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INTRODUCTION.

The study of physiology is far from being a complete science.
Since this subject deals with the structure and functions of living
organisms it becomes much more difficult to measure and express
our results in numbers than in such sciences as physics and chem-
istry, and until we are able to do this physiology will continue to
be the results of theoretical speculation rather than a definite
science. This, however, is wholly different from saying that
there is nothing definitely known relative to the funections of
living structures, for on the other hand we are greatly indebted
to the many research workers and clinical investigators who have
so earnestly and conscientiously solved many problems along
these lines. The ultimate purpose of the development of physi-
ology into a definite science should be that of gaining such informa-
tion of living organisms that physicians may be able to treat
human ailments intelligently. Other purposes, such as the addi-
tion of general scientific information to other sciences, is of course
a justifiable one, but it seems that this should be a secondary
consideration. Research workers in physiology must, however,
proceed along strictly scientific lines and not allow themselves
to be biased, but must follow the results of their findings regard-
less as to where they may lead.

Work in physiological research has for the most part been
done by instructors and assistants in medical colleges, and they
have devoted much of their time to research work pertaining
especially to drug therapy. During more recent years, since
the endowed universities have taken up original scientific research
in physiology, the work on this subject as well as in other branches
has been more general.

In medical as well as other sciences it is generally true that
the science follows the art of practice. In medical practice this
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8 PHYSIOLOGY ©

is especially true except that the results of scientific research—the
science—has failed to confirm the methods of practice.

Osteopathy is a comparatively new system of practice, hav-
ing existed for only about twenty years, and yet much valuable
research work has already been done along new and wholly differ-
ent lines. We believe that no other school of practice has done
as much original scientific investigation pertaining to the theories
of its methods of treatment according to the length of time it has
existed, and I am sure that no other school has been more success-
ful in confirming its theories by the results of its research. That
the osteopathic theory is fundamentally scientific no one who has
kept up with the results of its growth, research, and practice can
doubt. The original plan and the fundamental principles of
osteopathy were given by Dr. Andrew Taylor Still, a man particu-
larly adapted to research and original investigation and who now,
in his eighty-fifth year, is still an active student. Dr. Still has
been a frequent and most welcome visitor in my classes at the
American School of Osteopathy, and I am very greatly indebted
to him for much valuable information received along osteopathie
lines.

Because the science of physiology is so broad, and because
it involves so many different phases of the organic and inorganie
sciences, no one individual can ever hope to obtain a thorough
knowledge of the entire subject. I, therefore, frankly admit
my inability to write a book on the subject without the aid of
those whose original investigation and experience have been much
more far reaching than my own. In the preparation of this book
I admit frequent reference to the best modern authorities in
general physiology, such as Starling, Howell, Stewart, Sherring-
ton, Luciani, Landois, Schafer, and many others. For principles
of physiology pertaining especially to osteopathy I have con-
sulted the writings of Burns, McConnell, Whiting, R. K. Smith,
Hulett, Hazard, Farmer, Tasker, and others. That these authori-
ties might receive due credit I have frequently quoted from their
most recent publications.

In order that this book might be thoroughly reliable, so far
as the part on general physiology is concerned, I have referred to
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and quoted from only the best authorities on this subject, using
only most recent editions of their books. In order that the
part pertaining to the osteopathic principles of physiology might
be reliable I have asked assistance from our foremost research
workers along these lines,

Osteopathy is a system of healing which considers the funda-
mental relations of structure to function and the co-ordinative
functions of all body structures acting together as a unit. The
workers in general physiology, it seems to me, do not give these
problems due consideration and the osteopathic student cannot,
therefore, get sufficient understanding of the subject from a study
of the general text-books. This book has been prepared for the
purpose of meeting this demand. It is offered only as a contri-
bution to the general subject of physiology, as a special contri-
bution to osteopathic literature, and is not intended to revise the
whole trend of physiological or osteopathic thought. No attempt
has been made to conform to the theoretical conventionalities
so common to the general texts on physiology, but on the other
hand the authors have endeavored to make the book thoroughly
osteopathic because it is written for the use of osteopathic stu-
dents and physicians. The book has been arranged in two parts,
the first giving the principles of general physiology, omitting as
much as possible of the seemingly unnecessary theory, the second
giving the results of original osteopathic research. I am very
deeply indebted to Drs. MeConnell, Burns, and Whiting for the
excellent summaries of their research work, and to Dr. Millard
for the drawings which he has prepared and from which all the
colored plates have been made. I feel highly sensible of my deep
obligation to these doctors, because without their assistance the
book could not have been prepared, and I trust that the plan
of co-operation will be continued and that it may result in the
development of much valuable osteopathic literature in the future.
I am also indebted to the editors of the Journal of the American
Osteopathic Association, the Herald of Osteopathy, and the
Journal of Osteopathy for allowing me the use of some of their
colored plates, and to the C. H. Stoelting Company for the use
of a few of their cuts.



STRUCTURE AND FUNCTION.

The existence of all living organisms is dependent upon the
intimate relations which exist between the various component
parts or structures of the organism and the work or functions which
these structures have to perform.

In primary physiology we are taught that “man is a ma-
chine” and that his various working parts hawve their specific
kind of work or functions to perform and that, failing in this, a
perversion of funection results and this failure of the normal fune-
tion means disease. The study of the fundamental relations of
structure to function should then be the aim of every student of
physiology.

By the term structure is meant the body framework, its
organs and other constituent parts. The term body tissue is
applied to a structural part of the body consisting of an aggre-
gation of similar cells having a similar function or similar functions,
e. g., bone, which forms the frame work; cartilage, which pads
the joints and allows movement without wear; muscle, the contrac-
tion of which causes movement of the body levers, the bones;
and nerve tissue, which is the body messenger and serves to con-
nect the various structures in their functional relations and to
regulate these functions. It will, of course, be left for the histolo-
gist to explain the minute or microscopic structure of the various
tissues. :

Relations of Structure to Function.—Function may be
defined as the specific work of an organ or tissue of the body. An
organ is a specialized structure whose function is some special
kind of work. In order that any tissue or organ may perform its
normal function it must itself be normal in its development, its
growth, its cellular composition, and in its structural relations with
other organs. The last of these requirements is probably most
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essential because, if the structural relations are right, normal
development, growth, ete., will follow.

If, on the other hand, any abnormal structural relations exist
these may affect the blood or nerve supply or in some other way
interfere with its development, growth, or the functional activi-
ties of its component cells, thus affecting the functions of the
organ. It is well known that the functions of any individual
structure depend not only on its own normal structural relations,
but to some extent upon the functional activities of other struet-
ures. If the heart, for example, fails to pump the necessary
amount of blood to any certain organ or if the nerve supply for
any reason is insufficient, thus rendering the regulation of its
funectional activities abnormal, that structure fails to perform its
normal kind or amount of work, Since the various organs of the
body bear certain functional relationships to each other, any per-
version of the functions of one structure may materially interfere
with the functions of other structures, and thus we have an example
of the unity of body structures and their functions.

This dependence of funection upon structure may again be
compared to the working of a machine. If at any time a certain
mechanism fails in its proper adjustment the work of that part is
impaired or lost, and in most cases the entire machine is value-
less until this one part is repaired.

Structure Depends upon Function.—In the above para-
graphs it has been shown that normal function depends upon
normal structure and now we must state the converse, viz., that
normal structure is dependent upon normal function, which is also
true. To illustrate we may use the example of the blacksmith’s
arm to show how cultivation of the function tends to develop
and normalize structure, or on the other hand how, when one
fails to take the necessary amount of exercise, his muscles atrophy
and become weak. In future chapters the more complicated and
intricate relations will be discussed which show these same prin-
ciples.

