
aqueous tension are omitted, being too small to produce apprecia-
ble error. A litre of dry air at 0° C. weighs 0.001293 kilo-
gramme.
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The measurement of the aqueous vapor of the air before enter-
ing and after leaving the ealorimeter gives the data for the estima-
tion of the heat lost through evaporation. If it is found that the
total quantity of water evaporated from the animal is 100 grammes,
it is only necessary to multiply by 582 (sinee it requires this num-
ber of calories to evaporate 1 gramme of water), in order to obtain
the heat in kilog rdmm&dwmm that is lost by evaporation. The
principal part of the total heat produced by the body is generated
by muscular activity.

Subsidiary sources are the chemical action gmng on during diges-
tion, friction of museles, blood, warm foods, sun’s rays, ete. In
calorimetric determinations these are neglected.

Throughout life the body maintains a constant temperature, so
that there is a regulation of heat produced and heat dissipated.
The production of heat is known technically as thermogenesis; the
dissipation of heat, as thermolysis; and the regulation of the rela-
tions between them, as thermotaxzis. It is evident that if thermo-
genesis and thermolysis vary together, the body-temperature will
remain unchanged ; but an increase in thermogenesis with a con-
stant or decreased thf_.l‘l]l{}l‘r‘-]% will raise the l:mh' -temperature.
Further, a decrease in thermogenesis with constant or increased
thermolysis will lower the body-temperature. The produetion of
heat probably takes place in all the tissues of the body, since they
all undergo oxidative changes, but the museles are the main source
of the heat not only when active, but when at rest. During activ-
ity the greater part of their chemical energy is liberated as heat,
only one-fifth appearing as mechanical energy. The work of the
heart is entirely converted to heat, forming about 5 to 10 per cent.
of the total amount produced in the body. It is known that when
a muscle is separated from the central nervous system it continues
to produce heat, but much less than before. Specific thermogenic
fibres have not been isolated. It has been claimed that the act of
shivering has as its only purpose the produection of heat, so that if
the muscular contractions of shivering are brought about by im-

pulses passing over ordinary motor nerves, they must have a spe-
uhr thermogenic function. The proofs of thermogenic centres are
the ﬁ:)llnmng .

1. Excitation of the skin by heat or cold brings about changes
in heat-production entirely 1r1{1-:;=pt&miult of vasomotor changes.

2. Injury or excitation of certain parts of the brain is followed
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by increased heat-production ; excitation of other parts of the
brain, by a decrease of heat-production.

3. Injury to the spinal cord brings about changes in thermo-
genesis without vasomotor disturbances,

4. Operations upon certain parts of’ the cerebrospinal axis lead
to an increase or decrease in the carbon dioxide exereted.

Of these centres, those that increase thermogenesis are called
thermo-accelerator centres, while those that diminish thermogenesis
are called thermo-inhibitory centres. These two kinds act upon
and govern a third kind of centre, called general or automatic
centres. The latter are located in the spinal cord. The thermo-
accelerator centres probably exist in the caudate nuclei, pons, and
bulb. The inhibitory centres have been located in the dog in the
suleus eruciatus and at the junction of the suprasylvian and post-
sylvian fissures. Changes in the external temperature or in the
temperature of the blood affect the centres in the brain, which in
turn act upon the general centres in the anterior cornu of the gray
matter of the cord. Heat influences the thermo-inhibitory, and
cold the thermo-accelerator centres.

Heat is lost by an organism through radiation and conduction
from the skin, by the evaporation of water from the skin and lungs,
and in warming food and inspired air. Thermolysis is brought about
by complex mechanisms. If the temperature of the body becomes too
high, the activity of the heartis inereased, peripheral vascular dilata-
tion takes pla,LE, there are inereased respiratory a-:*fu'?fy and seeretion
of sweat. These processes all tend to inerease the loss of heat.
When the external temperature hecomes excessive, thermotaris
fails. Cold, for instance, may cause heat-dissipation to take place
more rapidly than heat-production, so that the temperature of the
body continually decreases until death ensues. The post-mortem
rise of tvmpr-ml:ure 15 due to the fact that chemical activity will
continue in the tissues for some time after the mechanisms of
thermolysis have been rendered incompetent.

QUESTIONS ON CHAPTER X.

Define the terms homothermous and poikilothermous.

(Give the body-temperature of man.

In what ways does it vary ?

Where are the warmest and the coldest blood of the body to be found ?
What factors influence body-temperature ?

What is the source of the energy of heat?
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What percentage of heat is directly formed from the chemical energy of
the food ? 3

What are direct and indirect calorimetry ?

Describe a calorimeter,

Describe fully how the calorimetrie equivalent is obtained.,

Why is it necessary to obtain the ealorimetric equivalent in calorimetry ?

Explain in detail how the heat lost to the air is caleulated.

What is the specific heat of a body ?

Explain how the heat lost by evaporation of water is obtained.,

What organs are principally concerned in heat-production ?

What subsidiary sourees of heat are there ?

How much heat does the heart produce ?

Define thermogenesis, thermolysis, and thermotaxis,

Discuss thermotaxis.

What is the effect upon heat-production when a musele is separated from
the central nervous system ?

Discuss the phenomenon of shivering.

What is the proot that thermogenic centres exist ?

What classes of thermogenic centres are there, and where are they
located ?

How is thermolysis brought about?

Explain the post-mortem rise of temperature.

CHAPTER XI.
NERVE AND MUSCLE.

Most of the cells of the body in the division of labor have
developed preéminently some one or other of the fundamental
properties of protoplasm. Thus, muscle is characterized by con-
tractility, but has not entirely lost the properties of nutrition, con-
duetivity, and irritability. Nerves are characterized by their con-
ductivity, but possess also nutrition and wrritability.  Both muscle
and nerve in the adult condition have lost the power of reprodue-
tion. The properties that they possess in common are irritability,
conductivity, and nutrition. The phenomena of muscle and nerve
can best be studied in eold-blooded animals. The frog’s gastroe-
nemius (Fig. 24) is usually the most convenient, and when the
sciatic nerve supplying the musele is dissected out carefully at the
same time there results a nerve-muscle preparation. If the nerve
of such a preparation is in any manner excifed, the muscle re-
sponds by a sharp and quick contraction or twitch. The excita-
tion of the nerve has given rise to a disturbance of unknown
nature in the substance of the nerve, which passes rapidly along
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its length to the motor end-plate and execites the musele-fibre, which
responds by its characteristic function, contraction. That muscle
18 trﬁ.tubft' independently of nerves isshown in a number of ways :
. By the Curare Experiment.—This iz made as follows : De-
stru ¢ the brain of a frog, by pithing, and tie off’ all the structures
of lhe left leg with the exception of the sciatic nerve. Inject a

Fi1a. 24.

A muscle-nerve Prpnaratmn {Foster) : m, the muscle, gastroecnemius of frog; n,
the sciatic nerve, all the branches being cut’ away exce it that supplving the muscle ;
J. femur; el rlamp l.a., tendo Achilles; sp. ¢,, end of spinal canal.

sufficient amount of curare solution to destroy the reflex move-
ments of the right leg when the toe is pinched. Upon trial it
will be found that stimulation of the right sciatic nerve when
severed from the cord ealls forth no movements, while exeitation of
the left sciatic does cause movements of the corresponding leg.
When the stimulus is applied directly to the muscles, they both
respond. The drug curare has destroyed the motor end-plates,
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so that nervous excitation of the muscle can no longer take place
and the musele-substance is stimulated directly.

2. The sartorius muscle of the frog contains no nerve-fibres at
its tips, which nevertheless are excitable.

3. The heart of the embryo beats rhythmically before nerve-
fibres are developed.

4. Muscle whose motor nerve has degenerated as the result of
pI'E‘F.'I(}I.lEn seclion is excitable. When such a muscle, when dying,
is struck sharply, there arises a local swelling, called an tdiomus-
cular contraction.

An drritant or stimulus is any external influence which can

Fra. 25.

Diagram of an induction eoil (Foster): + positive pole, end of negative element ;
- negative pole, end of positive element of battery; K, Du Bois-Reymond's key;
pr.e., primary coil, eurrent shown by feathered arrow ; se. ¢., secondary coil, current
shown by unfeathered arrow.

excite living matter to action. There are five classes of irritants :
mechanieal, thermal, electrical, chemical, and physiological. The
effect they produce upon living matter depends not only upon their
E:fhmem*i' but also upon the irritability of the living material
on which they act. The most desirable stimulus for experimental
purposes is the electrical current, which produces very little injury
and may be finely graded as to strength, time, and place of appli-

cation. It may be either a constant or an induced current. The
former, also called a voltaic eurrent, is such as is furnished by any
cell like the Grove or Daniell. The latter is obtained by the
use of an induction coil (Fig. 25). This instrument consists
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essentially of two coilz of copper wire, one of which is placed
within the other, but between which there is no metallic connection.
The inner coil of heavy wire ( primary coil) 18 connected with a
source of electricity, like a cell.  The ends of the outer coil (see-
ondary coil), w hich consists of many turns of fine wire carefully
insulated, are connected with electrodes, by means of which the
induced current is applied to the tissues to be stimulated, Any
change in the strength of the primary current—i. e., the current
iurmahul by the vultlm cell—brings about a change of potential
in the outer coil, which manifests itself as the induced or secondary
current. This gives a strong shock of momentary duration and
produces less injury than the voltaic current.

The shock resulting from closure of the primary current is
called the elosing shock, while that from the opening is called the
opening shock. With the constant current the former is more
effective than the latter. The opposite is true of the induced cur-
rent. The cause of this difference lies in the construction of the
induction coil. As the current passes along each turn of wire
forming the primary coil it execites an “mduced’ current in the
Ilt‘l"‘hhul‘lllg turn of wire, which, having an opposite direction to
the primary current, opposes it, and therefore delays it in reaching
its maximum strength ; but, when the primary current is broken,
both it and the induced currents in the neighboring turns of wire
have the same direction and do not oppose each other. Sinee the
intensity of the induced current with the same strength of primary
current c]epemlﬂ upon the rapidity with which the primary reaches
its maximum, it follows that the closing induced current must be
weaker than the opening, and have consequently a smaller stimu-
lating effect.

The effect of a stimulus is proportional to the rate with which
it reaches its maximum. This is true only within limits, for
a stimulus may he applied both too ﬂ]u'.'.l'-.' and too quickly to
produce any effect. This has heen expressed in Du Bois-Rey-
mond’s law: “It is not the absolute value of the current at each
instant to which the motor nerve replies by a contraction of its
muscle, but the alteration of this value from one moment to
another ; and, indeed, the execitation to movement which results
from this change is greater the more rapidly it occurs by mluﬂl
amounts, or the greater it is in a given time.” This law is not
strictly true.
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The denser the current the greater iz its stimulating -effect.
This 18 well illustrated by the phenomena of unipolar action.
Usually, in order to stimulate a preparation with an electrical
current, 1t 1s necessary that there shall be a complete circuit; but
under certain circumstances one wire of a secondary coil leading
to the nerve is sufficient to excite it when the primary cireuit is
opened. This may be explained by the assumption of an elec-
trical charge generaled in the secondary coil and passing through
the nerve to the muscle. In its transit through the nerve it
arouses a nerve-impulse. If the electrode represented by the
wire on which the nerve rests be replaced by a sheet of gold foil
which is made to touch the nerve and musele along their entire
length, the charge from the induection coil will reach all points of
the preparation at practically the same instant and will not
excite it. The charge remains of the same strength, but the elec-
trodes alter the density.

The duration of a stimulus must be of sufficient length to pro-
duce an effect. In the experiments of Tesla, where powerful alter-
nating currents are passed through the body without injury, if is
the exeeedingly small duration of the changes that prevents harmful
effects. It has been found that the results obtained by applying
a constant current to a nerve depend upon the direction in which
the current flows through the preparation.

A current, for instance, which in passing through the nerve
from the anode (positive electrode) to the kathode (negative elec-
trode) flows in the direction of the muscle, is called a descending
current ; while one flowing in a direction away from the muscle,
is an ascending eurrent. If a current of such strength is chosen
that the closing shocks only are effective, its dllE{*tmn ig of no con-
sequence, This is true also when the current is increased in
strength, so that both opening and closing shocks are capable of
causing the musele to contract. With a strong current, however,
it s fmmd that the closing shoek in an ascending ewrrent and the
opening shoek of a descending current cause no contraction. In
order to understand these results, it is necessary to consider the
changes that a constant current produces in a nerve to which it is
applied. These are known as electrotonic changes, and they differ
in character at the anode and the kathode, so that the condition
at the former has been named anelectrofonus, while that at the
latter electrode is known as kafelectrotonus. W hile the current is
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flowing, the @rritability of the nerve is raised at the kathode and is
lowered at the anode, and this condition is reversed immediately
when the current ceases to flow. A rise of irritability and an ex-
citation are inseparable. The underlying causes of both are the
same. It may be accepted then that the rise of irritability of the
nerve at the kathode when the stimulating current is closed, and
at the anode when the current is opened, indicate the generation
of nerve-impulses, : _
Closing excitations arise at the kathode, while opening excita-
fions arise at the anode. Moreover, during electrotonus the con-

Fic. 26.

PG s
S o e

7

T
Muscle-nerve preparations: with the nerve exposed in 4 to a descending and in
B to an ascending constant current (Foster). In each, a is the anode, k the kathode

of the constant current; z represents the spot where the induction-shocks, used to
test the irritability of the nerve, are sent in.

ductivity is inereased slightly at the kathode, and deereased greatly
at the anode. When the current ceases to flow, the conductivity
is greatly lowered at the kathode and is raised at the anode. Re-
flection will make clear that with an ascending current the closing
contraction fails to appear because the conductivity is so lowered
at the recion of the anode that the execitation which arises at the
kathode cannot reach the muscle. With a descending current the
opening contraction fails to appear because the conductivity is so
lowered at the kathode that the nerve-impulse generated at the
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anode cannot reach the muscle. The 1mpulses that originate at
the electrode nearest the muscle are the only ones that are effec-
tive. At some point between the electrodes the region of increased
irritability merges into that of decreased irritability. This point
18 nearer the anode, but with increase of strength of current it
approaches the kathode. The facts relating to the effect of direc-
tion of current on the resulting contraction constitute what is
known as Pfliiger’s law.

Ascending current. Descending current.
Current-strength. = — | — -
U Make “Break." ‘ i Make.” " Break."
Wea}: current. . . .| Contraetion. |. . . . . g {Jnntraeti(m. :
Medium current . . | Contraction. | Contraction. | Contraction. | Contraction.
Strongeurrent . . .|. . . .. . . .| Contraction. | Contraction.

e - - —

When a nerve intact within the tissues of an animal is sub-
jected to an electrical current, it is impossible to prevent the
spread of the latter through the surrounding tissues. At the
point of entrance of the current it spreads out brush-like, to be
concentrated again at the point of exit. Directly under the physi-
cal anode the current enters the nerve, flows through it at varying
angles, and so forms in the nerve a physiological anode and
kathode. The same thing happens at the point of exif of the cur-
rent. Therefore there are four points from which an impulse
may be generated. There may be:

1. An anodic closing eontraction, which is the result of an im-
pulse generated at the physiological kathode under the physical
anode.

2. An anodie opening contraction, which is the result of a
change developed at the physiological anode under the physical
anode.

3. A lkathodic closing eontraction, which is the result of an im-
pulse generated at the physiological kathode under the physical
kathode.

4. A Fkathodic opening econtraction, which is the result of an
impulse generated at the physiological anode under the physical
kathode.
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These are abbreviated, respectively, ACC, AOC, KCC, KOC.
When the stimulating current is increased gradually in strengih,
they appear in the iul]umng order: KCC, ACC, AOC, and
KOC. This order of appearance is exp]:uuud by three facts:

1. When the current is closed, the impulse is generated at the
kathode ; and when it is opened, at the physiological anode.

2. The impulse developed at the kathode is more effective than
the one developed at the anode.

3. The effect of the current is greatest where the density is
greatest.

When nerve and musele are diseased, the ACC and KOC are
obtained respectively with weaker currents than KCC and AOC.
This is known as the reaction of degeneration. It has heen found
that when a current is passed through a nerve or muscle at right
angles to the direction of its fibres it has no stimulating effect.

The irritability of a preparation depends upon changes in its
environment and upon changes within itself.  Changes of environ-
ment include mechanical agencies, temperature, chemical agencies,
and electrical currents. Mechanical agencies acting on lnmcrﬂnh-
stance usually first increase; but later tIE‘-‘-tl'D'r the 1r1*1t1111111t1,' In
general, cold decreases, while heat inereases the irritability, but in
this case it is necessary to take into consideration the character of
the stimulus employed. Tissues differ normally in their response
to various stimuli. A medullated nerve, for instance, responds better
to an induced current than to mechanical or chemical stimuli, but
the application of cold makes it more susceptible to the effects of
mechanieal stimulation than to the exceedingly short induced
current. Chemicals first raise and then lower the irritability.
Deprivation of the h‘nnd-qu]:-p]v is equivalent to a change in the
chemical environment of a tissue. That the normal ilrlt‘lhlllh is
dependent upon the blood-supply is shown by Stenson’s exper iment
on the rabbit, in which the abdominal aorta was closed by com-
pression. The paralysis which follows this procedure is due sue-
cessively to the loss of function of nerve-cells in the cord, then of
the motor end-plates, and finally of muscle- and nerve-fibres.

That the irritability of a preparation depends upon changes that
may take place within itself, is shown hy the separation of a nerve-
fibre from its cell-body and by the effects of functional activity.
The metabolism of a cell llPPE‘]ll'lb upon the presence of nuclear
matter, so that if a nerve-fibre is cut off' from its cell-body, it will
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degenerate. During this process there are first an increase and
then a decrease of irritability. A muscle separated from the cen-
tral nervous system by section of its motor nerve will also degenerate.
After a period of two weeks or so, it responds better to stimuli of
long duration than to those of short duration, and gradually be-
comes less and less irritable to the end of the seventh or eighth
month.  Funetional activity leads first to an incerease of irritability,
but later in this case also to a decrease. This is attributable to
both the consumption of its store of nutriment and to the accumu-
lation of waste products. Some physiologists have drawn a
distinction. between the results of these two processes. Waste
products if formed faster than they can be gotten rid of, give rise
to fatigue, while the consumption of stored or available nutriment
gives rise to exhaustion. That waste produets are formed during
activity, 13 shown by an experiment of Mosso. Having found the
injection of a definite amount of blood from a rested dug into the
veins of another to be without effect, he repeated the injection by
using the blood of a dog completely tired out by a hard day’s
work.  The dog receiving the blood showed all the signs of extreme
fatigue.

It is said that in order that protoplasm may conduct, it must be
continuous. A break in the physiological continuity of protoplasm,
as when a nerve is erushed at one point, completely bars the con-
duction proeess. The eut ends of the nerve when placed in contact
will not transmit a nerve-impulse, which distinguishes the latter
from an electrical current, which passes readﬂv from one part to
the other. A conduction process having reached the boundaries
of the cell in which it has originated, may cause the generation of

a similar process in a contiguous protoplasmic mass. This, for in-
stance, 18 shown by the relations of the end-brush of one cell to
the dendrites of another. But fibres of muscles and nerves do
not stimulate their neighbors normally as they lie side by side,
since their sheaths prevent even contiguity. That the conduction
process passes in both directions along the length of the fibre, may
readily be seen in muscle, where it is accmnpamed by a change of
form. In nerves it may be demonstrated by Kuehne’s experiment
on the sartorius of the froz. The end of the muscle after being
slit longitudinally for a small distance, 1s stimulated at one t]p,
which causes contraction of both tips. Cross-conduction between
muscle-fibres being impossible, the impulse generated in the nerve-
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fibres of one tip must pass back to other branches of the same
nerve-fibre, and thus excite the other tip. A similar experiment
may be made on the electrical organ of Malapterurus.  The ante-
rior roots of spinal nerves which contain fibres transmitting
normally in only one direction may be shown to transmit also in
the ul'.-im-:|te direction by means of the electrical change accom-
panying a nerve-impulse.

The rate of conduction varies in different tissues, and is roughly
related to the function. In muscles all gradations are to be found,
from the 0.02 to 0.03 metre per second of the smooth muscle-fibres
of the rabbit's ureters, to the 10 or 13 metres per second in human
muscles. The rate in nerves may be put at 27 metres per second
in frogs and 35 metres per second in man. The conduction process

F1G. 27.
A B C D

Diagram of musele-curve (Colling and R n(*kﬁ'ull‘l; a, point of application of eurrent;
b, point of beginning contraction ; ¢, maximum ; d, return to normal.

sweeps over irritable tissue in the form of a wave, which in muscle
is about 300 mm. long, while in nerve it is about 18 mm. long.
Conduction is influenced by the same factors that affect contractility.
The nature of the process has not been determined, but must be
either of physical or ehemical character. It is intimately depen-
dent upon metabolism, yet all attempts to show its chemical nature
have, in nerves, resulted negatively.

The movements made hv striated muscles are too quick to be
followed accurately by the eye, so that resource is had to what is
known as the graphie method. The muscle, by means of a mech-
anism, 18 made to write its contractions and relaxations on a sur-
face moving at a uniform rate. The entire arrangement constitutes
a myograph, and the record thus obtained is a myogram (Fig. 27).
The myogram of a simple musecle-contraction consists of three

11—Phys.
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distinet portions. Immediately succeeding the stimulation is an
interval (latent period) of about }y of a second, during wlli(:h
the musele makes no apparent change. During the next .5 of
a second the musele shortens, and dur]nﬂ' the last o of a sec-
ond it lengthens again. Contraction and relaxation take place
at first slowly, then faster, and finally slowly again. The entire
time involved may be put at an average of & of a second. The
time-relations vary with the nature of the muscle and the con-
ditions under which it works. Finer methods of determination
have reduced the latent period to a mechanical and an electrieal
latent period of 0.004 and 0.001 seconds, respectively. The latent
period of the motor end-plates is about 0.002 to 0.003 of a second.
When the striated muscle of a frog is submitted to a series of
equal induction shocks at a regular rate, a series of contractions
are recorded, of which the first four or five fall in height, and
are known as the introductory contractions. After this there is
an increase in the height regularly to a maximum which forms
the “treppe” or staircase. Following this again, the contractions
lose in height until they disappear, which is known as fatigue.
It is very probable that the introductory contractions are caused
by polarization changes brought about by the stimulating current.

It is now assumed generally that the molecules of any solution
which is a conduector of eleciricity are 1n a stale of dissociation
—1i. e., the molecules are divided into two or more parts, called
ions. Thus sodium chloride in water becomes separated into a
sodium ion charged positively with electricity and into a chlorine
ion charged negatively. The passage of a galvanic current
through such a solution is accomplished by means of the mns,
and gives rise to electrolytic phenomena consisting of a migra-
tion of the ]"lﬂ‘-i._]t]“.'tl]‘t" charged ions or kations to the negative pole
of the galvanic circuit. In like manner the negatively charged
ions or anions move toward the positive. This effect is brought
about in any moist tissue that m]l conduet, and is then said to be
polarized. The difference of potential between the kations and
anions sets up a current (polarization current)in a direction oppo-
site to that of the induecing eurrent.

It happens thus that a polarization current produced in any

! From unpublished experiments made in the Physiological Laboratory
of the University of Michigan.
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tissue—frog’s muscle, for instance—will weaken the stimulating
current and consequently the effect which the latter produces.
In a series of stimulations the polarization effects should theoret-
ically become greater as the excitation progresses, but this is not
shown in serial muscular contractions, since the polarization effects
are disguised entirely by the staircase.

The staircase contrarctions result from the fact that each stimu-
lation oceasions a heightened irritability, so that the succeeding
stimuli become more effective. Fatigue is caused by the accu-
mulation of waste products and to the consumption of available
nutriment. When the rate of stimulation is increased, the sep-
arate muscular contractions may not come down to the base-line,
giving rise to the phenomena of contracture. This condition may

F1a. 28.

