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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.
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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

COAGULATION OF THE BLOOD. 27

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

THE LYMPH AND THE BLOOD GLANDS, 35

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-
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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.
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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




46 CHANGES IN THE HEART.
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-

tion of the walls of the heart cavities, and influencing the nutritive changes
taking place in the muscle substance of the heart. In this way the ultimate
solution of the cardiac rhythm depends upon the trophic influence of the nervous
system upon the cardiac muscles. '

PERSISTENCY OF CARDIAC MoOVEMENT.

The heart continues to beat after it has been removed from the body. ‘This
movement continues longer in cold blooded animals, as the frog, than in warm
blood animals. The heart of the frog will continue to beat for two or three
days; a rabbit’s heart from three to seventy-two minutes; in the case of the
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right auricle, which is the ultimum moriens. The last trace of beating has been
found in the rabbit 1 5 hours, and in the dog 96 hours after death, and in the
human embryo the heart has been found to pulsate for four hours after death.

After the cessation of the heart beat stimulation may cause contraction.
The ventricular contraction weakens first, then the contraction of the auricle
is not followed by comtraction of the ventricle, the ventricles contracting
slowly, then ceasing to contract while the auricles continue to contract. Fin.
ally the right auricle ceases to contract. Even after stimulation fails to pro-
duce any contraction in the case of the heart by the injection of arterial blood
into the coronary arteries the heart may be restored to pulsation.

CARDIO-PNEUMATIC MOVEMENT.

During systole the heart occupies a smaller space in the chest cavity than
during diastole. It follows from this that if the glottis be open, air will be
drawn into the lungs when the heart contracts, whereas when the heart relaxes,
air is expelled through the open glottis. Of course, account must be taken of
the amount of blood in the larger vessels of the thoracic cavity. This circum-
stance seems of value in hybernating animals, as the movements of the
lungs assist the exchange of oxygen and carbon dioxide, a sufficient air cur-
1ent being produced to aerate the blood as it passes through the lungs. Landois

invented a cardio-pnetmograph for the purpose of tracing these movements,

over with membrane. Attached to the membrane is a glass rod used as a sty-
lus, which records the movements upon a recording glass plate. When the
tube is placed in the mouth, the nostrils are closed the glottis is open and res-
piration ceases. From the tracings we can see (1) an expiratory movement at
the moment of the first sound, because the blood is pouring into the right auri-
cle through the venae cavze and the dilating branches of the pulmonary artery
compress the bronchi, the blood of the right ventricle passing into the pulmon-
ary circulation. (2) A strong inspiratory movement follows, because more
blood passes out of the chest than enters it through the vena cavee. (3) After
the semilunar valves have closed, arterial blood accumulates in the chest and
hence, another expiratory movement follows. (4) the blood rapidly passes
from the arteries in the chest outside of the chest and there follows an inspir-
atory movement of the air in the lungs. (5) then follows the flow of blood
into the heart through the veins, followed by the heart beat.

INFLUENCE OF RESPIRATION UPON CARDIAC AcriOoN,

The thoracic cavity contains within it, as an air tight compartment, the
heart and the lungs. As the chest increases or decreases in size during inspi-
Tation and expiration, a certain amount of pressure is exerted upon the heart
and influences, to some extent, its movements, During inspiration the dia-
phragm descends and the ribs are raised while the lungs expand, thus increas-
ing the chest cavity. The pressure upon the external surface is less, the
heart being in a condition of diastolic dilatation.  During inspiration also the
pressure is removed from the large veins entering the chest at the right side of
the heart, and the flow of venous blood toward the heart is assisted. If after
a very deep expiration the glottis is closed so as to prevent the admission of
fresh air to the lungs, and if the chest be then distended by a very strong
inspiration, the heart becomes dilated, this dilatation being increased by the
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elastic drawing of the lungs. The venous blood flows into the right side of
the heart, the blood is sent on to the lungs and thus the lungs become gorged
while the left side of the heart cannot drive out sufficient blood into the arterial
system. The pulse may _disappear, the heart being distended and the lungs

of the heart is increased and also on the external surface of the large veins,
while only a small quantity of blood flows into the heart at its right side, the
hearg being contracted and the pulse beat small. In the Valsalva’s experiment
this is is increased. A very deep inspiration is taken and then the glottis is
closed. Immediately a powerful expiration is made. contracting the cavities of
the ches.t and heart so as temporarily to interfere with the blood circulation,
The air in the lungs is under high pressure and it acts strongly upon the heart
and thoracic cavity. Hence the veins in the face and neck become swollen
the blood from the lungs is quickly forced into the left ventricle, Ppassing it into.

whereas, in expiration the pressure is higher, favoring the flow of blood out of

CArDIAC SOUNDS.

When the ear is applied over the chest, either by the ear itself simply, or
by the use.of. the stethoscope, two sounds are heard, one directly from the
apex. This 1s a dull, long and booming sound. The second sound that is

part of the diastole of the ventricle, - Following the second sound, there is a
period of rest, or the long pause, as it is called, lasting till the commencement of
the first sound in the next succeeding ventricular beat, This period of rest,
therefore, corresponds with the latter period of the ventricular diastole, and
also, with the systole of the auricles. These two sounds differ in their charac-
ter. The first as we said, is low and presents a muffled sound, while the second
sound is high and distinct. A difference " is noticeable when the sounds are
heard over the apex and over the base. Over the apex the first sound is ac-
centuated, while over the base the second sound is accentuated,
These sounds are usually represented by the meaningless words,
“lupp dupp, pause, lupp dupp, pause, representing the characteristics of the
sounds. ‘The duration of thsee sounds depends to a large extent upon the
llsteqer, that 1s, it is subjegtive rather than objective. Walshe has stated

Much difference of opinion exists as to the cause of .the first sound ; this.
ﬁrs_t sound may be heard distinctly after the removal of the chest wall, indica-
ting that the heart beat does oot produce this sound, Some Physiologists
ascribe this sound to vibrations in connection with the close of the mitral and
tricuspid valves. Others regard it as due to the muscular contraction of the
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it i blood
i in the ventricles. Others say tha} 1t is due to the ﬂow'of the :
:;f:éﬁgl}? tgg ;ortic and pulmonary openings. The .Ifl(.)st px;ob}aibl;:i f.‘tausgé1 hs?evé:
ever, is what is called the doacllbl}el: arrangelmenlte, rgg;}:lstmg of the first a
£ the muscular e . ]
Ond,'}‘llll?s‘? 51: :é?;l;nfiliglsgtt Znshort, sharp one, such as we would expect in the
case of the sound produced by the vibration of the valvular menc;brageg, nellthber
does it seem possible that this long and dull sound could be produce sxrnpfyt s 1};
the flow of the blood. One thing 1s-'cer'tam—tk!at is, that in the natlure o this
sound, a muscular sound, di?er.ing lfnt h1ts qlé?hct;ys égz;x;ngele Iigg:iliglgl;;cthis
sound on account of the pecularity of the cardia - pgly. this
i 3 nd in all robability, modulated and modified by t he vibra
ig:)?da]stirgt? sztzla(rﬂ: auriculo&entricu]ar valves. In the case of the still llxrllng
excised heart, the first sound has been heard quite dlstgnctly. 4 For tgxa?e;; :e.
The heart of a dog was first loosely and then tightly ligature | in ! es enae
cavae, the pulmonary artery and veins and the aorta. After the 1g§ urle arere
made as tight as possible, the heart of the dog was excised an tpt lzltc d in
the glass vessel and filled wlith deﬁbzzlnatfid blotod.ithIngtlgssexgstn%:’??h, arteiﬁcial
: onical glass was close , Dot w , wi :
ggxx%?é?e? a(l)rfdt ltlii(s: membgane was connected by means of a flexibie :iube wm:
a stethoscope. On listening through the stethoscope the second sour]1] wairgg_
heard at all, whereas, the first one was heard very dlstmctly1 atdeac tchont ac
tion of the ventricle. In this case the heart was en}?ty of b og sIo adili . ihe
closure of the valves could not possibly produce this first sogn . 1111 pddition
to this, we have the fact that in abnormal _conditions when the ;ntusch ir wall
of the heart are weakened. For gxe;mple(:) n't ;noaitlil\;ngsgdcasii (:heygas‘; e,
ay disappear entirely. n the “hand, C ]
:ggegrg}: fﬁ:lﬁit?alyvalvegpa sound may be heard quite dlsthctly,hot a blovsvmi%
nature, This blowing sound, in some cases, may hlde. andhm ot erd %a;(s;v in
may ch‘ange altogether the character of the first sound into that secon A g
murmur. The reason being that the sound, blowing sound, vbecomgs ‘io lsfr%?ﬁ
that it seems to over-bear the other sound and prevent, not the sound itse » bt

their vibrations, give rise to a sound which becomgs blended with thf1 u;gsc;xlz:f
sound produced by the heart substance and resulting in what w&lel celll the s(ii-
mal first sound of the heart. Wintrich, a German p_hysxcx.':}t;l who has tmvehas
gated this subject, by the use of the stethoscope combined with a re;sona <t)r, has
been able to detect in the first soungl two elements, one part or e eTen . 10 1
high pitch, which he ascribed to the vibration of the auriculo-ventricu z?' valves,
and another part on the low pitch, due to the muscular cardiac contrac ion. e
The second sound has been known. very distinctly In its character since K
time of the Physiologist Iaennec. ‘This sound, according to Lagnneqawa:lv euse
to the sudden vibrations caused by the sharp closure of the sigmoid v \

i here the aortic arch approaches close'tq the surface and hen.ce,
g?:nsﬁ;)ilgtcovnvveniently the sound to the surface. Williams, ot}e _of t:l}f Pht};st,;:o;:
ogists, found that this second sound could be heard by apphyx?lg e] s tto-
scope directly to the heart. By passing a curved wire ‘throug.l the pulmo ary
artery the semilunar valve was hooked up. The aortic semilunar va ve
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not close simultaneously, they have a brief, a very brief, interval df time
between their closure, If this interval be lengthened, we have what is called
the reduplicated second sound—that is, the double second sound—one sound
arising from the aortic and the other sound from the pulmonary artery.

Duriug' the first sound we find the following phenomena: (i) Ventricu-

of blood into the aortic and pulmonary arteries, (4) the heart beat, (5) the aur-
icles filling with blood. During the ‘second sound we find the following phe-
nomena: (1) The closure of the semilunar valves, (2) relaxation of the walls
of the ventricles, (3) opening of the tricuspid and mitra] valves so as to admit
the passage of the blood from the auricles to the ventricles, (4) diminution of
apex pressure against the chest wall. During the long pause which i marked
by the three tenth portion of the cycle we have (1) the auricle being filled
with blood by the passage of blood from the ventricle, (2) auricular contrac-
tion, expelling all the blood out of the auricle into the ventricle. The short
Ppause the one occupying the 1-50 period, the time is almost inappreciable and it
may be said to Tepresent the maximum of contraction in the case of the ven-
tricle.

SECTION Vi—~The Heart in, Isolation.

The frog is placed upon a plate so that two smaf] Cups can be placed over each
side of the heart, each cup is connected with a horizontal bar over the top by
means of two vertical arms, the one arm fixed and the other arm niovable, the
movable arm bearing a very small horizonta] lever, At each systole’ of the
heart the forceps will open and the lever will move and this movement wij] pass
through the movable-arm to the horizontal bar, this movement being communi-

cated to a recording instrument.

he calls a tonometor for the purpose of studying those influences that get
upon the beating heart under isolation. “This instrument consists of a bell .
jar whose rim rests easily upon a greased groove in the brass plate, Through

connected with a fine rod to which a lever is attached underneath.
he vessel is filled with oljve oil and the heart is suspended in this fluid,
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During diastole the heart expands, pressin
of the lever is connected with the recording kymograph. When the systole

takes place the piston again rises, giving us tracings which are very
characteristic of the heart’s movements. In this way we have the tracings
of the diastole and systole of the heart in isolation.

NUTRITION OF TuHE HEART.

The heart is nourished by means of nutrient fluid carried to the different

parts of the heart through the circulation. In the lower vertebrates this is
secured, for example, in the frog, by passages going out irregularly from the
heart cavities through the midst of the heart muscle close to the peripheral
surfaces. ‘These passages act as blood vessels, filling at each diastole and empty-
ing at each systole, and, of course, conveying the blood to the cardiac muscle.
In the rabbit, the cat, and the dog, and especially in man, heart nutrition takes
place by means of the well developed cardiac circulation, the cardiac circu-
lation being carried on through the coronary arteries and veins. In the case of
the dog the coronary arteries and their branches are very close to the heart
surface, the pericardium furnishing their covering. The left coronary artery
originates at the aortic orifice,dividing into two branches, called the circumflex,
and the desendens branches. The circumflex branch passes transversely out
wards in the left auriculo-ventricular furrow, passing around the left side of the
heart to the posterior surface and supplying with blood the left auricle and the
upper auterior and posterior parts of the left ventricle. The desendens branch
runsdown the anterior inter-ventricular furrow to the apex of the heart giving
out a number of branches to the left ventricle and to the anterior portion of
the septum ; supplying with blood the septum and the inferior anterior portion
of the left ventricle. The right coronary artery arises from the aorta just
above the free margin of the anterior semilunar valve, passing to the right
auriculo-ventricular furrow or groove around the right side of the heart, run-
ning as faras the posterior inter-ventricular furrow, where it divides into two
branches. ‘The right coronary artery supplies the right auricle and the right
ventricle with blood. The small branches of the coronary arteries enter into
the cardiac substance ending in the capillary plexus which carries the blood to
the heart substance. Out of these roots originate the cardiac veins which
carry the venous blood to the right auricle by means of the anterior cardiac
veins and also the smaller veins, the foramina Thebesu.

Before entering the auricle, the large coronary vein becomes dilated, forming
what is called the coronary sinus. At the juncti®n of the vein with the sinus
there is a valve, the other coronary veins which enter this large coronary sinus
also have valves. The coronary arteries are terminal, at least, in man, that is,
the anastomosis of the arteries does not produce a collateral circulation, This.
terminal character of the coronary arteries is of the greatest importance in con-
nection with heart nutriment. ‘T'he rapid closure of one of the large coronary
branches in the case of the dog, for example, has been found to have little
effect, some say, no effect at all, on the heart’s action; others say it has a tem-
porary affect, in producing an irregular action of the heart, or after a few
seconds it may effect the ventricular action, producing what are called fib:illary
movements. There fibrillary movements result from the shortening of the cells.
found in the cardiac substance. This arrest of ventricular activity depends
upon the heart irritibility, and also upon the size of the vessel that is ligatured.
When the force is sufficient and produces these effects, the ventricular pressure
is lowered during systole and increased during diastole, resulting, of course, in

diminishing the force of t

g down the piston rod and the point

he ventricular contraction and also the ventricular
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SECTION V7T -—The Innervation of the Heart.
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It has been known for a long time that the heart of the frog can be ke p.t
beating after its entire removal from the body for many hours—normal bl??‘nll:]g:
we mean—and even after the cavities are entirely empty of blood. T 1sbb§1:.
been accomplished in the case of the heart of the dog and cat and thg ,rah 1t;
indicating this fact, that the cause of the rhythmic heart beat must be somehoy
in the heart itself and not in its connection with thg cent_ral nervous .sys:len?.
We have already discussed the causes producing this cardiac movement an we
have found that it is due to the muscu}ar contractJQn, a muscu_lar contraction
kept sustained by the impulses found either stored in the ganglia or communi-
cated by the nerve fibres. This muscular contraction then is dependint upohn
the trophic influence of thc nervous system, The heart beat, there Oli)e*’ the
normal action of the cardiac substance and the nutrition of the heart substance
depends upon the nervous system and hence shows the importance of the care-
ful study of the innervation of the heart. The view has. been 1.namta~med th?.t
as the pulsations cease—that is of the heart—undel_~ ordinary circumstances }1111
the following order: the lower part of the ventricle toward the apex, the
entire ventricle, the auricles and then the sinus venosus, and as Eheﬁe p?,rts in
aninverse order represent a series of ganglia, much more numerousin sinus veﬁof
sus, and altogether absent in the lower ventricle; therefore, it Is concluded that
the rhythmic heart beat depends upon the nervous impulses originating in these
ganglionic nerve cells, passing down different fibres to the different parts of the
ﬁeart, causing the rhythmic fiber contraction, which cordinate by the co-oper-
atiou of the different ganglia.. This would make the muscular fiber passive in
the hands of the ganglia centers, but as we have seen [hlS.IS not t‘he‘ casel.) T}I’lxe
strongest impulse in contraction being muscular, this being sustame}cll ytt 'e
trophic influence of the nervous system. In the innervation of the heart we
have to consider: (1) the extrinsic or extra-cardiac nervous mechanism, }nclud-
ing the nerve centers and the great berves conmecting the heart with the
central nervous system; and (2) the intrinsic or intra-cardiac nervous mechan-
ism, including the nervous arrangement of the heart.

EXTRINSIC NERVOUS MECHANISM.

This mechanism consists of nerves brauching off from the cerebro-spinal
and sympathetic systems so that the cardiac nerves are branches of the }Ir‘elnlgus
and sympathetic, arising in the region of the inferior cervical gat_:g}lon. ese
nerves form two groups, one internal and one exter nal. The internal group
comprises a medium sized nerve, springing from the inferior cervical _ganghotlll,
a thick nerve springing from the trunk of the vagus near to the origin of the
inferior laryngeal nerve and several fine nerves which arise from the vagus ter-
minating in the cervical plexuses. The ek"ternal_ group consists of an upPer nerlve
originating iu the inferior cervical ganglion or in the vagus truunk close t? t }Ie
inferior cervical ganglion, and a lower nerve arising in the lower curve of the
annulus of Vieussens or sometimes, from the vagus close to the an.nulus.’

In the year 13435, the Weber brothers dlS‘C(?VE.ted that the stimulation of
the vagus trunk in the neck or at its dpep origin in the grey matter on the
floor of the fourth ventricle, produces in the case of a feeble excitation a les-
sening of the number of the heart-beats and in the case of a strong excitation
it produces the entire arrest of the heart’s action. This arrest of the heartds
action taking place in diastole and by a gradual filling of the heart with blop .
Having found that the inhibitory power resided in the me’d;ulla. the question
then arose ‘*how was ‘this impulse transmlttefi to the heart ? By a section of
the pneumogastric it was found that the action of the heart was acc,elerat_ed,
while on stimulating the cut end of the peripheral portion, the heart’s action

<
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tory or restraining. The slowing and arresting of the heart’s action may be
produced by different kinds of stimulation ; for example : chemical stimula-
tion, or mechanical, as well as electrical stimulation. One Physiologist has dis-
covered that the pressure of the carotid artery at the anterior margin of the
sterno mastoid would result in slowing of the action of the heart which he
supposed to be produced by the stimulation of the pneumogastric. During this
arrest of the heart, the heart does not cease to be subject to irritation, for dur-
ing this inhibitory action it will still respond to stimulation. This arrest of the
heart action is not due to reflex action, but is direct, because this arrest will
take place on excitation or stimulation of the peripheral end of the cut nerve,
This inhibition is not constant.

The right vagus seems to have a greater influence on the heart than the left
vagus, and it is found, on excitation of the vagus, the auricles of the heart in
particular are affected—that s the part of the heart affected by stimulation of
the vagus, is the auricle. This influence of the vagus affects, not only, the
frequency of the heart’s pulsations, but also, the strength or the force of these
pulsations. This is evident from the fact that on the stimulation of the vagus,
the pulsations become fewer in number and, also i

excitation of the vagns affects the periodicity of the ventricular action, particu-
larly the ventricular systole; the feeble stimulation of the vagus greatly increas-
ing the period of diastole, and also the diastolic pressure. A strong stimulation
increasing, on the other hand, both the periods of the systole and diastole,
Even in the case of the continued stimulation, however, the heart after several
seconds begins tn beat, at first very feebly, and then after a short period
resumes its normal beating without removing the stimulation. The effect of
this stimulation is to lessen the force of the ventricular contraction, increasing
the quantity of blood at the close of the systole, and at the close of the diastole

given out. The tone of the ventricle is also affected by this stimulation, being
slightly diminished. The proof of this is found in the fact that the wal_]s of

up, to a certain extent, the strength that is found normally in ventricular walls, -
due to the thickness, particularly of the one ventricular wall. In the case of
the auricle, the excitation of the vagus, diminishes the force of its contraction,
lengthening the diastole, these changes appearing earlier than the changes that
are found in the ventricles, indicating what we do find, that the ventricle is
affected through the auricle. In the case of strong stimulation of the vagus
the heart does not contract atall, oratleast with less vigor. A single electrical
stimulation will not arrest the heart action at first, but if the stimulation be
continued, it will affect the heart, different parts of the heart with varying
intensity. Weak stimulation for example, affects the auricle and then indi.
rectly through the auricle it affects the ventricle., Strong stimulation, on the
other hand, stops the action of the auricle while the ventricle remains for a
short period, unarrested and then stops.  Very strong stimulation inhibits, not
only the auricle, but also; the ventricle. It would seem from what we have
seen, that the vagi, the right and left vagi, do not act directly upon the fibers
of the heart, but rather upon the intrinsic nervous ganglia, although in what
way this action takes place, we do not know.
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It is probable, however, that the sameiqtra;-cardlac terminal acti1 for Ethcz
two vagi, for when one vagus is stimulated till the heart ovechI;lles the gﬁggt
of stimulation the excitation or stimulation of the other vagus a:is nc,::t fect.
upon the heart at all. Gaskell, who has devoted much tnneh a;l tathe? ﬂc;e
to this subject, accounts for the medium of the inhibition by t he a.ct. al the
vagus is the trophic nerve of the heart. He thinks that after the SG 1mku ﬁ t(l)l
is over, the heart becomes niore vigorous, this being acco;dmgf ti?h aske ] e
proof that the excitation of the heart through the stimulation of the \'agg(is ag
nourished and made it stronger than it was before apd, therfore, 1s‘ COfl%Sl. ert?
to act more vigorously. As ylet, however the EX}t),ell‘;]n;entS have not sufficiently

stabli is point, although it seems very probable.
estab}l;::x;i g}fcfvereél that after a section of the spinal cord bet weendthe first
and second thoracic vertebrae the stimulation of the cervical cord pro uqefi an
acceleration of the heart’s action. This sl‘nnulatlon.he found nghhcarrlte 0{
conveyed from the cord to the inferior cervical ganglion, from whl?i ! cen e;‘t lr
passed through the nerve fibres to the heart. These accelerator res le n rfd
the sympathetic from the spingl'cord, coming from the mﬂ?ncf)r _cervica , and
the first thoracic ganglia, dividing so as to form the annulus o V 1egisens nd
then joining the vagus trunk  From the superior cervical gangholbn resn pthz
into the vagus, passing down the trunk into the cardiac ple.xus 1 etwteet he
superior and inferior laryngeal nerves. The spinal nerves, from the {sq Ocrlia
11th and possibly to the 12th; send out fibres to the superior .cervmail ?au‘;i lia,
the sympathetic trunk and the first thoracic ganglion. This .sy}.xllpat be tic ot
as an accelerator, the section of the sympathetic even on one si eh euig fol-
lowed by the slowing of the heart’s action, the heart b:emg letit tot ’e at;: 19:im-
the pneumogastric. If the cut end of the‘ distal portion of t 1efnfl:;‘\<-:i'__l e gbre\-
ulated the heart will beat more qulcl_zly. ] The excitation al:so, of t i n;e thé
that pass into the heart from the inferior cervical ganglion a}::ce era e‘s the
action of the heart or beat. These delicate ﬁbres'orlgma}te in tde1 spinal Cthe
for by separating the heart from the cerebro spinal system lax‘l lea\ 1t::lg e
sympathetic fibres the stimulation of the higher part of the Tpmal tC'OI;J e
causes acceleration of the heart beat. The chief result of the btlmu a lch ) Is the
increase in the heart pulsations, that. increase being according to some 11)» o
ogists, from 10 to 70 per cent of an increase ‘The force of the ventr}c}l: a{)]p .
sation increases. The ventricle becomes filled more cqmp]f_:tel); wit :;d
and.the quantity of blood that is ejected from the ventricle is also increa: ed.
The stimulation of the nerves on b'oth sides of the heart does not increase
heart action more than the stimulation of the one. ) '

Auricular contractions also increase in'strength and in .vo]ume, this ]latteé'
increase in volume depending upon the increased elasticity of the 1('1e S}xzd
auricle.  These changes, accelerator changes, give _rise to an mc;e?lse o ood
pressure in the systemic circulation of the arteries and to a fa OIf <t)he
pressure in the pulmonary veins gud venous c1rculatlon. to the heart. I the
vagi, the inhibitory nerves, are stimulated at the same time as the sympa ?thé
the auricular and the inhibitory or thg vagiaction will overbear the a}%tlonf)f the
sympathetic,indicating that inhibition is stronger than acceleration. » t‘],'_len 1t | the
stimulation of the sympathetic is continued for a long time, and even i ; f i m:ls
lation is very strong and severe, the heart w:ll' not pass into a state of tetan ai
but after quickening its pace for a short period it will return to its no’rr:of
rate. ‘This indicates that the accelerator fibres or nerves are not 1motor ger\h e > of
the heart. The sympathetic nerves fibres do not act directly on t e eout
muscle, but rather on the intra-cardiac ganglia causing them to glxlve out
their entire reserve stock of energy. When this stock of energy is exhaus
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the stimulation .of the Sympathetic will fail to accelerate the heart’s action.
This seems to indicate one line of proof in thé direction of Gaskell’s idea that
the vagi' nerves act as trophic nerves by which the heart js nourished. The
nerves are not irritable, hence Gaskell says we should not use the word irrit-
able at all in connection with the vagi—we should use the word stimulation,

In the trunk of the vago-sympathetic and from the loop of the annulus of
Vieussens certain fibres originate and pass to the heart which are not properly
either inhibitory or accelerator nerves. For example, it has been observed that
if the intra cardiac vagus act so strongly as to arrest the action of the auricles,
excitation of the vago-sympathetic trunk will result in a marked increase in ven-
tricular and auricular activity. ‘This usually followed by an increase of the
heart’s action or beat. These changes are not purely inhibitory. Pawlow has
classified the inhibitory and the accelerator nerves under four heads. 1. Those
which inhibit the heart beat. 2 Those which inhibit the force of contraction.
3- Those that increase the heart-beat, and 4. Those which increase the force of
contraction. Thus we have the inhibitory and accelerator force with two sub-
divisions of each. For example: Tt was found that in certain stages of pois-
oning by convallaria majalis that the stimulation of the vagus at the neck when
all its branches were severed except those going to the heart and lungs were
divided, that the blood pressure was lessened without affecting the heart beat.
The stimulation of different branches from the annulus of Vieussens leading to
the heart was found to produce in some cases a diminisbed blood pressure,and in
cases of uther branches a reduced heart beat, aud in others an increased blood
pressure independent ot any other results, This seems to lead to the conclusion
that certain nerves act upon the heart rhythm and others upon the contraction
force forming the basis of the sub-division of Pawlow already mentioned.

Tur REFLEX AcTION OF SoMy SYMPATHETIC FIBERS AND OF THE CEREBRO
Srivar NERVES. '

In the sympathetic there are fibers which excite reflex action through the
vagi. If the sympathetic nerve is divided at the neck and the cephalic portion
of the nerve is stimulated, the heart's action becomes slow. This is explained
by the fact that certain fibers of the sympathetic communicate through a cen-
ter or centers with the vagus.  Stimulation of these fibers arouse the activity
of the center, and tnis activity is communicated by the center to the vagus,
The cardiac ganglia, in this case, being inhibited and hence, the action of the
heart is slowed. This will not take place if the vagi have been previously
divided, or cut.

Gotz, one of the German Physiologists, has proved this by several ex peri-
ments in connection with the frog. The chest-wall was cut by him, in such a
wvay., as to expose the pericardium, through which the heart pulsations could
be easily observed. By beating upon the abdomen with the end of the scalpel, the
hieart was gradually slowed, and finally the heart ceased to beat altogether,
On stopping the beating on the abdomen, the heart rested for a short time and
then began to beat more quickly than in its normal condition. Thus the fibers
of the sympathetic in the abdomen, on being artificially stimulated—in this
case it was mechanical stimulation—produce a reflex inhibition of the heart
through the vagi. The stimulation of the central end of the splanchuic is
found, also, to produce reflexly a rising blood pressure and the slowing of the
heart’s action. According to some Physiologists, splanchnic stimulation pro-
duces not a simple but a compound result ; the stimulation resulting in
increase due to the acceleration and inhibition toward the close of the stim-
ulation. It has been found that a severe blow on the epigastrium or the sud-
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den swallowing of a large quantity of ice-water produces syncope of the heart
The dilatation of the stomach has been found to produce an inhibition of the
heart. The siuimulation of the sensory nerves seems to affect both the acceler-
ator and inhibitory fibers. In the case of a weak stimulation the accelerator
influence prevails and in the case of a strong stimulation the inhibitory influ-
ence prevails.  The stimulation of the nerves of the s$pecial senses, sometimes
increases and sometimes ¢iminishes the action of the heart. :

The strong irritation of the suborbital nerve has been found to arrest the
action of the heart in diastole. The stimulation of the central end of the cnt
vagus causes, at least, a slowing of the heart beat, some say its complete arrest.
If the vagus. on the other side, be cut, this slowing will disappear altogether,
indicating that the stimulation of the central end of the one affects the heart
through the other vagus—that is, it is a reflex action. At the same time the
blood pressure is affected; sometimes it is lessened aud sometimes it is increased,
the ditference in this case being due to the vagus which seems to differ in differ-
ent individuals.

DEPRESSOR NERVE.—This nerve is sometimes called after the names of
the parties who discovered it, Ludwig and Cyon. These two Physiologists
finding that the stimulation of the nerves passing from the central nervons SYS-
tem to the heart aside from and independent of the vagus produced no effect
upon the heart rate or the blood pressure, thought that this was duc to the fact
that the excitation was limited to the end of the divided nerve still in connec-
tion with the heart. They thought that stimulation of the end connected with
the brain would produce, not negative, but positive results. In their investi
gations in connection with these nerves in the rabbit, they found an afferent
nerve springing from the vagus, high up in the neck, the stimulation of its
central end, producing a fall in the blood pressure.  On account of its action,
they called it the depressor nerve. This depressor nerve arises from two or
nore nerve roots, one of which springs from the vagus, and another from one
of the vagi branches of the superior laryngeal nerve. If this nerve is single in
its origin as it is sometimes, its origin is found in connection with the laryngeal
nerve. Side by side, with the cervical sympathetic, it runs down to the chest
where it communicates with the ganglion stellatum by some of its branches;
the depressor fibers terminating in the ventricular walls of the heart. In the
case of the dog, it is joined to the vagus and does not form an independent
nerve. The depressor nerve is exclusively an afferent nerve. After it is
divided on the stimulation of the peripheral end no effect is noticed in the heart
rate, or the blood pressure. From this we conclude that the heart terminals in
this nerve are quite distinct from the endings of the inhibition nerves or vagi,
and also, independent of the ending of the accelerator nerves of the sympa-
thetic. If the central end of the cut depressor is stimulated, a gradual fall of
blood pressure follows, and at the same time there is a gradual diminution of
the heart rate. On withdrawing this stimulation the hlood pressure is restored
to its normal condition.

If both the vagiare cut the excitation of the depressor nerve causes no
changein the rate of the heart, but there is a fall of the blood pressure. From
this we conclude, (1) that the change of the heart rate is produced by the
stimulation of the cardio inhibitory center, the vagi acting as the mcdium
through which the action affects the heart, and (2) we conclude that the chauge
of the blood pressure does not depend upon the vagus remaining perfect or
intact, for on the section of 1he vagi the pressure of the heart or the hlood stil]
continues to fall. By transmitting an impulse to the cardio-inhibitory center,
the center is inhibited and its activity being restrained the small arteries dilate
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and as a result there is a fall in the blood pressure. Normally, this center, that
Is, the cardio-inhibitory center 1S engaged in transmitting impressions which

action being inhibited, the fall of blood pressure results on account of the Jes-
sening of the peripheral resistance, Poisoning by curare does not seem to
affect the depressor nerves, There are two possible causes of the fall of the
blood pressure. Ist, the cause may possibly be in the heart itself. This, how-
€ver cannot be the case, because after all the nerves to the heart have been
divided, depressor stimulation still continues to lower the blood pressure. ()
there’fore, we a're‘left to the other conclusion that the cause must lie in the
arteries. By dividing the splanchnic nerve it was found that the abdominal
arterles were dilated and the blood Pressure fell.  Excitation of the peripheral
end of thisdivided splanchnic nerve on the other hand caused a rise in the blood
pressure, whereas the stimulation of the central end did not produce any affect
upon the rhythm of the heart or upon the blood pressire. This led these
éxperimenters to conclude that the depressor nerve causes a fall of the blood
pressure by lessening the tonic constriction of these arteries under the influence
of the splanchnic nerve, resulting in arterial dilatation and the lessening of peri-
pheral resistance. The depressor fibres connect the beart with the vazo-motor
center, these fibres connecting with the vaso-motor center being stimulated
when the heart becomes  overfilled with  blood, this stimulation passiﬁg
through the fibers and the vaso-motor center and affecting the arteries under
the splanchnic nerve, lessening the resistance and thus aiding the overfilled
heart in emptying itself again. Thus the function of the depressor nerve js

“temporary, not continuous. Thjs is evident from the fact that the section of

the depressor nerve does not alter the blood pressure at all,

Some recent investigations have shown that the excitation of the depressor
nerve after placing a limb of the body in Masso's Plethysmograph resulted in
the increased volume of the limb due to the dilatation of the arteries in the
limb. . The same effect is noticed in connection with those vessels in the neck
becoming very much dilated just in the same way as the vessels in the limb.

CENTERS OF THE CARDIAC NERVES.

In connection with the heart there are three great centers: 1. An inhibi-
tory center connected with the inhibitory fibers of the vagi. 2. Anaccelerator
counected with the sympathetic fibers, and 3 The higher cerebral centers
sometjmes called the higher centres, which influences these other centers and
explams in some way the relation of the emotions to the heart and the heart's
action, o
I. INHIBITORY CENTER, The Webers, two brothers that we have been
referred to already, found that this inhibitory center was located in the medulla-
oblongata. Its exact location in the medulla has not yet been identificd  be-
cause, while a stimulation of the various parts of the medulla may vield cerrain
results, it is difficult to distinguish the effects that are produced by the excita-
tion of the center itself, and by the excitation of the nerves after '}ea\'ing the
center. Laborde has localized this center at the level of the nucleus of the
hvpo-glossal nerve (the 12th nerve ), the vagus and spinal accessory. in the
grey matter on the floor of the 4th ventricle. It was found that by §eparatinu
the bulb from the spinal cord, all the reflex actions induced by nerves entering
the cord were suspended while the reflex action resulting from the excitation
of the tri-facdial nerve (the 5th nerve), remains undisturbed. From this it is
concluded that the inhibitory center is contained somewhere in the medulla,
but exactly where is not known. The center of the inhibition seems to be
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always active, for if the vagi are divided the heart-beat anreasels. . Tcg;svecoend-
stant activity of the center may be due either to 9onstfant nnput ses Qoo fg; -d
along the afferent fibres or to thel cindep«eu:lli::tt ?lgg‘c'llitv);sci)o Jhgfc:l?ee;agipafter on
impulses. It would seem c :

:}l::s:féf:;ini:nggses have been destroygd by section of the s.pma} co‘rdonlj)gloth
the bulb does not increase the heart-action. These nervous lmgu se? cl:1 e
the center of inhibition by sensory netrves from the perlphery, the sp z} rgm fes,
from the abdominal cavity and also through the depressor nerve o the
heart. If the splanchnic nerve be cut the afferent u‘np‘ulsgs.are sg?)pe j4cd and
the heart rate is increased. The origin of the cardlo-mhlbltﬁry’ g‘c}s s un-
certain, although it is ‘ gleueralliy be;lle\f'ed thz;t‘)theyr }el:ltel: tb eeli‘e ig(li trc?be the
spinal SSory nerves, (the 1i1th pair of nerves. This is e
zgégall)eicaiis;%ﬁ removiilg the spinal accessory before it joms‘th_e hx.'gg;l'ls t.:u(?elt
and allowing the fibers in the vagus to df:geperate, ca.rdlo in 1hx 1_0:11 ln e
streyed, entirely destroyed. This, however, is disputed by some p. ysiolog .f,or,i -

' S ACCELERATOR CENTER.-—The acce]eratqr ﬁbgrs are believed to grg,,
nate in the upper portion of the ¢pinal cord, the sitvation of the c?nter eintg
unknown, although it is probably in the bulb. The accelerator' cem_e_r SIEEIZIL ‘3
be always active. 'This is evident from the fact that1 the l}eart.xate is olwcerrf.
after division of the vagi followed by the removal of the 111fer10}- cer}vxca. z,:1}1]1.
glion and the first dorsal ganglion, T]}e same result is produced—that is, ?
lowering of the heart rate—by the section of the spinal cord of thelup;?r Cerf
vical portion after the division of the vagi. There Is a reflex accelera 1c:iu ot
the heart action that arises from chapges in the cardio inhibitory genlerda.n_dncl)
due to the direct accelerator stimulatan. If. the accelerator ﬁb?r? are divi f}i'
the vagi remains perfect so that the stimulation of afferent nerves .mcre:'ases he
heart'saction. It makes no difference, then, whether the acce]ela‘tmi_\ lner\ es
are divided or solid, the stimulation of the afferent nerves produces the same

result. ) ) )
- 3. THE HIGHER CENTERS.—Various efforts have been made to localize

as wé)i.I as to discover higher centers, especially, in lhe cortex cgrebrl copngcteld
in sume way with the inhibitory and accelera‘tor actlou, of these centers. tl'xc 1
attempts, 5o far, have been unsuccessful. The heart’s action in c;)uuiecl ion
with the heart-beat is not to a very great extent, if at all. subject to the vo] un-
tary control of the will except in very rare cases. Therg 1s no doubt put t 1er?
is some connection between the higher centers representing the emotlogb and
the cardiac centers, but the nature of these connections is as yet.unknm\;n.’
IntrA-CARDIAC  NERYVOUS Al'zRANGEMENTs.—ThJ{; subJect. }3?5 ‘ been
investigated chicfly in connection with the heart of the frog. Thls ]1.5 of con-
siderable disadvantage in the study of the mammalian heart, for t::e frog's
Lieart is more subject to intrz-cardiac regulation than the mammalian I}earf.
Iu the case of the frog, for example, the vagus seems Lo act as an ll'lhlbltor)',‘
Hot constantly, but only uader extraordmary' circumstances. When the va'gus
of the frog is divided, there is no inerease n the heart rate, The' uer\dqus
mechanism in the case of the frog's heart, is \:ery snnple: 'l}le two caj’ iac
branches of the vagus nerves lje along thg walls of the mfe;lor vena-ﬁya,
extending to the posterior wargin of the Smus venosus, forming a gaug1 ion
where the sinus and the right auricle unite, 'I‘!le' nerves then branph out along
the auriculo ventricular furrow, toward and Jomng the two ganglia of Blggier.
From these ganglia a number of fine nerves pass underneath the endo car. 1}111m
and outwards into the muscular tissue. Iun the mammalian heart, on thfe other
haud. a large number of non-medullated uerves appear, forming themselves into
betworks, and running underneath the pericardium from the base to the apex

v
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of the ventricle, running always in a slanting and oblique direction, These
nerves can be traced to the cardiac plexus, situated at the base of the heart.

hey are not efferent branches of the vagus, or sympathetic, for even after
dividing these cardiac nerves the characteristic inhibition and acceleration follow,
If the peripheral ends of these cardiac nerves are stimulated, no effect follows
in the heart rate, or in the blood pressure ; but by the stimulation of the cen-
tral ends, there are noticeable changes in the heart rate, and also'in the hlood
pressure, indicating that these nerves—convey impulses to the central nervous
System, resulting in a reflex action upon the heart, Some Physiologists think
that the impulses are carried not from the cardiac.nerves to the central nervous
System, but from the cardjac Herves to the peripheral ganglia ; the heart being
influenced through thegse peripheral ganglia and not through the central ner-
vous system. This raises the question whether the peripheral ganglia do, or
do not, act as centers of the reflex activity. ‘The excitation of the central end
of the divided left anterior portion of the annulus of Vieussens becomes changed
inside the first dorsal ganglion, into a motor influence transmitted by the post-

€ration of the heart reflexly. This would seem to indicate that certain afferent
influence becomelchanged in the Sympathetic, particularly in the cardiac gang-

EXPERINENTS Ty CoNNECTION W ITH THE HraRrrT,

After the removal of the frog’s heart from the body and the breaking of
all connection with the central nervous svstem, it still continues its rhythmical
beat for some time, If then the Apex of the heart is moved it (the apex) will
cease to beat while the rest of the heart Lontinues to pulsate. If the heart is
continuously divided into transverse sections it will continue to beat unti] it is
divided at the auriculo-ventricular furrow when the ventricle will cease to beat.
If these unbeating parts of the dissected heart are stimulated they il respond
by a single contraction even after they have ceased to beat. If “the ventricle
and the auricle be divided at the auriculo-ventricular furrow, the auricles will
continue to beat, the ventricles ceasing. If, however, this division iy made on
the auricular side of the groove, especially if the Septum be preserved intact
the ventricle, in this case, will continue to pulsate, probably because of the
Passage from the auricle to the ventricle of an impulse. Gaskell by the use of
the tight screwing instrument (the clamp) which he fitted around the heart was
able to hlock entirely the nervous influences sq that the ventricular heat,
instead of being simultaneous with the auricular beat, beat ouly once for every
three or fonr beats of the auricle. Stannius and Rosenberg have made experi-
ments of considerable importance in this connection  After €Xposing the heart
the pericardium is opened, the conuective tissue between the pericardium and
the ventricle iy separated so as to permit the ventricle to be raised Then
a ligature js passed around exactly between the right auricle and the sinus
Venosus and another around the auriculo-ventricular groove,

The sinus continges to beat, the auricles and ventricle being stopped in dias-
tole. After the latier ligature is applied the ventricle begins to beat again and
sometimes the auricle also, but normally the auricle remains in diastole, It is sup-
Fosed that the ganglion in the sinus affects in some way in the normal heart,the
ganglion in the furrow. \When the sinus ganglion is cut off, the auricle and
ventricle stop because the ganglion in the groove has not enough energy to
keep up the activity. The stimulation of the latter ganglion causes both auricles
and ventricles to beat again.if any part of the ganglion is connected with the auri-
cleand a part with the ventricle. This does not imply that the ganglia are neces-
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sary, however, to the heart-beat. For if the ventricle of a frog"s he‘a.rt wi dtl.wde(%
into sections, each part connected by muscle to each .o‘ther\palilt, b;:nlll:ll a {onngt
one part will cause the other parts to 19ea§. In this cabell ehr );tkm}?lace
transmitted by nervous imsulses. This indicates that the'r 1fyth m] akes pd ce
in structures which have no nerl\'ous ganglufi,das 1;1 thleeiltaex of the heart an
tus in its earlier stages of deve opment. "
the h(gflf:isi l(_{lliifns'r.&.Ncris INFLUENCING THE HEearT I{H\‘il‘Hv)I: hwf?ﬂ‘te'tl'jte
nervous system affects the heart, there are other mﬂpences whic zli)he'c .5\11.
These are two-fold: 1. Influences depending on nutrition, and 2;1- }sq.ii
mechanical and chemical influences. 1. The heart substance needs u?u.:tl,n
ment, and for this the blood supply of a necescary guality and (]llal;tlt} l;.s .re(;
quired. In the case of the frog’s heart, it continues to beat a Eer ';1}!113:
removed from the body and empty of blood. Soon the heating ceas.cfea. ’ ]:s
will be aided by washing out the tissues with a'sal.me solution Ilf after Wiilsb_e
ing a heart in this way it be attached to a perfusion canula thfe 1e:111rt maﬁ o
fed with suitable fluid, such as diluted blood or blood serum passed t (rlo]l:g )
canula  In this way the heart-heat may be restored artificially an epl’llip
fora long time. When fed in this way it is found that certain sqbstal;]cels lt e
lactic acid result in expansion while othgrs. like solutions of sodium hyc I?. e,
result in contraction of the ventricle. This means that the \'eptncul~ar por }c;(t)ll._
of the heart possesses tonicity varying with its con'dltlon.afm ‘:'II]Cl?m}?t?i]ﬁS{hus
example: the presence of inhibitory or accelerator impulses. The r }F:termit-
artificially produced by artificial feedm'g beco:r;es generally v‘ery soon nt permit
tent, due both to the formation of certain chemical subslaglces and‘ to.i e ot
that artificial feeding is not as perfect as natural. Thus njlﬂueuce‘§ arise, co !
nected with the heart nutrition, which affect thg beat by mﬂuenung in Sfm'e
way the muscular tissue and also the nervous-ussue, producing variations in
‘thm, ]
the hgzgnr;i;%itf]e the heart beat is maintained by the constantv m_tp;f)ly o‘fl a'rtle‘;e;
ialized bluod. The blood is so complex that allits elementsare not o e?liiab : ad'f-
to the heart for its nutrition. Various experiments have been elr‘lplo% ef )h alrt
ferent Physiologists to discover the constituents of blood nece.ssi”tr,\. I.or Sglu-
- nutrition. A frog's heart,—for example,—supplied with a normal sa 11‘1]eemoh
tion six per cent solution of sodium clllonde., ceases to beat soomer t éau a npLY
heart. Certain of the salts that are found in the blood are required to sus i
the action of the heart. For example:  Sodium chloride solution, a}(j)n? I:n-t
cent chloride solution, is said to be isotonic. A (:alcmm salt added to the ;ethe
atter the addition of sodium chloride prolongs the heart beatgng, althoug ? %
same time it alters the contraction, speglally the’ contraction of thf: \}en ndcdi-’
which falls into what is called a conditl(.n] of tonic conlraction. ' l;l)_\ t 1e~t§r_ed
tion of potassium sal, thelnormal coudltlcc»ln Olf ;:ﬁ))t;tractlon may be res .
-Ri 1mends the following compound solu s o ) ,
Rulg‘ggdrﬁfrzncl?loride. a 6 per centasolution. saturated with tribasic calm;mtl. ;:110;;
phate, a hundred cubic centimetres; Potassium chloride, 1 per cent sotu l_o o
acid potassium phosphate also 1 per cent soluthxl two cubic cc’:nthlmr:tlre.si)lood
regatd to the mammalian heart, llt'tle has been discovered except .t (:lt . ltehat >
of the same species is the best nutrimentto supply the heart. It'se‘e;rll.\ that in
supplying the mammalian heart with the blood of a different species ltl'e1 cart 1+
caused to cease beating sooner, (edema being set up in the lungs re\slu it gr the
gorging of the right side of the heart and the obst;uctxoq of the‘p]u mon:ig' o
culation, resulting finally in the injury of the elastic cardiac muscle, causing di
tension, so that the diastole of the heart is impossible,
’ 2. THE PHYSICAL AND CHEMICAL INFLUENCES. 4 ner-
: These influences affect the structure of the hear, both muscular and ne
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vous. We have seen already that the beat of the frog’s heart is affected very
materially by the beat, increasing the pulsations. The number of pulsations in
the heart areincreased until go degrees C. is reached, when the heart Passes into
a condition of thermal rigor.  Up to 20 degrees C. the extent of the contraction
continues to increase; above 20 degrees C. it diminishes, the contraction being
more rapid and also of shorter duration. The cooling of the heart—as we
saw, by ice—removes the rigor and by the continued application of the cool-
ing process the heart is normally restcred unti] jt reaches 3 or 4 degrees C. when
it will cease to beat. Even if the heart—the heart of the frog—is frozen, by
the application of heat gradually so as to thaw out the heart not all at once but
slowly, the heart will revive and begin tn pulsate after a fey noments, norm-

ally. . Inthe mammalian heart it ig found that by severing all the nervous con-

nection and pouring into the heart warm blood at the normal temperature it

begins to beat faster, v ‘hereas, it beats slower if a cold solution, ascold blood, is

poured into the heart, It has been found that the heat must be applied to the

blood in the capillaries of the heart in order to produce these results, indicating

that the heart must be brought into contact with the heart substance threugh

the blood in order to effect this increase. This idea is of great value in coasid-

ering the abnormal conditions represented by fever Pulsations, which beconie

very rapid.

If an electric current is applied to the heart, of a moderate strength, the
heart beat is quickened, whereas, if the current applied is very strong, the
heart passes into the condition of fibrillation, A minimal stimulus produces a
maximal contraction. If the stimulus is applied to the heart the effect of the
stimulation will depend upon the length of time that has elapsed since the last
contraction of the heart. If the time that hag elapsed since the Iast contrac-
tion of the heart, is sufficiently long to enable the heart to recover itself, a
stimulation applied will resulf in still further contraction. If the time, how-
ever, has not been sufficient to allow the neart to recover itself, a feeble, elec-
trical stimulation wil] call forth no oSponse, while a strong stimulation will
force a response. In this last case of a strong current of stimulation, there is a

cal substances affect the heart; for example: etherin smal] quantities, increases
the heart beat, at least, in the frog's heart, while large quantities of ether will
arrest the action of the heart altogether. This arrest of the heart caused by a
large quantity of ether can be overcome by the addition of fresh blood to the
heart. Chloroform also diminishes the heart beat. Carbonic oxide and sul-
phuretted hyorogen act upon the heart so as to paralyzeit. Excessive carbonic
acid lessens the activity of the heart, and if it ig Very excessive, will stop the
action of the heart altogether. Sulphburous acid also very rapidly destroys the
activity of the heart. The potassium salts alse Stop the heart in diastole., A
cholorine solution, if the solution is weak, stimulates the heart’s action, whereas,
if the same solution js strong, it arrests the action of the heart altogether.

and rigid. In the circulation of the blood in these vessels, we have to take
into account, first of all, the heart force. This heart force, as we have seen,
drives out the blood from the heart into the arterial circulation, 2d We have
to take into account the long stretch of elastjc tubing reaching from the heart,
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‘both backward and forward to the peripheries, and 3d. In the minute vessels
there is a peripheral force which constitutes a constant resisting force, acting
upon the blood backward to the heart. Apart {rom the heart rhythm, the elas.
ticity of the arterial walls and the peripheral resistance offered by the minute
-capillary vessels, there are certain physical principles which explain many, per-
haps all, the phenomena of the circulation. The heart force meets the pheri-
pheral resistance set in the capillaries, and sent back from these minute vessels
in such a way as to promote the circulation through the entire vascular mechan-
ism. In Physical Science the law of the equal transmission of pressure isas
follows: That the pressure upon any region of the surface of a fluid, is trans-
mitted equally, and always at right angles to any part of the surface of the fluid
having an equal area.

If we take a vessel filled with water, the pressure at the bottom of the ves-
sel will be equal to the weight of a perpendicular column of water equal to the
height of the fluid, and with a base equal in area to the hottom of the fluid
At any point along the side of the vessel, or tube, in which the fluid is con-
tained, the pressure will be equal to the weight of a column, equal to the depth
of that point below the surface of the fluid with a base whose area is equal to
the area of the side of the vessel.