Certain laws of physics apply also to the body as well as to
other mechanisms. The laws of conservation and transformation
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of energy, for example, hold good for the animal machine. The
source of energy is the food and air used as fuel. It may be trans-
formed, transferred, or lost, but cannot be created within the body.
The efficiency of the body machine is much greater than that of
other machines, but here again the efficiency depends upon the
degree of perfection of its structural relations.

Body Repalr.—The body machine has one marked advan-
tage over other machines and that is that it maintains its own
repair shop. Certain cellular elements of the body, the red blood
corpuscles, serve to replenish the various tissues with oxygen and
the blood in this and other ways repairs tissue as it wears and also
furnishes material for energy to its muscles and other working
organs. The blood also carries other cells, the white blood cor-
puscles, which may be called scavenger cells, whose function is to
carry away waste and protect against the invasion of bacteria, ete.

From the above paragraphs it may be seen that the body is an
automatic machine in that it repairs its own wear and regulates its
own work. Normal structure and structural relations mean
normal funetions and this stated in the converse, viz., that normal
function cannot result from abnormal relations, is the osteopathic
theory of disease. Just so long as normal struetural and fune-
tional relations of the body machine are normal the individual will
show evidence of that phenomenon which we call life.

Physlology may be defined as that branch of science which
treats of the various changes and processes oceuring in the animal
organism during life.

Physiological changes are those changes, whether physical
or chemical in nature, which occur in the normal living body.
The term metabolism is generally attached to these changes and
usually applies to physiological chemical changes which oecur in
the various tissues. Metabolism may be either constructive, a
building or forming process, anabolism, or it may be destructive,
a breaking-down process, catabolism. Changes anabolic in nature
occur in tissue building, cell formation, ete., in which protein
material from the foodstuffs, for example, is built into living tissue
substance; and changes catabolic in nature occur in the destructive
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oxidation processes of certain foods, carbohydrates, fats, ete.,
the result of which is the liberation of heat and other forms of
energy which yield power to do work.

These changes occur in all living organisms, animals and
plants, and are necessary for the life processes of the organisms.
In the lower forms of life, such as the amceba, all necessary life
processes can be effected in the one simple cell of which the animal
consists.

There are certain essential functions necessary to the life of
every living animal, regardless of its scale of development. These
are known as the essential physiological functions of protoplasm.
They are metabolism, which has been defined ; movement, by virtue
of which animals are enabled to move or change their environ-
mental conditions, which in case of the lowest forms consists of an
amacboid movement, by means of which the animal may adjust
its body to new food supplies, ete.; the third function is growth, a
process of continued constructive metabolism; fourth, reproduc-
tion, the process by means of which the animal reproduces its
kind; the fifth, irritability, or the quality of responding to a stim-
ulus. A sixth is sometimes given, which is a specific one and refers
to some function of a specialized or highly differentiated structure.

In the higher forms of life these various functions are per-
formed by organs highly differentiated and adapted for the per-
formanece of some one or more special functions. Movement in
the higher forms, for example, is effected by the musculature,
irritability by the system of nerves, ete. This differentiation
of structures for the purpose of performing these special and sepa-
rate functions enables the higher animals to do work and per-
form the various life processes much more perfectly, and con-
stitutes a plan of physiological division of labor.

The Cell Theory.—FEarly in the eighteenth century the
theory was advanced by Schleiden and Schwann, supported by
other observers, that the cell constituted the histological basis
of all animal structure. Since that time various workers in the
biological sciences have developed this idea into a very explana-
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tory theory of all life processes, the main prineiples of which are
discussed in the following paragraphs:

1. The cell constitutes the anatomical and physiological
unit of the organism, and the life processes of the individual
organism are determined by the nature of the various cells which
compose it.

2. Anatomically the various cells have undergone various
processes of differentiating changes during the phylogenetic evo-
lution of the organism, and now in the higher forms of life these
specially differentiated structures which have resulted have the
power of performing specialized functions according to the nature
of the structure.

3. The cell is to the organ as the organ is to the body; that
is, the funectional activities of the organ depend upon the nature
of the cells which compose it, just the same as the functional ac-
tivities of the body as a whole depend upon the nature of its
various organs.

4, The unity of functional relationships of the body as a
whole depends upon the completeness of the functional activities
of its various organs, and in turn the unity of function of the
organ depends upon the functional activities of its various cells.

5. Every cell in the organ bears a certain functional rela-
tionship to every other cell of that structure, every organ of the
body bears certain functional relations to every other organ, and
the maximum of perfection of the various functions of all cells
and organs renders to the body as a whole the sum total of per-
fect functional activity or health.

6. By the physiological division of labor, then, all of the
various structures have special functions to perform, and any
one of these failing in its function may cause an unequal balance
or perversion of function and the result is disease.

Since normal funetion can be effected only by normal
structure and since also normal structural relations must exist
in all tissues, because of the inter-relations existing between the
various structures, any perversion of structure may and usually
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will result in abnormal function, and this iz the osteopathic
theory of health and disease.

General physiology is that branch of science which treats
of the various funetions of the living animal. Special physiology
iz a branch of general physiology which teaches the special functions
of some specialized structure or structures. Human physiology
refers to those physiological changes oecurring in the human body.
Cellular physiology refers to those physiological changes occurring
in the cell. Osteopathic physiology is that branch of general
physiology which considers especially the relations of structure
and funection and the unity of these combined functions.
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PART I

PRINCIPLES OF GENERAL AND OSTEO-
PATHIC PHYSIOLOGY.

CHAPTER 1.

BODY FLUIDS.

In the lower forms of life the food of the single-celled animals
is contained in the fluids in which they live, and likewise the body
excreta of these simple forms is thrown off into and carried away
by these fluids. The animal only needs to move a short distance
to bring itself into relation with new food supplies in its surround-
ing medium. As the animal body becomes more complex in the
higher forms of life this method of supplying its cells with food and
relieving them of their wastes becomes impossible, and there origi-
nates a demand for a new structural system for supplying this
function, and the demand is supplied by the blood-vascular system.
This system, which consists of closed tubes in which the body fluids
circulate, serves the functions of carrying food supplies to the va
rious tissues, removing the waste products of cell metabolism, and
other funetions to be discussed later. These fluids consist of blood
and lympb and the serums from these fluids, which are found in the
various extravascular spaces in the body, In case of the blood,
it is first pumped from the heart through the arteries and into
the thin-walled capillaries, where it comes in almost direct con-
tact with the cells of the various tissues. Here certain contents
of the blood are given up to these tissues and certain wastes from
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the tissue cells are emptied back into the blood stream. In some
instances, as in the case of those vessels which supply the intes-
tinal tract, food materials are taken up by the blood and carried
to other tissues where they are needed or carried to some store-
house, as in case of the liver, and kept for future use. After the
blood leaves the capillaries it passes into the veins and is carried
back to the heart to begin its circulation anew.

Not all of the tissue wastes are emptied back into the blood
stream. Some go by another route, the lymphb channels. The
lymph vessels are small, thin-walled tubes contaming valves to
prevent back-flow, and serving the function of carrying the extra-
vaseular fluids back to the veins.

BLOOD.

General Properties.—Blood has an average specific gravity
of 1.055, varying under certain conditions within very narrow
limits. The specific gravity of blood is best determined by com-
paring with liquids of known density. A mixture of chloroform
and benzol may be so prepared that the solution has a specific
gravity of 1.055. A drop of fresh blood is allowed to fall into this
solution. If it sinks it is known to be heavier, and if it floats on
the surface it is known to be lighter than the test fluid. There
are certain instruments sometimes used for this purpose, but
they are not of any great value in practical determinations.
The specific gravity of the blood varies slightly with age, sex,
time of day (being slightly higher at night), ete., but this is of no
practical consideration. Blood is normally neutral in reaction
when tested with phenolpthalein as an indicator, but may be
slightly alkaline when tested with litmus.