A

sSerial contractions of gastrocnemius of frog, showing double co ntrmtur( intro-
ductory contraction, St!l.:l.l'("_ﬂ.sE and fatigne. Two stimuli &rtr second, maximal in-
?l‘ uced current. Muscle weighted with 10 grammes and used three ﬂu.;-'s after pithing
og.

B

Final p-:}nmn of curve A, shnwmg cradual rﬁ'lﬂxatmll due to fatigue; z, cessation
of stimulation.

be explained by the fact that as the muscle contracts it becomes
fatigued, resulting in a prolongation of the relaxation. A second
stimulus reaches the muscle before the contraction resulting from
the first is over. There is a summation of contractions. Double
contractures are given by musecles composed of two distinet kinds
of fibres, which react tlifferenth' to the same stimulus.
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The pale fibres react quickly and soon are fatigued, while the
dark fibres have greater endurance. The summation of contrac-
tions of the pale fibres oceurs first and quickly raises the base-
line. As they become fatigued, the base-line gradually sinks
“until the dark fibres in a similar manner raise it again. When
both dark and pale fibres are fatigued, separate contractions, and
relaxations no longer take place, and the base-line gradually
sinks.  With still more frequent rates of stimulation the staircase
and contracture effects are merged into one another, giving rise to
a very great height of contraction. As the curve is wavy or
unbroken, it is known as an incomplete or complete fetanus.

Tetanus is the result of three factors:

1. Increase of irritability.

2. Summation of contractions.

3. Support offered by contracture.

All normal physiologieal contractions must be regarded as short
tetani and the normal impulse as a discontinuous form of excita-
tion. As the evidence of this may be cited the fact that muscles

Fig. 29.

=

e

Curve of tetanus. (Chapman.)

oive out a sound when contracting, implying that their finest parti-
cles are in a state of vibration. Wollasten determined the rate to
be from 36 to 40 per second. By means of vibrating reeds Helm-
holtz reduced the rate to 18 to 20 per second, which gives a tone
imperceptible to the ear. ILately the rate has been made still
slower, being placed at an average of about 10 per second. Tre-
mors also give evidence that voluntary movements are not contin-
Uous.



NERVE AND MUSCLE. 165

The energy liberated by muscle appears in mechanical, thermal,
and electrical form. The last is so small that in quantitative
determinations it is negligible. Only one-fourth to one-twentieth
of the chemical energy liberated by the muscle appears as mechan-
ical energy. The work done by a muscle depends upon its nature
and condition, the stimulus npphed and the mechanical conditions
under which the work is done.  Work is calculated by multiplying
the load into the height to which it is lifted. The absolute muscular
foree of a muscle is the maximum weight that it can lift per unit
cross-section. This for the frog is 3 kilogrammes per square
centimeter. The heat liberated by active tissue is measured by a
thermopile or a bolometer. The first consists of a certain number
of junctions of two dissimilar metals like antimony and bismuth,
which develop an electrical current whenever any two of the
junctions are ata different temperature. The action of a bolometer
depends upon the fact that the electrical resistance of a wire varies
with the temperature. An isolated muscle has by means of these
instruments been found to produce by a single contraction per
gramme of muscle substance sufficient heat to raise 3 milligrammes
of water 1 degree centigrade.

Electrical enerqgy is exhibited by many forms of living matter.
Whenever any portion of the latter hecomes active or in any man-
ner undergoes katabolic changes, a difference of potential manifests
itself in that the active portion becomes negative to the rest. The
difference of potential is generally small, requiring a sensitive
galvanometer or electrometer to measure it, but in some electrical
fishes becomes as high as 200 volts. When a musele or nerve 1is
intact and uninjured, it gives no evidence of differences of poten-
tial, and is therefore said to be iso-electric; but when the ends are
cut, so as to present two sections at right angles to the longitudinal
surface, it will be found upon testing with nun-pﬂlarlmhle elec-
trodes and a suitable galvanometer that the cut and therefore
dying ends are negative to the Uﬁll‘l] jured longitudinal surface.

The current flows from the injured tissue through the muscle or
nerve to the electrode on the longitudinal surface, thence through
the galvanometer back to the starting-point. Points equidistant
from the centre on the crosssection and from the equator on the
longitudinal surface are at the same potential. A current obtained
by mutilation of the tissue is known as a current of injury, of rest,
or of demareation. In a cat’s nerve it has been found to equal
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0.01 and in an ape’s nerve 0.005 of a Daniell cell. Dead tissue
gives no current.

It has been found that when living tissue is stimulated, the
activity accompanied by katabolic changes sweeps over it in the
form of a wave. As the latter, in muscle or nerve, passes by the
electrodes it brings about differences of potential which are indi-
cated by a galvanometer. These differences of potential give rise

Fig. 30.

-
- —

Diagram illustrating the electric currents of nerve and muscle: being purely
diagrammatic, it may serve for a piece either of nerve or of musele, except that the
currents at the transverse section cannot be shown in a nerve. The arrows show
the direction of the eurrent through the salvanometer (Foster): ab, the equator.
The strongest currents are those shown by the dark lines, as from a, at equator, toz
or to ¥ at the ent ends. The current from a to e is weaker than from a to v, though
both, as shown by the arrows, have the same direction. A enrrent is shown from e,
which is near the equator, to f, which is further from the equator. The current (in
muscle) from a point in the circumference to a point nearer the centre of the trans-
verse section is shown at gh. From a to b, or from = to y, there is no current, as indi-
cated by the dotted lines.

to currents of action. When a current of action is superimposed
upon a eurrent of rest, the needle of the galvanometer having been
deflected to a certain extent by the latter, is made to move back
toward the zero point, giving rise to a negative variation. W hen
the nerve of one (A) of two nerve-muscle preparations is laid
lengthwise over the muscle of the other preparation (B), and
the nerve of B is stimulated with an interrupted current, both
muscles are thrown into tetanus. That this phenomenon is not
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due to a spread of the exciting current through the prepara-
tions is shown by ligating the nerve of B between the electrodes
and the muscle, when all contractions cease. As a matter of fact,
the muscle-fibres of B give rise to currents of action that are cir-
cuited through the fibres of nerve resting on its surface. The
nerve-fibres of A are thus stimulated and cause the muscle o
contract. This phenomenon is known as secondary tefanus.  As
the wave of a nerve-impulse sweeps by the electrodes, it changes
the potential successively of one and then of the other, so that the
needle of the galvanometer is deflected at one instant in a positive
direction and in the next in a negative direction. Currents of
action are therefore diphasic. Changes of irritability due to the
passage of a constant current have been alluded to under electro-
tonic changes. There are to be observed at the same time varia-
tions in the electrical currents of the nerve itself—i. £, variations
in the currents of rest. The constant current causes in the nerve
outside of the electrodes the appearance of another current that
has the same direction as itself, and is called the electrotonic cur-
rent. The electrotonic current adds to or takes away from the
currents of rest according as they are flowing in the same direction
or in an opposite direction. The strength of the electrotonic cur-
rent is dependent upon the strength of the polarizing current, the
length of the region between the electrodes, and the condition of
the nerve. A dead nerve does not manifest electrotonic currents,
and they may be stopped by a ligature or by crushing the nerve.
Whenever a muscle dies, it undergoes a change manifesting
itself in a loss of fransluceney, of e.rtemnbthty and elasticity, by
the development of a gradual confraction, of increased heat-pro-
duction and acidity. This change is called rigor mortis. It
usually affects the bodr in reeular order, the jaw, neck, trunk,
arms, and legs being influenced one after the other. In general,
the more acfive the profoplasm the sooner does it pass into rigor.
During life the central nervous system is continually sending im-
pulses to the museles, keeping them in a slight state of tension
called musele-fonus. If the muscles are severed from the central
nervous system by curare, the development of rigor is delayed.
Cold delays and warmth (38° to 40° C.) favors ricor. The cause
of rigor is the eoagqulation of the semifluid musele-substance. Mus-
cle-plasma which can be expressed from frozen muscle contains
two proteids, paramyosinogen and myosinogen. By the action of
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a myosin ferment they are converted into myosin. Rigor ealoris
is caused by the precipitation of various proteids of the muscle by
heat.

QUESTIONS ON CHAPTER XL

What properties characterize muscle and nerve ?

What properties have they in common ?

Which ones have they entirely lost?

What is a nerve-muscle preparation ? :

Give proofs that musele is irritable independently of nerves.

Define a stimulus. How many classes are there ?

Upon what factors do the results of stimulation depend ?

Why is an electrical stimulus usually a desirable one ?

Distinguish between voltaic and induced eurrents.

Define opening and closing shocks. Which is the stronger ?

Tell why the breaking induced current is stronger than the making.

What are subminimal and supermaximal stimuli ?

What changes take place in the contraction of a muscle as the excitation
increases in strength ?

What is Du Bois-Eeymond's law ?

INlustrate how density of eurrent affects its execiting power.

Discuss the results of duration of stimulus,

What are ascending and descending currents?

Discuss changes in irritability and conductivity of a nerve during electro-
tonus.

What are anelectrotonus and kateleetrotonus?

What is the relation of rise of irritability to excitation?

Discuss in detail Pfluger's law.

At what points may an impulse be generated when a nerve in sifu is sub-
jected to a eonstant current ?

In what order do the contractions occur as the strength of current is in-
creased ¥ (Give reasons.

What is meant by the ‘‘ reaction of degeneration ?”

Upon what factors does the irritability of a preparation depend ?

Discuss the effect of changes in environment upon the irritability of
tissue.

Discuss the effect of severing a nerve-fibre from its cell-body.

How does functional activity alter irritability ?

Distinguish between fatigue and exhaustion.

(tive proof that waste products are formed during activity.

What distinguishes between an eleetrical eurrent and a nerve-impulse ?

Give proof that conduction may pass in all directions in protoplasm.

(Five rates of conduction in various tissues.

What factors affect conduetivity ?

What are the lengths of the conduction-waves in muscle and nerve ?

By what method are muscle-movements studied ?

Deseribe a simple myogram.

What is the latent period of the motor end-plates?

Discnss the introductory eontractions, stairease contractions, and fatigue.

What is the cause of contracture?

What factors cause tetanus?

What is the nature of voluntary contractions?

Discuss the reasons for thinking voluntary contractions tetani.
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How is the chemical energy of muscle liberated ?

What proportion appears as mechanical energy ¥

Upon what factors does the work of a muscle depend ?

How is work estimated ?

What is absolute muscular foree? Give its value in frog’s musele.
How is the heat liberated by tissue measured ¥

How is the electricity liberated by tissue measured ?

When are muscles isoelectrie ?

What is a current of rest? Trace its path.

What are currents of action?

What causes a negative variation ?

Explain secondary tetanus.

Explain why a current of action is diphasie.

Discuss electrotonic currents,

How does rigor mortis manifest itsell’?

In what order does it affect the various portions of the body?
What is the cause of rigor mortis?

What is the cause of rigor caloris?

What factors influence the onset of rigor?

What is musecle-tonus, and to what is it due?

CHAPTLRE XIT,
CENTRAL NERVOUS SYSTEM.

THe entire nervous system, for the sake of convenience, is
divided into a number of parts :

1. The central nervous system or the cerebrospinal axis (brain
and spinal cord).

2. The peripheral nervous system (spinal and ecranial nerves
and ganglia, sympathetic ganglia and nerves). Physiologically
considered, such a division of the nervous system has no partic-
ular significance; the functions of these parts are intimately
related and dependent upon one another, and form such an indi-
visible unit that any detached group of nervous structures would
have no meaning. The essential constituents of the nervous sys-
tem are separate but contiguous nerve-cells or neurones. A neurone
is meant to include every part of a nerve-cell under the control
of a given nucleus. [t consists of the cell-body and all its out-
growths. Of the latter, the axones are of various lengths ; some
in man spanning almost the entire length of the body. The ends
of the axones and of the branches which an axone gives off
along its length are divided into fine twigs or terminal arboriza-
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tions. The remaining branches of the nerve-cell do not attain

Fre. 31.
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the length of the axone, but
very soon divide dichotom-
ously, so that they also form
finely divided terminal arbo-
rizations. The arrangement
of neurones is such that the
end-brush of the axone of
one cell is in intimate rela-
iton to the end-brushes of
the dendrite of another cell.
Therefore an impulse gener-
ated in any one neurone 18
transmitted to its neighbor,
which in turn passes it on to
the next neurone. [t must
be understood, of course, that
it is not the impulse thai s
transmitted, but that an im-
pulse reaching the end-brush
of one axone has the power fo
generate another impulse in
the dendrites of lhe contig-
wous newrone. The general
plan of a nerve-cell and its
prolongations is shown in
Fig. 31.

It 1s the funetion of the
nervous system to bring the
body into relation with
changes in its environment
and to preserve the harmo-
nious working of all its or-
gans. All parts of an or-

F16. 81.—Neurone with long axone
proceeding as the axis-cylinder of a
nerve-fibre: n ¢, nerve-cell proper;
d, dendrites; x, axon; d g, dendrite
showing gemmul®; a d g, apical den-
drite with gemmul=; e, collaterals;
¢, end-tufts, pyramidal cell of the
cerebral cortex. (5. Ramon y Cajal.)
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ganism are, therefore, bound together by nerve-structures.  From
the cerebrospinal axis the axones Fra. 99,
of nerve-cells, called nerve-fibres,
pass to all portions of the body.
They do not pass out indiserimi-
nately, but are grouped together
into nerve-trunks to form the ecra-
nial, spinal, and sympathetic systems,
as is indicated in Figs. 32, 33, and
34

Neurones whose fibres begin in
sensory structures in the skin, mus-
cles, or tendons, carry impulses into
the central nervous system, and are
known as afferent neurones. Those
whose fibres carry impulses from the
central system to the structures which
the central nervous system controls
are known as efferent fibres.

FiG. 32.—Under =urface or base of the cere-
brum and cerebellum, and of the pons Varolii
and medulla oblongata, also the anterior sur-
face of the spinal cord, to show the mode of
origin of the spinal nerves from the spinal
cord, and the eranial nerves from the base of
the brain: a,a. cercbral hemispheres; b, right
half of cerebellum: m, medulla oblongata ;
above this is a transverse white mass, the pons
Varolii; ¢, ¢, the gpinal cord, showing its cer-
vieal and lumbar enlargements, and its pointed
terminations ; ¢, the canda equina, formed by
the elongated roots of the Ilnmbar and saeral
nerves ; 1to 9, the several cranial nerves aris-
ing from the base of the brain and the sides of
the medulla oblongata. Below these, on each
gide, are the roots or origing of the spinal
nerves, cervical, dorsal, lnumbar, and sacral.
In some of these the double root can be seen,
and the swelling or ganglion on the posterior
root: a, r, the axillary or brachial plexus,
formed by the four lower cervical and first
dorsal spinal nerves; [, the lumbar plexus; s,
the sacral plexus, formed by the last lumbar
nerve and first four saeral nerves; f shows a
piece of the sheath of the cord ent open, and
with it a portion of the ligamentum denticu-
latum which supports the cord; A, a trans-
verse section through the cord, to show the
form of the gray cornua or horns, in the midst
of the white substance. B shows the same

rts, and also the membrane of the cord ; and

he anterior and posterior roots of a pair of
spinal nerves springing from its sides,
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In addition, there are cells whose branches do not leave the
central nervous system, and whose function it is to convey impulses
from one portion of the cerebrospinal axiz to another. These
are central neurones,

A reflex act (Fig. 35) is the simplest coirdinated reaction
which may take place, and not necessarily involve consciousness,
as may be easily demonstrated in the frog. If the brain of this
animal is uumplutuh' destroyed, there results at first a state of
collapse, which is known as shock, and which in time passes off.
The removal or injury of any considerable mass of* nervous mat-
ter affects the activity not only of the part ulmratul upon, hut
also of distant structures. The nature of shock is not well
known, but it may be explained as the result of a potent
stimulus which through inhibition and exhaustion depresses the
normal funetions. AitLr the frog has recovered from the shock
it appears normal, with the exception that it is unable to hold
itselt' up with its front limbs, so that the nose touches the surface
of support. When the fruw 15 suspended by the lower lip, it
hangs with body and limbs in a relaxed condition. A stimulus
applied to the skin of the leg is followed by vigorous muscular
responses, which seem to be purpmef‘u] inasmuch as the reaction
tends to remove the irritant. The essential nervous portions of
such a preparation are: 1. Afferent fibres which arise in sense-
organs in the skin, muscles, and tendons; and enter the spinal
cord by way of the posterior roots, perhaps stretching its entire
length and by means of collaterals making wide connections ;
2. The spinal cord with numerous central cells interpolated be-
tween the terminals of the afferent and efferent fibres; 3. The
efferent fibres leaving by way of the ventral roots and p“h,lnu' to
the muscles or to the ganglia of the sympathetic system.

The sensory stimuli that are received pass up the nerve-trunks

F1G. 33.—Scheme of the nerves of a segment of the spinal cord (Foster) : Gr. gray ;
W, white martter of spinal cord; A, anterior; P, posterior root: @, ganglion on the
posterior root; N, whole nerve; N, spinal nerve proper, ending in M, skeletal or
somatic musele; S, somatie SeNsory cell or surface ; X, in other ways: 1, visceral
nerve (white ramus communicans) passing to a ganglion of the sympathetic chain £,
and passing on as V' to supply the more distant ganglion o, then as 1"’ to the periph-
eral ganglion ' and ending in m, splanchnic muscle ; s, '-‘~hlnn{ hnic gensory cell or
surface; r, other possible :.];]um-hm{ endings. From = is given off the revehent
nerve r.v. (gray ramus communicans), which partly ruﬂsvs backward toward the
gpinal cord, and partly runs as v.m. in connee tmn with the spinal nerve, to supply
vasomotor {eonstrictor) fibres to the museles (m') of bloodvessels in certain parts,
for example, in the limbs; Sy, the sympathetic ehain uniting the ganglia of the
series £. The terminations of the other nerves arising from £, o, ¢, are not shown.
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Fia. 34.

Ganglia and nerves of the sympathetic system. (Dalton.)

to the posterior nerve-roots, and thus to the spinal cord. In the
cord the impulse may be sent to the brain, producing consciousness,
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ete.; or else the impulse in the cord may be transmitted directly to
some motor cell in the anterior horn, stirring it to activity, with the
result that there is muscular action. A person, for example, may
be tickled with a feather, and the '-ull_]ul brushes away the offend-
ing object either with or without consciousness of what he is doing.
If he does it unconsciously, the reflex act takes
place in the cord; if he brushes away the Fia. 35.
hul[h{*r as a result of the impression received
in his brain, the reflex act took place in the
brain. Furthermore, a person may perform
a reflex act through the reflex centres in the
cord, and yet after the act is completed he
may receive the sensory impulse in the brain.
Such an act may be simple and involve a
single musele, or ecompler and involve many ;
thus, a ray of light falling upon the retina
causes a simple reflex contraction of a single  Diagram illustrating
gimplest form of reflex
muscle, and the iris confracts. As an illus- apphratus. | (Foster.)
tration of a complex reflex action, however,
irritation of the larync causes not only a closing of the glottis, but
also a confraction of all the musecles involved in forced erpiration
or coughing. The spinal cord in man is so much under the con-
trol of the higher centres that its capabilities for reflex action are
often cverlooked. After injury to the spinal cord the retlex acts

Fia. 36.

Transverse section of the spinal cord: a, b, spinal nerves of the right and left

sides; o, origin of the anterior root; e, origin of the posterior root; ¢, ganglion of
the rHJh[L'I.'IlII' root.

are apt to be purposeless and fruitless. In many lower animals
reflex actions, after the cord has been divided, are extensive and
well coirdinated. This is well marked in the frog. Yet the dif-
ference is one of decree mlh In man many acts are uruuuph-u'u d
as reflex movements oceurring in the cord, u!ffwuﬂt it 18 incapable
of Lm.!m.fuu them itself.
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Stimulation of afferent fibres brings about a response, usually,
of those muscles innervated from the same segment of the cord, but
the reflex may involve corresponding muscles of the other side of
the body or muscles innervated from segments of a lower or higher
level. It may be accepted as a general rule, that an afferent im-
pulse when it passes through the cord tends to die out, and that it
reaches more cells than actually are discharged. Further, that
the pathway taken by an impulse is but one of many possible
paths. Reflex acts, like all others, involve time. It has been
found that the latent period varies from 0.05 to 0.40 of a second.
It is decreased as the strength of the stimulus is increased. With
electrical or mechanical stimuli the response often occurs only after
a given number of stimuli have been applied. In such cases there
is a summation of the effects of' the stimuli 1n certain parts of the
reflex chain. It has been found that three segments ouly are
necessary in the frog to produce the reflex clasping movement that
the male develops during the breeding season. The higher the
animal stands in the scale of development, the more complicated
does the structure of the cord become, but the less are the seg-
ments capable of acting independently. Most of the reflexes of
man are those that involve unstriped musele or glands. These and
others are : deqlutition, peristalsis of the intestine, defecation, mic-
turition, emission, vaginal peristalsis, parturition, coughing, sneez-
ing, the tendon-reflexes, the reactions of the vascular system, and
the action of glands. Many reflexes which in the young are un-
controlled are later brought under the action of the will. This is
due probably to the growth of fibres from the brain into the cord,
or rather to more perfections made by such fibres.

The spread of impulses from one to many neurones, w hich is
termed diffusion, differs somewhat along afferent and efferent paths.
Diffusion of afferent impulses does not take place until they have
reached the cord, while diffusion of efferent impulses takes place
in the pFl"]l}hPl‘dl ganglia. Fibres passing from the cord to the
S‘?’[ﬂp"tthﬁtlt canglia are termed pie‘;muﬂ.‘mm‘ fibres, while those
passing from the ganglia to the peripheral structures are termed
postganglionic ﬁb?{w It is found that each preganglionic fibre is
distributed to more than one cell in the ganglion, so that an im-
pulse passes out of the ganglion over a number of paths.

Normally, impulses are *Llum% coming into the cord from all
parts of the body ; are diffused throughout the centrzl nervous
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system to a greater or less extent ; and are the cause of efferent
impulses that continually are leaving the cord to be transmitted to
the various structures of the body, keeping them in a state of tone.
This is noticeable in many pathological cases, especially in the

Fra. 37.

Facial paralysis of the right side. (Dalton.)

insane, where phases of mental exaltation and depression are de-
picted in the expression of the face, so that they appear like differ-
ent persons. The legs of a pithed frog do not hang in a perfectly
relaxed position unless the sciatic nerve is severed. Rigor mortis

12—Phys.
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usually sets in, in both legs of the frog at the same time, but when
the sciatic nerve of one limb is cut immediately after the killing
rigor mortis is delayed in that leg. This is accounted for by the
fact that the wmpulses from the cord hasten the onset of rigor
mortis.

Spinal reflexes are more or less modified by impulses coming
from the brain or from other sources. This is shown by Erner's
experiment, in which a rabbit was prepared in such a way that an
electrical stimulus could be applied either to the cerebral cortex or
to the skin of the foot, both being followed by the same muscular
response. [Excitation, simultaneously, of both places gave a pro-
portionally greater response than excitation of either alone. If
the skin was so weakened that a muscular response did not follow
when applied alone, it could be made effective by stimulating the
cerebral cortex 0.6 of a second previously. Excitation of the
cortex had the effect of making the nerve-cells involved more irri-
table, so thatthey were able to respond to a weaker stimulus. The
increase of irritability passed away in three seconds. It has been
shown that the patellar tendon-reflex could be reinforced by a vol-
untary contraction or by a sensory stimulation if the interval
between them was less than 0.4 of a second. As the interval
became greater than 0.4 of a second, the knee-jerk was diminished
or inhibited until the time-difference was 1.7 seconds, after which
the two phenomena ceased fo influence each other. A simple
method of showing inhibition of reflexes is to dip the toe of a
pithed frog into dilute acid. A contraction results. If the exper-
iment 1s now repeated while at the same time the other toe is
pinched, 1t will be found that the latent period of the reflex is
greatly prolonged, or that no contraction at all follows. It has
been shown that stimulation of the cortical areas for the flexors of
the arms simultaneously qives rise to an inhibition of the exten-
sors, and that when the extensors are brought into action there
15 an inhibition of the flexors.