The rapidity of the flow out of such tubular vessels of fluids is in direct
proportion to the cross section area and in inverse proportion to the length of
the tube. If the tube in which thie liquid is contained be uniform, the fuid
will run through each cross section with a certain rapidity, this rapidity
diminishing with the ratio of the length of the tube and also the
amount of resistance that is met with the fluid within the flow. The rapidity
of the flow of the fluid will depend upon a number of considerations: 1. The
calibre of the tube. 2. The length of the tube. 3 The nature of the liquid,
the glutinous fluids flowing slower than the limpid fluids. 4. The pressure
velocity increasing with the square root of the pressure except in small tubes,
when it increases directly with the pressure. 5. The temperature, the velo-
city increasing with the rise of temperature, falling with the fall of tempera-
ture. 6th. Tl resistance. The flow is slower where resistance is greater and
vice versa. ‘This resisténce is increased by the curving, jointing or the folding
of the tubes, and also increases by the branching of the tube. Ia the latter
case the branching of the tube where the tube branches off into a number of
divisions, the same liquid volume passes through the same cross section area,
the velocity being inversely proportional to the cross section area, theréfore
diminishing as the cross section area increases. These are principles that we
apply to the circulation, principles that explain the circulation of the bload.
In passing from the arteries to the minute blood vessels this cross section area
is constantly increasing., The blond starting from the heart has to begin with
the force of the heart's action, This force is not constantly exerted, but only
at intervals represented by the heart beat or the heart beat pulsations, these
intermittent pulsations being compensated for by the elasticity of the arteral walls
so that when the blood reaches the capillaries it is a continwous stream.  This
contintous curient passing along the elastic arteries bears along with it the
wave of contraction, representing the amplitude of the heart pulsations, the
current being slower than the wave which passes along the walls. Several ex-
periments have been made by Marey and others in connection with elastic tubes
through which a fluid is passed intermittently as in the case of the blood. The
results may be summarized: 1. A fluid on entering the elastic tube intermit-
tently and quickly arouses a series of waves transmitted with a velocity inde-
pendent of the current of the fluid. 2. The velocity of tiansmission in pro-
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portional to the elasticity of the tube and in an inverse proportion to the fluid
density. . 3. The extent of the wave depends upon the amount of fuid and the
rapidity with which it is thrown into the tube., 4. If a fluid enters the tube in
a large volume there is a backward oscillation which causes secondary waves.
5. In branching out of one tube into two tubes 2 very complex series of waves
passes along the one tube into the other. This never takes place in the
arteries because each artery has its own peculiar wave and never communicates
it to the other. 6. If an elastic tube becomes suddenly narrowed or if the
quantity of fluid is quickly increased or diminished a negative wave is set up.
These represent the physical principles which will be applied to the circulation
of the blood. : A

In the living circulation we find certain elements that are not found in any
artificial representation of it. In the venous circulation there is such a valvy-
lar arrangement as to materially assist the circulation from the capillaries to
the heart, and to prevent any recurrent blood flow. Muscular movements,
especially these movements of the skeletal muscle, and even the passive move-
ments of the limbs will assist the circulation. In respiration, also, the contrac-
tion and distension of the thoracic cavity tend to force the blood out of the
chest and to draw the blood back again into the chest from the outside, thus
promoting normal circulation. All these actions of the human body act as
material helps to the circulation. We must remember, however, that these are
simply aids that do not, or cannot, produce the circulation, because even when
the muscles are resting. and when Tespiration is suspended for a time, there is
force enough generated in the ventricular beat to drive the blood through the
arterial circulation, through the capillary circulation, and through the venous
circulation back to the heart again.

SECTION IX'--Physiology of the Structure of the Blood Tessels.

The bleod vessels consist of arteries conveying the blood from the heart to.
the capillaries, through which the blood passes in close relation to the tissues
of the body and to the lymph, emptying itself into the veins which carry the
blood back again to the heart. The arteries, as we have said, carry the blood
away from the heart. These arteries in their structure are very important.
They have a strong elastic wall, and hence, remain open, even when they are
cut transversely. Each artery is surrounded by a sheath of counective tissue,
more or less distinct, and the arterial wall consists of several layers or coats.
1st. The tunica intina, a delicate transparent, easily broken coat, arranged
longitudinally. 2nd. The tunica media, or thick, tough, elastic and contrac-
tile layers, composed of unstripped muscle fibres, arranged circularly around
the vessel and in the large vessels, it consists also, of a large portion of elastic
tissue. 3d. ‘The tunica adventitia consists of bundles of connective tissue, with
some muscular fibers mingled among them ; these muscular fibers being situated
chiefly in the deep part of the tunica, suitably arranged, also. longitudinal.

There are three kinds of arteries. 1. The arterioles, those that enter into
the capillaries. 2nd. The medium sized arteries, including all the large:
arteries except the aorta and pulmonary artery. 3d. The large arteries, con-
taining a very large amount of elastic tissue. This composition of the arteri-
cal wall makes the arteries, (1) very elastic so that they distend readily, either
longitudinally or transversely, returning rapidly to their original position when
the pressure is removed. This elasticity is of great value in maintaining the
circulation; (2), the arteries are also very comtractile. On being stimulated,
eather mechanically, electrically, or by nervous impulses, they lessen in calibre
reducing the bore of the artery. Thus the calibre of the artery may be widened
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or narrowed according to the muscular activfityhof lthet'calf-itggil aﬁ“fﬂe SIIEa ﬁ};
) ) i i i the elastic fibers,

5 there is a predominance o , . 1
1a§§§iresagft G?ﬁ:bmusm;lar fibers—giving to the larger and to t}fe :"ima}:ler arteries
e charereric porery ok fromthe ‘aona ey Y e

ies branch out from the ) , ¢
f rmg\dS 121 ereizféng as we have seen a greater section area ;han tt};]eey acf)i;xtg ;3
tlc; lar, erptrunk- hence the arterial sectional area Increases r%n; iorta to
th: Capgillaries bécoming at the capillaries a very large reglpn.h [ 3 ica nfetLeI;- RS
are vessels of’ microscopic minuteness, about - 3000 0f an inc lfl?inuous Wl't.h he
capillary wall consists of a neucleate@ ho:lljoggtgous me[?blr:;eerccgfnendothe]ial b th
i itia. This membrane being lined by a single yer -
:ggslgaczﬁgegsing joined together at their gotfders g;in;:irognm;.ith'g?;s:stvzz);forg;
illari division and by subdivis 2
nute capillaries are formed by h g 1 Sorith almost bens
i ituti S, varying in differe gans,
calibre, constituting net works or meshe : | s, being
i i liver and larger in the case o
most minute in the lungs and the 1 : et e muscle. Tn
illari t is slow, being more rapid a
these capillaries the blood curren A hen the blood corpmsies pene
e delicate endothelial walls widen w the bl cle
Vefisﬂérrc;‘[\‘nl} again when the pressure is removed. .Tms thin wall admits 21; (g]::
pa e of water, gas and even of corpuscles—particularly the whltehcortl? cle
pa.ssatg.gi‘ne interche’mge that takes place between the blood and %) ek iss e,
tzmu h the medium of the lymph. The veins carry the blood hac thagar-
frgr(:l tghe capillaries to the heart. They have much thinner walls tth :nveirexs -
teries and when cut across they <:ollapse.:(.i '{theltmiltxﬁat hl:tl;x;ae riI:I o cins is
imi i itia is identical w .
similar to and the tunica advgnt_l e th t s fots. The
ia is di te fibrous tissue wi ¢
i dia is different, consisting of whi )
tgmca 'c]:]eells and a little if any, elastic txssue.. On account of t}us 1theh ve;t;lsg
hhmusm t5; collapse. These veins are very little elastic being simp y chan Is
glrf)ﬁ;h vlzrhich the blood passes with only adcertam auli?untth eoz ier]cislt::fc:ilct)ﬁ 591‘ g
i ti or .
ass a certain quantity of bloo necessary fo he
tocli‘ieo?xglleatr?e;, of the veins like that of the arteries diminishes frﬁm tilhearizgilil
ls:ries to the heart. The venous capacigr 11: vg;‘y gwch mg;ﬁ;tfe;utn ;mboteh terlal
ity ins being able to hold all the blood nor s
Cafa(i:gs);n;getg: 1\l;lvjix:as. gInside most of the veins there are valves so arraqgtesd ?)?
?(: eievent the eflex current of the blood. FEach of these \rquefs ;:cglt;zli s 0
tw«l)J flaps, projections of the inner coat placeld on1 the OgnpotSlttﬁ esx f?:eo et 5,
. , >
t though not exactly, at the same evel, so
'?lllled o?:lé'n ?essts slig%tly. freely upon the fre::hmarglxn ioﬂf ;Egp c())rtthixe;rg: th‘gtc glsml;az?
i 11 recess which assists the va ve > Co
g?sgdthae;g&:: ?tsmill of the large and middle sized bx;essdels havlz ‘gég:;n f(t)}:giil
ica i i these blood vesse
elicate blood vesselsin their walls, i )
i‘;e rt31’1eﬁ tnuer’ﬁga adventitia. These blood vessels are supplied with nerve fibers

distributed among the muscle fibers.
SECTION X.—Arterial System.

i oth elastic and muscular. In the smaller

"rhet}lagfugiutll;: :lr;g'::st 21;1ed1:n the larger arteries the elastlc‘e]ement' Izre.
argenesI the case of the large elastic arteries the blood enters with an in ter-
et B from the heart, caused, of course, by the Ventricular beat b?ng
chanoer ﬁgw ugh the course of these larger arteries into a continuous flow be ortfz
changed’g I;O t%‘te capillaries. At each contraction of the ventricle a volume 'o;
gﬁ)tgg ?sg tilnr:wn into the aorta which expands on allf sides.thg‘ff(l)l;act; gzem ‘I,ae:]lfirxlei

i i ils the vis a tergo force, 2

‘lll)lea;;g l:v?:(l:l(‘lgrg‘?vglﬁst?eesai‘ggiiaesrzllljets being closegd and the blood pushed along
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the arterial circu]ation, the arteries expand as the blood flow increages and re-

continue to branch thjs wave is reflexed somewhat, the resistance increasing

arteries, the blood produces greater sinuosity, producing the twitching move-
ment which can be observed more particularly in connection with the temporal
arteries, This is sometimes confused with the pulse. It is not the pulse. Tt
is what is sometimes called a Secondary pulse. It ig caused from the rapid turn

We say the arteria] pulse, because later we will find a venous Pulse—that is in
certain conditions, Some Physiologists say there is no venous pulse, that there
is only the one, That is not Physiologically correct. The pulse represents not
the blood flow in the vessels, but the transmission of undulatory movements
along the arterial walls. These movements travel at the rate of eight to ten
meters per second, in th Upper and lower limbs more rapidly, being about 9.4
meters per second. This T€presents about thirty times the rapidity of the blood

carotid artery, and later at the dorsa] artery of the foot, The movement of the
pulse or pulse wave is a progressive one. The transmission rate from the heart
to the capillaries can be estimated almost exactly. This is done by estimating
the time between the pulse beat at the origin of the aorta, and the same beat
at the furthest artery; measuring the distance, approximately, at least,
between thege points. The time occupied by pulse in jrs transmission from the
heart to the €Xtremities is estimated at *2 0r .3 of a second, corresponding with
the ventricular Systole. The pulse feeling is an artificial diagnostic sign in dis-
cased conditions, the pulse being felt most generally at the radial artery on
account of its nearness to the surface and from the fact that it is Supported at
that point by a bone foundation so that it is quite easily felt.

he pulse normally is characterized by regularity and by rhythm. Vari-
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causing an intermittent action, or by some irregularity. The pulse of high ten-
sion or an incompressible pulse, exists when an unusual amount of force is nec-
essary in order to extinguish it. That, of course, means temporary._ A ~pu]se
of low tension or a compressihle one is one that may be easily extinguished.
The high tension pulse marks a high blood pressure. A low tension pulse in-
dicates a low blood pressure. These variations in pressure depend upon the
action of the heart and the amount of perepheral resistance. A large pulse
arises from the increase of the arterial calibre. If the pulse is very large it “is
called a bounding pulse. A small pulse, on the other hand, represents little if
any increase in the calibre— the arterial calibre, and if the pulse is very small it
is called a thready pulse. This does not mean largeness or smallness of the
artery, but that the moving arterial pressure is large or small as compared, at
least, with the mean blood pressure. As the blood moves along’ the artery the
arterial pressure will be less according as the blood contents are .less, and like-
wise the pressure upon the walls will be less when the walls give place more
freely to the pressure. Hence a large pressure is often associated with a low
mean pressure, and in this case it is foand, e. g. y after severe hemorrhage—loss
of blood. The pulse movements, as we have said, may be recorder by means
of the sphygmograph. The best form of the sphygmograpl'{ is that invented by
Marey. It consists of a long lever moving by a screw working on a small hor-
izontal wheel; from the axis of which there is projected a }lght leyer. The
screw point rests on a flat disc at the end of an elastic spring, which presses
the disc upon the artery. The lever arm records the tracing on a blackened
surface carried in front of the lever point by means of a clock work arrange-

ent.
" In the sphygmograph., by modern adjustments of this instrument, the
amount of pressure on the disc made by the artery can be closely al‘ld almpst
exactly preserved so that at different times tracings may be taken either with
the same or different pressures. The best instrument is Marey’s sphygmo-
graph with pressure graduated arrangement by Mahomed and Bramwell,
Various other instruments have been devised, e. g., the sphygmoscope, a small
casket with membranous bottom to which is attached an inlet and outlet tube to
convey the gas, the outlet being connected with a gas burner, the membrane
being placed over the pulse, the flame will show the pulse beat. By the
use of a silvered glass on the pulse a photograph may be obtained by the reflec-
tion of the pulse volume by clockwork ona dial. When the artery pulsates (1)
it is expanded and shortly lengthened, and (2) the blood pressure rises—the
artery giving rise to the resistauce that is felt when the finger presses upon the
artery. In conmection with the sphymograph tracing _we notice: 1. An
ascending line, with the upstroke or the stroke of percussion, representing the
arteral expansion .esulting from the ventricular systole. 2. A descending line
representing the arterial elastic recoil called the downstroke. In a normal
pulse the expansion and recoil are successive without any rest, the pulsations
being about equal. Variations take place, however, in the pulsations accord-
ing to the blood pressure as it rises or falls. _ The quickness or slowness of the
pulse is dependent upon the proportion of time occupied by these periods.  If
the time of arterial expansion diminishes, the pulse is rapid, if it increases the
pulse is slow. The quickness of the pulse is increased by increased heart
action, a free blood flow, proximity to the heart a and considerable yielding of
the walls of the artery. The different parts represented on the pulse tracing
are accounted for as follows: 1. The upstroke, which is quick, brief and
steady, represents the ventricular systole, ghe systole, the systolic wave, ;he
opening of the semilunar valves and the rapid flow of bleod from the ventricle
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into the aorta and arteries, causing expansion of the arteries. 2. The duwn-
stroke represents the blood flow from the arteries to the capillaries and is pro-
longed, gradual and vibratory. 3. The large dicrotic wave on the downstroke
represents the closure of the semilupar valves, +. Following the upstroke or
systolic wave during ventracular contraction we .have the pre-dicrotic or
second ventricular systolic wave represented in the curve tracing at the apex.
5. In some tracings where the pulse is irregular there are secondary waves arising
from the elastic vibrations of the arterial walls. The vibrations of pressure are
more or less constant. Sometimes the vibration becomes so irregular that it
produces a partial upstroke of the pulse during the downstroke, causing a -
double beat during each ventricular Leat. This is called a dicrotic pnlse.
The pulse is always dicrotic normally and hence the slight dicrotism gives
origin to the name dicrotic wave. Much discussion has taken place as to the
cause of this wave.

Much discussion has taken place amoug Physiologists, as to the origin or

causes of this pulse wave. These opinions may be summarized under three
heads : .
1. Some Physiologists claim that there are two reflected secondary waves:
one originating from the closure of the semilunar valves and another from the
small arteries at the periphery starting backivard, as a reflection of the main
pulseway. This wave is supposed to be reflected backward from the periphery
and travels toward the heart, reaching a given point in the arterial blood path
after the main pulse wave has passed that point traveling in the opposite di-
rection. If this is the case, then, in the tracing from the peripheral artery the
dicrotic wave should arise nearer to the close of the upstroke, representing,
therefore, the highest point that is reached by the pulsation, than in the rcase
of an artery nearer to the heart. Measurements have shown that the differ-
ence between the primary and the secondary waves is greater in the smaller
arteries than in the larger arteries nearer to the heart. This would prove that
the dicrotic wave cannot be due to any secondary backward wave : hence. this
explanation is improbable.

2. The opinion that is supported by most of the Physiologists, js, that it
is due to the slight rise of the arterial pressure arising from the closure of 1he
sigmoid valves, and that this secondary wave follows after the main pulse wave
from the opening into the aorta as a secondary wave. In this way the reflec-
tion takes place wholly from the heart, and it moves constantly toward the
periphery, being modified in its course and giving rise to vibrations, This
would make the closure of the aortic valve simultaneous with the beginning of
the dicrotic wave. When the ventricular contraction takes place, a primary
wave is transmitted along the arteries to the capillaries where it is destroyed.
By the recoil of the walls of the aorta, the aortic valves close ; by the " clorure
of these valves the secondary wave is reflected from the aorta to the periphery.
Itis this secondary reflected wave that produces the dicrotic expansion of the
vessels, marking the dicrotic wave of the pulse tracing. The primary pnise
wave passes gradually along the arteries from the heart, Similarly the dicrotic
wave is marked farther down the curve, the farther the artery is_from the
heart. The wave becomes less marked as it travels farther from the origin—
the origin in the aorta—hence, the wave becomes less distinct toward the
periphery.

The dicrotic wave is more marked, as the primary wave is stronger, both
of these depending on the strength of the ventricular systole. When the blood
pressure of the small arteries becomes less, the dicrotic wave is greater as the
wall of the vessels is able to yield more freely. The more full an artery is of
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blood, there is less yielding in the vessel wall, and the dicrotic wave becomes
less marked and more steady. Other secondary waves may also arise to render
irregular the primary wave. Where there are three of these waves it is called
tricrotic. Where there are many of these waves it is called polycrotic. If
these secondary waves appear, only, in the down stroke, the carve is called
katacrotic. Sometimes, however, one wave appears on the ascending part of
the main curve, in which case it is called the anacrotic, associated in some
way with irregular ventricular action, or a diseased condition of the venrricle

3d.  Foster explains the dicrotism without any refersnce to the closure of
the semilunar valves. This closure, he says, is an effect, not the cause of the
dicrotic wave.  On the sudden cessation of the flow of the blued from the ven-
tricles, a negative pressure is set up posterior to the blead, affecting vhe calibre
of the vessels due to the vessely’ elasticity, the result Leing thal the vesse!
shrinks—particularly the vessel wall. Tkijs shrinkage becomes 100 great on
account of the inertia of the walls, and there at once arises a secondary expan
sion, that i, you have an excessive shrinkage of the arterial wall, and when
that excess shrinkage comes into contact with the inertia of the vessel wali,
then there is produced this wave. This is assisted by the similar shrinkage
and expansion of the blood. This gives rise toa series of successive waves,
traveling from the root of the aorta along the arterial walls with gradually
diminishing force, and produces the dicrotic wave. This dicrotic wave, thus
produced, pulls after it the blood that has been, by reflux action, drawn back
toward the heart and resulting in arterial expansion, and recoil according to
the ventricular beats

The sphygmograph cannot give a perfect tracing of the pulse, particularly
the pressure line of the pulse, on account of the varying quantity of tissue
lying between the surface of the skin and the arterial wall. On account of this
the valve of the sphygmograph is relative, not absolute. The normal pulse
rate in the male is about 72 per minute, and in the female from 78 to So.
This, however, is to be taken simp'y as an average, because in the healthy
individual, it may vary all the way from 50 to 100. In the new born child it
varies from 130 to 140, gradually diminishing till about the fifteenth yvear, when
it ranges from 75 to 78. From sixty years of age it tends to rise gradually
toward 8o. The pulse is said, by some Physiologists, to be affected by the
height of the body, being quicker, as they say, in the short body, in the longer
body slower.

The pulse is affected by different bodily conditions. such as active exer-
Cise, a rise in the blood pressure, nervousness tending to raise the pulse. A
rise of the temperature will also quicken the pulse. When the individual is
lying down it is slower and when standing or walking it becomes faster. In
the morning after rising it is slower, gradually rising to mid day, after which it
decreases unless it is raised by active exercise or some other exciting cause.
Toward evening it hecomes slower, gradually becoming slower during sleep
until about midnight, and after midnight it gradually becomes faster, The
Ppulse beat affects more or less the entire bodily system, causing oscilations of
the body which may be noted in some circumstances very distinctly. The pulse
beats, also, visibly affect the teeth, nasal cavity, the larynx, the tympanum of
the ear, and the eyes, produ-ing certain movements in the internal parts of the
eye and of the brain, especially manifest in the vibratory movements of the
membrane at the junction of the cranial bones in the case of the child.

In the smaller arteries there is a considerable quantity of unstriped muscle
which may produce contractile movements. These contractile movementsare inde-
pendent of the pulse and may be either lemporary or permanent, but the ryth-
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mical contraction usually results from the action of the nervous system on the
blood circulation. This contraction, muscular contraction, affects, more or less,
the arterial blood pressure, either assisting or hindering the blood flow and nor-

arteries. These contractions in the different arteries supply the capillaries witly
a constant flow of blood, setting up what are called, a series of local circula-
tions which balance each other, producing the natural blood flow to the differ-
ent capillary regions.

In this way the circulation of the hlood is maintained uniform, in the
minute vessels of the brain, the minute vessels of the abdomen, of the lLiver and
of the spleen, and especially the correlated circulation heing regulated in such a
Way asto preserve a balace between the liver and spleen, the alidomen and lower
parts of the body, the brain and thyroid glands. They are regulated so as
preserve equilibrium. If the stethescope is placed over a large artery a sound
may be heard; this sound being produced by the flow of the blood through the
vessel .under compression by the force of the stethescope. When the flow of
blood passes beyond this pressure, the rapidity of the blood flow causes oscila-
tions. ‘These sounds are not produced by the oscilation of the arterial walls,
although the elasticity of the arterial walls assisted by lessened peripheral resist-
ance, aids the blood current, the blood passing away very freely and rapidly.

SECTION XT. Capillary Circulation.

The capillary circulation may be easily studied in connection with the
frog’s foot, the lung of the frog and any other of the organs in which fine
capillaries are found. Each capillary of this minute network extending
through the body constitutes a tube, the diameter of the finest of these tubes
being from .0os to .020 part of a millimeter and extending in length from 1 to
5 mm. The number of these small capillaries depends upon the activity of the
tissue, being more numerous in the active organs and active tissues. ‘These
minute vessels anastomose, forming network that vary in the different parts of
the body. The circulation in the capillaries, small arteries and veins is con-
tinuous, there being normally no pulse, the intermittency of action arising in
in the larger vessels on account of ventricular beat being overcome before the
blood reaches the minute vessels. The walls of the minute vessels are very
delicate, the calibre of the vessels varying so that in the lungs and among the
niuscle and nervous tissues where the blood performs its most important func-
tions, the blood is collected in very minute vessels, moving slowly and over a
very large surface. The capillary walls are composed of a very fine layer of
endothelial cells, margin to margin closely joined together by cement matter.,
These delecate cellular walls become thicker we approach toward the small veins
and arteries. This fine cellular character of the wall is of great importance
physiologically in the interchanges taking place between the blood and the tis-
sues. The chief vital characteristic of the capillaries is contractibility upon
which depends the elasticity and distension of the vessels in the modification of
the calibre.  On the application of stimulation the walls contract, the power of
contractionresiding in the endothelial cells lining these walls. This contraction
is intimately connected with the variation of the blood supply, the vessels con-
tracting or relaxing according to the requirements of the tissues. The exis-
tence and arrangement of these capillaries in the different tissues is such as to
promote efficient functional activity. If the tissue or organ is very active the
muscles of the body of the capillaries are arranged in long meshes, in the
capillaries are very closely connected into a plexus; if the tissue organ is less
active the arrangement is less minute and extensive. This arrangement is
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always in harmony with the structure of the tissue or organs, e. g., in the
connective tissue they assume irregular shapes, in the small cutaneous papillee
they form little circles. The capillary circulation is due to the heart force
modified and modulated by the circulation through the vessels. Some physiol-
ogists consider that it is also influenced by the drawing actiou of a tissues
through which the capillaries pass. This is proved by the increased amount of
blood attracted to a tissue that is very active, in order to sustain its nutrition,
e. g. in the lactation of the mammary glands. This force represents the
need of blood and may be cousidered as an active element along with the
heart force is sustaining the circulation.

In the capillary circulation there is no pulse, the pulse movement trans-
mitted along the arterial walls being extinguished mainly before the blood flow
enters the capillaries, and finally, by the great resistance, arising from the
minute subdivision of the capillaries. In the case of great distension in the
smaller arteries and veins, there is a venous pulse. There may be, also, an
abnormal capillary pulse. This is produced by the compression of the muscles
in which the capillaries are situated, as for example, in the case of swellings
due to inflammation in which a capillary pulse produces throbbing.

The current of blood varies in its rapidity, being more rapid in the smaller
arteries than in the smaller veins. In the smallest capillaries the current seems
to be almost uniform, at least in the vessels of the same size. This, however,
is subject to variation even in the smallest vessels on account of the variation in
the intensity of the heart beat. In the larger capillaries the red corpuscles travel
with great rapidity along the center of the stream. Sometimes two or three
of these red corpuscles travel abreast of each other while the white corpuscles
move along the slower part of the stream close to the vessel walls, The red
corpuscles, as we have said, move along the central part of the stream keeping
separate, normally, from each other, unless in the case of their passing into
the smaller capillaries, in which they move through the minute channels in
single file, squeezing its bending and elastic substance through the narrow bore
of the vessel, afterwards reégaining their normal shape. The colorless corpus-
cles move chiefly in close contact with one another and with the vessel wall,
moving much slower than the red corpuscles and adhering together, and closely
adhering to the vessel wall even after the red corpuscles have squeezcd them-
selves past the white corpuscles. This fact, that is, their moving less rapidly
than the red corpuscles, close to the walls is due to their lighter specific gravity
—thatis, of the white corpuscles—the more densa corpuscles being driven out
into the middle of the stream, the red corpuscles being slightly denser than the
blood plasma, and the white corpuscles slightly less dense than the plasma.
In addition to the density of the blood corpuscles the friction is always less at
the middle of the stream than at the sides, This is evident from the fact that
the white corpuscles along the sides of the stream are clearly separated from
the red corpuscles in the middle of the stream by a narrow channel of blood
plasma. In some cases the white corpuscles in addition to adhering to the ves-
sel wall, passes through the vessel walls, this process of migration taking place
between the minute cells of the endothelium lining of the walls. The leuco-
Cyte changes its shape very easily and thus, in its amoeboid movements passes
through the vessel wall into the lymph.

This process may be seen in active operation under the microscope, by set
ting up an artificial inflammation in the mesentery of a frog by exposing it to the
air for some time. In normal, healthy conditions it would seem that there
exists a close relation between the vessel walls and the blood, according to
which the adhesion of the corpuscles to the vessel walls is regulated, determin-
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ing the normal flow of the Llood along the side of the vessel. When inflamma-
tion is induced, the tendency to adhere is greatly increased, tosuch an extent
as sometimes to stop the blood current, as the blocd passes through the vessel.
This may be increased to such an extent by the accumulation of these white
corpuscles, and by the gradual lessening of the channel through which the blood
passes until stagnatiou of the blood is produced, called stasis. In this case the
red and the white corpuscles become mixed together in a mass, the two kinds of
corpusles, red and white, passing through the vessel wall into the lymph spaces.
In this case we have the condition, that we mentioned before in connection
with the blood, diapedesis. In normal conditions the changes occurring in the
vessel walls, assist the migration of these white corpuscles. The lymph that
surrounds this area where the inflammation is set up being profuse with pro-
teid matter. 'This would seem to indicate that the conditions of the tissues in
which the vessel wall is located, promotes the circulation of the blood, particu-
larly, the circulation of the white corpuscles in the blood. The speed of the
blood varies from the wall toward the center of the vessel. The speed of the
1ed corpuscles at the center of the stream is more rapid, therefore, than the
speed of the white corpuscles, at the sides being markedly uniform through the
course of the capillaries. The blood pressure within the capillaries is normally
low, being liable to change, on account of the elasticity of the vessel wall caus-
ing normal changes of the vessel calibre. The lowness of the blood pressure is
evident from the fact that on cutting the muscle, the blood trickles from the
capillaries very slowly. ‘This same result may be produced by compressing the
skin until the cuticle becomes white and pallid on account of the expulsion of
the blood out of the capillaries in the tissue. ‘This pressure of the capillaries
has been estimated by various Physiologists as ranging from 25 to 54 mm. In
the pressure of the capillaries there is, also, an element which arises from the
character of the blood. The resistance to the flow of blood seems to increase
when the oxygen, carried by the red corpuscles, is diminished. In this way the
blood and the vessel walls affect the pressure, and also the blood flow; the one
influence molding and directing the other.

SECTION XII. The Tenous Circulation.

The vein walls are thinner, more expansible and less elastic than the
arterial walls.  As we said before, they contain fibrous muscular tissues and a
little elastic tissue. The veins freely anastomose so that that there is a free cir-
culation of the blood through the venous system. The venous blood circula-
tion is dependent upon, (1) a suction action of the heart drawing the blood
away from the veins toward the heart, (2) It depends upon muscular activity,
acting upon veins in such a way as to press them while opening the venous
valves toward the heart and thus aiding the blood flow in the direction of the
heart. (3) It isaided by the diminished blood pressure in the veins as com-
pared with thearteries and (4) Itis alsoaided by respiratory action. This respi-
ratory action assists the current of blood in its flow in the direction of the heart,
In the case of the opening of a vein the blood flow is aided by muscular activ-
ity, producing in the case of the vein an even current of blood because of
the absence of elasticity found in the veins as compared with the elasticity
foundin the arteries “The force of gravity, also acts freely upon the blood
flow. This is seen, for example, in the hanging downwards of the limbs, pro-
ducing dilatation of the veins with the characteristic swollen appearance of the
veins and the bluish color of the skin. This may be restored by lifting up the
arm. When the limbis in this position the veins rapidly empty themselves; thus
the flow of blood is much more free in the veins than it is in the arteries. The
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ouly, or at least the chief check in the case of the veins is the action of the
muscles which drive the blood in the direction of the heart; the valvular
arrangement of the veins preventing any recurrent blood flow. The veins are
found to possess no valves where the external pressure is absent, for example
in the brain and the internal portion of the bones, This valvular arrzmgemen;:
is of great value in connection with the vertical position of the body, as these
valves prevent the blood from passing down to the lower extremities of the
body, and also, promoting the circulation toward the heart. In addition to this
the force of the blood presses the valves open toward the heart, at the same
time preventing the blood from making its way backward to the peripheral
extremities of the veins.  In some cases we find the blood pressure is insufficient
to carry off the blood into the circulation, the veins in such a case setting up a
pulsation which has been called the secondary heart. Normally, as we said
there is no venous pulse, sometimes, however, the pulse wave passes on througﬁ
the capillaries into the veins.

This pulse, as seen, for example, in the veins of the neck, is supposed to
be produced by some obstacle that prevents the passage of the blood from the
right auricle to the right ventricle, The pulse, in this case, is uniform in its
time with the systole of the auricle. During the right ventricular systole the
right auriculo-ventricular valve closes. Sometimes, however, this valve does
nof close sufficiently and as a result there is an undulatory movement traus‘.-
mitted along the wall of the superior vena cava to the veins of the neck. in
this way producing the pulse of the venous circalation When the auricle and
ventricle are iu diastole the biood passes to the heart.  This pulse arises from
the impertect activity of the jugular valve permitting the wave to pass along
the jugular vein, causing the venous pulse of the neck.  On the other handb
when the left auriculo-ventricular valve is weakened in some way, the righl’:
auricle becomes engorged with blood, and as a result a wave of co{ltractiou is
transmitted to the veins., In the case of a tumor within the veins, there is
sometimes produced such rigidity as to destroy elasticity and there is such ax;
expansion of the capillaries that the wave which originates from the ventric-
ular beat is transmitted through the capillaries to the veins. In connection
with the salivary glands when the small arteries are dilated the blood may.flow
through these into the veins in a rapid and a pulsating stream, causing in these
glands a venous pulse. When the heart begins to act feebly, for example, in
old age, there may be or often is a very characteristic venous pulse someti,mes
called the old age pulse. ) ‘

SECTION XIII Pulmonery and Portal Circulation.

In the pulmonary circulation the venous blood is returned by the veins to
the right auricle, passing to the right ventricle on the contraction of the auricle,
and on contraction of the ventricle, is passed along the pulmonary artery to
the lungs in order to be cleansed. After having passed through the lung
Clrcuit it returns pure as arterial blood to the left auricle through the pul-
monary vein. This pulmonary circulation, although essentially the same as the
systemic circulation, differs in some particulars. The pulmonary
circulation is small in extent, compared with the systemic. As the
ventricles empty simultaneously aud are of equal capacity, it is interest-
Ing to follow the circulation in the lungs. In the pulmonary circula-
tion as compared with the systemic, the resistance is less, and therefore in the
case of the ventricular contraction there is less resistance to be overcome by the
right than by t!le left ventricle. The structure of the heart is such as to be
prepared for this. The muscular wall of the left ventricle is very much
thicker than that of the right.  Hence the force of contraction in the case of
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the right ventricle is very much less than that of the left ventricle. It i
impossible to estimate the blood pressure or the rate of the blood flow in con-
nection with the pulmonary circulation, hecause the pulmonary circulation
cannot be reached unless after destroying the respiratory mechanism, and arti-
fcial respiration is not sufficient even if such artificial respiration could be pro-
duced to give a normal pulmonary circulation. The pulmonary artery, like
the right ventricle as compared with the aorta and the left ventricle, has a very
thin wall, indicating the lessening of the pressure.

The pulmonary artery conveying the venous blood from the heart is sub-
divided into a.number of branches, the very minute vessels passing into the
plexuses of the capillaries on the walls of the air vessels of the lungs.  Aris-
ing out of these plexuses are the veins which collect the blood, pouring it into
four larger veins, two for each lung, carrying it back by the pulmonary veius t
the left auricle. The pressure of the pulmonary artery is much less than {lat
m the aorta, the proportion being estimated about 2 to 5. The pulmonary -
tem lies inside the thoracic cavity, although outside of the lungs, exvept in the
case ol the lung capillaries, hence, when the luugs are filled with air in inspir-
ation the large vessels become expanded while the capillaries lining the surfsce
of the lungs are subject to the same amount of pressure as the suriace of ti
lungs upon which the entire air in the langs may act. Iu this way the capilii-
ries and the pulmonary veins are greatly assisted in frecely circulating the blucd.
by this pressure, whereas, the pulmonary artery is weakened in its action
This, however, is counterbalanced to a large extent by the structure of the
walls of the arteries as compared with the veins. the arteries being much nicrc
firm and solid. Tn this way the lung contraction in connection with the mau-
cle of respiration materially aids the process of circulation in the pulmonary
system, especially the activity of the right ventricle. The lungs expand e
account of the intcrnal pressure being greater than the external pressure in 15
pleural cavities. If this expansion is full in inspiration the elastic action « x-
erted by them amounts to 30 mm of mercury. External to the lungs there s
a pressure in the thoracic cavity bearing upon the surface of the heart wnd
other organs equal to the pressure of the air minus the elastic force of the
lungs, themselves, that is, 730 mm. The fine walls of the veins will vield t¢
pressure easily during inspiration, lessening the pressure, while the thicker walls
of the arteries will yield less, and in this way the blood flow from the lung
capillaries to the heart is promoted. Expiration will have an opposite
effect. The effect of inspiration upon the pulmonary capillaties and smaller
vessels of the lungs is to assist the blood flow while expiration hinders it
This is due in inspiration toan increase of the calibre of the pulmonary vis-
sels driving the blood to the lungs.

The blood rate of the pulmonary is greater than of the systemic circuli-
tion, and it is greater in the pulmonary veins than in the arteries. Thi s
necessary in order to accommodate the same volume of blood in the pulmonary
as in the systemic circulation. The right ventricle has sufficient ‘orce within
itself to perform its work. This is evident from the fact that apart from the
normal chest contraction, if the thoracic cavity be opened, the heart can et
form its work without any respiratory action, if the respiration is preserved
artificially. The pulinonary circulation, therefore, is much more simple thon
the systemic circulation.

PORTAL CIRCULATION.

“In the porta] circulation there is one fact that requires particuiar nctice,

the passage of the blood through two capillary circulations in the abdomen and .
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the liver.  The branches of the abdominal arteries carry the blood to the stom- : result. The submaxillary gland'is well supplied \31;11 blo}(id l;'eszelst, ~ bel:ig
acki, spleen. pancreas and the intestines, these branching off in the different supplied with nerves from the cervical sympathetic an rom the chorda tympani,

Organs in a series of capillary plexuses. Arising out of thege plexuses are the

veitis joining together to form larger veins, the blood flowing through two nerve, r ‘
vets, the s;;gleuigc and mesenteric, into the portal vein through which it is passed » glal{d, the vein was opened and thg blood was found tbo be dark. b '{r‘gf syxfxpa:
to the liver, in which it is circulated by means of minutely brauching capillaries thetic byanch was ligated after V‘.’h‘Ch the dark blood ecameh asl rlg ?js ?gar
coilected into a plexus. Springing out of these Plexuses in the liver lobules are : let. Stimulation was then applied to the nerve, betwlsenl: edg 5:11' and, ga-
the origins of the hepatic vein through which the blood is carried from the ture, causing the blood to becomg: dark again. Then.t ec gr ah }Epaglﬂ“ab
liver to the heart, by the inferior vena cava. If the portal vein is tied, all the ligatured and the end in connection with the gland stimulate, , the bloo ow-

intermittently from the vein of a bright scarlet color. In the chorda tympania

abdominal vessels become expanded, causing congestion of the abdomen, pro- d he verv it It
ducing rapid diminution of blood pressure and death, Sometimes the ventricy. there must be, therefore, vaso-motor fibres producing the very opposite resu

lar force produces a wave of contraction which is transmitted through the from that noticed in th
inferior vena cava and the liver, producing a liver pulse. In fact the liver nor- i
mally follows the action of the heart in the inverse order contracting with each

diastole, and distending with each systole of the heart, i fibres. Certain nerve fibres producing constn:ictiop of the vessels, vaso-con-
: . ; strictor nerves and certain nerve fibres producing dilatation of the vessels, vaso-
SECTION XIV. Innervation of the Blood Vessels. ; dilator nerves. In connection with the veins, the vaso motor inﬂuenc_es are also

In the case of all the arteries it is found that muscular fibers are part of apparent. If the aorta is subjected to pressure under the left subclgylan au'ter_y1

the lining of the vessel wall chiefly in the tunica media. This muscularity ; the portalvein ceases to receive blood from the intestinal arteries and stil

continues to hold a quantity of blood. If the splanchnic nerve is divided and
the peripheral end stimulated, the portal vein contracts and drives out the

lucreases in the smaller arteries, The fibers of nerves are found largely dis- ,
: f the liver. If the crural artery is ]igatu_red and the

tributed among the arteries, being collected around the muscular walls in € 1¢ s
small plexuses. If thege nerve fibers are stimulated they respond by convey- : blpoq into the capillaries o
ing the impulse along the muscular wall, producing contraction, resulting in g
the diminution of the vessel calibre. Similarly, the veins are muscular in their ¢ . AR S : ) . i

walls, although there 15 much greater variation among the veins. The nerves if the stimulation is continued, entirely contracting the vessel S0 as t_O‘ destroy
terminating in the muscle walls of the veins, also, convey impulses resulting in its bore. Afte}'wa(dS, withdrawing, stimulation the contraction dlagppea_rs.
coutraction of the vessel. "This constriction and dilatation of the vessels is in The same principle is applied to the veins as to the arteries in connection with
the vessels themselves, under the coutrol of the nerve fibers so that ip all the the vaso-motor nerves . Nearly all the nerves of the body In this way are
arteries of the body there is a nervous influence imparted to the muscular walls : brought into play to influence in Some way a part of the vascular area, the

from the nerves. “These nerves are called the vaso-motor nerves, The mus- influence being either constrictor or dilator.
' 1. Vaso-MoTor F1BERS—There are two kinds of vaso-motor fibers, the vaso-

i

: cularity of the walls may be represented ag Ppassing through three stages. 1st, . R LY .
i Countraction of the muscle constricting the artery. 2d. Distension of the ’ dilator and the_ vaso-constrictor. These fibers originate in the central uervous
muscle dilating the artery. 3d. Moderate contraction of the muscle, in which System, the brain or the spinal cord. So far as the human sub]ec!: 1S con-
: case the artery is not greatly constricted or greatly dilated. This latter is cerned, the vaso-constrictor fibers arise in the middle region of the spinal cord,

called the tonic contraction or arterial tone representing the normal condition Or separate from the cerebro-spinal system by fibers which arise in this

of wany arteries for a long time. This subject was for g long time the vexed regiop. All the vaso-constrictor fibers seem to ]eavg the spinal cord from the
question in Physiology. It is 1ot more than 50 years since the muscularity of anterior roots qf the spmal.. nerves, a}ld af.ter going through thp branch.es
the middle coat of the arteries was established. Henle first declared that of the viscera Join the abdominal thoracng chains of the sympathetic ganglia,
“‘while the movement of the blood depends on the heart, jts distribution On entering these ganglia from the anterior roots and the visceral branches,

they are medullated. A fter leaving these Sympathetic ganglia, and before

depends on the blood - 1s.”" It was k hat th lls of th g 2 .
o ractiiny 1t the meryes Tt the walls of ¢ e sels entering the hlood vessels they become non-medullated, losing their medullated

were subject to contractility and that the nerves terminated in these muscular 1 : - .

walls.* From this it was taken as proved that the blood vessels were controlled character in the ganglia. In the case of the vaso-dilator fibers, some of them
by the ‘nerves and that these nerves under stimulation influenced the contractil- run along side by side with the vaso-comstrictor fibers ; others, however, run
ity. It'was discovered that by dividing the cervical sympathetic or extirpat- ! an independent course. In the case of the nerves of the cranial and sacral

| ing the superior cervical ganglion the circulation was increased on the same oL f regions where 10 vaso-constrictor ﬁber.s are found, the vasod:]ator. fibers have
i side and the temperature raised.  If the sympathetic js cut, in the neck there i been very distinctly followed. The dilator fibers for the submaxillary _gland
is dilatation of the vessels and a rise in the temperature. If the cephalic fpart of can be followed in the‘ghorda tympani to the 7th nerve, Alqng ‘the lmg.ual
the nerve cut, be stimulated, it is found that the dilated vessels of the face soon nerve there are, also, dilator fibers to the tongue, as the application of stim-
ulation to the lingual nerves produces dilatation of the blood vessels in the

hegiu to contract and the temperature falls, this contraction gradually increas- . > S 1 a

ing and scon passing away. QOp the withdrawa] of the stimulus, the vessels tongue. The eye and the nose recelve.dxlator fibers from the trigeimunal, an

agaia dilate. Therefore, it is concluded that there are nerve fibers in the sym- parotid gland from the ramus tympanicus of the glasso-phary’ggeal nerve,
In the limb nerves the dilator fibers are less easily detected

Pbathetic which influence the contractility of the vessels by constriction.

The spinal cord is found to originate certain fibres that produce the same because of their junction with the vaso-constrictor fibers; although it is
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thought by some Physiologists that the dilator fibers pass directly through the
anterior spinal roots. In line with this idea it is stated by the se Physiologists
that the vaso-dilator fibers arise from all portions of the spinal cord as well as
the medulla while the vaso constrictor arise from a special portion of the cord
passing indirectly through the splanchnic ganglia on their circuit to the differ-
ent blood vessels, in connection with the body. The vaso-dilator fibers, also,
differ from the vaso-constrictor fibers in retaining their medullated character
until they are close to their terminal connection with the hlood vessels.  The
vaso-constrictor fibers, at least, in the sympathetic, splanchnic and cuataneous
nerves are constantly active, imparting a tonic constriction to the vessels, the
division of these constrictor fibers resulting in the loss of arterial tone. The
dilator fibers, on the other hand. are not in coustant operation. The section of
these fibers does not produce any permanent effect, hut simply a temporary
dilatation, in all probability, due to the irritation of the nerves by cutting
rather than due to stimulation, These differences are most interesting from
the fact that these two fivers are bound up in the same nerve, at least, as we
said before, in a great number of cases thesce two fibers are honnd up in the
same nerve, It is only by these differences between the constrictor and dilator
fibers that the fibers can be detected separately, otherwise, the action of the one
fiber. migit and would counteract the action of the other filer, It seems to be
more diflicult to irriiate the constrictor than the dilator fibers,  1f the con-
strictor and dilator filers are stimulated at the same time anid with an cqgual
amount of stimulation in (he submaxillary nerves  the constrictor  action
prevails where as, after stimulation js withdrawn, dilatation will resil

The effect of heat and of cold upon the fibers is greater in the constrictor
thau in the dilator fibers, the hear increasing, and the enld diminishing the
effect of contraction or of dilatation. A single induaction shock affects slightly
the constrictors, and very appreciably the dilator fibers, continuous shocks, on
the other hand, aflect the constrictor fibers very strongly; in some cases pro-
ducing tetanus.  If the two fbers are cut—the vaso dilator and the vaso-con-
strictor-—away from their central origin, degeneration will set in more rapidly
in the constrictor fibers thauy in the dilator fibers.

This vaso-dilator action is most intimately connected with the blood circu-
lation. As we have seen, before, the blood current in the system is regulated
almost wholly by the tonic condition of the arterjes. Normally, these minute
arteries are in a touic state of contraction, producing largely, the peripheral
resistance, which is so important in connection with blood pressure, and also,
with the blood flow. In addition to this general effect upon the circulation as
a whole, we find also, that the circulation is affected in a separate local area
that is, vaso-motor changes, haveboth a general and a local influence upon the cir-
culation. Arterial constriction in a local area results in lessening the flow of
the blood through certain arteries, increasing the general arterial pressure, and
causing the blood to flow more freely through the arterial channels: on the
other hand, arterial dilatation results in increased blood flow through certain
arteries, in lessening the general blood pressure, and in producing a lessened
amount of blood in the other arteries, These effects vary as the local area
affected by constriction or dilatation, is larger or smaller. In this way the cen-
tral nervous system utilizes these vaso motor changes in order to govern the
blood supply in the different parts of the body, influencing the blood supply,
either in a general way, or in a particular way in a certain area, or part of the
body.

2. VASO-MOTOR CENTERS. —These Vaso motor nerves, that we have spoken
about, the constrictor and the dilator fibers, branch out, as we have seen, from
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the sympathetic ganglia, these ganglia being subject to the influences of the
spinal cord, whose ganglia, lying at different levels in the spinal cord, are nnde
the control of the medullary centers. There are thus found to be three centers
of vaso-motor influences, Ist. The grear center, commonly called the vaso.
motor center in the medulla, communicating by the intracranial and the mtra-
spinal nerves, with the second center, namely, the ganglia in the cerehro
spinal axis, these ganglia representing the »nd center communicating with ke
ad center, namely, sympathetic ganglia by the spinal and the cranial nerves:
these sympathetic ganglia sending out branches to the muscular walls of the
vessels. :

(a) The vaso-constrictor fibers have been found to arise from the middle por-
tion of the spinal cord, passing into the sympathetic ganglia chain from which
they pass by their branches to the superficial tissues of the body, the alimentary
canal, the glands and their different appendages. If the spinal cord ix divided
in the lower dorsal region, and later in the upper dorsal region, noticeable
effects are found to follow, for example after the division of the lower  dorsal
region the tonic induence is cut off from the lower extremities, causing rhe
dilatation of iz Ly ! vessels, at'the same time diminishing the periphery!
resistance which lowed by a Fall in the blood pressurc,  After the divisie
of the upper dorai rerion, (he vesiels of the abdomen, of the head and of the
face becoms dilated aud (e Llaod pressure falls very markedly.  This indicates
that the {oni inflaences which affece the skin, the viscera and the lower
extremities, e s from sowe purt of the central nervous svsten, above the
apper dorsal pordon of (he spieal cord. The same results will be foumd to soi-
low the divisicn of the spinal cord close to the lower part of the medulla. If
the cut fibers in any of these cases he stimulated, dilatation will give place 1
constriction.  Hence the distension of the vessels of the trunk ang limbs must
have been caused by the interruption of vaso motor influences, the cutting of
of these vaso-motor influences by the section, or the division of the spinal cord.
If the whole of the brain be removed down to the upper parts of the medulla
1o distension and no fall in the blood pressure follows, or at least the fall is very
slight. From these experiments it is concluded that there must be a vaso-
motor center in the medulla oblongata located on the floor of the 4th ventricle,
somewhere in the regional area of the calamus scriptorius and the corpora
quadrigemina. Some experimenters have divided the bulb into sections, trans-
verse sections, thus attempting to locate the center in a region at the lower
border of the corpora quadrigemina lying in a bilateral position on both sides of
the median line, said by some Physiologists, to correspond with the aaterior
nucleus of Clark. (b) There are also spinal centers in the spinal cord.

Some experiments for example, in connection with the dog have shown us that

271

lumbar portions of the spinal cord, thus dividing the animal body into two parts
50 as to sever the lumbar region from cerebral influence, these experimenters
have found that the lnwer extremities of the body of the dog are warmer than
the upper extremities, and the arteries of the lower extremities are more
active than the arteries in the upper extremities.

This change in the blood must be due to the removal of the Vaso-constric-
tor influences of the great vaso-motor center in the medulla. From this it is
concluded that vaso-motor centers must be found in the spinal cord. Reflex
action takes place in connection with these centers. After the section of the
spinal cord the 3d vertebra, if the central end of the brachial nerves be stim-
ulated, the vessels of the front limb are dilated. If the sciatic nerve be divided
and then the central end be stimulated, the blood pressure will rise. This rise in
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the blood pressure arises from constriction. If the sensory nerves in any limb
be stimulated after the section of the spinal cord in the middle thoracic region
then the vessels in the other limb will be constricted reflexly, indicating that
reflex action takes place through these spinal centers: that are found in the
spinal cord. (c.) In addition to these two centers we have also sympathetic
centers. It is said by some Physiologists that even afte the extirpation of the
medullary ceaters and of the spinal centers there is still left a certain tonicity
in the vascular mechanism. The lower part of the spinal cord has been com-
pletely removed. For some time after the removal, the lower extremities
remain dilated, on account of the dilatation of the blood vessels, after
distention of the blood vessels passes away, the limbs return to their normal
condition, assuming tonic constriction altogether independent of the spinal cord.
This proves that in connection with the sympathetic ganglia, there are centers,
These centers are also the seat of reflex action, acting as the seat of other
motor reflexes. If one of the branches of the annulus of Vieussens be divided and
if the end still connected with the first thoracic ganglion be stimulated, after
separating the branches connecting the ganglion with the spinal cord, contrac-

spinal centers and not simply subsidiary centers, but in a sense independent
centers of vaso-motor action. In connection with some blood vessels certain
rhythmical contractions are noticeable, these being entirely independent of the
central nervous system. These are said to be seen in the median artery in the ear
of a white rabbit and are said to originate in the emission of impulses from the
vaso-motor centres. If the thoracic cavity be opened and the vagi divided, cer-
tain vibratory movements are noticed in connection with the blood pressure
tracing.  These vibrations are com plicated and are probably due to variation in
the respiratory center acting upon the vaso-motor centers through a process of
irritation.

result of reflex actions, the cerebral centers originating impulses that are
communicated to the vaso-motor., Afferent impulses originated in the blood
vessels or in the terminal organs of the sensory fibers may excite the vaso-
motor nerves reflexly. The limb of a rabbit was severed entirely from the
trunk, leaving the sciatic nerve intact. ‘The peripheral end of the crural
artery was subjected to stimulation, that used in this case being the nitrate of

silver. This stimulation was followed by an increase of blood pressure, and |

“then after a few minutes by a fall in the blood pressure. ‘This fall in the blood
pressure being due to the stimulation conveyed by afferent nerves in the ves-
sels and sent through the sciatic nerve to the vaso-motor center. Stimulation,
therefore, of the Ssensory nerves produces reflexly const-iction and dilatation.
If food is placed in the mouth the nerves of taste originate certain influences
producing efferent impulses in the centers, which pass out along the chorda
tympani and other nerves to the salivary glands, resulting in the distension of
the blood vessels, increasing the blood supply in these glands and exciting
secretion. This may apply to the two sides of the body, as in the case of irri-
tation of the mucous membrane on the one side of the nasal cavity producing a
distension of the two sides of the head. The effect in this case is more notice-
able on the side of stimulation, In the same way impulses may be transmitted
along the vagus or along any of the sensory nerves to the center, producing
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activity of the dilator fibers in chorda tympani or other nerves, resulting in ap
increased blood supply to the salivary glands. The muscular blood vessels, that
is, the blood vessels that are deeply imbedded in the muscles, seem to be dijs-
tended by vaso-motor influences ; the dilator fibers being aroused to activity by
the impulses that are conveyed along the motor nerves from the center in the
spinal cord. “This process, however, is complicated by the fact that when an
aﬁere{lt nerve is stimulated it will sometimes produce reflex dilatation and
sometimes reflex constriction. This has heen explained by different Physiolo-
gists in different ways.  Some Physiologists think that it is due to variations
taking place in the center, or centers, the result being dependent upon the con-
dition of the center and also upon the time when the stimualation is communpi-
cated to the center, varying conditions of the center, therefore, producing
varying results,

.. Other Physiologists, in more recent times. explain this fact more satisfac-
torily in connection with the pressor and the depressor fibers, The depressor
fibers, as we saw, are dilator fibers, whereas the pressor fibers are conmstrictor
nerves.  We have already discussed the cardiac depressor which counects the
heart with the center—the medulla producing on stimulation dilatation of the

completed, constriction follows, indicating the existence in the sciatic nerve of
two kinds of fibers, the dilator and the constrictor fibers. the depressor and the
pressor fibers. If an animal is subjected to chloroform or ether. and the cen-
tral end of the divided sciatic nerve be stimulated, the blood pressure rises
without any correspouding increase in the action of the heart. After some
time a fall in the blood pressure takes place, in some cases, even while the
stimulation continues. Pressor fibers have been found in the laryngeal nerves,
the trigenival nerve and the cervical sympathetic. This rise of pressure results
from the constriction of the arteries in the abdominal region., It has been
found that if the animal is placed under the influence of chloral, instead of

an accelerator nerve fiber, in connection with the blood vessels conveying the
afferent impulses of inhibition or acceleration to the center.

