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PREFACE.

THE publication of “Physiology, Exhaustive and Practical” in its present
form is due to a continued manifestation of interest in, and a high
appreciation of the value of these lectures as delivered by Prof. Littlejohn,
in his daily work.
Many students who, at first, thought them beneficial only for special

form and give them a permanent place in their libraries,

And to the end that these “nuggets of pure gold” may be properly
treasured, I commend this volume to my fellow students, and would be glad
to have their criticisms, as well as suggestions.

I desire to acknowledge valuable suggestions from numerous students
and invaluable aid, in the preparation of this work, from Dr, J. M. Little-
john.

I wish to thank the publishers for the extreme care they have exercised
in the mechanical execution of the work.

H.R. BYNUM.



CONTENTS.
INTRODUCTION.
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6 INTRODUCTION.

a thorough knowledge of these sciences, These represent the

_ ditions and also the abnormal conditions. To ugderstand anndorrrngetc?l?e
unhealthful conditions we must know the healthful and health-giving con-
ditions and functions. Physiology. forms the middle science in this trinity
of sciences and 1S amost essential study in the field of Medicine, But there
Is a wider ﬁelq in which Physiology figures. Physiology has not only a bear-
ing upon Medicine but also upon Psychology and through Psychology upon
the whole field of education. Physiology explains and largeiy accounts for
Psychological conditions; for true Psychology is founded on Physiology
The mental states and activities are of value only as the illustrations of
Psychological relations and conditions. The psychic conditions of life are
brought out not alone in the field of education, in adaptations to study
but also in the study and diagnosis of mental diseases, and many of the
nervous diseases. The Physiology of the brain, spinal cord and’ of the
entire nervous system is at the foundation of every true theory of life

and Zven the hli{gher moral and spiritual life.

correct knowledge of Physiology applied in the field of Psychol
has rendered obsolete older ideas and plans of education and has gl'(:ve(r)x cr)lgs)é
to the'mod.ern. natural school of education that has done so much to evolve

organs all of which are independent, and yet are united to form a si
life. As we step into the higher field of I%'sycho-physiology, we reali;fantg;ll:
fact that mind is the ascendant power and that in a healthy physical life
nothing less than a healthy mind can secure that vigorous condition of body
so much desired by all. We realize also that while we treat purely bodily
diseases we must not overlook the fact that Psycho-pathy partly discloses
mental diseases and ‘mind conditions without the removal of which it is im-
possible to cure bodily diseases. This wide field we believe is opened before
Ostv;ogathy and we think that our claim is not too great when we say in
begmnmg this course of Physiology that Physiology is the gateway by
which this immense field is to be entered. In its bearings upon the human
life with all its functions we constantly remember that it is our purpose in
‘tagagceh;x;g ngsm%)(i]gy,' t? lead l):pl;lr mli?ds up to that high standard of knowl-
ardin siology which will quali i -
ators in the ﬁfld o¥ Ostegg;)athy Aty you to become eficient oper

v,

PHYSIOLOGY.

Physiology treats of organized and functional life. Human Physiology
treats of the vital actions and functions of the various parts of the human
system. In general it treats of the actions and the uses ot the various parts
of the living body. Everything that has life has a physiology; hence, we
have vegetable, animal comparative and human Physiology. Vegetable
Physiology is brought out in the science of Botany. Animal Physiology is
both comparative and human and embraces the whole animal kingdom.
Comparative Physiology deals with the life of the inferior races of animals.
Human Physiology teaches of the various organs of the human body. In
order to understand Physiology, the construction and composition of the
human body must be understood. The properties or relations of the human
body are chemical, physical and vital. These relations when harmoniously
sustained through a succession of time constitute life from a physiological
standpoint. Life consists of the manifestations of certain phenomena, de-
pending upon these three properties. One of these manifestations is act-
tvity back of which is the will and the mind. We have much to say of life,
or vital activity, but the most that we know of it is its results. What life is
and its exact position in relation to what we call the body is not known.
All the parts of the body are united together by a wonderful sympathy and
manifest united activity. The human body is an organism, that is, each part
ofthehuman body is both cause and effect in its relation to organism as a
whole; this organism of the human body is differentiated into different parts
or organs which discharge their own peculiar functions, all the different
parts being united so as to constitute the single human body and the indi-
vidual life. The three basic principles or elements of the human system
are matter, motion and mind. These are called the trinity of operations in
the human system. They are named in their order from the standpoint of
result and of development from the standpoint of Science. We do not
speak here of any first cause of these elements, we are not concerned with
causation because that belongs to metaphysics. In Science we find theseas
facts and we deal with them as results. ~ The lowest substratum of all de-
velopment is matter; hence, Physics and Chemistry begin by discussing
the fundamental properties of matter. Biology discusses the same proper-
ties in connection with life and the energy of life. Life, so far as known to
us, exists solely as a manifestation of living matter the result of certain un-
derlying causes, these causes manifesting themselves in activity through the
human body and mind. Although living matter and lifeless matter are en-
tirely distinct, yet they are closely related. Matter is constantly being
taken into the body and transformed into the body substance by the func-
tions of assimilation, absorption, etc. The living substance of the human
body is the transmuted lifeless matter of food which has been taken into
the body and has become animalized. The continuance of life depends up-
on the assimilation of this lifeless ‘matter with the life substance of the body.
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The theory of life in its continuance is that of the relation between living
matter and lifeless matter and the great question is, how to accomplish this
process of assimilation. The body is a living mould into which certain
substances are cast to be assimilated into the system and the waste matters
expelled. Prof. Huxley has said: “The living organism is in a constant
state of turmoil in connection with material molecules constantly streaming
into the body and out again.” The second factor of life is motion. Matter
is associated with motion because all life in matter is a form of motion.
The living substance of the body is a compound of certain chemical ele-
ments. This living substance contains what are known as proteids. These
compounds are composed of O, H, N, C, and sometimes at least, S and P.
These proteids constitute the material substratum of the human body. Each
of these elements has a peculiar characteristic; O has the power of combin-
ation, H has the power of mobility, N has the inertial power, so that in the
complex compound the strongest properties are allied to constitute a hu-
man, material body. The material substratum of the human body is thus
found to be proteids; these proteids affecting the chemical and mechanical
processes of the human body.

There  are not only material substances in the human
body, but also power, capacity, function or energy. The living substance
of the body has the power to manufacture new substances out of those sub-
stances taken into the body. This process of manufacturing, roughly
speaking, represents the process by which the body organism renews itself
for a continuance of life. The process of combustion goes on continuously
producing heat which is converted into energy and motion. The bodily
substance is constantly wasting away by this combustion process, and
hence, needs constantly to be repaired. = The repairs in the human system
are effected by the characteristic development of the human body, known
as intersusception, that is the power of taking in new particles aud assimi-
lating them to the bodily substance. In general there are three great func-
tions in the development of the human system.

_ 1st. Nutrition including assimilation or taking in and animalizing par-
ticles and nutrition proper which begins where assimilation stops.

2d. Muscular irritability. This is found in that vital property of the
human body, called contractility. It is the power to respond to a'stimulus.

3d. Reproduction. This is the power to separatea part of the cor-
puscle so as to form a new life.

There are two great centers of the body organism, the brain and the
heart. The blqoc_i is life; it is bearer of the substances 1ponwhich vitality de-
pends. The air is borne in the blood during the vitalizing process and the
food substance is carried through the blood in those processes by which it
is utilized as a tissue builder. In the bodily organism likewise, the nervous
system maintains the control so that by the action and interaction of nerve
and cell, the bodily health is sustained, the life is balanced and man be-
comes the highest of all creatures, a being of intelligence whose brain is the
center of his life, from which go forth, impulses that regulate and con-
trol as well as direct the physical, mental and moral being.

. The question of the division of Physiology is one which has been much
discussed. It is based upon function. "If we regard function as a means of
existence, life itself consisting of the proper exercise of these functions.

The old classification of functions was that of (1) vital, (2)
animal and (3) natural functions. The best classification is that
adopted by Aristotle, according to which they are arranged on
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the basis of the object of the function fulfilled. According to Aristotle,
there are two modes of existence. 1st. Internal or vegetative and 2d. ex-
ternal or animal, the former including the whole process of nutrition and
the latter including locomotion. This idea was fully developed by Grim-
aud who speaks of the functions as two-fold. 1st. Internal taking place in
the interior of the body, the chief function being digestion in connection
with nutrition; and 2d. external in relation to external objects, the locomo-
tive power directing all these external movements. One of the most com-
plete divisions is that adopted by Richerand. This division is also based
upon an object or end fulfilled. 1. Functions in the individual life, (A)
those which are subservient to the preservation of the individual by assim-
ilating to his substance the food by which he is nourished. These include
digestion, absorption, circulation, respiration, secretion and nutrition pro-
per. (B) functions which tend to the preservation of the individual by es-
tablishing relations with external things and beings. This includes the ner-
vous system and the special senses including also locomotion and animal
mechanics. II. Functions subservient to the preservation of the species,
idncluding reproduction, embryology, changes of life, temperament and
eath.

The field of nature is divided, first, into inorganic substances ossessing
the common property of matter. Second, into organic, or living beings,
obeying particular laws while subject to the general laws of the Universe.
Each of these orders has two forms. Inorganic is found first in simple
elementary substances incapable of analysis, and second: Complex sub-
stance capable of analysis and decomposition.

Organic beings exist in the forms of vegetable and animal life. While

we differentiate nature in this division we must rémember the mutual de-
pendence of these parts which demand simultaneous existance.
(" DIFFERENCE BETWEEN ORGANIC AND INORGANIC BEINGS—The latter are
found to be very different from those endowed with life. 1st. In the ho-
mogeneous nature of their substance. 2d. In the complete independence
of their particles, each of which has in its causes to account for its peculiar
mode of existence. 3d. In the power of resisting decomposition; and 4th.
In the absence of those powers which free organic bodies from the absolute
dominion of the physical law. We cannot geta true idea of life without
considering those bodies which are endowed with life as compared with
those which have no life.

ist. Difference between organized and inorganized bodies is found in
the homogenousness of the inorganic and the compound nature of the or-
ganic. If we break a block of marble we find no difference among the
pieces except in size and shape. If we divide an animal or a vegetable we
find different parts all of which have differences among themselves.

2d. Organic beings cannot live or exist in their natural condition unless
solids and liquids enter into their composition. In the minerals the water
or fluid which enters into or penetrates the substance does not form a part
of it, except in so far as they enter into chemical composition.

3d. All the parts of the living body, animal or vegetable, have a nat-
ural tendency to a common object, the preservation of the individual and of
the species. = Each of the organs of the body performs its own function,
and yet all the organs concur in the promotion of the same object and in
development of the life in general. Life, then, would be the result of a
series of concurring and harmonic actions. On the other hand, each part
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of the inorganic mass is independent of the other parts to which it isunited
by the force of affinity of aggregation.

4th, Among the animals and vegetables all the individuals of the same
class seem to have been formed after the same model; their difference being
slight. The forms of organized life, thercfore, are more easily determined.,
That is, these forms are determined organically.
. In minerals, the veins of the substance are never alike. For example:
Crystals from similar substances often assume very lifferent shapes.

. Sth. A powerful internal cause seems to arrange the different parts of
animal and vegetable bodies so as to present a surface, more or less round-
ed. Minerals, on thc other hand, often take their shape from external
bodies, and when a special cause gives to them a special form, as in crys-
tals, their surface is flat and angular, '

' 6th: Thg most absolute distinction, that is, between the organized and
Inorganized, is that which depends upon growth and nourishment. Inor-
ganic bodies grow only accretion, that s, by the accession of new layers to
the outer surface, while the organic, by reason of their vital powers, receive
Into close combination, are penetrated and pervaded by the substance they
assimilate. In plants and animals nutrition, used in its general sense, is the
effect of the internal mechanism and thejr growth is de\'elopmen’t from

tinct parts brought together in combinations.

8th. Organjzed bodies alone can die. Al] these have a duration de-
termined by their own nature, and this duration is not determined as in the
case of minerals by bulk and density. If man has not the life of the oak
whose substance exceeds his in density, neither does he equal many of the
animals, such as fishes, whose flesh js of an inferior consistency to his own.

DIFFERENCE BETWEEN ANIMAL AND VEGETABLE LIFE.

There are much fewer and less absolute differences between vegetable:
and animal life. There is, in fact, very little difference between a plantand
a zoophyte. There is a much wider distance in their internal economy be-
tween man, who stands at the head of the animals, and the polypus, which
stands at its lowest line, than there is between the polypus and the plant.
There lies between organized bodies and inorganized bodies, a space which
cannot be bndgeq, even by the Philosopher’s lithophyte. Atone end of
the animal chain are found living beings, fixed like the plants on their
birth spots, sensitive and contractile, like the plants reproduced from slips
yet we can see differences that are sufficiently marked between the animal
and vegetable kingdoms.

ist. Difference: between Vegetable and Animal Kingdoms. Vege-
tables are more complex than minerals, less complex than animals. The
proportions of solids to liquids is greater in vegetables, therefore, after
death, they retain theirform and size. Solidsin man are about 1-6 of the body,
and after putrefaction his body remains only a little dust and a slight skele-
ton, when the ground and air have extracted the liquid from his body. On
the other hand, a tree is more than three parts of its substance solid wood.
After it has been dead for ages, in buildings and other structures, it pre-
Serves its form and size, although by drying, it has lost its weight.

DIFFERENCE BETWEEN ANIMAIL AND VEGETABLE LIFE, Iz

2nd Difference: The constituent principles of vegetables, as. they are
less in number, are also less diffusible, In fact azote (nitrogen), which is
predominant in animal substances, is a gaseous and volatile principle, while
carbon, the base of vegetable substance, is fixed and solid. This added to
the smaller quantity of liquid, explains the long duration after death of the
vegetable substances.

3rd Difference: There is one difference sufficient to distinguish be-
tween the animal and vegetable life, The zoophyte, fixed on his rocky
habitation, cannot change his position and is confined to partial movements
which are possessed also by certain plants. The result is that the zoophyte
has not that sensitive unity so remarkable in animals and in man. The zo-
ophyte, whose name indicates an animal plant, is totally separated from all
beings of the vegetable kingdom by the existence of a cavity in which ali-
mentary digestion is carricd on as a process of absorption. TFrom this
animal up to man nutrition is carried on by two surfaces—the internal and
external, especially the former; While in the plant nutrition, or rather the
absorption of nutritive principles, is only on the external surface. Every
animal considered as an abstraction has a nutritive tube, open at the ex-
tremities. The existence of a polypus is reduced to an act of nutrition,
because its whole substance is used in forming an alimentary tube of which
the soft surfaces are used in the absorption of substances brought into it.
From the worm up to man the alimentary canal is a long tube, open at the
two extremities, at first, in the lower forms only the length of the body,
from the mouth to the anus; but, in the higher forms of life, this tube re-
turns upon itself in complex folds between the two extremities. It is in the
thickness of the walls of this tube between the mucous membrane that lines
it internally and the skin with which the membrane is continuous that all
the organs are placed which serve to transmit and modify the fluids, to-
gether with the nerves and muscles. In fact all that carries on life—that
Is the processes of life. As we rise from the white blooded animals to the
red and cold blooded, and from these to the warm blooded, and finally to
man, we find a gradua! multiplication of organs contained within the walls
of this canal. If we follow the same course downward—that is from the
higher to the lower—we find the structure simplified till we reach the pol-
yPpus, whose canal is so simple that it can be turned inside out without in-
terfering with the proper discharge of functions. That shows that there is
nothing on the internal side of the walls of that canal peculiar to the pro-
cess of absorption as we find it in animal life. Thus it shows a very simple
form of the alimentary canal. Man, therefore, and the whole animal kingdom
carry about within them the supply of their subsistence and absorption by
an internal surface which is their peculiar characteristic.

The digestive tube, that essential part of every animal, is the part of
which the existence and action are the most independent of the concurrence
of the other organs and to which the properties of life seem to adhere.

Haller, who has often been spoken of as the father of Physiology, states
that in the heart we find irritability under the two-fold relation of lively and
lasting, in the highest combination. This means the heart retains life long-
est. He gave the second place to the intestines, the stomach, the bladder,
the uterus and the diaphragm. After this, that is, in the third place, all the
muscles under the control of the will.

Richerand and Jurine have shown, however, that the intestines are al-
ways the last parts in which traces of life can be discovered. After the
heart has ceased to beat and the rest of the body reduced to an inanimate
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mass, there are certain undulatory motions in the intestinal canal. If the
intestinal tube is the ultimum moriens, that is, the last organ in which iife
lingers, then it is to it we ought to direct stimulation in cases of asphyxia.
‘This connects the lower to the higher animal forms, for Jurine observed in
the pulex monoculus that of all the parts of this little white blooded animal
the intestines were the last to die. All animals are united in the possession
of this canal, simple or complex.

LIFE.

We shall find life to be composed, at first, of a small number of phe-
nomena as small as the apparatus to which life is entrusted. After extend-
ing these, as its organs or instruments are multiplied, and as the organism
becomes more complex we reach the higher forms of life. The properties
which characterize it at first are obscure, becoming more and more mani.
fest as they increase in number as well as in developement and energy,
the field of existence enlarging as we ascend from the lower beings to
man—the most perfect being. This perfection simply means that living be-
ings are possessed of more numerous organs, present greater results in life
and multiply the acts of existence. In the Universe every being is perfect
in itself, because each being is so constructed as perfectly to fulfil its pur-
pose. In the plant which springs up, grows and dies each year we have a
being whose existence is limited to the phenomena of nutrition and repro-
duction; a mechanism which consists of a multitude of vessels, straight or
winding, through which, the sap is filtered and other fluids necessary to
vegetation in the nutritive process. These fluids ascend generally from the
roots, where materials are taken up to the higher parts of the organism,
where what is left over from nutrition is evaporated through the leaves and
the waste thrown off.

Two properties direct the action of this small number of functions—
that is, as we find them in the plants—first a latent and feeble sensibility,
by which each vessel is affected by the fluid with which it is brought into
contact, and, 2nd. a slight contractility in virtue of which these vessels close,
or dilate themseives under the fluid impressions so as to effect transmission
and diffusion. " The reproductive organs in the plant are characteristic.
The male stamina bow themselves over the female pistil, shake over the
stigma their fertilizing dust, and then die with the flower which is succeed-
ed by the seed. This plant divided into many parts is reproduced also
from slips, which proves this fact that each part is not absolutely depend-
ent on each other part, and that each of the parts contains a set of organs
necessary to life, and, therefore, can exist alone., This is due to the sim-
pler organs—that is simpler as compared to the more complex—and to the
diffusion of the properties of life in all parts, the phenomena of life being
less connected than in the animals, especially in man.