Voluntary responses differ from reflexes in that they are less
predictable, more variable, and that instead of following in a very
short interval they may be delayed for a long whﬂe—mpns&lhly
for years. The most mmplex volllnmrv reactions involve the
entire central nervous system, and E'ip?clﬂll"i.f the cerebral cortex.
The path taken by the impulse is longer and involves more
neurones, so that in its course it may become much more modified.
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Impulses over afferent fibres pass along the posterior spinal
nerve-roots and enter the cord. Their path is then along fibres

Fia. 38.

L2 4

W et
N
%
Diagram showing pathway of the sensory impulses: on the left side 8 8 represcnt
afferent spinal nerve-fibres; C, an afferent eranial nerve-fibre. These fibres terminate

near centrul cells, the neurone S of which crosses the middle line and ends in the
opposite hemisphere. (Van Gehuchten.)

—

/

that ascend the posterior columns, and may be either along a
short-path or a long-path fibre. 1If it is the latter, they are carried
to the dorsal funiculi, to terminate about cells in the nuelei of the
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gracilus and cuneatus. Here the impulse is taken up by a second
set of neurones, which decussate, and then go forward in the medial
lemniscus, to end either in the ventral portion of the thalumus or
in the eerebral cortex. From the thalamus the impulse may pass
along a third set of neurones to the cortex. CUranial afferent
nerves, which are not of special sensation, like those of the fifth,
the vestibular portion of the eighth, ninth, and tenth, have a sim-
ilar course. Impulses taking short-path fibres pass largely to cells
in the dorsal cornu of the eord, many passing by way of the col-
laterals. Cells of the dorsal gray horn send their axones across
the cord to the lateral columns of the opposite side and pass to the
thalamus through the medial lemniscus.

Fia. 39.
B
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Degeneration of spinal nerves and nerve-roots after section (Dalton): a, anterior
root ; p, posterior root ; g, ganglion ; A, section of nerve-trunk bevond the gangh{:u
B, section of anterior root; C, section 'of posterior root; D, excizion of ganglion.

Pathways or tracts of the cord may be studied by means of
degenerations. A nerve-fibre will degenerate when by section 1t is
removed from the cell-body that governs its nutrition.

If the dorsal roots are sectioned between the posterior root-
ganglion and the cord, the resulting degeneration will extend down
the dorsal columns for two or three centimetres, and up to the
nuelei in the dorsal columns of the bulb mainly on the same side
as the section. On passing upward, however, the area of degen-
eration constantly becomes less, owing to the fact that fibres con-
tinually are leaving the posterior columns and passing into the
gray matter of the cord. When the cord is hemisected, the ascend-
ing fibres that degenerate are in the dorsal columns, in the dorso-
lateral ascending tract, and in the wentrolateral descending-
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ascending tract. Most of the degenerated fibres are to be found
on the same side as the section, although a few are on the opposite
side. Strong stimulation of sensory nerves like the seiatic causes
a rise in the blood-pressure. One investigator has, therefore,
attempted to block the path of the vasomotor impulses by sec-
tioning the cord in various ways. It was found that cutting the
lateral column on the side opposite to that of the nerve stimulated
was followed by the greatest success. It seems then that the /at-
eral columns form a very important afferent pathway. (zotch
and- Horsely determined that upon stimulation of the posterior
roots 80 per cent. of the impulses went to the brain through paths
on the same side of the cord; of the remaining 20 per cent.,

15 per cent. went through the dorsal columns of the opposite side,
leaving but 5 per cent. “for the lateral columns. Impulses from
muscles and tendons, as well as from the internal viscera, are be-
lieved to pass cephalad along the direct cerebellar tracts and by
the long-path fibres of the dorsal columns.  Dermal impulses may
pass through the cord by short-path fibres. Most of the impulses
from the nuclei of Goll and Burdach pass to the thalamus and
then to the central gyri of the cortex, but some pass to the cere-
bellum by way of the inferior peduncles.

Hemisection of the eord has marked effects on the animal oper-
ated upon. For the first few days there is complete motor paral-
ysis of all the parts supplied by nerves arising from the cord
below the level of the section. There are vasomotor paralysis
and a diminution of sweat. The knee-jerk 1s exaggerated. Sensa-
tion is not lost, but it appears dulled. The opposite side of the
body is not affected by motor or sensory paralysis. In a few days
sensation returns on the side uperﬂtwl and in time it hecomes
difficult to determine that paralysis exists. The limb, however,
remains permanently thinner. If the hemiseetion 1s made above
the level of the eighth cervical nerve, the pupils are contracted
permanently, but, nevertheless, react to light and shade. The
dilator and pilomotor nerves of the cervical sympathetic are
unaltered.

Impulses reaching the cortex give rise to others that pass out
of the central syvstem and cause a response in various peripheral
structures of the body, just as was the case in pure reflexes. To
determine the descending paths of these impulses, it is customary
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to investigate the cerebral cortex by means of electrical or mechan-
ical excitation, or by means of lesions.

An electrical stimulus, if of proper strength, will usually hrmg
out well-codrdinated movements, which last lungu than the stim-
ulus. As the exeitation becomes too great the movements become
convulsive. It has been found by this method of investigation
that the cerebral cortex can be divided into areas which are con-
nected with definite portions of the body. These areas are either

Fig. 40,

Plan of the human brain in profile (Dalton), showing its fissures and (’fl‘.l't]"i"[}hl-
tions : 8§, Fissure of Sylvius; &', anterior branch ; 8", posterior branch ; R, fissure
of Rolando; P, parietal fissure,

sensory or motor. Each motor region upon stimulation will call
out movements of certain museles.

The fibres from the motor cells of the cortex pass directly into
the substance of the brain, which is shown by making eircular
ineisions about various areas, when their usual responses to exci-
tation are not altered. A cut parallel to the surface of the corfex,
however, renders stimulation of the area ineffective. The paths
of the fibres from the cortex are investigated by destroying the
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cortical cells, when the fibres with which they were in connection
degenerate. By this method it has been found that the azones
of the motor cells extend through the internal capsule, through
the erusta, and the pyramids to the bulb-cord. It is found that
some fibres of the ecallosum also degenerate, and may be traced
down through the infernal capsule and erusta of the other side.

Fia. 41.

6

g ..

Brain of monkey, showing the position of the motor and sensory centres as ascer-
tained by Ferrier. " The actions all occur on the side of the body opposite to the
part of the brain irritated: 1, the eyes open widely, the pupils dilate, and head and
cyes turn toward opposite side ; 2, extension forward of the opposite arm and hand,
as if to reach something in front; 3, movements of tail lmu'l trunk); 4, retraction
with adduction of opposite arm ; 5, supination and flexion of the forearm, by which
the arm is raised toward the mouth ; 6, action of zvgomatics, by which the angle
of month is retracted and elevated: 7, elevation of ala of nose and upper lip: 8,
opening of mouth with protrusion of tongue; 9, retraction of tongue; 10, retraction
of opposite angle of mouth ; a, b, ¢, d, prehensile movements ; 11, retraction and
adduection of opposite arm; 12, advance of the opposite hind limb; 13, complex
movements of thigh, leg, and foot: 14, 15, vision (sensory) ; 16, hearing (sensory ).

At the decussation of the. pyramids the gcreater number of the
fibres from the internal capsule of each side cross to the opposite
side, and when they reach the cord are grouped together to
form the crossed pyramidal tract of the lateral columns. A lesser
number of the fibres pass down into the cord on the same side
and form the direct pyramidal tracts of the anterior eolumns.
Injury to the cortex of one hemisphere will produce degenera-
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tion of the eross-pyramidal tracts of both sides, but that on the side
opposite the lesion is much more marked. The direct pyramidal
tracts are well defined in man and monkeys, but extend only to
the mid-dorsal region. Before their termination they cross to the
other side of the cord in the gray commissure. The motor fibres
of both pyramidal tracts end in relation with motor cells in the
anterior horns of the spinal cord, which cells in turn send their
axones to the museles by way of the anterior spinal nerve-roots.

There is no direct relation between the size of a cortical motor
area and the mass of the museles that it eontrols, but the size is
correlated with the complexity of the reactions that the museles
take part in. Each region is divisible into subsidiary areas. For
instance, if the electrodes are moved from one limit of the arm-
area to the other, there will be a regular contraction of the mus-
cles from the shoulder to the phalanges. Areas thus called motor
are not purely so, for they also contain fibres that bring afferent
impulses from the skin, muscles, tendons, or viscera to the cortex.
There are some purely sensory areas which produce no response
on stimulation. Of these, there are four principal ones :

1. The olfactory area, which extends over the uncinate gyrus,
the gyrus hippocampi, and a part of the gyrus fornicatus near the
callosum.

2. The wvisual area, which is found about the calcarine fissure,
all through the cuneus extending to the occipital lobe.

3. The auditory area, which includes the transverse gyri in the
Sylvian fissure and the first temporal gyrus.

4 The body-sense area, which is found about the two central
gyri and extends forward to the frontal ﬂ*vl'l, and from the pre-
cuneus over one-half of the mesial surface of the hemisphere.

As the result of common experience it is known that a motor
response may follow any sensory stimulation whatsoever, so that
motor and sensory areas must be connected. The fibres that bring
this about are called association-fibres. Their function is to fur-
nish pathways which are more or less intricate between different
areas, and to retain previuus impressions as memories which
modify any other impulses passing over them. When the motor
and sensory areas are contrasted with the surface that remains of
the cortex, it is found that extensive areas give no response upon
direct stimulation. They may be deqﬂ'laated as latent areas.
They include the ventral surface of the hemisphere, a considerable
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portion of the mesial surface, and parts of the frontal, parietal,
and temporal lobes. The frontal region is connected by fibres
with the pons and cerebellum. Removal of this portion of the
brain is followed by transient sensory and motor disturbances.
Removal of both lobes causes the animal to lose all curiosity,
affection, pleasure, and capacity to learn. It is in this portion of
the brain that the intelligence is centred ; it is the organ of the
mind. Memory, reason, emotions, and all the other attributes of
the mind are dependent upon its funetional power. There are
instances-in which injury or disease of one half of the cerebrum
has left the intellectual faculties not gravely impaired. From a
consideration of such cases it has heeu “held that the action of one
of the hemispheres is sufficient for the purposes of the mind ; but,
as a rule, it is safe to say that the hemispheres act in unison. In
some of the lower animals the cerebrum may be removed t‘llh]‘{‘l_’f
without killing them. When this is done in the case of a pigeon,
the bird remains quietly in one position, and is not disturbed by
noises ; if thrown from its perch, it flies and alights in a nearly
normal manner. If a foot be pinched, it withdraws it and perhaps
changes its position. The bird is capable of reflex actions of
various complicated kinds, but there 18 no spontaneous exercise
of volition, and all its movements are excited by nerve-stimuli
from without, of the moment of which it has no perception.

The eerebellum seems to exert no influence upon the sensory
nerves, for sensibility is not affected by its injury. The mofor
system of the body is, however, entirely disorganized by lesions of
this organ, giving rise to extreme incodrdination. The two halves
of the cerebellum are united by commissural fibres, division of which
is followed by a transitory disturbance in the gait. The cerebel-
lum is not concerned with psychical functions. When small por-
tions are removed, the animals become feeble and uncertain in
their movements, but are able to move about for ordinary pur-
poses. As the amount removed s increased, the want of coirdi-
nation of the voluntary muscles becomes greater. With the
entire cerebellum gone, the condition is absolute—animals cannot
stand or walk, or bring any of the musecles into orderly action.
If the animal is laid upon the back, it cannot recover itself, but
strugeles in vain.  The senses are normal and the will is present,
for if a blow is threatened an attempt is made to avoid it.  When
the lesion is confined to one hemisphere, the lack of codrdination
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is noticed in the opposite side of the body. Under these eircum-
stances the animals fall to the opposite side and roll over, giving
rise to what are known as forced movements. Pigeons from which
the cerebellum is removed may live sometimes for months, and in
some cases alter partial removal there is a return of the power to
coirdinate at the end of some days.

The function of the thalamus is not well understood. Fibres
reach its ventral portion from the cord, and the cells in relation

Diagram of human brain in transverse vertical seetion (Dalton): 1, tuber an-
nulare : 2, 2, erura cerebri; 2, 3, internal eapsule; 4, 4, corona radiata ; 5, 6, cerebral
ganglia; 7, corpus callosum.

with which they end send their axones to the cerebral cortex.
Some cells in the cortex, in turn, send axones back to the thala-
mus. Cell-groups which inerease the responsiveness of the central
system are probably located here. ILesions are accompanied by
a loss of power to express the emotions through the muscles of
the face. When they extend to the internal capsule and to the
crura cerebri, paralysis results.

Lesions in the crura lead to paralysis of the opposite side of the
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body, both of sensation and of motion, of a degree depending upon
the extent of the lesions; and, besides, result in a paralysis of
the motor oculi nerve of the same side as the lesions.  There is a
derangement of the coirdination of movements, shown in rotary
movements when the subject attempts to walk. It is inferred that
coirdinating impulses pass through the erura.

The anterior corpora quadrigemina are the homologues of the
optic lobes in some of the lower animals, and the anterior pair
may be regarded as important centres for the visual and motor
funetions of the eyes. The posterior pair are associated more
intimately- with the sense of hearing. Not only does blindness
follow lesions of the anterior pair, but often they are atrophied
when the eyes are destroyed. Crossed paralysis may follow lesions
in the lower portion of the pons, which is more or less complete,
together with a paralysis of the facial muscles on the same side as
the lesions.

As the medulla is the sole connecting link between the upper
part of the brain and the cord, it necessarily contains all fibres
passing between these limits, so that it conduets all impulses. It
resembles the spinal cord in being the seat of reflex acts; the only
difference between them being in the fact that many of the reflexes
performed by the bulb are of much greater importance to life.
There is a considerable number of centres in the medulla which
control important and complicated coirdinated muscular actions.
These are centres for reflex action for the most part, which are
called upon to act in response to stimuli derived from an afferent
impulse or to a voluntary effort. As examples, may be mentioned :
the cardiac centre, the vasomofor eentre, the thermotactic centre,
and the respiratory centre. The latter may be easily demonstrated
in the frog, If the spinal cord be removed up to the medulla,
the respirations will continue, and in the same way they will not
cease 1f the hemispheres also are removed. If the medulla is
then injured at the origin of the pneumogastric nerve, the move-
ments of respiration cease. The same occurs when the medulla is
broken in man near the axis in executions by hanging.

Division of the spinal cord results in a complete loss of condue-
tivity between the two segments. There are a loss of sensation and
a paralysis of the parts supplied by nerves emerging from the cord
below the section. Both segments of the cord may suffice for cer-
tain reflex movements. It the section be made above the point of
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origin of the phrenie nerves, death from asphyzia results. In the
frog, whose spinal cord has been cut close to the medulla and the
medulla destroyed, the following results are noticed : the animal
does not respire through its lungs and lies prone on its belly. If
dropped into a basin of water, it sinks, making no attempt to swim
it does not swallow food. If the section is made anterior to the
bulb, the frog breathes, sits in a normal position, swims in a basin
of water, crawls out if it ean and then sits still. It makes no
motion unless irritated, then hops away. It swallows food placed
upon the tongue.

Cranial Nerves.

The eranial nerves are varied in their functions, and all arise
from ganglia of gray matter in-the brain and medulla. The floor
of the fourth ventricle is distinguished particularly by the abun-
dance of nuclei from which the “cranial nerves arise.

[. The olfactory nerve forms the pathway for the impulses giving
rise to smell. The fibres pass from the sense-endings of the nose
to the olfactory bulb on the same side, and then h".' way of the
olfactory tract to the gyrus fornicatus or to the temporal end of the
gyrus hippocampi.

II. The optic nerve conduects impulses from the retina to the
pulvinar, the corpora quadrigemina, and the external geniculate
bodies. In man the fibres for the greater part cross in the chiasma.
From the primary centres they are continued to the oceipital cortex
of the same side, passing through the occipital end of the internal
capsule. The location of the ecentres is probably in the ecuneus and
surrounding parts. The calcarine fissure has been indicated by
some as the most important ending.

III. The motor oculiis a purely motor nerve. Section paralyzes
the elevator of the upper eyelid, giving rise to pfosis; paralysis
of the muscles of the eyeball results in inability to move the eye
up, down, or inward, while the unopposed action of the external
rectus produces external strabismus; paralysis of the muscle of
the iris eauses the pupil to remain dll"tt»?{] so that it does not re-
spond to light ; pdmh sig of the ciliary muscle prevents accommo-
dation. The control of the pupil through a s strong voluntary effort
exerted through the third nerve shows itself in a contraction, as
when the eyeball is turned strongly upward and inward.

IV. The patheticus supplies the superior oblique muscle. Its
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section results in double vision, and the image seen by the affected
eye appears obliquely and below that of the other eve. This may
be corrected by inclining the head to the opposite side.

Fic. 43.

View of the posterior surface of the medulla, the roof of the fourth ventricle
being removed to show the rhomboid sinus clearly. The left half of the figure
represents : Cn, funicnlus cuneatus and, g, funiculus gracilis; 0, obex ; sp, nucleus
of the spinal accessory; p, nucleus of the pneumogastric; p + #p, ala cinera; R,
restiform body; XII', nucleus of the hypoglossal; {, funiculus teres; a, nucleus
of the acusticus; m, strie medullares: 1, 2, and 3, middle, superior, and inferior
cerebellar peduncle, respectively ; r, fovea anterior; 4, eminentia teres (genu nervi
facialis) ; 5, loens ceeruleus. The right half of the fizure represents the nerve-nuclei
diagrammatically; V, motor trigeminal nucleus; 1"/, median, and V", inferior sen-
sory trigeminal nuelei; VI, nucleus of abducens; V11, facial nucleus; VIII, poste-
rior median acoustic nuelens ; VI[I', anterior median; VIII", posterior lateral;
VIII', anterior lateral acoustie nuclei; IX, glossopharyvngeal nueleus; X, X7, and
XTI, nuelei of vagus, spinal accessory, and hypoglossal nerves, respectively. The
Roman numerals at the side of the figure, from V to XII, represent the correspond-
ing nerve-roots (Erb).

V. The trigeminuz nerve breaks up into three branches: of
these, the first and second are entirely sensory, while the third is
motor. Section of the motor root of the nerve results in a paral-
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ysis of the muscles of mastication.

CENTRAL NERVOUS SYSTEM.

Destruction of the sensory

root results in complete anasthesia of the skin of the face and the

Fia. 44.

Fentr tere.
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A partly diagcrammatic view of the
floor of the aqueduct, looking upward
(dorsally), nuclei of the third and
fourth nerves, and the decussating
fibres of the latter all shown: the
third nerve nuclei are subdivided
into an anterior nucleus, the Edinger-
Westphal nucleus (a and b), and a
posterior nuecleus ; the posterior nu-
clens has a dorzal, a ventral and a
mesial portion: the decussation of
the fibres from the dorsal portion of
the posterior nueleus of the third
nerve is shown. (Edinger.)

VIIL. The cochlear portion of the auditory

" shorter branch, which

mucous membrane of the mouth.
The anzesthesia of the conjunc-
tiva, of the nostrils, and of the
lips prevents the reflex self-pro-
tection which belongs to the parts,
and they become easily injured.
The nerve-cells are located in the
Gasserian ganglion. The periph-
eral axones extend to the skin,
while the central axones upon
reaching the bulb divide into a
extends
cephalad and a longer branch
which extends caudad, both con-
necting with cells in the sub-
stantia gelatinosa. One set of
neurones is thought to pass di-
rect to the cerebellum.

VI. The abducens supplies the
external rectus muscle of the eye.

VIIL. The facial is a motor
nerve which parallels in its dis-
tribution the sensory portion of
the fifth. It supplies the super-
ficial museles which give the
power to the features reflecting
the emotions. If the nerve is
sectioned, the face on that side is
devoid of motion and becomes
smooth and expressionless. The
eyelids do not close and the lips
do not oppose properly on account
of the defective action of the or-
bicularis muscle. There is diffi-
culty in drinking and in speaking
for the same reason.
is the nerve of

hearing. The cell-bodies of these fibres are situated in the spiral
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ganglion of the cochlea, which is homologous with the dorsal root-
canglia of spinal nerves. One axone reaches the organ of Corti,
and the other passes to the bulb, where it terminates either in the
dorsal or ventral nucleus of the eighth nerve. The fibres entering

Fia. 45.

Diagram of the fifth nerve and its distribution : 1, sensitive root; 2, motor root ;
3, Gasserian ganglion: I, ophthalmie division ; II, superior maxillary division ; T11,
inferior maxillary division; 4, supraorbital nerve, Hiatrihuwﬂ to the skin of the
forehead, inner angle of the eve, and root of the nose ; 5, infraorbital nerve, to the
gkin of the lower evelid, side of the nose, and skin and mucous membrane of the
upper lip;: 6, mental nerve, to the integument of the chin and edge of the lower
jaw, and skin and mueous membrane of the lower lip; n, n, external terminations
of the nasal branch of the ophthalmie division, to the mucous membrane of the
inner part of the eye and the nasal passages, and to the base, tip, and wing of the
nose ; {, temporal branch of the superior maxillary division, to the skin of the tem-
poral region ; m, malar branch of the superior maxillary division, to the skin of the
cheek and neighboring parts; b, buceal branch of the inferior maxillary division,
passing along the surface of the buecinator musele, and distributed to the muecous
membrane of the eheek and to the mucous membrane and skin of the lips: /, lingual
nerve, to the mucous membrane of the anterior two-thirds of the tongne ; «f, aurice-
ulotemporal branch of the inferior maxillary division, to the skin of the anterior
part of the external ear and adjacent temporal region ; z,r, r, muscular branches,
to the temporal, masseter, and internal and external pterygoid musecles: ¥, muscular
branch, to the mylohyoid and anterior belly of the digastric ; f, sensitive branch
of ecommunication to the facial nerve.

the ventral nucleus may be continued to the superior quadrigemina,
passing by way of the trapezium, the superior olive, the lateral
lemniscus, and the inferior collicus. They may give collaterals to
each, or may end in any of these gray masses. Cells of the dorsal
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nucleus send their axones across the floor of the fourth ventricle,
forming the strize acusticz.

The vestibular portion of the eighth nerve transmits impulses
from the ampulle of the semicircular canals, and therefore serves
the sense of equilibrium. The cell-bodies of these fibres are
located in the vestibular ganglion, and their central axones are

Fic. 46.

Diagram of the facial nerve and its distribution: 1, facial nerve at its entrance
into the internal auditory meatus; 2, its exit at the stylomastoid foramen; 3, 4,
temporal and posterior auricular branches, distributed to the museles of the exter-
nal ear and to the occipitalis; 5, branches to the frontalis muscle ; 6, branches to the
stylohyoid and digastric museles; 7, branches to the upper part of the platysma
myoides; 8, branch of communication with the superficial cervical nerve of the
cervical plexus.

divided into a branch passing cephalad and one passing caudad,
which terminate with various nuclei, and also pass to the
cerebellum.

IX. The glossopharyngeal nerve is the nerve of taste and of
deglutition. It is motor as well as sensory in function. Its dis-
tribution is to all the museles of deglutition, and stimulation
contracts, while section paralyzes them. The very numerous
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connections of the nerve complicate its origin and interfere with
a clear comprehension of the unaided function of the nerve. The
cells of the fibres lie in the bulb on the medial side of the tractus
solitarius. Their axones are sent cephalad through the medial
lemniscus. Latest investiqgations have shown that Hrr’ chief path of
the taste-sense is over the chorda tympani nerve, whieh leaves the
glossopharyngeal mainly a nerve of motor function.

X. The afferent fibres of the vagus convey impulses from the
pharynx, wsophagus, stomach, liver, pancreas, spleen, larynx,
bronchi, and- lungs. Their termination 13 near the neud vital.
The functions of the pneumogastrics are very numerous indeed.
It is involved in respiration, deglutition, in the movements of the
stomach, in the action of the Izuut lungs, and viscera.

XI. The spinal aceessory is a motor nerve essentially, but it
contains some sensory fibres. Section produces lma,]hh. of the
voice, but does not affect the glottis. Forced respiration is
impaired.