. As we have seen, there are two kinds of vaso-motor fibers, the vaso-con-
strictor producing contraction of the vessels, and the vaso-dilator producin
dilatation of the vessel. The question is asked in Physiology, ‘‘How does this
action take place?”’ The only answer that Physiologists can gixe to this ques-
tion would seem to be, that the fibers do not act directly upon the muscular
walls of the vessels, and it is probable that the action takes place by an inhibj-
tory action. In the vessel walls we find large numbers of ganglia. Qut of

Gaskell, ou the other hand, thinks that these fibers exert a trophic influ-
ence, the constrictor fibers influencing Katabolism and the dilator fibers influ-
encing the anabolism of the blood vessels. Blushing is a result of vaso-motor-
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action, certain emotions originate impulses in the brain which powerfully
inhibit the vaso-motor center, governing the vascular region of the head, gov-
erued by the cervical sympathetic. The relaxation of the muscular walls of
the vessels results, the arteries being distended and suffusion taking place.
Sometimes pallor—the paleness of the skin, is also produced in the reverse way,
that is, pallor is sometimes also the result of vaso-motor action. It results
from the constriction of the arteries through the cervical sympathetic and  the
vaso motor center.  The blood pressure is alvo infuenced by respiratory action.
Inspiration takes away the pressure from the «xternal surface of the vessels
allowing the large veins and arteries to expand; as the Veins are more expan-
sible during inspiration, the blood tends to coliect in these large veins next the
heart. causiug, therefore, a fall of blood pressure in the aorta. In expiration,
on the other hand, the reverse of this process takes place, the bleod pressure
being increased at the aorta. This, however, is not strictly scientific, because,
during inspiration there are two monlents or stages. During the first stage
the blood pressure falls, During the second stage the blood pressure rises.
This is due in part, at leaft, to vaso-motor action. During the second part, of
inspiration certain influences are sent from the center, causing the contraction
of the small vessels and producing a rise in the blood pressure in the arteries.
During the 1st part of inspiration the cardio-inhibitory center acts, and the heart,
as a result, beats more slowly. Thus, the vaso-motor influence, acts upon the
blood vessel in connection with respiration, Some attempts have been made to
specify and localize all the nerves in connection with the different regions of
the body. This, however, is topographic rather than physiological and there-
fore, belongs to the field, not of Physiology, but of Anatomy,

SECTION XF—III. Branch of the Circulation. General Circulation,
Its Meclanism, I rneluding the Circulation of the Blood and, the
Circulation of the Lymph.

PrRESSURE:—We have studied specially the organs of circulation and their
Physiological bearing. There are still some points left that belong to circula-
tion, not specially, but in general. The circulatory system, as we have said,
may be ideally considered as a tubular arrangement. If the blood is regularly
distributed uuder the same pressure, there will be an equilibrum in the circula-
tion, and circulation would be impossible. When the pressure varies at any
point, asin the case of the ventricular contraction the blood will be thrown out
of that place with greater pressure to the part in the circulation with the lower
pressure, and hence the circulation will be normally promoted.

If the heart action, on the other hand, is arrested, then the pressure is
diminished. This diminution takes place gradually until the blood ceases
altogether to circulate. Thus, beginning with the heart in its opening into the
aorta, we have the point of the greatest pressure, the pressure gradually diminish-
ing along the arterial system, the capillary system and the venous system until we
come hack again to the heart. Consequently the blood flow is from the heart
through the arteries, capillaries and veins to the heart again. FKach heart beat
ejects as much blood into the arteries as returns into the heart from the veins’
and as the opening into the heart from the veins are more subject to dilatation
than the openings of the arteries, the pressure in the arteries increases,

Artificial arrangements have been niade by some Physiologists, as Weber
and Hering, called the schema of circulation, consisting of a main pump repre-
senting the heartwith tubular attachments to represent the arteries and veins,
It can be easilyshown in this way that if the pressure in the arteries and veins
is equal, there can be no circulation,and also it has been proved that by increasing

-
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the arterial pressure, the circulation is efficiently promoted through the whole
circuit of the tube. Thus the circulation of the blood as a whole depends upon
two facts: 1. The strength and rhythm of the heart beat. -2. The resistance
that is set up in the capillaries which we have called peripheral resistance, This
peripheral resistance increases the arterial blood pressure, and thus, as you notice.
from the increase of the arterial blood pressure there is a new force added ontc
the lorce in the heart, driving the blood out of the arteries toward the capillar-
ies into the veins, thus promoting the circulation of the blood out of the
arteries toward the capillaries into the veins, thus Fromating the circulation of
tie blood.  The main force in the circulation is the heart. Under this in.
nuence the blood circulates through the vessels, exerting a counstant influ-
cace in the form of pressure at every point along the line of circulation, this
pressure varying at the different points, being high in the arteries, greatly
dniinizhed toward the capillaries and being low wheu it reaches the veins, the
wiood fluwing continuously from the high pressure to the low pressure through
the capillaries which represent medium pressure.

If an artery, e. g., the carotid is ligatured in two places so as to leave an
1solated portion, that isolated part can be divided, and a long canula open at
the two ends can be fixed into the proximal end of the artery. If the ligature
be removed and the canula be held upright the blood will rise tec a certain
height and remain there.  If a vein, e. g., the jugular, be ligatured and then
divided. and a tube be inserted in the distal portion, on removing the ligature
the blood will rise in the tube but only a short height. This has been estima-
ted in the cate of the dog as varying from 155 centimeters in the aorta to 18
centimeters in the veins of the head, representing a variation in pressure of 8
or 9 : 1 in the case of the arteries and veins. In connection with this rough
experiment we notice that the arterial blood is constantly moving up and down,
the variation representing 1 or 2 centimeters, corresponding almost identically
with the frequency of the breathing, wbereas the smaller variations in the sur-
face correspond with the heart-beat. On the other hand the venous blood is
almost perfectly still and steady. From this we conclude that the arterial
pressure varies with the respiratory movements of the chest and with the
contractions and relaxations of the ventricles of the heart, producing the con-
tinuous movemerit of the blood through the capillaries; whereas the venous
pressure is steady and maintains the even blood flow toward the heart. The
first application of this arrangement to the arterial and venous blood pressure
was by Hales in 1727. He took a long tube nine feet and ome-fourth of an
inch in diameter, provided with a stopcock connecting the tube with the crural
artery of a horse, admitting the blood into the tube, and watching the vibra-
tions of the blood in the tube at each heart-beat, the pressure being measured
by the column of blood and the variations of pressure by the vibrations of the
blood in the tube. This niethod, however, is unsatisfactory on account of the
length of the tube required and the readiness of the blood to coagulate. In
15828 Poisenille devised the bent tube in the U shape and put mercury in the
bend, a substance heavier and more movable than the blood. He also used
means to prevent the clotting of the blood, securing a convenient arrangement
for observation and measurement. This instrument was called Haemadyna-
momcter. ‘The modern mercurial manometer is an improved form of this
instrument. It consists of a glass tube bent in V shape, open at the two ends,
held in position by a metallic frame-work. Mercury is placed in the vessel so
as to occupy the bend. The one end fitted into the blood vessel is capped with
a stop-cock.  Before the blood is passed into the tube a solution is passed into
the tube to prevent the blood from coagulating, e. g., carbonate of soda or
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magnesinm sulphate. On account of the cardiac and respiratory changes this
ethod was unsatisfactory, because the pressure could not be accurately read.
Ludwig invented his self-registering manometer to get over this. He placed
ipon the mercurial surface in the distal limb, a small ivory float, bearing a
light marking rod. Any change in the mercury caused the marker to rige or
fall, with an arrangement for marking the change, by means of which cardiac

~ aud respiratory changes are graphically represented in carved lines upon a mov-
ing surface of the kymograph. The pressure represented upon this instrument
is the mean blood pressure.  Various attempts have been made to register the
slighter changes by means of the spring kymograph which possesses the advan-
tage of delicacy and accuracy. These instruments are valuable as showing the
variations in individual beats with the changes in vibrations,

To secure a blood pressure tracing, an artery is lajd open in an animal sub-
jected to chloral. Thereafter two ligatures are applied so as to isolate a part.
An incision is made into the artery, and a tube inserted in the vessel next the
heart. The tube is filled with anti-coagulation solution, and connected by a
rubber tube with the short limb of the manometer, The ligature is then taken
off and the blood flows, acting upon the solution, and the mercury in the man-
ometer pushing up the float which vibrates, and then records its movements.
To discover the intra- vascular pressure at any moment, we must meastre the
height of the ordinate, a vertical line drawn from the curve recorded by the
manometer to the abscissa, or horizontal base line, this latter representing the
height of the column of mercury, under the influence of the atmosphere and
the solution of carbonate. This number must be doubled in order to represent
the actual blood pressure, because the mercury in the proximal limb sinks just
the length the mercury rises in the distal limb. This enables us torepresent the
blood pressure in millimeters of mercury, varying in the different arteries and
veins. If the canula be inserted in the large veins of the neck at the entrance
into the thoracic cavity, there will be found a negative pressure representing a
friction action from the inside of the vein. These facts indicate that blood
pressure is, as we stated, dependent upon purely physical laws, being simply a
movement of the blood within the tubular system, from a tube in which there
is a high pressure to tubes of lower pressure. If the blood vessels are injured
or cut, certain phenomena are noticed, e. g., in the case of an artery, the high
pressure causes the blood to flow out like a jet, whereas, from g wounded vein
the blood flows steady without any pulsation. This represents roughly the
variation in pressure found in the arteries and veins,

From such experiments as these, certain conclusions have been reached in
regard to the blood pressure. That conclusion varies in the case of arterial
pressure, the capillary pressure and the venous pressure. (1) The arterial
pressure. ‘The arterial system, as we have seen, gradually increases its Cross
section area by the multiplication through division or sub-division of the minute
vessels. This division and sub-division mark the transition from the minute

of {fluid pressure, through the capillaries, through the minute arteries, and
through the larger arteries toward the heart, This resistance originates in the
capillaries, presenting a very strong resistance to the blood flow from the heart.
This resistauce is greatest, of course, in the capillaries and in the smaller ves-
sels, gradually diminishing backward along the blood path until we reach the
heart. ‘This resistant force, therefore, meets the great force of the heart,

At the aortic opening into the heart the ventricular force throwing open
the valve, drives out the blood from the ventricle into the arterial system with
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is estimated by calculating the mean pressure at the different points along the
arterial system and then striking an average between these different mean pres-
sures. This mean blood pressure of the arterial System varies with the volume
of blood found in the arterial system, for example; in plethora and in the case
or transfusion, consequently lessening of the total arterial calibre will raise the
mean blood pressure. The mean blood pressure increases with the force of the
ventricular beat, so that the acceleration of the heart’s action increases the
mean blood pressure. If, on the other hand, the action of the heart is weak-
ened, as in an anzemic condition, and in the case of the loss of blood by
hemorrhage, of the mean blood pressure is lessened. In certain
abucrmal conditions, for example, in the case of fever, and in the case of
hemerrhage and in phthisis, the pressure of the blood in the arterial system
is alway s lessened; while in the case of lead poisoning, for example, or in the
case of the injection of ergot and digitalis into the blocd, or in the case of the
induration in the arterial walls and in case of the abnormal enlargement of the
heart there is an increase in the blood presture, at least, in the arterial system,
2 CAPILLARY BLOOD PRESSURE.—In connection with the capillary blood
fiow, we have seen that it is uniform and free from thythmic changes. The
Pressure, therefore, of the capillary system is low, as compared with the arterial
System. As we have seen, the force that drives the blood into, and through
the capillaries, is the force of the heart imparted to the arterial walls, mani-
fested in the recoil cr contraction of the arterial walls, following distension.
While the heart is resting. the arterial walls recoil, the work being carried on
by the force transmitted from the heart at the preceding systole, This force
is to meet with, and overcome the capillary resistance. Thus the forces which
produce the capillary circulation are, 1st of all, the heart force, 2nd. The
elastic force of the arterial walls, and 3rd The peripheral resistance. The
blood that flows intermittently from the heart on its entrance into the capil-
laries loses its pulsation, and also its high pressure. There is much less resist
ance to be overcome in the passage of the blood from the capillaries into the
veins, thanin the case of the entrance of the blood from the minute arteries
into the capillaries. This resistance is constantly diminishing through the
course of the capillary circulation. The force of the heart beat s also greatly
lessened, much of the energy having passed into heat, and this heat having
been exhausted in preserving the arterial blood pressure.  Thus, a lessened
force meeting with a lessened Tesistance, is what we find in the capillary circu-
lation. The blood flow is, therefore, slow and steady, and the pressure is also
low all through the capillary system. At the arterial recoil, as we saw before,
there is a volume of blood thrown into the capillaries during the ventricular
diastole, equal to the volume of blood displaced during the ventricular systole,
In this way the arterial pulse, and changes due to Cease respiratory influences
altogether at. or about, the close of the arterial system, leaving the hlood jn a
constant stream to issue through the capillaries, supplying the tissues; and then
returning to the veins. Any condition that favors or assists the blood flow to a
capillary region, will raise the capillary pressure; for example, distension of the
small arteries opening into the capillaries, contraction of the small veins on the
other hand, leading away from the capillaries, will have the same effect, increas-
ing the blood pressure, preventing the volume of blood passing away from the
capillaries into the veins. The position of the capillaries and their arrange-
ment in that peculiar net work among the muscular fibers together with com-
pression, or contraction of the muscles bearing upon the capillaries, will jnflu-
ence the capillary pressure,
3 VENOUS BLOOD PRESSURE:—The venous blood pressure is lower in the min-
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rei i e capillaries, gradually diminishing, as we caw, toward the
Ellfeea;temslth 23‘cllllelrllatr};er v};ins at orgnear the heart ~the pressure ranges from a:
slight. positive toa slight negative. This negative pressure dipend§ largiesles
upon respiratory action. This diminishing b100(_1 pressure in the veuIJts a " S
from the same cavses as the low blood pressure in the capillaries. 'llls the
heart force transmitted along the arterial walls and through the.dcapx artle.s,
that forces the blood intc the veins, T{lere 1s still, as we have sai ,3 certain
amount of resistance in the vemous circulation, although the reém;tance I;s
gradually lessening all the way toward the heart. The elasticity o ht e walls
of <he veins is very slight, and hence the blood moves freely along the vel?oq:,
blood path with no greater internal' pressure than the external a}'lcmosph ell'm
pressure. While the heart force is sufficient to drive the blood throug | the
veins, there are certain forces which assist the bloqd through the venousucnrcllil-
lation toward the heart. These forces are three in number. 1st of a ' the
aid rendered by the lungs in the venous circulation. 2d. The forcl:e o lt e
muscles of inspiration, and third, the force that arises from the skeletal musc es.
i 1) The lungs exert an influence upon the venous circulation. During lniplctl‘-
ation and expiration, the two stages of respiration, the lungs are st;etc 1? ,
the lung fibers drawing on the 1:1bs,_ the dgphragm, the heart and the o(t1 er
organs in the thoracic cavity. This distending force acts upon the heart dur-
ing the ventricular diastole. This same drawing force generates in the 1super-
ior and inferior vena cava suction force which affects the venous qlrgté atlotrll.
This suction action tends to draw blood vylthout the thoracic cav1ty-m.si1 e ] the
chest. As we have seen there is a negative Ppressure always foun‘d. in the veins
close to the chest, this negative pressure giving place to a posmvle pressure
farther away from the chest in the venous blood path. Thus the e l:istlc trac-
tion of the lungs is constantly exerting a drawing influence upon the yﬁmt)lt:s
blood toward the heart. (2) This force of‘ aspiration in _connection wit e
lungs is materially aided by the muscles of inspiration which by thelfr cont}:ac;
tions strengthen the traction force of the lungs. At each dllata?lon of the ¢ hes
there is a force generated which sucks the blood into the chest cafvxty, “1,1 'eﬁ
coutraction takes place this force 1s suspended so that the muscular orc:c.le1 whic
draws upon the venous circulation is not constant but is marked by the suc-
cessive inspirations.
Ces?'g'el‘;lisri is an influence exerted temporarily by the skgletal muscles. Wlhen
these muscles contract, compression is brought to bea}' upon the veins mdc' ose
proximity to these muscles, so that the blood, py this compression, 1118 rllven
out of the veins, and the venous blood pressure is overcome. ’.Herfe th e valvu-
lar arrangement of the veins, together with the free anastomosis of the tYlemé,
prevents the blood from heing driven away from the heart and causes the blood,
always, to pass in the direction of the heart. _ Thus muscular compression maty
temﬁorarily assist in promoting the venous circulation. This is not 1(:oui;;am :
but only temporary, because if the.compresslon'xs continued for a_ engf 13
time it would result in the destruction of the vein, or the ObSthtllaon g :;1 e
circulation, not by causing the blood to pass away from the heart,blutd y e:
stroying tbe vein, or veins in this region. The diminution in the ooh pris
sure is so great that in the large veinus near to the heart it is estimated that the
pressure is ouly about ome-twentieth part of the pressure in the arteries nex}t to
the heart. There are no great variations in the venous blood pressure, un ess
in those large veius close to the heart in which the pressure Increases dunngt
the auricular contraction and diminishes during the auricular ex}gansxon‘ Grea
activity in the heart produces a lessened pressure, all through the venous cir-
culation. Ansemic blood conditions for example, produce a diminution
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of the venous blood pressure. Plethoric blood conditions produce an
increase in the venous blood pressure ; changes, also, in the normal position of
the limbs affect the venous circulation. For example, the raising of the ex-
tremities promotes the venous circulation toward the heart. The downward
inclination on the other hand, of the head, retards the venous circulation
toward the heart In the case of deep breathing, the traction force of the
lungs increases the negative pressure in the veins close to the heart. This neg-

tion. When the chest relaxes, the pressare is raised, causing the venous pul-
sations, which are simultaneous with the respirations. At €very inspiration the
blood is being sucked out of the velns and the veins diminish in size, During
expiration, on the other hand, the veins increase in size on account of the vol-
ume of blood from the smaller veins. In close proximity to the chest there is.
always, therefore, a negative pressure. In very deep inspiration this negative
pressure may be extended so far along the neck and the arms as to reach what
is called “‘the point of danger.”’

This point of danger is so called because of the danger that arises in the
case of the wounding of the vein, or its being cut in some way, resulting in the
sucking of air into the veins, and its passage along with the blood into the
heart which may result in sudden death, from the sudden entrance of the blood
and the air into the heart. This danger point is so called by surgeons because:
of danger associated with operations in this region. Varicus attempts have
been made to estimate the blood pressure at the different points along the blood

different conditions of the same individual that no importance can be attached
to the estimated results. It is to be noticed, however, that '} of the blood may
be taken out of the system without any effect upon the blood pressure. It is.
estimated that 2-5 of the blood withdrawn, will slightly lower the blood pres-
sure, a considerable fal] being noticed in connection with the removal of Y4 of
the blood. If 3 of the blood volume is removed, the pressure gradually falls
until the heart ceaseg altogether to act, In the case of the depleted blood, the-
transfusion of a .75 per cent solution of sodinm choloride will raise the blood
pressure, and tend to restore the normal condition of the blood.

SECTION XVI.— Velocity of the Blood Circulation.

The speed of the blood is of considerable importance. V' arious instruments.
have been invented in order to discover what this speed is. If an artery is cut

along the arteries and through the capillaries and the veins. The measure-
ments, however, are only approximate, and they cannot be taken ag indicating
the real, or accurate velocity of the blood. In the larger veins and arteries the
measurement canuot be made directly. If it were possible to measure aceur-
ately the vessel calibre, and also the volume of blood that passes through it in
any given time, then it would be a simple arithmetical circulation to determine
the blood speed. This, however, is difficult to determine, chiefly because of
the varying calibre of the vessels, and the varying resistance that the blood
meets with in the blood flow. The Haemadromometer of Volkmann consists of
a 'V shaped glass tube, with stop corks and metal attachments. The blood was
then allowed to pass through the tube, and as the length of the tube was known
the time of making, the circuit of the tube could be easily noticed. The velo-
city in this case, is retarded by the artificial glass nature of the tube, and
hence, the measurement is Dot even approximate. The best instrument that

F
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has been invented is the stromuhr, or rheometer of Ludwig. This stromuhr
consists of two glass bulbs, equal in capacity, connected together at the top by

a common tube. At the bottom ends of the bulbs there are two tubes with two

smaller canul at the end, for insertion into the ends of the vessels. The two
bulbs are fixed upon two metal discs, these two disc: being turned on the top
of two other discs, on which they can rotate so that each bulb can be moved
around, so as to be brought into connection with the two lower tubes in suc-

«cession. The one bulb is filled with oil, and the other bulb with defibrinated

blood. ]

An artery is then divided and the two canulee are connected with the two
-ends of the divided artery. ‘The blood rushes out of the artery through the
canula into the bulb, throwing out the oil into the other bulb while the defi-
brinated blood is pushed by the oil out of the. other bulb into the other end of

sents the time in which the volume of blood equal to the size of the bulb

be estimated. The experiment is continued by reversing the bulbs. In the
experiment of Ludwig the bulb was able to bold five cubic centimeters.' From
the time of allowing the first five cubjc centimeters of blood to enter into the
tube until the moment when the last five cubic centimeters escapes from the
artery into the tube, one hundred seconds elapsed, during which time five
cubic centimeters of blood was received ten times into the tube from the arter-
ies, all the blood, except the last five cubic centimeters of blood, being returned
again at the other end of the artery into the circulation. Thus in one second
five cubic centimeters of blood has flowed. Estimating the size of the canula he
found that 159 m. m. of blood flowed in one second. Inthisway he estimated
the amount of blood flowing in a given time and also the speed of the blood.
This point is of considerable importance in the _Physiology of c'irculation,

circulation. One difficulty in this case, is that the stromuhr only gives the
velocity of the blood during the experiment. In rapid changes of the velocity,
another method has been used to determine the normal blood velocity.
Vierordt, a German Physiologist, constructed the Haematachometer, in order
to estimate the velocity by observing deviation. This instrument consists of a
small metal box with parallel glass sides with a canula at each side, these two
being connected, as before, to the ends of the divided artery. Inside the box
there is suspended from the top a pendulum; the vibrations of this pendulum
can be read on a graduated scale. When the blood is cut off from the instru-
ment the pendulum hangs vertical, when the blood is permitted to flow through
the canula and through the chamber, the pendulum is deflected, The velocity
can be estimated from this deflection because the graduation upon the scale is
based upon the speed of a fluid where velocity iskmown. It has been foung
that the velocity of the blood is subject to great variation. In the different
arteries the velocity, for example, in the case of the carotid artery of the dog,
is found to be 205 to 350 mm per second, in the crural artery of the dog 140 to

toward the capillaries from the heart, )
The capillary velocity cannot be measured directly b}f any of these
instruments. It can be measured, however, by the use of the micrometer used
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in connection with the microscope. Some Physiologists have measured the
speed of the blood in the capillaries of the retina in their own eyes. It is
found that the velocity in the case of the capillaries is very much less than the
in case of the arteries. Weber estimates the velocity in the case of the web of
the frog’s foot at 51-100 mm. per second, and in the case of the mammalian
capillaries, 8-1o mm. per second. Other Physiologists estimate that in the
human subject there is a normal capillary velocity varying from 6-10 to 9-1C
mm. per second. Volkmann states that in the human subject the veloc y of
the blood in the aorta is 600 times the velocity of the blood in the capillaries,
and the velocity of the minute arteries is 10 times the velocity of the capillaries.
In the case of the veins the velocity is small in the minute veins leaving the
capillaries, increasing gradually as the veins become larger, until in the larger
veins close to the heart it is found to be from 200 to 22 5 mm. per second, for
example, in the jugular vein of the dog and also of a horse; these are esti-
mated 200 to 235 mm. per second. The venous velocity increases, therefore,
from the capillaries to the heart. This acceleration in the venous velocity is
due partly to the diminished resistance. Comparing the velocity of the blood
with the blood pressure, there are certain conditions that we find to be noted.
In the case of the arteries, the velocity and accompany each other, both in
rising and in falling, both the velocity and the blood pressure gradually diminish-
ing from the heart to the capillaries. In the capillaries the velocity and the
blood pressure are low. In the veins, on the other hand, there is a low blood
pressure, diminishing gradually all along the venous path, whereas, the speed

is higher than we have had it in the capillaries, and it increases all the way
toward the heart. There is no relation, therefore, between the velocity of the
blood and the blood pressure, being in direct relation to one another in the case
of the arteries and in the capillaries, and inverse in relation to one another
throughout the venous blood path. The velocity in the capillaries is very slow,

compared, at least, with the large veins and with the large arteries, whereas,

the minute veins and the minute arteries have a greater velocity than that we
find in the capillaries. ‘This fact is of great physiological value, because in the

capillaries the great function of supplying the tissues is performed, a certain

volume of blood being required to do this, and that the blood must pass slowly
in order to permit the blood entering into the tissues and to allow the blood

interexchange.

The circulation of the blood requires that an cqual volume of blood
must pass any two points in the circulation, in equal periods of time except
in cases of abnormal disturbance, This, of course, does not mean that the
rate requires to be uniform in all the arterics, capillaries and veins, because
the rapidity in one is compensated for a lower rate in the others.  This is
casily explained because the large arteries and veins are few in number and
small in their cross-section arca as compared with the small vessels and the
minute capillaries. The cross-sectional arca increases with the subdivision
of the vessels.  This scctional area, thercfore, is gradually increasing from
the heart to the capillaries; hence, the smaller the blood vessels, the larger
15 the blood path at that region, the widest path being in the most minute
capillaries.  Vierordt, a German Physiologist, states that the cross-section
area of the capillaries is cight hundred times that of the arteries at the root
of the aorta, and four hundred times that of the veins at the venous orifices.
Thus the venous circulation is much greater in calibre, than the arterial
system. The arterial and the venous cones lie with their narrow ends toward
the heart, connected together at the two bases by the capillaries. An equal
volume of blood passes in the same, or cqual periods of time, any two points
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in the blood path, so that in the narrow path the blood must ﬂm\‘. 1:cn
rapidly, and, in the wider path. more slowly.  The velocity, there .01_(1,.
diminishes on account of the widening of the blood path toward the capil-
laries, causing the velocity to be lowest in thesce capillaries where the b}ood
path is the widest. In the venous blood path, the gradual narrowing of the
path toward heart causes the increase of.thc speed, and the fall in blood
pressure, the speed being so much lower in the venous system, b}c-causc the
venous blood path is so much larger than the arterial blood path. The
blood flows, therefore, much more slowly into the right auricle. than it moves
out of the left ventricle, because the path is wider, although the volume is
about the same.  The reason of this is, the calibreis very much larger at the
venous orifices.  This corresponds with what we have found_in conncction
with the heart, that the blood pours in during the long auricular diastole,
and leaves during the short ventricular systole. It is found, therefore, from
this standpoint, that the velocity of the blood flow depends upon the \vull.th.
of the path, being greatest at the aorta, diminishing toward the cupll’la‘llwh
and then increasing again toward the heart in the venous system.  Resist-
ance in the capillaries plays only a very small part in determining the velo-
city, at least in the capillaries, but theincreased sectional arca is the clement
which determines the velocity all the way around the blood path.  The ven-
tricular force produces the blood flow through the entire cu‘cula‘t]op. yen-
ating the force of the arterial walls, and thus producing a force sufficient t‘f
keep the blood in active circulation during diastole, as well as S)'stglcr. Thus
we conclude: 1st of all, the speed of theblood is in inverse proportion to the
calibre of the vessels measured in sectional areas.  2nd. Ateach systole the
rapidity ol the blood flow is increased i the large arteries close to the
heart. ~ 3d. The rapidity is constant in the small arteries, capillaries and
small veins.  4th. The speed is increased in the veins toward the heart. sth.
In the large arteries the influences of the mspiration retard the speed while
expiration increases it.  6th. In the large veins the influence ol respiration
and the suction force of the heart causes an increase of the velocity of the
od. '
o fI'mr; Occerien sy THE ENTIRE Circurarion.—The width of the blood
path, as we have said, determines the rapidity, thus regulating the slow
movement wherce the blood requires longer time to perform its functions in
the tissues, and the more rapid movement where the blood stmply passes
along an intermediate path. In this way the red corpuscles are f?u!{dl to
spend a large portion of time in the capillaries where these corpuscles are
brought into active connection with the tissues. o
It is important from the Physiological standpoint to distinguish between
the blood ratcand the time taken by a corpuscle in making the circuit of the
blood path from the left ventricle to the left ventricle again. Dlll‘fl!l()!] is
considcred in respect to the single corpuscle.  The time has bun .c:itmmtlud
approximately, during which, for example, certain substancc's pl;a fl?iT{ tw
jugular vein on the onc side to the jugular vemn on the other side. ' lering
injected, some drops of a two per cent solution of ferrocyanide of potassium,
examining the blood on the other side cvery five seconds; testing it, on thf
other side, with perchloride of iron so that when the icrmc_\;zm'lclc appears
on the other side there is a formation of Prussian bluc.  Various cxperi-
ments of this and of a similar nature have led the Physiologists to conclude
that the duration of the circulation is approximately, in the horse, for
example, thirty-one and a half seconds, in the dog, sixteen and a half sce-
onds and in man about twenty-five scconds.  Vicrordt, says, that the time of

o
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the catire circulation corresponds with the time occupied by twenty-seven
or thirty heart beats. If we take, for cxample, the amount of blood in the
body of a person weighing 140 pounds as about 5632 grams. This would
represent 5,322 cubic centimeters.  Each heart beat drives out 172 cubic
centimeters from the heart into the aorta, giving almost exactly thirty heart
beats as the period during which the entire blood goes around circulation.
Taking the pulse at its normal seventy-two, this would give us twenty-five
seconds as the period or duration of the entire circulation,

CHANGE [N THE SIZE OF ORrGANS :—Mosso has invented an instrument,
the Plethysmograph, for the purpose of marking the changes in volume.
It has been found by the use of this instrument ‘that the size of an organ
depends upon the blood supply in it. In the organ the volume is found to
change with each heart beat, being enlarged by blood forced into it and
diminished when the muscular capillaries are emptied into the veins. The
tracings that have been made by this instrument correspond very much with
the pulse tracings, and also with respiration indulations. The exercise of a
limb lessens the volume on account of the increase of the blood flow out of
the capillaries into the veins, although this is partly due to the increase of
the lymph. Similarly, mental strain, brain work and sleep produce a lessen-
ing of the volume of organs. The blood is so distributed through the body
that each organ receives the necessary supply according to its requirements.
The activity of an organ determines the biood to it. For example, the
activity of the mucous membrane of the stomach or the increase of the
muscular exercise as of the limbs, determine the blood flow into these
organs. There are, howcver, some organs whose continuous activity deter-
mines a constant supply of blood to these organs; for example, the heart,
the nerve centers in the medulla and the respiratory muscles, These organs
seldom if ever vary in the blood supply found in the case of normal activity.
Changes in quantity are compensated for, and this compensation leads to
the accurate distribution of the blood through the entire body. For exam-

quickly made up. This restoration takes place too quickly to suppose that
itis due to the withdrawal of fluid from the lymph. It is probably due as
most Physiologists recognize, to Yaso-motor action increasing the peripheral
resistance and thus sending the blood out of the capillaries into the general
circulation. If the loss exceeds three per cent of the body weight, the loss
of blood seems to diminish the force of vaso-motor influence, thus prevent-
ing the rapid restoration of equilibrium. If blood, on the other hand,
be injected into the circulation, no results are noticeable, if the vaso-motor
center is intact. But if the spinal cord be severed, there follows after the
injection of blood a rise in the blood pressure. This indicates the capacity
of the vessel to hold a larger quantity of blood than that normally present
in the circulation, the extra blood being contained in the capillaries and the
small veins. When the quantity of blood is increased there js a diminution
of the periphcral resistance by the activity of the dilator nerves so that
the blood pressure remains normal, thus the increase or the diminution of
blood does not materially affect the circulation, unless it is dangerously
large on either side, that js in diminution or increase.

SECTION XVII.—The Movements of the Lymph.

~ The spaces in connection with the connective tissue of the body con -
stitute the origins of the lymphatic system. Certain constituent elements
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e blood plasma ooze through thé vessel walls into those spaces. From
(t)hfetsl::(s;zlxoccs tlhere is a constgnt flow of the lymph throu_gh. th}: lympg
capillaries into the larger lymphatic vessels through the thoracic ¢ uﬁct anf
the great lvmphatic trunk into the blood circulation. The i)imph,." .1st of
all, is presented in those inter-spaces between the tissues, tho,ss mtu)—spaceﬁ
being in eonstant communication with one another, and also with the sma :
lymf)hatics, which, as they pass to the larger lymphatx'cs assumc. the f01.m o
lymphatic veins. Those lymphatic veins have clchcatf: walls and are ar-
ranged with a large number of scmilunar valves with dilatation in
the lymphatic vessels above the valves. These valves always open af\ivay
from the inter-spaces and thus render efficient assistance to the ly mph flow
in its forward movements from the inter-spaces toward the larger lymphatlc
vessels. The smaller lymphatics are joined togcther in the formatxon‘otif
larger lymphatics. These larger lymphatics being all united together lw1§
the two main lymphatic trunks, the thoracic duct and the right lympllatlc
duct. The right lymphatic duct is short, being the terminal of the yhm-
phatics of only a small portion of the lymphatic system. All .the Olt er
lymphatics terminate in the thoracic duct. The thoracic duct runs a ong
the entire extent of the thoracic cavity. These two main ducts have very
delicate walls, also, a valvular arrangement so as to promote the movement
of the lymph away from the smaller lymphatics and to prevent lymphatll(\f
regurgitation. The two main ducts terminate on the two sides of the nec
where, at least in the human subject, the duct cavity unites with the )unci
tion of the subclavian and the internal jugular veins, in the formation o
the innominate vein. At this junction of the ducts with the veins there is
a valvular arrangement permitting of the passage of the lymph mtod the
veins but preventing the passage of the blood from the veins into theb uct.
Throughout the serous cavities of the body there are, also, founc[ t.he egin-
nings and terminals of the lymphatic systems, these scrous cavities being
large surfaces in the lymphatic circulation. Here and there in the course
of this lymphatic circulation there are found lymphatic g.al}glla. constituting
the lymphatic glands through which the smaller lymphatics pass. ki

These glands present, at least from the standpoint of the circu ation, a
resistance very similar to the peripheral resistence found in the capillaries
in connection with the blood circulation. Thus, the analogy between the
lymph in the lymphatic circulation and the blood in the blood cu‘culzltt{on ]}51
althost complete. The lymph circulates from the lymph spaces, tl'loug
the lymphatic vessels, and the lymphatic ducts, terminating in the _\'inolgls
junction in the neck, and thus is brought into clqse connection with t e
blood system. The tissues of the body are nourished by the fluid thaf is
transuded through the capillary walls.  Part of this fluid passes into thel 1}:/—
ing tissue, and the balance is carried away in the form of waste. %n al tde
tissues of the body that receive blood, the lymphatics are found \"Cl)" ;llbun h—
ant, particularly in the region of the arteries and of the veins. The ng
does not pass directly into the blood, but through the lymphatic g zl{n.s.
The lymphatic vessels contain delicate walls from 2-10 to 6-10 mm in diam-
eter. These delicate walls of the lymph vessels consist of three coats. | Ist.
of all, the intima of endothelium and elastic fibers. 2nd.  The media of
transverse muscular fibersand also elastic fibers. 3d. Adventitia consists of con-
nective tissue, intercalated by elastic. tissue:s and smopth muscularﬁb?rs. The
minute lymphatic vessels consist entirely of endothelium cells. These cndo-
thelium cells being formed into capillary bundles, all of them ?pelmng
toward the periphery.  The fluid which has been exuded from the bloo
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vessels, passes into these minute lymphatic vessels by the process of osmosis |
or as some Physiologists think, through the lymphatic openings that are’
embedded in the tissues. According to some Physiologists, the thecory of
OSMOSIs is not correct; they say that in the very minute lymphatic vessels

there are delicate mouths, or openings which pass down into the [ymphatic

spaces, and cach one of these openings represent a mouth through which the

lymph passes out of the spaces into the minute capillaries.

Along the lymphatic path there are, as we have seen, lymphatic glands,
small, rounded bodies of VAIYIngG sizes, representing the collection of the
lymphatic vessels at certain points along the lymph path.  On the one side
of these glands there is a small fissure in which the lymph vessels are found
to arisc.  The gland is covered with a sheath of connective tissue, and the
gland is divided into a number of sections, forming a dense plexus in which
there are embedded the smaller lymphatics. and from which arise the larger

lymphatics. Thesc lymphatic glands are very freely supplied with blood -

vessels, cither on the surface, or in the fissurc,

Nerves, also find connection in the gland, in what way this connection
is cstablished it is not known. The capillary system brings the blood to the
different tissues and as the capillary walls arc delicate there is a free
osmosis through these walls under the pressure of blood in the capillaries.
Under this filtration process the water in the blood together with the saline
substances in solution pass freely without carrying any of the albuminous

- substances along. It is thus laden with oxygen which is of value in the

process of respiration and nutrition for the upbuilding of the tissues.  After
the tissues take up what is necessary for them the Wmphatics collect the
excess carrying it off in the lymphatic system. Where there is a large
excess of this Auid transuded from the blood, too large to he appropriated
by the tissues and to be taken up by the Iymphatics we have a condition
supcrinduced in the tissues of the body to which the name of cedema is
applied.  This same condition may be produced by the constriction or the
obstruction of the lymphatic circulation, producing a swollen condition of
the tissues— for example, in dropsical conditions. Thus, the Ivmph origi-
nates partly from the blood and partly from the tissues of the body. The
Ivmph passing through the glands, washing out these glands and in this way
often collecting in the lymph stream a large number of Iymph corpuscles.
The Iymph, itsclf, is a clear, colorless or pale yellowish fiuid, transparent or
slightly opalescent coagulating very quickly under the influcnce of fibrin,
this fibrin being the same as the fibrin that we find in connection with the
blood. The lymph clotting being almost the same as blood clotting. The
chemical composition of lymph varies very much, resembling the blood
plasma exeept in one particular, its poverty of albumin. The specific grav-
ity of the lymph is about 1017 varying to about 1025. \When the lymph s
microscopically examined it is found to contain a large number of lymph
corpuscles and sometimes a few red corpuscles.  These corpuscles are
smaller than the white blood corpuscles, although some Physiologists have said
they are identical.  The lymph corpuscles are globular in shape, consisting
of a large nucleus with a narrow granular margin varyingin size from 5tolg
micra. In the lymph there is found about 1-10 per cent of fibrin the fer-
ment of the blood and the ferment of the lymph. As the lymph is trans-
uded from various vessels and tissucs of the body it varies very much in its
character as it is found in the different parts of the body-.

The solid matter is usually much less than that found in the blood, be-
ing not more than 5 or 6 per cent. of the solid matter.  The venous blood is
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. arteri 1, becausc the
ch richer in s ratter, than the arterial blood, | 1
1l to be much richer in solid n d into the lymph. There is found in
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In a hundred

fow ] : t
Auid part has been partly transferre
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dilatations with striated muscle fibres in the wa' ot et i conmection
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more k 2
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Iti1x:mtcd by the Physiologists that in the ])/:l‘.l‘l!)PatICdb ow'e e O
ample the lymph flow represents 4mm. pu':wcont.  the Tymph these we
::.t'mcc'x‘ or conditions that influence the mox‘cmen Of (e, "mphatic System.
‘w1fll i,‘ccif -+ 15t of all, the valvular arrangement o‘ ) mphatic system.
o : ) s of the veins, the lymphatic vessels are matcrlav) hatic  sve-
by t thgcﬁl{“’ 'c? f the skeletal muscles.  The valves of the ]}:l1]p]la~ll 'myh
by the Plcsmu'lO> | 'mv h from flowing backward, always forcing the ; tge
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freely in one direction from the lymphatic system into tne venous circuja-
tion and the hlood cannot flow from the venous system into the lymphatic
System. 2d. Lymph Pressure. The pressure of the blood in the capil-
laries and in the smaller vessels s very much larger than in the larger
arteries, producing, as we saw, the blood flow from the capillary system al-
ways toward the heart. 1In the Iymph spaces the Iymph also is subject to
considerable pressure, along the lymph path, also, the lymph flow in effect-
ively sustained by the valves, as we have scen, which keep it up in one di-
rection. In addition to this, at the close of the lymphatic system in close
Proximity to the venous system the pressure always varies from 2 slight
positive to a slight negative. Ip the Iymph Spaces where lymph originates,
the pressure is estimated about one haif of the blood pressure in the capil-
laries; that is from 12 to 27 mm. of mercury.  Along the lywph  path
ther is, also, a resistance continuously met with, causing the lymph
to accumilate in the lymph spaces of the tissues. This accumulation under
the influence of resistance being balanced normally by the muscular activ-
ity of pressure of the muscles causing the steady onward flow of the lymph
along the lymphatic path. Op account of the difference in the pressure,
between the blood and the lymph, in the capillary system, exudation takes
place from the blood to the lymph spaces.

This pressure which causes the transudation of blood from the blood
into the lymph spaces marks the highest point in the lymph pressure, deter-
mining, as we have said, the origin of the lymph current away from the
Iymph spaces that are found in the tissues toward a lower pressure, which
is found at the junction of the lymphatic and the venous systems. This dif-
ference in pressure at the origin, and at the close of the lymphatic current
always determines the lymph flow in the one direction toward the venous
System. 3d. The Influence of Respiration. At every inspiration the pres-
sure in the large veins near to the heart becomes negative, sucking, as we
have seen, the venous blood, always toward the heart. Sjde by side, with
this suction action that we find in the venous system, we find the suction
force of inspiration, also pulling the lymph from the openings of the thor-
acic duct and the right lymphatic duct intothe venous system. The thoracic
duct lies inside the thoracic cavity so that at each inspiration the duct
becomes somewhat ¢xpanded, setting up in this way, a certain suction

thoracic cavity, and always tending to pull the lymph, 1st of all, toward the
great duct, and then from the great duct into the venous circulation. 4th.
In addition to these three influences we have, also, two other influences
upon which Physiologists, however, are not fully agreed. These two influ-
€nces are, (1st.) The pressure arising from the 0osmosis. (2d.) The pres-
sure arising from the muscular contractions of the lymphatic walls. “The

lood pressure in the capillaries throws out the fluid as we have seen, into
the lymph spaces, thus originating, at least, the lymph flow from these
lymph spaces. The increase of blood Pressure increases at the same time
and the decrease of the blood pressure decreases at the same time the cur-
rent of the lymph, so that the flow of the lymph depends largely, if not
altogether, on this origin in the pressure of the flow in the capillaries. The
walls of the lymph vessels, as we said before, arc muscular, cspecially at the
valvular regions. These dilated regions are said to contract after the same
fashion as the heart during systole. = This adding to the force which drives
the lymph always onward from the lymph spaces to the larger lymph ves-
sels. These movements, however, in the human subject, are only ideals,
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because so far, no experiments have been made to indicate that therc are
SUCh’I!ﬁglthi\%;rhtsﬁearts. as we said before, do exist in the frog, but whether
they exist in thc human subject or not is simply a matter of‘ theory. From
the standpoint of theor): the pulsatlop of these lymph hearts seer;:s to tE.)re-
sent a possible explanationof a certain amount of pressure brought to bear
upon the lymph in its onward movement. ' o a steady ] .
The combination of these influences tends to produce a stca':\ ymph
fow toward the larger duct, even against the fo_x'cc of gravity, tius ﬂ.o“' s
steadily maintained from the lower limbs; especially by the v‘alvu‘ all;zllrlz.l.ngl;e—
ment, i)rcventing a backward flow. It is also supposed by some V‘I‘Yb,l‘O o-
gists that from the analogy of the blood circulation that the nervous .s(\v..ste.m.
exercisesian immediate influence on the distribution of the lymph al?f] m*x)ts
circulation through the lymphatic system. This, however, ha::: not y <;_t ?LLI;
demonstrated by physiological experiments. In the passage fxonildthu. bfom
to the lymph there are two charactcnsth stages. (1st.) The pa.s:.a;:{gl ' ronl:
the blood to the lymph spaces and (2d) The passage from th‘g ]'\V m}; .
spaces to the lymph vessels. These lymph vessels are not alwf'-l)x:. c] 0:5(..'\'
connected with the blood vessels. Hence, this has raised a d-]ﬁjc‘ul t,_\, 1;:
Physiology to explain the flow of the lvmph out of thgspaqcs‘mlo’[hcl_\'m%) ‘
capillaries. Attempts have been made by some Physiologists to. dp]') '\f-t he
principles of diffusion and of filtration to the passage of the ly mpll“ 10:1]:
the lymph spaces into the lymph vesscls. The passagc, however, t_.:qxl;[, .
the vessel wall cannot be explained cither by principle of diffusion or by the
principle of filtration. The explanation becomes more  difficult whm? wlc
consider that a double passage takes placce between the blood :}nd}thc !'\ mph
spaces and  between the lymph spaces and.thc. blood, indicating that in
addition to a purely physical prin'c1plc. of dlffLISl.O!"l or filtration we mlu]st
always take account of the Physiological condition of the vesscl walls,
According to some Physiologists the same process takes pl_ace-.m~ FI?L 1;\.1«-
sage of the lymph from the lymph spaces to the lymph capillaries as t'a es
place in the passage of the fluid from the blood into the lymph spaces,
This, however, is incorrect, because fthere are openings at certain p‘C{m't?
;110n;§; the lymph capillaries into the lymph spaces forming a_dxrcct p:f‘s:fa{:rr(‘
from the lymph spaces into the capillaries, whercas, there are no opu]mh::
between the blood and the lymph spaces unless through the walls, as we
saw before, when the fluid and sometimes the white corpuscles and some-
times the red corpuscles press their way through between the margins of
the cells which line the walls of these blood vessels. o y
The quantity of lymph varies, the tissues demanding in certain circum-
stances more lymph, although it never normally exceeds a (;c:_rtaln' clelilq:tc
quantity, This limit may be exceeded in Pathological conditions resu tﬁng
in edema. Oedema may be produced in one of two ways: an cxcessive
transudation from the blood into the lymph spaces or by some obstruction
to the transudation from the lymph spaces to the lymph capillaries. 1In the
latter casc an obstruction does not materially affect the lymph-flow as the
anastomosis of the lymph vessels like the venous anastomosis opens up a
free passage for the lymph in another path toward the ducts.  Thusthe real
causc of cedematous condition is excessive transudation. These, hoyvever,
belong to the field of pathology. The importance of the lymph circula-
tion is evident from the close relation it bears to the blood circulation, from
the amount of fluid that daily passes through the lymph circulation, and
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from the dangerous effects resulting from the excessive accumulation of
lvmph.

The blood circulation depends upon certain factors, all of which vary
more or less, the heart-heat, the peripheral resistance, the length of the ves-
sels and their calibre, the clasticity of the walls and the valvular mechan-
ism.  Thesc under the force of muscular contraction and relaxation and un-
der the influence of the nervous system keep the blood in proportional dis-
tribution and normal circulation in the body.  The quantity and quality of
the blood. also exercise an influence on the circulation. It seems remarkable
that the heart should go on continuously resisting temporary irregularitics
and overcoming temporary obstructions, and  at last without almost any
notice cease to beat and suspend life.  Each heart-beat, however, involves
an cffort, and the cffort is one to sustain life against the odds presented by
all the resistances of the system. Thus the maintenance of life through
the circulation of the blood with the analogous circulation of the lymph
represents the most important factor in life, When we add to this the in-
fluence excerted by the nervous system upon the circulation keeping up the
tonic condition of the vessels, and maintaining the distribution and circula-
tion of the blood, we have the foundation factors of the life in the human
system.  Along the entire blood path, then move infuences that during lifc
are constantly playing a most important part in the upbuilding, general de-
velopment and continued existence of the human life. If the statement of
Dr. A. T. Still is correct, and we accept it with all the force of his life study
behind it, “that a natural flow of blood is health ; and that disease is the of-
tect of a local or gencral disturbance of blood,” then you can understand
and appreciate the reasons that have led us to devote such a large portion
of ourtime to the exhaustive study of the blood and the circulation, and at
the same time feel that when we have completely mastered this subject, we
have laid a solid physiological foundation for the rest of physiology and
for the whole science of Osteopathy, ’ -

CHAPTER 1IV. RESPIRATION.
SECTION I.—The General Statement in Regard to Respiration.

Respiration is essentially an interchange between the gases of the or-
ganism and the gases of the medium in which the organism lives. Oxygen
is essential to the life of every tissue, whereas carbon-dioxide is destructive of
organic lifc.  The simplest organism, such as the amocba and the infusoria
when deprived of oxvgen or placed in a medium that is over-charged with
carbon-dioxide, become exposed to death, so that for .the sustenance of
these simplest forms of life, fresh oxygen must be brought into the system
and the carbon-dioxide must be removed from time to time in order fo the
preservation of the organic life.

This interchange of gases takes place, constantly inall forms of animal life,
tromthe lowest tothehighest. Inthe lower organisms in which the structure
is very simple and in which the life is very much less complicated, no com-
plex mechanism is necessary, because these simple organisms arc cither
directly plunged into the Auid upon which they live or have certain pas-
sages throughout their system in which the fluid passes to all the different
parts of the organism. In the higher organisms in which the fluid circu-
lates throughout the system, arrangements are necessary for an interchange
between the gases that are found in the fluid and the gases of the surround-
ing substance of the bodily organs; for example, the trachea that are found
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distributed throughout the bodies of insects, the gills that arc found in the
fishes. By this mechanism the air is brought into closc relation with  the
Auid and thus introduced into the organic system, causces an int(:rclmngc.
In the higher forms of life-we have differentiated organisms in the form of
sacs with tubes communicating with the surrounding medium, the blood
vessels lining the walls of this medium and furnishing the mcans of inter-
change between the internal and the external CASCS.