The color of blood varies from that of secarlet in the arteries
to pucplish in the veins. The presence of oxyhemoglobin in arte-
rial blood gives the scarlet color, and the intensity of the color
varies with the amount of oxyhemoglobin. The oxygen of the
hemoglobin is given up to the tissues as the blood passes through
the capillaries; thus the change of color in the veins.
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CONSTITUENTS OF BLOOD.

Plasma is the liquid portion of the blood in which the cor-
puscles float. Its specific gravity varies from 1.026 to 1.030.
Serum is the liquid portion of the blood after coagulation, and
represents the plasma minus fibrinogen. The clot consists of
corpuscles and fibmin. Stewart compares these as follows:

Plasma + fibrin (ogen) = serum.

Corpuscles + fibrin = clot

Plasma <+ corpuscles = serum + clot = blood.

Red Blood Corpuscles.—The red blood corpuscles or
erythrocytes are dizcal, biconcave bodies, 7.5 miecra in diameter,
2.5 micra in thickness at the periphery, and from 1 to 2 micra
thick at their mid-portion. The normal number of erythrocytes
for the adult male is 5,000,000 per cubic millimeter and for females
4 500,000 per cubic millimeter.

Physiological Varlation in Number.—The number of
red corpuscles varies with certain conditions, as follows: 1. The
number varies inversely with age, i. e., the greatest number being
found in the feetus and gradually decreasing during the life of the
individual; 2. the number is decreased in females, being about
4,500,000 per cubic millimeter; 3. the number is decreased after
meals; 4. the number is slightly increased during menstruation,
and 5. is diminished during pregnancy; 6. the number is in-
creased in those living in high altitudes, and in those going from
low to high altitudes the number may be increased to as many as
7,000,000 or 8,000,000 and the change oceurs quickly, being noted
within a few (twelve to forty-eight) hours. This change seems to
oceur in answer to a demand of funetion, there being a call on the
system for a greater oxygen-carrying power, due to the lessened
amount of oxygen in the air.

The function of erythroeytes is to carry oxygen from the
lungs where it is taken from the inspired air, and to carry it to the
cells of the various tissues. The oxygen is carried by means of
the hemoglobin contained in the corpuscles. FErythroeytes con-
sist of stroma, which is the structural part; certain salts, such as
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lecithin and cholesterin; water, and hemoglobin, the latter being
its chief functional constituent. The hemoglobin constitutes
about 329 by weight of the erythroeyte, and 909 of the total
solids. It is not known how the hemoglobin is held in the corpuscle,
but it is believed to be held in some way by the stroma. Whether
the lecithin or cholesterin take any part in the specific functions
of the corpuscles is not known. According to Starling the
red blood corpuscles constitute about 509 of the total mass of
the blood. These small bodies are flexible and elastic, and readily
return to their original form when distorted by pressure. The
size and shape of the corpuscles vary with different animals. In
nearly all mammals they have the shape described above. In
vertebrates below the mammals and other animals still lower in
the scale of development the red corpuscles are nucleated and
biconvex, but normally they have no nuclei in the human. In
camels they resemble the human type, but are oval instead of
circular. During the first few weeks of feetal life; after the loss
of a quantity of blood by hemorrhage; in certain blood diseases,
and before they are passed into the blood stream from their source
of formation, the red blood corpuscles of the human may be found
to contain nuclei. Nucleated red blood eorpuscles or normoblasts
are never found in normal blood of the normal human individual
after birth. The total surface area of all of the blood corpuscles
of the blood is about ‘1500 times the surface of the body
itself” (Starling). This fact shows the great oxygen-carrying
capacity of these corpuseles.

Red blood corpuscles are continually being formed from
erythroblasts, the forerunners of the red blood corpuscles contained
in the red bone marrow of the epiphyses, and after the develop-
ment is complete and they have lost their nuclei they are taken up
by the blood stream and carried through the circulatory system.
In the bone marrow, where the vessels are dilated and the capil-
laries are very thin-walled, these small bodies may easily enter
the vessels. The red bone marrow is the chief and possibly the
only hematopoietic (blood-forming) structure in the adult, but
the liver and spleen are generally considered as embryonic hema-
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topoietic structures, having to do with the formation of the red
blood ecells during early embryonic and feetal life.

Erythrocytes are constantly undergoing degeneration. It is
not known how long they exist in the blood stream as funectional
structures. The products of disintegration as they degenerate
are probably taken up and carried away by the leucocytes. In
the spleen and in the hemolymph glands eertain large phagoeytic
cells may be found which often contain ingested parts of disinte-
grated erythrocytes, and it is generally supposed that these struet-
ures have something to do with the fate of the useless red blood
cells. The hemoglobin of the red corpuscles is taken up by the
liver cells and excreted in the bile.

HEMOGLOBIN.

Chemically, hemoglobin is a complex protein consisting of
carbon, hydrogen, nitrogen, oxygen, sulphur, and iron. The
molecular formula has not been positively determined, but it is
known that the molecule is very large. Hemoglobin may be readily
broken down by the action of heat or by the addition of alkalis
or acids, forming two ecompounds, hematin and globin, and other
undetermined substances. The globin constitutes the greater
part of the molecule (about 909;) and the hematin constitutes a
much smaller part (about 49;) of the molecule. If hemoglobin
be decomposed in the absence of oxygen the products are hemo-
chromogen and globin instead of hematin and globin.

Hemoglobin forms an important constituent of the blood
of all vertebrate and many invertebrate animals, and its function,
as already stated, is that of carrying oxygen. Hemoglobin con-
stitutes about 1497 by weight of human blood, i. e., 100 grams of
blood would contain 14 grams of hemoglobin. “It is estimated
that in the blood of a man weighing 68 kilograms there are con-
tained about 500 to 700 grams of hemoglobin, which is distrib-
uted among some 25,000,000,000,000 of corpuscles, giving a total
superficial area of about 3200 square meters.” (Howell.) From
this statement and the discussion above relative to the surface area
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of the red corpuscles, it may be seen that a very great area 1s
exposed for the purpose of absorption of oxygen in the lung area
and the distribution of oxygen to the tissues.

Hemoglobin Compounds.—In the lungs hemoglobin read-
ily unites with oxygen from the inspired air, forming a definite
chemical compound, oxyhemoglobin. This gives to blood its
characteristic scarlet color. It may be shown experimentally
by passing air through freshly drawn venous blood that the color
may be made to change to scarlet. It is probable that each mole-
cule of hemoglobin unites with one molecule of oxygen in the
formation of oxyhemoglobin. The compound thus formed is
not a stable one, but liberates the oxygen readily when in relation
with tissues whose cells are in need of oxygen. The advantage of
such a weak combination may readily be seen, for if the oxygen
united in such a way as to form a stable compound, the oxygen
could not easily be separated for the supply of tissue cells.

With many other substances such as carbon monoxide, oxides
of nitrogen, ete., hemoglobin forms stable compounds, one mole-
cule of the hemoglobin uniting with one molecule of earbon mon-
oxide. Because of the formation of this stable compound and be-
cause the hemoglobin is thus rendered unable to unite with oxygen
for the purpose of carrying it to tissue cells, the carbon monoxide
causes asphyxia or suffocation for the lack of oxygen. Asphyxia
from gas is due to this cause, the carbon monoxide of the gas
rendering the corpuscles unable to carry oxygen.

Iron forms an important constituent of hemoglobin, and
while it is present in small quantities (about .33%) this amount 1s
so constant that an estimation of hemoglobin may be made by
determining the amount of iron. The funetion of iron is that of
assisting the hemoglobin in combining with oxygen.