Passing from the plant to the polypus, which forms the lowest link in
the animal chain, we find a tube of a soft substance both sensitive and con-
tractile, a life and organization as simple as that of a plant. The vessels
which carry the liquid, the vessels called trachez, which give access to the
air, cannot be distinctly traced in this homogeneous substance. There is
1o special organ of reproduction. The fluid cozes from the internal surface
of the tube, first softens and then digests the aliments, the tube then spon-
taneously contracts and ejects the waste, The mutual dependence of parts
is absolute, for, if it is cut to pieces, each piece becomes a new polypus,
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organized and living. These animals (gemmiparous) have the faculties of
feeling and self-motion and are also capable of impressions. )

Rising to the worms we have no longer animated substances, simply
shaped into an alimentary canal; but parcels of muscular fibers, a vessel di-
vided into a series of vesicles, which empty into one another by contractile
movements, starting at the head and going to the tail, a spinal marrow com-
posed of ganglia chains—that is different from the ganglia centers—and
trachez analogous to the plant respiratories, and also in some of them we
find gills. These all indicate perfect organization—these are the essential
features that we find in this worm class of animals. The worm may also be
divided into many pieces, each part becoming a separate organism, but
there is a limit to this separation—that is, it is different frm:n the polypus,
any part cannot become separate and become a new organism. The crus-
taceous tribes, among them the lobster, give us a more complex organiza-
tion in which we find distinct muscles, an articulated skeleton, movable inall
its parts, a spinal marrow, a brain and aheart. The last two organs—the
brain and the heart—place this form of life above that of the worm, because
we find in this class a kind of intelligence and will impulses. These are
based on the fact that these animals will follow smell—very distinctly, too,
and flee from danger apprehended by the sense of vision. o

There are also viscera for alimentary digestion, sensibility and con-
tractility, subject to internal stimulus; Nerves and locomotive muscles
which connect with the external world. In these animals there can be no
separation of parts with the continuation of life, although a few parts may
be cut off and still preserve the central foci of life.

Passing from the white blooded animals to the red and cold blooded
such as fishes and reptiles. Life is more involved in organization and re-
production still further limited. Gills in these—in the fishes, of course-—
and lungs in others are added to the heart. The action of these chief or-
gans, however, is less frequent. The serpent, for example, passes long win-
ters torpid with cold, without air and without life motions. This s due. to
the capacity to suspend the admission of air and the capacity of breathing
at very long intervals. The heart and other vessels of the fish feel and act
within him without consciousness. Fish have senses, nerves and a brain,
from which it knows what affects it; muscles by which it moves and adapts
itself to surrounding environments. )

Coming to the red and warm blooded animals, at the head of which we
find man. We find this class of animals all alike, except in the less essential
organs. All of them have vertebral columns, four limbs, the brain which
exactly fills the cavity of the skull, a spinal marrow, nerves of two kinds,
five senses, muscles partly voluntary and partly involuntary. Added to
these organs a long digestive tube coiled upon itself, furnished at its open-
ing with salival and masticatory instruments, with lymphatic glands, arteries
and veins, a heart with two auricles and two ventricles, and lob.ular lungs.
These are all the organs of life, and yet none of these organs live, except
while they partake in the general action of the system and are under the
influence of the heart. All of them die, or at least vanish from visual ob-
servation, when separated from the animal.

The human body consists of a collection of liquids and solids in the
proportion of flve to one, in six parts. This proportion is maintained
throughout. The liquid, which constitutes the greatest weight of the body,
existing before solids, for the embryo, which is at first in a gelatinous con-
dition, may be considered a fluid. It is from the liquid that all the organs
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liquids return to their former state; after having for a sufﬁcien.t _time formed
a part of the animal they become decomposed by the jputritive process.
Fluidity is thus essentia] to living matter, because the solids are umforrr}ly
formed from the liquids and eventually return to their former state. Solid-
ity, therefore, is an accidental condition of organized living matter. Water
forms a great part of this fluid and is the common vehicle of all the animal
fluids. It contains saline substances in solution and even animal matter.
We find this animal matter in the muscles in three differcnt forms, gelatin,
albumin and fibrin. The first of these substances, the gelatin solidified,
forms the basis of all the organs of a white color, such as ten dons, aponeu-
roses and cellular tissue and membranes.

2nd.  Albumin exists abundantly in all the humours.

3rd.  Fibrin of the blood forms the cement which is employed in re-
pairing the waste of a system of organs,—the muscular system. Ammgl
matter passes successively through these three forms, gelatin, albumin
and fibrine, and these three different changes mark the ,Successive changes
in animal matter. The solid parts are formed into different systems, to
each of which is ascribed a certain function. Limiting the expression or-
ganic system to a combination of parts which concur in the same usage as a
means of existence or life, there'is a difference between life and existence.

We have in all ten special functions—that is in the human body. Now
we will mention these ten functions. )

Ist. The digestive apparatus, consisting of a canal extending from
the mouth to the anus, )

2d. The absorbent or lymphatic system, which consists of vessels and

lands.
g 3d. The circulatory system, which s a combination of heart, arteries,
veins, and capillaries.

4th.  Respiratory System.,

Sth.  Secretory or glandular system, ) )

6th. Sensitive system, embracing the brain, the spinal marrow and the
organs of sense. ) o )

7th. The muscular system, that of motion and locomotion, including
muscles, tendons and apeneuroses. ) )

8th. The osseous system, including bones, appendages, cartilages, liga-
ments, and synovial capsules,

oth. The vocal system. )

1oth. The sexual system—reproductive system. ) )

Each of these systems contains in its structures several simple tissues,
Those of the human subject being cellular tissue, nervous tissue, n}usculgr
tissue, besides the horny tissue which constitutes the basis of the epidermis,
hair and nails. .

These four substances may be considered as rea] organic elemepts,
because we cannot succeed In converting anyone of these tissues into
another. The idea of a simple elementary fiber which Haller, the Father
of Physiology, sought in vain to discov’er,.is purely imaginative. Bichat, on
the other hand, exaggerated the multlpllce}txon of tissues when he con-

receive their nutriment to repair their waste. The solids formed from the

ganization we find the four constituent elemepts of tissue subs.tance, the
epithelial tissue, connective tissue, muscular tissue and nervous tissue. The
epithelium is one of the simplest structures of the body. It consists of one
Oor more layers of microscopic nucleated cells, called epithelial cells,

mucous and serous membranes, Epithelial cells consist of a very fine cel]
wall and nucleus and nucleoli, and sometimes, also, other cell contents of
]iqtiidl Or granular matter. Thereare four varieties of these, that is, the epi-
thelial.

Ist. Squamous tesselated epithelial cells, flattish cells which overlie
each other, as in the cuticle, and are placed side by side like pavement
stones, as in the serous and synovial membranes and in the interior of the
lymphatics and blood vessels.

2d. The granular or spheroidal epithelium cells. These are globular

shaped cells placed side by side, standing on their lower extremities. These
cells line the stomach and the intestines. The upper part of the gastric
follicles and the gland bladder.

4th.  Ciliated epithelium cells which are generally of the cylindrical
form, the free extremities of which are ciliated—that is lined with very fine
cilia. These cells line the entire free surface of the respiratory tract, includ-
ing all the air passages and tubes down to the ajr cells. We find a tesselated
variety of the ciliated epithelium cells, which line the ventricles of the
brain and the central canal of the spinal cord,

The second form of tissue, connective, cellular or areolar tissue con-
sists of a mesh work, in which quantities of white fibrous tissue inter-
mingle with a smal] quantity of yellow elastic tissues. This tissue is
abundantly distributed throughout the body, forming a kind of a matrix
which binds the tissues and the structures and the tissues together. It s
very pliant and elastic. The white fibrous tissue consists of parallel bands
of wavy fillaments like the fibers of a cord and is very tough, It is found
in connective tissues, ligaments, tendons and fibrous membrane like the
periosteum.

The yellow fibrous tissue consists of a very fine and well defined elastic
fibers about 1-40,000 part of an inch in diameter, This forms the greater
part of the elastic tissues, such as the vocal cords, the ligamenta subflava,

his connective tissue also includes adipose tissue, which consists of fat
cells distributed through the meshes of connective tissues. . It alsoincludes

cansists of concentric rings of bone, arranged around a center, such as we
find in the shafts of the long bones.

3d. Form of tissues—muscular tissue, is found jn two forms, the
smooth and unstriped muscular fiber, which form the chief constituent of
the involuntary and hollow muscles as the alimentary canal, bladder, the
coats of the arteries, excretory ducts, the great lymphatics and the trachea
viris. Its chief characteristic is its power of contractility, under the influ-
ence of the will or nervous stimulation or chemical, mechanical and electri-
cal irritation.

2d. Form is the striated muscylar fiber which consists of a pale yel-
lowish fiber, each fiber having a sheath and each fiber being capable of
division into fibrillae. These fibrillae form bundles, the smaller bundle
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being called the fasciculi and hhec1 sPeat.h of connective tissues by which
ogether, is called, fascia. ] ) .
they::{f b(I){uiﬁg E)fgtissue’s, nervous tissues. This comprises two distinct
structures, the fibrous and the ganglionic vesicular The first kind forms
the essential constituent of nerves and the interior of the bram., the second
kind, the different ganglia, the outer layer of the brain and the inner portion
umn. ) )
of th’Fh?lvniétl;ng;rts of the human body are composed of these tissues which
complexly arranged enter into the organization of the human system. Some
of these organs are so essential to life that, with the cessation of their action,
life becomes extinct. These vital organs are termed primary organs and
regulate the other organs which are called secondary. None of _thes;
organs can act unless the heart sends into the brain a certain quantity o
blood, vivified by its contact with the atmospheric air in the pulmonary txsci
sue; hence the primary organs are usually spoken of as the heart, brain an
lungs. The oxidation of the blood and its distribution into all the organs
is, therefore, the chief phenomenon on which the llfe of man and of the
most perfect beings depends. This constitutes the life of man from a Phys-
iological standpoint. That concludes what we have to say about life from

the standpoint of Physiology.
SYMPATHY AND HABIT.

All the different parts of the body are bound together by close rela-
tions and sustain these relations by means of sensations and affect19n§T
affections used here in its Physiological sense. Now these bonds w hich
unite all the organs by establishing perfect harmony among all the actxon;
taking place in the animal ezonomy arecalled sympathies. The cause o
these sympathies we cannot state.  We do not know why when one part is
irritated another part—although it may be far dlSLaHF—partakes in the irri-
tation. We cannot tell what are the means of establishing such sympathies,
nor can we follow the connection of organ with organ when the affection is
mutual. The only thing we know is that the mutual affection or sympathy
exists. This sympathy, on account of this mysterious  action
and influence is all the more important in the animal economy, for such
sympathetic relations form one of the most important differences betrveen
animals andthe unorganized bodies, in which we find no sympathy at all, eixd-
cept so far as it exists in chemical affinity. Nothing in the inorganic wFl)r
bears any resemblance to this sympathy, unless it be the magnetic or elec-
tric fluid. In the animal life, however, the connnctions are apparent and
the effect visible, although the cause is secret. The nerves cannot be ex-
clusive media of this sympathy for some muscles which receive branches
from the same nerve do not sympathize, and some parts of the body are lg
close sympathy whose nerves _have no connection. Eac}{ nervous branc
having a connection in the brain and in the part to which it is sent, r'exc?am}
ing distinct from those of the same trunk. There are different kin ds of
sympathy—that is physiologically. We will analyze some of these kinds o
Symrxj::..hyFurictional sympathy: on the part of two organs discharging the
same function or functions. Ex., the kidneys may discharge each others
duty. The uterus and the breasts during pregnancy are mutually sympa-
thetx;:&. Membranous sympathy, which is due to the continuity of the
membrane, for example: stone in the bladder associated with an itching in
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the glands—the membranes in that case being continuous. Fluid secretion
is carried on in this Way—that is by this membranous sympathy, as when
food is in the mouth we find an irritation of the parotid ducts and glands,
which tends to increase secretion. These are aj] exemples of the mem.
branous sympathy.

3d. The irritation of the pituitary gland—which is found, as you know,
in the sphenoid bone—results in the contraction of the diaphragm, and, as
a physical result sneezing follows, Haller, the great physiologist, ascrided
this to reaction. \When snuff produces too great an impression on the ol-
factory nerves the uncomfortable sensation ;g sent to the brain, which, in
turn, determines toward the diaphragm sufficient motion to oontract the
chest and so expel the air and the substance giving discomfort,

thies. Ex., The rectum, when irritated by excrements contracts—the con-
traction taking place through sympathy. There is an accessory and a sim-
ultancous action of the diaphragm anpthe abdominal muscles,

5th. In the symmetrical organs possibly habit may explain sympathy—
that is the reason we associated sympathy with habit—because, in this place
it is explained by habit. Ex., When the sight is directed toward an object
placed laterally the rectus externus of the eye of that side acts at the same
time as the rectus internus of the other eye—that sympathy being explained
by habit. These examples show us that sympathy exists, but,whether it is
due to action, contractility, sensibility or to the vita] force we cannot tell,
It is by sympathy that all the organs concur to the same end and give each
other mutual aid. It also explains how local affections spread and give ef-
fect to the whole system. Sympathy is thus both a physiological and
pathological condition, .

General diseases always originate by associations in the isolated affec-
tion of an organ or System. This, of course, is a pathological, rather than
a physiological statement., The most complex affections—physiological
affections—consist really of only one, or a very small number of elements,
all the rest are accessories depending upon sympathy. This is an Osteo.
pathic idea which traces the complexity of affections to a unitary cause in
some function, organ or system.

The stomach, when irritated, gives rise to pains in the head and in the
limbs, with burning heat and nausea, loss of appetite and anxiety affecting
the whole system. The stomach thus oppressed Spontaneously contracts to
rid itself of itself of jts hauseous contents and thijs produces an universal
disturbance in the System, the affected organ calling to its aid all other or-
gans. 1In this way by organic combinations in the form‘of pathological in-
surrections nature struggles to free itself from its morbid conditions. To
assitt nature in this Sympathetic action is to act the part of a physiological
physician.

Habit consists in the frequent repitition of certain actions or motions,
either by the whole body or by a part of it. The greatest effect of habit is
to weaken the organic sensibility. For example: To use snuff, at first in.
creases the mucous secretion of the nose, but, if it is used for a certain time,
it ceases to have any effect on the pituitary membrane,

We become aware of our existence by means of sensations. All life
congists in the action of stimuli on the vital powers. Sentient beings feel
the necessity of continued emotions and, all the vital actions bear upon the
the production of agreeable sensations,

Pleasure and pain; the extremes of sensation approximate to each other
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under the influence of habit, for habitual suffering rendets us insensible
to pain.

pThe organs of the body, some of them more than others, are influenced
in their actions very powerfully by habit. By some physiologists this idea
is carried so far that they regard death as a natural consequence of the law
of sensibility. Life, according to this view, consists of the constant excite-
ment of living solids by the fluids of the body, resulting because the sensi-
tive parts after long habituation to this excitement cease to have the capac-
ity of feeling.

We find a marked difference in the physiologica and psychological
fields, in regard to habit. The physiological axiom is that habit impairs
the sensitive power, whereas the psychological principle is that habit im-
proves the judgement. Physiology says impairs and psychology says im-
proves—so that habit reduces physical sensibility and improves intelligence,
giving facility to all the actions under the control of the will. That finish-
es what we have 10 sap about habit. Ve pass on to the

VITAL FORCE.

These words do not represent a being independent of actions, but they
represent the sum of those parts which animate living bodies in distinction
from inert matter. From a remote antiquity the differences between or-
ganized and inorganized bodies have led to the hypothesis of a principle
underlying all activity, a force harmonizing all the functions of life and di-
recting them to the preservation of the individual life and species life. This
ancient doctrine has passed down to us through the ages almost unchanged
—that is the doctrine of a life-principle, subjecting animal life to laws dif-
fering from those of inanimate matter, a force that raises them above the
mere chemical affinities and a free life-principle pervading the whole sys-
tem, securing functional harmony and promoting unitary action on the part
of the organs—this includes all the organs of the body.” All the phenom-
ena which we observe in the living human body are proofs of the existence of
this life principle which animates the body and all the functions of the ani-
mal kingdom establish it. The multitude of the phenomena in the human
life are reduced to a focus by harmonies, mutual connectionsand reciprocal
independence. All the powers which animate the separate organs unite
themselves and are combined together in this life-principle. This vital
power is in constant conflict with the powers which govern inanimate bod-
tes. The law of individual life is always struggling against universal nature.
Life is this struggle determined in favor of the individual and death is this
struggle determined against the individual; when the individual falls once
more intothe lifeless form. This vital force is constantly influencing, modify-
ingand altering the physical laws. Although the principleof life is not seated
in any one organ, or part of the living being but animates every organ, yet
there are in the living body certain parts which are more alive than others
and from which others derive their life and motion. These central foci of
vitality gradually diminish in number in the animals as we get farther away
from man, so that in the lower animals, life is more generally diffused and
less centralized, until we reach in the downward scale compléte diffusion of
life, and loss of centralization. This course is not orly traced down into
the animal, but also into the vegetable life.