This sac, which is found very small in the lower animals, passes into
the complicated honey-combed Tung, the structure of which is of such a
nature that cells, with minute capillaries, present a large surface in which
this gascous interchange is constantly takmg place.  In these highest forms
ol amimal life there is a definite meghanism involving muscular movements
and nervous action, for the purposce of introducing into, distributing in, and
expelling the air of the gases from fhe organs of respiration. Thus the pro-
cess of respiration becomes more complex as we rise in the seale of animal
life.  In amabic life, the amaeba lives in the Auid saturated with gases.  In
the higher forms of life, definite tracts exist for the admission and for the
distribution of the wases, cither directly. or as in the case of the fishes, by
the admission of water containing in this case, the gases.  In the sull higher
forms of life, as for example—in the frog, there is a process of swallowing
the air, by which the air is forced into the air sacs, while in the casce of man
we have a complex automatic action of muscles and of nerves, playing such
a very important part in the process of respiration. . The object of respira-
tion 1s two-fold.  1st. ol all, to take in a fresh supply of oxyvgen, such as is
found negessary for the process of oxidation in the human body, and 2nd.
to expell the carbon dioxide formed within the body. In the complex
organisms, such as the human body, the phenomena of respiration may be
divided into two parts. 1st.  There is an interchange of gases which takes
place between the blood and the tissues.  This is somctimes spoken of as
internal or inner respiration.  2d. In order that this process may go on suc-
cessfully, there must also be an interchange between the gases in the blood
and the gases of the surrounding atmosphere.  In this way external air is
introduced into the air cells of the respiratory organs.  This interchange is
called the external, or the outer respiratory process between the blood and
the external atmosphere.  In the human subject this process is carried on
almost entircly in connection with the lungs, hence, this process of respira-
tion is sometimes called pulmonary respiration.  3d. In addition to thesc
there is a subsidiary respiration carried on in connection with the skin.
This is called cutancous respiration. .

Thereis also a respiration carried on in connection with the intestines
called intestinal respiration.  There are also some changces that take place
in conncection with some other organs, but these are of minor importance.
Both of these inter-changes are, in the main, physical processes rather than
phsyiological, because they are due to the mutual diffusion of the gases and
depend but slightly upon the epithelial cells that cover the surfaces through
which the passage of these gases takes place. The respiratory apparatus,
therefore, in the human subject, consists of the following mechanismis:  1st.
The lungs with a large number of air vesicls and ajr cells connected  together
and in close connection with a dense plexus of blood vessels. 2nd  The air
passages leading to the lungs and communicating with the lungs. The air
passages include the nose, the pharynx, the larnyx, the trachca and the
bronchi, including the bronchioles, 3d. The thorax and the muscular
mechanisms connected with it, by which the lungs are filled and emptied,
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and 4th. The nervous mechanism of respiration. sth, and last, the subsid-
ery function —discharged by the skin and by the intestines in the respiratory
process.

SECTION II. The Respiratory Apparatus.

The larnyx is made up’of several parts, forming a cartilaginous frame-
work, the different parts of which are movahle upon each other by means of
certain muscles.  There are, three single cartilages: the thyroid, the cricoid
and the epiglottis.  There are three pairs of cartilages: the arytenoid and
the cartilages of Santoriniand of Wrisberg.  The thyroid consists of two lat
ceral plates which meet one another at an angle anteriorly forming the prom-
inence known as Adam’s apple and leaving between them posteriorly a wide
open space.  The cricoid cartilage placed betwecen the thyroid, and trachea
is shaped like asignet ring, the deep part being behind, the seal projecting
upward. On the lateral part of the upper border of this seal there is on
cach side an open surface for articulation. The external surface of the car-
tilage is smooth in front but at the sides it becomes irregular and furnishes
attachment to the crico-thyroid muscles and to the superior constrictors of
the pharynx.  The cpiglottis is a plate of yellow elastic cartilage shaped
like a leaf, the narrower lower part being attached to the deep surtace of the
thyroid cartilage in the middle line, the broad upper part projecting upward at
the root of the tongue. 1In swallowing, this part is pushed downward and
backward so as to be horizontally over the supcerior aperture of the larynx.
During respiration its direction is vertically upward, the free surface curving
forward toward the hase of the tongue. Itis covered with mucous mem.
brane, a continuation of the lining of the pharynx and two folds of epiglot-
idean ligaments, underncath the mucous membrane being a number of small
pits in which arc lodged small glands opening on the mucous surface.

The mucous membrane of the larynx is thin and pale and has numer-
ous glands opening on the surface, except at the upper and especially at
the upper lateral part and over the true vocal cords, where it is squamous,
the epithelium being ciliated and columnar. The mucous membrane is
continuous below with that of the trachea: as it ascends it turns inward to
pass over the cdges of the true vocal chords. Again it passes outwards and
then ascends a short distance on each side forming a fold, cach fold over-
hanging the true vocal chord, and forming the false vocal chords. The
true vocal chords arc bands of elastic tissue covered with mucous mem-
brane, this mucous membrane being very thin and adhering closely to the
elastic bands. The false vocal chords are simply folds of mucous mem-
brane. The superior aperture of the larynx is triangular in shape, wide in
front where it is bounded by the epiglottis, and narrow behind where it is
limited by the tops of the arytenoid cartilages and the cornicula laryngis.
The sides of the superior aperture are formed by the aryteno-epiglotti-
dean folds which slope downwards and backwards from the sides of the epi-
glottis. The superior aperture is closed during swallowing by the bending
backwards over it of the cpiglottis on the deep surface of which in the mid.
dle line is the cushion of the epiglottis by which the accurate closure of the
epiglottis is secured. The larynx is abundantly supplied with blood vessels
constituting a plexus in the sub-mucous coat, out of which arise a large
number of delicate capillaries extending down beneath the epithelium. In
addition there are two plexuses of lymphatic vessels, the one very delicate
underneath the epithelium and the other less delicate underneath the blood
capillaries. The nerves terminating in terminals pass through small glangli-
onic centers, forming connections with the nerve fibers entering-the pharynx.
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Tue TracHEA.—The trachea or the wind-pipe as it is sometimes called
is cartilaginous and membranous tube. It passes downward in the middle
line from the cricoid cartilage about 4 34 inches and then bifurcates to form
the two bronchi, one for.each lung, the division taking place about the level
of the upper border of the 4th dorsal vertebra. The diameter of the trachea
is from 3{ of an inch to 1 inch. In front and at the side the trachea is firm
and resistant, this resistance being due to the prescnce of the transverse
bands ot cartilage. Those transverse bands of cartilage form imperfect
rings | the deficiency in those rings being behind where there is tound a nar-
row compressible membranous portion of the trachea. Those imperfect
rings are from 16 to 20 in number along the course of the trachea and some-
times they present a bifurcated appearance. Those rings arc joined togeth-
er by a coat which contains a medium proportion of elastic fibers. On the
deep surfaces of this fibrous coating there are also found fibers of un-
striped muscles, these fibers being arranged transversely. Within that
fibrous coat is the sub-mucous coat in which are found a number of small
mucous glands.  The bronchi correspond in structure with the trachea. The
right bronchus is wider, shorter and more nearly horizontal than the left
bronchus. The bronchi entering into the lungs branch again and again
forming finer and more delijcate bronchioles, each of which ends in a dilata-
tion; this dilatation being  called the infundibulum. Changes  take
placc ih the structure of the air tubes, as by this repeated process of branch-
ing they become narrower until they terminate in the infundibulum. The
fibrous coating of these branches become thinner and thinner as the branch
becomes smaller, and very distinct bundles of longitudinal yellow elastic
fibers are found developing. The cartilage is found in small plates so ar-
ranged that together they completely surround the tube, making it quite
cylindrical in shape. These plates of cartilage gradually become smaller
and in the minute capillary bronchiole tubes they have entirely disappeared.
The transverse muscular fibers form a laver all around about the inside of
the tube inside of the cartilage, in the very finest tubes the muscle also, has
entirely disappeared. The mucous membrane also gradually becomes thin-
ner and more delicate as the tubes become smaller, but it still retains its
columnar ciliated epithelium until just before the tube expands into the
infundibulum, where we have patches of squamous epithelium.

Each of these finer bronchioles presents near to its termination, small
recesses leading out from it, called the air cells. The tube ends in an
inversely funnel-shaped expansion, known as the infundibulum. This
infundibulum consists of a portion of the expanded tube, into which there
open a number of air cells. These air cells have a wall of elastic tissue,
lined by an epithelium of large, thin, flat cells, with smaller flat cells lying
between those cells. Beneath this epithelium there is an extremely dense
network of capillaries. The septa, between the adjacent air cells, are com-
posed of a double layer of cpithelium, Between these layers there is a
single layer of capillaries, the blood in these capillaries being exposed to
the action of the air on each sjde. The lungs are made up of bronchial
tubes ending in the infundibulum, held together by eonnective tissue, which
contains some pigmented corpuscles, and in which we find running blood
vessels, nerves and lymphatics. The infundibula, or ultimate lobules, are
there joined together into larger lobules, the outlines of which can be dis-
tinguished on the surface, and these lobules may be dissected from one
another in the foetal lung. The lung surface proper, is divided by connect-
ive tissue into a large number of small lobules. The connective tissue
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between the lobulees is continuous, with a thin layer of connective tissue,
containing numbers of elastic fibers immediately below the pulmonary
pleura.  The inter-lobular conncctive tissuc is highly developed in the case
of children. The right lung is the larger, the broader, and the shorter of
the two.  The blood for the nourishment of the lung substance reaches the
lung by the bronchial artery, and is returned by the bronchial vein, Branch-
ing out from this bronchial artery, we find minute vessels extending along
the whole course of the bronchi, the bronchioles, the air vescicles and the
infundibula, forming capillary  plexuses, beneath the cpithelium.  The
minute veins arise around the sides of the ajr cells, running along the sides
of the air cells and then uniting togcther to form larger vesscls pouring into
the pulmonary veins,  Each lung 1s completely invested with g scrous mem-
brane, the pleura, the viscral layer of this membrane being adherent to the
surface of the lung, the parictal layer being reflected from what is called the
root of the lung, where the bronchus and the blood vessels enter into the
walls of the chest, the outer surfacce of the pericardium, and the upper hur-
face of the diaphragm. Beneath this coat there is a rich plexus of lymphat-
ics which communicates with the deeper plexus in (he conncctive tissue,
binding togcther the smal] lobules.

From these lymphatics there arise vessels which rup along with the
bronchi and convey the lung Iymph to the bronical glands. Nerve branches
from the pncumogastric and the Sympathctic arcfound scattered over the
lungs, collected together in numerous ganglia, the minute branches being
distributed to the muscle tissues of the minute blood vessels and to the walls
of epithelium found on the surface.

SECTION IT L.—Mechanism of Respiration,.

The movements i respiration  consist of certain rhythmic changes,
these rhythmic changes taking place in the thorax partly caused by contrac-
tion and relaxation of the murcles and  partly dependent upon the elastic
character oj the organs. The thorax is a closed box containing two elastjc
bags which communicate with the external atmosphere by means of the com-
mon tube, the trachca. The lungs then form two large sacs divided up into
portions or sections, cach of which constitutes a small air vessel.  These
small vessels vary in size, the average diameter being about 1-100 part of an
inch. Each ajr cell has has com munication with the small bronchioles,
these uniting in their common communication witly the trachea. It is esti-
matcd that in normal humarn beings  there are between seven and eight
hundred million of these minute vessels, representing a superficial area open
tothe air in the lungs of 200 square meters. In addition to this vast sur-
face, the wall of cach air vessel represents a septum  dividing the air from
the blood in the capillarics, representing a vast vascular surface estimated
at about 150 square meters, As the thorax is a vacuum, the pressure of the
air inside the lungs stretches and expands these elastic structures so that
they are always pressed against the thoracic walls, Ap increase in the vol-
ume of the thoracic cavity is followed by an expansion and adecrcase in the
volume of the thoracic cavity is followed by a contraction of the lungs. The
visceral and parictal layers of the pleura are thus kept in contact with onc
anothcr.  The fact that the lungs are always stretched is shown by what
takes place when air is admitted into the cavity of the thorax (the pleura).
Under such circumstances the atmospheric pressurc exerts its influence upon
the external surfaces (the pleural) and apon the internal surfaces of the
lungs (the bronichal tubes and air cells.) This elastic bag then collapses,
leaving the pleural sac ful] of air and indicating a condition which patho-
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logically is known as pneumothorax. By the activity of the respiratory -

scles, the chest capacity is extended on all sides.

mlm':Il'(I:]bi:s results in a great}er atmospheric pressure than that upon the c¢x-
ternal surface of the lungs, and thus there is fqrced.mto the air passages of
the lungs, a certain quantity of air which [).l'l"\’SlO]Og'lCEl“y.IS callgd’ the new
or tidal air until the pressure becomf:s ethbratcd. the air remaining in the
lungs normally being called the stationary air. o

Inspiration is primarily a muscular action. In expiration the relax-
ation of the muscles, the lungs and the.thoracu: wall, on account pf._ th(}‘lr
elasticity assisted by muscular contraction, causes the chest to recoj] into its
former position.  Thus the internal pressure of the lungs becomes greater
than the external pressure and the air is forced out through the trachea.
Expiration, therefore, is not purely a muscular action but a result of the
clastic structure of the organs. Inspiration and expiration act together and
these two stages constitute respiration. If the thoracic cavity is punctured
after death, the lungs at once collapse, lcaving a large vacuum .bctwccp the
lungs and the thoracic walls. This is due to the loss of clasticity which js
found in the lungs when in normal life. During life the lungs are never
completely exhausted of air, the ajr always lodging in the air cells. By in-
flation of the lungs they always tend to shrink so that they exert an influ-
ence upon the chest walls, depending upon the amount of dlstgnsxoq, giving
rise to the negative pressure which always exists in the thoracic cavity, that
is, the pressurc always below the atmospheric pressure which conmderably
influences as we have seen, the blood flow toward the heart.. Ifthe thoracic
cavity is punctured upon one side only, then the one lung gIves up its act-
ivity, resulting in the difficulty of breathing. If the other side is also
punctured both lungs give up'and hence we have asphyxia, because there is
no lung expansion, the internal and the external pressurc being equalized,
The normal condition of the lungs, therefore, is that of partial distensjon.

In line with this idea, respiration never reaches its maximum of expan-
sion. Complemental air may be forced into the lungs by means of a labored
inspiration, due to the expansion of the thoracic cavity under strong mus-
cular activity. Likewise, respiration never reaches its minimum of contrac-
tion, for the'supplemental air can be forced out by muscula( contraction.

Even in this latter case where considerable volume of air is expelled,
there is always left what is called residual air. Partial dilation, therefore,
is the normal condition of the lungs. There is constantly an elastic con-
flict between the pulmonary and parietal pleura, but this in normal condi-
tions never results in the de struction of either of these because the ajr
cannot penetrate the pleural cavity. In the case of the puncture of the
chest wall the air penetrates the pleural cavity, the result being the separa-
tion of the pulmonary and the parietal pleurz, thus forcing out the ajr
through the trachea. ) ) ) ) .

Even in such conditions there still remains a residual portion of ajr
inside the lungs, the infundibula whose walls are soft retaining the ajr
passed from the minute bronchioles. If, however, the air still freely comes
into contact with the lungs, the air becomes absorbed, then the lung very
soon loses the distended character and becomes harc!. In the case
of pleural puncture the air is driven out of the cavity, not through
the lung at all but, of course, through. the opening if the ajr
does not enter the pleural chamber or if . some obstruction blocks
the puncture then the Ivngs may be normally distended until the puncture,
is healed without any g. :at interference with respiration. In the feetal [jfe
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there is no air in the lungs, the lun s being in a condition that we s a respiration together with the ribs, the sternum and th(; vertebrate column,
as atelectasis, airless. Tglrle’ air cellsgin thifcondition have not yet exrgznl;e(c)lf On account of this an enlargement of the thoracic cavity lessens the pres-
Those air cell walls are lined with nucleated cells and well rounded cell sure upon the lungs while a diminution of the thoracic cavity increases the
substance, those cells being adhesive, no cavity having formed during feetal pressure upon th‘f lungs, these conditions flavormg.the inflow and outflow Odf
life.  The small bronchial walls also adhere to one angther while the larger air through the trachea, which is the only opening between the air anc
bronchial tubes and the trachea have a distinct tubular cavity, this cavity ; the lungs. This is the condition normally found in inspiration and in expir-

: ith ai : i is i i ¢ ation. When the thoracic cavity enlarges the elasticity of the lungs yields,
being filled, not with air, but with fluid, that is, in the feetal life. The lungs : following as it were, the traction action of the chest, the two being in close

by e plewal membrants gy che vl beig sepaated onfy |
: is admitted to the trachea and the larger bronchi passing with considerable ] The spirometer has !‘«%eep_ n;:«de ,usebo,f fb.\'_ some Ph;;sxc;logllsts. yobnr,lczlis-
force into the bronchioles and the air cells of the lungs, thus separating the ure the greatest amount of air t at can be forced out of the ungs by the
walls and filling up the distended cavities. A large quantity of the first strongest, expiration, accompanying of course the decpest possible inspira-
inspired air in the new born child remains within the air cells and the air tion. The amount, as estimated by the Physiologists. varies from 2000 to
passages and it is only later when they become fully distended that the 4000 cubic centimctres, of this amount about 500 cubic centimentres repre-
expiratory process begins, the complete respiration being then established. sent tidal air, or the new air taken in at each Inspiration.  From 7350 to 1000
Although the lungs are very elastic they cannot expell all the air out of the representing the supplemental air, 750 to 1000 representing complemental air
lungs because the air pressure on the internal surface is greater than the | and about 1400 cubic centrimetres, the residual air. All ot these combined
elasticity of the lungs and the elasticity of the chest walls. This pressure togcther constitute what is called the vital capacity of the lungs, that is, the
can be measured, and has been measured by a number of Physiologists. In sum of the tidai complemental, the supplemental and the residual. ‘
the dead subject, for example, the manometer can be connected with the INspiraTioN.— In inspiration the cavity of the thorax is enlared in two
ways. Ist of all, it is enlarged vertically. " The vertical diamcter is increas-
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o : g‘lz:ic?ne:[;OH\]/Z?eernwtiflllebceollfigiedt?(lfe:is})elficf?ﬁgntdfleerslyllnagsi);};’esrilofggis;nevrvchu(;‘yhlez cd by the contraction and the descent of the diaphragm, _the anterior
W devoted considerable time to this subject, found the pressure under these abdominal walls in this casc protruding. In the human subject, the dia-
. circumstances to be from two to three mm. of mercury. During life this ; phragm is a partition wall separating the thorax from the abdomen, cllip-

' tical in shape, the convex part being direct toward the thorax.  On the con-

. pressure is much greater and it is estimated that during life it is about 714 mm.
LT of mercury, 6 mm. at the close of a quiet expiration and g mm. at the close
. of a quiet inspiration; that is, this pressure represents.about 1-100 part of the
; atmospheric pressure. In the case of complete forcible distension of the

traction of t he muscular fibers, the middle part of the diaphragm descends
and the dia phragm becomes flattened. From the sides the diaphragm
descends  further than from the central part. The cardiac portion of the

chest the pressure was found to be much greater, estimated to be about 1-25 ! diaphragm is said to descend from 5to 1T mm. during normal inspiration.
! - The arch is thus diminished in its height and on account of the attachment

i of the pressure of the atmosphere or about 30 mm. of mercury. i R ¢ lumbar vertebrs he lower six costal tillages and the
[ Thus, the pressure upon the heart, and large arteries and veins, and the thlL.', rst three u;n l"“ YL‘_tel re, to tl]“ owei )”"; costa Cah“. ag“”l an]' the
(I other organs inside the thoracic cavity would be 754 mm. at the close of a adjacent parts‘ of the llbb'.t 1~LI‘(, lb'ﬂ‘\\ ays a tL.,n'L u%c__\ 'to 1th m (uu. a SO to

quiet expiration, and 751 mm. at the close of a quiet inspiration. In the i pull up these lower ribs and also the costal cartlages, together with the
living subject the expelling force is greater, because the muscular fibers of 1.0'\\'01' (?"d of the, sternum.  This is cOlIl['_)'(:llsé}tc{d Ior_ b\ the al?flomma}l
the bronchi aid the elasticity of the lungs. This, however, is small com- pressure.  After th‘c contraction Qt the dldpl}xz}gm thcu; Is a negative pres-
pared with the pressure of the lung elasticity itself. By introducing the sure in the tho.rgcm.cavlt:\‘, this pressure driving the.dtaphragrp upward to
manometer into the trachea of the animal, through a lateral opening there the normal position in which the lqwer part of the dlapll}ragm s in close
has been found normally a negative pressure during inspiration. This nega- proximity to the chest walls. This pressure downward is transmitted to
tive pressure being indicated by the fall of mercury in the manometer and the abdomen, especially to the anterior abdominal wall, producinga bulging
on the other hand, a positive pressure during expiration indicated by the outward and thus enlarging the thoracic cavity vertically during the pro-
rise of the mercury in the manometer. The same negative and positive cess of Inspiration.  2nd. The cavity of the thorax is also enlarged antero-
pressure may be found by introducing the manometer intq the trachea posteriorly and transversely by the clevation and rotation on the antero-
through the mouth, or the nostril, the amount of pressure being determined ¥ostgnor axis of t.hc ribs and bly the carrying forw_ard‘ OfA ic ‘sternum.
by the strength of the inspiration, and by the strength of the expiration. hese movements are the resu t‘of' muscular contr;.actlonb.' s the thorax
The negative pressure, therefore, increases according to the depth of the enlarges thellutngs alsot,l ncces.\;arll) enlar%etgtherw_lsteltlhele \V?L‘I;}:I ble left
- . d : . . . a4 vacuum between ne u monary an € parieta ayers o (& cureae,
inspiration, that is, according to the extent of the lung expansion. During his increased expansion o%)the lungs, means tEe rarefaction of théD gases
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expiration it returns to the normal at the beginning of the stage of inspira- | . P .1 h f the R
: internal 2 S ~ . _ that are contained within the ungs, that is, the pressure of the gas inside
tion. The internal pressure of the chest cavity. is called the intra-thoracic , the lungs falls below the pressure of the gas of the external atmosphere.

pressure, and it differs from the pressure inside the lungs, this pressure
being called the respiratory pressure. The thoracic cavity may be enlarged
on all sides. Ideally it forms a cone, the apex of the. cone- being. placed at
the neck, and the base of the cone resting upon the diaphragm, the sides of
the cone being represented by the intercostal and the other muscles of

The external atmosphcre rushes down the trachea until the equilibrium is
restored between the internal and the external, These two main causes of
the enlargement, the descent of the diaphragm and the elevation of the
ribs give us respectively the two kinds of breathing, said to be character-

.
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istic diaphragmatic breathing, characteristic of the male and costal breath-
ing characteristic of the female. Physiologists have found out that both of
these characteristic forms of breathing are really present in every respira-
tion, the one, however, prevailing over the other in the one case. These
differcnces it is said by some Physiologists depend upon the difference in
sexes. This, however, is untrue. The difference in breathing does not
really depend upon difference in sex, but as has been said upon heredity
upon difference in the female costume as compared with the male costume.
That this point is true is evident, for in the case of children of both sexes
there is no difference in the form of breathing. The diaphragmatic char-
acteristic male breathing being found in all children. The lowering of the
diaphragm is mainly due to the muscular contraction. The elevation of
the ribs and their rotation howeverare more complicated.

In the diaphragmatic breathing the vertical diameter is increased with
a slight increase in the antero-posterior diameter. 1In the costal breathing,
on the other hand, the antero-posterior and the transverse diameters are
increased by the movements of the upper ribs raised by the scaleni muscles,
producing what is characteristic of that form of breathing, the heaving of
the chest, the diaphragmatic breathing, in this case, being reduced to a min-
imum. In the case of abdominal tumors, the breathing is thrown up into
the clavicular region of the chest. In the adult life the antero posterior
diameter is estimated at 165 mm. in the upper portion, and 190 mm. at the
base; the transverse diameter at the axillae in the male is 260 mm. and in
female 240 mm.  In the case of the antero posterior and transverse enlarge-
ments of the chest the enlargements take place, as we said before, largely
by the movement of the ribs. These ribs may be considered as radii mov-
ing on the vertcbral arthrosis as a center. At rest the rib s obliquely di-
rected from the spine toward the sternum. . When it moves freely its
sternal attachment moves forward more horizontally further away from the
spinal center. As all the ribs have a slanting direction downward, on being
raiscd they push the sternum forward ; this forward movement being
more or less according to the length of the ribs. The frontal surface of the
chest is thus pushed forward and also upward according as the ribs are cle-
vated. The rib arch, therefore, increases from the first to the seventh ribs,
the clevation of the lower ribs thus increasing the antero posterior diame-
ter and also the transverce diamcter, thus making provision for a very con-
siderable enlargement of the chest. This elevation of the ribs takes place
by means of muscles. The muscles that are concerned in ordinary inspira-
tion are the diaphragm, the external intercostals, somec Physiologists also
say the internal intercostals, the levatores costarum, the serrati postici
muscles, both the inferior and the superior and also to some extent, the
scaleni muscles. Aside from the diaphragm the external intercostals are
the most important in connection with inspiration. The act of clevation
over the entire chest - js greatly assisted by the fact that the second rib is
more movable than the first rib, thus furnishing a more solid base upon
which the muscular action rests, Each rib in turn from the first onwards
supporting the next rib the scaleni acting as an additional base of support
for the first two ribs, forming a solid foundation for the action of the exter-
nal intercostals. In this way there is formed a very solid base for the ac-
tion of the external intercosta] muscles.

In deep inspiration the sterno-mastoid raises and supports the first two
ribs, by pulling up the sternum and fixing the clavicle so as to form a solid
foundation for the musculsr action of the chest. The serratus-posticus
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superior also raiscs the upper ribs, fixing the 2d rib, and raising the 3d, 4th,
and sth ribs, the serratus-posticus inferior aiding the diaphragm by drawing
the lower four ribs backward, and in deep insplratllon downward; the quad-
ratus lumborum and the other muscles, by depressing and fixing the lower
ribs form a solid basis for the contraction of the diaphragm, and thus,
materially assist in deep inspiration. The intercostals, according to some
Physiologists, aid in inspiration; according to others, the parts of the inter-
costals between the sternal cartilages act as mspiratory muscles, while those
parts between the ribs act as expiratory muscles. According_ to other Physi-
ologists the intercostals take no partin inspiration, simplyacting as strength-
ening muscles, to render the intercostal spaces, and the whole of the chest
cavity, irm and solid, giving tension, therefore, to the intercostal spaces.

In forced inspiration certain other muscles arc brought into play, for
example, the scaleni muscles', give a.ﬁrm support to the first two ribs. The
serratus-posticus superior gives fixity to the 3d, 4th, and 5th ribs, and by
their contraction, the contraction of the scalen: and serrati being vigorous,
they raise those ribs.  The false ribs become lowered and then fixed, adding
support to the diaphragm so that jt ‘\'erticall_\-"enlargcs the chest, In arti-
ficial respiration and in forced respiration, with the fixation of the upper
limbs, the pectoralis minor, the serratus magnus and the ilio-costalis aid in
inspiration, elevating the ribs, and thus increasing the size very materially
of the thoracic cavity. In fact all the muscles of the body which can either
raise the ribs or aid in fixing the other muscles, are brought into play in
forced inspiration.

IEXPIRATION.—In normal expiration the walls of the chest and of the
lungs, as we said before, recoil.- In inspiration the lung tissue is stretched,
this tension continuing as long as the muscle contraction lasts.  As soon as
the inspiratory muscles relax, the elasticity of the lungs comes into action
and drives out a quantity of the air. This expulsion being due, not to mus-
cular action but to the clastic recoil of the muscles. By the ascent of the
diaphragm and the springing back of thc ribs to their normal position, the
cavity of the thorax is decrcased. The lungs, thercfore, during expiration
occupy a much smaller space than before during inspiration. This means
then, that their contained §ases must occupy a smaller space than they did
during inspiration.

Hence the pressure inside the lungs becomes greater than the pressure
of the external atmosphcre. The gas under this pressurc rushes out of the
lungs through the trachea in order that a state of equilibrium may be re-
gained. Inspiration, as we said before, is the result of muscular action;
whercas, expiration is a passive process, at lecast in the case of ordinary ex-
piration, being in the main the result of elastic recoil, this elastic recoil being
due to the lung tension and also to the tension of the costal cartilages, the
intercostal spaces and the abdominal walls. The elastic lungs and the ribs
as soon as the muscles of inspiration relax or let go their hold upon the
chest spring back to their original form and size. Ordinary expiration is
not, then, the result of muscular contraction. Some Physiologists hold that
the intercostal muscles, especially the internal, act as expiratory muscles by
depressing the ribs.  After normal expiration the lungs are in a condition
of elastic tension. When the muscles of inspiration cease to act, this tension
comes into operation. The borders of the costal cartilages which are
twisted upward and outward during inspiration, become during expiration
untwisted. The intercostal spaces which were stretched during inspiration
react and loose the distension during expiration. The diaphragm also re-
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laxes pressing back the abdominal walls into their place and pushing up
the diaphragm into its normal resting position. In addition to these influences
there is another influence, the weight of the chest wall, this weight of the
chest wall tending to return the chest to its normal position, It.js generally
supposed by Physiologists that the internal intercostal muscles contract during
expiration, acting the part, therefore, of depressors of the ribs.  This actiy-
ity, however, is probably to maintain the tension of the intercostal tissues,
not to depress the ribs.” When this expiration becomes forced certajn of
the muscles become active. The internal intercostals, for example, during
forced expiration are very active, at least when the lower portion of the
thoracic cavity becomes fixed, this fixation taking place through the action
of the abdominal muscles, The fixation is accon plished by the contraction
of these abdominal muscles pressing the abdominal viscera against the dia-
phragm, causing the diaphragm to be pushed upwards, diminishing the ver-
tical measurement of the thorax. The triangulares sternit lying behind
the costal cartilages reach upward and then outward from the lowerend of the
sternum, the deep surface of the ensiform cartilage and the cartilagesof two or
three of the lower sternal ribs to the lower and the deeper surfaces of the
cartilages of the 2d, 3d, 4th, sth and Gth ribbs, In this way we have the
depression of the cartilages during expiration,

The serratus posticus inferjor arising from the spines of the last two
dorsal and the upper two lumbar vertebrae, passcs outward, upward and for-
ward, being inscrted into the lower borders of the last four ribs.  During
expiration they pull the ribs downward and then backward., The levatores
ani come togcther from the pelvie wall forming the grcater part of the
muscular floor of the pelvic cavity and acting as a resistant to the down-
ward pressurc of the viscera produced by the strong contraction of the ab-
dominal muscles. The abdominal muscles assist in lessening the thoracic
cavity by presenting a solid foundation upon which the internal inter-costal
muscles act by pulling in the lower part of the sternum and the lower ribs,
and by causing ihe diaphragm to move upwards by the force of the ab-
dominal viscera,  As expiration becomes more foreed all the muscles which
can aid in depressing the ribs or which can assist in giving fixation to the
muscles, arc brought into play so that the entire body according to its
muscles and cartilages, is brought into action in forced expiration.

Associated  with these movements of the thoracic walls, which take
place in respiration, certain other muscular movements also take place.
The currents of ajr that pass in and pass out of the lungs travel through the
nasal cavity, more especially along the inferior nasal meatus. With each
inspiration there is slight expansion of the nostrils, due to the contraction
of the dilatores naris and in this way the entranee of air is assisted. By
passing through the hasal membrane warmth is imparted to the ajr and the
mouth is also protected from the dryness of the ajr, During expiration on
the other hand, the nasal cartilages spring back to their original size, their
normal form and position, aided by the compressores naris. The soft palate
is moved backward and forward by the current of ajr ingoing and outgoing
during inspiration. The glottis is wide open, while during expiration the
arytenoid cartilages approach each other and the cartilages of Santorinj
project inward. Thus simultaneously with the movements of the ala nasi
and the thoracic walls there js a widening and a narrowing of the glottis.
When this breathing becomes labored, the mouth is generally thrown open,
the soft palate arises under the influence of the levatores palati, the larynx

descending by the action of the sterno-hyoid and the sterno-thyroid muscles
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and the glottis is thrown widc open as the result of tge ?(l:t]'o:hc:f tchtcizonpogg
terior crico-arytenoid muscles, the naris being disten ?c by the 3 o of
the posterior and the anterior dilatores nars and thfi a ale'?rl(' lla-lsethe }fachl
levatores labii superiores alzque nasi the muscles supplied by E
nerve being brought into action in opening the mouth.
The muscles of respiration are as follows : ) o __—
First of all, the diaphragm. The diaphragm is the p}'mmpaldtl}spu;-
tory muscle. On the contraction of the diaphragm the Ccl‘ltl-al lgar]t ‘L:lcen“j
and it becomes less convex .abo\-c, increasing .thc diameter Ao. tn.' 'lort‘o‘-
and the depth of the posterior part of the cavity. The phrenic nerves
gether with the sympathetic fibers furnish the nervous (;Ol'll](:‘CFlOI:l.' o
© 2. The levatores costarum arise from the points of the transy crse pro-
cesses of the highest dorsal vertebrac and the sc\'cn.th Ccl“\'lf.‘,al, )pa;‘.s‘lclllg)
downward and outward they find insertion in the external ?'lllfa?(.’ oi 1(.
rib associated with the \'crltcbrae.. These muscles are rib clevators and are
s ic " the intercostal nerves. ) )
'\UPP"]AIL(!IJI){‘Q ti::crcostalcs externi. These pass between the ribs passing
do\vﬁ)ward and forward, extending from. the rib tubercles 'i.O t'hu'. lc.\x}cr'l)tall
cartilages.  These muscles are also rib clevators and arce pro uﬁg\\ll h
nerve conncections in the intercostal nerves.  The intercostales interni be-
tween the cartilages also assist in the cIC\"atlon of the 1'1b.5. . N b
4. The sterno-cleido-mastoids pass from the mastoid process to t](f,
sternum and the clavicle, assisting in the clevation of the upper pox‘tx?n. ol
the chest in deep inspiration.  These muscles are connected '\'\’l'th the spina
accessory nerve and one of the branches of the sccond cervical. .
5. The scaleni muscles assist in pulling up .thc first and SC(;OH(I '11 hs
under the fixation of the neck, being supplicd with nerve connection by the
rvice rves. )
oo Iéc.dl'll'lltc serrati postici superiores elevate the ribs in the upper part I;)f
the chest in forced inspiration, being supplied with nervous connection, by
e intercostal nerves.
the l'/l'].tu"lc‘ﬁc: pectorales majores and mi‘nores.. when the shouldcrs.are bﬁ'xtcl'_]d,
assist in elevating the ribs, being supplied with nervous connection y the
21l racic nerves. ) ]
anttg.or.'lt‘ll]l? ;lrcapezei muscles assist in .ﬁxing the shoulders, I)plng furx)nshefl
with nerves from the 3d and 4th cervical, and from the spinal accessory.
The rhomboidei muscles also assist in the fixation of the s.hc')uldcrs,‘fmml-n'g
the base for the action of the pectorales muscles, receiving their nerve
y s fr he sth cervical. ) ]
blan;.he?rfl:grenretcléges' spina are complex muscles re:}clymg‘along) t}l]?’Slt(!es
of the spinal column, straightening the spine and assisting in the lc)u-a‘lonl
of the sternum. They receive their nervous connection from the spina
en ;(S) The intercostales interni run downward and backward from ;’llJ‘ to
rib, acting as depressors of the ribs in cxpiration. These .mu‘scllcs being
chiefly used to preserve the intercostal pressure. The intercostal nerves
S muscles. ) .
911PP11¥" th’ﬁlee ?errati—postici inferiores arising from the spine, running qgt-
ward and upward, to be inserted into the lower edges of the last to.ur r; sf,
drawing the ribs downward and forward, and increasing the lower pafr. o
the chest cavity. These muscles are supplied with nervous connection from
> 7
the llnzt.erc'l?litea;gé(l;\tsisnales muscles press upon the abdomen, pushing upward
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the thoracic base and aiding in the expulsion of air from the lungs. These ounded through the bronchial tubes, no audible vocal sound being heard
. S C .

v muscles also assist in pulling down the ribs and contracting i - scti ith the lungs. By fluid effusion into the pleural cavity a
' thus alclmg in cxpiration. They are supplied with |1er\'r:)ﬁlsﬂ::$):lr::§t};;iglgn: n Cof?n?f,gf;’gl\;ound is hefrd over the middle and posterior part of the
the lower mtercpstal nerves. Y i pect lfu This sound is of a short tremulous and a sharp character, also pe-
13. The triangulares sterni draw downward the attached costal cartil- S th?'ra;..}.\.. metalic in its character, called zgophony.
agCs In expiration, these muscles being supplied with nervous connection b o <t la’]‘lic amount of air passing into and issuing from the lungs may be
means of the intercostal nerves, Y L measured by means of instruments, these instruments being call_ci% the Sflr‘
g . . ters. T inson spirometer is the best of them. is 1nstru-
SECTION IV.—Respzratory Movements. ' ome:‘-}_‘:-maazeo? ;llgf:hprinciplepof the gasometer for the purpose of storing
. From what has becn said it wil] be evident that each respiration con- men Casclla has invented an instrament on the principle of the anemome-
sists of, 1st, the period of inspiration. 2d. The period of expiration, and a aS'u':.cd for recording the velocity of wind by Meteorologists. Bergeon
3d. The shorg period of pause during which there is no movemcnt' In a terv] I:{’Htlls have also invented an instrument which they call anapnograph.
normal breathing ;he.respiratory movements follow each other ip rc;gular ?qmm[\-'l{lar plate forms one sidc of a rectangular box. It is connected by
Succesion, the expiration being longer than the inspiration. In certain cir- cans of a tube with the mouth attached to the axis of this plate, there is a
cumstances, as for example, ji the casc of the excitation of the vagi inspir- lm ht lever with the point which writcs upon the blackened paper surface
ation becomes two or three times longer than expiration.  This, however is lzc>:)\-c(l'bv clockwork. The air passes through the tube into the box and
an abnormal condition due to irritation.  The pause may be either long or nl)mcc. into contact with this valvular plate, the pressure changes being
short, the length of it depending largely upon two things, 1st of all, hahjt : frang{nitted to the valve and being recorded on blackened paper surface,
and zd, will. In quiet breathing the pause occupics about one fourth of the By the graduation of this instrument to suit small squares of blackened
; whole period of respiration, the pausc being shortencd if respiration is very * paper t;acings can be taken which represent not only the air pressure but a
! active and being inereased  during  sleep, unconsciousness and mental flsf, the amount of air that is inspired and expired and the velocity of the i
" abstraction. The T€Spiratory rate also depends upon difference in age air current.  The elastic lungs, even after a forced expiration, still contain "J“
position, Species, temperature, that is, internal temperature, the seasons of a quantity of air, this quantity of air being genecrally estimated about 100 ‘
the year the activity of the body and the digestive process. ' cucé;ic inches. This volume of air is called the residual air. At the end of !
In the normaladult the respirations number about 15 to 17 per minute an ordinary expiration the emptying of the lungs is not ncarly so complete, 3
thatlxs, about one respiration to four or five cardiac pulsations. These an additional 100 cubic inches still remaining in the lungs. This secor}d b
fespiratory movements are more frequent in the child and arce influenced 100 cubic inches is called the supplemental air, so that after a normal expir- 2l
largely by the movements of the body, exercise, cte. In old people the aver- atim{ 200 cubic inches of air remain in the lungs. The amount of air that is |
age rate of respiration may be found reduced to ten o eleven per minute taken in at cach ordinary inspiration measures about 30 cubic inches, this is D|
It 1s said by some Physiologists that the size of the body affects the rate of called the tidal air. By a deep inspiration the lungs may be made to con ol
respiration, the smalle_r the body the more frequent being the respiration tain an additional volume of air roughly represented by another 100 cubic E‘
In the male, and in children inspiration depends chiefly on the descent of inches, this last 100 cubic inches being called the complemental air. Hence Y
the diaphragm and the breathing is abdomjnal. In the mature female the the maximum capacity of the lungs may be estimated at 330 cubic inches, -
chest ¢apacity is increased transversely and antcro-posteriorly the breath- Of this volume of air—330 cubic inches—only 230 cubic inches can be
ng be',ng prncipally thoracic or costal, - ' expclléd by the most forcible expiration, following a very deep Inspiration.
Whe", the Inspirations are very deep, the distinction between the costal The term, vital capacity is applied to this maximum amount of air that can
and the d‘aphfaf\"ma!txc breathing disappears altogether.  During sleep, the be contained within the lungs. As a rule the vital capacity is greater in the
dli‘fercnqc of breathing in the sexes also disappears: the respirat?on during male than in the female, increasing up to 35 years of age and after that per-
sleep being entirely thoracic. By the use of the stethoscope in connection iod of life diminishing. It, also, increases normally with the height and the ;
with the larynx and the trachea, two sounds arc heard, the one inspiratory internal capaeity of the chest. FKach centimeter added to the height of the g
and the other cXpiratory.  These are called the laryngeal and the tracheal body representing about 52 cubic centimeters in the male and 30 cubic cen-
sounds which are Mharsh, articulate, the inspiration and the cxpiration being timeters in the female. In the normal male adult of about gft in height the .
) of equal length with a distinct interval between them. To the right or to vital capacity would be about 2,350 cubic centimeters and in a female of the !
the left of the manubrium of the sternum, similar sounds are heard. These same height, about 2,000 cubic centimeters. . i
sounds, however, are less intense and are called bronchial sounds. Over Various instruments have been invented for the purpose of recording '
the posterior tube of either lung, heard either from the back or from the the inspiratory and the expiratory movements. Marey’s stethograph is,
chest, we find Tespiratory murmurs, two low rustling sounds, the expiratory perhaps, the one that is most commonly used. The movements of inspira-
sound being % of the length of the inspiratory sound, with no interval be. tion and expiration are, 1st of all, communicated by a system of levers to a
tween the two These sounds are produced by the ajr passing through the tambour passed through a rubber tube to a second tambour, which has a
trachea the bronch}al tubes and the lungs. In abnormal conditions the ' lever to record the tracing on the kymograph. In the case of the costal
murmurs assume different forms, called rales or souffles. Listening to these ’ movements, the stethograph is always used. In the case of diaphragmatic
counds during speech produces certain. special forms, which are called pec- movements, a long instrument is passed through the walls of the abdomen,
toriloquy when the vojce sounds through the trachea, bronchophony when between the liver and the diaphragm, so that the one end which is flat or
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Spoon shaped, rests between the abdomen and the liver, the other end which
is pointed, rests upon the recording lever, while the walls of the abdomen
act as.a fulcrum to the lever. In this way the movements of the diaphragm
may be followed and traced out just as we found the tracing in connection
with the arterial pulseand the heart pulsations. It has been found by study-
ing these tracings Ist, that expiration succeeds inspiration without any

bause. 2nd, that expiration is longer than inspiration, except in abnormal con-

ditions. 3d. The in piratory movements are sudden and abrupt as com-
pared with the expiratory movements. 4th. There is an expiratory pause
at the close of the expiration, this expiratory pause being normally very
brief. These represent the four main points that now are settled in Physi-
ology by the use of these instrunients.” In certain discased conditions there
is an inspiratory pausc following the inspiration.  \Vhen the respirations
become abnormally irrcgular, then the pausc is increased, this applics to the
inspiratory pause, and also the expiratory pause. Some Physiologists have
tried to measure the forceofthe inspiratory muscles.  Thesc muscles require
to overcome both the thoracic and the pulmonary clasticity. Thesce resist-
ances may be measured by a tube with what is called the =T junction con-
nected with the short limb of the manometer, placed in the two nostrils, and
then making an inspiration. The mereury rises in the short limb represent-
ing the negative pressure, estimated as ranging from 1 to 3 mm. of mercury
in the normal case, and from 30 to 6o mm. in the case of forced inspiration.
In quict expiration a positive pressure is noticed, varying from 2 to 3 mm,
in the normal, and from about 80 to 120 mm. inforced expiration. By mak-
Ing an average we find that the inspiratory muscles need to overcomc a
resistance, amounting to 10 mm. in the normal, and about 80 mm. in forced
inspiration. During forced cXpiration there must be a force sufficiently
strong to overcome a resistance cqual to the positive respiratory pressure of
the lung minus the lung clasticity, or about 70 to 75 mm. of mercury. The
lung elasvicity may be measured also in normal respiration by the use of the
manometer, the estimates representing it being about 6 to § mm. of mercury
in normal respiration, and about 30 mm. of mercury in deep inspiration.

The lung contractility has also been mecasured by various Physiologists,
although the contractility of the lung is smaller because  the contractility
arises from the muscle fibers of the bronchi and therefore, generally plays
a very unimportant part in either inspiration or cxpiration. According to
the various methods that are used in registering the movements of inspira-
tion and expiration, tracings may be obtained slightly varying from one
another, all of them being more or less imperfect on account of the dif-
ficulty of inventing an ideal method.  Inspiration commences  suddenly,
advances rapidly, becoming gradually more rapid, being followed immedi-
ately by expiration, which begins rapidly and then gradually becomes
slower. In normal breathing hardly any pause exists, although there is a
slight pause whenever the respiration becomes unrhythmical. Marey's
pneumograph which js largely used in connection with these measurements
consists of a hollow elastic cylinder, the internal cavity being connected
with a tambour. The cylinder can be strapped around "the chest and so
adjusted as to indicate al] the movements.  On the expansion of the chest
the cylinder ends are drawn out and the air in the cavity becomes rarefied,
the lever which s attached to this cylinder being lowered, the lever being
raised when the opposite process takes Place. In the case of the stetho-
meter which consists of a rectangular framework made of two solid parallel
bars joined to a cross bar. The free ends of the bars are arranged, the one
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; ith a button attachment. The tambour car-
with a ttahrzbrx(;Eza?l})(}attl;eo?ti};:rmZmbrane, a small button. When the chest
e oxn is to bc measured by this stethometer, the Instrument s plaqed
dl-amc;ez:bout the chest, the button at the one end belqg placed on‘the spine
o olunh tambour on the sternum, the changes in the diameter causing vari-
anc ef‘thc ressure in the tambour receiver, these changes or variations
at'loqs‘?ure beI:Ding transmitted to the tambour re§:0|‘§ler and recqrdcgl by the
o pltjb:] lever, on the traveling surface. Inspiration and expiration vary,
rcfco.r. slai%l befoxlc with age and also with the sex of tbc md;wdual. the in-
;}s '\-\ct'on being b'ri'efcr in the case of the female and in chddrenl and o!d
hp-“al]~ Variations in inspiration and expiration are ;}lso.fgund in certain
'lrl‘;ﬁgrrt]']al diseased conditions. If the pneumogastric is divided or in, path-
(o]ooical conditions involving t‘hc stricture of the air passagles th.e e,\?ltréttlo.n
b xczmes shorter than the inspiration. In the case of. thedi atation of e.z.ur
\';sscls the expiration is longer. In thct new bIornthcehll;Lhtlll)tc rtahtil&? ci'fqililspllljz—

i iration is about I to 2 or 1 to 3. In 3 -
zﬁi:e?;lﬁagﬁfl;atgoénnormally. Inspiration is more abrupt and sudden th.?n
expiration, the tracings that we havf: mentioned indicating the ;‘apld. move-
n;ents of inspiration as compared with thq slower movcmean_t§ ot expiration.

The normal pause varies abnormally-m abnormal con Il)tlops, r?lp)rcsirlnlt-

ing either an inspiratory pause or an expiratory pause. u::'lmAg_ $ e(tfp e
normal rhythm of the periods, both of msplrlatlon lan (ixptléa ;o?t is
broken, particularly in the case of children a’nd. agec' Pf:op e. In TE' ad.cr
case this pause becomes sometimes characteristically .L,\pflra;or_\ . k ‘f;l t;]s_
turbance of the respiratory rhythm, is characteristic of what is calle the
Cheyne-Stokes breathing, in which we find respiratory mpvcciments ina
series, each series being separated from the next _pre;edmgf an ! next su?-
cceding series by a marked pause, The first respirations o gilch series fl.le
superficial, then the respirations gradually become deeper until t .leyhrearl: a
maximum, after that they gradually become more superficial Unf‘ll t’-c close
of the series. This series normally consists of from 20 to 30 tesglla]tlons.
This kind of breathing we find in connection with cerebral pathc;logxca con-
ditions, for example, uraemia or the toxic condition of the blood animg,;
from the accumulation of urea, and it indicates always the pcarfapprqac o
death. The same or similar disturbances of the periodicity o r(:_spqu.tory
movements are found in the last stages of asphyxia and in cases g pglsog-
ing by chloral or curare, and in certain stages of fevers caused by 1‘;"e ab-
sorption of septic substances. There is a marked variation in respl;utory
periods in the case of age, in the newborn child the average bem;f; about 45
per minute, ina youth of 15, about 20; at 30 years, about 18.§§3’5:I, rom 17}:?,
15; and in old age, from 11 to 10. The position of the body influences thg
pe;'iods also, the lying posture representing a slower respiratory .rate,’ the
sitting posture a more rapid rate, and the standing or walking atltltudc the
most rapid rate. During the night the respiratory rate is much ess rapid
than during the day,and during or after meals it is much mgI{'g raﬁld. MUSE
cular activity also increases the rapidity of respiration. wil e:: anges o
temperature outside the body have almost no effect, while t‘.m;?]erature
changes in the body affect very considerably the rate, as it rl;es in the case
of fevers very much like the pulse rate, the pulse rate and the lrespu'ztory
rate in abnormal as well as in norinal cond1t19n§ being in a regular an al-
most invariable ratio of 1:4 or 1:4%. Psyghxc influences also affect the re--
spiratory rate, mental excitement or volitional purpose exerting a strong
influence on its rapidity,

tig v Au.‘.._\n._;_ i eids

I

by




NG

-

IR . s s v as AT
- ..

7L W i

FL

120
RESPIRATORY MOVEMENTS,

SECTION V. —The Influence of Respiration on the Circulation.

The movements of respiration are accompanied by very characteristic
changes in the circulation, If the blood pressure is represented in a trac-
ing and also the pulse tracing, these movements can be noticed if side (bv
side we place a tracing of the inspiration and expiration. If the brain of a
living mammal is exposed by removing the skull there js noticed a rhythmic
pulsation of the cerebral mass quite different from the pulsation “of the
brain arteries. These pulsations of «the  cerebralmass  are simultane-
ous with the respiratory movements, the cerebral mass rising during expi-
ration and sinking or vielding during inspiration. If the arte‘rl}z:s
of the brain are ligatured thesc pulsations  will cease altogether,
or if the venous blood is allowed to escape from the venous sin-
uses they will also cease. These pulsations arise, thercfore, from the exp;.
rations and the inspirations that restrain or assist the blood flow from tEe
brain.  During Inspiration the pressure of the blood in the large veins may
be negative, that is, it may fall below the atmosphere,andthe pt;bncture of one
of these large blood vessels may result fatally on account of the inspiration
of air into the vessels, passing through the vessel into the heart. A venous
pulse may be observed in these large vessels of the neck, the pulsation
always accompanying expiration and inspiration. The expansion and the
contraction of the thorax have gz strong influence upon the blood flow

usually after a Pperiod equal to about two or three heart pulsations and it
attains its maximum after a short period following cxpiration. Aftyerwards
the blood pressure begins to fall, reaching its minimum after the commence-
ment of the succeeding inspiration. The pulse rate during inspiration is
more rapid than during expiration, and the curve represented in the tracing
1s different. Blood pressure changes, therefore, resuit from the respiratory
movements, the etfects upon the biood pressure varying according to the
character of th'e respiration, The lungs and the heart, as we said before
are suspended in an air-tight cavity, the thorax and lungs being distended
through inspiratory action, the walls of the air-cells in the lungs having an
elastic force depending upon the amount of the lung distension. This elas-
tic force which tends to lead to the lung collapse, exercises a suction force
upon the other organs inside the thoracic cavity. This negative pressure

becomes stronger’ as the lungs are more fully distended. This negative

This intrathoracic negative pressure in the casc of sheep, rabbits and dogs
1s said to amount to from 3 to 5 mm. of mercury, o
. The pressurc on the chest organs must have been atmospheric pressure
minus the negative pressure, and also, minuys the elastic force of the lungs—’
that is, 760 mm., minus 3, minus g, or about 748 mm. In normal expiration
there is a force pressing upon the chest, equal to the atmospheric pressure
together with the positive pressure of expiration, minus the intra-thoracic
negative pressure, that is, 760 mm. Plus 2 mm., minus 6 mm., amounting in
all to 756 mm. During respiration, therefore, the pressure upon all the
thoracic organs, except the lungs, is always less than that upon the vessels
outside the chest, that s, the pressure upon the organs in the thoracic cav-
ity other than the lungs, is always less than the atmosphere, the negative
Intrathoracic pressure being greater during inspiration. Thl.'lS, the aspira-
tory action of respiration attracts the blood from outside the thoracic cavity
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into the large vessels that lie inside the thoracic cavity, both during inspira-

tion and expiration, more largely however during inspiration. The thoracic
organs being suspended in an air-tight cavity. when the lungs are distended
during inspiration, and the intra-thoracic pressure is Increased, the heart
which is a hollow elastic muscle, is also affected by this pressure. The
cffects however, are very different, being more favorable to the venous blood
flow, and retarding the arterial blood flow. The chief influence, however, is
upon the flaccid and vielding vemns that lic close to the heart. If the chest
cavity is opened the inspiratory action ceases to cxpand the lungs, and there
is no distension of the heart or the large blood vessels.