XII. The hypoglossal is a motor nerve, but possesses some
sensory fibres which it derives from the cervical aplnftl nerves
and from the fifth. This nerve is important in mastication. In
animals its section is followed by inability to drink on account
of difficulty in lapping. In man section of the nerve prevents
articulation.

WEIGHT AND GROWTH OF THE BRAIN.

Weight.—Roughly it is three pounds or about one-fortieth of the
total body-we lﬂ'ht and this ratio is greater than in the lower ani-
mals, with a few exceptions among the smaller birds and monkeys.

Weight of Brain in Grammes (Topinard).

Classes.

Macrocephalie .

Males.
1925 to 1701

Females,

1743 to 1501

Large 1700 ¢ 1451 1500 ** 1351
Medium : Sl AR - e B | 13560 ** 1151
sgaltl o eals s e s v 13h0 45 1000 1150 ¢ a0l
Microcephalic. . . . . . . 1000 ‘ 300 900 ‘. 283

In comparing brain-weights, the nmthml of removal of the
encephalon should always be considered, since retention of pia
and the fluids of the ventricles affects the result.

13—Phys.
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In Boyd's method, after the skullecap has been removed but the
pia left intact, the hemispheres are sliced away in horizontal sec-
tions as far down as the tentorium. By means of a section pass-
ing in front of the corpora quadrigemina the remainder of the
hemispheres is removed. The cerebellum, including the quad-
ricemina, pons, and bulb, is finally removed. Each portion 1s
weighed separately. Sometimes the pia and the fluid within the
ventricles are included in the weight of the brain, and sometimes
not. Broca gives the following table for the 1 weight of the pia,
for normal males:

2040 30 years . - o o il hel G e a0 40l SRATOIEE.
I 3 R T IR S oe T s g S ) £
PRI (S S e e S TR o) ] *

The ventricles have a eapacity of 26 e.c. of water.

In considering the weights of different brains, it is assumed that
the proportion of nervous to non-nervous tissue is constant, so that
different weighings may be compared. If this be the case, then
the variations in weight may be due to greater size of the individ-
ual nerve-elements, indicating a greater potential energy, or they
may be due to a greater number of nerve-elements giving rise to
more possible pathways. A minute study of the proportional
weights of different parts of the brain shows that variations due
to sex, ﬂtre, and stature are very constant, w hich is in lmrmcmv
with the view that weight-differences are due to the size of the
nerve-elements rather than to variations in their number. In the
latter case brain-weights would show independent variations in
different parts of the encephalon.

All parts of the central nervous system of males are heavier
than corresponding parts of females. The weight varies, in each,
directly with the stature and inversely with old age. The brains
of eriminals do not differ in any marked way from those of ordi-
nary hospital patients. JInsane (excluding microcephalics) have
no characteristic brain-w eight, except in such cases where a con-
gestion of the brain has oceurred, when the weight is markedly
increased ; on the other hand, insanity due to destructive changes
of brain-tissue is marked hv a low brain-weight. As a whﬂ]L,
individuals whose brains during the years of growth have been
under favorable circumstances possess the heavier brains. In
some degree the size of the brain bears a direct relation to the
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intellect of the individual, but this is not absolute. The depth of
the sulei and the consequen size and complexity of the convolu-
tions are a more efficient measure of the brain power. In the
largest of the apes the brain of an adult animal is about the same
in weight as that of a human infant at birth.

1 rn,'hi' of Cord.—The average weight of the ‘é[:-il!‘l] cord i
about 26.27 grammes, without th nerve-roots, but the pia unm:
It is probable that this weight varies, like that of the brain, with
age, sex, and stature.

Growth of Brain.— At birth the brain-weight is about one-third
of what it will be at maturity. The increase is very rapid during
the first vear; quite rapid during the next seven or eight years;
after this it becomes very slow. lh{- maximum weight is attained
in men hetween the fiftieth and sixtieth years ; in women, between
the fortieth and fiftieth years. A *premaxrimum” at thirteen to
fifteen for males and at about fourteen for females, indicating
a too vigorous growth, seems to be an important cause of death at
this age. The encephalon reaches maturity much sooner than
the hmh as a whole. At the end of the eighth year, when the
brain has almost completed its growth, the hu:l'-.' has reached but
a third of its mature weight. At birth the brain forms 12 per
cent. of the total weight of the body, while in the adult it forms
but 2 per cent., or even less.

It has been estimated that the cortex alone contains 9200 mil-
lion cell-hodies, and that the entire nervous system must contain
at least 13,000 million cells. It is generally agreed that in the
Towman being the number is not mﬂemmf after the third month of
fatal life. All subsequent inerease in the mass of the brain is
therefore due to an enlargement of individual cells. There 1s
very little direct evidence for this in man. Kaiser has measured
the diameters of the cells of the anterior horns of the spinal cord,
and in this manner has determined an increase in size. In the
frog there is a gradual increase in the number of fibres of the
ventral and |lur~= al spinal nerve-roots. The rate of increase is
about 50 fibres for the ventral roots and 70 fibres for the dorsal
roots for each gramme inerease in the weight of the frog. More-
over, the greatest number of medullated fibres is to be found in
the ventral roots near the cord, and in the dorsal roots near the
eanglion. This is explained by assuming undeveloped cells which
gradually become mature, and in so doing push out their processes,
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The area of the cerebral cortex which is exposed has about one-
half the extent of that which forms the walls of the sulei. It has
been shown that the fibres of the cortex are greater in number in
middle age than in youth or old age. The association-fibres,
moreover, form three parallel systems. The deepest of these is
first to become medullated, and the middle layer laat

The average specific gravity of the brain for males is about
1036.3, and for females 1036. The gray matter has about 81
per cent. of water, and the white matter about 70 per cent. The
amount diminishes from birth to maturity. Between the fiftieth and
sixtieth years the brain loses in weight in all parts, but the loss in the
cerebral hemispheres is slightly greater than in other portions. The
entire cerebral cortex diminishes in thickness with age, but more in
motor than in sensory areas. In the cerebellum the branches of
the arbor vite deecrease in number and size ; some of the cells are
found to be shrunken, while the cells of Purkinje disappear alto-
gether. In the cord, especially in the lumbar region, the cells
become shrunken, pigmented, and degenerate; the supporting
tissue is increased, and the walls of the bloodvessels are thickened.
In paralysis agitans similar but more marked changes occur.
With the advance of age the entire central nervous system breaks
down into groups of Plenwuts, so that its powers are lost in an
irregular and digjointed manner.

Fatigue.—When by voluntary mmtmﬁtim]q of the muscles of
the index finger a moderately heavy weight is raised at regular
intervals, it is found that the height of the contractions gradually
decreases, so that in time the weight can no longer be lifted. If
the effort is continued, it is found, in some people at least, that the
power of contraction returns periodically to nearly its normal
strength, so that a record of the contractions plesents a series of
waves. The local feeling of fatique in this case is probably due,
to a great extent, to the organs of muscular sense. An (‘xp]‘tmh
tion ﬂf' the general ,frrfsr;r;-m which may result is to be found in
Mosso’s experiment, in which he injected the blood of a fatigued
animal into the ecirculation of a normal one, giving rise in the
latter to all the symptoms of fatigue. It cannot be doubted that
muscular activity gives rise to plmlu(tn most of them as yet un-
known, which are carried to the brain in the circulation. Laetic
acid and the monophosphates of alkali metals circulated through
a muscle produce in it all the characters of typical fatigue.
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Lactic acid, although formed in musele, is, however, not alone
responsible.

Blood-supply of Brain.—In general, the capillary network is
closest in the gray matter or wherever any aggregation of cell-
bodies is to be found. Huber has demonstrated nerve-fibres in
the walls of the vessels of' the pia, and Kolliker elaims to have
traced them to vessels of the nervous substance proper. But,
nevertheless, vasomotor phenomena of the brain are not very
marked, so that the quantity of blood flowing through the brain
varies but slightly.

A general rise of arterial pressure causes the blood to flow
more rapidly in the cerebral vessels, raises the venous pressure
and also the intracranial pressure.  To some extent the latter is
compensated for by a flow of cerebrospinal fluid through the fora-
men magnum into the vertebral canal. If the pressure continues
to rise, the distention of the brain shuts off that outlet. Increase
of pressure from now on impedes the circulation through the
brain. It follows, therefore, that in pathological cases where

trephining of the skull results beneficially the explanation may lie
in a better blood-flow.

The metabolism of the central nervous system is not very intense.
This is readily understood when it 18 known that the cell-bodies
equal only 2 per cent. of the entire mass of the brain. The rela-
tive metabolism is less than that of muscles. During mental
activity blood passes from the limbs to the head, as shown in cases
where a defect of the cranial wall exists. During fatigue the brain
becomes anwemie, coinciding with a decrease in the force of the
heart-beat and of the tone of the abdominal vessels.

Sleep.—This phenomenon is one of many instances of the
rhythmic activities of the central nervous system. From time to
time all animals with a well-dev E-Iupml nervous system go to sleep,
during which psychical activity is at its lowest point. To reach
this condition, the most important farering factor is an exclusion
of all or most of the impulses from the central nervous system.
In a well-known case of Striimpell, in which, from a complicated
angesthesia, all sensory impulses were limited in their entrance to a
single eyve and a single ear, the patient could he put to sleep at will
by closing the eve and stopping the ear.  In addition, sleep has
been attributed to the followi ing influences :

1. Chemical influences ;
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2. Circulatory influences ;

5. Histologieal influences.

Those who hold to echemical influences in the production of
sleep, maintain that during normal activity of the body various
substances are formed which are circulated in the blood and directly
lessen the activity of the nerve-cells or indirectly diminish the
supply of blood to the brain. In the theories of eirculatorg in flu-
ences a fatigue of the vasomotor centre is looked upon as the cause
of the ansemia of the brain resulting in sleep. In the third sef o
theories sleep 1s supposed to be due to a separation of the dendrites
of the brain-cells due to a shrinkage of the nerve-cell bodies or to
an intrusion of neuroglia-cells between them.

During sleep the capability of the nervous system to transmit
impulses is not entirely lost. The cerebral cortex is most affected,
tlw spinal cord least. The close relation between dreams and
external stimuli is well known, and it has been proved experi-
mentally that vasomotor changes, induced by external stimuli, may
take place without awakening the sleeper.

The period of deep sleep is short and falls within the first two
hours after its onset. During this time the pulse and breathing
are slower, the intestines and bladder are at rest, the output of
carbon dioxide iz lessened, and the consumption of oxygen still
more =0; metabolism is less vigorous and the temperature falls.
The respiration is said to become thoracie in type and to take on a
more or less pronounced Cheyne-Stokes rhythm. The visual axes
are probably parallel and directed to a distance, but the pupils are
contracted. The latter is peculiar, since an absence of light should
bring about dilatation. This is connected perhaps with important
actions taking place in lower levels of the brain.

Loss of sleep is more injurious than starvation. Dogs have re-
covered from a period of starvation of twenty days, but a loss of
sleep of five days proved fatal. The body-temperature fell 8° C.
below normal and the reflexes disappeared. The red blood-cor-
puscles first were diminished, but later inereased in number. Post-
mortem examination revealed widespread fatty degeneration and
cerebral hemorrhage.

In experiments made by Patrick and Gilbert, three subjects
were observed for ninety hours while being deprived of 5]9911
The gain in weight which resulted was lost dmmn‘ the first sleep
after the experiment. A decreased pulse-rate and a lowered body-
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temperature were ohserved. In general, there was a loss of all
powers except in acuteness of vision, which was increased.

Hibernation.—'T'his 1= connected closely wit]u sleep, oceurring
penmhm]h in many groups of” animals and in a few mammals.
It is characterized hm a lessened metabolism rruuluu" from a fall
of the external temperature, and may be produced artificially in
summer by cold.  The heart beats very slowly and not very vig-
orously, while respiration is very slow and feeble. Nevertheless,
the blood, arterinl as well as venous, is bright scarlet in color,
owing to the little oxygen consumed by the tissues. A hibernating
dormouse has been observed to eain in weight, which was due en-
tirely to an excess of oxygen taken in. Muscles and nerves
remained irritable, and stimulation of the vagus produces a still
further slowing of the heart-beat.

Hypnotism.—This state is analogous to, but by no means iden-
tical with, sleep. It differs in a peculiar loss of control over the
muscular powers; in frequent anwesthesia and hyperwmsthesia; n
the great clearness of psychical images, which may be forgotten,
but are remembered in *illl}'it"{ll]{-_.'llt trances. In the lighter stages
the mind sees clearly what is going on about it, “]11{']1 is not true
in sleep.  Finally, hypnosis is characterized by an extraordinary
obedience to suggestions. The power of inhibition residing in the
cerebrum, by which the mind is constantly controlling and arresting
reflex movements, seems to be diminished if not ahsent. Verworn
has shown that the so-called hypnotism in animals is not due to an
inhibition from the cortex, since the phenomena are obtained
asily in decerebrate individuals.

Knee-jerk.—If the leg is placed in an easy position, as when it
rests on the other leg, .lm] a sharp blow is directed against the
patellar tendon, the foot will be brought forward with a sudden
jerk. This is known as the knee-jerk, and is eaused by the sudden
contraction of the quadriceps femoris. Phy siologists are divided
in the explanation of this phenomenon: some regarding it as a
true reflex, while others maintain that the contraction of the mus-
cle is due to a direct stimulation of the muscle by vibrations set
lnp in the tense tendon.

Considered as a reflex, the afferent path of the impulses is
over fibres starting in the patellar tendon, running in the anterior
crural nerve, and reaching the cord by the p[l*—tt“l]ﬂl" root of the
fourth lumbar nerve in man, The centre for the knee-jerk lies
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in the third and fourth lumbar segments of the cord. The efferent
path is over fibres in the anterior crural nerve which leave the
cord by way of the anterior roots of the third and fourth lumbar
nerves. It any portion of this reflex are is destroyed, the knee-
jerk is no longer to be obtained. It may be augmented or
depressed by nervous impulses from many parts of the central
nervous system. It is reénforced by cutting the nerves of the
antagonistic muscles, and depressed by htlllllllﬂtl]l“‘ the central
ends of these nerves. This 1s E"‘Lllldllll}‘d by the fact that flexor
muscles send impulses to the spinal centre, and according to their
condition influence the contractions of the extensors.

It is found that a deficiency of the knee-jerk exists usually, but
not always, with -a subnormal tension of the tendon, while a
hypertonic state gives rise to an exaggerated jerk. Thus section
of any portion of the reflex are, lw lessening the tonus of the
muscle, extinguishes the reflex. It has been claimed that the
time involved, 0.03 of a second, is characteristic of a simple mus-
cular twitch, but too short for a reflex, the briefest of which
requires more than one-fourth again as much time.

The variations found in the tendon-reflexes are very consider-
able. In some perfectly healthy individuals no kneejerk at all
can be obtained. Local fatigue of the extensor muscles dimin-
ishes it, while general fatigue at first increases but later dimin-
ishes it too. Shutting off the blood-supply will eause the knee-
jerk to disappear in a quarter of an hour. Stimuli applied to the
skin, a cold bath or friction, inerease it if’ applied not more than
0.2 to 0.4 second before the tendon is struck. If applied sooner,
they cause an inhibition which reaches its maximum about 1
second after the stimulus is applied. Sound always reénforces
the jerk, while light causes very little if any inhibition. Inhala-
tion of ansesthetics (thnlufulm, ether) t*lhi]glllﬂhﬂ& the reflex.
It has been found in man that the knee-jerk was present imme-
diately after decapitation, but usgually injury to the cord perma-
nently abolishes if. Lombard has shown that all the ordinary
events of daily life are portrayed faithfully in changes in the
knee-jerk. In deep sleep the knee-jerk is absent, but sensory
stimuli too feeble to awaken the sleeper are manifested in an
exaggeration of the tendon-reflexes. An inereased knee-jerk is a
symptom of some spinal diseases. After removal of the right
half of the cerebellum the knee-jerk on the homonymous side is
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more vigorous. A similar result follows section of the cerebellar
peduncles.

Time Involved in Nervous Processes.—\Vhenever a nerve-
impulse passes from one neurone to another, there is a delay in
its transmission.  In the frog, for example, it takes twice as long
for an impulse to pass from the middle of the cerebral hemispheres
to the optic lobes as from the bulb to the lumbar enlargement,
although the distance is much less. If one evelid be stimulated
electrically, both lids wink. The total time required for this
reflex is from 0.066 to 0.057 second.  Dedueting the time required
for the impulse to pass to and from the brain along the fifth and
seventh nerves, and also the latent period of the orbiculariz mus-
cle, there remaing 0.05 to 0.04 second for the time required in the
bulb. This time-value may be regarded as an average of simple
reflex actions. The individual values vary greatly. In general
the time is shorter the stronger the stimulus. It is shorter when
the reflex is confined to one side of the body than in cases where
the impulse crosses to the other side, even if allowanece is made for
the difference in the length of the nervous path. The time
depends, of course, on the condition of the cord, becoming greater
during exhaustion and disease. The time becomes longer the
greater the number of neurones involved. When the afferent
impulse arouses sensation and consciousness, and the ensuing
response is the result of a volitional effort, then the neurones
involved are indefinite in number. The action is now a reaction,
and the time is known as the veaction-time. This time is shorter
when the right hand makes a response to a stimulus to the left
than when the response is to either auditory or visual sensations.
But the shortest reaction-time follows a visual excitation produced
by direct electrical stimulation of the retina. Roughly, reaction-
times for cutaneous sensations are one-seventh of a second; for
auditory sensations, one-sixth of a second ; for visual sensations,
one-fifth of" a second. .

A reaction-period consists of three stages, corresponding to the
times required by the impulse on its afferent path, its efferent
path, and in the central nervous system. All three stages may
vary independently. The time involved in the central stage is
known as the reduced reaction-time. It varies in different persons,
and is known as the personal equation.  When the subject 1s re-
quired to react to one of two or more possible signals, the reac-
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tion-time may be prolonged from 0.016 to 0.062 second, the time
varying with the sensation employed. It is shortened by prac-
tice, so that in time it becomes more of the reflex type.

Nerve-centres.—It is very difficult to give a satistactory defini-
tion of what is meant by a centre. In general, any portion of the
central nervous system where impulses originate or undergo modi-
fication is a centre. The wmodification of the impulse may bhe in
strength, in direction, or in time. There is no doubt that many
of the so-called centres of the central nervous system are not 11::1113
such, and of the remainder all are not equivalent in power, which
depends mainly upon the number of paths by which impulses
may reach them.

By association-centres are meant portions of the cerebral cortex
that lie between sensory centres and whose funetion it is to retain
previous impressions as memories. Flechsig ealls the association-
centres *“ organs of thought.” The conception of association-fibres
and -centres gives an explanation of many pathological phenomena.

In order to do this, it is necessary to assume assoeclation-paths
between most or all motor and sensory areas. These are better
organized in some cases than in others, so that the communieation,
for example, between visual, auditory, and motor centres iz more
complicated and complete than that between auditory, gustatory,
and motor centres. There exist, besides, differences in the two
hemispheres.  Broca first showed that a lesion of the third frontal
convolution of the left hemisphere resulted in a loss of the power
of speech. It was soon found that lesions of the corresponding
area of the right hemisphere do not produce so great a disturb-
ance, ]‘.Iill‘TI(‘lll:'l.l‘l'-. in right-handed persons. It is concluded,
therefore, that in most persons the speech-centre is developed
more highly on the left side. A greater perfection of the right
eye and ear, involving corx E*-[}mldln“‘ changes in motor areas, sus-
tains the idea that in these respects at Teast the hemispheres
differ.

Speech involves both sensory and motor areas of the cortex
Nerve-impulses, reaching the sensory areas, affect consciousness,
Through the senses of hearing, sight, or touch, certain disturh-
ances in the medium external to the nervous system are able fo
arouse in the sensory areas the idea of words. Any permanent
interruption of impulses to the sensory areas will result in deaf-
ness, blindness, or touch-anwesthesia. The portion of the brain
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where the perception of words oceurs is connected with an associa-
tion-centre, In this case the speech-centre located in the posterior
portion of the third frontal convolution of the left hemisphere.
I'rom this region paths run to various motor areas of the brain,
to the corpus callosum, and thus to the opposite hemisphere, and
to the internal capsule. Lesions of purely motor areas or paths
result in a loss of expression through paralysis of the necessary
muscles. The effects produced by an interruption of the impulse
along its incoming or outgoing 11.![]1 are easily understood.  When,
however, a lesion occurs within the central nervous system in-
volving any of the paths required in speech, the results are more
complicated. Lesions of sensory areas give rise to sensory aphusia,
When these are situated in the occipital region, there results an
inability to form a comprehension of written language. Words
are seen, but are not understood. This is known as aleria or
word-blindness.  In this case spoken language is readily under-
stood. Similarly there may be umrf—u’w:j:rrﬂ when written lan-
guage is understood, but t-1»11]-.:311 language becomes a mere series
of noises without meaning. The lesions in this case exist in the
first and second temporal gyri and in the gyrus supramarginalis.
A destruetion of the plﬂh connecting the auditory centre with
the speech-centre would cause w ord-deafness. In alexia there is
always an inahility to write.

Motor aphasia may consist in loss of the power to speak words
or to write words intelligently. When the lesion involves Broca's
centre the muscles of articulation are not paralyzed. Such™
patients may laugh, smile, and vary their voice so as to indicate
their emotions. They may understand what they hear and read.
Memory is not necessarily affected. The perception of words is
not lost, but there is an inability to express words. This is known
as aphemia. The loss of the power to write words is called
agraphia.  Both may exist together or aphemia may exist without
agraphia. In the latter condition the patient cannot speak intel-
ligently, owing to a lesion involving fibres which connect the
speech-centre with the motor apparatus. Writing is possible,
however, because the paths connecting the speech-centre with the
centre governing the movements of the hand are not injured.

An inability to recall words is known as amnesia. Such
patients can repeat, upon hearing them, words which before they
had forgotten, which is not true in motor aphasia,



204 CENTRAL NEREVOUS SYSTEM,

QUESTIONS ON CHAPTER XII.

How may the central nervous system be divided ?

What is a neurone ?

What is the length of the longest axones?

What are collaterals?

How do the branches of nerve-cells and collaterals end ?

By what means are impulses transmitted from one neurone to another?

What is the function of the nervous system ?

What are afferent, efferent, and central neurones ?

What is a reflex act?

What is shock? How is it produced ?

Deseribe the path of a simple reflex.

Discuss a reflex act involving consciousness.

IMiscuss the spread of an impulse in the cord.

What is the latent period of a reflex act?

How is it affected by an increase in the strength of the stimulus?

Discuss the summation of stimuli in the cord.

What is the smallest number of segments that can produce a reflex in the
frog?

How is the cord modified as the animal ascends in the scale of development ?

Name some of the reflexes found in man.

Why is it that many reflexes uncontrolled in children are brought under
the will later in life ?

Discuss the diffusion of impulses in the cord.

What are preganglionic and postganglionic fibres?

Discuss the cause of tone of the body.

How are spinal reflexes normally modified ? Give experimental proof.

Stimulation of the cortical areas controlling the flexors produce what effect
upon the extensors?

How do voluntary responses differ from reflexes?

(iive in detail the afferent path of impulses from the skin to the cortex.

What cranial fibres have the same course ?

How are pathways in the nervous system determined ?

Describe the degeneration following section of the posterior spinal nerve-
roots.

What proof is there that vasomotor impulses pass through the lateral tracts
of the cord?

Give the percentage of impulses passing over the posterior and lateral
columns.

What path do impulses from musecles and tendons take ?

What is the path of dermal impulses?

Describe the effects of hemisection of the cord.

What effect in general have impulses when they reach the cortex ?

What is the result of stimulating certain areas of the cortex?

What is the direction of the fibres that leave the cortex? Give proof.

(zive in detail the path taken by motor fibres from the cortex to the mus-
cles.

What degeneration follows unilateral lesion of the motor areas of the cortex ?

What is the relation of the size of the cortical motor areas to the museles
they control ?

How may each motor area be divided ?

Are motor areas purely motor ?