This vital force is not the soul, for this would bring us into the realm
of metaphysics. Ve can illustrate this point by an example: If a nail is
thrust into a sensitive part of the body a sharp pain is felt—that is normal-
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ly—the fluids rushing to the inj i
th g jured part which becomes swollen and hj
zfl;?;;c;vg.ecc;ﬁll the vital potwers in this process are quickly aroused anlclilgsl;:xy
mes more acute; contractility is i i i ise
of tempamomes ility is intensified and there is g rise
This does not mean that the soul i i
the s awakened, but that the vital power
of’thq liody are aroused, sensibility and irritability. In this way thg :Vlizlj
principle whxcﬂh watches over the vital properties and protects its functions
gomes to the rescue ot the injured organ and manifests its existence, first
Pzi?]feoll;;;ngh andtﬁhinhdxrectmg the action of the vital powers I\’fartyn
Shown that there is only one vital principle—this in oppositi
t : osit
a great number of writers who preceded him who tlrjied to showpltjhat I?I?eig
ﬁrere a m'lmbe.r.of vital principles. Organized matter possesses certain in-
t;:ren@ properties which manifest the phenomena of life. There are two of
these inherent properties: 1st. Susceptibility, or the capacity of receivin
}r.npressmps, and, 2d., vital affinity which produces atomic changes resulting
rom received impressions. These constitute the elementary Properties ogf
:?vrhgii?llztid zn.d living rr;atten;,;vhether in protoplasm or bioplasm in virtue of
€re 1s a capacity o ' i
The S ere is. pacity evelopment. These are the two properties of
The human body may be subj i inati
) 3 Jected to minute examination after dissec-
fcxofn under the microscope. From this examination the matter of thell;g?ic'
1s found to consist of certain structural substances, which by chemical exam)-
;gz:ngrfl ;.rft: fott}nld to possesls' ;ertain characteristics, the chief of which is
otential energy, which can be - idati i
g or poten gy set free by oxidation or other chemi-
The body consists, therefore. of i
) , » Of several chemical substances whi
ichq wh,;)le, contain a large amount of potential energy. This is true zl;,tgg
blvmg. ody; at death the body contains still a large capital stock of energy
ut tf;xs capital is soon exhaustea .under the processes which accompagn):
gltlltiﬁla‘:at’lsog. . Thte bc:-ldy, (an%hé'mg, is soon reduced to dust and the stocl)c
) nce stored in the body is soo i
Tepallr or sl tored y oon exhausted because there js no
n the living body we notice certain isti
| character . '€ SiX |
number an‘g we will name them one by one. wties. There are six in
Ist. Activity, represented in movements either i
: t g , er of the body upon its
;)rtgif.the. entire body from place to place, locomotive movgmf-:)nt. Teixlifs’
ctiv xéy Is essentially internal and represents the energy of the body itself.
i 2d. External circumstances often determine this activity. Ex.: Bod-
ily s;gs;b%ﬁy and contact form the twc bases of such movements,
. ere 1s a continual process of heat generation, a . ivi
) ] C ) , and heat giv
ifr?l;:t}l;]é %glc‘l;g (t)}r]lu;n the bo;:ly,t}ll)y gvhéch animal heat is produced and presger\izg
1 LS giving to the body a normal temperatur el i
menttahnd v]siﬁlcll; 13 imparts to other bodies. P eaboveits environ-
4th. e body is sustained by taking in the food s imi
sustained ubstance simil
:l}e body substance assimilating it to the animal nature and using itlaasrntlcj
llm(;t;ltl: to}gupply the body with free energy.
' e ; . .
oxypa Y respiration, the body continually supplies itself with fresh
6th. The body gives out, £ i i
. f g » Irom time to time, waste matter, th
oxidation of the food substance, or of a part of the body sugstaiggsul{‘ﬁé

living body : P .
,Pal'ti%ulgrs)_’ therefore, is to be distinguished from the dead body in three
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. ishing its
1st. It is constantly losing energy, and as constantly replenishing i
StOCli ch ezfgrtgh}; dead body, all the liberated energy pa;ses off l:']netchheaﬁ?;;?

f hg;t.‘whi]e in the living body, it is sct free from theun?esyfg:ms chanical
o oveménts and even while existing in the body, 1thza.sst mes forms tha
gjifferent from e illtlk;ocli]gh’ i';mall}lr ﬁﬁﬁ?fsegfi‘gé? ifaoz:ly in setting free

. the dead body external be af it on ctting, fre
uan%ti‘?ies irt} heat which result in decomposition, \\lt}l‘]e mt%hee nl:z);thimpl}é
?he liberated energy assumes some form of motlon1 rom the most simple
ovements of the Body or a part of the body, to the most v
m , or
't f the bodily system. ) ) .
den Sfcilnet?xitali?nn}s)l%blem of physiology, therefore, is to e}lcplam how the liv
I D i Whatl O e btohdr)clmcga}:”tll?et: 11%&2’2??8&5 substance and,
estore its lost energy t Of | ance and,

nd Iflrti.\'e I;ut from itself, not only a certain .anrlou’xf‘;l o{l trt-_;en ggglg){rom 2
z‘l'f.jli?'l kind of energy determinate and special. he Fm eachyother  its
SL liest stages is divided into parts whnqh are different from eh other and
becon e mo%e different—the differentiat!on increases as grox'v advances.
Pl‘icezoéglls of the body are differentiated in such a way-thlzzg g::(;]uPZOI‘lsisting
unite together to form certain tissues, ttrlle “.'hOI.(i bodﬁ ‘;trl‘?;ilure} onsisting

i is g s ow .
sses uch tissues, each tissue having i : ) .
(S)Lflenlflibf‘?::sof’lcs)t only in st’ructure from everby pther t1bs:l?l,‘intlétduii’tilslg)antcolfylgicér
. i i Y anac

i es particular functions, there being isi r
tl;]sc?:gaiilégctis}?sues Aside from this h1stologlcalystructur:n?tt)et:ss}tlies,to?;gy
. ‘ ivisi f tissue. ou rem

i ; t of two divisions o
siology takes accoun ‘ ons sue. | You r

ives ivi s, physiology reduces >
O e Phyoiclagiont diriaian based upon function or use. ]
logical division is based upon f :
’Irslze P’i}g(s)ls(:e \\{/;hich are employed in restoring lost energy by renewing
* . . . . eat
the SzudbSt%Ir‘]l?gse which are used in frg:elng_enexgy. to be con‘}'ertt?gnu;;od 1111'5-
d 1c;tion In the main, nervous tissue is used in the pro ug and dis

??b l;ion of.ner\-'ous impulses and the muscular tissue dl'l’l tt % pcontrolled

”dud' ection of movements, these movements bemg. irec eI -ontrollec

2nd hallrrmonized with the em‘ironments. by nervouz plstsue};eatn lea\?,es thé

ner ' is expended, and this energy being converfce 1%119 heat leaves the

End s ither in the form of heat or mechanical work. 15I Ssitates the

r:plzneilshin'g of energy and the renewal off the sublstar;lcet.hm&ic:‘rg e(l;ﬁ assist

in ti i val an i
ain tissues in the processes’o renews r : S
ttlllesli “;1? ;nns of the body are brought into service to am_ma‘lxzte‘:sstuhees fg(;d

:lllbtst:nceg and so prepare it for ufse by Lnuic‘illar'tarisasttl:wo}?:on: euc s'tand-

, ] ject from the body its .
to take up and finally eject fro g /
glgion’t we ha\'eptwo other kinds of n;S'u‘lts'taihy\;oi?x%l%iggére the food, and
i ime ion which take a 3
Lot oS of.allmcn.tauon the waste materials in order that
i f excretion which clear away the r :
ifllisct:ljlsatlrczr?d nervous tissues may have the least thbiletlt? Lh(e)rg;g;:isprzf
i ¥ i n es
ilding. These tissues are arranged in organs, a :
up-bmlg::nhganisms, whose movements are carried on by Imuscué?rmtlllssit;?

Sel:it rlzhe direction of nervous tissue. Thus we have two Cdiiseesother sscu-

Jar tis es, the one concerned with external locomotion, an : her with

pod tlssul o; anic movements. There are, also, two classes ?] netlher s

e ntile o%ebc‘aring upon the external movcments, and éfe o trimgm
inter al movements. When the food substance is prepareh' c;lx gﬁder t,
;?tizrgarried to the different tissues by means of blood, which,
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control of the vascular System circulates all through the body carrying nu-
triment to the varioue tissues, and also, by the respiratory system, bearing
the oxygen supply to its tissues according to thejr needs—that is the needs
of these tissues—in the economy of nature. This, in outline, gives us a
brief sketch of Physiology as a science, and of the Physiological functions,
of the light thrown upon the subject by chemistry, biology, anatomy and
pathology, of the vital principle which permeates the entire physiological
subject and of the complete harmony among the different organs whose
functions, though distinct, are part of that unita] arrangement by which
the human body fulfills its purpose in the preservation and manifestation of
the individual life and in the transmission of that life from generation to
generation in the life and history of the species.

CHAPTER II. THE BLOOD.
SECTIONI. The tieneral Physical and Physiological Properties.
The different tissues of the body are interlaced with a network of fine

vessels, the capillaries, to which the blood is carried by the arteries, and
from which it is conveyed by the veins. The blood is contained practically
within this tubular system and is kept in circulation mainly by the force of
the heart’s action. This blood is in reality a tissue of the body. and in its
circulation is really concerned with the whole field of physiological life and
development, carrying the animalized materials to the different tissues;
carrying the oxygen absorbed by the lungs also into the tissues; carrying
off its waste products, and assisting in the regulation of the animal temper-
ature. Here we are to consider not this physiological action, but the blood
as a constituent element of the body. That is, we consider the constitution
of the blood rather than jts functions. These functions belong to the dif-
ferent fields of physiology that follow in connection with the different or-
gans of the body.

The blood ia its liquid form consists of the plasma, also called the lig-
uor sanguinis, an almost colorless fluid in which flow, at least, four different
kinds of corpuscles.

The corpuscles are minute bodies, some regular and some irregular,
and are known as the red corpuscles, the white corpuscles or leucocytes,
the blood plates, plaques or platelets, and 4th, the granules. The blood
Plasma is colorless when it is free from the corpuscles, or of a faint straw
color when'it js seen in large quantities. This straw color being due to the
presence in the plasma of pigment of a special kind. .

he proportion of Plasma to corpuscles in size is usually stated about
2to 1. The blood plasma is the liquid part of the blood before coagula-
tion and differs from the blood serum, which is the liquid part of the blood
Squeezed out of the blood when it coagulates. The reaction of the blood is
alkaline, due to the presence of the alkaline salts in the blood, chiefly the
carbonates of soda. In different animals we find this alkalinity varying.
Reckoning jt as carbonate of sodium, (Na. CO; ). human blood corresponds
to .35 per cent of this salt. This is very important, because during the pro-
cess of digestion the alkaline reaction is said to be increased while exercise
causes a diminution. The specific gravity in the adult male may vary from
1,045 to 1,073, the average being 1,055, whereas, in the female the variation
15 Irom 1,041 to 1,070, the average being 1,0:0. It also varies with age. It
IS Increased by exercise and rises normally during the night. being, de-
creased after meals, during the day and after hemorrhage.” The specific
gravity of the corpuscles is greater than that of the plasma, hence the cor-
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puscles when coagulation is prevented, tend to sink—that is, to sink in the
plasma. This specific gravity varies among these corpuscles themselves—
the red corpuscles being heaviest and the plaques being lightest. The red-
ness of the blood is due to these corpuscles. The plasma in the living ves-
sels appears to be colorless as does the serum in thin layers—in thick lay-
ers the plasma and serum have a slight yellow color due to the presence of
pigment. Thesered corpuscles inman, andin the mammals, except the cam-
els who are of the camelida family, are bi-concave discs without nuclei with
a diameter of from 7 to 8 micra, (one micron equalling .001 mm) and a
thickness of one to two micra. Being discs they are circular when viewed
on the flat and rod shaped when viewed on the profile. In number they
vary much in health and during sickness, the average being five millions per
cubic millimeter in the male and four million five hundred thousand in the
female—this number is affected by increase or deerease of the plasma, or by
increase or decrease of the the red corpuscles. The number varies with the
constitution, nutrition and manner of life, and also with age; they arc great-
est in the foetus and new born child. It varies also with altitude—a high
altitude increasing the number of corpuscles; a diminished pressure of oxy-
gen in the air increases the production of these corpuscles. The increase
or decrease in the number of corpuscles takes place in normal conditions
according to the changes in the tissues and by the presence or absence of
water in the blood, and also by abnormal conditions relating to the number
and size of the corpuscles—these abnormal conditions belong to pathol-
ogy, not to physiolngy. The red color of the corpuscles is due to the pres-
ence of hzemoglobin, and this may also determine the condition of the
blood, whether normal or abnormal. When seen microscopically these cor-
puscles, taken singly, have a faint red color, vellowized; but when they are
seen in masses they are blood red, varying from the scarlet red of arterial
blood to the purple red of venous, this variation being due to the amount
of oxygen in combination with hamoglobin. The red corpuscle is elastic
as it may be deflected under pressure, resuming its original form after the
removal of the pressure. The shape of the red corpuscles, therefore, de-
pends upon physical conditions of the plasma, serum, or the fluid in which
they are found for the time. These corpuscles consist of a colorless frame-
work (not compact), which is spoken of as the stroma. This stroma is a
differentiated protoplasm consisting of proteid substance and other matter.
This stroma is normally associated with haemoglobin, which may be anal-
yzed into proteid matter of the globulin family, and the coloring pigment
of hazmatin. In general the function of the red corpuscles is to carry ox-
ygen from the lungs to the various tissues, This function depends upon
the presence of hamoglobin, which easily combines with oxygen gas. Of
the total solid matter of the corpuscle about 95 per cent is hzmoglobin.
The combination of the hamoglobin and stroma.is not known, physiolog-
ically. 1In laky blood the corpuscles are broken up and the haemoglobin 1s
set free passing into the plasma in solution, the redness being diffused in
the serum. Normal blood is opaque, due to the reflection of light from
the surface of several corpuscles. Laky blood, on the other hand, is trans-
parent because there is no longer the surfaces of the corpuscles to reflect
the light. The blood may be made laky either by ether, chloroform or bile,
and this is the abnormal condition that we find sometimes in the living
bodies as well as by the addition of a large excess of water. Landois, by
several experiments, has shown that the serum of one animal’s blood may
render laky blood of another animal—a condition that is of some import-
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ance in the subject of transfusion, an abnormal condition of the blood,
This property is called globulicidality, different kinds of serum possessing
this property in lifferent degrees. If the blood is diluted with water, the
blood becames laky after a certain point is reached. The quantity of water
required differing in different animals. In the red corpuscles ‘a certain
amount of water is present normally; the amount being determined by the
substance—the substance of the corpuscles—and the attraction of surround-
ing liquids. If this attraction is diminished or destroyed, water passes free-
ly into the corpuscles, and forces out the hazmoglobin. Liquids containing
inorganic salts sufficient in quantities to prevent the corpuscles imbibing
water are spoken of as isotonics to the corpuscles—that is these salts pre-
vent the corpuscles dissolving and giving up their hazmoglobin. Ex., Sodi-
um Chloride 0.63 per cent solution acts as such an isotonic. There are a
number of other isotonics, but this is the one that works the most perfect,

Hamoglobin is a very complex substance of the compound protejd
class. When analyzed it is found to consist of g6 per cent of proteid (glob-
ulin) and 4 per cent of pigment (heematin). In the absence of oxygen
decomposition produces globulin and hzmachromagen (this last is a com-
pound substance), when oxygen is present under oxidation giving place to
hzematin. This compound” substance combines readily with oxygen and
gives it its absorbent power, giving to the hemoglobin its physiological
property, which is utilized in respiration—that is carrying the air” from the
lungs to the tissues. Hamoglobin seems to be different in different animals,
theamount varying with the individual and with the condition of life.

In the blood of a man weighing 68 kilograms—that is 150 pounds—
there are found about 750 grams—r1.65 lbs.— of hamoglobin distributed
among 25 trillions of corpuscles. This vast extent of the hicmoglobin is
used for absorbing oxygen in the lungs, the bi-concave form of the corpus-
cles increasing the surface, which is open to th: air’s action. Haemoglobin
unites freely with air, forming a chemical compound known as oxy-hxmo-
globin.  This combination, the oxy-hamoglobin, is not very stable, so that
if the compound is placed where oxygen docs not exist it gives off its load
of oxygen, a property of the blood which is of great use in respiration. The
haemoglobin unites with carbon monoxide (CO), to form a very stable
compound, for this reason, the inhaling of the carbon monoxide gas results
generally in death by asphyxia. This carbon monoxide gas, of course, is
found in the coal gas. That is one recason why coal gas'is so fatal. The
same is true of nitric oxide (NO).

Iron is found to be present in the heemoglobin, varying in different an-
imals; the per cent being from -34 to .48.  This iron element is of great val-
ue in combining with oxygen. Each atom of iron in the hamoglobin mol-
ecule combining with it one molecule of oxygen. Oxy-ha:moglobin may

€ found in crystal form, the power of crystallization varying in the blood
of different animals. If we take some blood and put it ‘into a test tube,
then add a few drops of ether, shake the blood until it becomes laky—you

howwe said ether and chloroform were substances which produce that con-
dition, shake the blood until it becomes laky, and then put the tube on ice
until the crystals deposit. Small portions of this crystal may be examined
under the microscope. These crystals assume different forms in different
animals. In man and most of the animals they assume the rhombic prism
form. Heaemoglobin in solution, examined wvnder the spectroscope, gives
characteristic absorption bands. :

THE RED coRPUSCLE is a cel] that has lost its nucleus. The corpuscles
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therefore, do not live long in circulation—that is in their individual form
The bile pigment discharged from the liver is derived from hzmatin,
which is a decomposed product of hazmoglobin. As these pigments are
continually excreted the red corpuscles, which supply the hamoglobin
must be constantly destroyed in a normal state of health. It was formerly
believed that the spleen, where red corpuscles have been found in various
stages of decomposition, that the destruction of these corpuscles takes
place in the spleen. Later researches, however, have shown that the blood
of the splenic vein contains no hzemoglobin in solution. It is more prob-
able that no special organ or tissue destroys these red corpuscles—that is, it

has no special function—but that the process of dissolution goes on in any .

part of the circulation, the hz2moglobin thus set free going to the liver and
being excreted as bile pigment. This constant destruction of red corpus-
cles demands a constant formation of new ones. In adult life the red mar-
row of the bones is the great reproducer of the red corpuscles. In the
passages of the capillaries and minute veins of the marrow are found nucle-
ated colox_‘less_ cells, these being transformed into non-nucleated cells, and
then passing into the blood as red corpuscles. 1In the embryonic life this
process goes on in other parts of the body, such as the spleen and the liver
as well asin the red marrow of the bones. ’
THE WHITE CORPUSCLES OR LEUCOCYTES. These areless numerous than the
red corpuscles, the variation ranging from one in three hundred to one
In seven hundred. Although they are less in number, they seem to be of
greater importance in their relation to the blood. At rest they are color-
less, irregular, spherical masses, varying in size with an average diameter of
ten micra and of a coarse granular form. They often change their form
and thus possess amceboid movements. In these movements the spherical
form of the corpuscles may be changed to the flat plate form in which it
displays a nucleus and sometimes two or more nuclei. These leucocytes
are examples of undifferentiated protoplasm. The whole corpuscle contains
a large proportion of its substance, water, only ten per cent being solid
This small solid proportion consists chiefly of proteids, for example myosin'
similar to, if not the same as muscle myosin, paraglobulin, nuclein, contain-
Ing a large quantity of phosphorous. 1In addition to the proteids we find
fatty matter, starch and sugar—not in their clear form—together with quan-
tities of potassium and phosphorus. The blood leucocytes are of different
kinds, the chief characteristic being the amceboid movements, by which they
readily pass about absorbing into their substance fatty or pigmentary sub.
stance, wandering about from place to place, and even passing through the
vessel walls as in diapedesis. This process takes place to a slight extent
normally, but is largely increased by inflammation. Sometimes they are
called migratory or wandering cells.” Various classifications have been giv-
en of these corpuscles. In recent times they are usually spoken of as three
in number.
1st.  Thelymphocytes: small corpuscles witha round vesicular nucle-
us, incapable of ameeboid movements.” These resemble the leucocytes.
They are found in the lymphatic glands, and, in fact they pass into the
blood from the lymphatics, supplying the blood with new white corpuscles.
. 2nd. Mononuclear leucocytés. These are medium sized corpuscles
with a vesicular nucleus, and possessing amoeboid movements.
3rd.  Poly-nucleated leucocytes. These are large corpuscles with a tri-
partite nucleus, and they show active amceboid movements. According to
some physiologists these different classes of corpuscles represent progress-
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ive stages of the corpuscular development. The difference in form de-
pending upon the stage of deveclopment. Other physiologists regard the
«corpuscles as all belonging to one family, the difference being due to the
taking in of granules or the production within the cell itself of certain gran-
ules as products of metabolism. The functions of these corpuscles are nu-
merous. We may classify them under four heads.