If, however, in the living subject the trachea is compressed, the inspira-

tory action hbecomes greatest upon the heart, the highest influence upon the
circulation being noticeable in these circumstances, hence, it is said the
maximum influences of the respiratory movement is always upon the heart
or on the vessels close to the heart. This influence, as we have said, is felt
more upon the large vessels than upon the heart itsclf, on account of the
fact that the heart is a strong muscular substance, whereas, the vessels are
soft and yiclding. In the large vessels themselves this influcnce is felt more
upon the veins than upon the arteries, on account of the softer walls of the
veins and the thicker, more unyielding walls of the arteries. During inspir-
ation the pressure upon the aortic surface is less, the aorta being distended
and the blood flow through the aorta being lessened, producing a fall in the
blood pressure. The thick aortic walls will give way less to the distension
than the thinner vein walls, so that inspiration does not matcrially affect the
aorta and this effect is always counterbalanced by the distension of the large
veins, and by the rapid blood flow out of the veins into the heart. This
flow of blood from the lungs throws more blood into the heart, which passes
through the heart and is thrown into the aorta. Thus the greatest respira-
tory influence is felt, in the relaxed and relaxing walls of the large veins.
The lungs, the heart and the large vessels being suspended in the expandi-
ble cavity of the thorax in which they rest, the lungs communicate with the
atmosphere, and the heart and the vessels with the blood vessels outside the
thoracic cavity.

These are all subject to the influence of distension and contraction in
connection with the respiratory movements. In the case of the lungs them-
sclves, the blood vessels communicate with the external vessels, inspiration
diminishing the pressure on the delicatc walls of the pulmonary vessels
assisting the dietension of these vessels and promoting the blood flow from
the lungs to the left auricle without almost any appreciable effect in the pul-
ronary arteries. The minute capillaries on the aircell walls are also subject
to greater pressure than the pulmonary veins in inspiration, and thus the
flow of blood is stimulated. The thoracic aspiration may draw in air, this
air being carried to the right side of the heart and to the pulmonary capil-
laries. If the amount of air that is sucked in is large, it causes an obstruc-
tion in these minute capillaries, often resulting in death. During expiration
the negative pressure is lessened, the intra-thoracic vessels returning from
their dilated condition to a normal condition. The pulmonary blood ves-
scls are thus left free to relax and are also interpressed by the air pressure
of the lungs and by the expiratory influences, resulting in the contraction of
the pulmonary vessels. More blood is thus brought into the chest and also
into the heart during inspiration and the blood flow through the lungs is
more free, more blood finding its way to the left side of the heartand hence
into the general sytemic circulation. This increased blood supply causes
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cavity gradually increasing during the inspiratory period, ajr being breathed

the general blood pressure to rise during inspiration while it islessened dur-
i i into the lungs and blood being sucked into the large veins next the heart.

ing expiration. In deep inspiration the elastic action of the lungs and the

intra thoracic pressure become greatly increased; consequently the pressure : During expiration this negative pressure gradually diminishes, the ajr being
upon the organs inside the chest is much lower than the pressure of the o driven from the lungs and the blood being driven out of the distended veins
atmosphere. Forced expiration, on the other hand, produces a positive : into the heart. This blood flow into the chest during inspiration is assisted
pressure, often amounting to 100 mm which added to the atmospheric pres- ‘ by the distension of the capillaries of the lungs and by the difference in
sure would represent about 860 mm; the intra thoracic pressure being les- s pressure between the veins and arteries so that the blood circulation in the
sened we must substract it, leaving 834 as representing the pressure on the lungs is increased and the blood circulates with greater rapidity.
organs of the chest. In this case the veins are very much enlarged and the The aspiration of the thorax also assists indrawing the blood away from
blood is prevented from flowing into the heart, the veins presenting a char- the hiver,for when inspiration reduces the pressurc on theinferiorvena cava,
acteristic venous pulsation during forced inspiration and forced expiration. - the blood flow through the hepatic veins and the rather slow normal circu-
The blood flow to the right side of the heart is also assisted by the lation in the liver becomes gradually accelerated. Some Physiologists
action of the diaphragm and of the abdominal walls, transmitted to the . believe that the rhy thmical stimulation of the vaso-constrictor center in the
abdominal vesself. Arterial pressure tends to force the blood downward in medulla is influenced by respiratory actions. These rhythmical stimula-
the body and to restrain the blood flow from the heart, while the flow toward tions arc said to take place simultancously with the inspiratory action of
the heart in the venous-system is increased on account of this respiratory the respiratory center.  In the case of the human subject it is noticed that
movement. The arterial walls are so thick and so rigid that this influence ‘during inspiration the heart-beat increases, inspiration assisting, at lcast, in
does not materially affect the arterial blood flow, whereas, the venous walls this way in increasing the general blood pressure. During expiration the
i being so thin and yielding, it tends to facilitate the flow of the blood toward pulsc is less rapid than during inspiration. If the pneumogastric nerves be
D the heart. The result of this would be seen in the case of the section of the cut the pulse rate increases, but there ceases to be any difference in it dur-
foay phrenic nerves, producing diphragmatic paralysis, the blood pressure curves ing inspiration and expiration. If, however, the thorax be opened and the T
S in this case being very much lessened. This is due to the diminished respir- pneumogastrics left uncut there is still an increase in the rate during inspir- i
o atory actions which are confined to the ribs and to the sternum. and also to ; ation. Thus, the cardio-inhibitory center either increases in activity during -
T the loss of the pressure communicated from the diaphragm to the veins. expiration or else Joses activity during inspiration, the cardio-inhibitory K
The general effect, therefore, of inspiration, is to increase the blood v center and the respiratory center being associated in some way in their ;
pressure and the general effect of expiration is to decrease the blood pres- action. This sympathy between these two centers is supposed to depend 3
sure. The negative pressure in the thoracic,cavity found during inspiration upon the arterialization of the blood, the greater arterialization of in- -
gives place to a gradual lessening of the negative pressurc and to a diminu- spiration affecting the cardiac centers, lessening its activity: during inspira- 3
tion of aspira tion resulting from an intra-thoracic pressure below the atmos- tion and producing an increased pulse rate. Deficient arterialization of the >
phere. 'I%e flow of the blood is also lessened because a smaller volume of blood affects the vaso-motor system. By placing an animal under the 3
. blood passes through the large veins. The veins in the abdomen are now : influence of curare so as to remove the complications arising from the skel- 3
i - being refilled with blood and as the lungs contract, the vessels inside . the ctal muscle contractions, if both vagi are divided so as to check the inhibi- -
lungs also contract, retarding the blood flow from the right side of the tory impulses from the center, artificial respiration becomes suspended. {
heart through the pulmonary circulation to the left side of the heart. ] Following this there is noticable arise in the pressure due to the stimulation i
Hering has devised an instrument to illustrate the influence of the res- of the vaso-motor center by the venous blood flow producing constriction '
piratory movements on the circulation. There is a large conical chamber of the small arteries, especially those of the splanchnic region.  When the
representing the thorax, at the bottom of which there is a rubber represent- artificial respiration ceascs the blood pressure rises, at first, steadily and i
the diaphragm. At the top of the vessel there is a tube entering into the then more irregularly.  As the blood becomes more venous the vaso-motor ‘
chamber representing the trachea connected to the manometer from one centers and the heart become weakened. The blood pressure waves pro-
side. At each side is a vessel, one filled with water representing the venous duced during normal breathing become more marked as the respiratory
blood and the other empty, these two communicating by a tube with a long movements increase in depth. . When the most powerful inspiration is madc
soft bag between the tubing, which represents the heart, the heart valves : the lungs are fully expanded and the heart is also greatly distended,
being at each end of the bag representing thevalvesinthe heartat theorifices. i the intra-pulmonary and  the intra-cardiac vessels being also dilated.
In the cavity there are suspended from the tube representing the trachea, two Although this induces a large flow of blood into the chest cavity, the heart b
il

beats may be small, because the negative pressure is so great that the thin
walls of the auricles have to contend against a great pressure in contracting.

sacks representing the lungs. If the diaphragm is pulled down' from the
center the air in the chamber becomes rarefied, the air passing through the

trachea tube into the lung sacs; at the same time water is forced from the Only a small quantity of blood is thus forced into the general circulation

vessel on the one side with the heart sac which becomes dilated. The dia- and the Icft auricle of the heart through the lungs. If there is a very strong

phragm when released is pulled up partly by the negative pressure in the cxpiration, followed by a very powerful inspiration, the mouth and nostrils !
cavity and partly by the diaphragm elasticity. Then the rubber sacs are being closed, the heart and the vessels become greatly distended, the blood I
emptied by their own elastic reaction. The heart sac contracts, forcing the ‘ Furrent to the auricles and ventricles increases: the heart and lung vessels

fluid into the vessel on the other side, the flow being measured on the mano- become gorged, only a very small quantity of blood passes into the systemic

meter. During inspiration there is a negative pressure in the thoracic ¢irculation, and the heart sounds and Eu]se may disappear. 1If then a pow-
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1.26 * THE INFLUENCE OF RESPIRATION ON THE CIRCULATION.

MobiricaTions oF THE THE NORMAL RESPIRATORY MovEMENTS.—The

chief function of the thoracic expansion and contraction is to secure ade-
quate lung ventilation. There are subsidiary functions however, discharged
by these respiratory movements spoken of in Physiology as special respira-
tory actions. Some of these respiratory actions are volitional and some of
them are spasmodic. Respiration in man is used as a means to give vent to
the feelings and emotions. The volume of air expired from the chest is also
used to expel certain substances from the upper air passages in this way
providing for a clearing of these air passages so as to aid the normal respir-
ation. Hence, we find certain peculiar acts which are not peculiarly respir-
atory, although they assist in the general economy of nature. These actions
arc all reflex, the movements being determined by some form of stimula.
tion. 1st, couGHING. Coughing consists of a deep inspiration followed by
the partial closure of the glottis, and a sudden cxpiration during which the
glottis opens forcibly and a volume of ajr is forced through the upper respir-
atories, in some cases foreign substances being expelled also. Coughing
Tepresents not only an abnormal state of the respiratories, it may also indi-
cate an irritation of distant parts of the system, such as the stomach, liver,
spleen, uterus. These are sometimes called sympathetic coughs. Coughing
is either a reflex or a voluntary action. The afferent impulses are usually
carried by the superior laryngeal, as for example, in the case of an irritant
substance found in the larynx. Stimulation may also arise in connection
with the vagus branches tq the bronchial tubes and to the stomach. Stimu-
lation, also, of the sensory nerves of the skin may produce coughing, as in
the case of cold drafts of ajr, SNEEZING represents a deep inspiration fol-
lowed by a strong expiration. Thijs expiration being strongest in its passage
through the nasal cavity, the opcning from the pharynx into the mouth,
being closed by the contraction of the pillars of the fauces and the falling
of the soft palate. Sneezing is generally a reflex action, resulting from the
irritation or the stimulation of the nasal'branches of the fifth pair of cranial
nerves. In the case of sncezing produced by a brilliant light the optic nerve

is the afferent‘nerve.' When the act itselfis coming on, manifested as jt may
be by premonitary signs, it may be stopped by the firm pressure of the

ing. The mouth is opened and the muscles of expression give to the face
the facial characteristic expression.

In the case of crvING the movements of respiration are somewhat simi-
larly modified as in the case of laughing, modified, however, by certain mus-
cular movements. It s this that makes it so €asy 1o pass from laughing to
crying and from crying to laughing. There are differences however in the
rhythmical movements and also in the facial expressions. Accompanying
crying there is, of course, a secreting process which produces the tears and
also in laughing if laughing is carried to a large excess. In SOBRBING which
sometimes follows crying there is a series of convulsive inspirations, the
glottis being partially closes'so that little, if any, air Passcs into the chest
In sighing, on the other hand, there is a deep and long inspiration largely
through the nasal cavity followed by an expiration of shorter duration.
YAWNING is also a deep inspiration during which the mouth js opened, usu-
ally accompanied by muscular contraction of the shoulders and of the back

CHANGES IN THE AIR DURING RESPIRATION. 127

d by the lowering of the under jaw. These movements arce normally fol-
im\- «| by short cxpirations. In SNORING the mouth is opencd and air freely
c?l‘t;'inuf, passing in .and.pusAﬁing. out causing the palate and the 'll\'UlE‘l' It?
vibrate freely. Dunqg wspiration the sound lg very m;n'.kcz_! and it r_na)‘ 1(
abscnt during expiration. In GARGLING the thl.‘OFlt the liquid L:Sc:d is su.»:
tained buetween the palate and the tongue the air being forced through the
fluid producing the characteristic bubbling sound.

SECTION VI—Changcsin the Air During Respiration.

It is only in comparatively recent times that the necessity of fresh air
has been rch),(.{nized as one of thf: necessities of life.  Older writers did not
recognize the importanpe of respiration at all. It was supposed thaﬁ by the
inbreathing of air the air passed into the l.wai't’:tsclﬁ to cool the hcated con-
dition of the blood and to arouse the spirits.  The idea of cooling the blood
by respiration was the prevailing idea until the 17th ccntu]"y.' It was in tlk])e
17ih century that Malpighi discovercd the existence of the air cells in the
ungs. It was at this time that the air was _found to be necessary to !lfe
and that exchanges take place between the air and the blood. Following
this we find experiments that indicated the variation in the air- breathe:d as
a cause of life, muscular activity and healthy or abnormal life condltlops.
Following these was the discovery of carbonic acid and oxygen, the one
given off from the body and injurious to life, the other taken into the body
and beneficial to life. At this point the atmosphere was analyzed and found
to contain two constituent gases varying in bregthlng and produces varying
results when breathed. At the beginning of this century expired air was
found to have lost oxygen, to have gained carbon dioxide and aequeous
vapor, and to have become hotter, Many researches have been made wntl;
the subject of discovering the amounts of these .substa11cqs. The methoc
uscd has been to draw through a chamber in which an animal is placed a
continuous current of air whose amount and composition arc known.

If a certain quantity of air deprived of CO, consisting only of Oand N
passes through sucha chamber some O is consumed and some CO,. and aque-
ous vapor arc given off. If the air is pulled in through tubes containing
substances that will absorb CO, and the vapor is then the amount of CO,
and vapor will he represented by the increase in the weight of the contcn?s‘
of the tubes. By such experiments as_these various physiologists ha\<:
found that about 500 C. C. at 30 cubic inches of air are taken into the lungb\
at cach inspiration. If we calcul::te 15 to 17 respirations per Il‘lli;lu'tlt‘ tf;.lls:
will represent about 1,080,000 C. C.in 24 hours of air inspired. While t“(.
air is in the bronchial tubes the tidal air makes certain inter-changes with
the airinside these vessels.  In an ordinary inspiration 30 cubic inches or
500 C. C. of air rushes into the upper part of the pulmonary passages push-
g, as it were, before it the ajr already in the lungs which is called t_he
stationary amounting to about 200 or 300 cubic inches.  Diffusion now talkes
place between the new or tidal air and the stationary air, oxygen diffusing
from the former downward into the lotter while carbon dioxide  diffuses
from the Jatter to the former upward. At the ncxt expiration following the
inspiration 30 cubic inches or 500 C. C. of air is expelled. 170 C. C. of t.l?ls
is estimated as part of the air taken at the immediately preceeding Inspira-
tion, the remaining 330 C. C. heing vitated air returned from the ..lur)gs.
Hence, of the 500 C7C. taken into the respiratory traet bv an inspiration,
330 C. C remain in the pulmonary system gradually passing by diffusion
down to the air cells and reaching these in the time occupied by about five
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* inspired and cxpired air are mcasurcd' at thp same temperaturce, and at the
- same pressure, the volume of the cxpired air is shght}ylcss than the volume
" of the inspired air, the diminution in volume amounting to 1-40 or 1-50 of
the whole volume. This diminution is due to the fac@ that all the oxygen
taken in during inspiration does not appearin the expired air as C Oy, Some
of it having becn retained and entering into the formation of other combi-
nations within the body. It is cstimated by the ’Physiologists that from 8oo
to 2,000 grams of Hy O are given off by thé €Xpiration process in 24 hours.
It is belicved by Physiologists that the larger progortion of this comes from
the moist walls of the upper respiratories. This conclusion is reached from
the fact that dry air when it is inspired, becomes quickly moistened in pass-
ing through these respiratory passages.  This gives us these rcsults:. Ist,
that the air expired is saturaed with vapor, the amount of water which a
volume of gas can take up as aqueous vapor, dependmg on the tcmpcratlgrc.
The higher the temperature the larger the amount of aqueous vapor being
taken up. The expired air is then saturated with this aqueous vapor and
this saturation takes place, not in the lungs, but in the upper respiratories.
2nd.  The volume of expired air is smaller than the volume of inspired air
to the extent of about 1-40 or 1-50 of the volume of inspired air. It is esti-

inspirations.. In the cxpired air the first portions expelled are atmospheric
air while the portions of CO,and aqueoua vapor gradually increase in the
air that is expelled in the la.ter stages of expiration. The temperature of
expired air varies but it is usually slightly above that of the inspired air.
When the atmosphere is about 20°C the temperature of expired air in the
mouth is about 34°C and in the nose 35.5°C if the temperaturc of the air
sinks low, expired air falls slightly, for example, at 7°C the expired air is
about 29°C. If the air temperature is high the expired becomes cooler than
the inspired air, for example, at 40°C the expired air is 37°C. The expired
air usually follows the blood temperature depending on the relation of the
blood temperature to the atmosphere and the breathing rate, the change
taking place not in the lungs but in the upper respiratories.

The average composition of atmosphere is about as follows -

In 100 volumes we have OXygen 20.90, nitrogen 78.80, CO, .05, but, of
course, there is a percentage of vapor H 3 O about -85, There are also
slight quantities of nitric acid, carburretted hydrogen, ammonia, and also
organic and inorganic minute substa nces. The aqueous vapor depends on
the temperature, being higher with a higher temperaturc. The moisture,
like the heat, is imparted not in the lungs but in the upper respiratories.

] > - - o 5 1 3“\ !
H Respiration, therefore, is influenced by the air temperature and also by the mated that 700 grams' of o g:_n fou, ahbsonfedT}z]l;]dag(l)g ’gtmg]fb Co(f) Cl_(g"' ro. T
Al air pressure. When the temperature is high an air containing less oxygen weight are dlmmatec' n WGS %"60‘”_ OUFf- . s "lf , bfz' : Pt)h” i
e is breathed. 1In order to counterbalance this loss of oxygen the respira- sents 244 grams of carbon, and 65 grams of oxygen, so j e subtract this
tions become deeper and also more numerous, The difference between the from the 700 grams absorbed, we }~1ave‘ lle‘t 44 gralr_ns l‘?f C;{‘S) gf“’ dllsappceér'
o inspired and the expired air is an important element in connection with ing through the body. We must consider, accorc Ingly this fact that CO.

is not only eliminated from the body by the lungs, but also to a slight
extent through the skin, the estimate being that about 1-140 of the entire
volume of CO; eliminated from the body is eliminated through the skin.
These numbers, of course, are subject to wide variation, depending upon the
conditions of the individual, also upon the condition of the air that is

respiration.

(1). Inspiredair has O 20.81 per cent; in the expired air that amount of
oxygen is decreased to about 16.03. (2). The nitrogen is about 79.00 per
cent in the inspired air, increased to about 79.50 per cent in the expired air,

LS VR

(3). The CO, varies in the inspired air from .04 to 05. In the expired breathed o ;
2;;;E;nt(ﬁ':zs;;iizd4gi§ ﬁﬁe:hugiser?p:’;}atgﬁ' ﬁ‘t?levi’;;?rgtgﬁmti%lr?lj:g Foster states that in his own observation the CO, has varied from 636 5,
not only varies with the temperature but also according to the saturation to 1285 grams, and that the oxygen has varied from 594 to 1072 grams, these -

of the vapor with certain substances containing a quantity of organic mat-
ters which give the odor to the breath and some of which are poisonous.
(5). In the inspired air we find N Hg, the organic proportion varying with
situation, etc. An atmosphere containing one per cent of C O, is far less
hurtful in respiration than one containing the same portion of CO, added

variations depending largely upon nutrition. The amount of CO: that is
eliminated is increased by rapid and deep breathing. After a single breath
the air is poorerin oxygen and richer in the CO, ; hence, if the breath is
held for along time, there is a pause between the inspiration and the expir-
ation and the CO, is increased in the air that is expired. The relative pro-
portions of oxygen taken in and the CO; climinated vary in the proportions
between these being represented in what is called a respiratory quotient.
This respiratory quotient is found by dividing the variation in the CO, by
the variation in the oxygen, that is;‘ﬁg:.gm. Hence when a volume of
oxygenis lost we find this amount .gol of a volume of the CO; gained. This
variation is less during sleep. It is greater in middle age persons than in
young persons and in old persons.  Muscular activity and an increased .
amount of carkon in the diet will also increase the amount of COs excreted. !
The principles of ventilation demand a proportion of oxygen to CO, that is
the reason why the Physiologists have estimated this respiratory quotient
$0 as to have an adequate foundation for the principles of lung ventilation.
When a number of persons placed in alimited space with little or no vent)-
lation the oxygen is diminished and the CO, is increased also the aqucous
vapor and the organic substances arc increased. If an animal is placed in a
limited Space without any air renewal the ajr gradually loses its oxygen and
becomes more fully charged with CO, If the proportion of oxygen docs-

breath, for example, the air has more C Oq and less oxygen at the close than
at the beginning of the breath. Hence, if the breath is held for a long
time, that is, if we have a pause between inspiration an.| expiration the
amount of C O, is greater in the expired air. In the case of expired as
compared with inspired air we notice four or five different points.  First of
all, the expired air contains almost almost five per cent less of oxygen. 2d,
It contains 100 times more of the CO;. 3d. It contains about %% per cent
more of nitrogen. 4th. The expired air 1s generally hotter than the in-
spired air. The temperature of expired air is normally about 37°C. sth.
The expired air sometimcs contains ammonia, carburretted hydrogen, and
also the volatile gases. The volume of air expired at any one respiration is
the same normally as the volume that s inspired.

The volume of expired air however, may be slightly greater than the
volume of inspired air, but this is due to the expansion of the expired air
resulting from an increased temperature. If both volumes, the volume of
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not fall below 15 per cent the respiration remains normal. From 15 to 7z
bercent the respiration is liable to become labored, inspiration and expir-
ation. From 7 per cent to 4 per cent jt becomes very difficult. - If it falls
under four per cent it is liable to result in asphyxia. “When the body dics
the blood contains oxygen and this oxygen is absorbed into the tissues of
the body. The quickness of asphyxia proving fatal depends upon the
amount of oxygen in the limited spaee in which the animal lives. When an
animal, for example, is placed in a confined space the animal accommo-
dates itself to the limited amount of oxygen and it will live in an atmos-
Phere so saturated with CO, as to cause the immediate death of another
animal put in the same chamber. Claud Bernard, for. example, placed a
bird under a glass globe and a few hours later he put into the same globe
another bird; the second animal died in a few minutes in convulsions while
the first animal survived for several hours and continued to respire. In
addition to the absence of oxygen we must remember the presence of CO,.
Air that is suitable for breathing should not contain morc than .07 per
cent of CO,. Other gases are given out from the body which give to the
atmosphere what is commonly called the stuffy character arising from the
lack of ventilation. This vitiation is increased where coal oil or gas is used
causing the oxygen to be consumed and also filling the air with many the
dangerous products of combustion. Difference of opinion exists as to the
aature and action of the toxic substances in vitiated air, depending to some
extent upon the place, the persons and their circumstances, which are indi-
vidual to the person or to the place in which the person is found. In ad-
dition to the COq, expired air contains, as we have said, other substances
which render the air impurc. Small quantities of ammonia have been found
even in the air taken dircctly from the air passages. By condensing the
expired air into a cooling receiver the aqueous vapor has been found to con-
tain organic substances, which by the presence of micro-organisms from the
air inspired, causes organic decomposition. These substances in this con-
dition produce in part the odor of the breath. Some of these substances
are poisons, either on account of some poisonous substance directly in the
air expired or on account of the decomposition of organic matter. = Theex-
pircd air is sometimes found to contain ptomaines. The presence of these
poisous substances make the ajr very injurious to the system. This poison-
¢d air is due more to these substances than to the presence of COQO,, these
matters accompanying the CO, and being usually measured by the propor-
tion of CO, found. Hence, the problem of lung ventilation is not only one
of providing for sufficient fresh oxygen or that it be comparatively pure, but
also the providing air comparatively free from CO, and aecompanying or-
ganic substances which constitute ~ the impurities of the air for breathing
purposes.
The object of ventillation is not only to introduce fresh air, but to di-
lute the C O, so as to restore it to its normal condition. It is estimated

vidual gives off goo grams of C O, daily and that C O, is kept at the aver-
crage of .07 volumes per cent, 2,000 cubic feet of fresh air should be sup-
plied for each individual per hour.  Pure air contains 4-10 volume ina thou-
sand. If it contains one volume per thousand it is impure and gives off
an odor. In cases of muscular activity more than this would be required
on account of the increased elimination of CO.. When persons are limi-
ted to certain apartments every person should have a thousand cubic feet of
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2 - ould be at least 1-10 of this and fresh air should
Spa'cct' z([}fjict(-:hdL lfl(;o&rl;‘oo?zs&e case of large rooms where a number of per-
be in ret:t for example, lecture rooms, this renewal of air shou.ld be very
freq I;]nt "The lung capacity represents the total amount of air that can
fr:;cflcl:rccc'l into the lungs by the most forced inspiration. The bronchial ca-
]l;:lcity is the capacity of the bronchi and trachea, estimated about 814 cubic
inches. ) )
ity represents the amount of air that can be accommo
date?g‘r:etohlgr ;:ra;gaﬁ: a?;r Ii‘,)assages, the alveoli being smaller .dunglg texpl-
ration than during inspiration. During normal expiration it lsha ouThlzo
ibic inches, and during normal inspiration about 150 cubic inches. I esi
zcul'e distinguished from the vital capac1tyf“{hlch're?resents the quantity o
ir ired by the most powerful cxpira ion. )
! t}%lsecil::xlt;iellil}:ip()l;egf t};w lungs argﬁcially is of considerable importance.
The tracheais exposed and a tube inserted into it through which airis for::ed
periodically into the lungs by the use of bellows or the pump. So::nedmf ru-
ments not only cause air to be inspired but alternately to be pxplreTh rom
the lungs. The periodic inspiration is called positive ventillation. i e ex-
piration is called negative ventillation and the two processes alt?n‘w.til comr:
pound ventillation. In the human subject these methods are \?1%/ ange
ous as the continuance of pogiti}xlre venIt_llllitxondprsc)tigzstserce;‘g&;a d::(iirg:j,
fall of blood pressure and body heat. Ha an )171 d ter € described
the most commonly adopted methods. Hall's method is to pu 8 dp it
i ¢, supporting the chest upon a pillow, then turning the body gen
i);]ahiisttflaecbeyoﬂ% the %ide position then quickly turning the bo&y. on :ll:z
face, repeating this process about fiftecn times per minute. ‘alSI.lég t
body on the chest the air is expired ; when the body is raised on 1Fs side i:
air is inspired freely. At each turn of the body upon the face, plessuxebe_
brought to bear upon the bac}llc bbelgw the_shoulsl(ers'gleadezgixsrdpi;fgssrgesﬂ-
i efore turning the body again on its side. £ y
l\:.:egstreer?smpvlgi ?he patient isgplaced upon his back on a solid ﬂagllsurface wnt]ti
the head inclined slightly dowll;wal_lrd artlld tlhci: feebtl:gev:,ard%hi ptlo:gxf?l;ssgliin
ort being placed beneath the shoulder . €
;‘:lrl)lzd forwar%l l?eyond the lips and 1l{)y tth.e thﬁc_e o(f)siatr}oglas%iozar;%oizoutgccl
i longated tongue it is kept in this p .
;)t:liucert:{?s ?1%3; t?legarms aregseized just above the elbows, fmd are tl(ljen d_i_elllwg
gently above the head and kept in this position for zor3 chc})ln s.h : fir
the arms are turned and pressed closely against the sides of t e chest
two or three seconds. These movements are repeated about 15 times in a
minute until active jespiratory action takes place in the body.

SECTION, VII.--Changes in the Blood During Respiration.

i icle if is v . it is brought
s the blood leaves the right ventricle it is venous Wf‘len it is 0
backAt2> tthe left auricle it is arterial, of a bright scarlet cc3101_. | Thedqu'estlorsl
that arises, is : “What is the difference between arterial aél .\enm;_
blood ?” In passing through the pulmonary capillaries, that l]S, ¢ urmgripuht
monary respiration the blood changes from a dark purple to a b gIn
scarlet color. In other words it loses C O, and gains o:éyge'.; In
passing through the systemic capillaries in tne \'EI.I']OL]IS |ssue(.) B
the body, that is, during internal respiration, the re\(e::r(s)e }i;eﬁce
takes place, the blood loses its oxygen and gains y gk Lence,
the blood changes from a bright scarlet color to a ]a}r lipis pl)mt.
The exact nature of these changes in the pulmonary alveo
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132 CHANGES IN THE BLOOD DURING RESPIRATION.

casily determined. It would secem, however, that the pulmonary epithelium
does not perform any particular function of absorption or excrétion in this
process an(l'that'the interchange between the gases of the blood and the
gases contained in the pulmonary alveoli is determined simply by the law
ot partial pressure. Oxygen passes from the ajr cells into the blood be-
cause the tension of the oxygen in the former is greater than the tension in
the latter, that is, the. blood which reaches the lungs through the pulmonary
artery, while the tension of the C O, in the blood is greater than the ten.
sion of the gases in the air-cells. Oxygen is passing into the blood both in
!"spiration and expiration, especially during inspiration. C Oz is also escap-
ing from the blood in inspiration and in calm expiration, but not in deep
cXpiration.  The venous blood becomes arterial if it is cxposed to the at-
mosphere orif it 18 mixed with oxygen, whercas arterial blood will become
venous if it is kept in a closed vessel or subjected to a current of nitrogen
or of hydrogen. The chief difference therefore, between the venous blood
and the arterial blood is in the amount of oxygen and the amount of C O,
contained in cach. The other differences depend upon this main difference.
The c))rclmzu'y dIr pump is not sufficicnt to extract the gas from the blood.

Pfluger has invented a mercurial pump which is a convenient arrange-
ment for the extraction of the gases from the blood. This pump consists
of a long barometric tube, the upper part of it opening into a mercurial
globe with the upper end of which there are connected two tubes, -the one
tube vertical and the other tube horizontal—the vertical tube communica-
ting with the ajr and the horizontal tube opening into a glass receiver in
which the blood js placed. At the openings of these two tubes into the
globe there are siopcocks.

From the lower end of the baromctric tube a rubber tube passes into
another globe of larger capacity than the first globe: This larger globe may
be raised and lowered by means of a crank arrangement, the object of this
arrangement being to ‘extract the ajr out of the blood that is in the
recelver very rapidly.  After the air has been removed the blood is put into
the receiver,out of which the air has been removed. The blood gases under
a minimum pressure then escapes. These gases pass into the small globe
from which they are driven through the vertical tube and then gathered in
the graduated tubes. By means of this graduation the¢ amount of gas per
volume of blood is easily measured. The total amount of gas being found
the amount of each §as may be easily estimated by means of volumetric
analysis. The percentage of the gases obtained from the two kinds of blood
measured at O°C and 760 mm. of mercury barometric pressure are found to
be as follows:

In 100 volumes of blood.—1In the arterial blood we find 20 per cent of
OXygen, 39 to 40 per cent of CO, and 1 to 2 per cent of nitrogen. In the
venous blood, 8 to 12 per cent of oxygen, 46 per cent of CO, and 1 to 2 per
cent pf nitrogen. That is, the variation between the venous blood and the
arterial blood is wholly in the O and the CO,, the nitrogen is invariable.
This means that arterial blood as compared with venous blood contains from
8) to 12 per cent more of oxygen and about 6 per cent less of CO,. Some
1hysnolqusts say, 8 per cent less of CO, I the case of arterial blood there
Is very little variation throughout the artcrial system, while in the venous
blood differences occur according to the location of the blood vessels. For
c?fa}[np]e, venous blood from an active secretory gland is almost identical
l\:;ltgdhh; \:fléﬁf;)llll;l blood, while if the gland is inactive the blood is character-
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Lavoisier, found that respiration consisted of the combustion of carbon

and of hydrogen, the blood furnishing the combustion materials and the air

furnishing the oxygen. He admitted, however, that CO, is formed directly
in the lungs, or even in the blood vessels wherever the oxygen can come

* into contact with the carbon found in the blood. His successor, Lagrange,

believed that oxygen is dissolved in the blood combining with carbon and
hydrogen to form CO, and H,O. These are liberated, the CO, and H,O0—
in the lungs, but the CO, production does not depend upon the oxygen,
that is, the oxygen that is supplied by or in the lungs. If an animal, for
example, is placed in a chamber with nitrogen or hydrogen in place of the
atmosphere, the CO, is produced to the same extentas in the normal atmos-
phere. The CO, also is found in the body, this CO, bcing supposed by
some Physiologists to be stored in the capillaries, and from these capillaries
to be passed into the lungs.

Two theories of respiration have been advanced by Physiologists in
recent years, to account for the interchanges between the blood and the air.
Ist, the combustion theory. This theory ascribes to the process of combus-
tion in the lungs the production of the CO, and H.O aqueous vapor; and
2d, the secretory theory. This theory denies that there is any combustion
process in respiration, whereas, the oxygen becomes absorbed in the lungs
and then becomes diffused through the other tissues of the body, the CO,
being secreted in these, absorbed into the blood and then carried to the
lungs and given off in the expired air. Recent investigations in connection
with the gases of the blood and the temperature of the blood as found in
the right and left sides of the heart have given predominance to the last
theory which now prevails in the field of Physiology. The older Physiolo-
gists rejected the secretory theory on account of the fact that no proof
existed of free oxygen or free CO, in the blood, The same obstacles met
those who defended the secretory theory because if the process of inter-
change takes place in the blood then certain frce gases must be found in the
blood. And hence, so long as the gases of the blood remained unknown
the combustion theory prevailed. Priestly in the 17th eentury 1st empha-
sized the change in color of the blood as being due to oxygen from the air,
the blood becoming purple under the influence of CO,. Magnus in the
beginning of the 1gth century invented a mercurial air pump by the use of
which he could exhausta receiver so that introducing the blood into the
vacuum CO,, O and N. could be liberated from the blood. To him we are
indebted for our systematic knowledge of the gases of the blood and he is
really the founder of the secretory theory of respiration. Gaseous masses
unlike the solid and the fluid masses have no form hence gases are said to be
formless, These gaseous masses consist of a large number of molecules
always tending to separate from one another on account of mutual repul-
sions.  Hence, if two gases meet they will easily intermingle until an exact
quantity of cach gas enters into the combination, The molecular repulsion
15 called the gas pressure or the gas tension. The physical law bearing upon
gas is that the greater the molecules the greater the tension. Hence the
law of gases is that the pressure is in inverse proportion to the volume. If
two gases are suspended or separated from one another by a slight mem-
brane, they will mix, passing through the membrane with a speed in propor-
tion to the density of the gases. The fluids also absorb the gases. For
€xample, if some amonia gas is placed in contact with water, the water wl]l

rapidly absorb the amonia gas.
The higher the temperature of the water is raised, the fluid absorbs less
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of the gas, and when the fluid reaches boiling point no gas is absorbed, the
causc of this being that the Auid becomes gas.  The co-cfficient of absorp-
tion in the case of a fAuid for a gas is, according to Bunsen, the number rep-
resenting the gas volume reduced to 0°C and at 760 mm. Barometric pres-
surc taken up by onc volume of the fluid. The volume of gas, then, that s
absorbed does not depend upon the prassure but the weight of the gas ab-
sorbed rises and falls in proportion to the pressure. If an atmosphere
above a fluid consists of two or more gases, absorption will take place in
proportion to the pressure each gas would have if alone, in the place of the
mixed gases.  This pressure in the case of two or more gases is called the
Fartial pressurc of gas, according to Bunsen. The partial pressure, therc-
fore, depends upon the volume of each gasin the combination of gases.
Each gas forming an element in a mixture exerts a pressurc equal to its
Lroportion of the mixture, For example, atmospheric gas is under the
Lressure of 760 mm. In air we find 20 volumes percent of O, and N. 7g vol-
umes per cent; therefore, the partial pressure of O would be 760 times 20.81
divided by 100, this would cqual 158.16 mm. represent the partial pressure
of O. In'the same way, the partial pressure of N. would be 760 times 79
divided by 100 representing about 600.04 mm. of mcrcury.  The partial
pressure CO, would be found in the same way, 760 times .04 divided by 100
would give us about .304 as the partial pressure of CO,. If above a fluid
containing a gas like CO, there is another gas, say the atmospheric gas, as
COy is very small in the atmosphere, its tension is O, the CO, will escape
from the fluid until there is an equilibrium between  the CO, in the
fluid and in the air, that is. tjll CO, tension in the air is equal
to CO, tcnsion in the fluid. This tension of the gas represents
what we call partial pressure represented in mm. of mercury, a tension ex.
erted by the gas of the atmosphere when there is no diffrsion between the
gasinthe fluid and the gas in theatmosphere. By using these results in con-
nection with arterial and venous blood we find (1) that both kinds of blood
contain O, CO, and N. (2) the difference between arterial and venous blood
is in the amount of O and CO;, (3) the gases are dissolved in the blood so
that respiration is simply a process of ditfusion, CQ, passing out and O pas-
ing in according to the law of pressure. Three important elements enter
into the process of respiration, (1) the inspiratory and expiratory move-
ments causing a partial mixture of the air, {2) subsidiary movementssuch as
the heart pulsations and (3) the diffusion of O and CO, depending upon
the law of partial pressure.  The venous blood containing CQ, at blood
temperature and with a certain pressure enters the pulmonary capillaries
distributed over the walls of the alveoli in the lungs.” These air cells are
filled with air at a certain pressure and temperature.  If the pressure of CO,
in the blood is greater than that of CQ, in the air vescicles, CO, will pass
from the blood till cquilibrium is restored. Similarly if the pressure of O
in the blood is g. cater than that in the air cells O will be absorbed until
cquilibrium is produced. This is true if the gases are simply dissolved in
the blood. But the gases cxist, as Liebig pointed out, in the blood rather
in a statc of loose chemical combination, dissolution taking place by lessen-
ing the pressure in the vacuum or by other gases. Asa result, the amount
of oxygen absorbed does not vary exactly with the pressure but decreases
in the case of temperatures below the atmospheric pressure and increases in
Pressures above atmospheric pressure

This fact is proved by the observation that blood serum does not absorb
much more oxygen than does water, (blood at 30° C containing only 2 vol-
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the blood. In the same way CO, is in a state of loose chemical combina-
tion, only a small quantity being subject to the law of partial pressure.
This, of course, would be explained on the Secretory theory, that the pul-
monary membrane is actively engaged in the secretory process. The gases
of the blood, in this case, instead of existing in asimple solution, are largely
in comblpatlop with the blood so that jts escape from the blood is by a pro-
cess of dissociation, Berzeljus has shown that 100 volumes of water absorbed
at a given temperature and pressure three volumes of Oxygen. 100 volumes

co}oring matter of the blood is found to exist in two states, the differences
being represented by difference in color. These two states represent differ-

a small quantity of Q s absorbed according to the law of partial pressure,
the great massof oxygen being in combination with the haemoglobin. On the
other hand the CO, seems to be associated with some substances in the
blood plasma and that jts dissociation is connected with some substance in
the red corpuscles. _The haemoglobin when ;t is united with oxygen is
called Oxyhzmoglobin, Hamoglobin is an amorphous powder, or crystal
line, very soluble in water. Crystallized hamoglobin readily absorbs and
holds in combination a quantity of oxygen €qual to that found in a volume
of blood containing the same amount of hzmoglobin. Thjs gives us, then,
a special function for the red corpuscles of the blood in connection with
respiration.  The hamoglobin of the blood in the pulmonary artery absorbs

ciation and the dissociation taking place without destroying the hazmoglo-
bin. In regard to the CO, our knowledge is less definite. The greater part
of the CO, is found in the blood plasma. Defibrinated blood, for example,
yields only a little more CO. than the serum of the blood to the same
amount. - Blood serum in a vacuum yields about 30 volumes per cent of
CO, Ifa mineral organic acid is added to the serum the per cent wil] be
very small, amounting only to about 6 volumes per cent. Defibrinated blood,

on the other hand, will yield 40 volumes per cent of the CO, the yield of a

little more CO, from the same amount of defibrinated blood than in the case
of the blood serum, being supposed to be due to something in the def-
brinated blood which acts the part of an acid. There must be some chemi-
Cgl substances for the absorption of the CO, of the blood. Some Physiolo-
gists have suggested plasma albumin. As yet, however, this subject is not
tully Investigated by the Physiologists so that we can say definitely what
substa.nce causes or produces this absorption. In al] probability what takes
Place is as follows:
The air inspired is in some way separated in the air cells of the lungs,
the fine epithelial cells and the endothelial cells of the pulmonary capil-
laries from blood circulating in them. This interchange is through a fin¢
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porous membrane. The oxygen, as we have sai‘d, is loosely bound to the
hamoglobin of the corpuscles; hence, the law of diffusion applies only in so
far as it must pass into the plasma of the blood so as to reach the corpus-
cles. The corpuscles of the venous blood return from the tissues with
reduced haemoglobin. Oxygen enters the plasma from the air and the
haxmoglobin at once takes up a fresh supply of this oxygen. If the oxygen
were not loosly combined with the hamoglobin, the oxygen alone would be
absorbed, and the amount that is absorbed would depend upon barometric
pressure at the time, varying at different times with the variation in the
pressure, and only with the variation of the pressure. If this is true, such
variation would, materially, interfere with the conditions of health. This is
evident from the fact that in high altitudes as well as in deep mines, the
health of thn blood is not materially affected, although the pressure rises
and falls considerably for the oxygen cxists in a loose chemical combijna-
tion independent of the law of partial pressurc. In the case of CO; it is
found, as we have said before, almost exclusively in the blood plasma, a
small part of the CO, being absorbed, and a large part chemically bound
cither with sodium carbouate or with the acid of sodinm carbonate and
sodium phosphate. In the air CO, is found only in smzll traces. The air
of the lungs is never wholly expelled, somc of the air that is rich in the
il CO, always remaining in the lungs. Hence, the mixture of the inspired air
. with the air of the air vescicles makes the latter air rich in oxygen and poor
in the CO,,, although there is more CO. than in atmospheric air.

The pressure of CO, in the venous blood is found to be almost 50 per
cent more than that of the air cclls. CO, then passes fro.n the blood into

. bin is given up in the solution. If dilute acetic acid be then added
:lli?:n;(l)lgaln?inc rea%tion ispreduced, and if alcohol is then added to the solution
to the extent of one-fourth of the solution and if the.so]utlon be apart at
0O° C the hemoglobin in the solution will be crystalized. These crystals
bsing separated by the process of filtration. These crystals vary in the case
of the blood of different animals. These hzmoglobin crystals are said to
contain, for example, in the case of the dog’s blood of C 53.85, O 21.84, N.
16.17, H. 7.32,S. .39,and iron .43. Iron is found in small quantities and it
is a characteristic element of the hamoglobin. If these crystals are exam-
ined microscopically they are found to possess the bright scarlet hue of
arterial blood, in masses they are much darker. If these crystqls are placed
upon a slide with a few drops of distilled water the same arterial color may
still be observed. This same solution placed in fron} of the spectroscope _
absorbs some rays of light, two very marked absorption bands being observ- .
able. These absorption bands are characteristic marks in the identification ‘
of blood. The intensity of the bands depending upon the strength of the
crystaline solution. Under the micro-spectroscopt; the same marked ap{sea.r-
ances are presented by the crystals of hemoglobin. If these hamoglobin
crystals are placed in the mercurial pump vacuum there is a change in color
and the oxygen is driven off. This indicates that there are two volumes of
O in the hzzemoglobin, (1) the oxygen found in the molecular composition
of haemoglobin, and (2) a quantity loosely combined with hzmoglobin and
therefore easily dissociated under the influence of pressure. If this second
+ quantity of O is dissociated the change of color takes place, the crystals
being dark purple in the thick parts and greenish in the thinner parts at the
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. those air cells till equilibrium is attained. Before this is attained, however, marginal edges. In the case of a solution of hamoglobin we find the same H
expiration begins and cxpiration has driven out a portion of the air so that uagtities ofO‘which may be liberated by the low pressure of the air pump ;
the pressure of the CO, again becomes less than the blood. During expira- gr by passing through the solution a stream of hydrogen, resulting in the 4
tion and the pause following it, still further elimination of CO, takes place. chany eF:)of cogl:or from the bright scarlet to the deep purple. When this o
In expiration, thenall the air is not driven out of the lungs for if it was so reducged solution of hamoglobin is examined spectroscopically the two :
?heng_%fdxffusxon could take place during expiration and the pause following absorption bands formerly seen in the unreduced solution give place to a 3
it, Diffusion could only be possible during inspiration. The separation of single absorption band wider and more faint in color, the single band lying 2

the CO, in this case from the pulmonary blood would be incomplete,
changes being found only in the rapidity of the process which would mater-
ially interfere with the respiratory changes in connection with the blood
necessary to carry on the normal process of respiration.

Having discussed thesc changes that take place in connection with the

gases of the blood it is necessary now to inquire what are the causes of the

about midway between the two bands of the unreduced solution. If this
hzemoglobin solution which has been deprived of all the loosely combined
O is exposed to theatmosphere, O is at once absorbed. The amount 'of O
absorbed if there is an atmosphere filled with O amounts to the full combi-
nation in the hzmoglobin as found in the blood, each gram of hzmoglobin
absorbing 1.59 of O." If the full complement is taken up the hzmoglobin
changes from the dark purple color to the bright scarlet hue. In these
changes we have from the standpoint of physiological physics the explana-
tion in part at least of the changes taking place in the blood in connection ’
with respiration and an explanation of these changes of color in venous and HHIg
arterial blood. When the venous blood leaves the right ventricle there is il
too small a proportion of heemoglobin for the red corpuscles. Hence the ,
dark color of the blood. In ordinary venous blood when examined after
dilution under the spectroscope the two characteristic absorption bands are
observed. The hzmoglobin is only partly reduced in this condition, there
being a quantity of loosly combined O. Thevenous blood only loses this
O after death resulting from asphyxia when the venous blood becomes
characteristically venous, the hzmoglobin being reduced and exhibiting the
one broad absorption band instead of the two. When the venous blood
goes through the lung capillaries it takes up O from the air, the red corpus-
cles being oxyhamoglobinized, that is, almost completely saturated with the

we have said, does not follow the physical law of simple absorption on the
basis of pressure. It is suggested, as we have said, that oxygen is in combi-
nation with some substance 1n the blood, which retains its association when
pressure is lowered until a certain point is reached, when dissociation takes
place, no appreciable dissociation taking place till this point is reached.

hemoglobin of the red corpuscles. Haemoglobin when dissociated from
other substances is an amorphous powder or a crystal in solution. The pe-
culiar relation between the hazmoglobin and the stroma in the normal blood
prevents the hzemoglobin from being dissolved in the serum. In order to
get the hemoglobin this relation between the stroma and hazmoglobin must
be broken. By the addition of distilled water or ether, or chloroform, the
blood will be rendered lakey. By the removal of the alkaline serum thc
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" The CO, does not depend upon the law of pressure,
- dissolved in the blood; it is in association
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of oxyhaemoglobin to the arterial blood its bright scarlet color. The CO,

in the blood depends upon other circumstances not so clearly understood.
and it is not simply

with some substances and can
only be liberated by dissocation. It seems to be more largely in the blood
plasma than in association with the red corpuscles. If blood serum be
passed through the mercurial pump, a large proportion of CO, is given off.
This is called the loose CO,. If an acid is used, an additional quantity of
CO, will be given off from the solution called fixed CO, If a volume of
blood is passed through the mercurial pump all the CO, will be given off,
indicating tha. all the CO, in the blood normally is in loose combination,
loosely associated with some substance in the blood plasma, the substance
itself being unknown.