Hemoglobin of the blood may be estimated quantitatively
by certain instruments (hemoglobinometers), but these are not
so practical as the colorimetric method, which is done by com-
paring the color of a blood stain made by placing a drop of freshly
drawn blood upon a piece of absorbent paper and comparing this
with certain standard colors, the percentages of which are marked
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on the scale. The Tallgvist scale is the one most ecommonly used
in clinical work,

Hemoglobin Crystals.—By adding a few drops of ether to
freshly drawn blood contained in a test tube and shaking the
mixture until the blood is hemolized and then quickly cooling with
ice, the crystals may be deposited. The crystals may be observed
by placing some of the sediment on a slide and examining with
the microscope. Oxyhemoglobin and hemoglobin both readily
crystallize and the forms of the crystals are characteristic of the
species, 1. e., the form, shape, and size of the erystals vary in differ-
ent animals. The difference in the form of the erystals is prob-
ably due to some difference in the molecular arrangement of the
hemoglobin of the particular species from which it comes.

Hemolysis.—The process of separation of the hemoglobin
from the red corpuscle so that it may pass into solution in the
plasma is known as hemolysis. Blood when so changed is known
as hemolyzed or laky blood, and substances which have the power
of producing a hemolysis are known as hemolytic agents, e. g.,
bile salts, chloroform, aleohol, ether, various alkaline salts, ete.
A great many substances may act as hemolytic agents when brought
into the presence of normal blood. Anything which diminishes
the osmotic pressure of the plasma, such as the addition of an ex-
cess of water, will cause hemolysis. For this reason when it is
necessary to inject liquid into the system, a solution of 997 sodium
chloride (physiological normal salt solution) is used. It may be
that the cause of hemolysis in case of reduction of osmotic pressure
by the addition of hypotonie solutions is the comparatively in-
creased pressure within the eorpusecle, causing it to rupture and
discharge its contained hemoglobin. Whether the above explana-
tion is correct for the cause of hemolysis in case of dilution or re-
duction of the density of the plasma has not been shown, but that
hemolysis may be effected in other ways is evident. There are
many toxic substances, such as snake venom, products of bacterial
action, or certain contents of sera of other animals, that may
cause hemolysis when injected into the animal or by tests made
upon drawn blood in very small-quantities, in which case the re-
duction of the plasma could play no part.
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Hemolysins.—The term hemolysin is applied to those sub-
stances produced by tissues of the body and contained in the body
fluids, whose function is that of reacting against blood of other
animals causing hemolysis of the corpusecles. The first valuable
work along this line, according to MeFarland, was the researches
of “Belfante and Carboune” who “showed that if horses were
injected with red corpuscles of rabbits, the serum thereafter ob-
tained from the horses would be toxic for rabbits.” Many other
workers have shown other similar reactions. Bordet has shown
that guinea pigs, after having been injected several times with
from three to five cubie centimeters of defibrinated rabbit’s blood,
developed something in their serum which had the power of
hemolyzing rabbit’s blood. Ehrlich and others have since shown
that there are certain substances produced by the tissues of one
animal, when injected with blood from another, which gives to
the blood of the first animal the power of effecting this chemico-
physiologieal change in the corpuscles of the second animal. These
substances (amboceptors) which are one elass of antibodies, are
not normally present in blood in sufficient quantity to produce any
marked effect, but their formation may be increased by the pres-
ence of some toxic substance in the blood known as antigen. When,
then, the amboceptor substance is formed in sufficient quantity,
it may unite with another substance (complement) which is found
normally present in blood, and these two then unite with the
corpuscle, causing hemolysis. The reaction may be represented
diagrammatically as follows:

r L L2 > > 8

letting 1 represent the blood corpuscle; 2 the amboceptor and 3
the complement. When 2 is produced in sufficient quantity to
cause the union of 1 and 3 as

I € 2 > 3

the result would be hemolysis of the red blood corpuscles.
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White Blood Corpuscles — Leucocytes. — These blood
corpuscles differ from the erythrocytes in many respects both in
morphology and fupction. Leucocytes are living body cells in
every way. They have one or more nuclel, which may be seen
under the microscope if acetic acid be added or proper stains are
used. They vary in number from 5,000 to 7,000 per cubic m. m.
in human blood and vary in size from five to fifteen micra in diam-
eter. Slight normal variations in the number of leucocytez may
occur from exercise, digestive changes, pregnancy, ete., and ab-
normal variations occur in certain disease conditions. Any
marked increase in the leucocyte count is known as leucocytosis
and commonly occurs in the acute infectious fevers, in which the
number may be mmcreased to 30,000 or 40,000. Any marked
decrease in the normal number is known as leucopenia and ocecurs
in certain blood diseases, the anemias, and in some other condi-
tions.

Classification.—Many different methods of classification
of leucocytes have been used, but most physiologists now prefer
the system as used by Ehrlich and Engel, who classify all white or
colorless blood cells into two general divisions and these into
subdivisions, as shown by the following table.

1' Lymphocytes.
12 General characteristics:
1° Possessed with only slight ameeboid movement, prob-
ably not motile.
2% Have no granules.
32 Originate from lymph glands and lymphoid tissue.
2% Classes:
12 Small.
1* Characteristies:

1° Large, symmetrical nucleus, located in center
of cell.

2° About 7.5 micra in diameter.

3° Proportionately small amount of eytoplasm,
not granular.

4% Constitute from 209, to 259, of the total
number of white corpuscles.
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23 Large.
1* Characteristics:

1° Nucleus not centrally located, smaller in
proportion to cell.

2% Size, from 15 to 20 micra in diameter.

3° Proportionately larger amount of cytoplasm,
not granular.

4% Constitute about 19 of the total number of
white blood cells,

2! Leucocytes.
12 General Characteristics:
1* Marked power of ameboid movement.
2° Granules present in cytoplasm.
3? Originate from yellow hone marrow.
2? Classes.
1* Transitional forms.
1* Characteristies:

1° One large, lobulated nucleus.

2° Size, 12 to 15 micra.

3% Proportionately large amount of granular
cytoplasm. Granules stain with neutral
dyes and are therefore called neutrophilic
graniles.

4° Constitute from 39 to 109 of total number
of white cells.

5° These cells are thought to represent a trans-
itional stage between the large lympho-
cytes, but this is not positively established.

2% Polymorphonuclear forms.
1* Characteristics:

1° Nucleus segmented into distinct lobes.

2° Size, 10 to 12 micra (Stewart).

3° Cytoplasm granules and stain with neutral
dyes.

4* Constitute from 609, to 759, of the total
number of white cells.
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5° These cells are very motile and highly
phagocytic.

6° Eosinophiles or eosinophilic leucocytes, a
sub-group of the polynuclears, are similar
to the above, differing in that they have
larger granules, which stain with eosin,
Size, 12 to 15 micra in diameter (Stewart).

3% Mast Cells,
1* Characteristies:

1° This group differs from the polynuclear in
that their granules stain with the basie
dyes. They constitute Jess than 19 of
total number of white cells. The baso-
philes are about 10 micra in diameter.
(Stewart),

Functions of Leucocytes.—Leucocytes may be called the
wandering cells of the body. They have the property of being
able to pass through the capillary walls and in this Wway come in
immediate contact with the various tissue cells. Because of this
ability those which are possessed with the greatest ameboid move-
ment may work their way to any tissue, where, in case of inflam-
mation, they are attracted to the part probably by a specific
attraction known as chemotaxis.

1. These cells have the property of ingesting foreign sub-
stances and by this phagoeytic action serve to destroy bacteria,
products of tissue disintegration, etc., and may be properly called
the scavengers of the body. This property of phagoeytosis, which
was discovered principally by the researches of Metschnikoff
(1892) has been shown to be a method of body protection against
invading bacteria. These cells also have the property of secreting
certain substances known as bacteriolysins, which are both bac-
tericidal and antiseptic to toxins of bacteria. The recent re-
searches of Wright have shown that the leucocytes depend for
their phagocytic activity upon other substances known as opsonins
(taken from opsowo, and meaning “I prepare food for”). It
may be thought of as a kind of bacterial sauce, in that it sensitizes
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the bacteria and renders them more easily ingested by the leu-
cocytes. There are many other such substances formed in the
body by various structures, which protect in various ways against
various kinds of poisonous substances in the blood and other body
fluids. It has been shown that, if an animal is experimentally
inoculated with a small quantity of bacteria the formation of these
antibodies is increased, and that, if the inoculation be repeated
several times, the antibodies in the body fluids will continue to be
increased until a condition of immunity or complete resistance i3
established. This is another example of a physiological response
to a demand for a function or a method of development of a pro-
tective adaptation, and is known as a ““biological reaction.”