1st. They aid in absorption, for example, the absorption of fats and
proteids from the intestine. In this case the absorption takes place in the
lymphatic tissue of the alimentary canal by the lymphocytes.

2nd. They aid in the process of coagulation.

3d. They help to maintain in normal condition all the blood plasma by
supplying it with proteid matter.

4th.  They are said to protect the blood from the pathogenic bacteria.

It is claimed that these leucocytes either eat up the foreign substance
introduced into the blood, hence they are called sometimes phagocytes, or
else they form certain substances which destroy these foreign substances.
This is the basis of the theory of immunity from infectious disease effected
by inoculation, e. g. vaccination.

THE BLoOD PLATES OR PLAQUES.—These are small disc shaped or ir-
regularly rounded bodies, ranging in size from .5 to 5 micra in diameter, but
homogeneous in their structure. According to Hayem they werc early
stages of the developing red corpuscles and he calls them hzmatoblasts;
this, however, from later research is erroneous. On removal from circulat-
ing blood they rapidly dissolve, and this dissolution for a length of time
prevented their microscopic examination. They exist in the blood itself
and are not products of coagulation. Lilienfield has shown that they con-
sist of a nucleo-albumin which is found, also, in the nuclei of leucocytes.
When these poly-nucleated leucocytes dissolve in the blood, these nuclear
fragments exist for a time as plates or plaques. If this statement is true
the function of these plates is either to build up the plasma or they form a
waste which is thrown off through the plasma from the body, in addition to
aiding in the process of coagulation. Gibson calls them colorless micro-
cytes.

Y The 4th kind of corpuscles; elementary granules: These consist of fatty
substance derived from the chyle and small protoplasmic germs produced
by the lymphatic glands. They constitute the smallest and undifferentiated

elements that are found in the blood.
SECTION 2. Chemical Composition of the Blood.

The blood, including the plasma and the corpuscles, contains a great
number of substances, the chief chemical interests of the blood being
found in the changes which it undergoes in the several tissues, and as a
source of food supply, and also, in carrying off the waste products. The
whole blood contains gases in certain proportions, chiefly the three gases;
oxygen, carbon dioxide, nitrogen. These gases vary in the different kinds
of blood, and especially distinguish arterial blood from venous blood. In a
quantity of blood containing a hundred volumes, we find the following
proportions in the two kinds of blood:

, % Arterial blood | O, zo0. COy,40| N, 1 to 2.
Venous blood | O, 8to 12. | CO,, 46 | N, 1 to 2.

The plasma is resolved by coagulation into serum and fibrin. If the
corpuscles retain the proper quantity of water necessary to their integrity,
then the blood consists of from 1-3 to 1-2 by weight of corpuscles, the re st
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p]afsrﬁa. The constituents‘ of blood, chemically analyzed, are found to be
2Sb ollows: Water; proteids, three kinds of which exist in the plasma:
émogen, paraglobulin and serum albumin; combined proteids haem% lobin
an_d nuc!e_o-albummi fats and other extractives, such as sug,ar ure§ uric
?C}d‘, etc.; and lastly norganic salts. The plasma consists of the’three’ ro-
szlru:nﬁbmflio%en" pa:ag lobulin z;nd serum albumin. In one hundred parti of
e lind asout 90 parts of water, 1 to 2 parts of fatty
other extractives and 8 or 9 par ’ oter brinogen: hre,3nd
3 s a .9 parts of the proteids. Fibrinogen: is be-
longs to the globulin family and is _distinguished from pargaglobtgﬁllslabea
rtl.umb:er of special reactions. Its chief reaction is that under proper con}c’li-
C:)oangs llt tgn'cs ris;:e to aninsoluble proteid fibrin which is essential in the blood
ulation. occeurs in small quantities in the blood ing f
cent. to .4 per cent. Its function in the bl ide from conguintioa” "
t ood, aside from coagulati is
unknown. Paraglobulin: Thjs also | : in family, ex.
: belongs to the globulin fam]
hibiting the general reacti f thi : Bt o it found 1Y &5
g action of this class, The a £i in di
ferent animals varies. Inman it ; ut Feent. Thiy nd in dif
3 . Is about three per cent. This roteid i
- 3 - N - - § e
i\tails?-:.gleedac?'a siijnc%ofgilltiqgenous food to the different tissues, bufxvheltdheli
trectly by the tissues or by conversion into ! : id 1
uncertain. Serum albumin: This is a tvpjca] : id showing the oS
: ‘ : a typical proteid showing the 1
reaction of albumin. In the blood it ¢ i ids that o
on of . ) omprises all the proteids t
Eot ptgcnpltat’ed by the sulghate of magnesium (Mg SO4)? It is sa?sttg;‘t::
p{e:?;trlx{?egnidc} prtc_)perthcondltxons gives coagulation at three different tem
"es, indicating the presence of the three roteids i )
indicating ¢ i tioned. Th
amount varies in different animals; in man bejy 3 < pe 5
't v S ! ; 1g about 4.5 per i
%J;nc;t:l;‘tll) béfhgvc:gl tohanse from the digested pz?oducts 04[’Dthpe focsgt}lotltbés
ng changed during the process of disest| i ' .
g changed oxin, P 1gestion, but during the act of absorp-
iShml;};%/sflgltzﬁjcatl_ly this fse{lung allbumir'] is the chief source of proteid nour
v the "tissues of the body, furnishing part of th i fal
made use of in the metabolism of the tissyes. q sbstaneen awerial
: ssues.  The fatty substances, which
are scarce, except after meals or under patholowjc 1 iti usist ¢
the neutral fats, for example: Stear; 3 s and olein aney 0nist of
: ) pie: Stearin, palmatin and olein with i
quantity of their respective alkalines Amo : ives we Rad
\ : . ng the extractives
nearly all the extractives of the bod o e S
3 e e y and the food, for example: Sucar
urea, kreatin, etc. The chief chemical f 'sali sticution o
, et eature of the salin ituti
the blood—that is the blood i i of sodinm aver
> S plasma—is the predominance of sodi 4
potassium salts, the abundance of chlorides and Dhosphates
otassium : L < the presence of phosph
géot:fgopgziegge tm \fzerlytsmalldquantlties. The red blood corpuscxl)es cgn?;tlierf
nt. ob water and 40 per cent. of soljds.: f
40 per cent. being organic chiefly haem i e extent of o e
] : oglobin, to the extent of
cent,, that is the h'emagloi)in We fi : 6. of lecithin dn
, t E . nd about 1 per cent. of lec; hi
cholesterin. The salts consist chij fun of maghesiom]
! efly of potassium and . of m i
icsal;lium lz]md. only ]vegy small traces of chloride of sodium ° The i%?:fsglcrind
osphoric acid. about .2 per cent. combined with potassi
phosphates. In the white corpuscles the chi ottids consist of mmonls
I ef proteids consist of i
and paraglobulin. Inthe nuclei we find i Cithin and
nuclein.  We also find lecjthj
other fats, glycogen, the extractiv i i the potass
; esa 3 i
othe predommating.' : nd the inorganic salts, the potassium

SECTION IIT. Coagulation of the Blood.

The blood when shed from the livin i iqui
’ ) g body is perfectly 1
however, it becomes coagulated, and this viscidity iEs) onecofythelqmugds.t ins;;g?-’.

o
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tant properties of the blood, after it escapes from the body. The process
of coagulation is easily followed. The blood when shed from the vesscls
very soon becomes viscous and then settles into a jelly or gelatinous condi-
tion, quickly becomes more firm, thus preserving the mould of the vessel.
If the blood is left in this jelly condition however it becomes more com-
pact; it shrinks and yields a quantity of faintly yellow colored fluid which
1s called the blood serum. This liquid appears first in layers on the top,
then around the sides, and last on the bottom surfaces of the compact sub-
stance—the gelatinous substance. This jelly substance after shrinking
assumes a more solid consistency, forming a clot, or, as it is sometimes
called in its Latin form, crassamentum. In the process of clotting the upper
surface becomes slightly concave; the clot itself assuming the form of a
network of fine fibrils, in the midst of which are found entangled the red
and white corpuscles. These fibrils are found to be composed of fibrin, an
insoluble proteid not present in the normal blood. This fibrin appears in
the fine threads which hold the clot in its gelatinous condition; the corpus-
cles being held firmly in the filaments of this fibrin. The white corpuscles
on account of their capacity for amoeboid movements often pass out into
the serum. 1f the blood is shaken after being drawn the filaments are
broken and the serum becomes red instead of pale yellow, due to the pres-
ence of the red corpuscles. :

If the blood is vigorously whipped with a bundle of rods the fibrin will
be deposited on the rods and the liquid then left will consist of serum and
blood corpuscles. This whipped blood is called defibrinated blood,
resembling ordinary blood with this exception, that it cannot clot
again. The Physiological value of coagulation is that it causes haemorrhage
to cease by binding up the wounded vessel. The time taken for clotting
varies; but, normally in human blood it becomes viscous, that is the first
stage, in from two to three minutes, assuming the jelly form, the second
stage, in from six to ten minutes. In a few minutes more the first serum
drops, representing the third stage, appear, and this goes on gradually, being
usually completed in from ten to forty-eight hours.

In the blood of the horse the process of coagulation is slow, allowing
the red corpuscles and some of the white to sink to the bottom before vis-
cidity begins so that the upper part of the clot assumes a lighter color,
while the lower part of the clot is a dark red color. The upper part of this
clot is called the buffy coat, and the clot is said to be buffed.” The blood of
the pigeon clots almost as soon as it is shed, some say even in the process
of shedding; whereas the blood of the chicken may not coagulate for ten or
twelve days, retaining its liquid form for that length of time. The clotting
may be accelerated by the following circumstances:

Ist. By the presence of Oxygen, viz., the free access or the air.

2d. In a temperature a little above that of the blood, for example, hot
sponges or fomentations applied to a wound accelerate clotting.

3d. Contact with foreign bodies, or the increase of the extent of the
substance with which the blood comes into contact, for example, the extent
of the vessel in which the blood is placed. Blood will also coagulate in a
vacuum, but this may he prevented by taking precautions to prevent agita-

tion of the blood and by keeping the temperature of the vessel nearly that
of the blood vessel from which the blood has been taken. Coagulation is
retarded and may even be prevented altogether:

Ist. By the absence of Oxygen. This may seem to conflict with the
statement we made before in connection with the vacuum. But in the
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condition of the blood as we find it in the vactum, and this is the reason
why in the vacuum we have the tendency to accelerate rather than retard
coagulation. ' .

2nd. By a temperature below zero or above6o degrees centigrade. For
€xample, blood from animals which normally clots slowly may be put into
narrow vessels surrounded with ice. In this case coagulation js retarded,
the process of coagulation is retarded, and may be even prevented. Blood
in this way may be kept for an indefinite time in a fluid conditjon, The cor-
Puscles sink—that is in this condition when the blood is put in a par-
row vessel surrounded by ice—and in this way we get the pure blood plasma.

3d. By the addition of neutral salts, for example, Sulphate of soda,
Magnesium sulphate, carbonates of sodium and potassium, the nitrate of
potassium, and the alkaline chlorides. In this case the corpuscles settle and
we get plasma that is known as salted plasma due to the presence of these
neutral salts. The best solution to use when securing this salted plasma is
a solution of 27 per cent magnesium sulphate.

4th. By saturation of the blood with carbon dioxide (COy ).

5th. By certain albumose solutions. Some of the products of proteid

the living vessel for €ven in a case of death of the body, the vessel lives after
the death of the body for a certain time—that is w
vessel after death—the death of the body
body.

6th. By the use of an extract from the heads of leeches.

Normally coagulation does not take place while the blood js in circula-
tion through the vessels. It would seem that the living walls of the vessels,
the lining membrane of the walls of the vessels prevents this clotting. Many
of the conditions that we find in the living body are favorable to coagula-

i i iti €se conditions the blood continues to sustain an
intimate relation to the living tissue. For example, if the base of a frog’s
heart be ligatured while pulsating, the blood remains fluid in the beating
heart—that is, the heart of the frog continues for two or three days in this
condition—so that the process of ligature is quite €asy. But if the heart be
punctured, the drop that oozes out from the puncture
instantaneously. Lister maintains that coagulation is produced by contact
with foreign bodies, and he says that this is the only cause of coagulation.
In the case that we mentioned, that is the case of the frog’s heart, he says
that the blood was kept agitated by the heart’s beat. Byt the blood will
continue fluid in an artery between two ligatures for a considerable time,
and that, of course, is independent of the beat. Blood coagulates more
slowly in a dead vessel—that is a dead vesse] that once was alive in the liv-
ing body—than when shed and placed in an artificial vessel,
first commences in the heart and the larger vessels, then passes to theinter-
mediate vessels, and last of al] to the smallest vessels.
smallest vessels, de iti ]

place. The cause of coagulation and the theories of e

1st. The formation of fibrin, and second, the question of the derivation
of fibrin from the fibrinogen of the plasma. Hewson in 1772 was the first
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to state that fibrin was disolved in the b]oodf, a;lndéhgt it ioagglaéel:igtrco)fvorg:
i sity
. Buchanan, at one time Prof. of the Univer Y. .
gccg(t)l;ndpil;noﬁ&s showed that two substances arelz ne;{eszary lrll onhd;ix;ltowfl?ilcxﬁ
i i ocele ,
i ; ving that certain fluids, for example, Hydr
f(ilb“n'tbgogr?ﬂateg spontaneously undergo this change, when part of a lc]lot,
Oéw'd fro;gn the clot are added to it. He concluded from this that t ?re
?sra géluble fibrin which, when acted upon by the colorless blood corpuscles
vhi rpuscles—produces fibrin. ] ) o
_thgc‘;xl:riggtccx)vlgo has in?/estigated the subject for over thirty years, has
iv most recent theory of coagulation. ) ’
& erxlﬁt]sﬁ:?tehnel%iscovered fibrinogen (this was a\(\j'a_y lt)ﬁd{lm thi %Z?Big?:g
i i blood plasma and in the lymph, i
o e et e found i the dies, fibrin being formed by a union
obulin family of albuminous bodies, i eing )
(t)c; ftirllaiigzagen with ﬁb}r’inoplastin oglpar;globulm—thls last, also, 1s 9f the
i i ived from the blood serum. ) . )
glObg]cllrmlrrfl?cTt}ly]z:jtglt\ ::heory—which wefindin connection with his researchdqs
f about three years ago, 1894, in regard to coagulation, is that .tdhreetl;:o:: i-
¥ re neces%ary to produce coagulation. Ist, certain proteids, he two
g&nbsu?ins of the blood. Out of the paraglobulin is formed the fibrinogen,
i i is changed into fibrin.
an t7l::lls ﬁTbl?enfoi%(rall:) lferm(:ngi is necessary in order to effect these changes.
is fer S idt calls thrombin. . o o
Thls;ctlﬂmznge::'?ir:lquantity of neutral salts lsﬁne:jcess_ar);ﬁn 01ldir t?I‘lP;ir:c%ePnl--
- {4 - s o . )
in in its insoluble form—that is as we find it in the clot.
tafaitﬁgg?ol?n;:illgy adding to the serum of ox blood twenty tlmc;s its voflutn;le
g]fstrong alcohol, setting 1t aside for a month. After thfel'ct?lsledowatere
th the coagulated proteids were extracted by means of distille W ;
mc:jn. this way there was obtained a solution containing small quantities o
;l:ot:a?d a solution which he found to assist, andta:lstot to tréducefoigglsa;txa%rg
n o
. faras to use the word produce, but to in uce, s
ng?:]edcrg:tgﬁfatsi?m. Schmidt held that this ferment was formed mAs};Ed
i)ri od by the disintegration of the leucocytes or white corpuscles. At %
osent };ime it is believed that there is derived from this dlSlnthI‘;lthn o
Elf: leucocytes and also from the disintegration of the mlcrotcyteso—atguelzetiz;e
r i rtes— ssary to c .
tes called microcytes—a ferment necessa
I[Shefl;i-o:sdozlraknowledge extends at the present time, we conc]ud%bt}_lat the
%o. ation of fibrin is due to the action of this fibrin ferment upon | rm?gen
acr)nlcinthat both of these—both the fibrin and theh ﬁbnpogent—ongll_‘rllliteblz;)oon;
tes and the microcytes.
the colorless corpuscles—the leucocy 5 mic {inhe blood
ithi except in the case o !
does not clot within the vesgels. normally, exce obstenog, OF intra-vascu-
ing by the introduction of some foreign ,
;igucr?stttll?eginﬁer lining of the vessels, or :ilqts E.st athfermecnlfegl;)rtohtiic%)sloggé
ing i ; nu - G
f its not clotting in the vesse is tha e 3
Ic})]tep:f:ss:nnt (i)n the blood in sufficient quantities at any one time to produce
Coaglljriatt}lxznformation of the fibrin the leucocytes and 1Ehke mi?'ozyttoesaclsisfig-
i in circulation,-but this does not ta e place to -
t?gr:?t:xltner:??cj)lfg?i la ferment on account of the defensive aCtl.\lt.) of Ehg
2513 lining the interior of the vessels. When thl‘sgefelrtls?'e C?(;;Srli 1%é$§:g\gzn
i bine with salts to
in shed blood, these nucleo-proteids com fort rinoge
in wi lation of the blood. is poin y
brin with the result of the coagulat . Th
gzdafcgpted as settled in Physiology, viz.: that coagulation is dutg to tilzﬁ
formation of fibrin—the mysterious’ point, of course, is in connection w
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the form of that fibrin—how the formation t
this does not take place in the blood normalalll;'?slﬁllt?ctﬁ‘at thﬁs aflcft?mkr(]io!‘)v e
EII;:-?: 1:of ﬁbrmogg{l and paraglobulin, probably under the inﬂuenge o)f’ :}?e
alvo ex?::ne'ntih ti})rmoger} exists in the blood plasma and paraglob l'e
o tll; s 1:}1]'t e blood, principally in the corpuscles—some Physigolo L;s:;n
Bt e‘“; ite co}:puscles aad some say in the red corpuscles Sgc; :
livi)x; 10g1sts say that the reason why the blood does not coagulate j he
g vessel is that the fibrin and the paraglobulin are both gcont:irigdtl}s

these substances, the fibrin i
: , ibrinogen, paraglobulin or fibrin, can esc

tfglr(x; b)lr umc;?] the fibrin.  If thjs disintegration of these whiteapgorso aslto
tak g a\cea efse three substances escapc and the result is the ﬁgu'sc e
whir?eecyoran , lo t':ciurse, coagulation results. Thjs disintegration o;mthls
hite co \?EZ?} etlsaeac;;ihplﬁcf l\vhpﬂ the blood is shed from the living vesselse