In the case of O we find not only the haemoglobin in individual mole-
cules, but collected in masses and bound up in the corpuscles. The hacmo-
globin is separated from the air in the alveoli by the plasma and the mem-
brane of the capillary and alveolar walls, corpuscle being separated from
corpuscle, and therefore the haemoglobin in each corpuscle is separated by a
plasma layer through which the O must pass in order to reach the haemo-

lobin.
g Each corpuscle occupies a certain area in the plasma, the pressure of
the air in the alveoli and in the plasmic solution, and the amount of O in
the hamoglobin determing the interchange between the air and the blood.
The plasma acts very much like the water solution in regard to the absorp-
tion and elimination of O, the membrane of the capillary and alveoli wall be-
ing kept moistened by the lymph so that the living membrane under the
influence of moisture assists in the gaseous diffusion. Under the influence of a
reduced pressure arterial blood ceases to take up O. This point in the
reduction of pressure is represented as below the 300 mm barometric pres-
sure mark, that is, when the reduction of O in the atmosphere amounts to
more than one half, atmospheric pressure being 760 mm B. M. If the O of
the air is gradually reduced after the O falls below 10 per cent of the atmos-

here dyspnoea follows;hence, it is said that at 1 7,000 feet above the normal
evel of the atmosphere, the atmospheric pressure is reduced to about 300
mm and the partial oxygen pressure is such that venous blood is unable to
take up oxygen sufficient to convert it into arterial blood, resulting in con-
siderable difficulty in breathing,

In the case of CO, it would seem that thereis a diffusion from the blood
in the minute capillaries surrounding the alveoli into the air in the alveoli.
In order to this the pressure in the pulmonary artery must be always greater
than the pressure in the pulmonary vein. The alveolar pressure of CO, is
very difficult to estimate because the CO, comes from the blood into the
alveoli. The experiments seem to indicate that the passage of the CO,
from the blood into the alveoli takes place by diffusion. If a catheter sur-
rounded by a small sac is injected into the bronchus of a dog so that by
inflating the sac the bronchus can be occluded, in this way the entrance of
fresh air can be stopped while a sample of the air in this portion of the
lungcan be taken out by the catheter and analyzed to discover the amount of
CO. In this way it is found that the physical loss of diffusion explains the
passage of CO, from the pulmonary capiilaries into the pulmonary alveoli.
In the mixing of air in the lung, the first force brought into play is the prin-
ciple of diffusion depending upon the partial pressure at the different points
on the respiratory system. The differences in the partial pressure depend
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upon the estimates we have already given. Knowing the composition of
the mixed gases the partial pressure s easily estimated, each gas constitut-
ing an element of the combination exerting a partial pressure equivalent to
its proportion of the combination. The first part of air expired contains a
large proportion of inspired air and a small amount of air found in the
respiratory passages preceding inspiration.

s the process of inspiration advances, more of the vitiated air comes

from the lower respiratories, and less of the inspired air enters into the
combination, the last of the expired air being almost wholly air from the
lung alveoli. O is constantly being diffuscd from the upper respiratories
to the smaller air passages and the alveoli, in other words from greater
pressure to lesser pressure. Equilibrium cannot be established because
freshly inspired air is constantly entering and after entering the lungs js
constantly passing into the blogd. The CO,is also constantly being dif-
fused under the influence of pressure, the CO, passing from the blood to
the alveoli, i‘ncreasing the volume of CO, in the lungs and causing the pas-
sage from greater pressure to lesser pressure, the CO, being diffused from
the lungs outwards. Secondly, the mixture of air in the lungs takes place
under the influence of the tidal waves of inspiration and expiration, an air,
force pressure which causes partial diffusion of the gases. In the upper
respiratories there is ljttle difference between the gases in the air
and the gases in the respiratories. At each respiration a fresh volume of
air is introduced and about 3-5 of this volume is carried to the lungs while
during expiration a similar volume of vitiated ajr passes from the lungs
into the upper respiratorics. In this way there is a tidal current that assists
in promoting the diffusion of the gases. Thirdly, the cardiac pulsations
exert a similar influence. At each heart beat there is set up a movement of
“the gases which tends to promote diffusion. This [orce plays a very im-
portant part in the continuation of respiration during suspended animation
and.in the casc of the hybernating animals. Thus, it is impossible to ac-
count for the diffusion of the gases on the principles of diffusion alone.
Physical and mechanical forces diffuse the O to the plasma where it comes
into association with haemoglobin. On chemical principles the union of O
and heamoglobin takes pPlace at a low pressure. In addition to this the
tissues of the luugs act as a secretory membrane, thus assisting in the pro-
cess of diffusion. This is equally true of O and CO, although the evidence
in favor of it so far is not entirely conclusive,

SECTION VIII—The Respiratory Changes in Connection with, the Tissues

‘Vhat takes place in the pulmonary capillaries in connection with the
air cells also happens in connection with the systemic capillaries, the fluid
transuding through the capillary walls and bathing thc entire tissues, the O
passing into this fluid and also, of course, collecting the CO, from the tis-
sues and passing this into the blood. The only difference in connection
with the tissues is that the comparative tension or pressure of the O and the
CO, within the vessels and without the vessels in the tissues is found to be
just the reversc of those found in conneetion with the lungs; the tension of
the gases in the fluid being greater than the tension of the gases in the tis-
sues. The tension of the O in the tissues is extremely low for this gas, that
is the O, does not remain free in the tissues, but the O at once enters into
combination with the tissue element and with some substance or substances
found in connection with those tissues becoming a part of the tissue sub-

‘stance itself. Hence, the tension of the O in the blood is much greater

ANGES IN CONNECTION WITH THE TISSUES. .
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than the tension of the O in the tissues and this gas, therefore, freely es-
capes from the blood into the tissues. During the active contraction of the
muscle, the protoplasmic substance passes through rapid decomposition
changes, including the formation of CO,, _On the other hand, the tension of
CO:; in the tissues is greater than the tension of the CO, in the arterial
blood. Consequently CO; passes from the tissues into the blood changing
the bluod from a bright scarlet to a venous color or a deep purple. The
pressure of the CO, in the lymph is also less than the pressure of the CO,
in the venous blood. It seems difficult to understand that this is so, hoxv
the venous blood can absorb the CO.. The lyt_nph, hoyvcver, has mpdlﬁed
its pressure by contact with artenal blqod, I)otb in th_e tissues and in the
lymphatics. The pressure of the CO, in the tissues is estimated at 45 mm.
and the pressure of the CO. in the venous blood is estimated at 41 mm. of
mercury. The CO, that is thus set free is then absorbed by the blood
loosely combining with the carbonates and phosphates found in the blood.
The blood thus represents the medium of respiration containing within it
the gases in solution. This has an important bearing upon breathing in
conncction with the tissues. It was first found that the tissues of the body
as well as the fluids and the skin took up O and gave out the CO,. Liebig
was the first to point out that fresh muscle used up O and gave out CO,
depending, to a large extent, upon the blood supply found in the muscles.
This was followed by thc observation of other Physiologists who found that
the contraction of muscles used up a large’amoung of O and climinated a
larger amount of CQ, than the muscles which are inactive. .Muscle is thus
found to possess a great absorption power for the O. In this way we find
that the entire body takes part in respirationand not as was at first supposed
simply the respiratory system. The O is breathed in, not only through the
regular respiratory system, but also in connection with the skin; the (.,Og‘ is
eliminated in the same way. The O breathed into the body by respiration
is breathed into the tissues. This respiration is subsidiary, and yetit ias an
important bearing upon the respiration of certain animals especially when
these animals are placed in certain media. Respiration thus, prescnts many
interesting features aside from the question of the simple introduction of
air into the lungs. The question of the proportion of O absorbed to the
CO; produced requires to be solved. 1In the case of the human subject the
respiratory quotient is found as we have said, by diviling the variation of
the COs by the variation in the O, giving us a respiratory quotient of .87
varying to .75. This variation of the respiratory quotient in _connection
with the tissues depends upon the nature of the diet, depending largely
upon the amount of carbohydrate substance found in the food. In the case
of animals that are deprived of food, the respiratory quotient is represented
as .75, indicating that the combustio.i takes Place at the expense of the
body substance in the case of a starving animal. The respiratory activity
varies in the different animals, the gencral rule being that the smaller the
animal, the higher the degree of its respiration.  This, however_, isonly true
to a limited extent. For example, a small singing canary requires 12 or 13
times as much O as a common fowl. In the case of a frog, it can live in an
atmosphere containing one 150th part of the O necessary for the life of the
canary. The fishes, like the frogs require only a very small quantity of O,
the gases of the sea water being found in very small quantities. By a sys-
tem of storage however, these animals—the ﬁshes—c'an extract from the
water the O and thus provide for themselvas, a sufficient supply of O for a
considerable period of time.
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1;2, THE RESPIRATORY CHANGES IN CONNECTION WITH THE TISSUES.

The importance of tissue respiration is evident from the fact _that the

chief chemical changes of the body take place in connection with those

tissues. The same is true of the decomposition changes which result in the

formation of the CO;. The tissues have a strong affinity for O so that a

very low pressure is sufficient for the absorption of a large proportion of

the O. The tissues from this standpoint represent an aggragation of cells,

each cell absorbing O and excreting CO,. The cell activity depends upon

the amount of O that is absorbed and the degree of oxidation in connection

with the O absorption. Experiments have been made by Physiologists in

connection with the different tissues of the body. For example, it is found

that 100 grams at a temperatnre of 38°C, give the following results in con-
nection with the different parts of the body. In ordinary muscles 23 C. C.

in heart muscles 21 C. C., 1n the brain 12 C. C,, in the liver and kidney 10C.

C., in the spleen 8 C. C. and in the lungs 724 C. C. 1In the case of all these

tissues, CO, is formed directly in proportion to the volume of O absorbed.

The blood of the body as it circulates, carries the O to the tissuesand italso

discharges the function of disintegration and oxidation. 100 grams of blood

for example, at 38°C absorb 8-10 of one cubic centimeter of O and pro-

duced the same volume of CO,. Inaddition to this the blood bears partially

oxidized substances from the tissues to the lungs. In the caseof the muscles,
whenresting at normal temperature, the O absorbed is largerthan the CO, el-
iminated, while, during the activity of muscles, more COs is produced than
the amount of O that is absorbe 1. This, however, 1s not fully tested as yet.
The question now arises, “How do these processes take place and where
does this process take place, in the blood, or does it takc place in the tis-
sues?” There are certain oxidizable substances in the blood and the blood
has has a power of oxidation but when the blood js taken from the body
this power of oxidation is found to be very small. We must take into ac-
count this fact, that this may be due to a certain extent to the fact of the
removal of the blood from the body. In the case of the muscle of the frog,
for example, extirpated from the body no free O is found by subjecting the
muscle to the mercurial air pump; while resting muscle produces O and
also CO., even when no O can be obtained from the outside of the muscles.
O is necessary for the maintenance of life and also for the maintenance of
muscle irritability, although it is not necessary for the manifestation of that
irritability. As we find, muscles will continue to exhibit irritability in an
atmosphere charged with H or with N. Muscle, therefore, must have the
power of absorbing O and also the power of storing O in its substance, so
that the O thus stored can be used when required in the oxidation processes.
At the same time there is a constant oxidation process going on in which
case this stored up O supplies the necessary materials for the oxidation pro-
cess. Muscles, like other body substances, are constantly passing through
two changes, these being represented by the anabolic process and the kat-
abolic process. During these processes the O is combined in some way
with carbon. In what way this combination takes place in the muscular
metabolism is not known, but that it does take place is well known.

As the presence of O in the muscles has nothing to do with the inter-
change, there must be a constant passage of O from the blood to the tis-
sues, or from the red corpuscles through the plasma, the capillary walls of
the lymph to the tissues. As the CO, is produced, CO. pressure or tension
will force theCO, from the muscles through the lymph spaces, through the
lymph, through the capillary walls into the blood plasma. Thus there is
constantly going on, a double interchange between the blood and the tis-

\
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sues. In all the other body tissues, similar interchanges are found to take
place, free O being absent from the tissues, the lymph and the plasma
whereas,CO, is present in abundance, in the tissues, in the lymph and in thé
blood plasma. "Thus we conclude that when the O is carricd to the tissues
by the arterial blood, the pressure of the blood drives it into the tissues all
the O thus passed into the tissues being stored away in some way in con-
nection with the tissues, the combination being so stable that no free O ex-
ists in the tissues. In the same way by the continued activity of the
muscles,CO; is produced, and this vnder the high pressure found in the tis.
sues, 15 passed into the blood so that the venous blood with a high pressure
of CO; passes out of the tissues into the venous circulation and finally into
the lungs.

A subsidiary form of respiration is found to take place through the
skin. In the case of the frog, for example, the skin, is the principal organ

case of the frog covering the skin over with an oily or greasy substance to
prevent this cutaneous respiratiou than by compreésing or ligaturing the
trachae. By the extirpation of the frog’s lung it is found that the amount
of O absorbed, apcl the amount of CO, eliminated does not diminish atall or
only to a very slight extent.  In the human subject, on the other hand, the
skin is only in a very subsidiary scnse, an organ of respiration, the amount
of air, as we said before, being about one I40th part of the entjre volume of
air absorbed in the form of O and excreted in the form of CO,. The ratio
representing the relation of lung absorption or elimination to skin absorp-
tion or elimination is placed as follo ws- In the case of O'itis 1 to 100 or
200; in the case of CO, it is 1 to 250, giving normally about I-1s0th | or a
little morc; in the case of cutaneous respiration the moisture of the skin
freely assists the respiration and also the higher temperature of the external
atmosphere.

SECTION IX — Abnormal Respiration.

Pure air at the ordinary pressure and with the ordinary composition is
necessary to normal respiration.  In order to estimate the abnormal con-
ditions of respiration it 1s necessary that we know the normal conditions and
the normal quantities of gases used in respiration. The average quantity of
O absorbed daily by an average adult is estimated about 700 grams varying
up to1100. Ofthe CQ, it is estimated that in 24 hours an adult exhales
from 700 to 1300 grams, the average being about 900. The amount of CO,
however, exhaled depends upon the number of circumstances. 1st. It de-
pends upon the number and the depth of the respirations. The amount of

0, IS increased by increasing the number of respirations and also by in-
creasing the depth of the respirations. Normal breathing expires 4.38 per
cent at each expiration. 1In deep and slow expiration, on the other hand,
this is increased to’s per cent. 2d. The amount of the CO; depends upon
the extent of the pause. In the case of a single expiration as the expira-
tion advances the amount of COg increases. If the pause is lessened more
COs is exhaled as the process of eliminating CO, from the blood goes on
during the whole period of respiration including the pause. Thus, by
lengthening the pause the amount of CQ, accumulating in the lungs is in-
creased, causing the expired air to be much richer in the CO,. 3d. A
number of minor causes also influence the amount of COs. For example,
Increased muscular activity increases the production of CO§ . An increase
also in the body temperature increases the amout of CO; and vice versa.
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The kind of food taken also affects the amount an increase, for example, in
the carbon from the use of carbohydrates and vegetables increasing the pro-
duction of CO,. 4th. A number of circumstances tend to lessen the pro-
duction of CO,. During sleep, for example, CO, is lessened sometimes to
a consideration extent. The deprivation of food has alsoa similar effect,
the diminution reaching a minimum. The rapid lowering of atmospheric
pressure produces in the lung capillaries an air bubble condition resulting
in the diminution of CO, and very soon in fatal results. The body mechan-
ism is designed to work under a normal pressure, varying from 760 mm. B,
M. to about 500 mm. This represents an altitude of from sea level to 6000
or 7000 feet above the sea level. If there is any great change either of in-
crease or decrease in the pressure it affects the entrance of O and the exit
of the CO, and it also affects the process of the body, both chemical and
physical. If an animal is placed in an air in which the pressure is greatly
diminished as for example. in an air receiver out of which the air has been
exausted, convulsions follow the gas freed from the blood inside the ves-
sels, obstructing the circulation and also interfering with the cardiac move-
ment. In fact any sudden lowering of pressure completely unbalances the
entire vascular and respiratory systems. This unbalancing causes the feel-
ing of distress that is associated with sudden change of pressure. This pro-
duces, in the case of the sudden lowering of pressure, the conditions which
differ from asphyxia, namely muscular debility and paraly.is due to the lack
of nervous stimulation. In the case of the increase of atmospheric pressure
where the increase is above a certain point the signs are a sleepy condition
or an unconscious feeling similar to that which is produced in the case, for
example, of narcotic poisoning due to the depression of the system. When
the pressure rises to 15 atmospheres of air in this case we have 3 atmos-
pheres of O, we will find convulsions and asphyxia taking place “identical
with the results found in connection with deficiency of O, the CO; produc-
tion being decreased correspondingly and death resulting from asphyxia.
Expired air always contains slightly more N than inspired air, the N.being
derived not only from the air that is inspired but also from the nitrogenous
matters used as food, about 7 to 8 grams of N being eliminated from the
system in 24 hours. In the case of HoO it is estimated that about 300
grams are excreted from the lungs daily, this being takcn from the blood

somewhat, according to the character of the air inspired, the depth of the
respiration and also the duration of the respiratory period.

The respiratory mechanism can adapt itself to abnormal conditions
within certain limifs. Certain gases modify the respiratory actions and in
some cases, suspend respiration altogether. Nitrogen or hydrogen may be
breathed without any dangerous results i f a sufficient amount of O is pres-
ent. Pure nitrogen and hydrogen when breathed quickly, prove fatal for
lack of 0. They may be inhaled without dangerous results if they contain
12 or 13 percent of O. Such gases as hydrocloric acid, sulphurous nitric
acid and ammonia gas cannot be inspired because they result in spasmo dic
closure of the glottis, producing at the same time irritation of the respira-
tories. Other gases like carbonic acid, carbonic oxide, sulphurretted ~ hy-
drogen, etc., enter into the lungs and produces dangerous results from in-
terference with the normal respiration or have some poisonous effect on the
blood of the tissues. Inspiration of pure CO, results fatally in a very short
time but 25 to 30 per cent in the ajr does not prove fatal if not continued
for more than a few minutes. Carbon monoxide is a very dangerous and

duce intoxication.. This
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hibit the respiratory center by depressing it and so preventing the respira-
tory center from acting. ) .

Apnea may result from inflation of the lungs with air, pure O of
pure H, the pause representitg the only difference between these, being
shortest when pure H and longest when pure O is used. If the vagi nerves
be cut and the lungs be inflated with H, no apnoea results. During the
deglutition process respiration is arrested but this takes place by the inhibj-
tion of the centers, the inhibition originating in the terminals of the glosso-
pharyngeal fibres. Apnoea may therefore be caused by mechanical action
or by gaseous stimulation. In the latter case the apnoea is due to the ex.-
cessive amount of O stored up in the lung alveoli; in the formercaseitis due
to inhibition of the respiratory center, the inhibition being aroused in the
vagus nerves and resulting in the arrest of the repiratory impulses. Both
of these causes may be combined in the production of apnoca.  If the act
is voluntary, the breath may be held for a considerable time, especially if
the act of holding the breath is preceded by a number of deep respirations,
In this case the probability is that the nervous impulses are sent down from
the higher psychic centers inhibiting the action of the respiratory center.

The will, however, cannot destroy the respiratory impulses because the
will or the psychic influences from the psychic center cannot restrain those
impulses which proceed from the respiratory center without destroying the
respiratory activity. When the will js checked for a time the power of the
respiratory center, the inhibition is then withdrawn, the respiration becomes
normal. This inhibition may take place, either voluntarily or involuntarily
indicating that the will has very little controle of respiration. This is
shown from the fact that a number of deep respirations must necessarily
precede even this brief stoppage of respiration.” It cannot at once take
place, that is, the will cannot suspend respiration without certain physical
conditions being fullfilled, preparatory to the exercise of the will. = This is
sometimes spoken of as a brief conscious apnoea.

A pathological apnoea we have already described in connection with
the Cheyne-Stokcs breathing. The movements of respiration in this form
of breathing gradually diminish in rapidity and also in extent until the res-
piration ceases during the apnoeic pause. These respiration representing a
series representing successive rcspirations, diminishing both in extent and
in intensity. This apnoeic pause in the Cheyne-Stokes breathing is altern-
ative by dyspnoeic respirations, this dyspnoea respiration constituting the
series of breathings or respirations. This form of breathing is explained by
some Physiologists as due to malnutrition of the respiratory center, the

due to the inhibitory impulses. These inhibitory impulses arise from the
higher centers or possibly are due to cardio-inhibitory action as this form of
breathing is always associated with fatty degeneration of the heart. In
kyperpnoea we find increased activity in the respiratory center. It is called
thermopolypnoca. The increase of the respiratory activity is due to the
direct stimulation of the respiratory center, either through a rise in the
blood temperature or reflexly due to stimulation of some of the sensory
fibers found in connection with the surface of the body, arising, for example,
from an increase in the external temperature. When the body becomes
abnormally heated by the presence, for example, of the body in a medium
of hot air, the respiration becomes faster. This hyperpnoeic condition is
Peculiarly characteristic of heat dyspnoea, even when the blood becomes

- frequent and the inspirotions are very strong. In the case of an
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. . - f of
peroxygenated. No apnoea results. This forms an additional proo
{lh)e ?Agfzﬁat the apnoea is not produced by an excessive supply of O.
Dyspnoea is difficulty of breathing. It'is generally found accompanied
slow and forced respirations. There are different forms, however, of

gys noea. From some cause or other sufficient O does not enter into the
b{ogd or the blood becomes unduly venous on account of the excess‘of

: ce, the respiratory center is strongly stimulated and_ violent in-
ga(i)rzal,:igﬁg, followed %y vio{ent expirations, take place. This_ dyshpnoelc
breathing is quicker and deeper, the venosity of the blood arousing t e‘r;ts-
piratory centers so that respiration becomes violent, resulting in the ag.t:vn y
of all the muscles of respiration and almost all the muscles of the body.

There is a form oy dyspnoea due to the existance of certain substances
in the blood, these substances being derived from the muscles during active
muscular operation. Dyspnoea may result either from a deficiency of O or
from an excess of CO, or we may find both of these conditions combmm%
together in the production of dyspnoea. In the case of the conﬁnemenf of
an animal in a limited space where the O supply is limited or when t'h‘c lau
in such a limited spacc is saturated with H, in this case dyspnoea results,
even when the CO, in the blood is less than normal. It may result alslc_:
from breathing an air containing a large quantity of CO,, even althou% n
more than the regular quantity of O is present and even, although, the
blood contains less than the normal quantity of CO,. For example, if a
person is forced to breath an air containing 10 per cent of CO,, dyspnoea
results although there is sufficient O present both in the blood and” in the
air. If an animal breathes pure N the result is, that the respirations be:]:ﬁnnﬁ

a
breathing an air laden with CO, the respirations become slower and the_\;
are marked by strong expirations. This marked increase in the depth o
respirations is due, not only to direct action upon the respiratory center
but also and especially to the reflex actions upon the center conveyed
through the scnsory fibers of the large bronchi. Hence, the depth of res-
piration in connection with the inhalation of excessive CO, arises from the
stimulation of the sensory fibers of the bronchial mucuous membrane. In
the case of the inhalation of air deficient in O the exhalation of CO,is not

ffected at all. ' o
: cIt is marked, however, by increased blqod pressure. This increased
blood pressure continues for a considerable time before death takes place;
death being preceded in this case by certain disturbances in the motor activ-
ity such as we do not find in the case of death, resultihg from the inhalation
of air excessively charged with CO, . The‘dlfferencq then, between the
inhalation of air excessively laden with CO, and air deficient in O is
explained in connection with the blood. The blood that is deficient in O
influences the inspiratory center, whereas the blood that contains an excess
of CO, affects the expiratory center. During the contraction of the muscles
certain substances are formed, which pass into tpe blood, and gopsequently
affect the respiratory center. Accompanying this muscular activity there is
an increase in the respiratory activity, and in the case of strong muscular
action dyspnoea, more or less marked results. These prod_ucts of muscular
activity, pass into the blood and the blood then acts as a stimulant upon the
respiratory center. These substances are not known, although propably
they are of an acid nature and are broken up in the blood, being carried
through the system in the circulation. If the blood that flows to the brain
is higher in temperature than the normal temperature of the blood, for
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example, if the blood of the caroted artery is heated artificially above the
normal temperature, this will produce dyspnoea. In fact, anything that
weakens the circulation, or diminishes the amount of haemoglobin found jp
the blood will cause dyspnoea,

If, for example the carotid and intervertebrate arteries are ligatured
thus cutting off the blood supply to the medulla dyspncea results, the blood
in the medulla region being excessively charged with CO, and deficient in 0.
This accounts for the fact that people who are affected with heart trouble
or suffering from an@mia become dyspnceic with the least over exertion, In
the same way anything that tends to prevent the interchange of O and the
excretion of CO, assists if it does not produce dyspncea. Hence, pneu
monic persons and those who are affected with lung tuberculosis are subject
to dyspncea on very slight exertion; Dyspncea is characterized in general
by an increase in the frequency and in the depth of the respiratory move-
ments, hence, the ordinary muscles of respiration, the diaphragm and inter-
costals, especially tee external intercostals are assisted by the scaleni and
by the serrati postici muscles, The ribs become elevated and depressed
forcefully and the larnyx that normally isresting is forced up and forced
down with considerable force; Hence, dyspncea may be caused in the fol-
lowing ways: 1st of all, by a puncture opening into the pleural cavity thus
obstructing thc lung distension. 2d. By an excessive hemorrhage the
blood loss in this case affecting the ordinary activity of the respiratory cen-

in active operation. This takes place, for example, if the valves of the heart
are in a diseased condition or by an interference with the circulation of the
blood in the carotid or in the juglar veins. 4th. Anything that prevents
the normal passage of air to and from the lungs, as for example, in the case
of partial strangulation. sth. Congested conditions of the lungs. This
condition lessens the respiratory surface, in that case preventing accumula
tion of O and thus interfering with the respiratory actlvity,
Aspuyxia.—This literally means without pulse, but Physiologically it is
applied to that state to that-state in which there js a cessation of the re-

by the ‘deprivation of air; for cxample, by placing an animal in a limited
Space so as to lead to the increase of CO; in the blood, cutting off the
supply of O. Asphyxia may take place suddenly, as, for example, in the
case of the complete blocking of the trachea, or it may take place gradually,
as in the case where you have only the partial blocking of the trachia and
other cases. In any case, whether the asphyxia is sudden or gradual, it is
divided into three stages. 1. During the first stage we find difficulty of
breathing, The respirations in this case are rapid, irregular and very soon
become deep and labored, representing a condition of hyerpnocea. Asphyxia,
we will find, is a combination, hyperpncea and abnormal conditions “that
we find in connection with respiration. The muscles of respiration,

tion contract very powerfully at intervals. After a brief space this inter-
mittent contraction Passes to the muscles of the lower part of the body,
chiefly the flexor muscles. Through out the first period of asphyxia the O
is exhausted, the blood becomes venous and the respiratory centers are sub-
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ject to stimulation by the velocity of the blood, chiefly the inspil;;ltory part.
efcthe center giving respirations of increaesd frequency and dleat irator
o 2d Stage. The violent convulsions give place to deep and slow expl ator 3
ments, the dyspnoea giving place, as we have said, to the dcqnvq Nto .
: ?gzeimpira'tory center ceases to be affected to any great fxtefuttahn ;Esggz.tog
k, whereas, the expiratory part o e pira
O ey woned ing i intermittent expirations,
' i d, resulting in very strong in .
. center is strongly moved,  Intermittent cxpirations,
: irati low and also deep. This 2d. stag .
e e imucs for abont ane v ing both of these periods the blood
i bout one minute. During both o p ]
g o et Iting i discoloration of the skin and also
3 ting in the blue discolor:
becomes deficient in O resu 1 ron of the skin and also
i lips and gums. The blood has .
the blue discoloration of the I . Dload b PO
ing i timulation of the cardio-inhibitory >
O et aetion 1n e i ibly diminished. The respiratory
‘ ’s action in contraction to be sensibly dim: -
g:zte?: ai‘;t :he medulla are excited and in the latter part oftt!nts :ec:;(i.es;tagaeuast
i i ‘ i he vaso-constricto: -
he spinal cord is also strongly excited, t ) onst
;gzstc;n:ragtion in the capillaries and also producing a rise in the pressure of
the bglgo%tage: During this period general exhaus}ion fgllow;s, . rfs;lt{]tiia%nti;-
. inspi les 4t first act weakly and only inte tly,
e ety es gt ional spasmodic contractions, resulting
while the expiratory muscles give occasional sp e e tremmition hevome g
i Isions. In the same way the musclqs of the ex ne sp:
io(:ioigzl‘;ysconvulsive in their movements, chiefly the extensor muscles; gasping
i iated with sharp, short respirations. .
bemgrﬁisgﬁ;ns of the eye fhen become dilated,d the lids of tl;let ﬁyer d&)ezo; C::ilgzz
i isappears and the re :
when the eye balls are touched, consciousness di ars and { ¢ actions
S i les of respiration, become
cease, The muscles, partlcularly.the musc Sp Traihe
i i tose condition. Afterwards the body
the convulsions give place to a quiet coma the body
the head and the body trunk.
becomes arched backwards especially : € g e
iti i hed, the nostrils being expan
lower extremities become stiff and stretched, S . redd
i d the right ventricle are dila
the heart paralyzed. The right auricle an ' v o on
; while the cardiac muscular tissue
account of the free flow of venous blopd,» w. t ;
i t ceases to beat, the pulse
nfeebled, loose and flaccid. Finally the hear S
gggiaeof be felt a’nd the respiratory c:ente{‘.\il bel‘l:ome cl;)mplet:lyC 3;&213::%0 'g:;i
i inutes. e lLieart, however, 1 .
iy Rt o Fme after tt i tions have ceased. Ifartifical
ly for some time after the respiratory actio :
::%f:teizg is induced before the cessatlor} of tl_le heart !aeeaé, thIef r:sg;;;f;:){a);
tions revived.
ovements may be restored and the other func . 1
:ineath results fx%m the obstruction of the trachea, the three periods tarse Sﬁma:-
what shortened, the whole asphyxia period lasting about 5l mllnu end. it
phyxia comes on gradually, then the death takqs ;zlace very slowly a
ithout any disturbance of the motor activity. .
resul{nv?lge case o¥ death by drowning, the complete sulgmersmfn of thse eggg(yi
for a very few minutes results fatally, deat'h rei}ﬂtmgl??sletgor g?ininﬁi (.Sl:ll tpto ted
iration or from the failure of the hea}rt s action, 1
?i:frgl;?:;:s who have been submerged in water then to revive those ;vhtlaa llxlavi?
become weakened simply on account of the lack of O. It is said bfy t ﬁeve nfl?: -
ologists that resuscitation is impossible after complete submersion for ve min-
utes. Newly born children are able to sustain life longer in thebcla‘::)e;1 b,
mersion than adults. After death, on examining the body, the

i i F ight side of the
lood is almost black, the auricle and the ventricle on the rig
llt)le:or(ti l::dnt]l(:)e lungs together with the veins being gorged w.nth. bl%od, “::lcl)er:?li
the al"teries are almost, if not entirely empty of blood. ‘This is due

to be very dark, particularly in the lung capillaries. In some cases the venous.
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forcing of the blood into the venous circulation by the elasticity of the large
arterial vessels.

During the rst and 2d periods the pressure of the blood increases, the
smaller vesgalg contracting, this contraction being due to the stimulation of the
vaso-motor center in the medulla, increasing the strength of peripheral resist-
enze. The heart’s action becomes stronger for a short time,. although the heart

the left ventricle, diminishing the peripheral resistance which results in a large
fall in the arterial pressure and in the complete collapse of the system. These
changes result mainly from the deficiency of O in the blood. With an increase
in the velocity of the blood, the respiration becomes more frequent and greater
in force, the expiratory action predominating over the inspiratory action, under
the influence of the muscles that are brought into play, all the muscles of the
body in this case being broughc into active operation. These expiratory move-
ments merge into the expiratory convulsions due to the excitation of the
medullary center by the venous blood. If the spinal cord is divided below the
medulla these convulsions do not appear. If the brain above the medulla is
removed, these convulsion reactions still continue, indicating—what we will find
later—that the Tespiratory center is in the medulla, This center is sometimes
called the center of convulsion,or convulsive reactions, Although, the question
of its independent existence is a matter of dispute. Some have indentified this
convulsive center with the expiratory part of the respiratory center. If there
is an independent convulsive center it must be in close relation with the main
respiratory center because there is a close connection between the expiratory
movements of respiration and the convulsive reaction. If the blood vessels
supplying the brain are ligatured the same convulsions may be noticed, the
centers of nervous activity in the medulla becoming asphyxiated through lack
of blood containing the 0. If there is a large loss of blood by hemorrhage, the
same results may be noticed. These rasults are due to the stimulation arising
from the deficiency of blood. During the last stage of the convulsions we find
that these convulsions give place after the exhaustion of the nervous system to
a calm and quiet condition, being interrupted at varving intervals by the inspir-
atory gasps. These inspiratory gasps mark the near approach of death. These
inspiratory gasps also represent the gathering force of the inspiratory part of
the respiratory center, until the center becomes entirely exhausted and all
activity ceases in death.
A SECTION X —The 1 nnervation of Respiration.

" Pulmonary respiration we have said is carried on by means of the action of
a number of muscles, some of which are in positions widely separated from
each other, but all of which act together in a co-ordinate manner. If the inter-
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forced contraction of the muscles, otherwise the respiratory action would be
impeded . All this co-ordination of action is accomplished by co-ordinating

" above the medulla in which the psychic centess are located. These muscular

actions are all controlled by a nerve center situated in the posterior part of the
floor of the fourth veniricle. If one phrenic nerve is divided the diaphragm
upon that side ceases to move although respiration is not suspended. If the
other phrenic is divided the whole diaphiagm ceases to move and breathing in
the thorax becomes very difficult. If one of the intercostal nerves is divided
the intercostal muscles cease to act, corresponding with the nerve cut. If the
spinal cord is cut below the origin of the roots of the phrenic nerves the respir-
ation in the thorax ceases and the diaphragm still acts, the breathing being
more rapid. If the cord, however, is divided just below the medulla all respir-
atory movement ceases in the thorax, the nasal portion and the glottis still con-
tinue toact. If the facial and the glosso-pharyngeal nerves be then divided
these movements also cease Thus we have the proof of the co-ordination of
action in the production of the respiratory movements, different parts of the
nervous system under the direction of the center in the medulla co-ordinating
the different parts of the respiratory mechanism. The complexity of the cen-
ter is manifest for in ordinary inspiration we find a number of complex co-ordi-
nating impulses followed by a number of complex co-ordinating impulses in
expiration. Even when respiration becomes forced the co-ordination of the
ordinary and forced respiration is complete. Even in dyspnoea and asphyxia
the co-ordination is not lost until the whole body is thrown into convulsions,

motor nerves. This is evident from the fact that in young animals after the
medulla is removed respiration may be kept up artificially. ‘T'his indicates that
the entire nerve cell mechanism of the spinal cord plays an important part in
the co-ordination of the impulses. In addition to this great center, other cen-
ters of lesser importance have been spoken of in connection with the spinal
cord, these being called subordinate centers. In connection with the respira-
tory center there are also certain nerves that bear the impulses to and away
from the centers,

INNERVATION OF RESPIRATION.

. The respiratory centers (see the brain) except the medulla, may be re-
moved and yet the respiratory movements will continue normally. If, how-
ever, the lower part of the brain is destroyed the rhythm cases. Respiration
continues normally after the section of the spinal cord below the beginning of
the phrenic nerve. Flourens by such experiments as these has concluded that
the center of respiration is in the medulla, at the lower extremity of what is
called the V in the medulla the calamus scriptorius in the gray matter on the

- floor of the 4th ventricle. He found that by destroying that - part, respiration’

Was entirely arrested and death resulted in a very short time. On account of
this he located the respiratory center in a region, 5 mm. in diameter between
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the nuclei of the vagus nerves and the spinal accessory nerves. The destruc.

tion of this portion of the brain was found to result fatally, and hence, it was

called by Flourens a vital knot, noeud vital. Later researches have somewhat
modified this conclusion of Flourens. It has been found, for example, that
the area of the Flourens vital knot consists not of a center but rather of groups
of nerve fibers arising from the roots of the vagi, the spinal accessory, the tri-
geminai and the glosso-pharyngeal nerves, these forming nerve paths rather
than a center, It has been shown by some recent Physiologists that the re.
moval of this vital knot does not of necessity prove fatal and later it has been
found that respiration is not suspended, either by the section of the spinal cord
below the medulla or by the division of the medulla just below the calamus
scriptorius. The stimulation of the vital knot does not excite the respiratory
activity but simply influences the characteristic tomicity of the diaphragm,
Without locating or attempting to 1ocate exactly the center of respiration, most
recent Physiologists have concluded that there is a center of respiration, some
were in the lower part of the medulla. This center consists of two parts, one
part on each side of the median line, the two parts being closely connected
together by means of commissures. These two parts of the respiratory center
act simultaneously and yet their action is independent, having connections with
the lungs and with the respiratory muscles on the two sides. If the median
line is divided the two parts will continue to act simultaneously, whereas if the
part on the one side of the median line is destroyed, suspension follows in the
case of respiration on that side ot the median line, If, on the other hand,
after the division of the median line, one of the vagi is also divided, no im.
pulses reach the center on that side from the lungs, producing the slowing of
the action of the muscles of Tespiration and increasing the strength of the in-
spirations. If, on the other hand, the median line is left intact, stimulation of
one of the vagi affects both sides and stimulation of the central end of one of
the cut vagi teunds to increase the activity of both sides. If the vagi are di-
vided and the stimulation is applied to one of the vagi, high up in the neck,
the respirations may cease altogether on that side if the stimulation is strong.
From this it is concluded that the two parts on either side of the median line
connected with the respiratory center act together as a single center while eacl
part has the power of acting independently. * Each central part is supposed to
consist of two parts, the one on inspiratory center controling the inspiratory
muscles, and the other an expiratory center controling the expiratory muscles,
If stimulation is brought to bear on the inspiratory center the inspiratory mus-
cles contract and if the excitation is strong enough the inspirations are spas-
modically arrested. Marckwold by the use of electric stimulation in the case
of the medulla proved that the expiration or the inspiration depended upon the
intensity of the stimulation, the period of the respiratory circle during which
the stimulation was applied and the position in which he placed the electrodes.
The motions were produced by excitation of the different or the sensory fibers
indicating that they were reflex in their action so that hy electrical stimulation
a purely artifical respiration can be produced. Under this electrical stimula-
tion he found that the expiratory center was more difficult to call into activity
than the inspiratory center. This connection is of such a nature as to give to
the center of inspiration an accelerator action and to the expiratory center an
inhibitory action. In the case of the stimulation of both inspiratory and ex-
piratory centers the accelerator action overbears the inhibitory action, giving
to the whols respiratory center a prevailing accelerator activity because the ac.
celerator activity because the accelerator element seems to be more powerful
and mrore easily excited.
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oontinues. ‘These Tespiratory actions however take the form of spasms, indi-
cating that the respiratory center in the medulla can produce automatically
spasmodic activity. The efferent impulses, therefore influence reflexly the
norpal respiration.

Some writers claim that there is a respiratory center, or centers in the
spinal cord acting automatically and also by reflex action from the peripheral.
Other Physiologists have claimed that higher centers exist in the upper part of
the brain. One has been located, for example, in the prominence of the grey

- matter of the brain between the optic tracts and the corpora albicantia , the

tuber cinereum associated with violent respirations upon stimulation. “Phis has
been called a polypnoeic center. Upon the stimulation of this center respira-
tion becomes very rapid. If a rabbit, for example, is placed in a high exter-
nal atmosphere, respiration becomes very quick. If this part of the brain the
tuber cinerium is extirpated these increased respiration are eitLer arrested alto-
gether, or the respirations become much slower. Auother center has been
located by some Physiologists in two anterior bodies of the corpora quadri-
gemina, associated with expiration and inhibitory action. An inspiratory cen-
ter is also claimed in the posterior bodies of the corpora quadrigemina. “This
portion acting as an Inspiratory and accelerator center. Another center is

and if excited by strong stimulation, particularly mechanical stimulation
arresting the inspiration altogether. There can be, however, no satisfactor):
Teason to establish any of these as true centers. Even if these are centers it is
pos_stble. that they are entirely subordinate to the main center in the medulla
these stimulations passing downward to the true center. ’

In order to establish any of these as independent centers it would have to
be proved that the injury or removal ot these centers would result in stopping
or modifying respiration and also that there are nerves connected with the

Cause. But the respirations in such cases are irregular and rather spasms than
Iespirations of a normal character., It has been observed that if the medulla
be removed fr.om the influence of all afferent nerves by cutting it under the
‘Corpora quadrigemina and also dividing the vagi anc the posterior roots of the

* Spinal nerves, respiration continues but the respirations assume a spasmodic

form of inspirations and expirations. Thus by automatic activity the medulla

Rl
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can produce spasmodic actions. Normally, however, it is subject to afferent
impressions so that normal respiration depends upon reflex action. The ryth-
mic action of the center of respiration is communicated by means of impulses
to the respiratory movements, the center discharging those impulses. This
power of producing the rythm is inherent in the center, if not entirely, to a
large extent, not being caused by external stimulation so that the center is
antomatic to external stimuli, It is not so in relation to the blood, for when
the center is in isolation from afferent impulses, the activity is continued on
account of the stimulation of the blood, the automatic discharge of impulses
depending upon the blood.
The rythm must be inherent in the center, for it is not destroyed by divid-
ing the vagi and the glossopharyngeal, and the spinal cord either below the
medulla or in the lower cervical area The activity of the cemter and its
rythm may be modified by influences reaching it from the higher centers ; for
example the effects of the various mental states and emotions upon respiratory
movements is well known. It may also be influenced by the will for the re-
spiratory rhythm may be voluntarily altered both in character and rate. “T‘he
respiratory center is thus not a voluntary center, although it may be influenced
by the activity of the higher, voluntary centers. As the action of the respir-
atory center still continues when the afferent nerves leading to it are divided,
the center cannot properly be a reflex one. It must, therefore, be an automatic
center. Vet through the activity of the center does not depend upon reflex
stimulation, its action may be and continually is influenced by impressions
reaching it along afferent nerve paths. If one vagus nerve is cut the respira-
tory movements become slower ; if both are cut respiration becomes slower
and deeper, the pause in each respiration being marked by prolonged. The
stimulation of the cut end of the central portion of the vagusnerve lower than
the laryngeal branches restores the normal rapidity and character of the re-
spiratory rhythm, and if the stimulus is sufficiently strong causes the dia-
phragm and other muscles of inspiration to pass into a state of tetanus so that
respiration is suspended in a state of deep respirdtion. From this fact, that
section of the vagi diminishes respiration and "that stimulation of the cut end
causes an increase, it is evident that under ordinary circumstances influences
are continuously ascending the vagi to the center from the lungs and quicken-
ing the action of this automatic respiratory center. By the stimulation of the
sensory nerves of the skin heat tends to increase, and cold to inhibit the re-
spiratory activity.

The rhythm of respiration includes the rhythm of both inspiration and of
expiration. Normally, in inspiration we find muscular action, whereas in ex-
piration, as we said before, there is very little of the muscular element that
enters except in the case of forced or labored expiration. Inthe labored ex-
piration the muscular element is really the prevailing element. Thus, there is
an alternation between inspiration and expiration more marked when either in-
spiration or expiration becomes deep. Some Physiologists think that in the
nerves there are to be found fibers cornected both with inspiration add expira-
tion, thus controling the inspiratory and the expiratory centers and alternating
in the carrying of impulses to the centers. Inspiration and expiration takes
place alternately, however, without such a connection on the part ot the vagus
nerves. This is evident from the fact that by the section of the vagus and the
consequent separation of the center or centers from the action of the vagus
nerves, alternation of these respiratory movements still continues. Therhythm
of the inspiratory movements is dependent, therefore, upon the respiratory
center aside from its connection with the afferent nerves, The activity of the
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respiratory center is manifested in certain chemical changes that take place in
the nerve cells contituting the center and this activity of the nerve cells is sus-
tained by its relation to the blood flow and the rate as well as the character of
the respiratory movements, depending upon, not a single influence but a com-
plexity of influences which may and do continuously affect the center; for _ex-
ample, the will and the emotions and the condition of the blood supply, par-
ticularly the blood supply to the brain. If both the vagus nerves are divided
we find that respiration continues but-only in a modified fqrm. I_f the spinal
cord is cut below the medulla the respiratory movements still continue, at least
in the face and in the larynx, indicating tha:t the activity of_ the respiratory
center continues, even, although the vagus influences are entirely cut off and
‘even when the movements of the thorax cannot be normally execute_d. T_he
cranial nerves, except the vagus, are not especially brought, therefore into play
in respiration, aside from the fact that they constitute a path for the convey-
ance of nerve impulses. If these cranial nerves are cut, leavmg t.he ) cord un-
divided, the respirations still continue almost normally. This indicates that
respiration discharges from the center do not depend solely upon the afferent
impulses that reach the center along the afferent paths, Some of the impulses
therefore originate in the center itself and the center, therefore, . Possesses the
power of originating impulses, although' these impulses are cousiderably _modi-
fied by the afferent impulses. ‘This indicates that the center of respiration, is
automatic in its action. Respiration is a double action so that nerve impulses
may afiect either part of the center or both parts of the center. In this way
affecting either part of the respiratory movement or both partg_of the réspira-
tory movements. Nerve impulses may diminish or increase the depth pf 'ghe
volume of respiration. They may also increqse or diminish, th‘e. resplra}txon
rhythm, and this seems to be their sole function. Thus, the respiratory ‘cen-
ter is stubject to the following influences: . . )

1st. The influences of the higher centers. 2d. The influence of the
afferent nerves, ard 3d. ‘The influences of thie blood.

IST. THE INFLUENCES OF THE HIGHER CENTERS.

All Physiologists admit that there is an influence _‘.e‘i.t'e;'téc‘l upon the 1espira-
tory center by the higher centers. For eXamplq, ‘th;e stro‘t,:’glexlqtgtlon of ‘any
of the nerves of the special senses influence respiration. Thg Joptic and the
auditory nerves on stimulation results in inspiration impulses and the stunul'g-
tion of the olfactory nerves in expiration impulses, Similarly, the powerful
excitation of the sensory fibers of the sth cranial nerves as in the case of stieez-
ing, results in expiratory movements. All thg sensory merves qf the head act
in a similar way conveying impulses to the brain producing inspiratory and ex-
piratory impulses which are sent down to the respiratory center in the medulla.
If the medulla is divided high up on the floor of the 4th ventricle so as to ~di-
vide it from the brain respiration will cease for a few minutes and then may
resume again, the breathing going on almost normally as before, the only dif-
ference being in the extent of the .ovement of 1nspiration, the variation being
almost the same as we find in the case of sleep. Ifa transverse division is
made lower down the respiration become forced, and if the incision takes place
at the point of the calamus scriptorius, the [Tespirations become periodic with
long pauses, the respirations gradually diminishing in force and in number. nIn
this condition by the stimulation of the sensory cutaneous nerves this period-
icity will be removed and the normal respiration will be restored. The_.sm_;ple
pressure upon the meculla cannot produce this periodicity of respiration.
N
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respiratory center as well as thqse impulses that come from the special organs

the respiratory center in order to interfere with periodicity. I
of sense. The lungs send their impulses along the vagi, these impulses affect-

This throws some light npon the abnormal condition of respiration that
we find in certain diseased conditions of the heart and of the lungs in' which,

i

] : There must be an inhibition of some of the normal stimuli that come down to
|

i

! as we said before, breathing becomes perodic with long pauses, lasting about
: 8-10 of a minute succeeded by superficial respirations which become deeper and
deeper until the series of 20 or 30 respirations, is completed, after which a new
series begins of the same character, each series becoming deeper in the first
part, and‘lighter in the second part, as the series goes on. In this case the
pause may be shortened by arousing the interest of the patient, in other words,
by exciting the higher centers, and also by the section of the vagi. In the
last case section of the vagi causes these periodic breathings to give place to
spasmodic breathing, hence, perodic respirations arise when the higher nervous
centers are in a condition of lethargy, either inactive on account of inability to
perform their function, or failing on account of inhibition of some kind to send
down impressions from the higher part of the brain to the lower centers along
o which we find the respiratory centerf Thus the Cheyne-Stokes breathing
occurs when higher centers send down no impulses to the respiratory center,
This indicatés an important point in connection with the innervation of respir-
ation, namiely, that the normal condition of the respiratory centers depends
upon two things. 1st of all, upon the active mormal condition of the higher
centers of the brain, and 2d, upon the activity and operation of the vagus
nerves through which the afferent impulses are brought to the respiratory

Mgrckwald says the respiratory center is automatically active but if the
vagus influence is cut off then only spasmodic action results in the case of
respiratory activity. ‘T‘he vagusis thusin constant operation conveying those

The effects quickly pass away. If both the vagi, however, are divided i
. . e . e 7" . ) the A
respiratory rhythm is diminished sometimes at once and at otiler times latér. :

b center,

% - . : This is followed by slow and deep inspirations. ‘The ins irations then be-

! gf .. 2D. THE INFLUENCE OF THE AFFERENT NERVES. o come gradually more forcible, accompanied by strong explratf)ons, and a paltl,see '

3 These afferent nerves are the vagi, the glosso-pharyngeal, the trigeminal between each 1nspiration and expiration representing the abnormal pause. If

b and the cutaneous nerves. - Impulses passing along the pneumogastric have an the divided ends of the vagl are left unstimulated, the respirations become

B important influence on the respiratory center because this, as we said, bears the Irregular, the inspirations becoming weak, the expirations are intermittent and

3 afferent impulses to the respiratory center. Hence the action of the vagi. is the between the inspirations and the expirations there are long pauses. These #l

i3 most impértant in connection with ‘respiration. ‘These influences of the vagi varying results in connection with the division of the vagl nerves are explained

7 nerves can best be brought out in connection with the section of these merves by the fact that the Inspiratory fiibers are less sensitive to weak stimulation -

' and the effects that are produced by stimulation of various kinds ‘applied to than the expiratory fibers, and that there is mechanical stimulation when th
these nerves when divided. When the medulla has been separated from the fibers are divided. "This mechanical stimulation arouses the expiratory activit y :
higher centers, if the vagi are divided there results a_lengthened spasm of If the central ends of the divided nerves are irritated the inspiratory and tl};e i

expiratory impulses become more powerful. If the one vagus nerve ivi- :

ded and the central end of the cut nerve be stimulated. di%ferent resubl(:s d;;;;l i
follow these results depending upon the character of the stimulation and also
the strength pf the stimuiation, For example, electric stimulation affects
both Inspiration and expiration. Mechanical stimulation affects only inspira-
tion. Chemlqal stimulation affects only the expiration. If the electric cur-
rent is weak, luspiration is lessened and expiration is lengthened. If the

inspiration followed by spasmodic inspiration and expiration, resulting in a
short timé in death. . . )

If the vagi, on the other hand, are cut off before the separation of the
medulla from the higher centers the respiration will continue for a time norm-
ally and after a few moments the respiration will become deeper and slower
Ii followed in'a few moments more by respiratory spasms. The absence of
! impulses passing through the vagi can be made up for by certain impulses
: arising in the brain and passing from the higher portion of the brain to the
respiratory center. If the impulses are suspended only from the one side the
rhythm is not affected, but if the impulses from both sides are suspended the
centers act without any rhythm at all. This indicates that the rhythm of res-
piration depends upon the afferent impulses that are borne to the respiratory
center by the vagi nerves. The vagi and the upper parts of the brain are
therefore the media through which pass the impulses that influence the respir-
atory rhythm and the respiratory action. In the case of the vagi these
impulses are constant; whereas, in the case of the upper parts of the brain the
impulses are only occasional and intermittent. It is through this latter chan-
nel that the volitional and the emotional and t he mental impulses pass to the
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inspirations, on the other hand, being very short and weak, where as the expj.
rations are long and deep, a pause occurring between the two. If the irrilt)a~
tation is made very strong then the respiration is arrested in expiration. These i
OPposite results are due to the two kinds of fibers, the two kinds of fibers bein i
different in function, the one accelleratory and the otuer inhibitory. Eacl§ i
fiber has its own function, the one bearing impulses affecting the expiratory =
part and the other impulses which affect the inspiratory part of the center, }

\
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The different fibers are differently affected under the different degrees of stim-
ulation. Both kinds of fibers carry impressions originating in the vagi periph-
eries in the lungs. The inspiratory fibers respond more readily to weak stimu-
lation, and they are not so easily exhausted. If the stimulation, on the other
hand, is medium or strong, the inspiratory fibers are more easily affected so
that the inspiration action prevails. The expiratory impulses, however, may
arise in the laryngeal nerves, especially in the superior laryngeal,

The superior laryngeal nerves are sensory branches of the vagi passing
to the larynx. The excitation of these produces expirations and as the
nerve fibers are very sensitive strong stimulation produces a stoppage of
the respiration with a tetanic condition of the muscles of expiration.
For example, the presence of irritant substances in the larynx immediately
stops inspiration. When the stimulation is weak respiration becomes slow
and the pause is lengthened. If the stimulation is strong the arrest of res-
piration takes place in expiration. These nerves seem to be expiratory
nerves acting as such, even when the medulla is divided from the upper
part-of the brain. They do not act constantly like the vagi but simply act
temporarily when some irritation affects the larynx, impulses being originat-
ed that stop inspiration. The impulses which arise in the lungs originate
from the mechanical stimulation of the lungs. Some Physiologists think
that the stimulation arises from the gases that are contained in the air vesi-
cles. According to this, during expiration the increased CO, contained in
the vesicles stimulates the inspiratory fibers, terminating in the lungs, the
impulses being carried to the inspiratory center. On the other hand, the
dilatation of the lungs during the act of inspiration stimulated the expira-
tory fibers terminating in the lungs arousing impulses carried to the expira-
tory center. The mechanical lung movements, however, are stronger and
originate the impulses which affect both inspiration and expiration. In the
‘case of the glosso-pharyngeal nerves their division does not -affect ‘respira-
tory ‘movements whether the vagi are divided or not. Their stimulation is
followed by ‘an arrest of respiration for a period equal to three ‘precéeding
respirations. ‘After that breathing ‘commenices with inspiration just from
the point where the diaphrigm wasarrested. The -glosso-pharyrigeal nerve,
therefore, is a nerve-of inhibition comirig into active operation-at the com-
mencement of deglutition. During the process of deglutition respiration is
stopped, there is first a stimulation and afterwards an inhibition the stim-
ulation taking ‘place through ‘the sensory nerves of the tongue and the
pharynx and the inhibition through the glosso-pharyngeal nerves. The in-
hibition of rcspiration makes it possible to swallow either food or drink
without drawing them into the larynx. The stimulation that passes through
the sensory nerves to the center excite the mylo-hyoid muscles used in
swallowing and then the inhibition takes place so arresting the breathing
as to prevent the food from passing into the lungs. Thus, during the de-
glutition process the breathing is temporarily arrested. Nervous impulses
seem to pass by irradiation from the deglutition center to the respiratory
center, causing a short inspiration followed by inhibition through the glosso-
pharyngeal during a longer period. As soon as the food is swallowed the
inhibition ceases and respiration is restored. The trigeminal nerves of the
nose may be excited so as to cause the arrest of respiration in the case of
certain irritants, for example, certain poisons, gases, fumes, etc.