Name the principal sensory areas, Give their location.
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What are association-fibres?

What is the function of association-fibres ?

What ave latent areas? Where located ?

What symptoms follow lesions of the frontal areas?

What is the function of the cerebrum ?

(Give the results of the removal of the cerebrum,

What is the function of the cerebellum ¥

Give the results of removal of the cerebellum.

What symptoms follow section of the commissural fibres of the cerebellum ¥

What are the forced movements that follow injury to the cerebellum

Discuss the function of the thalamus. Name fibres that connect it with
other parts of the brain.

What symptoms follow lesions of the erura ?

What are the functions of the quadrigemina ?

What symptoms follow lesions of the quadrigemina ?

What are the functions of the medulla ?

Discuss the results of division of the spinal cord.

What is the behavior of a frog whose brain has been destroyved with the
cord left intact ?

What is the behavior of such an animal when only the hemispheres have
been removed ?

Disenss the funetion of each of the eranial nerves.

What is the path of the fibres of the first eranial nerve ?

What is the path of the fibres of the second cranial nerve ?

What symptoms result from paralysis of the third nerve ?

What symptoms result from paralysis of the fourth ?

Disenss the path of the fibres of the fifth,

What is the result of section of the seventh ?

Discuss the path of the fibres of the cochlear portion of the eighth nerve.

What is the path of the vestibular fibres of the eighth?

Where are the cells of the fibres of the ninth located ?

Dizenss the functions of the tenth.

What symptoms result from section of the twelfth ?

Explain general fatigue,

How is the intracranial pressure regulated ?

What can be said of the metabolism of brain-cells?

What is the canse of sleep? Discuss sleep.

Disenss hypnotism.

What is meant by the knee-jerk ?

(rive the evidence for regarding the knee-jerk a reflex act.

(vive the evidence that knee-jerk is not a reflex act.

Define nerve-centre and association-centre.,

What is meant by alexia and agraphia?

In what ways are aphemia and agraphia produced ?

What is amnesia ?

Distinguish amnesia from motor aphasia.
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CHAP T.ER X TTid:
THE SPECIAL SENSES.
SIGHT.

THE eye 1s a special organ by means of which certain rhythmie
disturbances of the ether aﬂevt consclousness and plml uce the sen-
sation of light. Among other functions that the eye serves are the
determination of color, of distance, and of form. It consists of

Fig. 47.

Horizontal section of the right eyeball (Collins and Rockwell): 1. optie nerve ;
2, selerotie coat; 3, cornea; 4, canal of Sehlemm ; 5, choroid eoat ; 6, ciliary muscle ;
7, iris; 8 crystalline lens:; 9, retina; 10, hyaloid membrane; 11, canal of Petit; 12,
vitreous body.
various adjustable refracting media, by means of which the rays
of light are focused properly on the retina, and of various mus-
cles and accessory structures by means of which the eve is moved
in different directions and is protected.
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The muscles of the eye serve to move the eyveball through wide
angles in all directions.  When the axis of vision points straight
ahead, the eye is in the _;urmruu position. If it moves from this
position, so that the axis of vision rotates either about the trans
verse or vertical axis, then the eye is in a secondary position.  All
other positions are called tertiary.  In order to understand clearly
the nature of the image received by the eye, it is only necessary to
review the images cast by a convex lens. If a double-convex lens
is taken and the i lmage formed by a luminous ohject is noted, it is
seen that it is an inverted i image at the point of focus of the lens
if the luminous object is pl.l.u.ed at a distance. Referring to this
ficure, it will be seen that the rays originating at A will be twice
refracted, once by the lens as they enter it and again as they leave
it, so that all rays from A reaching the lens are joined at «.  The

Fia, 48.

Formation of image by convex lens.

same is true for B and 5. Therefore a screen placed at foeus, F,
will receive an inverted image, ab, of the luminous object AD.
If the lens were more convex, the image would be formed nearer
the lens; if the lens were flatter, the image would fall further
from the lens. Again, on the other hand, if the image is to he
formed at a definite spot, the further the object is from the lens the
flatter the lens must be; and vice versd, the nearer the ohject the
more curved the lens must he.  With a double-convex lens the
image formed is real, inverted, and on the opposite side of the lens
from the ohject. The erystalline lens is a double-convex lens, and
obeys the laws just deseribed for other lenses. In addition, there
are other refracting media in the eve—the cornea, the agueous, and
the vitreous humors. The erystalline lens is, however, the most
tm]mrt.mi. as it possesses the power by virtue of the eiliary muscles
of inereasing or diminishing its curvature.
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By accommodation is meant the power of the crystalline lens to
change its amount of curvature so as to throw the image of an
object in exact focus on the retina whether the object be near or far
from the lens. At the same time the pupil is expanded or con-
tracted to admit the necessary amount of light. Thus, if an object
be near the eve, in order to produce a sharp image the lens is more
curved, owing to the contraction of the ciliary muscle, and the pup!
is contracted. 1f, on the other hand, the object be on the horizon,
the ciliary muscle relaxes, the lens 1s flatter, and the pupil 1s
dilated. ~Accommodation is an example of a voluntary act brought
about by the action of the unstriped fibres of the ciliary muscle.
The fact that most people must be assisted by visual sensations
does not alter the fact that it is the result of the will. The nervous
path of accommodation is through the anterior part of the nucleus
of the third nerve in the floor in the third ventricle, the anterior
bundle of the nerve-root, the third nerve, the lenticular ganglion,
and the short ciliary nerves.

Atfropin paralyzes and physostigmin stimulates the ciliary mus-
cle. Associated with accommodation for near wvision there is,
besides the contraction of the pupil, a convergence of the axes of
the eyes. The farthest point from the eye at which an ohject can
be distinetly seen is called the far-point, and the nearest point of
distinet vision is the near-point, while the distance between near-
point and far-point 1z the range of acecommodation. The near-
point is the shortest focus of the ecrystalline, and is usually about
five or six inches.

Emmetropia is the normal eye—that is, an eye in which parallel
rays or rays from objects at a distance are focused upon the
retina without an effort of accommodation. Such a distance for
practical purposes is considered to be any point bevond twenty
feet. Absolutely emmetropic eyes are not common.

Myopia, or near-sight, is the term applied to an eye in which
the rays from a distance are focused in front of the retina and
the image is blurred. Such an eye is permanently focused for
near uhim’tq (Fig. 49).

Myopia is produced in two ways—by the anteroposterior diam-
eter of the eye heing too great, or by the eonvexity of the lens
being exagqgerated. In either case the foeus of the lens will fall
in front of the retina. The first condition is essentially a con-
cenital defect, whereas too great a convexity of the lens may be
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either congenital or the result of disease. Myopia is corrected by
the use of a concave lens, which diverges the rays and in this
way prevents their coming to a focus too =oon.

Fic. 49.

Myopic eye.

Hypermetropia, or far-sight, 1s the reverse of rm*t:npi;t (Fig. 5{]'}
In this case the anteroposterior axis of the eye 1= too *:]mrt
else there is an abnormal flattening of the lens which does nut
allow accommodation for near vision. The result 15 that the
image of an object near by is focused behind the retina; but

f_*.-h]r:( ts at a distance are clearly seen.
Hypermetropia is corrected hv the use of a convex lens, and the
l"ﬂl]‘i.'E“':.'lt'-.' cannot be increased for near vision which adds to the

refractive power of the eye
Fra. 50.
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Hypermetropic eye.
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Presbyopia is defective vision due to the loss of power in
advanced years. The elasticity of the lens becomes less, and the
convexity cannot be increased for near vision. The ciliary mus-
cle may also be weaker and aid in the production of the error.

Astigmatism is a defect in the vision due to irrecularity in the
globe of the eye whereby the diameter in one plane is greater

14—Phys.
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than in another. Thus the cornea or the retina may be an uneven
surface and the image focus definitely in one part and falsely in
another. In this condition vertical, variously oblique, and hori-
zontal lines are not seen with equal distinctness. Astigmatism is
corrected by the use of eylindrical or prismatic glasses, which
have to be accurately adapted to the needs of each case. This
error, if' serious, usually accompanies other defects of vision.

Diplopia is the condition which results from a want of harmony
in the eyes, so that the image of each eye is perceived separately
—that is, two images are seen. Diplopia is caused commonly by
paralysis or spasm in one of the lateral straight muscles, which
results from a want of harmony in the eyes. If the eyes are
turned so that the axes of vision separate, the condition is known
as external strabismus, or squint; if the axes are crossed, the
result 18 internal strabismus, or eross-eye.

When a pencil of rays falls on a spherical, refracting surface,
those at the periphery of the surface will be refracted more than
those which lie near the axis, and will come to a focus sooner.
This phenomenon is known as .hpfaeumf aberration, and exists also
as an imperfection in the eye, where it 1s corrected largely by the
greater refractive index of the centre of the lens, and l‘rﬂltl}" as
well by the fact that the iris cuts off the pcrlpheml rays.

Contraction or dilatation of the pupil is a reflex act, and the
afferent impulse is carried through the optic nerve, while the motor
impulse comes through the third cranial nerve, acting from a
centre just beneath the aqueduct of Sylvius and the corpora
quﬂdngemum The increase in the amount of light that comes to
the retina causes a contraction of the pupil, and a decrease is fol-
lowed by a dilatation. The pupil is controlled also by fibres of
the sympathetic and fifth nerve which connect with the ciliary
ganglion. Drugs are active in controlling the action of the iris,
Jf:ﬂpm hoth lumllv and internally dilates the pupil ; opium taken
internally, and eserin applied locally, contract it.

If in obtaining an image of an ohject through a double convex
lens the lens be too large, there will he seen around the image
formed a halo of prismatic colors. This is called achromatism,
and is produced by an wunequal refraction of light-rays by the
peripheral portions of the lens. The unequal refraction results
in a dispersion of the light, so that it is broken up into the
primary colors. This defect is remedied by putting a shutter in
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front of the lens, and so limiting the entrance of light to the
central portions of the lens, w here the index of refraction is con-
stant. In the eye the iris acts as a shutter, thus making the
image 11Lh:U|untm, but in some defective eyes where there 1= con-
siderable fault in the focus of the image on the retina a visible
band of color appears.

Under certain conditions a number of objects hmg within the
eye itself become visible. Of these infraocular images, the most
common are known as musce volitantes. These are in the form
of beads, streaks, or patches. They have an independent motion,
which is increased by the movements of the eye. They are of
greater specific gravity than the medium in w hich they are found,
and are supposed to be the remains of the embryonic structure of
the vitreous body.

Under normal conditions the pupil appears as a black spot.
The reason for this is that the source of light and the retina lie in
conjugate foci, so that any light which escapes absorption by the
retinal pigment is reflected hack whence it came. Therefore the
eye of an observer who views it from another direction will see no
light coming from it. By means of an ophthalmoscope, however,
a strong ]ight is thrown into the fundus of the eye, which upon
reflection is viewed by an observer through an opening in the re-
flector. The fundus is seen to have a reddish background in
which the retinal vessels are visible. The most important struet-
ures are the rods and cones. They are closely packed on the
outer surface of the retina, the rods over the creater part of the
retina being the more numerous. They are cylindrical bodies of
a transparent substance placed yarallel to one another and per-
pendicular to the surface of [hf‘ eyeball. The cones, which are
modifications of the rods, are very similar to the latter, but do
not reach the same level. These structures are connected more
or less directly with the fibres of the optic nerve. Where this
nerve enters the retina, a little to the inner side ot the most pos-
terior point of the eyeball, there are no rods or cones, so that an
image focused at this point will be followed by no pereeption.
This point is called the blind spot. If the left eye is covered and
the right directed steadily upon the eross in Fig. 51, the cireular
spot will be visible at the same time, though less distinetly. As
the book is moved slowly backward and forward, a point will be
found at which the round spot disappears, reappearing as the
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book is held nearer or farther, or as it is inclined in either direc-
tion and the image is carried from the blind spot.

L‘Lt tlu? exact centre r.nf the retina—that is, the most posterior
area (maenla lutea) with
a central dbpr-:—w‘-mn t’jmm ﬁmimfwj Here none of the fibres of
the optic nerve are to be found, but a great increase in the
number of cones as well as an increase in their size. If the object
looked at is focused directly upon the macula lutea, the image is
seen with greatest clearness. In everyday life images are received
upon the macula lutea, and rays of light entering the eye at an
angle are focussed on some other part Ui the retina, and are nut
defined so clearly.

A retina which has been protected from the light for a time has
a purplish-red color, due to a coloring-matter termed visual purple.
This is confined to the outer portions of the rods and does not
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reach the cones. It is bleached by light, but restored by the pig-
ment epithelium. The retina of a rabbit may be mlpreasul with
an image focused upon it and then treated with a 4 per cent.
solution of alum, which “fixes” it and prevents the restoration
of the visual purple. Such a picture is called an optogram.

Vibrations of the ether form the normal stimulus for the retina,
the rods and cones of which form, perhaps, the only structures of
man that ean supply the necessary conditions for the transfor-
mation of radiant energy into the energy of a nerve-impulse.
The ether-vibrations vary widely in their frequency, and only
certain ones are capable of affecting the eye. The impulses they
generate pass to the brain by way of the optic merves, giving the
sensation of light.

If the optic nerves are examined in a superficial manner, they
will be seen to leave each eye and pass backward through the
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optic foramina until they reach the body of the sphenoids. Here
they cross one another in the form of an X (optic chiasm ), the
fibres intermingling, and the right nerve apparently passing over

Fia. 52.
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Optic radiation

Cortex of occipital
lobe with cortical cells

1, external geniculate body; 2, pulvinar; 3, anterior quadrigemninate body : 4, inter-
nal geniculate body ; 5, commissure of Gudden. (Collins and Rockwell,)

to the left side and the left nerve to the right side. The posterior
limbs of the X pass backward, and are ealled the optic tracts,
The optic tracts in their course curve around the erura cerebri to
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terminate in the ganglion-cells of the pulvinar, enterior quadri-
gemina, and external geniculate bodies. From these, ganglion-
cell fibres, called the optic radiations, pass backward to terminate
in the ganglion-cells of the cortex of the posterior part of the
occipital lobes. A closer examination of the optic nerves will
show that each consists of two distinet bundles of fibres laterally
placed. The inner set of fibres comes from the inner half of the
retina ; the outer bundle comes from the outer half of the retina. If
these bundles are traced to the oplic chiasm, it is noted that the
inner bundles decussate and pass to the opposite side of the brain.
Thus the left pulvinar, left anterior quadrigeminate, and external
geniculate bodies receive ﬁbma from the inner .-’m{} of the right eye,
and from the outer half of the left eye. The ecommissure of
Gudden, whlch connects the internal gemc,uhte bodies, probably
plays no part in vision. When an image i3 properl}v recelved on
the retina, it excites the rods and cones to activity. When the
impulses reach the basal ganglia, the sensation of light is not aroused.
Light is not perceived until the impulses reach the cortex of the
cerebrum. The pulvinars, the external geniculate bodies, and the
anterior quadrigemina form the primary vision centre.

The character of the sensations aroused depends upon three
modifications of licht

1. Color, which depends upon the rate of vibration of the ether-
waves.

2. Intensity, which depends upon the energy of the vibrations.

3. Saturation, which depends upon the amount of white light
mixed with light of one wave-length.

It is easily dunm]stmtul for man that lwminosity is recognized
more easily than color, and this probably holds true for all organ-
isms. Colored objects appear colorless when the light is too feeble,
and if the light is inereased in intensity the colors appear, but as
it becomes too strong there is a tendency for all colors to pass into
white. This is most noticeable in the yellow. Different regions
of the retina vary also in their power to distinguish colors. Red
is lost at a short distance from the macula lutea, while the violet
is lost only at the borders of the retina.

Stimulation of the retina is followed normally by a latent period,
then by a period during which the effect of the excitation reaches
a maximum ; from the maximum there is a slow decline in the
effect, which is analogous to fatigue, and when the stimulation has
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ceased there is an after-effect which slowly passes away. When a
very bright object is looked at for some time, the impression upon
the retina lasts for a considerable interval after the excitation has
ceased. This is called the positive after-image.  Both form and
color are visible. The latter generally passes through a series of
colors—green, blue, violet, purple, and red—Dbhefore it t]l'-d[l]lhll"-
The negative after-image depends upon fatigue of the retina, and
differs from the positive after-image in that its color is the comple-
mentary of that of the object. The effect produced by an object
upon the retina depends in part upon the amount it has been
fatigued by previous impressions. This makes the field of vision
appear darker near a light area and lighter near a dark area than
it really is, while the color is so modified by the neighboring field
that it appears the complementary of the latter.

Ordinary white light, if decomposed, is resolved into the seven
primary colors—violet, indigo, blue, green, yellow, orange, and
red. Each of these primary colors has a different wave- leugth
Colors other than the seven primary colors are the result of the
mixture of two or more of the primary colors in various propor-
tions. Nothing is known of the manner in which the rods and
cones are made to vibrate by ordinary images, nor as to the nature
of the process by which the different color-effects are conveyed by
the optic nerve. The different color theories assume that there are
different substances in the retina capable of responding to different
wave-lengths of ligcht (comparable to a photochemical process).
Red, green, and violet are the fundamental colors and all others
can be made by combinations of these three. Working on this basis,
Young and Helmholtz assumed three chemiecal substances in the
retina capable of responding to the three fundamental ecolors.
Hering assumed three substances corresponding respectively to
white or black, red or green, and yellow or blue light. In this
theory the w lnte, red, mu] vellow rays are katabolie in their effects
on their individual recipient substances, while black (absence of
licht), green, and blue are anabolic, thus having an antagonistic
effect. Mrs. Franklin assumes in her theory that in early life the
eve possesses no color-perception, but merely the power of perceiving
luminosity—i. e., distinguishing between white or black. The sub-
stance reia[mntlimr to lumummh is called gray-perceiving. As the
development progresses, some of the aray is differentiated into a
blue and a yellow-perceiving substance. The yellow-perceiving
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substance Is still further differentiated in the course of development
into a red- and a green-perceiving substance ; thus—

Gray.
l

Elue. Yellow.

|
Green. Red.

Many objections have been raised against each of these theories,
but Mrs. Franklin’s is so far the best, and explains more readily
the causes of color-blindness. According to the theories of Helm-
holtz and Hering, color-blindness is due to an absence of one or
more of the fundamental color-perceiving substances.  Mrs. Frank-
lin’s theory assumes a lack of full development or complete absence
of development of gray substance. If the development should cease
after the blue- and yellow-perceiving substances have been formed,
the individuals would be capable of distinguishing the blues and
yellows, but could not recognize reds and greens. Clinically such
cases often are met with. Males are far more likely to be color-
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Diagram of three primary color sensations (Foster): 1 is the so-called “red,” 2,

“green,” and 3, “ violet” primary color sensation. R, 0, ¥, ete., represent the red,
orange, yellow, ete., eolor of the spectrum, and the diagram shows by the height of
the curve in each ease, to what extent the several primary color sensations are
respectively excited by vibrations of different wave-lengths.

blind than females (16 to 1). Only 1 woman in 400 is color-
blind. The reason for this is partly at least that the development
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of the gray-perceiving substance is favored by ]Irill'lil'i and color
education.  Such an education is often neglected in boys, but girls
receive sufficient practice often in :I].ldlLllIll;:' colors for doll’s
clothing, ete.

The retina is capable of judging the size of objects in two dimen-
sions only—i. e., in the plane perpendicular to the axis of vision.
The perception of distance is closely connected with the fact that the
size of the image formed upon the retina varies with the distance.
Besides, the distinctness with which objects are seen influences the
judgment of distance because when indistinctly seen, objects are
supposed to be farther away. Again, the judgment of distance is
further aided by the sense of effort requlred in accommodation and
also by the change of position of an image on the retina when the
eye is moved. The latter depends upon the fact that the change
in the position of the image is inversely proportional to the distance

Fia. 54.

IMlustration of irradiation. (MecKendrick.)

of the objects. Many circumstances affect the accuracy of the
spatial judgment of the retina. One of these is irradiation. All
brightly illuminated ohjects appear larger than others of the
same size.

The illusion of Zillner's lines is due to the fact that throuch
early association with right angles as seen in all parts of our houses,
etc., and which are ‘.l{“ﬁt‘{l from different directions so that they
appear acute or obtuse. The tendency of the mind is therefore to
make such angles right angles, so that acute angles are overesti-
mated while obtuse angles are underestimated. In Fig. 55 the
heavy lines are consequently made more perpendicular to the short
cross-lines than is absolutely the case, which brings the alternate
ends of the heavy lines closer together.

Although there are two eves, each of which furnishes an im-
pression, nnlv one object is perceived. In abnormal positions of
the eye the two impressions can be made recognizable. Ordi-
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narily, therefore, the images of objects fall on corresponding points
of the retina. A point on the right side of one retina has its cor-
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Zollner's figure showing an illusion of direction. (MecKendrick.)

A

E'ﬂpnmhnrr point on the left side of the retina of the other eye.
When the images fall on corresponding points, they are blended
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Ilustrating the principle of the stereoscope and binocular vision.

into one perception.  Binoeular vision affords a method of judg-
ing the solidity of objects, since the image of any object falling on
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one eye cannot be exactly like that which falls on the other.
Thus the perceptive faculties can judge more correctly of the
form and distance of an objeet.

From the laws of optics it is known that the image formed on
the retina is an inverted image of' the object.  Yet, it 1z perceived
in its upright position. This is the result of lifelong habit. A
haby sees an object ; the next step is to touch it ; by practice the
child finds out which is the top of the object thmu;_r]l the touch
perception.  Very speedily the brain learns to make the correc-
tion. It is an act of mental and not physical origin. Thus,
objects which are projected upon the left of the retinal surface
look to be, as they really are, on the right of the body ; and so
with all the directions.

Clearness of vision depends upon the space between the cones
in the point of clearest vision, the macula lutea. It has been
calculated that an object must subtend an are of at least 60 to 70
geconds in the field uf vision to be clearly seen. Such an object

makes an image 154 of an inch on the retina, and this is about
the distance between the cones at the macula lutea. In order
that two points may be distinguished, they must be separated at
least this amount.

HEARING.

It may be accepted as a well-defined physiologic fact that the
nervous structures of the cochlea form that organ by which musieal
sound and noise of all kinds are converted into nerve-impulses.
The sound-waves of the air, which originate in vibrating bodies,
are gathered together by the concha, “carried into the external
auditory canal, and vibrate against the membrana tympani. The
latter takes up the vibrations and transmits them through the
chain of ossicles to the stapes in the fenestra ovalis. The stapes
imparts its motion to the perilymph of the vestibule (Fig. 57).
There is now set up in the perilymph a fluid wave that travels in
all directions. It passes along the seala vestibuli to the apex of
the cochlea, then through the aperture of communication with the
scala tympani down the latter until it expends itself against the
membrane of the fenestra rotunda. In its passage the fluid
vibrates against the membrane of Reissner and the basilar mem-
brane, and this sets up similar vibrations in the endolymph of the
canalis cochlearis. The fluid wave in the canalis cochlearis is in
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a position to irritate the hair-cells of the organ of Corti. These
cells seem to be able to respond to particular tones by their sensi-
tiveness to certain rates of vibration. But the fact that the
organs of Corti are absent in birds which evidently are capable
of appreciating musical tones shows that they are accessory and
not absolutely essential.

The branch of the eighth nerve, having received its impulses
from the cells of the organ of Corti, transmits them to the centre
under the acoustic tubercle in the floor of the fourth ventricle ;
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Diagrammatic view of the relative position of the parts of the ear (Chapman):
EM, external meatus; TyM, tympanic membrane; Ty, tympanum; M, malleus:
I, incus; 8, stapes; R, round window ; O, oval window : SG, semicirenlar canal ;
I_T. utriculu&:: 8, sacenlus; V, vestibule; S8V, seals vm;tlhula ST, scala tympani;
MC, membranous cochlea: LS, lamina ossea: Eu, Eustachian tube: AN, au itnr}f
nerve.

thence fibres pass by means of the trapezium in the pons to the
opposite side, and thrt}llﬂ‘ll the lower fillet of that side to the pos-
terior qumhltremmal hn{h’ whence by means of the brachium,
internal geniculate body, optic thalamus, and internal capsule,
they proceed to the cortex of the first and second temporal con-
volutions.