-Pithelial lining of the vesse] s injured o ,

. 4 1 r d '

the former case we have blood coagulation, in the IatJter case “‘f:tfr)g)v:di.ntrlan

may be regarded as a tissue—like th i
na a | € other tissues of the body—
living elements requiring constant assimilation and eliminatio}; ir:a(cj)sdlg? toof

maintain the normal life conditions. Coagulati
! ) . gulation, on the i
i&tut;l;t?sf ::ve;t;un chemical changes concomitant with the dz;lzgrol}atl;lde, l;?otgg
Aot Is we bcl:: nc:jt sls)ay the death of the body, or the individual, but the
eath of livesf)né Szc;;;siht:ﬁ;(;sar?aglstmlct; whicl:e it lives —that’ is while
€ place. Consta ‘nemica! i
ﬁshg:gllcei’ge(:jt‘)tveen the blood and the walls o?the \'essels—?hte (i)?g?cic:és;:]ter—
s d?scuss ng‘sus't%l;: blood life, also the body life. It js the blood life tli;
o dlscuss ro‘;. i e solid formation found in the clot and the separation
tissuesqof th% boecll ;)und In the serum is in line with what we find in other
gocs s of the bo Vv, :)gdexample, soft, contractile tissue at its death under-
goesa Withgwh most identical with coagulation; a condition that we have
i ith s kne:)] wctle %ome to the Physiology of the muscles. The onl
ol that we ki (vivb efinitely in blood nutrition s this fact that a constan}t,
rejauon Cogugle : etween the blood and the lining membrane of the ves-
but in the case of a lesion of the S oce Yhen this hether oo feerved:
due to injury or to malnutrition, coa, ation  follows.  pock; the lesion is
i t 0, coagulation follows. Dur;
:ﬁgﬁsvc;fsslzgzmgatlfon, on account of the arrest of the flow gfgbltcf];d ﬁtlilsff
Snall vesse esga;é ;%rﬁedfgictégipzztﬁltlon,da}tlllowing certain of the blood
, cles adhere to
coagulates. We find the same thing in the larger tviztell]se,rwir;ix tgg ﬁlgiﬁa

relation of blood to the vesse] wall is subj i
] t : e jected to great str

Zi:agglt Il:s;o?hs cczl\ ered with small blood clots, %*‘oreigna"s]u‘l‘;:tgitceens ﬁf?)d
exan gcl,ot tt];ea tlntroduced Into the living and circulating human blc’)odr
porm a clot, e dco orless corpuscles collecting on the thread The time
hec extr;}:rascﬁllo u;:le Intravascular clotting js long—that is con.lpared wli-lgl?
Bk travasc ar,ft e blood having been stopped for several hours som
s d}’ . g;h fsay Of even more than a day, without this coagulation. Th'e

ue to the fact that so long as the relation of the blood and vessel walllss
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is maintained, clotting does not take place. In fact, the tissues die before

the blood will clot in the vessels; that is, you have the death of the tissue

before you have the death of the blood. Even after death the tissues live
and the blood continues fluid as long as the vessel wall can nourish jtself

and the blood. In cold-blooded animals the tissue lives longer than in the

warm-blooded animals; for example, the heart of a tortoise will live under
favorable conditions for two or three days after its removal from the body
and the blood will still continue in its fluid condition until after the death of
the heart, that is, after the death of the heart tissue. Certain chemical
changes must go on in the blood to preserve this integrity—the integrity of
the blood, the cessation of these changes resulting in new products among
which you will find fibrin. When the blood is removed from the vessel
wall, or the relation is broken, the production of fibrin results—from one of
two causes—either:

Ist. Because the blood elements have been destroyed, or

2nd. Because of the impossibility of the reintegration of those blood
clements. In either of these cases the fibrin appears as a death element, in
the case of intravascular clotting this death element is removed by the vig-
orous action of the other life elements in the body and in the tissues, while
in the case of shed blood these life elements cease to exert an influence and
hence complete coagulation results. This finishes the subject of coagula-

tion of the blood.
SECTION 4. Quantity of Blood.

The total quantity of blood in the vascular system gained by balancing
the blood supplied by the tissues which give to, and those which take away
from the blood is estimated approximately by various physiologists.

The methad used by Welcker is called the colorimetric method, which
consists in bleeding the animal as thoroughly as possible and weighing
the blood thusobtained, afterwards washing out the blood vessels very min-
utely with distilled water and estimating the amount of hazmoglobin’in the
blood washings. The result is that, in man 7.7 per cent. of the body weight
is found to be blood, or about 1-13 of the body weight; for example, In the
case of a man weighing 68 kilograms we find about 5,236 grams of blood in
the body—that would bring it to just about 1-13 of the body weight. In the
new born child the blood is found to constitute 5.25 per cent. of the body
weight—that is I-19 of the body weight, compared with 1-13 in the adult.

In the rabbit and in the cat—which are so favorable in physiological
experiments—the blood has been found to weight 5 per cent. of the body
weight—that is 1-20 of the body weight. In the same individual the varia-
tion is not very large at any moment, because a sudden drain upon the
water of the blood, for example, by profuse perspiration is counteracted
by the passage of water from the tissues to the blood, and vice versa—the
reverse condition.

Torchanoff, the Russian physiologist, has invented another plan. He
subjects the person to a Russian bath in which profuse perspiration takes
place. The amount of hazmoglobin in the blood is determined both before
and after the bath, and from this he estimates the total volume of blood—
In that way you can find the correct amount of blood in the living being
without subjecting them to the extortion of blood. The blood is distributed
throughout the system as follows: Taking four parts as the basis; one part
1s found in the heart, the lungs, the largearteries and veins; one part is found
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in the liver; one part in the resting or skeletal muscles and one part in the

other organs.
SECTION &. Abnormal Conditions of the Blood,

This subject is sometimes excluded from physiology by physiologists
becausq they say it belongs to pathology, but it is like some other subjects;
the subject is excluded from physiology because it belongs to pathology

and it is excluded from pathology because it belongs to physiology, and so.

it falls down between the two.So the best way is to take it up now. Severa]
abnormal conditions of the blood have physiological bearings; for example,
in plethora, or polyzmia there is an increase in the entire mass of the blood

uniformly in all the organs. There are several signs of this polyzmic con:
dition; for example, the bluish-red skin, swollen veins, dilated arteries
and the hard and full pulse. When accompanied with the brain congestion
we find vertigo and congestion of the lungs, This polyzmic condition may
be produced artificially by transfusion—that is by the injection of blood of
the same species into the living vessels. If the quantity of blood be in-
creased from 8o to 90 per cent. there is no danger to life, because this
amount of blood can be .accommodated in the distended vessels, But, if
the quantity of blood injected reach 150 per cent life is imperiled. The
cause of death would be in this case the sudden rupture of some of the ves-
sels which distended to such an extent that it would result in rupture.
Transfusion seems to affect the increase of red corpuscles, this being the
most noticeable effect for the longest period—that is, there are othegeffrcts

but they are slight, as compared with this. Transfusion js a dangerous pro:
cess; because the new blood introduced s likely to contain fibrin—at least
in its germs, and this may result in intravascular clotting. In addition to
this the serum of the blood of one animal may act as a destroyer of the
blood corpuscles of another animal. In case of the loss of blood the better
plan is not to inject blood, but to inject a solution of sodium chloride, be-
cause this solution is isotonic to the corpuscles. There are other forms of
polyzmia, but most of these are discussed in pathology. The reverse con-
dition is anzmia—the reverse of polyzmia or the reduction of the quan-
tity of blood as a whole. A large quantity of the total blood may.be lost
by hemorrhage without any fatal results. In animals a loss of two to three
per cent of the body weight is not fatal, While in man a loss of 4.5 per
cent—tnat is not of the blood, but of the body weight—that is more than
one-half of the entire blood, will prove fatal. It is estimated that in man a

loss of 3 per cent may be recovered from. An injection of .9 per cent
solution of sodium chioride after such severe hemorrhages, have the phy-
siological effect of putting into rapid circulation the diminished number of
red corpuscles and thus securing such a circulation as tends to preserve life
and to restore its normal conditions. Females seem to bear the loss of
blood better than men. This being due physiologically, to the more rapid

renewal of blood in connection with menstruation.

Newly born children seem to be seriously affected by a sma]] loss of
blood, whereas in the adult life, one half of the blood may be lost before
any serious results follow. Stout and aged people bear the loss of blood
with less vigor. Thereseems to be a connection between the fat substances
of the body and the fact that explains this—something will be sajd of this
later. The more rapid the loss of blood, the more dangerous it seems to
be. If the hemorrhage is not sufficient tq cause death, the fluid portion of
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followed by an increased blood pressure, the restoration of albumin and the
formation, and increase in the number of red corpuscles. Regeneration—
the reintegration of the blood—sets in in a few hours after a slight hem-
orrhage and in from one to two days after a severe hemorrhage.  During
the process of regeneration the number of corpuscles in the different stages
of their development increases, that is developing corpuscles containing’
less than a normal amount of haemoglobin. That is the physiological and
chemical property of these developing corpuscles.

In the cold blooded animals hemorrhage seems to have much less ef-
fect upon the life than in the case of the warm blooded animals; for exam-
ple, the frog is able tolive for a period without blood. Cohnheim washed
out all the blood from the vessels of a frog with a solution of .75 per cent,
of sodium chloride and filled the vessels—the vessels washed out—with this
same solution. The frog continued to live for several days eliminating nor-
mally carbon dioxide. This experiment seems to indicate, physiologically,
that the carbon dioxide is formed not in the blood, but in the tissues of the
body.

In anzmic persons it is found that proteid composition is increased,
resulting in an increased excretion of urea, whereas fat decomposition is
decreased. This depends upon the diminution of carbon dioxide. One
result said to follow from that is the theory that after the anzmic condition
it is very easy to put on fat. You will find this principle to be a very old
one. Aristotle, one of the old Philosophers, said that to put the cattle in
anzmic condition, artificially, that they could be more easily fattened when
recovering from this condition. 1t is not only so in the human, but also in
the animal life. Among the abnormal conditions of the blood we find the
presence of animal and vegetable parasites, most important, giving rise to
abnormal conditions, which are discussed fully in Pathology. Some of
these, especially the vegetable organisms have the power of multiplying
very rapidly in the blood, and, as we have seen Physiologically, the biood
may be rendered immune against these bacteria. That finishes the abnormal
conditions of the blood. :

SECTION VI. Variationsin the Composition of the Blood Normally.

The blood is influenced by a great number of conditions including djet,
age, temperament and sex. The dietary conditions will be referred to later
in connection with the food.

AGE:—The fetal blood is very rich in solid matter, chiefly the red cor-
puscles. This does not say in what stage of development or growth these
corpuscles are. This condition gradually diminishes until the close of the
intra-uterine life. The amount of solid matter continues to diminish during
the progress of childhood; increases during the adult life, and then again
diminishes during old age.

TEMPERMENT:—In persons of a plethoric temperment—or sometimes
called the sanguineous temperament— the amount of solid matter in the
blood seems to be much larger, particularly in the red corpuscles.

SEx:—The blood of the male differs from that of the female, chiefly in
a higher specific gravity of the male, on account of the fact that the male
blood contains a larger number of red corpuscles; in the female it also var-
ies in menstruation and during pregnancy, slightly increasing in the former
condition and diminishing in the latter. In the latter condition, the spe-
cific gravity of the blood is much lower than in the normal female blood.
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In the case of bleeding, the specific gravity of the blood—that is in hem-
orrhage that we spoke of before—ls 'glingiqished, So much so that the flowing

loss of blood. Water is absorbed in the tissues, and hence, gives the desire
for water—thirsty condition. The composition of the blood varies in diff-
erent parts of the body, arterial blood differing from venous blood, and
venous blood differing according to the veins in which that blood flows.
There are three special differences between arterial and venous blood,

1st. In the arterial blood we have a bright scarlet color, due to the

presence of oxy-hzmoglobin, vyher_eas in the venous blood, we find a dark

2d. Arterial blood contains less carb 10xi
than the venane bLA0S on dioxide and more oxygen
3d. Arterial blood coagulates more rapidly than venous blood.
. (Ijn the venous blood there are said to be four different standards of
ood.
i Ist. The normal venous blood. The other three are variations from
is.

. 2d. Splenic venous blood—that is the blood, of course, in the splenic
vein. This blood is generally deficient in the req corpuscles, containing
a large amount of proteid matter and yielding a fibrin in case of coagula-
tion above the average blood fibrin. There js also a large proportion of the
colorless corpuscles and the plasma is deeply colored on account of the
dissolved hamatin. On account of the deficiency of red corpuscles, solid
matter seems to be greatly diminished. ,

3d. Portal venous blood: The blood that is carried in the portal vein to
the liver, coming from the gastric and mesenteric veins which contain the dis-
solved food elements absorbed during digestion from the stomach and the intes-
tines, and also from the splenic vein; this portal blood combines the qualities of
these two—thgt Is, you have the characteristic of the splenic blood and also of
the blooq coming from the gastric and mesenteric veins. The blood carried in
the gastric and mesenteric veins varies according to the digestive conditions—
both of the food and of the organs of digestion. ‘This blood seems to be defi-
clentin solid materials chiefly in the red corpuscles. On account of the quan-

alimeqtary functions. They are mentioned here to bring them into the subject
of blood, because we treat here of the general conditions of the blood,
SECTION V’II. The Lymph and the Blood Glands.
It is a matter of discussion with Physiciogists whether this subje t should
be discussed under the subject of the blood, or. later. It seems téeccosrgguin
quite natprally here, because of the relationis betwéen I ymph’ and Blood. There

is no otheér place where it could come, except in the discussion of the different

functions of the body, unless it is to cote in connection with the glands.

M iy e
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Lymph is a colorless fluid, resembling the blood plasma, and is found out-
s'ide the capillary walls, filling the extravasgulax: spaces of the body. All the

ymph. The entire body, except the epidermis and the epidermal structures,
is supplied with blood vessels. The blood plasma filters through the capil-
lary walls, together with white corpuscles and in some cases the red corpuscles.
These pass irto the lymph and bring to the tissues of the body nutriment and
oxygen and carry off the waste. This lymph fills the extravascular spaces
which open into the lymphatic vessels, which unite to form larger trunks,
forming thus two main trunks: the thoracic or left lymphatic duct and the
smaller or the right lymphatic duct. In this way a double interchange takes
place from the blood to the tissues and from the tissues to the blood, the lymph
acting as a middle man. When this is accomplished—that is this double inter-
change—a third stream from the lymph to the large lymph vessels carries away
from the tissues such parts of the material coming from the blood vessels as
the tissues do not, or cinnot keep, and also such parts of the waste products
from the tissues as are not taken up by the blood vessels. In this way the
changes in the blood and in the tissues take Place through ‘the medium of the
Lysnph is essentially the sanie as the blood ‘plasma, cohtaining’ the three blood
proteids, thé éxtractives, atd also the salts: The protelds,  particularly- fibrin-
oget, are less in amounits in the lymph ‘than in thie - blood: This" Iymph  con-
sists of a colorless’ fitid; containing leucocytes' and’small’ bodies of fatty sub-
Sence, which Aré very numercus &fter ‘méals. ‘Formerly lysph was Supspetod
to'be’derived from the blood plasma by a'process of filtration through the capil-
lary walls. In recent times this" process of “filtration’ through" the* capilfary
walls has been showd to' be - insufficiént ‘to accotnt’ for ‘the contents and the

composition of the lymph.  There are two physiological opinions on this sub-
Jecf R : . e . I " : .
'~ ist. ‘Those who explain the composition of the lymph as due to filtration
—filtration through the' capillary walls —and diffusion from 'the blood plasina.
2nd. Those who think that in addition to these two processes—filtration
and diffusion—it is necessary to assume a secretory action on the part of the
cells composing the structure of the capillary walls. So that, according to this,
there are three fluid processes—the filtration and diffusion and the secretion—.
which would represent the metabolism of the lymph. At the present time it is
impossible to say anything more on the subject than simply to quote these
points as there are no characteristic points on either side to show that the one
opinion is more physiologically correct than the other. Indications seem to
point in the direction of the second opinion so far as we have reached—that is
the process of filtration through the capillary walls and diffusion from the blood
plasma and also the secretion in connection with'the cells that are found in the
walls of the capillaries. Blood takes in new supplies from the alimentary canal
aud the lymphatics. From the first it receives directly ‘through the blood ves-
sels or indirectly through the chyle, by the fist of course, we mean the alimen-
tary canal; from the second—that'is the lymphatics, it receives the lymph—the
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These are six in number, (1) the lymphatic glands; (2) the glands of
Peyer; (3) the Thymus gland; (4) the spleen; (5) the Thyroid body and (6) the
Supra-enal capsules. The lymphatic and the Peyer’s glands, will be discussed
later in connection with circulation and alimentation, ~ Al] these glands resem-
ble erch other in structure, being rich in protoplasm and adenoid tissue, and
having many lymph corpuscles. They are also very vascular and they have no
ducts, being what are called the ductless glands; they -have been called blood
glands; because they are supposed to be connected with the formation of blood.
The whole lymphatic system is concerned in some way in blood formation.
The lymph corpuscles are supplied by the lymph and the chyle. ‘I'hese are
chiefly from the adenoid tissue of the lymphatic glauds, being washed out by
the lymph into the larger lymphatics, the chyle washing out the lymph cor-

These colorless cells are the haematoblasts which are found in' the spleen
and especially in the red marrow of the bones. As found in’ these, the spleen
and the red marrow of the bones, they are found to be colorless, granular,con-
tractile bodies, very much like the leucocytes. ‘The nucleus becomes a large
corpuscle, the original blood plasmic cell is sometimes spoken of as the cell of
Neumann. Later the nucleus is expelled from the large corpuscle and the
rest of the cell that is outside the neucleus becomes filled with haemoglobin
and forms the red corpuscles. In Mammalsthe red corpuscle is not therefore
a modified nucleus, but it is g part of the substance of the Neumann’s cor-
puscle outside of the nucleus. The original cell, as we said, was this Neumann
corpuscle, the separation of this nucleus in the mammalian corpuscle from the
rest of the substances of the corpuscle leads to the formation of the red corpus-
cle; the balance of that substance being connected in some way with what we
find in the red corpuscle.