2. Leucocytes take part in blood coagulation, as will be dis-
cussed later,

3. By their constant disintegration and dissolution in the
blood stream they assist in maintaining the normal protein com-
position of the blood.

4. They probably aid in the absorption of fats in the in-
testine, and they assist in some way in the absorption of peptones.

Blood Plates.—These small bodies present in blood vary in
size from particles so small that they can searcely be detected with
the microscope to about five microns in diameter. They are
usually eircular in form and homogeneous in appearance. These
bodies readily disintegrate when removed from the blood. There
is so little known about these bodies as regards their origin, fune-
tion, or relation to other blood elements, that little can be said.
They probably take part in the process of coagulation by forming
prothrombin, as will be discussed under that subject. It is not
known whether they are distinet cells, maintaining a separate
and independent existence, or whether they represent disintegra-
ion products of the blood cells. The probable normal number of
blood plates is about 300,000 per cubic m. m., which is said to be
markedly reduced in disease affecting other blood corpuscles.



CHAPTER II.

CHEMICAL PROPERTIES OF BLOOD.

Because of the relation of the blood to the body and its fune-
tions in supplying tissue with good material and relieving the cells
of their waste, it may readily be seen that the blood will necessarily
contain a great variety of chemical constituents. The chief
constituents of blood are water, oxygen, carbon dioxide and ni-
trogen m various forms.

The following table taken from Howell gives Abderhalden’s
results of quantitative chemical analysis of blood:

1000 Parts, by 1000 Parts, by 1000 Parts, by
Weight, of Blood Woeight, of S8erum Weight, of Corpus-

Contain Contain elas Contain

Water 810.05 023 .08 644 .26
Rolids 189.95 76.02 355.75
Hemoglobin 133.4 ... 327 .52
Protein 39 .68 6G0.14 9.918
Sugar 1.09 1.82
Cholesterin 1.298 0,708 2.155
Lecithin 2.0572 1.699 2. 568
Fat 0.631 1.051
Fatty acids 0.759 1,221 0.088
Phosphoric acid:

as nuclein 0.054 0.016 0.110
Naz0) 3.675 4,263 2.821
K0 0.251 0.226 0. 280
Fez(y 0.641 ... .. 1.573
Cal) 0.062 0.113
MgO 0.052 0. 040 0.071
Cl 2,935 4.023 1.352
P05 0. 809 0.2432 1.635
Inorganie: P:0s 0.576 0.080 1.208

Blood Preteins.—Three proteins are present in blood, viz.,
fibrinogen, serum-globulin or paraglobulin, and serum albumin.

The chemical properties of these proteins may be found dis-
cussed in texts on physiological chemistry. Their functions only
will be given here.
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Fibrinogen is always present in blood and lvmph, but only
in small quantities (.29 to .49;). Since this protein takes an ac-
tive part in the process of coagulation, entering into the formation
of fibrin, it is not found in the serum. The functions of fibrinogen
other than its property of assisting in blood coagulation are not
definitely known. The origin of this proteinis also unknown,
but there is some reason to believe it may be formed in the liver.

Serum-globulin is a normal constituent of blood, lymph, and
in all body exudates, normal or pathologiclal. Paraglobulin is
present in human blood plasma in quantities varying from 39, to
3.597, and is also present in blood serum in even greater quantities.
The source of this protein is also not well understood. It comes
either from the absorbed proteins from the digestive tract or the
disintegration of leucocytes.

Serum-albumin like serum-globulin is present in blood,
lymph, extravascular lymph, and all exudates, normal or path-
ological. Human blood contains from 39 to 59 of this protein.
It originates from the digested proteins of the intestinal tract,
after a series of complex changes from peptones, protecses, etc.
Serum-albumin is probably the chief funetional protein in tissue
building.

BLOOD COAGULATION.

If blood is allowed to escape from the vessels a change is
noted in a short time, characterized by the formation of a solid
mass from which a straw-colored fluid, the serum, is expressed by
contraction of the solid mass or clot. This process is known as
coagulation. The clot consists of fibrin and red and non-motile
leucoeytes. The fibrin is formed from fibrinogen of blood plasma.
If freshly drawn blood be whipped rapidly with twigs or a glass
rod the fibrin is deposited on the rod, thus preventing clotting.
The remaining serum (whipped blood) contains the corpuscles,
and if entirely defibrinated will not coagulate. The process of
coagulation may be observed under the microscope by placing a
drop of fresh blood on a glass slide and covering it with a cover
slip or by making a hanging-drop preparation. After some minutes
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a careful examination will reveal the minute fibrin threads among
the corpuscles.

Coagulation—How Caused.—A great many theories of
blood coagulation have been advanced, but it is considered best
to leave these to the history of physiology rather than expect the
student to learn them now. The process of clotting is caused by
fibrin, which results from the action of thrombin upon fibrinogen.
The various theories are concerned with the explanation of how
this change is effected. The modern theory explains this by stat-
ing that there is a substance (prothrombin) in the blood, which
results from the degeneration of leucocytes and blood plates.
This prothrombin, by the action of calcium salts, is changed to
thrombin and the thrombin reacts with fibrinogen, forming fibrin.
The fibrin produces the clot as stated above, and the degenera-
tion of this clotted material continues to form more prothrombin,
and thus the process is continued.

By some authorities it is believed that the thrombin is present
in the blood in an inactive form known as thrombogen, and that
this must be changed to an active form by the action of ealcium
salts and an organic substance supposed to be thrombokinase.
This kinase is supposed to be produced by certain tissue cells and
cellular elements of the blood and a necessary factor in blood
coagulation. It is assumed that in case of injury ecausing bleeding
on exposure the blood cells and plates and possibly the injured
tissues produce thrombokinase, which in association with the cal-
cium salts causes coagulation, as explained above. Thrombokinase
has never been isolated nor has it ever been demonstrated that an
organic kinase is necessary in addition to the caleium for the
activation of the disintegrated cellular elements, the prothrombin.
Howell and his co-workers have explained that activation of
prothrombin is not necessary, and that the blood is kept liquid in
the vessels by the action of a substance known as antithrombin,
which prevents the calcium from (activating) changing the pro-
thrombin to thrombin. They assume that when blood is shed or
tissue is injured another substance is produced which neutralizes
the antithrombin, and the process of formation of thrombin and
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fibrin continues as explained above. The following diagram serves
to illustrate the general plan of blood coagulation:

Fibrinogen
Normally present in blood Cellular elements which result from the
disintegration of leucocytes, blood plates,
ete., form
Prothrombin (throbogen).
| Prothrombin plus caleium salts and possibly
| some unknown substance forms
R ‘J./
Fibrinogen. ........... plus. .....oooiiuint Thrombin
.-—u—-—} Fibrin <—
Clot Clot, by disintegration forms more
prothrombin—-caleium salts =
Fibrinogen............ plug. ..ovvnvann. Thrombin
—> Fibrin <« II

By this process a continuation of the
clot-forming process is effected.