By subjective hearing is meant sounds that are heard distinetly
and yet are not produced by physical sound-waves from the
exterior, nor are they hallucinations. They may be due to dis-
turbances of the auditory apparatus or to abnormal conditions of
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surrounding organs. Thus buzzing or ringing in the ears may
result from the hyperemia of the parts and the mereased rush of
blood, or from disease in the auditory nerve or some other portion
of the apparatus. Hallucinations are purely ereations of a disor-
dered brain.

Musical sounds are distinguished by the mind by three factors
—Iloudness, pitch, and quahity. Every musical tone is produced
by a suceession of regular alternate rarefactions and condensa-
tions of the air. It 1s their periodicity which makes them musical,
otherwise they are known as noises. The range of musical notes
that can be appreciated by the human ear 1s about seven octaves.
There are about 3000 hair-cells in the organ of Corti, and it is
easily seen that this would allow an enormous capahlity to differ-
entiate sounds and musical tones. This corresponds to a range of
from 40 to about 4000 vibrations per second.  The range of audi-
bility, on the other hand, is about eleven octaves, or from 16 to
38,000 vibrations per second. With less than 16 vibrations per
second the ear perceives only separate shocks, while with more
than the larger number the sensation of sound is not produced.

The distance and direction of sounds are not perceived directly,
but are estimated by their loudness and quality combined with
reasoning from past experience. When one ear is totally deaf,
all qmm:]a seem to originate from the side of the |!1E"’l]tll\.' ear.
When the eyes are l"]l)ﬁt—‘il, a sound directly overhead is Illl]lPl‘fPt'Ih
localized, but seems to come from a pmnt ahead and above the
person. The quality as well as the loudness of the sound varies
with the distance from its source, because the lower tones die
away first, making the overtones more promment. This i1s taken
advantage of by mnfnfuqmeh who, by modifving the intensity
and quﬂlltv of the voice, produce an imitation of the effect of dis-
tance. The ear is capable of appreciating very small intervals
of time; 132 auditory impulses per second are heard separately,
while in the eye all ahove 24 per second are fused together.

SENSE OF EQUILIBRIUM.

By sense of equilibrium or equipoise is meant a state of the
Irmh in which all the muscles are under the control of nerve-
centres 5o as to resist the effect of gravity whenever necessary. I
1s of the greatest importance to “animals, and therefore several
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mechanisms share in its performance. It is brought about by
sensory impulses coming from many sources, and the sum-total
of the sensations involved constitutes the sense of equilibrium.
Every known sensation probably contributes to the maintenance
of equilibrium, but certain structures in the ear, known as the
semicircular canals, form the main source. When the canals are
injured in any way, the animal sprawls on the ground, holds its
head in an unnatural position, makes peculiar forced movements,
etc. The effect varies with the number and the position of the
canals operated upon, and ranges from simple unsteadiness of gait
to complete incoordination. These results are explained as being
due to increased or decreased pressure of the endolymph on the
cristze acusticee of the ampulle of the semicircular canals. The
latter are situated in the three dimensions of space, and rotation
of the body in any direction can be judged quite acceurately as to
direction and amount. Rapid rotation in one direction is, after
1ts cessation, often followed by a sensation of rotation in the oppo-
site direction. KExcessive rotation leads to dizziness, but in deaf-
mutes dizziness is difficult to produce on account of the imperfect
development of the ears. Diseases which alter the pressure in
the canals lead to vertico and incodrdination. The semicircular
canals in themselves, however, are not sufficient to preserve com-
plete equilibrium.

SMELL AND TARSTE.

The special olfactory mucous membrane is situated in the upper
part of the nasal cavity, away from the direct current of the in-
spired air. The rod-cells which it contains are connected with
fibres that are part of the olfactory nerve and constitute the sensory
nerve-endings. Substances that excite the sense of smell are in a
fine state of division or in a gaseous state, and are brought into
contact with the rod-cells by I“ll)lfi but *%]mrt mspiratory movements.
They are perceived best when the air is at the body-temperature.
The substance producing smell is probably taken into solution in
the moisture covering the olfactory membrane. In the lower
animals the sense of smell plays a very important part, and it is
probable that all animals give out characteristic odors by which
they recognize one another. The sense of smell is therefore highly
developed, which is not the case in man. The distribution of the
olfactory nerves is much wider and the cerebral development cor-
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respondingly greater in some animals than is the case in man,
where, however, the range of susceptibility 18 wider. The variety
of odors and the very minute quantity of the substance required to
produce smell are wonderful. The most delicate analysis may fail
to show traces of the substances which can be ilppuLmt,ul by the
sense of smell.  For instance, 0.000000005 of a gramme of oil of
peppermint in 1 litre of’ water can be detected. Some odors, like
musk, are pleasant perfume to some, while to others they are un-
endurable. The acuteness of the sense of smell varies in different
persons, and this may apply to certain odors only. Like the sense
of touch and other senses, it can be developed by practice. Often
in cases of mental disease there are hallucinations ot smell.

The olfactory nerves arise from a mass of gray matter lying be-
neath the anterior lobe of the brain upon the cribiform plate of
the ethmoid hone. This is the olfactory bulb, and is connected by
the olfactory tract with the cerebrum. Each olfactory trast arises
from the cerebrum by three roots, two of which are LU[U]J{}E:Etl of
white matter, and the third of gray matter. By these it is con-
nected with the olfactory centres. The perceptions of the olfactory
nerve and of the nerves of touch of the nose often resemble each
other, and some stimuli affect hoth nerves. The common sensibility
is evoked by such substances as are irritating or acrid—ammonia
gas has no odor, but it stimulates the mucous membrane of the
nose. The relation between the two kinds of perception is lost,
and the smell of ammonia or of aleohol is spoken of when it is
not olfactory, but a sensory perception.

Taste.—The sense-organs concerned in taste, the taste-buds, are
located on the upper surface and sides of the tongue, the anterior
surface of the palate and of the anterior pillars of the fauces.
Those of the posterior third of the tongue are connected with the
glossopharyngeal nerve, while those of the anterior part of the
tongue are connected with the lingual and chorda tympani nerves,
Taste-perepptmnq are modified by simultaneous olfactory sensations,
so that it is difficult to distinguish between an apple and an onion
when the nostrils are closed. The intensity of taste increases with
the area stimulated, and is greatest when the stimulating substance
18 at the temperature of the body. Taste depends upon the con-
centration of the solution. There is evidence that the sensation
may be divided into four primary ones—bhitter, sweet, sour. and
salt, with special nerves and end-orqgans for each. Thus, the tip of
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the tongue perceives acids acutely, sweets less, and bitter substances
hardly at all. Saccharin appears sweet at the tip of the tongue
and bitter at the base. The tungiform papillze scattered over the
surface of the tongue were tested with suceinic acid, quinine, and
sugar. Out of 125, 27 did not respond at all, showing that they
were devoid of taste-endings; 12 reacted to succinic acid alone ; 3
to sugar alone ; while quinine affected them all. An extract of a
tropical plant has been found to paralyze the sense-endings for
sweet and bitter substances. Cocaine abolishes the sensibility of
the tongue in the following order: (1) general feeling ; (2) bitter
taste ; (3) sweet taste ; (4) salt taste; {a} acid taste; (6) tactile
perception.

The tongue has a highly developed sense of touch, temperature,
pressure, and pain, which aid the accuracy of speech, mastication,
and deglutition. Some aromatic substances leave an impression of
their taste, called an after-taste, and when tasted in rapid succession
a number of times the appreciation of their flavor is lost.

CUTANEOUS SENSATIONS.

A specialized peripheral organ for the reception of an external
impression, an afferent nerve, and the brain for the pereeption
of the sensation, constitute the organs for sensation. It is by means
of impressions so received and conducted to it that the mind is able
to control the body and to take cognizance of the external world.
Cutaneous sensations include the sense of touch, temperature, and
pain. Touch is due to sensory nerve-endings in the skin and mu-
cous membrane. The nails and teeth are pecuhar]v involved in
the sense of touch, and also the hair in certain regions—e. ¢., the
evelashes, The relation between the strength of the stimulus and
the resulting sensation is expressed by W, eber’s law : “ The amount
of stimulus necessary to provoke a perceptible increase of sensation
always bearsthe same ratio tothe amount of stimulus already applied.”
This law is only approximately correct for small and for large
weights. Fechner’s ¢ psychophysieal ” law attempts to express the
relation more exactly : ¢ The intensity of sensation varies with the
logarithm of the stimulus’—i. e., the sensation inereases in arith-
metical, while the stimulus increases in geometrical proportion.

Different areas of the body vary in their power of diseriminating
pressure-differences. The forehead, lips, and temples appreciate
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an increase of [ to /5 ; but the head, fingers, and f'urmrm can
appreciate a stm]ulu-: only when increased from ' to {; of its
previous intensity.  When two equal weights of different expanse
press upon the skin, the larger appears “the heavier. A weight
pressing upon the skin leaves an after-sensation, so that the inter-
vals between successive applications of stimuli to touch-endings
cannot be less than ;] of a second if they are to give separate
sensations.  If the impressions follow at a more rapid rate, they
will be fused together into a continuous sensation.
Touch-sensations are localized—i. e., they are referred to the
right portion of the body where the stimulus is applied. This
power is acquired early in life and the sensations of touch are
correlated with those of sight and those arising from museles, so
that each area of the skin acquires a “/local sign.” The power
and fineness of localization differ greatly for different portions of
the skin. The following table is taken from Kirke's Handbook :

TABLE OoF VARIATIONS IN THE TAcTILE SENSIBILITY OF THE
DiFFERENT PARTS.!

Tip of tongue . . . R 11 (1]
Palmar surface of third nll.lllmxnf fureﬁngm g T RO & EAEE

L=

Palmar surface of f.ﬂ:-:,nn{] phalanges of fingers ¥
Red surface of under lip S A BT NN Y Tl
Tip of the nose . . AR Bt L B ERCLL IR e e
Middle of dorsum of tungu{- AR R IR L L TS AL
T Y P T o 5 "
Centre of hard palate . . . . . S g, F i
Dorsal surface of first phalanges of iinger:, At dipel el S SR
BEElcot eSS i i U G P b R N r e
Dorsum of foot near toes ¥ VTR SRIE T NER LS [
Gluteal xegion: « o jeliaim bunion some en g il o 5y T 8
Sacral region . . . TP, T T [
Upper and lower p.utw S forcarm’ e e &
Bick of neclc nearwoeeipit . & @ o v o el

Upper dorsal and mid-lumbar w},rmns h
Middle part of forearm

Middle of thigh

Mid-cervieal region .

Mid-dorsal region

R s L i e

B e o ol et

Tactile areas have, in r_.rf'm*mf an oval form with the long wris
parallel to the long axis of the portion of the body investigated.

I The measurement indicates the least distance at which the two blunted
points of a pair of compasses could be separately distinguished.—E. H. Weber.

15—Phys.
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These areas are not indicative of the distribution of certain nerves.
The important factor in the separation of two points that are
stimulated 1s not that two different nerves shall be stimulated,
but that there must be a certain number of unstimulated points
between those stimulated.

The sense of touch can be greatly educated and specialized.
The reading of raised letters by the blind is an example. Im-
proved touch-diserimination, attained by practice upon the skin
of one arm, is accompanied by an improvement in the correspond-
ing area of the other arm, but not of any other areas of the body.
This shows that the localizing power lies within the central system.

The skin is an organ for the detection of temperature-changes,
and its power in this respect varies in different portions of the
body. The intensity of the sensation depends upon the area stimu-
lated. There is very little doubt that there are two distinet tem-
perature-nerves, which serve, respectively, for the appreciation of
heat and cold. The areas to which the nerves are distributed can
be located in the skin as cold and heat points. That this sensa-
tion is distinet from ordinary tactile sensation has been inferred
from the fact that when the ordinary touch is blunted the tempera-
ture-sense remains unimpaired. Temperature-sensations are not
accurate; they are only relative—that is, the temperature of
various thmwa is inferred from the temperature of the skin and its
habitual HUI‘IDIIH(llI]P"‘; It is related that Aretic explorers have
found the water warm when swimming in pools on icebergs, and a
drop of mercury at 80° F. is said to feel cold in the tropics. A
more simple illustration is that of immersing one hand in water at
40° F. fmrl the other in water at 120° F., and then plunging both
into water at 80° F., when one hand will feel hot and the other
cold.  During a chill the temperature of the bﬂd}f is often very
high, and yet “the sensation is that of cold.

COMMON SENSATION.

By common sensation is meant that state of mind, more or less
definite, by which the condition and position of the body at any
moment are known. Such perceptions cannot be located distinetly
in any organ or set of organs, as, for instance, hunger, thirst, ete.
Besides these there are some sensations which involve certain
organs which must be classed under this head ; thus inclinations
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to cough or to sneeze, to vomit, defecate, and urinate. Many of
these sensations occupy the border-line between common sensi-
bility and the special sense of touch, such as tickling and 1tching.
Pain is a common sensation, but is allied very closely to touch.
It is the sensation which results from intensifying any common
sensation, and differs from the special sensations in not being well
localized and in the long latent period that precedes its develop-
ment. According to one investigator, pain-points are separate
from pressure-points and are more numerous.  More than 100 are
found to every square centimeter of the skin, and they require 1000
times as great a stimulus for their excitation as do the pressure-
points.

Hunger and thirst are peculiar sensations, which ordinarily
depend partly on local and partly on general causes. Local
causes of hunger and thirst are an empty stomach and certain
conditions of the mucous membrane. These sensations are felt
largely as the result of habit, and depend thus upon the condition
of secreting and absorbing mechanisms,

By taking a body in the hand and raising it, a sense of resist-
ance is felt in the muscles, by the intensity of which the weight
of the body can be determined more accurately than by the press-
ure-sense alone. This is called the museular sense. It is devel-
oped to an exceedingly fine degree in some occupations; for ex-
ample, postal clerks detect overweight letters with wonderful
accuracy and quickness. Muscular sensation is allied closely to
common sensation. It may be due to a consciousness of the
amount of energy sent to motor cells or to the inflow of sensory
impulses which indicate the tension to which the muscle has been
subjected. The latter view is corroborated hy the existence of
sensory endings, the musele-spindles, in muscles and tendons
The centre for the muscular sense is in the upper part of the
quadrate lobule on the mesial surface of the hemisphere. Its
involvement by pressure brings about inability to locate the posi-
tion, say, of the hand or foot without the aid of sight.

QUESTIONS ON CHAPTER XIII

What are the functions of the eye?

Give the essential parts of the eye.

What are primary, secondary, and tertiary positions of the eye?
How is an image formed on the retina?

Discuss accommodation,
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Discuss the effeet of drugs on accommodation.

Give the nervous mechanisms of accommodations.

Define near- and far-points and the range of accommodation.
What is an emmetropic eye ?

Discuss myopia and hypermetropia.

What are presbyopia and astigmatism ?

Discuss diplopia of the eye.

Define spherical aberration and achromatism.

(zive the nervous mechanisms that control the iris.

Diseuss intraocular images.

Why does the pupil appear black ?

What is an ophthalmoscope ?

What are the most important structures of the retina ?

What are the blind spot, macula lutea, and fovea centralis ?
How may the blind spot be demonstrated ?

What is the visual purple ?

How may an optogram be obtained ?

What supplies the normal stimulus to the retina?

GGive the course of the optic fibres.

What constitutes the primary vision centre ?

Upon what physical eonditions does the sensation of light depend ?
How can it be shown that luminosity is recognized more easily by the eye

than color ?

How do different portions of the retina vary in their power to distinguish

color ?

(iive the various phases of the activity of the retina when stimulated.
Distinguish between positive and negative after-images.

What is irradiation ?

What is the relation of eolor to white light?

Discuss the color theories.

How is color-blindness explained ?

What is the proportion of color-blind in men and women? What reason

can be given for this?

Diseuss the pereeption of distance.

Iisenss the illusion produced by Zollner's lines.

Discuss hinocular vision.

IYiscuss the correction for the inversion of the retinal image.

What does clearness of vision depend upon ?

Where are the physical vibrations of sound transformed into nervous im-

pulses ?

How do the sound-waves of the air reach the organ of Corti?
Are the organs of Corti absolutely essential to the appreciation of musical

tones ?

How are the impulses conveyed from the ear to the hrain ?

What is subjective hearing and its causes?

Upon what factors do musical sounds depend ?

How do noises differ from musical sounds?

What is the musical range of the ear?

What is the range of audibility of the ear?

How is the distance of sounds estimated ?

Diiscuss the power of the ear to appreciate small intervals of time.
What is meant by equilibriuvm of the body?

How is the sense of equilibrium brought about?

What is the effect of injury to the semicircular canals of an animal?
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What proof is there that the semicireular canals aid in preserving equilib-
rinm ¥

What is the situation of the olfactory mucous membrane ?

What is the condition of substances that excite smell ¥

What is the importance of smell in the lower animals ?

Give instances of the dehicacy of the power of smell?

(iive the course of the olfuctory fibres.

Disenss the relation of common sensibility and smell.

What is the location of the sense-organs of taste?

What are the nerves of taste?

What is the relation of smell to taste?

Does taste depend upon concentration or on the quantity of the stimulating
substance ?

How is taste divided ?

(tive evidence of speeial end-organs for each division,

How does cocaine affect the sensibility of the tongue?

What is the function of the tongue?

What is an after-taste ?

What are the organs of cutaneous sensation ?

What sensations are ineluded in cutaneous sensations?

Give Weber's and Fechner's laws.

Discuss the discriminating power of different parts of the body to pressure.

What interval must elapse between touch-stimuli in order that they may
give separate impressions ?

Discuss the localization of touch-sensations.

What factor determines the recognition of two points of the skin stimulated
simultaneously ?

Discuss the situation of touch-areas.

What fact shows that improved toueh-diserimination is a central phenom-
enon ?

Discuss temperature-sensations.

What is a common sensation ?

Discuss the sensations of hunger and thirst.

What sensations are on the horder-line between common sensation and
special sensation ?

What evidence is there for separate pain-points in the skin?

What is meant by the muscular sense?

What is muscular sense due to? Locate centre and give effects of injury.

CHAPTER X1V,

REPRODUCTION.

RePrODUCTION is a process by means of which life is perpetu-
ated hecause the existence of individuals is limited. There are
two methods of reproduction—the asexual and the serual. The
former is the more primitive form, and is restricted to the lower
organisms. It is not difficult to conceive a reason for reproduction
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in cells, for as the mass of living matter increases, its volume in-
creases as the cube, while its surface increases only as the square.
There will finally result therefore a condition when the absorptive
surface ig too small for the amount of living matter, and a division
will cause a relative increase of surface. Sezual reproduction 1s
derived probably from the asexual method, and consists in the
union of male and female elements. The most primitive examples
are to be found in some of the unicellular organisms where there
iz a fusion of the two sexes, known as conjugation. The resultant
mass divides and so produces its offspring. In somewhat more
highly differentiated forms there are simply an e:g-::lmnge and a
fusu}ll of nuclear matter. In the higher animals there is a fusion
of nuclear matter of two individuals | brought about by the produc-
tion of two kinds of sexual cells—ova and spermatozoa. In some
animals, like the worms, both sexual elements exist in the same in-
dividual, but this condition is found only abnormally in the highest
animals. Here the sexes present wide anatomical, physiological,
and psychological differences. These differences fall into two
oroups—primary and secondary. The primary sexual characters
are the most pronounced, and consist of those pertaining to the
sexual organs and their functions. The secondary sexual charac-
ters are accessory to the primary ones, and include the differences
in voice, growth of hair on the face, the mammary glands, ete., in
man and woman.

The sexual cells differ widely in appearance. The spermatozoin
consists of an elliptical head, a short middle piece, and a tapering
tail. It is undoubtedly a cell which arises from a testicular cell
known as the spermatocyte. The latter divides into four spermatids
which grow directly into spermatozoa. It is important as well as
interesting to know that the number of ehromosomes in the head
of the spermatozoon are one-half the number normally present in
the body-cells of the individual. The spermatozotn is adapted to
vigorous activity. It seeks the ovum by means of the movements
of its tail, which is lashed from side to side, causing it to progress
and at the same time to rotate. The rapidity with which it moves
is from 1.2 to 3.6 mm. per second. Spermatozoa will live in the
male genital passages for months, and they probably will live in
the female for a long while, but the exact time is not known. They
are pmduced in larce numbers.  One estimate puts the pmductmn
at 226,257,000 per week. The spermatozoa are contained in a
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fluid which comes from the ftestes partly, but chiefly from accessory
sexual glands—the seminal vesicles, the prostate gland, and ( vuper's
glands. Together these constituents form the semen, which may
be described as a whitish viseid fluid with a characteristic odor.
The amount passed at a time is from 0.5 to 6 c.e.  In some ani-
mals it contains fibrinogen, which enables it to clot within the
female passages, thus preventing escape of the spermatozoa.

The ovum in its perfected state as it leaves the Graafian follicle
is found to be a minute globular cell containing a nucleus and
nucleolus as well as a cell-membrane. It undergoes a process
analogous to what takes place in the formation of a spermatozoon,
which is known as maturation. It beging as the ovum is leaving
the ovary, and consists of a karyokinetic division of the nucleus
twice in succession. With each division half of the nucleus is
extruded together with a small amount of protoplasm as the polar
bodies. The first polar body- usually divides into two parts, mak-
ing three polar bodies, all of which degenerate. As the result of
these divisions the ovum has left one-half of the number of chro-
mosomes of a body-cell. The union of the nuclei of ovum and
spermatozoin restores to their original number the chromosomes of
the species. Ova are developed within specialized cavities of the
ovary lined by epithelial cells known as Graafian follicles. A
Graafian follicle moves toward the surface of the ovary, ruptures,
and discharzes the ovum, giving rise to the process of ovulation.
This i= in most animals a periodic phenomenon, and in woman
probably begins at puberty with the first menstruation and con-
tinues until the climacteric. Cases of pregnancy at the ages of
seven, eicht, and nine vears show that it may occur very early.
After the ovum has been set free from the ovary it in some unknown
manner reaches the Fallopian tubes. It is possible that in
woman, as has been observed in some animals, the fimbriated ends
of the tubes clasp the ovaries when the eggs are discharged. The
cilia lining the tubes gradually carry the egg toward the uterus,
which it reaches in from four to eight days.

Impregnation or fertilization usually takes place in the tubes
hecause the cilia, while they carry the ovum in one direction, act
as a guiding stimulus to the spermatozoa, which move in the oppo-
site direction to meet the ovum. In case the ovum is fertilized, 1t
passes on {o the uterus, where it is retained and develops to the
end of the embryonic period.
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The uterus is active monthly in that it discharges a bloody,
mucous liquid through the vagina. This 1s called menstruation.
Some days before the flow the mucous membrane of the body of
the uterus begins to thicken by the growth of its connective tissue
and by the engorgement of its bloodvessels until it is from two to three
times its normal thickness. The swollen capillaries become rupt-
ured and the epithelial cells undergo a fatty degeneration. Usually
only the superficial portions of the mucous membrane are involved,
and those cases where it is removed to its deepest layers are very
likely pathological. The flow continues for four days or more,
during which 100 to 200 e.c. of blood are lost. The latter is
slimy with muecus, does not coagulate, contains disintegrated tis-
sue, epithelial cells, and has a characteristic odor. Menstruation
is accompanied by many other symptoms. The ovaries and breasts
are congested, dark rings form about the eyes, mental depression
often exists, skin and breath have a characteristic odor. The in-
termenstrual period exhibits a gradual increase in nervous tension
and metabolic activity, manifested in an increased production and
exeretion of urea, in a higher temperature, and an increase in the
strength and rate of the heart-beat. These reach their maximum
a few days before the menstrual flow, and then undergo a rapid
fall, reaching a minimum with the cessation of the flow. The
first menstruation is an index of puberty, and oceurs in temperate
climates at the age of from fourteen to seventeen. The time varies
with the climate, food, growth, environment, ete. Occasionally
menstruation may be entirely absent in otherwise normal women.
The removal of the ovaries puts an end to further menstruation.
Its cessation at thie age of forty-five to forty-eicht marks the men-
opause or elimacterie.