Ist.  The colorless corpuscles originate rapidly by the division of the lym-
phatic corpuscles in the lymphatic glands and also in the Peyer’s glands. In
the splgeu.. also, the process of cell multiplication goes on rapidly, the delicate
andenoid tissue of this organ being full of pale corpuscles, and the splenic vein
being filled with blond that is rich in the white cells. The red bone marrow
is the seat of the most rapid formation of the colorless corpuscles. It contains
—that is the red bone marrow—fibrillar ¢>nnective tissue, fat cells, leuco-
Cytes and great cells, We find these sometimes spoken of in physiology as
giant cells. These giant cells are large cells of irregular shape consisting of
protopiasm and nuclei. In the red tmarrow we find the haematoblasts—that is
the cells of the protoplasm, yellow in color. These form the red blood cor-
puscles. These large nucleated cells are found very abundantly in early

embryonic  life, Up to ‘the fourth week of that embryonic life, only such .

nucleated cells are found, that is, no other cells are found in the human em-

—— e e
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bryo up to the fourth week. After this the nucleus becomes smaller, and, in a
short time the nucleus entirely disappears, and the corpuscle assumes its bj-
concave form. The nucleated forms being found very rarely at the close of
the uterine life. After birth the red corpuscles are formed from these nu-
cleated colorless cells, especially in the red marrow of the bones. In the

the elements of the blood itself, As these bodies are ductless glands, those
new matters cannot be secreted, and, hence they pass by a reabsorption into
the blood again for still further use. These bodies, the thymus, the thyroid
and the supra-renal capsules have the function of disintegration, but differ-
entiate with the action of these glands of the blood that unite and back up the
process of reintegration into the blood once more.

2d. The spleen is undoubtedly a blood gland, whatever other functions
it may discharge. The spleen pulp consists of a mesh-work of delicate fibers
of adenoid tissue which hold in the meshes of this pulp, the lymph corpuscles,
and also the free or liberated red corpuscles. The spleen seems to discharge a
double function. (1) That of forming corpuscles, and (2) of destroying the
colored corpuscles. ‘The spleen is also the seat of other operations, such as the
decomposition of albuminous compounds and also of acid formations, That is
still in line you will notice with the functions of the spléen as a destroyer or
decomposer. The spleen, however, can be dispensed with entirely. It has
been removed from the body and this removal has taken place without any
great disadvantage to the vital system. There is a slight disadvantage, of
course, temporarily, but when the local tempérary disturbance is removed there
is no permanent disadvantage following. In this case of the removal of the
spleen it has been found that the lymphatic glands and the red marrow of the
bones become more abundant with the colorless cells, and hence more active in
the formation of the blood corpuscles. The lymphatic glands by some kind of
functional sympathy discharge the spleen function as well as their own func-

tion.
3d. In the last stages of the uterine life and the fitst stages of the extra-

' uterine life the active growth of the tissues takes place and a large supply of

blood corpuscles is hecessary. In order to assist this active development of
tissues and of blood corpuscles, the thymus gland seems to assist the red mar-
row of the bones, the lymphatics, and the spleen in the formation of red cor-
puscles. Later in life after this rapid development ceases the thymus gland
becomes absorbed, and, in the case of man finally disappears when manhood is
reached.

4th. The thyroid gland. In the early uterine life this thyroid has a
duct which opens into the foramen caecum of the tongue, but this duct, like
the thymus gland, disappears. Each lobe shows closed sacs which are lined by
layers of epithelial cells; these cells being filled with fluid and also the leuco-
cytes and the red corpuscles, partly disintegrated and also partly decolorized—
deprived of color. This thyroid gland, if it is greatly enlarged, gives rise to
abnormal conditions, two in number, Goitre and cretinism, the latter of which
is associated with a form of idiocy. Some say the removal of this gland re-
sults in mental weakening—that is, it produces an artificial cretinism, A fter

tion; for example,.the red corpuscles-are found to be diminished in number
and the white corpuscles increase in number. The salivary glands enlarge and
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the parotid gland which is normally serous, begins to secrete mucin this mucin side of the heast by the piilméﬁai’y veins. 2d. Systetmie cimetr .
: Nt . " : Ol the heart b € pulmonary veins. - Oystemic circulation from the
bl;amgt hfm:x];d ngn' in tl;gotél(;gf;ninThéi ciurmshes the only evidence that we have left.:s_ldg of the heart through the aorfa and the .arteries to the tissues by the
et 5t]: '}i‘?; silsp:a renal bodiesg Th);.se bodies are found to be large in the lclapﬂtlafll‘ehf’ a_nd:ﬁh:_nce‘ 1;1 g; tlﬁ Yans'a%d'?aﬁk' ag;xfn to the right Side of the
sth. - S. Jtoun 0 €art. The circulation of the, 00d can be followed from the right auricle to the
uterine life, at the end of the third month of the uterine life being as Jarge as the righ icle, throtoh the rioty .o iowed from 14t auric
: , ] A - ; ne right ventricle, through the right auricalo-ventricular opening protected b
tae kidneys. The medullary part which at first is outside of the cortical part the tricuspid valve. Fro the right tricle th h the emm : y
— arts of the supra-renal bodies in the fetal life—after- picvave, From the right ven Tic.e through the polmonary artery,
wat?dzs?srsggf;::dt g'wzt I::ontaining albutﬁinous bodies and pigment. A watery through (e ing capillaries ft aunig Folmonary renteinich give it D ange into
mixture of these supra-renal bodias gives coloring mattersuch as we find in the the left auricle. From the left auricie to the left ventricle through the left auri-
blood. McMunn, a physiologist who investigated this subject, has observed culo-ventricular opering protected by the mitral valve; from the left ventricle
that the spectrum’ of the supra-renal bodies gives bands of reduced haematin, 1ato the larger arterles, the intermediate arteries and the arterioles into the
hence, he claims that their function is to pick out of the circulation worn out It)llzsoudes and Stgf dl,ﬁ;r?lllt organ callzﬂl]imes.ﬁ From these minute capillaries, the
coloring matter with their proteids and to separate them so as to prepare them into 1 passes through & Vveins, which, at arst are small, gradually increasing
for integration in the formation of new coloring matter. An abnormal condi- into larger trunks tll it reaches the superior and inferior venae cavae, these
tion associated with these bodies is Spoken of as Addison’s disease, which is the cgnsﬁ]:u};mg the openings lino the right auricle, These vessels have walls, all
result of these bodies not discharging their proper functions. This disease gungeéf toagsggg?o%r les’Is‘h?saztilsté:::ig Iéot:féi%oﬁ]lgeiiev:l:ge tt%ethtggggmglz]:eyhf IE
. whic
cousists of the sallow or bronzed tinting of ‘the skin accompanied by giddiness may be varied at any point by the application of pressure

—in its physiological senise—x}omiting’ani;l breathlessness.
" 6th. The pituitary body or hypophysis cerebri; althiough not a blood form- : N
ing gland, must be clasecd sort these other glands or account of its supposed in the direction of the lesser pressure, and as these vessels represent a closed

function of aiding the blood supply to the brain. “The supply of new material : ism being utilized in order to determine the direction of the blood flow. In
furnishéd to the blood miy be summarized as follows: ~ (1) By vascular ab- the living body the contraction of (h ] 1 i
sorption through the " alimentary canal; for examplé, water’ stigat, ‘peptones narrows %ts 285 it eac?lnfrac 1°?h oblt ed mutsgu ar e gf the right ventricle
and salts, (2" Lacte al""ahs',dt'p't on, al §o thfough the limentary ca nal; fof ex. o Yy and forces the bloo 1 out from the rig t to the left side of
ainple, waler, salts and fatd, " (3) ‘It fough’ the skin: “for e’ii_imple.“v?étei' atib t ':h fﬁrt thrgugt‘h 'the I;ulglo;:lary caglillarles whlgh are In immediate contact
 certain volatile and soluble matters. "(4) Thiough the miu '?'Q"'fl s tmembrane ‘of gjl A fte restp}r? orlles of the lungs, The contraction of the muscular walls of
the lungs; for example, oxygen, aqueous vapors and volatile matters.” (5 the e h:fe{ldrlc fe 2111 sohnarrows 1ts cavity, torcing thq blgod from the left to
Through the lymph or the closed sacs into wiiich the fluid matters have been o Contraneoo] the heart, through the systemic capillaries of thebody. These
effused.” (6) The lymphatic glands, the mesenteric glands and the other dlood two contractions are simultaneous. FEach coutraction furnishes a force which
glands; certain protoplasimic elements and lymph _ cells in' which cortain e Is utilized as energy being supplemented to a slight extent by the energy which
changes take place between fhe lymph and the blood: for example, the colored arises from aspiration and also from the contraction of the skeletal muscles. This
corpuscles of the blood are formed from these lymph elements, or protoplasmic force drives the blood into the arterial System increasing the arterial pressure
cells. That finishes tha subject of the blood ’ the arteries in turn driving a part of the blood into the capillaries which co.
] . . vey the blood to the velns, tending to equalize the pressure between the arter-
CHAPTER III. CIRCUL ATION OF THE BLOOD. : ies an]ci th]edvbeins. The ;;gesguri narerdbecomgsbequalized, because if the pres-
) : sure should become equalized the bloo, would be evenly balanced between the
SECTI ON I. General Sta,fement. arteries and the veins. Equilibrium would result in the stopping of the circy-
By the circulation of the blood is meant that the fluid during life is con- | lation. As the veins empty back the blood into the heart the heart once more
‘tained with ina continuous system of elastic and contractile vessels, that thisfluid contracts and drives more blood into the arteries, thus increasing the arteria]
moves along this continuous course, always returning upon itself in the course pressure and preventing at any one time an equilibration of pressure between
-of its flow, and that this blood, whatever may be its constitution, moves along ; the venous and the arterial circulation. If equilibrium were produced in the
in a certain definite direction, never in the opposite direction. ‘ blood it would remain stagnant, as a certain amount of the blood in the arter-
Harvey, the discoverer of the blood circulation, says, that a perpetual les and in the veins in the venous system there cannot be any force of move-
movement of the blood in a circle is caused by the heart beat. The discovery mment to cause them to circulate because the pressure would not be greater in
of the blood, by Harvey, dates from 1616, This continuous system consists of the arterial system, the blood would not be pressed forward, and hence we
the heart which is at the ‘commencement of the arteries and at the termination would not have citculation. In this way we have, 1st the circulation itself,
-of the veins; the arteries terminating in capillaries out of which arise the veins. determined and definite, and 2d, the direction of the circulation is also definite
The heart is a double organ, each half consisting of an auricle and a ventricle, and it is always determined toward the lesser pressure. The blood which is
the right half containing the blood as it is réturned from the body to be passed the internal medium on which the tissues live, thus circulates through the
on to the lungs, and the left half containing the'blood passed from the lungs fo entire system, mainly through the capillaries whose fine walls are, so delicate
be sent out into the body. - The circulation’of the blood is'saic 'to be two fold; that certain elements from the circulating blood pass through the capillaries to.
Ist. " Pulmonary circulation from the right side of the heart by the pulmonary the tissues outside, ‘while certain elements of ‘the tissyes Pass through the walls
artery to the lungs, through the 'lung capillaries and back again'‘to the left Into the blood thus keeping up 4 constant interchange of elements between
-y o Lo e e L TR S0 PACK agaim P the blood and the tissues by the medium of the Iymph.” This constant inter-
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the fact that there is scarely ever, }f any, appreciable

2%:35: ?:ctcifenxt/ilft?;le of blood. There isas much ‘absorption one wa){) as thc;
other and the difference of the volume of absorption would cause an ahnorm?
condition, and so we have in the venous circulation, no difference in ht e vo -
ume of the blood, from what we find in the arterial circulation. If t ehre 1sha.
difference it is very slight. ‘The vascular mechanism is so de51gnetfi thatblt 3
blood must pass through the minute vessels where the chief work gﬁ the | :)o
is done—that is in the capillaries, in such a way as to secure the e ixent- in 1er-
change of these elements. From this general statement we find that .t..fefcucu‘ a-
tion consists of four distinct elements. (1) The heart., whose chie qulf:tlpn
is to drive the blood into the arteries, through the arteries into the c:_tpl aries
and thence through the veins into the heart. We speak of this first unc%c;lq,
because there are other functions, of course, Whlch_ the hqart dxscharges. ‘his
is the chief one, of course, in connection with the circulation. (2). The a.rﬁer}es,
whose chief function is to convey the blood from the heart to the capi gﬁes.
(3) 'The veins, whose chief function isto convey the blood from the capillar-
ies to the heart. (4) The capillaries, m.clufimg‘r the minute arteries, end1n§1i u;.'
the capillaries and the minute veins, beginning in the capillaries, whoie chie
function is to perform the double interchange we have just spoken of, between
the tissues and the blood, and the bloodand the tissues. o

To understand the circulation is to follow out the blood in its course glcf)lng
this blood path noticing the phenomena manifested at each point and t?e influ-
ences bearing upon the circulation at any one point and on the c11:cl_1dag10p ::n
general. For convenience the circulation of the blood may be divide mdo
three parts. 1st. The heart as the center of the vascular mechanism. 2d.
The blood vessels, and 3d the general circulation, its mechanism and action,
including the blood and lymph. Some Physiologists discuss first the caplllarzi
circulation because the all important phenomena in connection with blood 39
tissue interchange are found there. Itis better however 1n systematically ils-
cussing the circulation to commence at the great force which represents the

center of the circulatory system.
SECTION 2. General Physiology of the Heart.

1, THE HEART AS THE CENTER OF THE VASCULARIMECfHANISITA;.h

is a hollow muscle, covered on the external surface with a ser-
ous mTélngll)l::;;, the pericardium, 9’.nd on the: interior'is. lined also with a serous.
membrane, the endocardium, continuous with the lln{ng of tlge blood vessels.
The heart is thus enclosed in a membranous sac gnd lies behind the _stﬁrnun;
and costal cartilages, the base rising upward, falling backward to the rig dt an
reaching from the fifth to the eighth dorsal vertebra. The apex reaches ow;-
ward and forward to the left and its beat is telt in the living subjectin t el
interspace between the fifth and sixth ribs slightly below and to the centra
side of the nipple. Thus the heart lies obliquely in the chest cavity projecting
i f the cavity. ) L
e ’}];fe lligu")t is composid of a special tissue together with connective tissue,
vessels, that is, blood vessels, lymphatics, nerves and' ganglia. Thehcardlac
fibers are intermediate, both in structure and in function, betwgen t g non-
striated and the striated fibers. ‘The muscular mass of the heart is calle myol;
cardium. A considerable mass of ﬁbrqus tissue and fibro-cartilage is seen la .
the base of the heart between the openings of the aorta and tl_le twl? auricu o;
ventricular orifices from which pass different processes forming the basis o
those tendonous rings at the auriculo-ventricular and the arterial ol;aemngIs;j.L
To these bands or rings are attached the muscular fibers laid out in layers.

ENERAL PHYSIOLOGY OF THE HEART. +1

the embryonic life the heart is tubular in shape, or furm, its hbers being ar-
ranged in an ex:ernal circular and an internal longitudinal toim.  As the heart
develops during the embryonic life the longitudinal form becomes curved, the
venous portion being doubled over upon the arterial portion, the anricle being
in a dorsal position to the left of the ventricle. Later in jts development the
single cavity of the auricle and the ventricle, such a- we find in the embryonic
hfe. Lecomes divided into two, when the septum is formed, dividing the origi-
nal single chamber into two  In the case of the auricle, the fibers remain less
v wplicated than tho-e of the ventricle, the fibers of the ventricles being ar-
ranged in a spiral form. The fibres of the auricle are perfectly distinct from

* tuose of the ventricles, being separated by tendinous rings. these fibers forming

two layers; an inner longitudinal sct for each auricle and an outer trunsversc
set for both auricles. There ure said to he seven layers of fibers constituti.i
the walls of each ventricle, three external luyers, thre: internal layers and a
uidsile layer. These layers are so arranged that the first external fayer is cou
tinuou- wivh the last internal layer, the second external with the second last
layer of the internal, etc.  The pericardium is a conical shaped sac; its  basc
resting on the diaphragin and iis upper part encompassing the roots of the larg-
er vessels.  There is an outer layer of tissue and an inner layer of serous mem-
brane which covers t" e outer surface of the heart In tiie inferspuce  beiween
these two luyers is found the peri-cardial fluid. The endo-cardium or the lin
ing mewbrane of the heart consists of coinective tissue and elasiic fibers furm
ing a strong wall which round about the openings into the vesvels is very
strongly developed. Among the elastic fibers are found scattered bundles of
unstrijed muscalar fibers. The fibers of this muscle being used as a eans of
Tesislunce 1o the heart contraction and also a resistance agaiust the extreme
Pres~ure on the endo:ardium. Functionally, the heart 1s a muscular and a val

vular pump working on mechanical principles, the force being supplied by :he
contraction of the muscular fibers, the beuts, or strokes of the heart being re-
peated so many times per minute—7y2 norumally in man, which corresponds to
the pulse. The heart is so furnished with valves that at each beat of the heart
a quantity of blood is forced from the left ventricle into the acrta and the bl. od
carries with it a certain amount of force sufficient to drive it along the vescels,
the same quantity of blood being received at each heart beat from the veins in

to the right auricle. The action of the heart is thus partly mechani:al and
partly vital  The vital action is determined by the causes which praduce the
thythm, power or force, and general character of the beat, whereas, the mnie-
chanical action is determined by the frequency. firce and general chaiacter of
the heart beat together with the amount of blgod that is forced out +t each beat.
The ¢ ntraction of the auricles is quite independent of the contraction of the
ventricles and the heart rhythm—that is, the freqnency of the heart beat —being
normal the auricular an i ventricnlar contractions correspond with each other.
The character of each beat i~ determined by the changes which take place in
the tissues of the heart When the heart grows feeble, or when the heart
is dying the auricle beats several times to every beat of the ventricle till at last
only auarieular contraction is found taking place, the right auricle heing the
last portion of the heart to die, hence called the ultimum moriens. The con-
traction of the circular fibers around the openings of the vein into the Leart,

causes the blocd to pass into the auricles and the constriction of these fibers
prevents rezurgiration of the hlood, these constricted fibers acting the part of
valves. The double lavers of fibers in the auricles upon contraction produce a
uniform diminution of the cavity of the auricles. The spiral form of the fib

ers —you remember that was mentioned in connection with the ventricle walls—
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in the walls of the ventricles upon contraction give to it great force, so that tire
blood can be driven out with great force. ’l‘he valvn.lar arrangement lSth
{Teat value, physiologically, in connection w1th~ the action of t“‘fﬁ heart: "H')e
tricuspid valve protects the right aurlcnlo-ventranlar'openm;,r. The tricuspid
valve consists of three flaps, hence, the uame, tricuspid valve, of ﬁ.brou,q and
elastic tissue covered on the inside with endo-cardium—the sanie as in the Jip.
ing of the heart. These surround the opening and are kept in placfe by the
chordz tendinez. The bicuspid or mitral valve protects the left auriculo-ven

tricular opening and consists as its nan-e mdu:afes of two sections or segments
of a pointed character and of the same composition as the tricuspid flaps. In
the auriculo-ventricular valves we find the striated muscular fibers, the ﬁbefs
extending from the auricles to the sections or segments of the valves. In this
way the valves become shorter at the hase axld so a larper pr}ﬁce is presen.ted
for the passage of the blood into the ventricles—these minute details heing
functionally of great importance At the ha'se of these segments or cusps th re
is a layer of concentrated fibers which act with a coustrictive force towards the
base of the valves. The aortic and pulmonary srifices are protected hy tlle sig-
moid or semilunar valves, Each of these valveg consists of three semilunar