Tobacco smoke introduced into the nostrils or into the lungs of a rab-
bit causes the stoppage of the respiration. In the same way ammonia
breathed through the nose or introduced into the lungs results in'tne arrest
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of breathing in expiration. Odors may in the same way affect respiration
through the olfactory nerves. Respiration is also influenced through the
center by impulses conveyed along the cutaneous nerves. Slight stimula-
tion of a sensory nerve has not any decidegﬂ effect but if the exitation is
strong there is first an increase in respiratory movements followed by a
number of deep inspirations and the cessation of expiration, for_ example,
the sprinkling of the body or the face with cold water, plunging into a cold
bath excite inspirations by stimulating the sensory cutaneous nerves.
These are reflex impulses and ithey are more decidedly marked if the
higher centers have been severed from the medulla, becoming distinctly
spasms, passing into the convulsions if the stimulation is very strong. If
the splanchnics are stimulated strong expirations result and may result in
an arrest in expiration. These actions, however, are only temporary and
affect respiration occasionally.

3d. TIE INFLUENCE OF THE BLOOD.

The respiratory center is also affected by the condition of the blood
through the influence which the blood exerts on the peripheral extremities
of the vagus nerves distributed to the lungs. The activity of the center is
directly affected by the state of the blood. Various theories have been pro-
pounded historically as to the nature and the cause of this influence. It
was first suggested by all that excess of CO2 in the venous blood brought
to the lungs stimulated the pulmonary branches of the vagi producing in-
spiration.

P Later it was supposed that the same cause of stimulation applied to the
sensory nerves. Rosenthal then suggested that inspiration resulted from
the deficiency of O in the medulla, his idea being that the respiratory cen-
ter depended for its stimulation to activity, upon the oxygenated blood,
passing through it. The vagi impulses went™ up according to this view to
the center, lessening the pressure existing in the center, the superior laryn-
geals increasing the pressure and thus respectively assisting inspiration and
expiration. These theories have all been based on the idea that the stimu-
lating cause of respiratory movements is found in the gases of the blood in
its circulation through the brain, both deficient oxygenation and excessive
carbonization exciting the center. The former produces inspirations and
the latter expirations. In opposition to this theory we find Hering defend-
ing the idea that the mechanical expansion of the lungs during inspiration,
arouses the vagi nerves which convey impulses to the center, giving rise to
expiration. On the other hand, the reaction of the lungs resulting in con-
traction, stimulates other nerves, arousing the center to Inspiratory action.

. This theory is negatived by the fact that respiration may continue after the

removal of the lungs. The theory of Rosenthal based upon the deficiency
of O as the cause of inspiration, is disproved by the fact that the blood of
apnocic animals is deficient in O. The most reasonable theory, therefore,
is that defended by Marckwald, who says that the normal stimulation of the
center of respiration is not due to deficient oxygenation of the blood or its
excessive carbonization, as certain animals, such as the hybernating marmot
have been deprived of the circulation altogether without interfering in any
way with respiration. Respiration continues after a severe hemorrhage, the
Center continuing active, depending for its nourishment upon the fluid found
in the substance itself, or lying between thedifferent centers. When the ana-
bolic process advances to a certain point the substance itself yields to disso-
lution during the anabolic process, thereby setting free eneygy that produces
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cessively laden with C O, the respirations become deeper and more rapid,
inducing unconsciousness, indicating that excess of C O, affects the higher
part of the brain. Thus the center of respiration receives it impulses from
several sources. 1st, the higher parts of the brain. If these upper parts
of the brain are inactive while the pneumogastrics are not divided, and in
activity we have the abnormal respiration called Cheyne-Stokes breathing.
2d, the pneumogastrics are the constant bearers of impulses in connection
with normal respiration in contrast with the upper parts of the brain which
do not constantly influence respiration. These two represent the great
nervous influences in connection with respiratory actions. 3d. The reflex
activity of the sensory and cutaneous nerves may arouse respiratory action,
although these cannot take the place of the constant action of the pneu-
mogastric and the higher parts of the brain. 4th. Occasionally the influ-
ence of the sth cranial nerve, the superior laryngeal and the glosso-pharyn-
geal nerves exert an inhibitory influence in slowing respiration and some-
times arresting 1t in expiration, :

such excessive tissue respiration as occurs in great muscular exertion, the
respiratory movements become more rapid and also more violent. 1Ip addi-

4TH. EFFERENT INFLUENCES FROM THE CENTERS.

From the center there are transmitted at regular intervals through the .
various nerve fibers nervous impulses which stimulate the different muscles i
of respiration. These impulses are all sent, or supposed to be sent through G
subsidiary centers situated in the spinal cord, before they actually reach
the particvlar nerves which supply the respiratory muscles; and tnese sub- ;
sidiary centers, may in exceptional cases, carry on the stimulation of the '
inspiratory muscles when the chjef center, for some reason, has been djs.
abled.

During respiration, the only efferent nerves along which the nervous
impulses that produce contraction of the muscles Pass are the phrenic
nerves to the diaphragm, the intercostal nerves to the intercostal muscles “
and the facial nerves to the dilatores nasi. The division of one phrenic
nerve results in the paralysis of that side of the diaphragm. The division

state of asphyxia follows. From this it js evident that the increase of O
with the diminution of CO; in the blood lessens while the opposite condi-
tion increases the activity of the respiratory center. A rise or fall in the
temperature of the blood produces similar changes in respiration. Each
successive breath is not determined by the blood condition in the brain at
the time of breathing. The center of respiration is automatic, at least to
external stimulation. The rhythm of respiration depends upon certain

The lack of O and the excess of CO; affect in some way the complex pro-
cesses of katabolism and anabolism. In the case of difficient oxygenation
rendering the structure of the center more unstable and in the case of exces-
sive carbonization increasing its explosive character.

The same is true of excessive muscular activity sending up to the me-
dulla a blood so changed in character as to affect the center, the blood leav-
ing the muscles in case of great muscular activity, being more venous than
normally. This venosity of the blood does not account for the change in
the center, for the blood that leaves the left side of the heart in cases of
great muscular activity is not less OXxygenated, but more oxygenated than
usual. This has led to the suggestion that it is due to the presence in the

at each inspiration. In this way the diaphragm retards rather than assists
as it normally does the respiratory activity, death results in a very short
period from asphyxia. If the spinal cord is divided beneath the junction of
the s5th cervical nerve the costal respiratory movements are suspended en-
tirely. In this case the phrenic nerves remain intact, and hence, dia-
phragmatic action would continue almost uninterrupted. If a division is
made of the spinal cord just above the origin of the phrenic nerves, both
the costal and the diaphragmatic impulses are arrested although the respir-
ation still goes on almost normally in the larynx. During normal respira-
.tion.lmpulses are carried to the larynx, causing the glottis to open during
Inspiration.

These impulses pass along the laryngeal branches of the pneumogas-
trics. If the pneumogastrics are divided above the origin of these laryn-
geal nerves, respiration will cease in the larynx, the laryngeal muscles be-
Ing paralized and the glottis being closed. "The nerves of the lungs are the
vagl, the sympathethetics and the upper dorsal nerves. The pneumogas-
tric sends out branches into the lungs, these branches affecting the respira-
tory activity. Not only do we find general impulses passing through the
vagi but there are special fibers fn connection with respiration. It has been

ciency in respiratory aeration may be found in deficiency of O or excess of
C O, If an animal breathes an air containing N, C O, s eliminated nor-
mally, and the blood has its normal amount of C O, yet the animal becomes
dyspnoeic and asphyxiated, if the N is breathed for a time. This is due to
the want of O. If the animal breathes an air laden with C Oo, with a suffi-
cient amount of O present no asphyxia follows, although the blood js ex-
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found, for example, that by excitation of one pneumogastric the bronchi of

the lungs become constricted. On the section of one pneumogastric the

bronchi on that side are dilated. The stimulation of the peripheral and

also of the central ends of the divided nerves produces a contraction of the

bronchi on both sides. The contraction, however, is less marked when the

central end is stimulated. In the case of the administration of ether or

chloral, this stimulation of the cut peripheral or central end of the vagus

produces dilatation of the bronchi.” This seems to indicate, first of all, the
existence of constrictor and dilator bronchi fibers in connection with the
pneumogastric. 2d. That both of these fibers, constrictor and dilator
fibers, pass through the poeumogastric representing the afferent constrictor
and dilator fibers, these being found by the stimulation of the peripheral end
of the pneumogastric affectin both lungs so that each pneumogastric sends
both constrictors and dilators to both lungs. When "sensory nerves are
stimulated, there is in fact only a slight effect by way of contraction,
Various experiments have shown the existence of pressor fibers,

the excitation of which produces a contraction of the air vessels of the
lungs. The afferent pressor fibers are found in the vagi while the efferent
pressor fibers pass through the sympathetics to the lungs. 4th. There are
trophic fibers in connection with the vagus and also with the sympathetics.
By dividing one vagus for example, there are found to be certain changes
taking place in the lungs. For example, the inflamation that is present in
the lungs due to the severence of the trophic fibers is accounted for by the
fact that nutrition is cut off from the lung substance. sth. There are also
sensory fibers in the vagus reaching the trachea, the larynx and the lungs.
This is proved by the fact that a section of these fibers destroys sensibility.
6th. In addition to these the sympathetic nerves furnish vasomotor fibers,
these vasomotor fibers arising from the spinal cord in the anterior roots of
the 2d, 3d, 4th, sth and 6tn dorsal nerves, passing to the sympathetic and
from the sympathetics to the first thoracic ganglion and thence to the lungs.
These represent the chief nerves that we call the efferent fibers that reach

the lungs. .
THE RESPIRATORY CENTER IN THE F@ETAL LIFE.

In the feeetal life the foetus receives O from and gives CO, out into the
maternal blood. The respiratory center is in a condition of apncea result-
ing from the large quantity of O in the blood and also from the absence of
irritability. In the feetal blood there is a large percentage of hiemoglobin
and also a large capacity for respiration. Normally however the child does
not breathe in the uterus. Inabnormal conditions, however, where the O
supply is intenfered with there map be respiratory movements even when
the child remains intact in the fetal sac.  If the blood should become very
venous this excitement would produce respiratory action. This respiratory
action, however, would be abnormal. So long, therefore, as a child remains
within the embryonic membrane, respiration normally is impossible even
if the activity of the center of respiration is aroused, because if such respir-
atory movements look place then the nasal cavity would be filled with fluid.
This fluid acts as an irritant upon different nerves, setting up impulses
which inhibit the center of respiration so that in the feetal life the respir-
atory system is intact and complete but there is a constant inhibition by the
action of the fibers of the nasal cavity. This forms the reason why some-
times after birth, it js necessary to remove the mucous from the nasal cav-
ity in order to produce respiration. The mucous so long as it remains in
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‘the nasal cavity produces the inhihition of the respiration activity. The
feetal lungs have no air although they Occupy the entire space of the chest
cavity along with the other organs. When inspiration commences in a
newborn child a very small amount of air passes in at the beginning of in-
Spiration on account of the fact that the ajr cell walls are closely adhesive.
The expansion of the lungs end air cells and the respiratory passages take
place gradually. This accounts for the fact that respiration at first in the
newborn child is not double but single, that is, consists of only inspirations
‘until expansion of the lungs, air cells and air passages takes place when we
find the normal Trespirations consisting of inspiration and expiration.

CHAPTER V.—ALIMENTATION.
SECTION I.—J; ntroduction.

Alimentation inciudes those rocesses through which matt i
to the body becomes assimilated fo the tissues angd the fluids o? ttl?l;erl])o:in
and the waste matter afterwards s excreted from the body. The differen}t’
solid and fluid substances necessary for the body nutrition constitute what
we call food. Th_e object of taking food, therefore, is to secure the nutri-
tion of the body tissues. This foogd matter including the O taken in during
inspiration passes through certain chemical changes, these chemical
changes acting as a source of energy and in time of waste js excreted from
the body in various forms, This food matter, therefore, provides for the
€nergy of the body. Alimentation, therfore, supplies the matter for the
tissues and also the energy for the body as a whole. In the interehanges
between the matter introduced into the system and the system itself, energy
i1s evolved by means of which the bodily function is performed. Thus ali-
mentation is aprocess consisting of a great number of stages all Ehese

stages representing certain actions that are necessary in the maintenance of

the Osteppathic standpoint the lack of nutrition or the failure to perform
the nutritive functions forms one of the main causes of the abnormal and

- the diseased conditions of the body. In fact it forms the main cause of

diseased conditions because these alimentary rocesses ar i

the formatioq of the blood. The tissues of}thlie bodys?ége?xfettt)ﬁei?aifxtng
ment and their O from the fujd which circulates through the whole system
whose formation and changes through which it Passes, represent the differ-
€ent processes of nutrition.  Each of these nutrient Processes may be said
to include subsidiary processes but they are all united together, in the djs-

he living tissues of the body in the erformance of ir i

pass through certain physical andychemicalpchanges which r;ls]L?ll; itl;u?hcctlgn?
€rations taking place in connection with metabolism of the human bodp
A11111e11tqt10n represents a number of focesses, each process representiny‘
>ome action having in view the norma maintenance of tissue and body func%
tion. This represents an Interesting study from the standpoint of disease
because where disease exists the nutrition process is at fault. The physica\l‘
signs of weakness and emaciation indicate the failure of nutrition to perform
Its proper work. In some cases the fault may be in the food, for the food
must be of the nutritive kind in order to be assimilated to the body sub-
stance. In other cases the fault'lies in the processes through which the
food passes, possibly in the blood formation or in the mechanisms of diges-
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tion or circulation. In other cases the secretory and excretory systems do
their work imperfectly, thus permitting the presence of waste substances in
the body that are dangerous to the system.

The physiology of alimentation is most important, therefore, in order
to reach an ideal conception of food in its purity and its adaptability to the
system, and in relation to the processes through which the food must pass
in order to be made ready for assimilation to the body. Alimentaty de-
rangements must be remedied, therefore, along two lines either on the basis
of proper diet, or on the basis of proper alimentary actions. How does
nutrition of the tissues take place? All the tissues of the body receive
their nutriment from the blood that circulates freely in all tissues. To this
we must add the oxygen brought into the system in respiration. The prop-
er food elements in connection with the blood depend upon the principles
of dietetics. Food, whatever the food may be, differs very materially from
_the blood and its elements. Hence, certain substances, either in solid or
fluid form enter the body to be subjected to certain physical and chemical
changes which constitute the digestive process.

In order to the carrying on of digestion, certain actions and processes
are necessary for the breaking up of the food, and for its passage to the
various glands which sccrete fluids, into contact with which food must be
brought in order to prepare it for absorption. When it has been acted upon
by the various juices, it appears in the soluble form of chyme so that it can
pass into the blood or into the lacteals, The chyle passes through the mes-
entery to the receptaculum chyli, from whence it passes along the thoracic
duct to the blood. In this way the blood receives by absorption new nutri-
tive supplies to which is added the oxygen from the respiratory process.
For the process of blood formation, blood corpuscles are introduced from
the blood glands, these blood corpuscles being held in the fluid. Under the
mechanism of the circulation the blood is carried throughout the body
bringing these nutrient elements to the different tissues of the body. The
blood is receiving new supplies of nutriment, and also eollecting the waste
matters from the tissues. These waste elements cause the blood to become
impure, so that these impurities require to be given off in the form of excre-
tion. The organic functions of the different organs. although distinct, are
not independently so. The blood, for example, is a bearer of oxygen and
the nutrient matters, at the same timec being the bearerof the waste matters.
Similarly the liver is the organ in connection with whose cells the formation
of the bile takes place. and also the metabolism which is connected with
secretion. In the discharge of all these functions there is the sctting free
of energy in the form of heat and of mechanical work, all the organs of the
body being concerned in this liberatiou of energy and heat. In this way
nutritive processes lie at the basis of all the activities of the body mechan-
ism and are thercfore of great importance. ’
SECTION II. Diet.

As the body is made up of various proximate principles it is evident
that the food which is to nourish the body, must contain or yield similar
proximate principles.

The partsof the food which are digested and used by the body are called
alimentary principles.  An adult, in order to maintain life and health, must
use a certain quantity of food daily. The waste is constantly going on in
connection with the physical and psychic changes depending upon activity.
Ina person who is growing a larger amount of food is necessary in order to
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much for the chemical changes which they are subject as in connection
with the metabolism of the body.

3d. Carbo hydrates. Among these are starch found in potatoes, arrow-
root, cereals and in the leguminous vegetables. It is found in small oval
granules, possessing different degrees of resistence to water penetration.
Cane sugar is found in connection with the cane and the beet, and in some
vegetables such as carrots, turnips and watermelons. Grape sugar is found
in fruits, in honey, in wine and beer. In addition to these, there is milk
sugar, muscle sugar and cellulose. All the carbo-hydrates become absorbed
as sugar in digestion. If the diet is rich in earbo-hydrates, the urine
excreted is lessened, because the carbo-hydrates are easily oxidized; hence
they are used up first by the body. They have no nitrogen and they are
destroyed in the body, and from them energy is set free which we find in
heat and work. They form the bulk of all diet. .

4th. Fats. The fat in animal food consists of three substances, stearin,
palmitin and olein; the latter representing the fluid fat, such as oil and the
two former, the solid fat such as butter and lard. If an animal is fed on fat
alone, the excretion of urea is less than if the animal receives no food at all,
indicating that if much fat is present the proteid substances are less likely
to be changed in metabolism. There is no nitrogen in fat and hence the
fatshave greater value asa source of heat and energy than the carbo-hydrates
for they are less easily digested and less easily subjected to destruction in
the body. Their chief physiological value is, that the fat can be stored up
in the body.

5th Proteids. There are two kinds of albuminovs substances. (a) Animal
suchas caseine (milk) myosin (muscle) and albumin (egg andblood.) (b) Veg-
etable, such as the albumin in wheat and legumin in peasand beans. Albu-
minous matter is not found so largely in vegetables as in animals. Thesc
albuminous substances form the chief substance in the metabolism of nutri-

“tion because there is a large amount of proteid in the blood and in the tis-

sues. The proteids whether animal or vegetable are practically the same.
Physiologically they furnish the matter for the formation of new tissue and
for the repair of old tissue and also as a source of body energy. Because
the proteids consist of nitrogenous substances, since the fats and carbon
hydrates do not contain nitrogen. Hence proteid is necessary to form new
tissue. If the food contains no proteid the tissues would soon waste, hence
the proteids and water are the most essential for. existence and the other
foods are accesories to these. Among the proteids are classed also thc
albuminoids. One of the chief albuminoids is gelatin. It is not found in
theraw foods but we find it in such cooked foods as soup. Like the proteids
they contain nitrogen. They cannot, however, take the place of the pro-
teids, their value being that they are nitrogenous, although differing consid-
erably from the pure nitrogenous foods.

6th. Gases. Oxygen may be regarded as a food. Its passage into the
blood and the tissues takes place in respiration. ‘

7th.  In addition to these certain condiments and beverages are used
as food accessories. These stimulate the appetite and promote digestion if
taken in moderation and under proper restraints. Alcohol, although in one
sense a food, is not a very suitable food. Lieib gstates that alcohol is de-
composed in the blood into ethyl, acetic acid, oxalic acid, COsand H, O.
There is a small quantity exhaled through the lungs and excreted by the
kidneys. It is said to be oxidized to the extent of g6 per cent, this oxida-
tion producing heat. It dlso diminishes heat by interrupting the metabolism
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in the tissues and lessening the oxidation of fatty substancesand carbo-hy-
drates finally reducing the animal heat. It diminishes proteid metabolism
as is evident from the diminution of urea excreted. In small quantities it
excites the digestive mucous and also acts as an excitant by diffusion of
circulation and the nervous system. In digestion it is not only unneces-
.sary, but hurtful unless used in very small quantities.

The wines contain in addition to alcohol, pigments and organic acids.
The character of the wine depending upon the acid that prevails. In wine
there is also sugar some traces of proteids and gum. Inbrandy there is in
addition to alcohol. oenanthic ether, in rum butyric ether which gives it its
odor, in gin juniper oil and in whisky when free from alcohol there is a
malt flavor. Inthe malts we find alcohol, sugar, glutin, dextrin, together
with bitters aromas and salts. In beer we find 70 to 80 per cent of water, 2
to 10 per cent of alcohol and 2 to 5 per cent of sugar, 2to 10 per cent of
dextrine and %4 to 1 per cent of carbonic acid. From the hops it derives
its bitters, fats, lactic acid and salts. Vegitable acids such as vinegar and
acid fruits taken in moderation-act as a stimulant in salival and gastric se
cretion being changed into carbonic acid in passing through the body being
excreted as carbonates in theurine. The stimulant condiments taken in
small quantities such as pepper, mustard, spices, etc., locally stimulate the
mucous membranes and aid the flow of saliva and gastric juce, but diges-
tion may be performed without these. Tea, coffee, cocoa, coca all contain
an active alkaloid along with other substances acting as a stimulant upon
the 'nervous system actively increasing the sections and lessening the act-
lvity of the waste of tissues. These alkaloids are all related to xanthin.
They also contain other substances which are of Physiological value. For
example, coffee has a large quantity of aromatic substance, tea a large
quantity of tannin and'cocoa a large'quantity of fat-and albumin. Tea also

‘contains iron, maganese and sodium-and étherial-oil. Coffee contains po-

tassium salts. Tea and coffee act as stimulants to the nervous systém and
haye no after effects of depression like alcohol, relieving féelings of fatigue.
THis is especially true of coca, the extensive use 'of which enablés 'persons

‘to utidertake long-and fatiguing journeys.

_A healthy diet must first contain all the proximate principles found in
the'body or'substances capable of yielding-all'these ‘proximate ‘Principles.
2d. Include asufficient proportion of thése substances varying soifiewhat
with the age and condition of 'the person, the work performed and the cli-
mate. 3d. Havea certain sapidity or flavor, in order to promote the appe-

‘pite and digestion. 4th. These substances must be digestible in order to

be nutritive, the indigestible sibstances being not only lacking in nutritive
value but producing an interference with the digestive and excretive organs.
Life cannot be sustained upon one of the proximate principles or upon food
yielding only one of these principles. There are experiments that have
been made in which animals and also human subjects have been fed upon a
single proximate principle the result being fatal or injurious to health. A
normal diet is one found containing a certain proportion of food of a cer-
tain composition necessary for the maintenance of life. Experience and
usage have led people to adopt certain diets, and the results of their expe-
rience furnish the only means of selecting a proper food diet on a correct
basis. Food includes those liquid or solid substances necessary for the nu-
trition of the body. In the body tissues certain processes of metabolism
are necessary to sustain vitality. Chemical changes take place and certain

“substances are formed which are thrown off as waste matters. This daily
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loss takes place in connection with the lungs, the kidneys, the skin and the
other excretions. Food is necessary to make up for this loss. In the case
of an adult working moderately, there is a daily loss by the lungs of about
900 grams of C O, or 245 grams of C; by the skin of about g.1g grams of
C O or2.5grams of C ; by the kidneys about 30 to 36 grams of C Oyorg
to 10 grams of C; in the faeces about 15 to 20 grams of C. This represents
a-total of from 270 to 280 grams of C “excreted from the body daily. In
the urine there is about 30 grams of urea excreted daily or 14 grams of N,
In the other nitrogenous matters excreted from the body there are about 5
grams of N excreted daily, making a total of about 19 grams of N excreted
daily. There are also excretions of O and H and various salts, but the
chief elements are the C and N because food from a dietetic standpoint de-
pends largely upon these elements. This represents a total loss of about
1,000 grams of matter aside from the water that is thrown off. In addition
to this energy is being expended, this energy assuming the forms of mo-
tion and heat. This energy is estimated as amounting to over five million
foot pounds. The energy represented by the heart action daily is about 50,-
000 kilog. meters by the activity of the muscles of respiration 12,000 kilog.
meters, by the activity of the ordinary muscles 125,000 kilog. meters and
the body heat 620,000 kilog. meters representing the total of about 807,000
kilog. meters of energy exhausted daily. This energy must be compensa-
ted for by the food supply and by the O of respiration. The changes tak-
ing place in the body result in the setting free of energy inthe form of heat
and mechanical work. The larger amount of the energy takes the form of
heat. Even during the inactivity of the muscles, these chemical changes
are constantly taking place. In the contraction of muscle more than 3% of
the energy assumes the form of heat, the remaining i taking the form of
work, even a part of this latter being in the case of work also converted
into heat. This heat supply arises in connection with the oxidation of the
food materials, this oxidation taking place in.connection with the O absorb-
ed, combining with the C O, and the H, O. .

The energy of the body thus converted takes the form of potential
energy, these foods being derived originally from plant life built up in con-
nection with the enzrgy of heat-producing bodies, such as the sun. This
poteatial energy under the influence of  active body metabolisn becomes
kinetic energy. The combustion of foods outside the body gives an approx-
imate estimate of the amount of energy available in the case of certain food.
In connection with any substance, it is necessary to determine the energy
of the foods as admitted to the body, and also the elimination of waste
from the body. This must be replaced by metabolism between the food and
the O of respiration. The food supplied to the body during the process of
alimentation has, therefore, a most important bearing upon life, functional
capacity and health.

The first law of dietetics that we have already referred to, that a suitable
diet must provide the proximate principles of the body or foods that will
produce these. This is true equally for the plants and animals for civilized
and uncivilized people. The gencral dietary principles have been derived
from experiments upon the feeding of animals. In the normal adult the
chief consideration in dieting is to provide nitrogenous and non-nitrogenous
matters with sufficient salts and water to sustain the body condition. If
proteid substances are used alone, a much larger proportion must be used
than in the case of the mixed diet. It is questionable if in the human sub-
Ject life could be long sustained normally, on such a diet on account of the
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greater activity of the digestive process in digesting proteid alone and on
account of the greater increase of activity in the excretory system. Hence
the general conclusion from this standpoint of hygiene is that there must be
a mixed diet consisting of proteids, fats and carbo-hydrates. The ratio
between these three chief food elements depends upon the experimental

. value of the different kinds of food. It is on this basis that the 1so-dyna-

mic equivalents made use of by Moleschott are estimated. Voit estimates
the ratio of nitrogenous to non-nitrogenous foods as from 1 to 5, this calcu-
lation being based on the amount of food in the dry condition. ~ In addition
to this the food may be digestible or indigestible. "Some foods digest easil

and others with difficulty. ~ This can only be determined by experiments iz}:
the usc of foods in animals. This gives to meat food great nutritive value

: because only a small per cent is lost, whereas, in vegetable food usually a
" large per cent escapes digestion and absorption. Various attempts have

been made to fix an ideal diet that would meet all possible necessitj f

bodily system. Moleschott taking as his basis the gaily loss of asslgaec:lsi\?itcltll;?
as we have found it already amounting to about 19 grams of N and 280
grams of C has suggestcd as a dietary 120 grams of dry albumin, go gra-ms
of fat, and 350 grams of carbo-hydrates, making in all about 19 ozs. of solid
food. According to the estimates of energy on the basis of the calorimetric

kilog. meters (one kilog. meter equals 7.233 foot pounds ieldi
sufficient energy to sustain life, on the7 b:iis ofpthe er)nélgydl:;%p?r?é:éhzg
given before, considering that complete oxidation does not take place in the
body. Experience has shown that dietary variations are necessary for dif-
ferent people, according to their employments or manners of life. Those
actively employed in occupations calling for muscular exertion require more
food than those engaged In the lighter occupations. This has been brought
out chiefly in connection with prisons and reformatories, much larger diet
belngArequé{ed wt&en active work is performed, ’

~An ordinary diet of solid food should contain roteid 120
fats 8o to 90 grams and carbohydrates 350 to 450 g:l?ams, and s;lc;slggglf:g:,
representing a total of from 580 to 700 or a little over 20 to 25 ozs. of solid
food. In addition to this about 20 to 25 0zs. of water is necessary in con-
nection with the food for cooking purposes, as ordinary food contains about
-one-half of its weight fluid and from 70 to 80 ozs. of water in addition as a
special food element. According to the scientific estimate, a soldier is furn-
ished daily 18 ozs. of bread, 20 ozs. of meat and 16 ozs. of vegetables in ad-
dition to 70 ozs of water, and some coffee as a stimulant. The analysis of
the composition of various food stuffs indicates that bread, oat meal peas
cheese, beef, including mutton and veal, fish and eggs are rich in p:roteid’
Rice, arrowroot, potatoes are rich in carbohydrates. Butter, cheese and
pork are rich in fats, these being arranged so far as the compésition is con-
cerned so that deficiency in one can be made up by others. There are said
to be two methods of selecting a proper-food diet. 1st. To find out the
per centage composition of the articles made use of, estimating the amount
by weight required to yield the necessary proximate principlbcs. 2d. To

make a selection of food on the basis of Moleschott’s estimate that 19

various articles of food. The food is not taken in the f i
arti > ' ; orm of the proxi-
mate principles but in combined articles of diet like bread. In orderP;o é(sl-

timate the ideal diet it Is necessary, therefore, to estimate the
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that in the hotter regions an increase in the carbo-hydrates and in the colder
regions an increase in the fatty substances taken as food is required. 3d. The
work done by different individuals is the last element to be considered in con-

. nection with the determination of diet. The amount of work modifies the

amount of food required in the case of those engaged in the lighter avocations-
as compared with those in active employments.  One who is engaged in hard
manual labor requires a larger and more varied supply than one who is not
active muscularly, particularly as the amount expended in energy is not taken
from the amount of heat liberated, the increased energy in the work being
accompanied usually by an increase in the heat set free. Muscular metabolism
does not necessarily require an increase in the proteid matter, In muscular
labor the muscular condition and capacity, at least from the standpoint of

other part of the body. Therefore, whatever diet would be suitable for the
body normally would also be of the greatest advantage during muscular actiy-
ity, provided the activity is increased in such proportion as to meet the general
drain upon the System. In the case of mentaj work this is even more true for
the expenditure of energy in this case is minimal €xcept in so for as it bears
upon the loss and the increased loss in the entire System. The close relation
of all parts of the body is brought out very clearly in the effect which severe
mental work has as it draws upon the metabolism of alimentation, Hence the
most suitable diet for brain work is not one that would stimulate or nourish the
brain because this would result in mo.e or less irritation, but a diet that will
keep active the juices of the body in connection with digestion and secretion,
In making a selection of food we must consider first the amount of energy that
may be yielded by the materials, This Tepresents certain proteids, fats and
carbo-hydrate substances, 2d. This energy must be present in such form as
to be rendered easily available, in other words the food must be digestible and
this digestive process must be such as not to interfere with metabolism of the
System. But a substance really valuable for nutrition is one that can be easily
assimilated to the System.  Various experiments have been made in order to

Dature of the meal of which it forms a part. For example, in rice ang
white bread it is estimated that 4 per cent, in meat and €ggS, 5 per cent; in
Indian bread orcorm, 7 per cent; in milk and peas, ¢ Per cent; in potatoes

ent food stuffs. The same substances found in the different articles of food
may even in the alimentary canal pass through changes that are quite different,
Proteid matter may be broken up into leucin or changed into peptone ; hence,
digestibility of food means not only the amount relatively taken up in the ali-
mentary process, but the nature of the changes that take place during the alj-
mentary process. Hence the chemical composition of food does not furnish an
answer to tke physiological question of its value or the value of its component
elements. Food substance may be either animal or vegetable, The proteids
from the animal and vegetable source seem to pass through the same or almost
the same changes in the alimentary process. The Same may be said of the

(&)
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fats and extractives. Hence, from a physiological standpoint all that can be
said as to the relative merits of vegetarian and animal diet bears upon the ques-
tion of the quantity of the proximate principles and the proper proportion of
these principles in animal and vegetable diet. Various experiments have been
made in the use of a strictly vegetarian diet. As a result it is found first, that
-4 much larger vegetarian diet is necessary to yield the same amount of proteid
referred to as a normal diet, namely, 120 to 1 3o grams. However, it has not
yet been definitely settled how much proteid matter is absolutely necessary in
order to sustain life. 2d. In vegetarian diet there is a marked increase of the
carbohydrates and a diminution of the amount of fats. This seems to be a dis-
-advantage to the system, kept up continuously for a length of time. 3d. In
the vegetarian djet a large proportion of the food is indigestible and hence is
lost to the system, being given off as waste matter. The waste, therefore, is
nore in amount in the vegetarian diet than in the animal diet. As excretion

tory than the mixed dieting that includes animal food.

In the case of the human subject there is not needed any special dieting
for the purpose of increasing the amount of adipose tissue. The nature of the
food has less effect in this case than the general characteristic of the individual
animal organism. ‘The same dieting in the case of two persons may produce
opposite results ; one person becomes fat and the other lean. ‘The chief fat
producer is the carbohydrate. In the case of animals fattened for butchering,
this is done by converting cheap vegetable carbohydrate into animal fat, This
process is aided by resting the system so asnot to exhaust the energy of the

by increasing normal dieting the amount of proteid and lessening the fats
and carbohydrates. The reason of this is found in the fact that proteid matter
increases the body metabolism, more rapidly destroying the proteid matter and
hastening the oxidation process. The Banting planis to increase the proteid
diet to such an extent as to exclude all or almost all fat and carbohydrate sub-
stances.

This is, however, unsatisfactory and even perilous to the functional life
because it requires such an increased activity on the part of the organism to
decompose and get rid of excessive proteid that there is danger of collapse. To

digestion and promote the metabolic processes, will materially help this by pro-
ducing a very large metabolism. In body metabolism a number of condition-
ing circumstances require to be considered. Muscular effort increases food con-
sumption, but it is a matter of dispute what food element is affected. It has
been pretty generally agreed that muscular activity draws not ounly upon the
proteid matter, but in some cases almost entirely upon the non-proteid sub-
stances. If the supply of food is abundant, particularly of non-proteid, that is
the fats and carbo-hydrates, there will be no increase, or at least, only a very
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small increasp i.n the proteid metabolism, during active muscular effort. In the
case of CO, it is found that a much larger amount is given off during muscular
activity than during comparative rest. If it is true that there isan increase in
the amount of nitrogenous matter excreted and g very large increase in the
CO, dlschargec_l from the body, then the energy of muscular activity must arise
from non-proteid matter. The muscle itself is a proteid substance but the
changes taking place in liberating the energy are largely, if not wholly, con-
fined to non-proteid matter. In muscular activity there is a large consum’ption
of glycogeq, or of the saccharine, derived from it. It has been shown that a
muscle subject to fatiguing labor demands much more sugar, the power to do
severe muscular work being increased by the cousumption of large quantities of
sugar until the non-proteid elements are exhausted, when the demands upon
proteid matter Increase. During sleep when the muscles are much less active
or ~esting, having lost to a certain extent, their normal muscular tonicity, the
CO: discharged and the O absorbed, are very much lessened, while there fs no
marked change in the metabolism of proteid matter. In the case of animals
d.ep.rlved of food, the metabolism depends upon what is found in the body, con-
ststing of stored up fats and carbo-hydrates, especially the sugar. The sugar
is first exhaus:ted, and later the animal lives upon its own fat and proteid. It
is found that in an animal feeding upon its own substance, the greatest loss is
in the muscles, whereas, the largest consumption is in the fat, which is found to
be ahJ'JOSt' entirely gone after death from starvation. It has been found on
examination of animals that died from starvation, that almost no appreciable
loss had taken place of the heart, the brain and the spinal cord, although these
organs were constantly active during life, They sustain their life, however
at the expense of the other tissue substances. In the case of energy assuming"
the forms of heat and work done, the supply is derived from metabolism of pro-
teid, fats, and carbo-hydrates which become oxydized under the influence of
O, CO; and H, 0O, beipg formegl and excreted from the body. Thus, the energy

ratio is formed representing the interchange taking place in the liberation of
energy qa]led the isodynami.. equivalent. This ratio between fats and carbo-
hyrates is butatrtoz2.3. The object of the food supply is to furnish to the
body sufficient proteid and non-proteid matter together with salts and water to
sustain the body balance between proteid and non-proteid matter,

. In the case of man it is doubtful if this body equilibrium can be main-
tained by the use of proteids alone so that an average diet for the human being
must be composed of proteids, fats and carbo-hydrates. The normal ratio
betwee.n proteids and non proteids necessary for daily diet is placed at 1 to 5in
the solid material apart from the necessary quantity of water found in connec-

of thg indiviglual organism. In the cage of a healthy person normally active
€Xperience aided by appetite may be taken as a safe guide. In abnormal con.
di tions the regulation of djet depends upon Physiological and Pathological
conditions., In xpilk of an ordinary kind we find about 87 per cent water 3.4
DPer cent of proteid, 4 per cent fat, 5 per cent sugar and a small per cen't of

salt, .7, including potassium phosphate and calcium phosphate with a sma]j
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f chloride of potassium, sodium chloride and iron. Milk is a good
3?;? léglt' groxgiug persogs but is not sufficient for adults, because the balance of
the nitrogenous elements cannot be sustained on such a pure diet. Cream
butter yields about 87 per cent of fat, 8 to g per cent of water and .75 or 80
per cent of albuminous substances. When combined with foods that _yield
proteids and carbo hydrates it is very valuable_ as a diet. Butter mllk. is
milk deprived of its fats, but contains sugar, casein and salts. Cheese contains
fat and casein, from 10to 20 per cent of the former and 25 to 30 per cent of
proteid. It is valuable as an addition to other foods poor in proteids and fats,
Animal meat of average leanness contains about. 75 per cent of water (fowl
about 70 per cent and pork 72 per cent); of proteid 20 per cent (fowl 22 per
cent and pork 19 per cent); of fat 5 per cent (fowl 4 per cent and pork 6 per
cent; of carbohydrate .7 per cent (fowl 1. 3 per cent and pork 6 per cept.) The
flesh of fowls and birds is richest in proteid. Raw flesh finely grated is almost
wholly digested but its value for nutrition may be counteracted by the intro-
duction into the body of foreign living on1es endangering ht:e as in thg case of
trichinosis. Meat may be prepared in various ways ’by' Toasting, ‘stewing and
boiling. Meat should be cooked to a temperature within the meat itself rang-
ing from 56° to 70° C. Salted meat loses a small per centage of proteid, of
the extractives and of phosphoric acid passing into the salt brine. The amount
lost, however is small unless where the meat is kept in brine for a long time
when the potassium salts are lost to a large extent. The flesh of young ani-
mals is richer in gelatin, the variation being according to Liebig in veal 50
parts in a thousand and in beef 6 in a thousand. Meat roasted openly before a
fire develops a layer on the surface kegpmg the juices inside. In the process of
roasting, about 25 per cent of the weight is lost. If meat is placed in cold
water there will be dissolved out of it a small per cent of proteid and extractives
and most of the saline matter. If beefis boiled then the salt and the extract-
ives with gelatine are found in the fusion. Even after long boiling there
remains in the meat about 20 per cent of the salts and about 15 per cent of pro-
teid. To prepare what is called beef tea, the meat should be placed in cold
water and gradually boiled. By placing the meat suddenly.m hot water there
isa coagulated layer formed around the meat, thus preventing the juice fr?m
being dissolved out of the meat. Beef tea is nutritious because it contains
salts, gelatin extractives'and a small quantity of p‘rot.eld. Its. chlef. value is
that of stimulation due to the extractives; its nourishing quality being found

i in, fat and albumin.

e th][engle,]iigig,’s meat extract there is about 20 per cent of water and 8o per
cent of solids, its action being rather stimulating than nouns}nng, due to th.e
presence of phosphate of potassium. Eggs are found to contain much nutri-
tious matter, about 27 per cent of solid and 73 per cent of fluid. The chief
constituent of the solids are albumin, vitellin to the extent of 3 per cent and
palmitin, olein, cholesterin and lecithin about 11 per cent together with, about
1 per cent of the salts of potassium and choloride and a very small proportion
of iron and sugar. As found in the egg these substances are very easily di-
gested. When hard boiled they should be boiled for at }east 20 minutes
slowly. They should be finely grated so as to come readily into contact with
the gastric juice. They are more easily digested if soft boiled, poached or
raw. Vegetable fceds are less easi'y subjected to the dlgestn"e Juices om ac-
count of fact that the nutritious elements are bound up with cellulose and
combined with large quantities of indigestible. matters. The proteid in vege-
tables does not differ much from animal proteid. 'I‘.he salts, however, are dif-
ferent, being chiefly those of potassium and magnesia phosphates. When the

substance, 30 per cent. The flour when made int

bread, contains 35 per cent

55-5 per cent of carbohydrates and
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tible on account of the large per cent of fibrous

o bread, in the case of white

water, 7.1 per cent of albumin, 1 per cent of fat and

I per cent of salts,

Indian corn bread is

rich in carbohydrates and poor in albumin. Barley and oat meal flour are nu-

tritious ot account of the combination of a

mation of gas the bread becomes looser and
bread is baked in a high temperature ferme

comes very digestible. Eac

tables, peas and beans are said to contain

of carbohydrates, 114 per

water, only 2 per cent of albumin and 20

Ibumin and carbohydrate. Bread

lighter in formation. When the
ntation is arrested and the bread be

h adult requires about 114 kilog. of bread to fur-
nish the necessary proteid matter. Among the leguminous plants and vege-

over 23 per cent of albumin, 5o per

cent of fats, while potatoes contain 75 per cent of

per cent of carbohydrates. Rice and
d, large quantities are required to be

taken to be of much value in nutrition, 2 kilog. of rice and 4% kilog. of pota-

toes, as the proportion of carbohydrates is large, the excessive use of these is

in albumin such as fish and
turnips are rich in the potas

and hence form a good combination wi
potassium and rich in the sodium salts,

able for use in their raw condition, henc
them easily digestible, and to give to th
condiments and heat are the three nece
food for coming into close contact with

the svstem.

Food, we have seen, includes al] tha
body. All foods originally spring from t
between an animal and a vegetable diet,

same origin.  In the passa
process of preparation going

bumsin system. This change takes

eggs. The vegetables, cabbage, cauliflowers and

sium salts, a

ge from the

th corned meats which are deficient in
These elementary foods are not suit-
e, cooking is required in order to make
em a flavor. In cooking food, water,
ssary adjuncts in the preparation of
the bodily juices and assimlation into

t is necessary for the sustenance of the
he earth, so that while we distinguish
the source of food depends upon the
inorganic to the organic, we find the

on which ultimately brings the food nearest to the

place primarily in the vegetable kingdom.

All the vegetables are not suitable for food and many of them are poisonous.

Even in the same plant all the differ
requires a knowledge of these plants

human use. Some portions
use are well adapted for the

the lower serves the higher nature providin

of the w

ent parts are not equally useful, hence man
, their properties and their adaptability for
egetable kingdom unsuitable for man’s

food of animals, and thus in the economy of nature,

g a sufficient amount and variety

for all. The bee gathers the honey from sources inaccessible to man, and the
cattle feed upon rough materials unfitted for human use, converting the food

into tissuse, food easily capable of assimilation to th
way the inorganic becomes adapted to man’s necessities.
Dot live without vegetables

The vegetable is nourished upon the soil and the air,
out of the air and stored up in its substance so that it becomes the animal food,
In the same way the vegetable lives and grows upon the waste of the animal
exhaled from the animal

kingdom, the decomposition
breath furnishing the food m

of animal bones, the CO,
atter of the vegetable life

e human system. In this

The animals could

» €ach being indispensible to the life of the other.

carbon being extracted

The food substances
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are either inorganic or organic, the former representing substances from the
mineral kingdom, such as salts, and the latter representing the food derived from
vegetables and animals. Nature thus provides for man a sufficient diet, suf-
ficient both in quantity and variety, and if man fails to utilize the food thus
furnished for his use he neglects the first law of existence, self preservation.
The hygienic conflict between vegetable and anti-vegetable food is as foolish as
it is useless, because nature designed both vegetable and animal food for man’s
use. Proper hygiene lays down the following rules: .

1st. That an attempt to sustain life upon any one substance to the ex-
clusion of others results in failure because the body is imperfectly nourished
and life is thereby shortened. Dogs have been fed exclusively on a single food
and have soon died of starvation. A donkey fed on rice alone died in 14 days.
Dr. Hammond fed himself on 1% 1bs. of gum and on another occasion on 114
1bs. of starch with water daily with the result that the fever increased to such
an extent that in a few days he had to abandon this diet. Later he fed him-
self on 1% Ibs. of albumin and found that diarrhoeic conditions and the amount
of albumin in the urine became so dangerous that he had to give it up on the
ninth day.

2d. The absence of necessary elements of diet results in diseased condi-
tions. It has been found that where persons have been deprived of vegetables
for a long time, skin diseases like scurvy become prevalent. Where the food is
poor it has a depressing effect rendering persons liable to all kinds of diseases.
There is no condition that favors the spread of a plague so efficiently as a poor
and unvaried diet. ‘This is evident from the accounts we have of the poor and
their scanty food during the great European plagues.

3d. A diet to be healthy ought to be varied. The same diet from day to
day becomes, not only monotonous to the sense of taste, but develops un-
healthful conditions. While we do not think that a diet should be purely vege-
tarian no diet should be without vegetables. Variety may be secured not only
by the use of various foods but also by variety in cooking. The constitution
is often undermined by the lack of variety.

Dr. Stark, one of the most promising of English Physiologists in the 18th
century, became a victim in this way to experiments upon himself. . For 44
days he lived on bread and water; for 29 days he took only bread, sugar and
water, and for 24 days he lived on bread, olive oil and water, the result being
that he died on account of the damage done to his constitution by limiting his
diet to these simple foods. A sufficient variety in food and a sufficient quan-
tity of food thus represent the two great essentials of a healthy diet. For an
average adult there should be from 88 to 112 ozs, of food and water distributed
as follows: :

From 438 to 56 ozs. of water and salts; from 24 to 40 ozs. of bread, veget-
ables and fruits, and about 16 ozs. of meat and fats. This would represent a
daily allowance of about 1-24 part of the body weight in the form of food. In
regard to the variation of animal and vegetable food, Carpenter reaches this
conclusion: that while ‘‘a well selected vegetable diet is capable of producing in
the greatest number of individuals the highest physical development of which
they are capable it may be affirmed with equal certainty that the substitution
of a moderate proportion of animal flesh is in no way injurious, but so far as
our evidence at present extends, this seems rather to favor the highest mental
development.”’

If we consider the predominence of mind over matter this conclusion will
represent a moderate principle in the nourishment of both mind and body.
Dr. Richardson, of Loondon, says that animal food should not be taken oftener

than twice daily and the amount of
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animal and vegetable food combined should

not exceed 30 ounces daily. Animal food when

. 0 eaten ought to be fr
not under-cooked. There is no more fruitful source of dis%ase parasitfsS htﬁgg
meat underdone. ‘This is especially true of pork, the muscles of which are in-

fested with trichina spiralis.

. HUNGER AND THIRST. Hungeris a sensation that is
ticularly to the stomach. Physiologically, however, it is ‘éfxl::a?aig:fege: IZ::
eral want 9f the whole system. 1Itis usually referred to the stomach becgu
by supplying the stomach with food there is a feeling of relief. It Woulsg
seem to depend upon the stimulation of the Pneumogastrics in conxiection with
the stomach and perhaps the alimentary canal or the intestines. The introduc-
tion of nutriment dlrgctly into the intestines or of concentrated food substances
that do not cause a distention of the stomach or only a slight distention will
satisfy hunger. This would indicate that hunger arises not from the stomach
alone, but also from the other organs and tissues which demand nutrition. It
is intimately connected also with the central nervous system. The division of
the pneumogastrics does not produce any change in the feeling of hunger b
way of relief. _The use of stimulants like tobacco or alcohol lessens or a% leasi
puts off for a time its activity, possibly on account of stimulation imparted to -
g:ynggv;f o?ifu f:{elg st,)tomacht tlhrough (tihe centers of the brain. The same effect -
: y mental acts and states. In its origin
appetite for food which is not painful. If continued, h%wel:’g? gietrbreeclc)::lseesnt:iil}
ful. Hungex: is thus one of the forces of nature which tend to the rese: pt"
of th; lll.wody life ;md indicate the necessity for diet. preservation
Lhirst 1s referred usually to the palate and pharynx i ‘
condition of the mucous of the posterg')r portion g} thz pha:’:'?ll;:.sen’}‘lgg :ecl:(:icoaxi
of the nerves which supply the pharynx, the pneumogastric, the glosso- pha-
ryngeal and the trigeminal does not diminish thirst. This condition of tlll)irst
may originate in the lessening of the quantity of water in the blood or from
the stoppage of certain secretions under the influence of certain chemicals, for
example, bel]adpnna, It is due to the general want of the tissues and can b
relieved by the introduction of water into the blood vessels or into the aﬂimente
ary system or by the submersion of the body in water. For how long a ti .
an 1nd1v1dqal can live without food or drink is not known. This wil% de 1m§
upon a variety of circumstances including bodily condition and the amoulﬂe!:)f
waste in the bodily substance, together with the age, condition of life and the
ls;:;roungmgs of the body. Normally entire abstinence cannot be sustained -
o hger than 8 or jo days. This may be extended if water alone is supplied
although in extraordinary circumstances this period has been prolonged for - o
am}i even sodays. The entire deprivation of food usually results in death afér
::nsaysw.clllhlldren and those rapidly growing succumb sooner than adult per-
food'or evletp ;av istgpgcl)yfgid w:ttzlilhfaenmay be1 prolonged lWith a small quantity of
R animal surviving longer u
upon any of the other proximate principles. The eﬁtire%eprigg go;v a(‘:tfer v::tilll'
Cl.llsually results in death in from 6 to 10 days. Indians under the influence of
rugs have been .known‘ to remain in a trance condition for many weeks. In
cast(ais where abstinence 1s prolonged the individuals become hibituated to this
;:ﬁ){n tllt:n;, being almost like the hybernating animals. The cold blooded animals .
i e the frog, have b.een known to live from 8 to 9 months without food Dogs
ave been found to live a long time upon water alone, cases being on re.cord ign
which dogs have lived for four weeks without either food or drink. In some

cases there is an excessive appetite,
1s peculiarly characteristic of certain

this condition being termed bulimia. It
diseased conditions, such as diabetes and




178 FERMENTATION.

in certain stages of fevers, especially during the convalescent period. The
minimum of food necessary tosustain life, cannot be stated because this depends
very largely upon the individual characteristics and upon the activity of life,
Even the activity of life does not depend upon the amount of food, as individ-
uals have often lived actively upon a very small proportion of food. Tt is gen-
erally stated that most persons take food in excess, this being one of the com-
mon causes of gastric derangements and dyspeptic conditions. Hence the
advice of hygiene is to modify and regulate the diet in its quantity, as well as
in the proper selection of food. During the starvation of the animal there is
constant body loss due to the using up of the tissues.

When the body ceases to receive nutriment it lives upon itsown substance,
the active organs losing rapidly. The fat stored up in the body is first

exhausted, next the blood, its albumin being used upin the tissues. This is-

followed by diminution in the secretions, the urine becoming acid and the
blood watery. The oxidations become less vigorous and the amount of CO,

given off is diminished. The tissues then lose their power, become weaker in
action, the central nervous system being the last to yield to the general disolu-
tion. What is the effect of a modified diet? Deprivaticn of water arrests the
secretion and especially the activity of the kidneys resulting in death very
soon  Hence water must be taken in sufficient quantities The same is true of
salts. If albuminous matter is cut off from the food supply there isa great
diminution in the excretion of urea. This becomes more marked if the food is
rich in carbo-kydrates. In this case the body metabolism, especially of the
albuminous tissue is lessened in activity, less urea being excreted than if no
food is taken at all. ‘The carbohydrates in this case use the O supply of the
body in the oxidation process, leaving but little of the O for the albuminous
matter. If the carbohydrates are cut off and only proteids are given with
plenty of water life may be sustained for a considerable period. 1If fatis given
along with the albumin there are different results. If a small quantity of fat
is given with a large quantity of albumin most of the albumin is lost in body
metabolism. If a large quantity of fat is given and a large quantity of albu-
min, considerable albumin and fat are stored in the body. These facts indicate
that a mixed diet is the preferable one. being more suitable to the bodily sys-
tem, the proper combination of the different foods yielding most satisfactory

results.
SECTION III. Fermentation.