The clotting time of blood varies with certain conditions, as
follows: There is an individual variation for different persons, the
cause of which is not well understood. Because of this fact, since
clotting prevents loss of blood by hemorrhage, those individuals
in whom the blood does not elot readily are often prone to gxcessive
bleeding from the slightest injury, the condition being known as
hemophilia. At room temperature the blood begins to coagulate
in from five to ten minutes after it is drawn, but complete coagula-
tion does not occur for several hours (12 to 48). Cooling increases
the clotting time, and heating to 60° C. coagulates the fibrinogen
and prevents clotting.
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Human blood is affected as regards its clotting time by certain
disease conditions. In the infectious fevers, for example, the
clotting time is usually greatly increased.

Methods of Increasing Coagulation.—In cases of hemor-
rhage, hemophilia, etc., it may become necessary to hasten the
process of clotting: 1. By the application of heat or cold packs
to the place of injury, the blood may be made to clot more quickly
and thus stop the bleeding; 2. by the application of any sub-
stance such as a sponge or a piece of gauze, which increases the
surface area of the blood exposed and usually is sufficient if the
wound is not large; 3. certain chemical substances, e. g., thrombin
or tissue extracts, may be of use in case of hemmorrhage. Gelatin
injected hypodermically is one of the most common methods of
controlling hemorrhage.

Methods of Preventing Clotting.—1. By quickly cooling
freshly drawn blood to a temperature of 0° C., or nearly so, it
may be kept liquid for an indefinite length of time; 2. If blood be
carefully drawn from an injured vessel into a dust-free and dust-
proof, paraffin-lined vessel, clotting does not occur for several
hours; 3. there are many chemical solutions, such as magnesium
sulphate 259, sodium sulphate (a half saturated solution), which
prevent clotting, sodium oxalate, sodium citrate (109,), and some
other similar chemicals prevent clotting by decalcification of the
blood; 4. the injection of peptone plasma, which is prepared
from the blood of animals previously injected with peptone solu-
tion, retards blood coagulation; 5. the injection of leech extract
(hirudin plasma) also retards coagulation.

Intravascular Clotting.—It has been repeatedly shown that
normal blood will not coagulate in a normal, uninjured blood vessel.
This may be shown by ligating a large vein in two places in a liv-
ing animal. The blood contained between the ligatures will not
clot for several days if no injury is done to the vein. This is ex-
plained by several possible theories: 1. That thrombin is not pres-
ent in normal blood in the active form in sufficient quantities to
cause clotting; 2. thrombokinase is not present; 3. cellular
elements from tissue disintegration are not formed in sufficient
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amounts, i. e., their formation is only gradual and therefore the
prothrombin resulting from degenerations is not sufficiently active
to form thrombin. In case of injury the tissue extractives from
the injured tissue and prothrombin are deposited quickly; 4.
the theory of the existence of a substance known as antithrombin
which prevents the action of tissue extracts, ete., is supported
by the fact that the injection of tissue extracts does not cause
intravascular elotting. It is thought that leech extract, peptone
plasma, etc., mentioned above, resemble antithrombin in that
they counteract or restrain the action of thrombin. Foreign
material of any kind, such as dust particles in air or air itself,
may cause clotting in the blood vessels. It may be that these
substances cause the formation of disintegration products—pro-
thrombin, thrombin, ete.—and thus effect blood coagulation. The
same process may result from any injury to the inner coat of the
vessels. Certain chemical substances—solutions of calcium salts—
may, when injected, cause intravascular clotting.

QUANTITY AND DISTRIBUTION OF BLOOD.

The total quantity of blood in the body is estimated to be
about 7.7% of the body weight. Various methods have been
used for determination, but in the human it is not an easy task.
Bischoff has determined the quantity of blood of several guillotined
criminals, with the results as given above. At this percentage,
a man weighing 150 pounds would have about 11.5 pounds, or
5 kilograms. Of this amount, as has been shown by experimental
work on dogs, about half of the blood can be lost by hemorrhage,
and if the animal is properly cared for, recovery will result.
I have seen complete recovery result in a dog weighing 60 pounds,
after drawing more than a liter of blood.

Blood transfusion is the process of transferring blood from
one animal to another. It has been used to some extent clinically
for the support of a patient undergoing & surgical operation, but
is little used because of certain dangers which may result.

It is usually considered that if the blood of one species be
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transfused into the blood stream of another species the result
will be death to the second animal, the eause being due to hemolysis.
The results of such transfusion depend upon several conditions,
such as the quantity of blood transfused; the method employed;
the condition of the animal from which the blood is taken, ete,
In some cases a very small amount of blood will cause hemolysis,
but if the operation is done in such a way as to prevent clotting, or
if defibrinated blood be used, the result is not fatal in animals of
the same species. In some cases blood transfused from animals
of one species into the veins of animals of other species is not
followed by fatal results. If, for example, dog blood is transfused
into cats, no evil effect follows, nor is ecat blood fatal to dogs.
This, however, is not generally true, for in many instances the
transfusion of small quantities of the blood of one animal into
another produces hemolysis. (See hemolysins.)

In those cases in which blood transfusion may safely be
practiced, such as from one kind of dog to another or from dog to
cat, a short period of time is usually necessary for the animal
to become normal again, but in some instances the operation is
followed by almost no noticeable change. A great many physio-
logical principles have been learned concerning circulation and
blood changes by methods of blood transfusion, such as the effects
of antibodies, efc., but this belongs under another heading.

Regulation of the Quantity of Blood.—The circulation
of the blood was discovered by Harvey in 1628. This opened the
way for further research, and probably no other subject has under-
gone as much variation in theory since that time as has the science
of physiology. . It is even yvet doubtful if we should call it a sepa-
rate science, as comparatively so little is known. It was formerly
believed that if an individual lost as much as a few ounces of blood,
this was almost fatal. Then came the bleeding era, when for
almost any abnormal condition the patient was relieved of a quan-
tity of blood, but almost nothing was actually known regarding
the physiology of blood-letting. It is now well known that the
body machine has a method by means of which the proper quan-
tity of all body fluids is regulated, and there is very seldom if ever
an excuse for bleeding,
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The kidneys, skin, and other excretory organs, the physiology
of which is to be given later, so regulate the quantity of blood in
the body that the proper amount is maintained at all times. If,
as in case of the loss of a quantity of blood by hemorrhage, any
great amount is lost—from a pint to a quart or more—there are
symptoms of collapse, and blood transfusion may be practiced.
The use of physiological salt solution injected intravenously,
subcutaneously, or per rectum, as the condition of the case demands,
is usually as effective and always much safer than blood trans-
fusion. This may be shown experimentally by bleeding an animal
until the pulse is very faintly felt, and slowly injecting the same
quantity of normal salt solution as blood removed, or until the
pulse is full and the pressure is normal. Such animals will show
symptoms of weakness until complete regeneration of the original
amount of blood elements has occurred, which requires from one
to three weeks in the dog.

Distribution of Blood.—Blood distribution is determined
by the functional need of the various structures supplied. The
heart, lungs, and great vessels contain one-fourth; the liver, one-
fourth: the resting muscles, one-fourth, and the remaining one-
fourth is distributed to the other tissues of the body.

It may readily be seen that there is a functional demand for
a large quantity of blood to be constantly supplied to the lungs,
that the proper oxygenation may be effected. The functional
demand of the liver will be better understood after the functions
of the liver are noted. In the embryo and feetus the liver performs
an important function as a blood-forming organ, and grows ex-
cessively large in proportion to other body parts. After birth the
liver has many important functions, such as storing glycgoen,
detoxication of the blood, ete., which demand a liberal blood
supply.

Resting musele also demands a good blood supply for the
restoration of its glycogen and oxygen after funetional activity
(see sources of muscle energy). It may therefore be seen that
the demand of function and the development of structural
relations to meet this demand are the determining factors in the
distribution of blood in the body.



CHAPTER II1I.
LYMPH.