" segments and each segment or cusp is hound by its externz] surface to the ar-

terial wall, its free surface or margin reaching, projecting inside the vessel.
These segments consist of fibrous tissue covered with the endo-cardinm—the
same as the membranons lining of the heart, Opposite each semi luxm.r cusp
is a thickening of the vessel called the sinus of Valsalva—this is a very import-
ant function in connection with the circulation of the hlood., These sinuses in
the anrta are arranged one of them anteriorly and two ot them posteriorly,

From the anterior rises the right coronary artery and from the lefl po-«-
terior the left coronary artery, the vessels which furnish blood supplies to
the heart substance—that is these arteries supply the blood to the heart sub-
stance. Itis probable that during the contraction of the ventricle the semilu-
nar valves do not cover the openings of the coronary artery.  Accerding to
Sandborg these semilunar valves close just after the ventricles have h?qun tr
relax. The vessels of the myocardium are very numerous rerresenting the
great activity of the heart substance, o

Some physiologists have ligatured the coronary aiteries in dogs and found
that in two minutes cardiac contractinns give place to twitchings of the muscle
fibers and then the heart ceased beating  Ligature of the ane artery aflects
first the ventricle, then the other ventricle and finally the auricles.

THE PHYSIOLOGY OF THE HEART'S ACTION, 43

In the case of hardening of the coronary arteries found in old age, there
is diminished action with heart weakness. This hardening is sometimes
called ossification of the heart and induces if it does not produce death finally,
from the cessation of the heart simply due to old age. Death may occur sud.
denly from quick cessation of the heart’s action. The size of the heart is roughly
estimated according to Lzennec to be about equal to the closed hand. 1In the
child, until the body reaches 40 kilograms, in weight the heart is
about 5 grams to one kilogram. When the body weight is from 50 to go kilo-
gams the proportion is 4 grams to one kilogram, and when the body weight is
100 kilograms the Proportion is 3.5 grams to one kilogram. “The proportional
heart weight to body weight According to this would ber tors0o0r ; to 170,
varying with the advance of age, as the auricles increase in strength. he
mean weight of the heart in the adult male is from 309 to 312 grams. In the
female 255 to 274—smaller in size, physiologically, at least, the average about
270. The two ventricles Seem to be about equal in thejr capacity, although
after death the post mortem heart practically seems to indicate that the right
ventricle is larger than the left ventricle, but this is due to the fact that the
left ventricle is usually empty of blood, while the right ventricle is filled with
blood. ‘The wall of the left ventricle is much greater in thickness than the
wall of the right ventricle. The thickness of the left ventricle at this middle
portion is about 17,2 illi

SECTION III—The Physiology of the Heart's Action,

If the hand is placed on the chest between the 5thand 6th ribs below and
internal to the central part of the left nipple an impulse is felt. The method
of examining the heart in this way is called palpation. If the ear is placed

method of examination is called auscultation, By means of percussion the
€xact extent, size and condition of the heart may be ascertained as wel] as its
relation to the lungs and the presence or the absence of the fluids in the peri-
candium. This method is called the method of percussion.  Certain instry-
ments are also used for the purpose of registering the action of the heart. The
movements of the heart are found to consist of g series of contractions occur-
ring successively with a certain rhythm. The state of contraction is called
systole while the condition of relaxation is called diastole. The two auricles
contract and relax simultaneously, followed by simultaneous contractions and
relaxation of the ventricles. This gives us asystole and diastole of both the
auricles and the ventricles.

In this way we have three periods, the systolic; the diastolic; the diastole of the
whole heart. Thig series of actioms beginning with the auricular systole and
closing with the diastole of the whole heart is called the period of revolution or
the cardiac cycle. The auricular systole occupies 1-5 of the entire period of
revolution, One-fifth would correspond with the systole, the ventricular sys-
tole, 2-5 of the entire period of revolution followed by the period of rest, which

G
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i - i Id be 2-5. These correspond with
cupies the balance of the s-5, which wou : ‘ ) [ .
%cttiglf;e p:riods of the cardiac cycle. The auricular systole 1r{1mled1at§lzr %)ri
Uges the ventricular systole and the commencement qf the ven’f‘rﬁcu ar ;ylsso :n(i
s(,:iemu‘llaneous with the beginning of the auricular dlastole.a o] ef a?er\l"i)leution
the ventricles being thus in diastole. 2-5 of the whole Pfrlot &) thie b
Chauveau and Marey, two physiologists Who. ha\'e‘t lllntxlfleattlrgi i?) - of 111;? move’
, iac s i ectioun wi e o -
"¢ made use of the cardiac souud in conn i 1 ‘ {he mot
Jl;i:‘net\ of the heart of a horse-—not a human heart in this case. Thl;iocnqx;ii;?lf
sound is very much like the surgeon’s sound which is used in connec
s in the bladcer. . ) .
sloﬂ%‘%]ist sound is passed into the right side of the h(elax;t t]}:l)rol:%’il]ll t}];:l rilguiutlli
i 5 ior v ‘a—the horse is supposed to be !
vein and the superior vena cava ] : ed donn hto iping—the
f 5 i lastic bag being passed down e v
lower end of the sound with its e eir 3 e ventri
ii 5 0 with an elastic bag, remains
rhile the upper end of the sound, a!so wi tic ba, us. le
dlfri‘éle Fachpl?ag is placed in connection with a recor.dmgmstrux.ncl‘ny‘ in ;f};g
iase it 'was tanibour of Marey—and along with the cardlograp% Vd‘\,'hth; ;b.:(g)lpzvmg
- ove X beating heart, they are attache 0 a revoly
externally over the apex of the . . oy ooy Tevolving
i ‘black se, the varations found in connectior :
cylinder. blackened, of course, t : T A ane clas-
i i - the black cylinder. In 1hi s
bag being regarded as a trac ing on 1 ; !
:111'(; th%ee tragcings present, the one representing thcte 18;‘ er ?gg;?;}%'f :)(::ﬁ ;};2
i s the ca ¢
stic bag, and then the one that Tepresents ) ; !
:}I))g)fro??l:g‘iwargt. As a result of this experiment the following points have
d physiclogically. ) )
been;::wte \%n}t)riculagr contraction is more suddend than aprl;:ul}ar contraction.
raci i i nd an auricular.
Ny Ing gives us a ventricular set of curves and ] )
The gﬁic thl")e ventricular contraction lasts longer than the auricular con
tractlc&D. Auricular contraction and relaxatic_m occupies almost equal }l)eno(c)is1
whex%a§ ventricular relaxation is almost twice the length of ventricular ¢

trac{:(:;' As a result of what is contained in the third point, auricular move-

ments are found to be uniform and present a wave.like appearance, whereas,
the ventricular are irregular and sporadic.
th. Auricular movement e L
'apexsagainst the chest wall occurs during th]';a ventrlcula{nnzlolze‘xzzxgide
i i s the pressure .
6th. Auricular contraction mﬂuenceq‘ Tations ot eseure
i tricular contraction there are oscilla s of pressure,
L ding oth St aric tricle—there are no oscillations i the
i ing both the auricle and the ventricle - : tion
gﬁ?cinlzi‘ cgoutraction but there are in the ventrlclullz;r anld tlg)lse osc;lclllatlox’};sh:;:
inf ventricle but also the auricle,
that they influence not only the ventricl ~
;%ilel:s'g;resent th}é main features in connection yvxthtthe changa?etgstdalge lfltz)x;:xed
i i these experiments were m 0rS€,
in the cardiac cycle. Although. nts were ot the s,
i igation i i ubject indicates that the _
stigation in connection with the same st :
;i]:rll(ne? digerence from this in the human subject. But these results are as
{ 1in the horse. ) . )
we ﬁ'l\]x(;lhtel;extlhe auricles pass into perfect diastole, the bl?od 1’; Eourmg ut]hl;ogg}]
‘ ins into the auricles. e auricula -
the vena cava and the pulmonary ven_1sl ; ‘ ur -
i i ¥ valve protects the orifices.
ity being enlarged while auriculo ventricular valve p f
:iti)stgﬁlcfe% condi%ion of the auricles ix due in part at] least to the prﬁ;?:l;rgfs;}::
i i i ; a and also of the pulmenary veins, s
Ssuperior and inferior vena cava at ; Tt i 2l dug i e pressure
i ressure. It is also du p
being greater than the internal auricular pbl ure so ¢ oart o the
i inspirati i ‘ rom the veins out side o
ion action of inspiration drawing the blso ! ¢ ]
zﬁg?& those inside of the chest and thus promoting circulation towards the

precedes the ventricular and the empulse of the ~
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heart—not into the heart but in the direction of the heart. While this takes
Place the two ventricles are being filled with blood through the auriculo ventric-
ular openings. As soon ag the auricles are completely distended, which takes
place before the ventricles are distended because the ventricular capacity g
greater than the auricular capacity, the auricular Systole then begins by the con-
traction of the auricular walls and the emptying of its cavity— uricular cavity—
and by the contraction of the circular fibers Of the orifices of the venous open-
ings into the auricles. ‘These movements rapidly pass over the auricular walls,
trausmitting the wave of contraction on toward the auriculo ventricular ori-
fices. This wave of contraction running along the auricular wall drives the
blood in the direction of least resistance—. that is of course. out of the auricle
into the ventricle the ventricle being partially filled with blond already and
gradually passing out of the state of relaxation.

The blood cannot pass backwards on account of the venous pressure and

the auricular systole. ‘There is, however, a temporary arrest of the blood flow
into the large veins. ‘This indicates that the auricles not only act as a medium
for the transmission of blood from the veins to the auricles byt also that these
auricles act as rythmic cavities which Preserve the pressure in the veins, lessen-
ing by their distension the Pressure in the veins, which tends to increase during
the ventricular systole, and increasing the pressure by contraction when venous
bressure tends to diminish towards the close of the ventricular diastole,

In the case of the auricles and the ventricles we find during their disastole
a suction action which is feeble, however, as compared with the force of
pressure. Immediately followiug the auricular contraction is the ventricular

.

systole, the quantity of blood driven by the auricular systole into the ventricles

fibers extending from the auricle into the segments of the valves. Qp the con-
traction of the walls of the ventricles the surtaces of the auriculo-ventricular
valves come together thus Preventing the cusps from being injected into the
auricle, The papillary muscles (musculi papillares) contracting simultaneously
and tightening the chordz tendineze which are’ attached to the ventricular
side of the valves. The cusps are closely pressed together along their margins
On account o° the fact that the chordze tendineze of one Papillary muscle
basses to the adjacent edges of the two flaps. By this Mmeans the tricuspid
valve on the right side and the mitra] valve on the left side are kept closely
and firmly closed, the blood being prevented from regurgitating because the
orifices are completely and securely closed. When the ventricular systole
begins, the semilunar valves of the pulmonary artery are closed, but as the
Dressure of the ventricle upon the blood increases, the semilunar valves are
forced open and tlie blood passes into the pulmonary artery from the right and
into the aorta from the left ventricle. In the ventricles the pressure is highest at

the commencement of the coutraction when the pressure is said to be positive,

of the contraction of the systole. At this time there is a suctjon action due
to the emplying of the cavity by the sudden and forcefu] expulsion of the
blood into “the aorta and the pulmonary artery. The pressure is negative,
also, during the dias:ole that immediately follows, When the blood pasess
from the ventricles, the semilunar valves are forced open, their cusps

being stretched across the sinus:s of Valsalva, that lie behind each cusp without
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being pressed against the vessel wall, the reflux current of the blood preventing
the contact of the cusps with the vessel wall, and as the amount of bloodls,
greatly increased on account of the blood that is expelled from the ventrice is
and the blood present in the vessels before the expulsion, the pressure is
increased in the vessels and the vessel walls become distended. When the last
of the volume of the blood leaves the ventricles a negative pressure appears
behind the blood current, resulting in a reflux current from the artery to the
ventricle, This reflux current assists, according to some Physiologists, causes
the closure of the valves behind the blood. The ventricular systole now closes
after the ventricle has continued in the state of contraction for a short period,
the muscular walls relax, the ventricle returns to its original form and position.
With the beginning of the relaxation of the ventricles, the auriculo ventricu-
lar openings again open and the blood passes from the auricles into the ventri-
cles; at the same time the delicate arterial walls yield to recoil forcing a part of
the blood back towards the ventricular cavities in which the blood pressure is
much less than the arterial pressure, as they pass into diastole. This quantity
of blood that it forced back by reflux pressure finds a lodgment in the sinuses
of valsalva,and the pouches of the semilunar valves, closing the valves themselves,
thus preventing, in this way, the flow of blood backward into the ventricles.
From the close of the ventricular contraction until the auricles are again filled
with blood all the heart cavities are dilated, the cavities, themselves, being
gradually filled with blood ‘This is the period of rest or pause during which

the whole heart is supposed to be resting.

SECTION IV.—Changes in the Heart.

The changes in the active beating heart are so rapid that they cannot be
observed so as to form any adequate conception of the exact nature of these
changes. The ventricles are constantly changing in their form. For example:
While the blood is pouring into their cavities from the auricles through the
auriculo-ventricular openings during the increase of the pressure on the walls ;
wkhile the wave of pressure contraction is passing along the walls; while that
pressure is acting upon the blood contained within these cavities in driving it
out into the arteries; and finally during the relaxation of the walls after the
expulsion of the blood. ,

During systole the ventricles become tense, being larger during diastole,
the difference in size being measured by the volume of blood that is driven out.
The whole contents are driven out at each stroke, the emptying taking place
from the apex of the cavity towards the opening of the artery. While this
takes place there is a change from the hemispherical form with an elliptical base
to a more conical form with a circular base, the transverse diameter being
diminished and the antero posterior diameter increased. This increased
fronto-posterior diameter and decreased transverse diameter changes the form
of the base of the ventricle. During diastole the base is elliptical with the long
axis from side to side, frontally being convex and posteriorly flattened. Dur-
ing the systole the base becomes circular, the whole base being contracted and
thus rendering more efficient the action of the tricuspid and the mitral valves.
Ludwig and Hesse, two Physiologists, have made experiments in this connec-
tion on the heart of the dog. They distended the living heart of the dog until it
dilated under a pressure -equal to the arterial pressure. The ventricles are in
the diastole and the auricles continue to beat. A plaster cast is made of the
ventricles in this state, giving a mold of the diastolic condition of the heart. In
order to obtain the systolic phase of the heart, a living heart emptied of its
blood is snddeuly plunged into a hot solution of potassic bichromate, the solu-
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tion is at temperature 50 degrees C., when the heart gives a strong final con-
traction remaining permanently in this rigor condition, under the influence of
~ coagulation. In this state a cast is made which represents the systole phase. In
g;c:eélf:dovlﬁatlllln bt]heclh.e::lrt cavities, two hearts were taken, filled with blood: the
. 00¢ Is putinto a cold solution of pat ssic bi i
the hardemng in .dlas.tole, while the other, filled Iv:vitéL sl;(]:ogg:}ilsr%z?tﬁ;tga: sﬂ:ﬁ
solution of potassic bichromate. Casts were then made of the cavities of the
he_:art.. Asa result of this experiment, it was found: ist. In diastole, the ven-

pointed; the ventricle assuming a conical sha is ci i
. le assun Pe, the base is circular, and
(til:ansverseAdlameter is dlmlugshe‘d so that from ap»,ex to base is longer than tilt:
lameter at the base. The inclination of the heart has entirely dissappeared

not included at any angle. The arteria] i

gle. ; openings are scarcely affected if
?ﬁected ’at all.  The auriculo ventricular orifices, however, are dini,inished. Iln
as;?s‘t"i,? tthhee f]ibers of fthe heart, during the systole, contract at these orifices
biood. g closure of these valves and preventing the regurgitation of the

These changes in form involve necessarj i iti
i 0 sarily changes in position. i

systole the ventricles are inclined toward theg head pamd the xl:r)lgéligg
line, while the base of the ventricles recedes from the back moving toward the

which I have just mentioned. Cardiac im ulse: Ifa h is

(_:hest a s}]ock Or impulse may be felt along wi g)h each beat, Is 2%&;25:3%&? tthhi:
impulse is felt in the fifth left intercostal space about two inches beJlow the
nipple and about one inch to the left of the sternum, “This impu‘lse is syn-
chronous with the systole of the ventricle and is produced by the apex of fhe
ventricle bemg firmly pressed against the the walls of the chest from which it is
separated during the period of rest by the free surface of the lungs. This
mpulse is a distinct Tresult of the hardening of the ventricle during the éystoles
the impulse itself being the result of the apex brought out into sudden contact

surface of the skin During systole the a i i
1 . Pex is brought into close contact
with the che§t wall by the movement of the ventricle toward the frout, on

; the c:.ontratctiotl;1 of t}}e cavities producing a pressure that is greater

: t € pulmonary arterial pressure.
this, the ventricle hardex;s, sudden pressure being assisteg byéisos: J:cf;:llrtm?;
rtinga shot‘:k. to the chest wall and also to the diaphragm
ograph, this mpulse may be traced. If the cardiograph is
vhere the impulse is strongest the lever of the cardiograph
poes dur tricular systole and falls when it passes off. If the lever
on is plaged shghtly' away from the point of the strongest impulse, the
tltiver Wlll fal.l 1nstead of rise dun'pg the ventricular systole, because away’from
€ point of impact or strongest impulse the ventricle Instead of coming into
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close contact with, retires from the chest wall and pericardial attachments of
the mediastinum draws the chest wall after it.