The meaning of menstruation has been much discussed. In the
lower mammalia reproduction is limited to seasonal periods, which
are characterized by sexual exeitement, congestion and swelling
of the external genital organs, and a uterine rlr-‘tf'h‘u'm During
the remainder of the year sexual excitement is absent. These
periods of excitement are known as ruf or heat. Domestication
with its regular food-supply and care has increased produectiveness
by rendering the reproductive periods more frequent. This has
taken place in like manner in the human, but has progressed
further in that woman during the menstrual flow has largely lost
sexual desire. According to PHiiger, menstruation is a prepara-
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tion of the uterine surface for the reception of the impregnated
ege. The mechanism by which the uterus is prepared 15 as
follows—

The growth of the cells of the ovary reflexly, by constant
stimulation of the spinal cord, causes a dilatation of the vessels of
the genital organs, which results in a breaking down of the
mucous membrane of the uterus. At the same time the increased
blood-supply eauses a ripening of the Graafian follicle. It is the
general view that ovulation and menstruation are the result of’ a
common cause, but either, in the human, may oceur without the
other. It is probable that ovulation takes place a few days before
the onset of the menstrual period.

Copulation is the act of sexual union that has for its object the
introduction of semen into the genital passages of the female. It
is preceded by a preliminary period of sexual excitement, during
which the penis becomes swollen, turgid, and erect, while the
vulva also becomes firm and turgid. There are vascular phenomena.
In the penis the arteries relax, filling the ecavernous spaces with
blood, while simultaneously the exit of the blood is prevented by
the contractions of the erector penis and bulbocavernosus muscles,
The penis is then introduced into the vagina, and as a result of
muscular movements producing friction upon delicate sensory
nerve-endings of the glans penis and elitoris there are prmluued
intense nervous sensations which lead to a elimaz or orgasm, con-
sisting of the ejaculation of the seminal fluid into the upper end
of the vagina. There is at the same time a secretion in the
female from the glands of Bartholin, and perhaps also rhythmical
opening and closing of the cervieal canal. FErection is a reflex act,
the eentre lying in the lumbar cord. It may be aroused by im-
pulses arising from the walls of the testes due to the pressure of
contained semen, or from the nerve-endings in the skin of the
penis or from the brain. The efferent nerves are the nervi eri-
gentes.  The elitoris is the homologue of the penis.

The sexual excitfement accompanying an orgasm 18 more intense
usually in the male. The discharge of semen begins with power-
ful peristaltic waves, probably in the vasa efferentia, and ends with
rhythmie contractions of the ischiocavernosus and bulbocavernosus
muscles.  This is also a reflex act with the centre in the lumbar
portion of the cord. The spermatozoa probably reach the Fallo-
pian tube mainly by their own movements, but it is possible that
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after coitus the uterus may exert a suction and draw them from
the vagina. It is claimed by some that the uterus dips down into
the pool formed by the discharged semen. The time involved in
the passage of the spermatozoa to the ovary is unknown, except
that it is quite short ; in the rabbit the time is only two and three-
quarters hours. When spermatozoa meet an ovum, they surround
1t 1n great numbers until one of them succeeds in uniting with
the egg, after which the remainder perish. When fertilized, the
ovum undergoes repeated segmentation, increases in bulk, histolog-
1cal differentiation and the physiological division of labor set in,
until finally there results a new individual that is expelled at
the proper time. JIn such cases where more than one spermato-
zoon suceeeds in entering the ovum ( polyspermy) the embryo dies
earlyy.

While in the uterus the growing feetus derives by far the
greater part of its nourishment from the mother by means of the
placenta. Here the circulation of the child is brought into intimate
relation to that of thée mother, but they are nevertheless separated by
Jour layers of cells:

1. The wall of the chorionic capillary.

2. The cells of the chorion.

3. The cells of the uterine follicle.

4. The wall of the uterine sinus.

Although there is no direct communication, there is an exchange
of material between the mother’s blood and the feetal blood. The
mother’s blood furnishes to the feetal blood food and oxygen, and
in turn removes the carbon dioxid and everementitious material
which the feetus must lose. The placental circulation supplies the
place taken in after-life by the alimentary and respiratory tracts.
When the placenta is expelled, a part of the maternal tissue is
left behind, and there ig, of course, a loss of blood contained in
the uterine sinuses, but the general balance of the circulation is
not disturbed at childbirth. The reason for this is the oblique
entrance of the placental vessels. They enter the sinuses at an
angle, and are therefore compressed by the muscular tissue of the
uterus in its contracted state. There are two distinet types of
circulation in feetal life—the vitelline and the placental circulation.
In both types the blood is driven on by the heart, the essential
difference being the site where the feetal blood is enriched. The
vitelline circulation precedes that of the placenta, and as soon as
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the latter is formed the former disappears. The vitelline circula-
tion in the human is very short-lived.

The placental cireulation presents two prominent features in
which it differs from adult circulation—

1. Modifications are necessary in the heart and great bloodves-
sels in order that the blood may enter the lungs.

2. In the civeulation through the liver the veins are modified
so as to allow for the return of pldvenml circulation.

The course of the futal f,u{ufu.",mu is as follows: The fietal
blood, purified and enriched in the placenta, passes by the um-
bilical veiu in the umbilical cord to the under surface of the
liver ; here the vein divides into two parts. One portion of the
blood enters the liver substance, and after traversing its capillaries
is poured out by the hepatic veins into the inferior vena cava.
The other portion of the blood passes directly from the umbilical
vein to the inferior vena cava by means of a blood-channel, the
ductus venosus. The blood of the vena cava inferior is carried to
the right auricle of the heart, and instead of passing from there into
the right ventricle, as in the case of the adult heart, it goes di-
rectly into the left auricle by means of an opening in the auricu-
lar septum, known as the foramen ovale. The flow of blood from
the inferior vena cava through the foramen ovale and into the
left auricle is facilitated by the fact that the inferior vena
cava points almost directly into the foramen ovale. The Eusta-
chian valve, consisting of a crescentic fold of fibrous tissue cov-
ered with endocardium and extending from a point between the
opening of the superior and inferior venwe cavee over to the lower
and anterior margin of the foramen ovale, also favors this pecu-
liar course of the blood. The base of the fold lies on the right
auriculoventricular ring, and the concavity of the fold is directed
upward. From its position the Eustachian valve acts as a guid-
ing groove or gutter for passing the blood from the inferior vena
cava to the foramen ovale. On entering the left auricle the blood
is passed into the left ventricle and thence into the aorta, to
be distributed all over the body; but prumpﬂ]h’ to the head
and upper extremities. From the latter regions the blood re-
turns to the heart by the superior vena cava. On entering
the right auricle the blood from the superior vena cava passes
in front of the stream that flows from the inferior vena cava
to the foramen ovale, and enters the right ventricle. The direction
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in which the superior vena cava points (toward the auriculo-
ventricular ring), and also the Kustachian valve, are the factors
that determine the separation of the two streams. On enter-
ing the right ventricle the blood from the superior vena cava
is forced into the pulmonary artery toward the lungs. Before
reaching the lungs this blood meets with a channel of communi-
cation between the pulmonary artery and the aorta-(duetus arteri-
osus), into which the larger portion of the blood from the pul-
monary artery enters and mingles with the blood of the aorta;
the remainder passes along the pulmonary artery to the structure
of the lungs, which it nourishes, and thence back to the left auri-
cle by means of the pulmonary veins.

The blood in the aorta that comes from the left ventricle passes
largely to the head, but that which enters from the ductus arteri-
osus largely passes into the descending aorta. On passing down
the descending aorta, some of the blood enters the mesenterie
arteries, and thence back to the venous ecirculation by means of
the portal vein and the liver. Some of the blood enters the iliae
arteries and nourishes the lower extremities; but the major part
of the blood leaves the feetal body by the ]n pogastric arteries.
The hypogastric arteries are branches of the internal iliacs, and
course along the ahdomen to leave the feetal body at the umbili-
cus, where on emerging they change their names to umbilical
arteries and proceed to the placenta.

The liver, receiving the freshest blood (from the umbilical vein),
is the best nourished of all the organs of the foetus. The result
is that the feetal liver is vastly lﬂrgm in proportion than the adult
liver. The branches of the aorta given off to the head and upper
extremities distribute blood from the inferior vena ecava, while
the ductus arteriosus, carrying the blood from the superior cava
and right ventricle, enters the aorta in such a way that most of
its blood is sent to the lower extremities, abdominal organs, and
umbilical arteries. In this way the deoxidized blood is sent back
to the placenta for the renewal of its oxygen. The lower ex-
tremities are less developed than the upper. There are two rea-
sons for this :

. The blood contains less oxygen and nourishment.

2. The internal iliac arteries, giving off the umbilical arteries,
divert a considerable portion of the blood-supply from the exter-
nal iliaes which go to the lower extremities.
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Owing to the ductus arteriosus, but little blood goes to the lungs.
The amount is suflicient, however, to keep up the nutrition of the
lungs, and they have no funetion before birth.

T]le -ﬁr'.-f‘uhwh,-rli; centre 1n the mt—ulul]:l, which has bheen I|Il-li'ﬁt‘(r*l'|l
because it has been well supplied with oxygen, is awakened as
soon as the connection with the uterine sinuses is interrupted. As
soon as the supply of oxygen sinks to a certain point, an impulse
of inspiration is generated, and as the infant breathes the lungs
assume a condition of partial expansion.  With the diminished re-
gistance in the expanded lungs the amount of blood in the pulmon-
ary circulation increases, and as thv amount passing through the
ductus arteriosus consequently decreases, this soon is obliterated.
the same time the amount of blood uiurnmg to the left aurie ](‘ 1n-
creases in quantity, and the intra-auricular pressure becomes
greater ; then, too, the inferior vena cava sends less blood, for the
ductus venosus no longer carries the blood from the placental cir-
culation, and therefore the foramen ovale 1s not used, and is soon
closed by the adhesion of its valve-like curtain. Thus, the adult
circulation 18 established in place of the fetal ecirculation in
consequence of respiratory movements. Owing to the division
and ocelugion of the umbilical cord, blood no longer passes
through the umbilical vessels, with the result that the um-
bilical vein degenerates into a fibrous cord (round ligament of
the liver). The hypogastric arteries remain pervious for the
first part of their course, as the superior vesicle arteries; but the
remainder of their course is obliterated and degenerates into fibrous
cords.

The period of gestation during which the embryo is developing
in the uterus may be put at 280 days, and probably dates from
the first day of the last menstruation. Owing to the diftic ulty of
knowing the time of fertilization, the exact p{*rlml is not known.
One of the earliest, and most obvious and most usual, signs of
pregnancy is the cessation of menstruation. The cause of the
expulsion of the fetus from the uterus is not. well known, and it
is probable that on account of the exceedingly irritable condition
of the uterus a number of causes may exist. Among these have
been suggested the pressure on the tissue of the uterus or on the
canglia of the cervix, and the gradually increasing venosity of
the feetal blood.

The frequency of multiple conceptions is for twins at a ratio of
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1:120; for triplets, 1:7910; and for quadruplets, 1:371,126
births. Twins may arise from separate eggs or from a single egg.
The presence of a double chorion is diagnostic of the fﬂrmer, and
a single chorion of the latter. The separate ova may come from
a single Graafian follicle or not. When the offspring come from
separate ova, they may be of separate sexes, and do not neces-
sarily resemble one another; but whenever they come from the
same ovum, by a separation of the hlast-:}mmes, they are of the
same sex, and their personal resemblance is very gr{:at

The factors that determine sex are very little understood. Asa
general rule, more boys are born than girls. The sexual organs
are differentiated at the eighth week of uterine life, but it is im-
possible to say whether the sex is determined in the germ-cells, in
fertilization, or during the early life of the embryo. Many hy-
potheses have been offered. According to the Hufcmler—Sadﬂﬂr
law, if the father is older than the mﬂther, more boys are likely to
be born; but if the mother is the older, the probability of girlsis
still greater. Breeders have, with great success, made use of the
rule that the earlier the ovum is fertilized after liberation the
greater 1s the tendency to females ; the later the fertilization takes
place, the greater is the probability of males resulting. Schenk
takes a similar view in that the ovum in its earlier stages is con-
sidered unripe. The presence of sugar in the urine of a pregnant
woman he regards as an indication of incomplete metabolism of
the body which results in a tendency to females. By means of a
highly nitrogenous diet he claims to make the metabolism more
perfect and insure the production of male offspring. The sex in
some of the lower organisms has been altered at will by feeding and
by temperature. Taking all the ascertained facts into consideration,
it seems probable that whenever the parents, especially the mother,
are surrounded by unfavorable nutritive conditions, the production
of males will result ; while favorable nutritive conditions result in
females. It may, moreover, be said that the production of sex is
self-requlating, inasmuch that a scarcity of the sex of one kind
tends to a production of individuals of that sex. Another theory
states that whichever parent possesses the higher sexual enerqy (not
to be confounded with sexual desire) will determine the sex of the
offspring, but always of the opposite line—e. g., females of higher
energy produce males.
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QUESTIONS ON CHAPTER XI1V.

What is reproduction ?

How many methods are there ?

Deseribe the asexual method.

Why does a growing mass of protoplasm divide ?

What is the essential fact of sexual reproduction ¥

Deseribe various stages in the development of sexual reproduction.

What are the primary and secondary sexual characters?

Deseribe the development ol a spermatozoon,

What difference is there between the sexual elements?

In what respects are they alike ?

What is the rate of movement of a spermatozoon ?

What is semen ?

What is meant by the maturation of the ovam ?

What is a Graatian follicle ?

Describe ovulation,

How does the ovum reach the uterus?

What is fertilization ¥ Where does it take place ?

Describe the process and development of menstruation.

How long does menstruation last?  What are the symptoms accompany-
ing it?

Give the physiological causes of menstruation.

Discuss puberty.

What is the menopause ?

What is the object of menstruation?

What is the relation of ovulation to menstruation?

Describe copulation.

Discuss the erection of the penis.

Discuss the nervous mechanism of an orgasm.

How do spermatozoa reach the Fallopian tubes?

What is polyspermy ?

How many types of feetal circulation are there ?

Deseribe the placental circulation.

What changes take place in feetal eireulation at birth ?

What is the length of the period of gestation in the human being? From
what time does it probably date ?

What is the earliest sign of pregnancy ?

What is the cause of the expulsion of the feetus from the uterus?

Discuss the occurrence of twins,

Discuss the determination of sex,

What is the Hofacker-Sadler law ?

What is Schenk’s hypothesis?

What are the most probable determining factors of sex?

Is the production of sex self-regulating?






APPENDIX.

CHEMICAL TESTS COMMONLY USED IN PHYSIOLOGICAL ANALYSIS.

For ProTEIDS:

Nitric Acid coagulates all except peptones,

Heat.—All are coagulated by boiling, except peptones.

Xanthroproteie Reaction.—A solution boiled with strong nitric acid becomes
vellow : the color is deepened by the addition of ammonia.

Biuret Reaction.—With a trace of copper sulphate and an excess of po-
tassinm or sodium hydrate they give a purple reaction,

Millon’ s Reaction.—With a solution of metallic mercury in strong nitric
acid (Millon's reagent) they give a white or pinkish reaction, and the color
becomes more pink on boiling.

For STArcH:

lodine Reaction—Add to a solution of starch a small quantity of tincture
of iodine, and a blue reaction results. The color disappears on heating and
returns on cooling.

Glycogen.—Same test gives reddish reaction, port-wine color, which dis-
appears on heating and returns on cooling.

For SveAr (GLUCOSE):

Moore’s Test.—Boil solntion of sngar with an excess of potassium hydrate,
brown color-reaction.

Trommer’s Test.—Add to solution a sufficient amount of potassium hydrate
to render it quite strongly alkaline. Then add a solution of copper sulphate,
drop by drop, until a distinct blue tinge is visible. Heat, and the presence
of sugar is shown by appearance of red, yellow, or orange color-reaction,

Fehling's Test Solution.—An alkaline copper solution by which a guantita-
tive test may be made. The solution is somewhat unstable, and is for this
reason to be tested by boiling before using. The strength of the solution is
such that 1 cubic em. (15 minims) will be exactly decolorized by 535 of a
gramme (0.075 grain) of glucose. This test is very delicate, and is quite
commonly used for urinary examinations to detect glycosuria.

The Fermentation Test.—If a small quantity of yeast be added to a sugar
solution, the fungus of the yeast (saccharomyces) will cause the sugar to be
decomposed into earbonic acid and aleohol. If the process be continued
until the sugar is entirely broken up, the amount of carbon dioxide evolved
indicates the proportion of sugar present.

For BILE SALTS:

Pettenkofer’s Test.—Upon the addition of sulphuric acid to a solution of
bile-salts in water there is a precipitation of the salts, which are redissolved
by a further addition of the acid. If & drop of a solution of cane-sugar be
added, a deep cherry color is developed,

16—Phys. 241
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For BrLE PieMENTs:

Gmelin's Test.—Add a small quantity of nitroso-nitric acid to a solution
of the bile pigments, and a play of colors results, beginning with green and
changing to blue, violet, red, and vellow. This is seen best on a white back-
ground ; therefore a plate is often used for this test.

METRIC SYSTEM.

| | i I 1 1 |1Inch 2 1 3 4
TIE! | 2 |3 4 5 | 6 | 7 i 8 |9 10
Millimetres. Cen..metres.

The area of the fizure within the heavy lines is
that of a square decimetre. A cube one of whose
gides is this area is a cubic decimetre or litre. A
litre of water at the temperature of 4° C. weighs a
kilogramme.

A litre is 1.76 pint; a pint is 0.568 of a litre.

The smaller figures in dotted lines represent the
areas of a square centimetre and of a squre inch.

A cubic centimetre of water at 4° C. weighs a
gramme.

Square Inch.
Squnare
Centi- -
metre.

IMPORTANT EQUIVALENTS OF THE METRIC SYSTEM.
Gramme — 1:'11 grains. Metre — 392 inches.
Centigramme = 5’ 9 grain. Centimetre —2£ inch.
Milligramme = 3§ grain. " Millimetre = 4% inch.

Kilogramme = 2.2 pounds. Micromillimetre = 5z}55 inch




COMPARATIVE SCALES, showing at a glance the exact equivalent of
ordinary weights and measures in those of the Metrie System., and vice versa.
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The equivalents of fractions, whether large or small, may be fonnd with great nicety by
{hese scales. For instance, T grain =15 of the metric equivalent of T grains, and 1-200 graim
=]-4000 of the metric equivalent of 20 grains. This method is, of course, reversible.
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BDUCENS nerve, 190 | Air, supplemental, 137
Absorption, general principles  tidal, 137
of, 20 ' Albuminoids, derivation of, 57
influence of lencoeytes on, 97 digestion of, 65
in the large intestines, 52 nutritive value of, 86
in the small intestines, 51 ' Albuminous glands, 35
in the stomach, 51 - Aldoses, 57
of fats, 52 Alexia, 203
of proteids, 81 ' Alexine, 102
of sugars, 52 - Allonomous equilibrium, 21
of water and salts, 82 Amnesia, 203
paths of, 81 Amphopeptones, 62
spectrum of oxyh@moglobin, 95 Amylodextrine, G0
Accommodation, 208 Amylopsin, 63
range of, 208 Anabolism, definition of, 21
Achrobdextrin, 60, 66 Anelectrotonus, 156

Acid, butyrie, 50 Animal heat, source of, 143

capric, 50 ' Anode, physical definition of, 156
caproie, 50 physiological definition of, 153
glyeocholie, 63 Antilytic secretion, 38
hippurie, 46 Antipeptone, 62
hydrochlorie, 39 Antiperistalsis, intestinal, 73
myristic, 50 Apex beai, 107
oleic, 50 Aphasia, 203
palmitie, 50 | Aphemia, 203
stearic, 50 ' Apncea, definition of, 140
tanrocholic, 63 ' Aqueous humor, 207
uric, 46 . Articulations, varieties of, 77
Acquired characters, inheritance of, 27 Asexual reproduction, 23, 229
Acromegaly, 53 Asphyxia, 141
Action-current in the muscles, 166 . stages of, 141
in the nerves, 166 ' Assimilation, general characteristics
Adenin, 46 | of, 22
After-birth. 77 | Association centres, 207
After-images, 215 fibres of the cortex, 184
After-sensation, 225 Astigmatism, 210
After-taste, 224 Atalectasis. 133
Agomogenesis, 23 Atavism, 27
Agraphia, 203 Auditory nerve, cochlear portion of,
Air, complemental, 137 | 190
residual, 137 vestibular portion of, 192
respiratory changes in, 133 Augmentor centre of the heart, 119
stationary, 137 | Auricular systole, duration of, 108
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Auriculoventricular valves, 108

Autonomous equilibrium, 21

Axone, definition of, 169
length of, 169

ACTERIAL decomposition in the
intestines, 64
Banting diet, 823
Basophiles, 96
Bile, amount secreted, 40, 63
antiseptic action of, 64
composition of, 63
relation of, to fat absorption, 64
salts, chemical tests for, 240
Bile-acids, 63
detection of, 63
Bile-pigments, 63
chemical tests for, 2432
origin of, 63
Bilirubin, 63
Biliverdin, 63
Biogen, definition of, 21
Bioplasm, definition of, 21
Biuret test for proteids, 57, 240
Blind-spot, 211
Blood, circilation of, 105
coagulation of, 98
distribution of, in body, 92
functions of, 91
globuecidal action of, 102
oxidations in, 92
period of ejection of the, 98
of reception of the, 99
reaction of, 92
regﬁneraﬂnu of, after hemorrhage,
1111
specific gravity of, 100
total gquantity of, in the body, 91
transfusion of, 102
Blood-corpuseles, varieties of, 1032
Blood-gases, 138
tension of, 139
Blood-plasma, eolor of, 92
composition of, 92
Blood-plates, 93
Blood-pressure, aortic, 121, 122
capillary, 123
changes in, 122
effect of, on renal seeretion, 42
methods of measuring, 122
orizin of, 122
Bolometer, 165
Brain, blood supply of the, 197
growth of the, 195
specific gravity of the, 196

INDEX.

| Brain, vasomotor activity in the, 197
- Brain-weight, decrease of, during old
age, 196
method of determination of, 194
relation of, to insanity, 194
to social environment, 194
table of, 193
Bufty coat, 99

C:’LFFEIN, action of, on kidneys, 47
Calecium salts, relation of, to
blood clotting, 100
| Calorie, definition of, 84
 Calorimeter, 148
Calorimetrie equivalent, 149
Calorimetry, direet and indirect, 85,
148
Capl_;;aulus, suprarenal, extirpation of,
a2
Carbohydrates, absorption of, in the
intestines, 82
chemistry of, 57
combustion equivalent of, 84
digestion of, 66
in the intestines, 63
in the stomach, 62
dynamic value of, 87
synthesis of, 58
Carbomonoxide hsemoglobin, 94
Cardiae centre, 187
evcle, analysis of, 106
definition of, 106
‘ duration of, 108
| mnerves, 116
Cardiopnenmatic movements, 138
| Catalvsis, 59
Cell, definition of, 19, 20
differentiation, 19, 20
division, 23-30
| Cells, growth of, 23
of the brain, 195
Centre, anugmentor, of the heart, 119
cardiae, 187
cardio-inhibitory, 119
defecation, 75
deglutition, 72
for muscle sense, 227
micturition, 76
of speech, 203
| respiratory, 160, 187, 237
sweat, 458
thermo-accelerator, 151
thermogenic, 150
| thermo-inhibitory. 151
| thermotactic, 187
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Centre, vasomotor, 128, 187
Centres, association, 202
in the medulla, 157
Cerebellum, effects of removal of, 155
functions of, 185
Cerebral hemispheres, effects of re-
moval of, 185
relative physiological value of, 155
Cerumen, 48
E.‘.l:e:'a__ractl-rs* acquired, inheritance of,
. i
Chemotaxis, 32
Chemotropism, 32
Cheyne-Stokes respiration, 136
Cholagogues, 40
Cholesterin, 64
of sebaceous secretion, 48
Chyme, 62
Cirenlating proteid, 98
Circulation, feetal, course of, 235, 236,
237
types of, 224
of the blood, 104, 105
of the brain and cord, 197
of the lymph, 130
pulmonary, 127
rate of, 105
renal, 42
Coagulation of blood, causes of, 99
conditions necessary for, 99, 100
retarding influences affecting, 97,
98
value of, 99
Cochlear root of the auditory nerve,
140