General Properties.—Lymph is a colorless or slightly yel-
lowish fluid except after meals, when it is cloudy or milky because
of the presence of varying quantities of finely divided fats, the
fat constituting the basic part of the chyle, which is the substance
taken up by the lacteals from the intestine during absorption.
Lymph varies in its composition, according to the location in
the body from which it is obtained. Lymph from the thoracic
duct varies according to conditions of the animal, the length of
time since it has been fed, and the kind of food eaten. If the
animal has recently had a meal of fats the lymph is rich in finely
divided fat. It is slightly alkaline in reaction and has a specific
gravity of about 1.915. It clots upon standing, producing a
colorless clot of fibrin and serum very similar to that of blood.
Lymph from the thoracic duct contains about 69 of solid matter,
which consists chiefly of proteins, fibrinogen, paraglobulin and
serum albumin. The inorganiec salts are about the same in quality
and amount as in blood.

Where Found.—Lymph is found in the lymph vessels, in
extravascular spaces—all tissues of the body being thoroughly
bathed in this fluid—and it is also found in the various vascular
sacs, where it performs functions of protection and lubrication,
and furnishes in some cases nourishment to the surrounding strue-
tures. This type of extravascular lymph, such as pericardial
fluid, synovial fluid, cerebro-spinal fluid, aquecus humor, pleuritic
fluid, etc., varies somewhat in its composition from vascular lymph.

Origin and Formation of Lymph.—The fluid of the lymph
and the salts come from the plasma of the blood by a process of
filtration or secretion, and this is not as yet known. There are
good reasons for both theories, some of which will be briefly given:

39
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The secretion theory is supported by the following evidence:
There are certain substances known as lymphagogues, which
when injected into the blood stream cause an inerease in the forma-
tion of lymph. Lymphagogues are generally divided into two
classes: Those of the first class, such as peptone; extracts of leaches
(head and liver); extracts of muscles of crayfish; albumin, etc.,
and those of the second class, the erystalloids, such as solutions of
salt, sugar, etc. It has been shown by Starling that the intra-
venous injection of lymphagogues of the second class produces
an increase in the formation of lymph by attracting water from the
tissues, causing a hydraemic plethora, without increasing the
arterial pressure. | :

The fact that lymphagogues increase the formation of lymph
was considered by Heidenhain, the chief supporter of the secretion
theory, as the strongest argument in its favor.

The theory of filtration is supported by the fact that certain
conditions which increase the pressure in the capillaries are followed
by an increase in the formation of lymph. This has been demon-
strated by ligation of the vena cava, which, since the flow of blood
is prevented, increases the pressure and the operation is followed
by an increase in lymph formation. By the injection of large
quantities of normal salt solution, thus increasing the blood pres-
sure, the lymph flow iz increased. This argument is met by
the adherents to the secretion theory by the fact that secretagogues
cause an increase in the formation of lymph without causing an
increase in the blood pressure,

We may summarize by saying that from the above and much
other evidence in favor of both sides, it is quite probable that both
secretion and filtration play important parts in the formation
of body Iymph.

Lymph Vessels.—The formation of the wvarious lymph
vessels and their courses belongs to the subjeets of histology and
anatomy, and the student is urged to consult texts on these sub-
jects. The lymph vessels differ in many ways from blood vessels.
Their walls are thinner, they have valves opening in the direction
of the veins toward which the lymph vessel is directed, and they are
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at various points collected into clusters or nodes, where they form
glands. Certain constituents of the lymph, such as the lympho-
evtes, are probably produced in these glands. There are two large
lymph trunks, which empty their contents directly into the venous
gystem. The thoracic duet, which extends from the receptacu-
lum chyli or cistern of the chyle to the neck region, empties the
chyle which has been collected by the lacteals from the villi of the
intestine into the left subclavian at the junction of the internal
jugular vein. The right lymphatic duet drains the right side of
the chest, head and neck into the large veins of the right side.
All lymph vessels ultimately empty into one of the large lymph
channels or into the venous system directly, The serum of the
blood, which escapes through the capillary walls, is taken up by
the smaller lymph vessels, and after a time is carried back to the
blood stream.

Lymph Flow, Causes of .—Since there is no heart for main-
tenance of the flow in the Iymph vessels, other factors are responsi-
ble for this function: 1. The increased pressure in the tissue spaces
causes the lvmph to flow into and through the small lymph vessels;
2. The contraction of muscles squeezes the lymph from the smaller
vessels; and 3. The presence of valves in the lymph vessels which
prevent the back flow of lymph causes its flow towards the large
veins; 4, The variation in pressure in the thoracie cavity caused
by respiratory movements—the so-called suction aetion—also
assists in the flow of lymph.

Functions of Lymph.—Since the blood does not come in
direct contact with living body tissue cells anywhere, but is held
separate from them by capillary walls, there is in most body struc-
tures another medium of cell supply needed. In a few tissues,
such as the lungs and liver, the tissue cells lie in immediate contact
with the single-layered walls of the capillaries, and thus these
cells may be directly supplied with nutrition from the blood and re-
lieved of their wastes in a similar way. Many tissues are very
avascular, and the cells of such tissues must receive their supply
from tissue fluid or lymph, which is that portion of the blood which
has escaped into the tissue spaces from the blood stream.
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Cerebrospinal Fluld.—This is normally a clear, colorless
fluid rich in sodium chlorid; contains small quantities of albumin,
but contains no morphological blood elements; no fibrinogen and
does not clot, which characteristics distinguish it from other lymph
and blood. It is secrefed principally by the cuboidal cells of the
choroid plexus, a fold of pia mater which projects into the lateral
ventricles. It has been shown that injection of extracts of choroid
material increases the formation of cerebrospinal fluid, It has
a specific gravity of about 1.006, and is constantly being secreted
at the rate of about six drops per minute.

This fluid may be found circulating between the arachnoid
and pia mater, and continuing down the spinal cord. From the
lateral ventricles, where it is produced, it passes to the third ven-
tricle through the foramen of Monroe, and from here to the fourth
ventricle by way of the aqueduct of Sylvius, and from the fourth
ventricle it passes through the foramina of Magendie, Retzius
and Key to the subarachnoid space; from the subarachnoid space
a part of the fluid escapes into the sinuses of the dura mater by
way of villous projections known as the Paccionian bodies. It
also escapes by way of the projections of the arachnoid, which
extends outward around the ecranial and spinal nerves. These
projections are continuous with the lymphatics, and seem to
have some function in supplying the nerve trunks with lymph.

The funetions of cerebrospinal fluid may be considered under
separate headings, as follows: First, protection to the brain, spinal
cord and nerve trunks from traumatic injury; second, this fluid
forms an adjustable eushion for the brain and cord, which regu-
lates the pressure about these structures by secretion and by
drainage in such a way that the optimum pressure is properly
regulated. Since the brain cannot withstand compression and
since it is contained in a resisting case of firm bone, the
increase in brain volume from congestion or from increased
systemic blood pressure must be compensated for in some way,
and the adjustable cushion of cerebrospinal fluid does this. These
prineiples may be better understood when it is known that the
withdrawal of a large quantity of cerebrospinal fluid, or an mn-
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flammation preventing the normal escape of fluid from the brain
or cord, which in either case would markedly vary the cranial
pressure, is always followed by cerebral symptoms. Since the
secretions of the posterior lobe of the pituitary body are emptied
chiefly into the cerebrospinal fluid, and sinece it is highly probable
that this secretion is both detoxicatory and has some influence upon
the spinal autonomiec nerves, it may be that the presence of normal
quantities of cerebrospinal fluid increases the resistance of the cord
to infections, and the normal flow about the nerve trunks regulates
the functional activities of the nerves.