In the space which becomes protruded by the impulse, the soft parts are
found to be slightly drawn in, this attraction, caused by the lessened size of
the contracting ventricles, being called the negative pressure. During the ven-
tricular systole, the heart-form changes. During rest the heart is an oblique
cone with an elliptical base, during systole it becomes regularly conical and the
base becomes circular. During contraction the apex inclines upward and for-
ward, being driven into the intercostal space, the ventricles turning on the long
axis from left to right partially exposing the left ventricle. This twisting mo-
tion gives the impulse which is produced by the contraction of the obliquely
placed fibers of the ventricles drawing up the apex, this movement being as-
sisted by the spiral form of the aortic and the pulmonary arteries. Ithas been
stated by some Physiologists that the impulse is partly due to the reaction of
the ventricles, producing a recoil when the cavities are emptied of blood so that
the apex is pushed outward and downward. Other Physiologists ascribe the
impulse in part to the elongation of the aorta and pulmonary artery on account
of which the apex is pushed outward and downward toward the chest wall.
These actions may assist in producing the impulse, but the main cause is the
twitching movement of the ventricles. That this twitching movement is the
cause of the impulse is evident, (1st), from the fact that the impulse takes
place, even when the heart cavity is empty of blood; as, for example, in case
of severe hemorrhage.® Even in this case—of severe hemorrhage—the
ventricle seems to harden and this hardening changes the direction of theheart,
turning it around and producing a twitching against the cavity of the chest
wall. (2d). This is still more evident from the fact that an empty heart en-
tirely removed from the body and placed upon a table or some flat surface
raises its apex as it hardens in the systole, the same impulse being felt in the
case of the heart under these conditions if the finger is placed over the rising
apex, proving the fact that it is a change in the heart itself—not the question
of the presence of the blood and not the question of recoil, but simply the
twitching movement of the heart itself. .

In order to produce the tracing of the apex beat, or a cardiogram—(the

instrument is the cardiograph and the tracing on the instrument is the cardio-’

gram,) various instruments called cardiographs have been invented. The
improved cardiograph of Marey consists essentially of a tambour with a button
attachment to the membrane, which is applied over the apex beat. The motions
of the air inside the capsule—in this case it is air motion— are communicated by
means of a tube to a recording tambour. The tracings which are obtained give
distinctly the contraction of the auricles contracting in the direction of the axis
of the heart from the right upwards toward the left downwards and causing the
apex of the heart to move slightly towards the intercostal space. Smaller con-
tractions give slight curve elevations. ‘These smaller contractions being due to
the contraction which takes place at the ends of the veins and the auricular
appendages. Then follows the curve represen ting the greatest impulse which
is cau ed by the contraction of the ventricles. This contraction being simulta-
neous with the first sound—these sounds will be discussed in connection with
the cardiac sounds. The curve then rapidly falls when the ventricles relax, the
blood in the aorta and the pulmonary artery Leing driven back by the recoil of
the arterial walls, thus closing the semilunar valves. This impulse is commu-
nicated to the apex of the ventricles causing oscillation of the intercostal space,
It would seem from the tracing of the curves that the aortic and pulmonary
valves do not close simultaneously—the aortic valve closing first and then
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about 1-100 of a second later the pulmonary valve. This difference is due to
the greater aortic pressure—the aortic is greater than the pulmonary pressure
aud in this case the aortic closes sooner than the pulmonary valve. The trac-
ings as found by Iandois and Marey by his improved cardiograph seems to come
very much like that; that is, the tracing which represents the normal move-
me?ts or movements in connection with the condition of elements in the cardiac
cycle.

The heart seems to exist chiefly for the purpose of exerting a pressure
upon the blood in its cavities so as to secure the normal circulation. It is difficult
to state these movements because the mercurial manometer fails us in this case.
The most convenient instrument to use is a long tube open at the top end and
filled with a solution of sodium carbonate. This tube may be introduced through
the jugular vein into the right auricle and the right ventricle, and it may be
introduced through the carotid artery and the aorta into the left ventricle. By
establishing a connection between this tube and the mercurial manometer, in
this case it is the maximum and minimum instrument, records may be taken of
the pressure of these three cavities; the right auricle, the left ventricle and the
right ventricle. In this case we get the maximum and minimum pressure
attained in each one of these cavities. As a result of this it is found that the
maximum pressure in the left ventricle is greater than the normal pressure in.
the aorta, that the maximum in the left ventricle is also greater than the maxi-
mum pressure in the right ventricle and in the right auricle the pressure is
greatly diminished. In connection with the minimum records it is found that
there Is a negative pressure, that is, a pressure less than the atmosphere. This
Degative pressurc may be partly due to aspiration in the respiratory processes
but even when we take account Tespiration it is found that there exists still a
negative pressure, at least, a negative pressure in the left ventricle which is
very distinctly marked. This means that at some point in the cardiac cycle
there must be a negative pressure normally. This negative pressure may arise
in one of two ways—

1st. When the blood is driven out very quickly from the ventricle into
the aorta a negative pressure seems to arise. This pressure partially accounts
for the closure of the semilunar valves and therefore, this negative pressure
would be greatest at the orifices of these valves. The manometer however indi-
cates that the reverse of this is true in the case of abnormal negative pressure,
that the greatest negative pressure seems to exist within the cavity of the ven-
tricle itself. For this reason this could not satisfactorily account for the nega-
tive pressure, therefore, we have the second explanation.

2. This negative pressure arises, in all probability from the rapidity of
the ventricular process of relaxation, representing the rapid return of the
ventricle from its contracted to its normal condition, This will also account
for the greater negative pressure that is found in the left ventricle. hecause
the thickness of the wall of the left ventricle is much greater than that of the
right ventricle, and therefore the rapid contraction of the left ventricle will
produce normally a greater negative pressure. This negative pressure assists
the circulation of the blood by setting up a suction action which directs the
blood that has been collected in the auricle into the ventricle, using up almost
instantly the negative pressure and preventing it from exercising any disad-
vantageous influence upon the circulation. The only effect of this mnegative
pressure is to lower, and pragtically to exhaust the negative pressure in the
auricles without extending backward to the veins, In regard to the cardiac
pressure in the ventricles we may conclude, therefore, that there are four
different phases.
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I. The rapid growth of pressure in the ventricles greatly increases until
it becomes greater than the aortic pressure when the aortic valves are thrown
open.
2. Following this the blood escapes into the aorta while the contraction
of the ventricular walls still continues.

3- This continued contraction of the ventricular walls secures the com-
plete emptying the cavities of the auricles,

4. 'The sudden relaxation of the ventricular wall, during which there is
set up the negative pressure, this negative pressure establishing the connec.
tion between the ventricle and the auricle by which the blood is induced to
pass from the auricle to the ventricle.

DURATION OF THE CARDIAC MoOVEMENTS.

The whole cardiac movement is termed a cardiac cycle and consists of three
phases, the systole of the auricles, the systole of the ventricles and the pause
or diastole of auricles and ventricles, which comsists of thediastole of the ven-
tricles, including the period between the cessation of contraction and the com-
mencement of contraction again ; and of the diastole of the whole heart, in-
cluding the period from the end of the ventricular relaxation to the beginning
of auricular contraction, during which the walls are neither contracting nor
relaxing, the cavities being passively filled with blood. By using the instru-
ment (cardiograph) in connection with the kymograph, the velocity of the sur-
face on which the tracings are made can be estimated and thus approximation
made to the time occupied by the cardiac movements. It is found that the sys-
tole of the auricles is very short, whereas that of the ventricles is much longer,
occupying a considerable part of the cycle period and the diastole of the whole
heart varies considerably, in slowly beating hearts being longer and in quick
beating hearts shorter. From this we would conclude that the faster the heart
beats, the briefer the diastole, and also the briefer the ventricular systole. The
chief data used is that in connection with the first and second sounds. This
period has been found to vary from -225 t0 . 346 of a second, the variation be-
ing small, indicating that the variation takes place—in the pauses rather than
in the actual beats. The first sound takes place along with the ventricular
systole, and the second sound which marks the close of the ventricular systole.
Thus the period between the commencement of the first sound and the second
sound represents the ventricular systole. During this ventricular systole there
takes place the increase of pressure, the expulsion of the blood and the con-
traction continued so as to empty the cavity. The cardiac pulsations in the
adult male vary from 65 te 75 per minute, in the new born child about 140.
There is some relation between the quantity of blood in the circulation and the
frequency of the pulsation. Thus as the pulsation becomes more frequent the
quantity of blood which passes through the keart per minute increases. In the
normal adult male the pulsation will be 72 in the morning, from 70 to 68 in the
forenoon, 80 to 84 after meals, and 69 to 70 toward evening, the number of
Ppulsations being fewer during sleep

Taking 72 as the normal heart beat, each period of revolution would occupy
about .8 of a second. -3 of a second would represent the ventricular systole,
the remaining .5 of a second would represent the ventricular diastole,
during the latter part of which takes place the auricular systole representiag
about .1 of a second, the .4 of a second representing the period during which
neither auricle nor ventricle are contracting. Oue of the most important ques-

tions is the work done by the heart representing the quantity of blood ejected
from the ventricles during each systole. It is estimated that 188 grams of
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blood (a little over 6 ozs.) is driven out of the left ventricle into the aorta dur-
ing each systole. Various methods have been used to discover this. ‘T‘he most
simple is to remove the ventricle, fill it with blood, equal to the amount of blood
calculated from the average pressure of the ventricle. This would give the
-quantity ejected, as the whole contents are driven cut at each systole. Each
ventricle gives out the same quantity at each beat, otherwise the blood would
be crowded into the pulmonary or into the systemic circulation unequally,
Some think this is not the case as the pressure is much greater in the left ven-
tricle than in the right. This, however, is due not to the amount of blood but
to the greater peripheral resistance to be overcome in the systemic circulation
as compared with the pulmonary circulation. Taking 188 grams as the quan-
tity ejected at each beat at the aortic pressure, which is estimated as 250 mm.
of mercury, i. e. 3.2 metres of blood. This means that at each systole the ven-
tricle does 601 gramme-metres of work everybeat Taking the heart pulsation
at 72 per minute we would have 42.272 kilogram metres for the left ventricle
Per minute or 60,872 kilogram-metres per day. The right ventricle would be
about 2-5 of this amount or 24,349 kilogram-metres, the whole work of the
heart in a day amounting to 85,221 kilog. metres or about 1-75 of 1 horse power,
equal to the combustion of nearly 30 grams of carbon. If 188 grams of blood
leave the ventricle at each beat a quantity equivalent to the whole volume of
blood (about 5760 grams in a man of 75 kilograms) would pass through the -
heart every 30 beats, or once every 25 seconds.

These phenomena of the heart are more or less obvious upon observation.
Beneath these are certain molecular changes on which depends the rhythm of -
the heart and by which many, if not all, of the vital activities are to be ex-
plained. One question arises as to the nature of the contraction. Is ita sim-
ple contraction, or is it a tetantic contraction? In other words is it due to the
single stimulus or the application of a number of stimuli rapidly applied in close
succession.

Many of the phenomena of cardiac contraction seem almost identical with
those of a skeletal muscle. Exhaustion decreases the amount and increases
the duration of the contraction. In cardiac contraction the period of latent
stimulation is much longer than that of the skeletal muscle (proportion
Y5—1-100 of a second.) ‘The length of cardiac contraction is greater than that
of muscular tetantic contraction. The electric phenomena of cardiac contrac-
tion resembles a simple contraction, e. g. there is negative variation in connec-
tion with the heart and by the use of the rheoscope (for testing the electric cur-
rent) the heart manifests a simple twitching. In the muscle when tested by
electricity each contraction is preceded by a short period of lessened excitabil-
ity representing molecular changes preceding contraction. This is known as
the negative varickion. By cutting off the ventricle slightly above the auriculo
ventricular groove, Muller found that placing the base and the apex on the
two galvanometer cushions—there was a-pegative variation in the heart. Later
investigations proved that this negative variation took place in connection with
the systole, the negative wave being transmitted at the rate of 20 mm per sec-
ond. Ifthe heart be rendered motionless by separating the auricles of the
sinus venosus, either by ligature or by an incision, it has been found that the
variation goes through two stages: (1) the initial stage, stage following immedi-
ately the excitation when the portion excited becomes negative to the other
parts; (2) the terminal stage coincident with ventricular relaxation, the re-
verse of that manifested at the beginning at the ventricular systole. There is
thus a two-fold negative variation manifested in the systole of an excised heart,
the 1st at the apex and the 2nd at the base. The period of excitation does not
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correspond with the period'of !atent stimulation but goincides with the period
from the beginning of the initial stage to the beginning of the terminal stage.
The total period of the initial stage has been found to average about .12
of a second. The application of heat to the apex was found to have no effect
upon the initial stage but to increase the terminal stage. The rate of trans-
mission of the stage of excitation was fourd to be about 125mm per second.
From this it is concluded that if the ventricle is stimulated, it becomes at once
negative to all the other parts, the wave of stimulation being transmitted in all
directions at the rate of I25mm per second. Immediately after this stimula-
tion wave passes there followsa contraction of the fibres, giving rise to a wave
of contraction passing over the heart. This wave of contraction in the mam-
malian heart is found to begin at the apex.

What is called a cardiac coniraction commences near the orifices of the
larger veins in the right and left auricles. In the case of a heart that contracts
slowly, the wave of contraction originates at the orifices of the veins, enters the
veins and passes along a short distance, then passes over the auricles and the
ventricles. ‘The question that arises here is, whether the cardiac movements
are dependent upon molecular changes in the muscular tissue or in the nerve
tissue, or in both It isa known fact that rhythmic movements take place in
tissues that are not nervous, e. g., the beating organs of many invertebrates,
the embryonic heart, the unstriped muscles of the ureter. In these cases there
is a compound structure of muscle and nerve. Both muscular and nervous
tissues, under definitite conditions, give rhy thmic movements, It is, however,
believed by many that the rhythm of muscular tissue takes its rise from the
impulse of nervous tissue Several experimenters have found that the rhythm
of the ventricles is altogether independent of the rhythm of the auricles, the
ventricular rhythm being found in the apex where no nerve cells are found.
This, however, while purely myogenic, islocalized and may be overcome by the
general rhythm of the heart as a whole.  While connected the ventricular and
auricular beat maintain almost uniform properties, whereas on the disconnec-
tion of auricle and ventricle, the auricle which keeps up the normal beat, beats

faster than the ventricle. It is generally conceded that the rhythm of the:

auricle originates in the veins which transmit the rthythmic motion by muscu-
lar conductivity to the auricles. As the ventricles are structurally distinct from
the auricles it is difficult to see how the muscular conduction can account for
the propagation of the thythm from the auricles to the ventricles. Hence,
some Physiologists accept what seems the only alternative, that the contraction
is transmitted from auricles to ventricles by nervous tissue. This, however,
seems quite difficult to understand. These impulses could not be transmitted
from auricle to ventricle so as to secure exact succession of ventricular heat after
auricular beat without taking for granted the existence of nerve ganglia for the
purpose of storing energy to be used at intervals in the ventricular movements,

he connection of veins and auricles and the elasticity and rhythmic character
of the auricular wall seems sufficient to account for the auricular transmission
aside from the necessity of nerve centers.

Gaskell, by experiments on the apex of a frog’s heart, which contains no
ganglia, has shown that, (1) the involuntary apex beats depend upon the press-
ure in the cavity and not upon the blood supply ; (2) that by the addition of
& weak alkali to the blood supply of the apex relaxation gives place to contrac-
tion and a weak lactic acid solution reduces the apex to a perfect diastole, Mus-
carin producing almost the same result, Gaskell draws some interesting con-
clusions from these experiments. (1 ) Independent rhythmic contraction is
lessened as we pass from the sinus to the ventricle, the power of such rhyth-
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mical contraction varying inversely with the distance of the part from the
sinus. (2.) An excised part of the apex can be made to beat artificially at
the same rate as the sinus and auricle by the action of nutriment. ) A
wave of contraction transmitted by the auricle produces ventricular contrac-
tion, after passing the auriculo ventricular groove. (4.) By dividing the
auricle so as to leave one part in connection with the sinus and the other in
con B ection with the veantricle, a contraction wave passes up the strip extending
from the sinus to the bridge, passes over and then after a brief pause goes down
the part from the bridge to the ventricle and into the ventricle, resulting in con-
traction. By diminishing the extent of the bridge, then only every second
contraction passes over, resulting in ventricular Contraction, no response being
made in the case of the wave stopped. If this bridge is made very small then
there is no passage of contraction between auricle and ventricle and the ven-
tricular contractions are entirely independent of the auricular. The nervous

tricle, conveys impulses from the ventricle to the heart,regulating the blood sup-
ply, increasing the conductive power of the auricle substance. He suggests
that the influence of the vagus is to assist and render more efficient functional
activity being the trophic nerve of the heart ; upon its relation to the heart de-
pending the character of the heart functions and their intensily as these func-
tions are discharged by the cardiac muscle. In the cardiac muscle, which dif-
fers from the striated and unstriated muscle, the rhythmic activity is
most perfectly developed. Hence he concludes, that the apparently opposite
actions of the sympathetic and the vagus—upon the heart depends upon their
counection with the process of heart nutrition.

The vagus exerts an anabolic influence, leading to and directing the pro-
cesses of repair in the heart substance, while the sympathetic exerts a katabolic
influence, directing the processes of decomposition by which the complex
muscles are divided into simpler bodied. These represent the molecular changes
taking place in connection with the cardiac muscle, the nervous influence being
rather of a trophic nature. According to this idea, the rhythmic contraction of
cardiac muscle is its special characteristic, This rhythmic tendency is found
most fully developed towards the base in the tissues around the orifices by the
large veins and in the auricle, This rhythm, originated in the region of the
venous openings is transmitted through the auricles to the auriculo-ventricular
groove; the rhythmic contraction of the ventricular tissue being produced by
the electric variation arising from the rhythmic auricular, assisted by the
increased cardiac pressure arising from the blood flow from auricle to ventricle.
In the human heart these trophic influences are aided by the intra-cardiac gan-
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