Coeflicient of absorption of liguids for |

gases, 130
Color-blindness, 216
Color theories, 215
Colostrum corpuscles, 49
Combustion equivalent of foods, 84
Common sensation, definition of, 137
Conceptions, multiple, 237
Condiments, nutritive value of, 58
Conduetion by contiguity, 160
lirections of, 160
process, nature of, 160
rate of, 161
Conductivity, definition of, 18
influences atffecting, 161
Conjugated sulphates, 46
Conjngation, 26, 230
Contractility, definition of, 18
Contractions, introductory, 162
normal tetanie, nature of, 164
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i Contracture, definition of, 163
from fatigue, 163
relation of, to tetanus, 164
Copulation, 233
| Cornea, curvature of, 207
Coronary arteries, ecirculation in, 121
Corpora Aurantii, 109

| quadrigemina, fuunctions of the,
187
Corpusecles of the blood, 93
| salivary, 60
effects of localized

| Cortex cerebri,
stimulation of, 152
Cortical areas, motor, 182
sensory, 184

| stimulation, effect of, 178
| Conghing, 145
| Cranial nerves, 231

Creatin, 46

Creatinin, 46
| Cresol, elimination of, 46
| Crura, lesions of the, 235
| Crystalline lens, 207
| elasticity of, 209
- Curara, action of, 153
Currents of action, diphasic character
| of, 167
: in muscle, 166

in nerves, 166

of rest, 165
| Cutaneous sensations, 224

DE;’LTH of the tissues, 33
| somatic, 33
| theory of, 32, 33
Decomposition, bacterial, in the intes-
tines, 64
Defecation, 7
' cerebral control of, 75
Degeneration of spinal
hemisection, 150
Deglutition, 71
centre for, 72
. nervous regulation of, 72
__stages of, 71
- Demarcation currents, 165
' Dendrites, definition of, 170
Determination of sex, theories regard-
' ing, 238
' Denteroproteose, definition of, 61
- Dialysis, definition of, 35
Diapedesis, 97
Diarthrosis, 77
Diffusion, definition of, 35
| of impulses in the cord, 176

cord after
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Digestion, definition of, 56

gastrie, 61

intestinal, 62

of fats, 58, 66

of proteids, 65

of stareh, 60-66

pancreatie, 62

salivary, G0

summary of, 63
Digitalis, action of, on the kidneys, 47
Diplopia, 210
Diureties, action of, 44
Dropsy, 130

Du Bois-Revmond's law, 155
'EJ;‘L(:‘-ULATION. 233
. Eleetrical phenomena in muscle
and nerve, 156, 157, 158
Electrotonie changes, 156
current, definition of, 167
Emmetropia, 203
Endocardiae pressure curves, 111
Energy, potential, of foods, 84
Enzyme action, theories of, 59
Enzymes, elassification of, 60
composition of, 59
definition of, 59
Eosinophiles, 96
Epigenesis, theory of, 28
Epinephrin, 52
Equilibrium, allonomous, 21
autonomous 21
carbon, 29
of the body, definition of, 221
nitrogenous, 8
sense of, 222
Eryvthroblasts, 96
Erythroeytes, 93
Ervthrodextrin, 60
Eupneea, definition of, 140
Excitation wave, cardiac, 113
Exeretion, definition of, 35
Exercise, effect of, on growth, 23
on metabolism, 89
on pulse-rate, 108
Exhaustion, 160

Expiration, forced, movements of, 135

muscles of, 135
Eye, functions of, 206
positions of, 207

F ACIAL nerve, 199
Faces, composition of, 65
Far-point, 203

Fat, combustion equivalent of, 84

INDEX.

' Fatigue, canse of, 160
of muscle, 160, 163
of nerve, 160
production of, 196
Fats, absorption of, 63, 82
chemistry of, 55
composition of, 58
digestion of, 63, 66
dynamic value of, 88
nutritive value of, 88
origin of, in the bmly, 88
' Fechner's Iaw, 294
Fehling's solution, 240
Fermentation test, 240
Fertilization, 26, 231
significance of, 26, 27
Fibrin, 99
ferment, 98
origin of, 100
Fibrinogen, 93, 99
Filtration, definition of, 35
Food, combustion equivalent of, 84
| composition of, 56
definition of, 22
dynamie ‘m,]ue of, 84
Food-stuffs, classification of, H6
| Foramen ovale in the feetal heart, 236
| Fovea centralis, 212
Franklin themr of color vision,
Fuarfural, 64

215

GAMDGENESIS, 26
(rases in the blood,
changes in, 139
poisonous inhalation of, 140
| GGastrie digestion of proteids, 61
Jjuice, acidity of, 61
composition of, 61
secretion, effect of the diet on, 39
normal mechanism of, 39
stimulants for, 39
 Germ- phbm as a hams of heredity, 27
| origin of, 27 28
structure nt'. 28
Gestation, duration of, 237
Gland, mammary, 48
pancreatie, 39
parotid, 35
sublingual, 35
submaxillary, 35
thyroid, effects of remowval of, 50
Gland-cells, activity of, during secre-
tion, 35
mammary, histological changes in,

respiratory

i 50
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(Glands, albuminous, secretion from, 35 | Heat-centres, 151

electrical changes in, 37 ' Heat-dissipation, estimation of, 149
gastric, 35 Heat-produaction, estimation of, 149
intestinal, 41 | Heat, source of, 151
lachrymal, 41 Heller's test, 57
mucous, secretion from, 35 Hemipeptone, 62
sweat, 45 Hemisection of cord, degeneration fol-
effect of exercise on, 458 lowing in, 150
of heat on, 48 physiological effect of, 181
Globin, 93 Hemorrhage, fatal, limits of, 101
Globueidal action of the blood, 1022 | regeneration of blood after, 101
Glomeruli, renal, secretory function relation of, to blood pressure, 101
of, 43 - saline injections after, 101
Glossopharyngeal nerve, 192 ' Heredity, definition of, 27
Glycogen, amount of, in the liver, 57 | physical basis of, 27
in muscle, 87 theories of, 27
function of, 87 ' Hering's theory of color vision, 215
of the liver, 52 Heteroproteose, 61
reserve store of, 87 Hibernation, 199
test for, 240 Hiccough, 145
Gmellin's reaction, 63, 240 Hippurie acid, amount of, in urine, 46
Graphic method of studying muscu- source of, 46
lar contractions, 61 Histon, 93
Growth, influence of exercise on, 23 Hofacker-Sadler law, 2358
of temperature on, 31 | Homothermons animals, 148
of brain, 195 Hunger, 227
Guanin, 46 Hydrochlorie acid of the gastrie
juice, 39
H:E}LJLTIN, 93 secretion of, 39
Hmzmatopoiesis, 96 | source of, 39-61
Hemin, 94 test for, 61
Hemochromogen, 93 Hypermetropia, 209
Hemoglobin, 93  Hyperpneea, definition of, 140
componnds of, with gases, 94 Hypnotism, 199
decomposition products of, 93 Hypoglossal nerve, 193
oxygen capacity of, 93 | Hypoxanthin, 46
Hallueinations, 201

Hearing, 219 MPREGNATION, 231

subjective, 220 | Indol, elimination of, 46
Heart, an®mia of, 120 | Induetion apparatus, schema of, 154
aungmentor nerves of, 117 | Infections, intra-uterine, 27
changes in form of, 106 Imhibitory centre, cardiac, 119
compensatory pause of, 116 | respiratory, 143
electrical changes of, 113 - mnerves of heart, 116
fibrillary contractions of, 120 . of pancreas, 40
muscle, refractory period of, 116 ' of respiration, 143, 144
rhythmicity of, 113 5 of salivary glands, 37
nerves of, 116 of stomach, 39
nutrition of, 120 Inorganic salts of the blood, 98
work done by, 110 Internal secretion, definition of, 35
Heart-beat, conduetion of, from auri- Intestines, absorption in, 51
cles to ventricles, 105 imnervation of, 75
heat produced by, 105 | peristaltic movements of, 73
rate of, 108 ' rhythmic movements of, 75

Heart-sounds, 107 . Intracranial pressure, 197
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Intraocular images, 211
Intrapulmonary pressure, 134
Intravascular clotting, 100
Introductory contractions, 162
Invertase, 64, 66

[odine reaction for starch, 58, 240
lodothyrin, 51

Iris, 162

Irradiation, 217

Irritability, definition of, 18
[rritants, classification of, 154
[sodynamic equivalence of foods, 585

J

KAHY(JKINEHIS, 23, 26
Katabolism, definition of, 21

Katelectrotonus, 156

Kathode, physical definition of, 156
physioiogical definition of, 158

Kations, 162

Ketoses, 57

Kidneys, blood-flow through, 42
internal secretion of, 53
vasomotor nerves of, 42

Knee-jerk, eentre for the, 199
significance of, 200
variations of, 200

Kymograph, 122

AUNDICE, 40
Joints, classification of, 77
movements of, 77

] ABOR, nature of, 81
4 physiological division of, 20
Langerhans, bodies of, 39
Langunage,-79
Larynx, 78
Latent areas of the cortex, 134
period of musecle, 162
of reflex actions, 176
of retinal stimulation, 214
Laughing, 146
Leuecin, formation of, 62
Leucoeytes, 93
classification of, 96
funections of, 97
movements of, 97
Lencoeytosis, 97
Leunconuelein, 100
Life, general hypothesis of, 32
Liver, extirpation of, 46
internal secretion of, 52
urea formation in, 45
Living matter, electrical energy of, 165
inhibition of, 32

INDEX.

Living matter, molecular structure of,
20, 21
results of stimuli on, 25, 29
Localization of cortical cell-groups for
afferent impulses, 182
of touch-sensations, 225
Locomotor mechanisms, 77
Lymph, composition of, 102
maovements of, 1053, 130
origin of, 102
pressure of, 103, 130

physical properties of, 102

' Lysatinin, relation of, to urea forma-

| tion, 46

h-‘ ACULA lutea, 212
Maltase, 66
Maltose in starch digestion, 60
Mastication, 71
Medulla, eentres in the, 187
functions of the, 187
Menopause, 232
Menstruation, 232
age of onset, 231
cessation of, 232
| relation of ovulation to, 233
theory of, 232
| Metabolism, 83
definition of, 21
determination of, 89
during sleep, 90
starvation, 90
effect of temperature on, 90
intensity of, in the brain, 197
. __internal self-adjustment of, 21
Metric system, 242
' Microcytes, 93
' Micturition, 75
| centre for, 76
nervous mechanism of, 76
Milk, composition of, 49
| reaction of, 49
Millon’s test for proteid, 240
Moore's test, 240
Motor areas, degeneration of, after re-
moval, 183
physiological characters of, 182
Mucous glands, 35
Multiple coneeptions, 237
Muses volitantes, 211
Museles, absolute force of, 165
action-currents in, 166
exhaustion of, 160
fatiegue of, 160
irritability of, 153




INDEX,

Museles, latent period of, 162
reaction in, 158
Muscle-currents, ascending, 156
descending, 156
Muscle-sounds, 164
Muscular contractions, 158
graphic method of studyving, 161
source of energy in, 165
exercise, effect of, on ;..mwtln. 293
on .'ll]l'.'tﬂbu]hm 89
on pulse-rate, 105
on sweat glands, 458
sense, 227
Musical sounds,
221
Myogram, 161
Myograph, 161
Myopia, 208
Myosin, 162
ferment, 168
Myosinogen, 167
Myxmdema, 51

EAR-POINT of vision, 208
Negative after-image, 215
impulse, 107
variation, 166
Nerve centre, definition of, 202
chorda tympani, 37
Nerves, abducens, 190
action-currents in, 166
anditory, 190
cardiae, 116
degeneration of, 159
facial, 190
glossopharyugeal, 192
hypoglossal, 193

influences affecting irritability of, |

159

olfactory, 188, 223

optic, 158

pathetie, 188

pnenmogastrie, 193

spinal aceessory, 193

trigeminal, 190

vasomotor, 127
Nervi erigentes, 233
Neuarone, definition of, 169
Neurones, afferent, 171

central, 173

efferent, 171
Neutrophiles, 96
Nitrogenous equilibrinm, 86

proximate principles, 63
Nend vital, 193

characteristics of,
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Non-nitrogenous
ples, 69
Nucleus, definition of, 19
functions of, 22 23
Nutrition, definition of, 1=
Nutritive value of albuminoids, 56
of carbohydrates, 57
i of condiments, 56
of fats, 88
of proteids, 85
of salts, =8
of water, 858

proximate prinei-

LFACTORY nerves, 188, 223
Oncometer, 42
Optic nerves, 158, 214
thalami, functions of, 186
]Eamn»-. of the, 156

ﬂrg'm of Corti, 220
| Origin of life, 3*

' Osmosis, tlvﬁmlmu of, 35
| relation of, to secretion,
| Osteomalacia, 53
 Ovaries, internal seeretion of, 53

Ovulation, 231

Ovam, 231

fertilization of, 231
maturation of, 231
segmentation of, 234
Oxygen tension in the blood, 139
Oxyhemoglobin, 94

39

AIN, 227
| Panereas, extirpation of, 51
grafting of, 51
histology of, 39
. innervation of, 40
internal secretion of, 51
Panecreatic juice, amylolytic action of,
63
composition of, 62
fat-splitting power of, 63
Paralytic secretion, 38
I‘:lrzlm:rnﬁinu;:{m. 168
*arthenogenesis, 26
- Parturition, 76
spinal centre for, 77
Pathetic nerve, 183
Pepsin, 61
Peptones, absorption of, in the intes-
tines, 81
in the stomach, 8
definition of, 61
Peristaltic movements of the intes-
tines, 73
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Perspiration, amount of, 47
character of, 47
constituents of, 48
insensible, 48
Pettenkofer’'s test, 63, 240
Pfliger’s law, 158
Phenol, elimination of, 46
Physiological division of labor, 20
Physiology, aim of, 18
definition of, 17
history of, 17, 13
subdivisions of, 17
Pituitary body, extirpation of, 53
extracts, action of, 52
Placenta, 77
Placental cireulation, 235
Plant-cells, assimilation in, 22
Plasma of blood, 97
Plethysmograph, 110
Pneumogastrie nerves, 193
Pneumograph, 136
Poikilothermous animals, 148
Polar bodies, 231
Polarizing current, effect of, on mus-
cle, 162, 163
Polypucea, definition of, 140
Polyspermy, 234
Positive after-image, 215
Posteanglionic fibres of the sympa-
thetie system, 176
Preganglionic fibres of the sympa-
thetie system, 176
Presbyopia, 209
Pressure, cardiac, 110
intracranial, 197
intrathoracie, 133
intraventrienlar, 110
sense, 224
Primary vision centre, 214
Proteid, cirenlating, definition of, 85
tissue, definition of, B5
Proteids, ehemical tests for, 240
classification of, 57
color reactions of, 57, 240
combustion equivalent of, 84
digestion of, 62-65
seneral reactions of, 57
molecular structure of, 56
nutritive value of, 85
of the blood, Y1
Proteoses, definition of, 61
Prothrombin, 100
Protoplasm, properties of, 18, 19
Ptyalin, 37
action of, 6O

INDEX.,

Pulse, arterial, 107
cause of, 124
characters of, 124
dicrotic wave of, 125
speed of, 126
tension of, 124
volume of the heart, 110
Pupil, changes in, during accommoda-
tion, 208
Pupillary reflex to light, 210

EACTION of degeneration, 159
time, 201
Reduced reaction time, 201
Reflex action, simple, 173
path of, 173
time value of, 201
Reflexes in man, 175
latent period of, 176
spinal, 178
inhibition of, 178
reénforcement of, 178
summation of stimuli in, 176
vasomotor, origin of, 139
voluntary control of, 176
Refractory period of the heart, 116
Rennin, action of, on milk, 62, 67
|  of the kidueys, 62
Reproduction, asexual, 23, 229
definition of, 18
methods of, 229
of living matter, 23
sexual, 23, 26, 220
Residual air, definition of, 137
Respiration, associated movements of,
136
| definition of, 133
nervous mechanism of, 143
|  rhythm of, 136
| Respiratory eentres, 143, 187, 237
movements, daration of, 137
effect of, on blood pressure, 141
frequency of, 137
nerves, 143-145
pauses, 136
pressure, 134
quotient, 87, 138
sounds, 136
| Retinal images, inversion of, 219
| stimulation, after effects of, 214
' latent period of, 214
| Reversion to ancestral charvacters, 27
Rhythmie aectivities of the ecentral
nervous system, 197
of the heart, 113
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Rhythmic movements of the spleen, Semilunar valves, 108

Y|
Rigor ealoris, 163
mortis, 167
contracture of, 167

Sensation, common, definition of, 224

' Sense of touch, 225

Human' cortical areas, motor responses
frmt: 154

influence of nervous system on, Sex ulfuﬂ‘spring, determination of, 235

178
nature of changes in, 167
Running, 75

S.—".LI‘FA, composition of, 60
properties of, 60
source of, 35
uses of, 60
Salivary corpusecles, 60
glands, nerves of, 37
secretion, action of drugs on, 38
cerebral control of, 37
normal mechanism of, 38
Salts, calcium, uses of, 39
elimination of, 8%
inorganic, of the urine, 47
nuatritive value of, 58, 88
of iron, importance of, 89
Schenk’'s theory, 238
Sebaceous secretion, 48

Sexual characters, 230
elements, 230
reproduction, 23, 26, 229

Shivering, 150

Shock, nature of, 173

Sighing, 145

Singing, 145

Skatol, elimination of, 46

| Sleep, cause of, 197

condition of the pupils in, 198
effect of loss of, 198
on metabolism, 90
Smegma preputii, 48
Smell, 222

 Sneezing, 145

Sniffing, 146

Sobbing, 146

Sodium chloride, amount of, in the
urine, 47

S-umatlc death, 33

Secreting glands, histological changes Speaking, 145

in, 36, 37
Secretion, antilytie, 38

biliary, 40

circulatory factors in, 37

definition of, 34

gastrie, 39

intestinal, 41

mammary, 42

pancreatie, 40

paralytic, 33

salivary, 35
action of drugs on, 38
cerebral control of, 37

sebaceons, character of, 48
funetion of, 43

sweat, 47

thyroid, 50

urinary, 42

Secretions, general characteristies of, |
34, 85

Secretory nerves, mode of action of,

37, 38
of kidney, 42
of liver, 40
of pancreas, 40
of stomach, 39
of sweat glands, 48
Segmentation, 234

Specific gravity of urine, 44

Spectrum, 95, 96

Speech, dependence upon hearing, 203
elements of, 202

Speech-ventre, 203

Spermatids, 230

Spermatocyte, 230

| Spermatozoa, movements of, 230

[ Sphygmogram, 125

ph}*gmngrﬂph, 125
Spinal accessory nerve, 193
cord, degeneration uf from hemi-
section, 180
results of section of the, 187
weight of, 195

' Splanchnic nerves, gastrie fibres of, 39

influence of, on bile secretion, 40
on blood pressure, 119
Spleen, function of, 53
rhythmic movements of, 54
vasomotor nerves of, 54
Stairease contractions, 162
Standing, 78
Starch, chemical test for, 58, 240
digestion of, 60, 63
hydrolysis of, 58
Steapsin, 63
Stenson’s experiment, 159
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Stimulation of the cortex, 178
Stimuli, eclassification of, 28
definition of, 154
effect of changing intensity of, 155
varying strength of, 155
results of, on living matter, 28, 29
Stomach, absorption in, 81
glands of, 39
immunity of, to its own secretion, 67
innervation of, 72
movements of, 72
Strabismus, 210
Sueccus entericus, 64
ferments of, 64
Sucking, 146
Sugars, absorption of, in the intestines,
82
in the stomach, 81
chemieal tests for, 240 |
Supplemental air, definition of, 137 |
Suprarenal eapsules, 52 |
Suture, 77 !
Sympathetic nerves, cardiae fibres of,
116
postganglionie fibres, 176
preganglionic fibres, 176
secretory fibres, to panereas, 40
to salivary glands, 37
to stomach, 39 |
stimulation, effeet of, on heart, 117
Symphysis, 77
Syndesmosis, 77
Synovial fluid, 41
Syntonin, 61
Systole, auricular, 108
ventricular, 105

ACTILE areas of the skin, 225 !
Taste, nerves of, 223
organs of, 223
Taste-buds, 223
Taste-sensations, 223
Tears, 41
Temperature, effect of, on growth, 31
nerves, 226
postmortem rise of, 151
sense, 226
rariations of, 148
Tension of the blood gases, 139
Testes, internal secretion of, 52
Testicular extract, effect of, 53
Tetanus, analysis of, 164
secondary, 167
Thermo-aceelerator centres, 151
Thermogenesis, 150

INDEX.

Thermogenesis, mechanism of, 150
Thermo-inhibitory centres, 151
Thermolysis, 150

mechanism of, 151
Thermopile, 165

 Thermotactic centre, 187
 Thermotaxis, 150

Thirst, 227
Thiry-Vella fistula, 64
Thymus gland, 53
Thyroidectomy, 50
Thyroids, funetion of, 51
grafting of, 51
internal secretion of, 51
Tidal air, definition of, 137
Tissue proteid, 85
Tonus, muscular, in the insane, 177
reflex origin of, 176
Transfusion of blood, 102
Traube-Hering waves, 129
Trigeminal nerves, 189
Trommer's test, 240
Trophic nerves of the salivary glands,
38
Trypsin, 62
Tryptic digestion, products of, 62
value of, 62
Tyrosin, formation of, 62

REA, amount of, in the urine, 45
antecedents of, 45
elimination of, 44
formation of, in the liver, 58
origin of, in the body, 45
in the liver, 45
preparation of, from proteid, 45
presence of, in the sweat, 48
Uric acid, formation of, in the liver, 46
origin of, in birds, 46
Urine, acidity of, 44
constitnents of the, 45
estimation of solids, 44
secretion of, 43
specific gravity of, 44
Urobilin, 44

VAGUS, afferent fibres of the, 193
cardiac fibres of, 116
cffect on heart, 119
gastric branches of, 39-72
respiratory function of, 145
secretory fibres, to pancreas, 40
to stomach, 39
stimulative effect of, on heart,
116



INDEX, 205

Valves, auriculoventricular, 105
semilunar, 105-105

Valvule conniventes, value of, in ab-

sorption, 51

Vasoconstrictor nerves, definition of|

127
Vasodilator nerves, definition of, 127
Vasomotor centre, 157
medullary, 128
centres, spinal, 125
sympathetie, 128
nerves, 127
reflexes, origin of, 129
Vein, entrance of air into, 124
pulsation in, cause of, 110

renal, effect of compression on uri- |

nary secretion, 44
Venge Thebesii, 120
Venous pulse, respiratory, 123
Ventricular systole, duration of, 1058
Ventriloguism, 221
Vernix caseosa, 48

Vestibular root of auditory nerve, 192

Vision, binocular, 218
clearness of, 219
Visual purple, 212
Vital capacity of the lungs, 137
Yitreous humor, 207
Voice, 79
piteh of, 79

Voice, register of, 79
Voluntary reactions, afferent paths of,
178
Vomiting, 73
causes of, 73
| ecentres for, 73
nervous mechanism of, 73

| ALKING, 78
|.\V Wandering cells, definition of,

97

 Water, amount lost through lungs,
! 13%
| elimination of, 46

imbibition of, 88

nutritive value of, 88
Weber's law, 224
| Whispering, 79
|

' XANTHIN, 16
' Xantho-proteie reaction, 240

AWNING, 146
Young-Helmholtz theory of color
' _ wision, 215

OLLNER'S lines, 217
Zymogen granules, definition of,
37
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