Osteopathic Considerations.—From the above physio-
logical facts it would seem that lesions, subluxations, or rigidities
of spinal segments would materially interfere with the drainage
of cerebrospinal fluid from the cord. Lesions of the atlas or axis
might prevent the drainage from the eranium, and either of these
conditions would result in a failure of the regulation of the pres-
sure in and about the brain and cord. This would certainly be
followed by a variation of the functional activities of these strue-
tures. Dr. A, T, Still holds that the function of certain visceral
structures depending upon the nerve supply of the spinal autonom-
ies (such as the gut in case of typhoid fever, ete.) are largely in-
fluenced by the flow of cerebrospinal fluid, and this seems reason-
able when we consider that this fluid is normally drained out by
way of the nerve trunks, and that it does seem to give increased
nerve tone to the sympathetics. Every osteopathie physician
who has had much experience in treating acute infectious fevers
knows that a thorough treatment of the spine is practically always
followed by rest and sleep. That such treatment normalizes or
tends to normalize the pressure to the cord and brain and thus
lessen the cerebral symptoms is firmly established clinically.

It may be that the detoxicatory and antibody-forming prop-
erties of the cerebrospinal fluid is due in part to the secretions of
the pituitary body. If so, any failure of the normal drainage of
the fluids into or from the meninges of the cord would reduce this
resisting mechanism, and spinal lesions would surely reduce the
drainage.



CHAPTER 1V.

ORGANS OF CIRCULATION.

The Heart.—A study of the ontogenetic and phylogenetic
development of any structure greatly aids in the understanding of
its normal functions, and a thorough working knowledge of
Haeckel’s biogenic law will be found of great valueto the student
who wishes to know ““the why of things physiological ”.

The study of the evolutionary descent of the mammalian
heart is, in my opinion, of greater value in the understanding of its
physiology than all other facts and theories gained from research.

The primitive function of cireculatory organs was not that of
maintaining a blood flow, for there was and is no blood in the
lowly forms of life, and just as “ontogeny repeats phylogeny”
there is no blood in the higher forms of living animals at the time
the heart begins to beat in the embryo. The function of that
little mass of contracting cells arranged about a common body
tube in the lowly forms of life was that of imperfectly circulating
or keeping the body fluids in motion, that all tissue cells might re-
ceive a fluid medium from which to collect nutrition and into which
the wastes might be excreted. The primitive excretory appara-
tus, the pronephros, was closely associated functionally with this
simple circulatory mechanism that the wastes from the cells might
be carried away. There were no valves in the primitive tube-heart,
but the direction was given to the circulation by the wave of con-
traction beginning at the end of this mass of contractile cells
and moving continuously towards the other end, very much as a
wave of peristalsis moves through a segment of gut, thus causing
the body fluid to move in one direction.

In the primitive body fluids there are no differentiated mor-
phological structures such as eorpuscles, which develop for the per-
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formance of special functions, and this body fluid cannot, therefore,
any more be properly called blood than can the simple contracting
tube which causes its flow be called a heart. It is by a process
of slow development and gradual differentiation of the various
parts that these simple structures attain the form of the highly
complex structure, the mammalian heart.

These few hints are given here on the origin of the heart and
circulation, that the reader may be better able to understand cer-
tain explanations that are to follow.

The Mammalian Heart.—In the mammalian or four-
chambered heart it is well to consider the structure as a double
mechanism, or two distinct hearts, since the right and left sides of
the heart are functionally concerned with different parts of the
circulatory process. By reference to the cut on page 47 this may be
clearly seen. Each side of the heart. consists of an auricle or upper
chamber, which empties its contents through the valve into the
ventricle below. The walls of the auricles are very thin, and their
capacity is markedly small in comparison to that of the ventricles.
The reason for this is the difference in the demand of function of
the two structures. The blood, for example, is received into the
auricles from veins in which the pressure is very little or nothing,
and there is therefore no need of valves guarding the openings of
these veins into the auricles. Furthermore, the only work of the
auricle is that of completion of the filling of the ventricles, and the
resisting pressure in the auricles is from 14 to 20 millimeters of
mercury. The strong auriculo-ventricular valves, preventing the
blood from flowing back into the auricles when the ventricles con-
tract, protects the thin-walled auricles and their entering veins
from the effects of back pressure. The ventricles, because they
must foree their contents against a much greater resisting pres-
sure, must necessarily be stronger and their walls are therefore
very much thicker than those of the auricles. The walls of the
left ventricle are about four times thicker than those of the right
ventricle. This is because the left ventricle must force the blood
against the resistance offered by the entire systemic circulation
—the greater circulation, while the blood from the right ventricle
is forced only through the lungs—the lesser circulation.
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Because the blood discharged from the right ventricle, after
having passed through the lungs, must again pass through the
left heart, the two ventricles must have the same capacity. The
capacity of each ventricle is from 130 to 150 cubic centimeters
when the heart is relaxed. During contraction of the ventricles
about half of this quantity is expelled into the arteries. A fibro-
tendinous ring separates the auricle from the ventricle, and from
this ring most of the muscle fibres constituting the walls of the
heart arise, The musculature of the heart is arranged in two lay-
ers, circular and longitudinal. The circular fibres are continuous
around both auricles and increased in thickness about the open-
ings of the veins. The musculature of the heart should be care-
fully studied from a text on anatomy, in order that the functions
of the different layers may be understood.

Valves of the Heart.—The direction of the blood flow through
the heart is determined partly by the direction of the contrac-
tion wave, but principally by the valves, which prevent the back
flow. These valves are four in number, and guard the openings
hetween the auricles and ventricles and prevent the back flow
of the blood from the large arteries into the ventricles. The
auriculo-ventricular valves consist of tubular membranes which are
continuous with the endocardium, or inner layer of the heart, and
are attached at their base to the auriculo-ventricular ring. The
valve flaps consist of a base or central part, composed of fibrous
and elastic tissue covered on both sides by endocardium. These
valves project downward into the wventricles. The valve flaps
are held in position and kept from being forced back into the auri-
cles by many small tendinous cords (chorda tendinz) which
arise from small projecting parts of the wall of the ventricle, the
papillary musecles. During contraction (systole) of the ventricle
these cords are drawn down, which action draws the valves more
tightly together and prevents their being forced upward by the
pressure of the blood in the eavity of the ventricle. The action
of the valve is further aided by the contraction of the muscles
of the fibro-tendinous ring at the base of the heart. This action
reduces the size of this orifice during systole. The valve between
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M Fia. 1.—This diagrammatic figure illustrates the blood flow through the heart and the
blood supply to the heart musculature by way of the coromary circulation. Beginning at the
leit side of the hgure above, the blood is shown to enter the right auricle of the heart from the
vena cava. The second arrow shows the entranee of the coronary vein, which drains the
blood from the musculature of the heart which has been supplied by the coronary arteries,
From the right auricle the blood passes through the tricuspid valve into the right ventricle, as
shown by the arrow, and from here it pagses through the pulmonary semilunar valve into the

Imonary artery, which carries it to the lungs for oxygenation. The h-l?ﬂd returns from the
upgs by wayv of tthﬂ pulmonary veins, which 15 diagrammatically shown in the ﬁgu.m_.
the pulmonary veins the blood enters the right auricle of the heart, and from here it passes
through the mitral or bicuspid valve into the left ventriele. The blood leaves the left ventricle
through the acrtic semilunar valve and enters the aorta. The coronary arteries are shown aa
being given off from the aorta, which is correct, these arteries being the first branches of the
aorta, but instead of leaving the aorta at the point shown their openings really lie under the
folds of the semilunar valves, Because of this arrangement the pulmonary valves fold back
over these openings during ventricular systole and the openings to the coronary arteries are
elosed until the back pressure of the blood in the artery closes the valves, When this ocours
the blood in the aorta fills the eoronary arteries and the supply tothe heart is effected during
diastole of the heart, the significance of which has been explained elsewhere.
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the right auricle and the right wventricle—the tricuspid—has
three flaps, while the valve between the left auricle and the left
ventricle—the bicuspid or mitral—has only two flaps. The
student who experien