Digestion consists largely of chemical changes taking place in the food in
its passage along the alimentary canal. These changes are peculiar on account
of the fact that they are accomplished by ferments to which the name of
enzymes is given; the action of these being different from other bodies of asimi-
lar kind. Many changes during the digestive process are simply fermentations,
Besides the existence, development and reproduction of ferments, are intimately
associated with certain diseased conditions. In the fermentation of fluid it
becomes either clear or more muddy, throwing off gas aad seething with the
froth, these representing physical changes. Associated with these physical
changes there are certain chemical changes represented by the alcoholic and
other substances such as CO, found in connection with the fluid and given off
from it. ‘There is also a deposit at the bottom consisting of small organisms of
a minute character, consisting of unicellar bodies representing the biological
change. ‘These processes, including the physical, chemical and biological, were
all associated together as phenomena in connection with the ferment which is
so called, from the fact that the surface presents the frothing appearance.
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These processes must have been known from very early times. The
first fact noticed was the frothing or the physical change. In early cen-
turies alcohol, when formed by fermentation, was separated from the water
by alchemy. Helmont first suggested that the gas thrown off was the same
as we find in connection with oxidation processes, namely, CO,. It was

then found that by the di'ss‘olutiog of the sugar, CO, and alcohol were pro-

fermentation of sugar, Pasteur being the first to differentiate the chemical
substances in connection with sugar includiug alcohol, CO, succ injc acid
and glycerine. It was early discovered that pure grape juice if boiled and
kept free from air did not ferment, the unpurified and unboiled solution fer-
menting. It was not until comparatively recent times that fermentation
was found to be due to certain vegetable cells which are found to grow and
increase rapidly in sugar solutions, Many theories have been proposed to
explain this phenomenon.

Ist. The Berzelian theory was that it was due to catalysis or to the
simple fact of the presence of the ferment in the fluid.

2d. The Liebig theory was that there existed no necessary relation

living cells produce some substance which, as it acts upon the substances
to be fermented, produces a motion among the atoms of the substances,
giving rise to the boiling or frothing condition. This is simply an extension
of the physical theory of Berzelius. Certain chemical changes are produced
by the ferment resulting in vibrating movements. Liebig says that “Physi-
ological action would be necessary for the production of these substances”
in other words, the living organism undergoes a certain chemical change
corresponding with physiological metabolism resulting in the formation of
certain substances which produce molecular vibration. For a long time it
was thus supposed that fermentation was purely a chemical process.

ute organisms. This has been accomplished, especially through the exper-
iments of Pasteur, who spent considerable time in the attempt to cultivate
these minute organisms. Thus, we have been led to the vital theory of fer-
mentation according to which these represent germs of life, a particular
form of life, or as Pasteur says, “fermentation is life without air,” although
it is admitted that these organisms assume two forms, aerobic and anaerobic,

not lferment, but if a single air bubble is permitted to enter, fermentation
results. i

substance in the air; hence, physical and chemical conditions seem to favor
the growth of the organisms from 20° to 40°C. assisting, above 60°C and
below freezing point arresting it. Schwann then attempted to identify fer-
mentation and putrefaction, finding that the air has the same to do with
putrefaction as with fermentation.

Helmholtz proved that air is produced by the dissolution of a com-
pound by means of electricity, the air thus produced does not cause fermen-
tation. By placing a bladder filled with grape juice inside a vat of
fermenting juice the fluid in the bladder did not ferment, the producing
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cause being unable to pass through the wall of the bladder. From this and
similar experiments it is evident that the organisms in the air are the cayse
both of fermentation and putrefaction. At this point Pasteur began his re.
searches which have immortalized his name and produced a revolution iy
the scientific world. He found that each form of termentation was produced
by a different ferment. The alcoholic by the yeast cell, lactic fermentation
by lactic acid, etc. He then began to cultivate these organisms in certain
fluids which seem germane to their life so that he could localize certain
organisms with certain fluids. He found that the ferment producing the
butyric fermentation could live and grow in a fluid mixture of certain min.
erals with sugar, the presence of free air interrupting the fermentation.
He found that this applied to some of the other fermentations. It was this
that led him to the conclusion that most of the ferment organisms may be
@robic or anarobic, that s, live in the presence or absence of air, but that
it is while it is anarobic that it does the fermentation work. When it re-
ceives free air it grows and develops as in the case of molds found on the
surface of exposed foods, but when free air is excluded it draws O from the
substance in which it exists and in this way produces fermentation. Thijs
does not mean that these organisms can live without air, for they can pro-
duce that air necessary for their life inside the substances in which they are
found. They can live without free air as Pasteur has said, extracting suffi-
cient O from the substances such as sugar,

Engleman has pointed out that some of these organisms gather close
to-an air bubble while others move away from the air bubble. There are
some, however, that require O, as the bacteria aceti. Pasteur’s final theory
is that some O is necessary at the beginning of fermentation, but that when
begun free O is not necessary. _ By these experiments the biological theory

in connection with lactic fermentation, the acetous mannite and urine as well
as putrefaction and fermentation. Although the fermentations are differ-
ent and also the ferments, some of the productions of fermentation are
alike, for example alcohol; some claim that the increase in the minute
organisms In the substances is not the cause of the production of fermen-
tation but the product of fermentation. It has been proved, however
that if the fermentation germs do not pass into the fluid, fermentation may
be prevented, so that it is'possible to completely sterilize certain fluids and
substanqes and so remove anything that could = cause fermentation. The
manner in which these ferments act is unknown, although it is supposed
nd of ferment which acts on the
substances under the process of fermentation. This action is supposed to
take place not directly but by reduction. 1In this case, of course, the ab-
sence of O would be characteristic. If O is present it is more likely that
the process is one simply of oxidation. If this latter statement is true we
can account for some of the results at least of oxidation taking place in the
tissues. There are constant molecular changes taking place in the living
tissues, these may be partially oxidation changes but where sufficient O is
not present these molecular changes may result from fermentation. When

organized ferments, there are the unorganized ferments or enzymes or the

unformed ferments that belong properly to the field of Physiology.
Digestion consists largely of certain processes of chemical changes

through which food passes in its passage through the alimentary system.
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These digestive changes are effected by means of these enzymes whose
action is peculiar. These are substances produced inside animals and plants
although not actively endowed with life. " When obtained in free solution
from organic matter, they are colorless and tasteless. They can be dissolved
in water and precipitated by alcohol. They are like the albumin deriva-
tives, but do not contain sulphur. These are distinct from the living germs
found in bacteria and are really dead, although they are generated in living
substances. Their chemical composition is not known, although they are
complex compounds. Some think that this ferment belongs to the albumin
derivatives, the solutions of these ferments give the proteid reactions, but
this may be due to impurity in the solution. These are usually classified
according to their reactions. 1st. Proteolytic; those changing proteid into-
soluble peptones, proteoses or triptones. In connection with digestion we
find the pepsin of the gastric juice and the tripsin of the pancreatic and
intestinal juices, the former acid, the later alkaline. 2d. Amylolytic; act-
ing on starch and changing it into a solution of sugar, or sugar and dextrin.
In animal digestion we find the ptyalin of saliva, amylopsin of the pancre-
atic juice and a liver ferment producing sugar or glycogen 3d. Steato--
lytic or fat separating ferments, acting on the neutral fats and separating
them into fatty acids and glycerine by the action of the pancreatic ferment
called steapsin. 4th. Inversive ferments, transforming the double- into the
single saccharines. For example, converting the cane sugar into the dex-
trose, laevulose and glucose by the action of invertin in the intestinal juice,
and possibly to a small extent in the salival juice. sth. Coagulating fer-
ments, as the fibrin ferment of blood, acting upon the proteids and produc-
ing an insoluble clot similar to this, and of the same nature as the rennin
ferment of gastric juice which produces curdled milk. The fibrin ferment
seems to belong to the class of albuminoids and this has led some Physiolo-
gists to suppose that all ferments belong to the same class.

This. however, is incorrect. 6th. Urea ferment, splitting up urea and
converting it into carbonates of ammonia. These are found in connection
with the deposits of urine. These ferments are the chief agents in the food.
changes that take place during the process of digestion and hence, form a
most important element in considering the digestive secretions. A ferment
is a substance that causes change in another substance without itself under-
going that change. This, of course, means that in causing a reaction the
ferment is not itself used up. It does not mean that the enzyme continues
to exist permanently or that its action is unlimited in extent or indefinite in
time. The action of ferment outside of the coagulating ferments is said.
to be on the principle of hydrolysis. This means that the ferment acts upon
the separate molecular atoms producing hydration, causing these atoms to.
take up one or more molecules of water. The hydrated molecule is then
separated so as to form smaller separate bodies.” It is not known how this.
hydration takes place. Some Physiologists have supposed that it was
accomplished by catalysis or by the influence of contact arising from the
presence of the enzyme. - In addition to this it is said- by others that the
presence of the ferment causes vibrations in the substance among its mole-
cules thus leading to the absorption of the fluid and the breaking up into
smaller bodies. Others have said that the ferment produces a chemical
reaction, without its undergoing any change itself, acting the part simply
of a medium in conveying to the substance the chemical influence. This is
not unknown in the field of chemistry as we find in connection with the
-blood, the hamoglobin becomes oxyhzmoglobin and after delivering the O
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to the tissues returning to its original form. Whatever may be the action of
these ferments the presence of these ferments in the human body in
connection with the juices explains largely the different processes
of digestion.

SECTION IV.—1. Digestive Processes in the Mouth and Passages to the
Stomach,.

Digestion includes all those processes and changes through which the
food passes in the alimentary canal, in order to prepare it for entering into
the blood by the process of absorption. These changes are thc result of
several processes to which the food is subjected in its passage through the
mouth, the stomach and the intestines. These processes to which the food
is subjected are various. In connection with the mouth there are two,
mastication and insalivation and there is deglutition in the passage to the
stomach. The food is introduced into the mouth by means of the hand or
some other artificial means devised for the assistance of the hands. After
the introduction of the food into the mouth it is subjected to the process of
decomposition accomplished by the movements of the jaws and teeth and
later it is mixed with certain fluid secretions. Fluids are introduced into
the mouth, passing into the pharynx and from thence to the stomach. It s
by inspiration that fluids are sucked into the mouth, If the lips are im-
mersed in the fluid in drinking, inspiration pulls out the air from the mouth,
the fluid passing in under the pressure of the atmosphere. If the lips are
not immersed in the fluid there is some air that passes in along with the
fluid.

The movements in connection with alimentation are dependent upon
the action of plain muscles. It is of importance to consider the character
of the muscles as these movements depend upon the muscle. Plain muscle
in the abdominal and visceral walls is composed of minute cells of varying
size and shape. There is no cross striation, the cells being united to form
fibers, all running in a longitudinal direction, corresponding with the cel]
axis. These cell plexuses form sheets of muscle which constitute the vis-
ceral walls, the coats being either longitudinal or circular. These cells are
bound together by a cement substance, the cells being continuous in their
protoplasm and thus affording a continuous path for the wave of contrac-
tion. " These tissue walls are under the control of the motor nerves, indicat-
ing the close connection between the muscle tissue and the nerve fibers,
The chief Physiological point in connection with this plain muscle tissue is
the slowness of the contraction. It is subject to any kind of stimulation
but the latent period is longer than usual, a slow contraction being followed
by a slow relaxation. This lengthening of the periods depends upon the
absence of cross striation. This however is not sufficient to account for the
slowness, as other plain muscle, like the ciliary muscle, contracts more
rapidly. This slowness of contraction is of great value in the alimentary

to cell provides for the contraction in either direction, This, at least, is
true of the ureter, although there is no positive proof of its truth in regard
to the intestines. These muscles of the intestines are always in atonic con-
dition, that is, a condition of normal contraction subject to an increase or
decrease in the contraction taking place slowly. This characteristic con-
traction is called peristalsis or the contraction beginning at any point in the
wall of the tubular-viscus passing along the walls of the tube in the form of
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a wave, each part of the tube slowly contracting and then slowly relaxing.
Thus, from its entrance into the mouth until it passes out of the body the
food is constantly subject to certain movements which act upon the food

" for the purpose of breaking it up completely, subjecting it to the digestive

action. In the alimentary canal we find two layers or muscular coats, a
thin longitudinal layer and a thicker circular layer separated by a connec-
tive tissue coating. The wave of contraction passing along the circular
layer contracting the tube and thus pushing on the contents, the wave pas-
sing along the longitudinal layer, following the circular layer wave, helps in
the forward movements of the contents and in the return of the tube to its
normal size.

I.  Mastication is the division of the food and its breaking up by the
teeth. The food is cut by the sharp edges of the incisors and canines and
ground between the rough surfaces of the molars and  bicuspids. The in-
cisors are used in biting off a part of the food, the canines in breaking it
up and molars in grinding it. There is a downward and horizontal move-
ment of the lower jaw, the former producing an upper and downward move-
ment of the arches and the latter of grinding. The former result s pro-
duced by the alternate downward and upward movement of the lower jaw.
The digastric muscle aided by the thryo-hyoid, sterno-hyoid and omo-hyoid
muscles which fix the hyoid bone, open the mouth; the genio-hyoid and the
mylo-byoid pulling down the lower jaw; the temporal, masseter and in-
te-nal ptarygoid muscles closing it. The external pterygoids in alternation
upon the two sides producing the horozontal action of the under jaw, re-
traction taking place by the internal pterygoid. The orbicularis oris keeps
the mouth closed. The trituri tion of the food between the molars js caused
by a kind of rotatory action of the lower jaw, due to the movements altern-
ately of the external pterygoids. The food is rolled about by the tongue
which pushes it between the teeth, while the contraction of the buccinator
muscles prevents the accumulation of the food between the cheeks and the:
dental arches. The process of mastication is assisted by the mixture of the
food with the fluids. If the mastication is complete the food js. ready for
digestive action. Complete mastication is very essential in order to pre-
vent derangements of the digestive system. .The food is rotated by the

nection with the tongue. Motor influences are conveyed to the muscles
concerned in mastication by the following nerves. The motor fibers of thc
5th in its inferior maxillary branch to the buccinator, the anterior belly of
the digastric and the masticatory muscles. The hypoglossal regulates the
tongue, furnishing by the descendens noni impulses to the omo-hyoid,
sterno-hyoid and sterno-thyroid and by the hypoglossal branches to the
genio-hyoid and the thyro-hyoid. The facial motors supply the posterior
belly of the digastric, the lip muscles and the buccinator. The reflex cen-
ter is in the medulla and Pons varolii close to the muclei of the sth, 7th
hypoglossal and glosso-pharyngeal nerves.

2d. Insalivation. During mastication the food s mixed with the flujid
saliva, a mixed fluid secreted by the parotid sub-maxillary and sub-lingual
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glands and by the small glands of the buccal mucous membrane., The
saliva is a thickish, transparent, glairy and somewhat turbid fluid with a
slight sediment. In this sediment are found flat epithelium cells from the
mucous of the mouth, mucous corpuscles probably leucocytes which have
-escaped into the secretion and spheroidal cells from the salivary glands
known as the salivary corpuscles, together with protoplasmic masses with
amoeboid movements. The specific gravity averages about 1003 to 100g.

The saliva is alkaline in reaction, due to the pressure of alkaline sodium
Phosphate, its alkalinity being about .08 per cent. It consists of water with
about .5 per cent of solid matter. The solids consist of salts including lime
carbonate, alkaline chlorides and the phosphates of lime and magnesia with
sulphocyanide of potassium and CO, in combination with carbonates. Smal]
quantities of O and N, mucin, albumin and globulin and an unorganized fer-
‘ment ptyalin of the amylolytic class which has the power of converting the
starch into various forms of sugar, dextrin and maltose. Ptyalin when pure
by precipitation is a whitish gray powder very soluble in water. The con-
stituents of saliva are in 1,000 parts, 994.15 of water, 2.2 of mucin, 1.4 of
ptyalin and albumin, 2.2 of salts and .05 potassium sulphocyanide. Mucin
15 an important element, producing the viscous character of the saliva, Itis
formed in the gland by combination of the proteid and carbohydrate. Sul-
phocyanide is formed by the decomposition of proteids, being one of the
products of proteid metabolism. This effect is produced more quickly
where the starch is boiled, as boiling removes the celluloid envelope of the
starch granules. There are other conditions favoring the ferment power of
the ptyalin including a moderate temperature 70° F and the fluid in which
the action is taking place being either alkaline or neutral. The various
salivary secretions have been secured by the use of tubes in connection with
the glands. The parotid saliva is clear and limpid, not viscous. It is
slightly alkaline although the first flow is acid, and it yields but little ptya-
lin and traces of urea. When exposed to air it deposits lime carbonate and
becomes milky. The sub-maxillary saliva is viscid on account of the mucin,
It is more alkaline and contains ptyalin and sulpho-cyanide of potassium.
The sublingual gland secretion is still more viscid on account of the large
proportion of mucin with more salts and is very markedly alkaline. )

In young children the saliva contains very little ptyalin and this in the
parotid gland only. The ferment appears a few months after birth in the
submaxillary saliva, after which saljval secretion increases in connection
with the dentition process. The chief element in saliva is ptyalin. It is
found in the human saliva and also in that of lower animals. It is detected
«chiefly by its action upon starch. The starch is split up by a series of hy-
drolytic actions. It is found that sugar is"formed from the starch, not di-
rectly but after passing through several stages, and that the transformation
des not take place perfectly, at least when artificial experiments are made
Inthecase of normal digestion the substances when produced are taken away
50 that the transformation into sugar would be more complete, indicating
that maltose is the definite product of ptyalin action. The process of con-
version is not known although it seems that the starch atoms take up water
then dividing up to form dextrin and maltose, the dextrin again by hydra-
tion forming dextrin and maltose and so on til] the process is complete.
Thus dextrin appears in different forms during the process of insalivation.
The action of saliva is more marked if the starch is boiled, the sugar being
developed in a few minntes, whereas if the starch is uncooked it takes a
much longer time, this being due to the fact that starch is bound up in cel-
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lulose so the ptyalin cannot get at it, and that when boiled it has taken up
water and is therefore more easily acted on. This shows the value of
cooked vegetable foods as opposed to raw vegetables. From what has

" been said the ptyalin is found to be present in small quantities, its action be-

ing dependent upon temperature. It follows therefore, that its action is
fermentative.

The function of the saliva is three-fold. 1st. To convert starch into
the sugar, glucose and maltose; 2nd. To moisten and soften the food and
50 to assist in swallowing; 3rd. To keep the mouth moist and so to facil-
itate articulation. The saliva simply acts upon one substance, starch, con-

-verting it into maltose and dextrin about, one half of the starch being

changed into sugar in the mouth. The conversion takes place freely at 35°

it rises above 60° C, being entirely arrested at 70°C and at 0°C, the action
being most effective at 40°C. The effect of heat seems to be in the ferment
rather thanin the starch substances. By boiling starch into a paste and
putting into it saliva at 35°C the paste will become fluid, the sugar being
found in a few minutes, the form of sugar being maltose. Saliva acts most
freely in the neutral solution, its normal reaction being slightly alkaline,
excessive acidity arresting its activity. Weak acidity or alkalinity dimin-
ishing its activity, strong alkaline reaction arresting its activity. The ac-
tivity is most marked if the saliva is diluted with the digestive” substances
in the ratio of 1 to 100. If this dilution is largely increased a small quanti-
ty of sugar is still converted. Very small quantities of acid proteids will
hinder and large quantities will destroy the activity of ptyalin. Hence the
formation of those acid proteids retards the action of the ptyalin until it
ceases to act at all.  Free hydrochloric acid in small quantities .003 per
cent almost entirely stops its action and if -005 per cent is present it will de-
stroy the ptyalin. “This indicates that ptyalin ceases to act on the food
when it reaches the stomach,

The action of saliva upon starch is hindered by the product of saliva-
tion, sugar. Hence, the process will be arrested if the sugar is allowed to
remain in the starch. If it is taken out as it is formed the process will go
on. Human saliva is not very active, its activity being directed to the
moistening of food for swallowing. Food remains for such a short time in

passage of the food through the cesophagus. In the case of soluble min.
erals it dissolves them. 1In the case of fats it has only a slight emulsifying
effect. On proteids it has a moistening effect. The amount secreted by
the human subject every day is estimated from 400 to 9oo grams. The
secretion, however, depends upon the nature of the food.” In the case of
any dry food w here only a small quantity of water is used the secretion is
lé}llrg% (;I'his secretion is also increased by speaking and by the sapidity of
the food.

The ordinary flow of saliva is a reflex action. The lingual nerve being
the afferent path and the chorda tympani the efferent path for impulses.
The food substance stimulates the glosso-pharyngeal and the lingual nerves
which convey impulses to a center in the medulla from which efferent im-




186 INNERVATION OF INSALIVATION.

liva is drawn from the blood under the influence of the activity of the cells,
the amount of the fluid flow depending upon the necessity of the digestive
system; hence, when the mouth has no food in it only sufficient saliva flow
takes place to keep it moist. When the food or any substances enter the
mouth the salival flow commences. Thp mﬂuenc‘e of_ the nervous system on
salivary secretion and flow has been chiefly studied in connection with the
sub-maxillary glands. There are connected with these glands in the hu-
man subject fibers from the facial through the chorda tympani and from
the sympathetic. The chorda tympani springs from the facial nerves at the
lower extremities of the Fallopian aqueduct passing through the small ca-
nal opening on the posterior wall of the tympanum, passing across the
tympanum and then passing out of this canal by an opening in the interior
extremity of the Glasserian fissure. ) It passes dpwn a}long the_mternal sur-
face of the internal ligament of the jaw connecting with the lingual trunk,
the submaxillary ganglion and the blood vessels in connection with the
tongue. This submaxillary ganglion is closely related to the lingual branch
of the sth nerve by the anterior and posterior roots, the latter carrying the
fibers from the ganglion to the chorda tympani. The nerve fibers run along
the duct towards the gland, nerve cells arising especially after the entrance
of the hilum into the gland. The nerves enter the gland but how they are
distributed in connection with the gland is as yet unknown. The chorda
fibers are medulated till they enter the gland, when m;dulathn‘ is lost.
The sympathetic also sends out fibers to join this ganglion, arising from
the plexus of the facial artery. The blood vessels of the submaxillary
gland are connected with the ganglion by means of a number of fine nerves,
the nerve fibers reaching the gland along with the arteries of the gland.
Several of these small fibers pass to the mucous membrane of the mouth.
These fibers are non-medullated and may be traced to the superior cervical
ganglion, thence, back to the cervical sympathetic and the spinal cord. If
a tube is applied to the sub- maxillary gland a whitish turbid fluid passes.
out if the tongue is stimulated by some food substances or if the lingual
nerve is artificially stimulated. Tf chemical stimulation is applied to the
tongue changes may be made in these secretions, a weak solution of acid
producing a clear fluid and an alkaline solution a viscous fluid. These
changes are due to nervous stimulation depending upon the nerve to which
the stimulus is applied. (1.) Stimulation of the sympathetics produces
contraction of the arteries} a slowing of the circulation, the blood passing
from the gland being of a deep dark color. The secretion is diminished,
the saliva becoming thready and viscous and containing numerous corpus-
cles and protoplasmic lumps together with mucin. If the stimulation is
long continued the saliva becomes limpid very like the chorda secretion,
indicating that the chorda and sympathetic secretions are similar in their
nature. Previous to the effect produced upon the secretion after the appli-
cation of the stimulation there is a brief latent period from 2 to 20seconds
before the change takes place in the saliva. The fibers are the vaso-con-
strictor and probably act by the stimulation of the local ganglia, (2.)
Stimulation of the chorda tympani at the peripheral end after its division
causes the dilatation of the arteries, a quickening of the circulation, brlght
arterial blood passing into the veins, a copious watery secretion with flge
salivary corpuscles and protoplasmic masses with salts. Thus the chor a
is a vaso-dilator fiber and increases the secretions. The fibers are so far as
the vessels are concerned, vaso-dilators, but it is b.elleved. that some are also
distributed to the secreting cells of the gland for if atropin be administered
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the stimulation of the chorda tympani will still cause the dilatation of the
blood vessels but no secretion of saljva. In this case the atropin paralyzes
the secretory glands but not the vascular flbers of the chorda tympani. The
nerve fibers in all probability dilate the blood vessels by the inhibition of
the local ganglia.  (3.) If the lingual nerve is cut and stimulation is ap-
plied to the central end the secretion increases very much. This secretion,
however, will not increase if before stimulation the chorda tympani is also
cut. (4th.) If the glosso-pharyngeal is stimulated the effect is more no-
ticable than in the case of the chorda tympani, this being the principal af-
ferent nerve in secretion. If the mucosa of the stomach is stimulated by
the fistulous introduction of food there is asalival flow. The same result
will follow stimulation of the pneumogastric or the sciatic. These are re-
flex in connection with the central nervous system.

From this we conclude that there is a nerve circle including sensory fibers
of the lingual, a center in the brain and fibers of the chorda, producing secre-
tion and the salival flow by reflex action. If the sympathetic, the chorda and
the lingual are cut and stimulation applied and the mucous lining of the mouth,
the secretion increases, indicating that the submaxillary ganglion acts as a
subordinate reflex center. N ormally, submaxillary secretion is limpid and the
chorda activity is excited by stimulus applied to the lingual and glosso-pharyn-
geal nerves, or the sensory fibers of the sth in the mouth and tongue, or the
olfactory branches or the vagi branches to the stomach, all of these producing
a watery secretion. In the same way flavorous substances, the masticatory
action of the jaws or the presence of some solid substances in connection with
the tongue produce the same flow of watery secretion. The secretory center js
in the medulla close to the rise of the yth and 9th cranials. The sympathatic
fibers arise from the same point. If the lingual trunk is divided above the
junction of the chorda and if the tongue is stimulated there will be no flow of
the saliva. This indicates that the center must be above this point. The
center in the medulla is near to the vasomotor center. If the upper part of the
brain is removed, leaving intact the medulla the salival flow will continue, if
there is sufficient afferent stimulation. If the medulla is destroyed the salival
flow ceases. If direct stimulation is applied to the medulla the salival flow will
continue, The efferent impulses pass from the center in the medulla either by
the chorda tympani or by the sympathetic, although some claim that no effer-
impulses pass through the sympathetic. The salival flow, therefore, depends
upon efferent impulses brought the gland along the chorda tympani. By the
stimulation of the chorda peripherally after division the secretion flows freely,
the saliva being watery with ouly a few plotoplasmic substances and salivary
corpuscles. The blood flows freely in the arteries, capillaries and veins, the
venous blood being almost arterial in color and producing a pulsation in the
veins, this being due to the fact that the blood, flows quicky and does not lose
its O.

Thus, the stimulation of the chorda produces dilatation of the blood ves-
sels in the gland and the salival flow, The difference between the chorda
stimulation and the stimulation of the sympathetic is that the former gives rise
to dilatation of the blood vessels and the free flow of watery saliva, while the
later constricts the arteries and gives rise to a diminished flow of viscous saliva.
This indicates that the blood supply is not the direct cause of the flow of secre-
tion, although it may be connected with it in some way. Inthe case of the
parotid gland there are two kinds of nerves, one from the central nervous sys-
tem passing along the auriculo-temporal branch of the fifth and the other ori-
ginating im the cervical sympathetic. The former nerves are vaso-dilator and
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the latter vaso-constrictor. ‘This center in the medulla may be stimulated not
only by afferent impulses from below but also by impulses arising in the cere.-
brum, arising from a psychic influence connected with the thoughtof a savoury
meal. This influence may be either accelerator or inhibitory, in the former
case producing a free watery secretion in the mouth, and in the latter case,
parching the mouth. Secretion in the submaxillary gland is not a process of
filtration but takes place internally in the gland determining blood flow to the
gland. Secretion is not arrested by the pressure becoming greater in the gland
than in the arteries. Ever after decapitation the secretion will continue in the
gland indicating that the salivais not simply filtered through the gland from
the blood but is producedin the gland cells. In confirmation of this it is
claimed by some that the nerve terminals are found in the gland cell proto-
plasm or in the neuclei of the cells, at least they seem to be intimately con-
nected in some way. This nervus connection with the cells has been traced in
the liver. In connection with the chorda tympani two different kinds of fibers
exist, secretory or accelerator or inhibitory. The use of atropin produces par-
alysis of the accelerator without effecting the inhibitory. If then stimulation
is appliedto the chorda, no secretion takes place, though the blood vessels
are dilated. Thus, thedilator fibers have not been effected at all; the secre-
tory fibers have been effected. If the chorda is divided after the lapse of a day
the Wharton duct begins to discharge the liquid secretion called the paralytic
secretion which ‘continues to flow for several days, after which it ceases, the
gland beginning towaste. If but one chorda is cut, this watery secretion will
flow from both glands. 'This is supposed to be due to the venosity of the blood
stimulating a local center, this flow continuing during the vitality of the local
ganglion. During the secretry process the gland temperature is raised from
1° to 2°C producing an increase in the flow of venous blood leaving the gland
as compared with the arteral blood received into it. The changes in the gland
also produce certain electric influences, a change taking place between the
normal gland and the gland under stimulation, resulting ina negative variation.
During the resting of the gland the hilum of the gland is positive to the rest of
the gland. 1If the chorda is stimulated the hilum becomes negative after a
latent period. If the sympathetic is stimulated the hilum becomes negative to
the rest of the gland. Secretion and flow are thus dependent upon three
factors.

(1.) Blood supply. The secretion increasing or diminishing according
to the supply of the blood. (2.) Nervous impulses. There is an increase of
the secretion by the nerve activity upon the gland cells. The blood supply
is under the controlof the nerve fibers, one set increasing, another set decreasing
supply. This nerve impulse is under the control of the local reflex cen.
ter or the centers in the central nervous system. (3.) The activity of the
gland ¢ rpuscles. This means that it is due not simply to blood pressure. This
isshown by the fact already referred to in reference to the stimulation
of the fibers of the chord a tympani in connection with the submax-
illary gland when the system is under the influence of atropin, It can also
be shown by ligaturing the duct of the gland when secretion will still continue,
although the pressure inside the gland is greater than that inside the blood
vessels. ‘The submaxillary ganglion appears to be a kind of secondary reflex
center for the submaxillary gland If the nerves that connect the tongue with
the central nervous system are divided, substances applied to the surface of the
tongue causea flow of saliva. The nerve fibers to the sublingual gland come
from the lingual division of the sth and also from the sympathetic as well as
from the submaxillary ganglion. Nerve fibers passing to the parotid gland
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from the glosso-pharyngeal by the otic ganglion and the inferior superficial
petrosal, the immediate connection with the gland being through the auriculo-
temporal. The.glosso-pharyngeal through its tympanic branch passes to the
internal tympanic going through the petrous ganglion. Passing along the
interior wall of the tympanum, it passes out at the upper part becoming the
small superficial petrosal nerve which is found in the upper part of the petrous
division of the temporal bone, passing downward to the otic ganglion. The
otic ganglion gets fibers from the inferior maxillary branch of the sth, from
the sympathetic and the glosso-pharyngeal through the small superficial pet-
rosal. Thus, the nervous connection of the parotid is similar to that of the
submaxillary gland.

Heidenhain has tried to explain the secretory process in the gland. In
the cell we find the cell substance and also the secretion, each cell being sub-
ject to the influence of trophic fibers which produce the chemical protoplasmic
changes in the cells and also of secretory fibers which are concerned in the act
of secretion. In the cranial nerves, we find secretory fibers and very few
trophic fibers so that the stimulation of these nerves produces a free flow of
watery secretion. In the sympathetic nerves we find trophic fibers and very
few secretory fibersso that the stimulation of these fibers does not produce any
flow oronly aslight flow of secretion, the secretion being thick. If the stimulation
is Jong continued the secretory fibers are strongly affected so that the solid
matter of the secretion is used up. A weak stimulation on the other hand
increasing the protoplasm of the secretion, ’

This indicates a double process taking place in the gland cell, an anabolic
and a katabolic process, each of these processes being dependent upon nervous
connection so that the salival flow depends very largely upon the nervous con-
mection with the gland. As distinguished from insalivation mastication is a
voluntary act under the direction of the muscular sense and the sensation. It
1s not, however, purely voluntary as the paralysis of the nerves controlling the
tontgue, takes away the influence of sensations which aid so materially the vol-
untary act.

SECTION VI. Deglutition.

. After the process of mastication is complete by breaking up the food and
mixing it thoroughly with saliva, the food is formed intoa circular bolus and
conveyed to the stomach by the process of deglutition which consists of a suc-
cession of complex muscular movements. This transmission takes place
through the pharynx and the oesophagus. The pharynx is a muscular tube
reaching from the base of the skull to the lower edge of the cricoid cartilage,
The oesophagus below is continuous with it. The soft palate projects back-
ward into it, and is an envelope passing backward from the hard palate forming
the conical shaped uvula with two lateral folds, the anterior and posterior pil-
lars of the fauces between which we find the tonsils. Between the anterior
pillars is the isthmus of the faceus. In connection with the pharynx we find
the three constrictor muscles and the stylo, and palato-pharyngeal muscles,
The palato glossus found in connection with the anterior pillar of the fauces
and the palato-pharyngeal with the posterior pillar. The levator palati elevates
the soft palate. The palato glossus and pharyngealmuscles depress it. In all
there are seven orifices into the pharynx, two from the nose, two eustachian
tubes, the isthmus of the fauces, the laryngeal opening and the opening to the
oesophagus. The oesophagus begins opposite the 6th cervical vertebra, pass-
ing through the diaphragm and entering the stomach opposite the roth dorsal.
The calibre of the oesophagus while resting, isstar shaped. The upper part of
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the oesophagus is striated muscle which gives rise to the quick movements of
this part of the oesophagus, whereas, the lower part is untriated, the moye-
ments of this part being much slower. o

, . Deglutition includes three periods, the passage of the bolus through the
isthmus of the fauces, the passage through the pharynx and the passagé
through the oesophagus. After the bolus reaches the isthmus there begins
the involuntary and reflex movement. ‘There is a backward movem ent of the
tongue and an elevation of its central part by tha contraction of the stylo-
glossi muscles. 'The tongue at the same time changes its form, sending the
bolus back to the soft palate. The bolus then goes through the isthmus and
the anterior pillars, contracting, and thus preventing it from returning to the
mouth. It includes the passage of the food from the mouth to the stomach,
It may be divided into three stages

1st. From the mouth to the isthmus of the fauces. T‘his is the voluntary
stage during which the bolus is by the movements of the tongue carried back
to the fauces. When the bolus lies on the upper surface of the tongue the
elevation of the tongue forces it back to the soft palate. It is voluntary in the
sense that the tongue can be freely used to do this It requires, however, a
moistening of the food. As soon as it passes within these fauces there com-
mences and is rapidly completed the 2d stage, through the pharynx. This
stage 1s spasmodic and is of the nature of areflex action. The tongue is jerked
upwara and backward by the stylo-glossi muscle and thus, the food bolus is
thrown into the lower part of the pharynx. The pharynx is the common tube
for the food and air, and hence, more rapid movement of the food is necessary
during this stage. At the same time other movements take place by which
the openings leading from the pharynx except that into the oesophagus are
closed, and in this way the bolus is prevented from entering them. Various
steps in this process are noticeable. (a.) The muscles of mastication fix the
lower jaw, pressing the arches of the teeth against each other. The pharynx
1s pulled up and forward by the palato-pharyngeal and the stylo-pharyngeal
muscles, the constrictors and the muscles from the lower jaw to the hyoid bone,
Th.e pharynx ascends, accompanied by the ascension of the larynx. The con-
strictor muscles also contract from above downward, pressing the bolus
against the soft edges of the palate and the tongue, carrying the bolus into the
oesophagus as to prevent regurgitation of the food into the nose. The palata-
glossi muscles contract and produce a narrowing of the anterior arch of ,the
fauces. preventing the bolus from returning to the buccal cavity. Having
entered the pharynx certain movements are necessary in order to prevent its
Passage into the nasal cavity to the trachea and to carry it into the oesophagus.
(b.) The soft palate is raised by the levator palati muscles which prevent
regurgitation of the food into the nose, while, by the contraction of the pala-
lato-pharyngeal muscles the two posterior pillars of the fauces are made to ap-
proach one another like the blades of a pair of scissors, leaving between them a
harrow passage that is filled up by uvula. In this way there is formed a slop-
1;1% shelf which cuts off the bolus from the posterior nares and the eustachian

ubes,

It is a matter of dispute whether the orifices of the eustachian tubes are
open or closed during deglutition. The posterior surface of the soft palate I
think, is directed back toward the wall of the pharynx occupying a horizontal
position and almost closing the eustachian tube. The mylo-hyoid muscles
contract rapidly thus lessening considerably the buccal cavity, the bolus be-
ing quickly sent from the mouth through the pharynx and the cesophagus.
Into the stomach, the contractions taking place in the cesophagus and pharyn-
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geal walls being supplementary to drive down the remnants of the bolus,
{c.) As the tongue is jerked upwards and backwards the hyoid bone with the
pharynx and larynx is carried upward and forward. Hence the base of the
tongue presses the epiglottis down over the superior aperture of the larynx,

© The closure is completed by the constriction of the muscular fibers connected

with the epiglottis. At the same time the rima glottidis is closed, the ary-
tenoid cartileges and the true vocal cords being brought close together, the
cushion of the epiglottis fitting in between the cords. The general view is
that the epiglottis presses down on the laryngeal opening, closing it and pro-
tecting the respiratory passages. If the epiglottis is taken out normal swal-
lowing continues. According to some recent cases the epiglottis becomes
erect in swallowing although this is not accepted as correct. By these means
the orifices leading from the pharynx are closed with the exception of that in-
to the cesophagus. The cesophegus and the lower part of - the pharynx are
somewhat raised to meet the descending bolus by the contraction of the stylo-
pharyngeal and palato-pharyngeal muscles forcing the food downward and
thus preparing for the 3rd stage. During this stage, therefore, the buccal
cavity is closed by the tongue pressing upon the soft palate and by the con-
striction of the muscles of the anterior pillars of the fauces. The nasal cavity
orifices are closed by the raising of the soft palate, of the uvula and the con.
striction of the muscles’ of the posterior pillars of the fauces. The tracheal
opening is closed by the constriction of the vocal cords, the elevation of the
larynx and the lowering of the epiglottis over the larynx. In this way aclear
and well marked passage is cleared for the focd through the pharynx.

3d. Inthe oesophagus, this is the involuntary stage. ‘The constrictors of
the pharynx close over the food which enters the oesophagus along which it is
carried by peristaltic contraction. When the food enters the oesophagus the
pharynx falls downward, the openings of the mouth, the nasal cavity and the
glottis being opened and the fragments of food being carried down by a succes-
sion of oesophagal contractions. The oesophagal movements are undulatory;
and hence, they are called peristaltic. The circular contraction originating in
the pharynx passes into the oesophagus, being first communicated tothe trans-
verse coats of the oesophagus and then assisted by the contraction of the longi-
tudinal coats, the movements being always directed downward. The muscles
of the oesophagus are found to contain striated fibers in the upper part, and
unstriated fibers in the lower part, peristaltic action being the same in both ex-
cept that in the striated fibers it travels much more rapidly. These peristaltic
movements may be carried out by the muscles without any assistance from the
nerve fibers, terminating in the muscles and apart from any stimulation from
the central nervous system, as these can be seen in the organs when removed
the body. i

But in the living body the connections are so close with the nervous sys-
tem as to make the connection of nerves and muscles inseparable in the pro-
duction of peristaltic action. The contractions do not originate and are not car-
ried out by the walls of the tube alone and thus transmitted from segment to-
segment in the tube. The efferent impulses pass from the medulla to the dif-
ferent regions of the tract. Hence, if a part of the cesphagusis excited the
contraction will commence and go down the oesophagus to the cut portion and
will proceed to go down the lower part, crossing the gap, indicating that ner-
vous stimulation passes to the oesophagus in all its parts from the central ner-
vous system. Persstaltic movements of the lower portion of the cesophagus can
be aroused by irritating the pharnyx. In the production of these peristaltic
movements of the oesophagus we find the pharyngeal afferent nerves, the
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superior laryngeal, the pharyngeal branches of the pheumogastric, the
branches of the 5th and the branches of the glosso-pharyngeal. The center of
peristaltic action is in the medulla being a portion  of the deglutition center
the efferent impulses pass from the center along the pneumogastric, passing b{r
the recurrent laryngeal to the upper part of the pharynx and through the
bneumogastric laryngeal plexus to the lower part. If the vagus trunk ig
divided deglutition in the last stage through the oesophagus is difficult. If the
If the pheripheral end of the cut trunk is stimulated, then the peristaltic con-
tractions are noticeable. Where the cesophagus unites with the stomach at
the cardiac orifice in the last part of the oesophagus the circular fibers continue
In a tonic contracted state, especially when the stomach is filled. This con-
traction of the lower end of the esophagus acts as a closure sphincter, prevent-
ng the regurgitation of the food from the stomach. When the food reaches
this point the center which controls this part is inhibited, so as to dilate the ori-
fices and permit the passage of the food into the stomach which comes with
sufficient force to press through the small opening, producing a sound over the
upper region of the abdomen. ‘These movements of the oesophagal walls are
very much like those found in the stomach and intestines, The muscular
coating of the alimentary canal consist of two layers, the external thin layer
arranged longitudinally and an interior thick layer arranged transversely with a
layer of connective tissue in the middle. When constriction takes place in the
transverse layer the contraction is tramsmitted downward, causing contractions
of the circular layers. ‘This causes the contraction of the tube pushing forward
the contents. In the case of the longitudinal layer a contraction of any por-
tion of the tube helps forward the contents by drawing the tube over the con-
tents immediately above. These contraction movements are transmitted all
along the walls of the tube. The transverse and longitudinal contractions are
supposed to take place at different times and not simultaneously, because simil-
taneous contractions would tend to neutralize each other. It is supposed that
longitudinal contraction takes place first and accompanies transverse relaxatiou
and vice versa, the thickcoat of the transverse Trepresenting the stronger force,
the thinner longitudinal coat assisting the movements forward. These con-
Joint movements produce a writhing and twisting in the walls along the tubes
of the intestines, which is called peristaltic action. All these movements in
deglutition are induced, if not produced, by the stimulation arising from the
food or liquid coming into contact with the tongue and fauces. T'hese move-
ments are aided by the insalivation of the food and the closure of the mouth, as
it is very difficult to swallow any substance with the mouth open.

These movements originate from stimulation by the food or drink brought
into contact with the posterior portions of the tongue and the anterior portions
of the fauces. This is greatly assisted by insalivation of the food, as dry food
is almost impossible to swallow. ‘T‘he same difficulty in swallowing is experi-
enced w.hen the mouth is kept open. By experiments it has been found that
deglutition lasts about 6 seconds; about 3 seconds representing the movements
of the lower pharynx and oesophagus and three seconds the upper pharynx,
If the respiratory passages are not closed the food passes into the larynx, pro-
ducing excitation, resulting in choking sensations. This irritation produces
e_xlpiratory movements, followed by a cough which drives out the foreign par-
ticles. i

According to Kronecker and Meltzer soft food is forced through the
pharynx and the oesophagus by the quick and powerful contraction of the
mylo-hyoid muscles. When the food lies on the surface of the tongue, by the
pressure of the tongue against the palate, it is forced back to the back part of
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the mouth, and prevented from coming forward. At this peint under the con-
traction of the mylo-hyoids the food is forced through the pharynx and oesoph-
agus. The movements of the hyo-glossi muscles move the tongue back and
downward, pressing down the epiglottis over the larynx and pressing the food
downward. ‘The food bolus, according to their conclusion, reaches the open-
ing into the stomach in 1-10 of a second. The action of the pharyngeal con-
strictors and the oesophagus peristalsis does not assist deglutition but takes
place after the swallowing of the food, the object of which is to clear down the
fragments, and if the food bolus is detained to push it down more slowly
through the pharynx and the oesophagus. According to these Physiologists
the food bolus when it has passed to the lower end of the oesophagus stops, on
account of the tonic contraction of the sphincter until the peristalsis reaches
that point so as to relax the sphincter and thus permit the passage of the food
into the stomach. The peristaltic wave reaches that point about 6 seconds
after the entrance of the food into the mouth. Instead of there being two
regions in the oesophagus as we find in the old theory, according to these
investigations there are three regions, the upper, middle and lower, so that
there are three contractions in the peristaltic movements. These three con-.
tractions together with the pharyngeal constrictors and the mylo-hyoid muscles
are the five segmentary contractions producing deglutition in normal circum-
stances. This represents a new and simpler theory of the deglutition which as
yet has not been fully confirmed. If confirmed it will simplify very much the
physiology of deglutition.

The Nervous Arrangement of Deglutition.

Deglutition as a whole represents a reflex action complex in character.
It isimpossible without somestimulation of the mucous coat of the fauces. The
first stage represents a voluntary action, the second stage is said to be partly
voluntary and partly reflex. The movements, however, may take place in-
voluntarily and during unconsciousness. In the last stage it is purely in-
voluntary, the will having nothing to do with the action and the move-
ments concerned. It is a complicated reflex action, therefore, involving
many muscles, all these muscles co-operating to produce definite results,
the connections and-the results being very definite. The nervous connec-
tions associated with the act of deglutition are, 1st, afferent sensory fibers
carrying impulses to the centers; the glosso-pharyngeal in connection with
the tongue and the pharynx, the branches of the sth pair of cranial nerves
from the palate and the tongue and the pharyngeal branch of the superior
laryngeal portion of the pneumogastric from the u per laryngeal orifice.
2d. The center of reflex action lies in the medulla and the Pons Varolii.
If an animal’s brain is removed leaving the medulla, deglutition can be in-
duced by stimulating the fauces, even if the animal is unconscious. If the
medulla is removed deglutition is impossible. Various centers have been
localized in the nucleus of the yth, the pneumogastric and the glosso-phar-
yngeal, the sth and the hypo-glossal, all those being closely grouped to-
gether. The deglutition center is higher than the center of respiration, so
that when the lower part of the medulla is injured the deglutition process
may go on unimpaired. Possibly this center like others, cannot be confined
to a small local area but covers the region representing the -nuclei of the
origin of efferent fibers to the muscles of deglutition. 3d. The afferent
motor nerves carrying impulses to the muscles of deglutition are the hypo-
glossal to the thyro-hyoid, genio-hyoid, hyo- and stylo-glossi muscles
and the intrinsic muscles of the tongue, the glosso-pharyngeal and the
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196 DIGESTIVE PROCESSES.

in the form of a very quick contraction, being actively marked at the
pylorus. )
The action of the sphincter seems to depend on the contents of the

stomach. for undigested parts of the food do not pass through the pylorus

movements usually drive the fluid part of the contents in the form of chyme
into the duodenum, the more solid parts remaining in the stomach for the
further action of the gastric juice. The food substance is gradually con-
veyed tothc duodenum, the indigestible elements being the last to pass from
the stomach. Some indigestible elements do not leave the stomach, caus-
ing the disagreeable feeling in the stomach. The presence of the food does
ot causethe movements as when the stomach is fullest the movements are
at the lowest. It is rather acidity that produces the movements by stimula-
tion. These movements take place at intervals of 1y minutes until the food
is all digested and emptied into the small intestine.  The nervous mechan-
ism of the stomach is supplied by the pncumogastric and the splanchnic
nerves. If the sympathetic is stimulated there do not result any move-
ments. If on the other hand, the pneumogastric is stimulated, active move-
ments occur in the cardiac portion, particularly if the stomach is dilated. If
the sympathetic or pneumogastrics be divided these movements are not
suspended, indicating that the ganglia which are found in the plexuses of
the abdominal walls act as centers of activity even after separation from
the central nervous system. If the splanchnics are stimulated these con-
tractions cease, their action being inhibitory, stimulation producing dilata-
tion of the contracted stomach and relaxation of the sphincters, the vagi
nerves in connection with the sphincter causing the contraction. Thus, the
movements in the stomach walls are due to local influences arising from
impulses sent out from the ganglionic centers. Impulses conveyed along
the pneumogastric excite these movements to become more vigorous
whereas, impulses conveyed along the splanchnic sympathetics exercise the
inhibitory force. Recent experiments indicate that there are also inhibitory
fibers in the vagus and the sciatic nerves. The stimulation of the central
ends of these nerves inhibiting the tonus of the stomach. These movements
under impulses are regulative as we have seen that the stomach movements
are almost purely muscular. -
If the stomach is subjected to a shock produced either by striking with
a flat instrument, or by the applications of induction shocks, there will arise
certain_contractile movements. These movements as undulations being
transmitted along the abdominal walls. The stomach movements thus do
not depend upon the connection of the stomach with the central nervous
system. If the extrinsic nerves are divided even, after the removal of the
stomach from the body, these movements continue, provided the tempera-
ture and moisture are sustained. This indicates that the stomach acts auto-
matically, that is, independently of the nervous stimulation, The move-
ments arc like the heart movements, that is, muscular. The antrum pylori
seems to be the chief cause of the movements of the stomach, originating
both the pyloric movements that drive the food contents from the stomach
and the movements that keep the contents in motion in the stomach.
According to some, there are no movements of the fundic end, the fundus
remaining in a normal tonic condition, According to others the contrac-
tions begin at the cardiac end and continue toward the pyloric end. This
latter seems to be the more correct opinion. The movements begin at the
cardiac end, which at first are quite feeble caused, by the contraction of the
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and to the stomach, Sometimes this compression causes the ejection of a
quantity of gas. Associated with this is sometimes a retching accompanjed
with a deep inspiration. 3d. Immediately thereafter the fibers of the oesoph-

powerfully, fol owing this vomiting there is a deep expiration resulting in
abdominal contraction, all the strength of the muscles being exhausted ip
the expulsion of the contents of the stomach. The involves a compression
from the outside of the stomach. There are twp marked actions in vomit-
ing: 1st, the distension of the cardiac opening-and 2d, the compression of
the walls of the abdomen, both of these being necessary in order that the
action may be affected. Sometimes the former takes place as poisoning by-
curare, in which case there js simply an internal stomach pressure, resulting
in the emission of the gas. What is commonly called water-brash or heart-
burn is probably due to this internal movement of the abdomen. FErycta-
tion of wind consists of a sudden forcing of gas out of the stomach produc-
ing a sound which s very characteristic in the upper part of the oesophagus.
uring vomiting the pyloric orifice is closed so that the contents do not
pass into the duodenum. If the gall bladder is well filled thereis a flow of
bile to the duodenum along with the vomiting. In some cases this bile
passes to the stomach, as in the case of bilious vomiting. The nervous ar.
rangements of vomiting are obscure, The center is in the medulla in con-
nection with the deep origin of the glosso-pharyngeal and Pneumogastric
nerves. There is really no special center. The reflex, however, takes place
in connection with the medulla. But the respiratory muscles are those en.
gaged in the act of vomiting, Vomiting consists of spasmodic actions of
the expiratory and the inspiratory muscles. Some have concluded that the
center is the same as that of respiration. This however lacks confirmation.
In addition to this there is evidence that if the medulla is divided so as to
suspend vomiting, respiration continues, Efferent impulses causing the
deep expiration must come from the respiratory center. The distension of
the cardiac opening is produced by stimulation passing along the pneumo-
gastrics, because jf these are divided vomiting is prevented or
rendered almost impossible through lack of dilatation of the orifice. The
internal stomachic movements and the movements of the oesophagus are
carried out under the influence of the glosso-pharyngeal and the sympa-
thetic nerves. The salival flow in connection with the nausea arises from
impulses passing along the chorda tympani. These various mechanisms arc
broughtinto activity by the stimulation ofdifferent centers,impulsesbeing pas-
sed from one center to another, thus interfering with the rhythm of the move-
ments in the stomach, Vomiting js, therefore, a reflex action, the impulses
usually passing along the splanchnic and pneumogastric nerves. This does
not prevent direct action upon the centers as in abnormal conditions of the
medulla resulting in cerebral vomiting and in some cases of poisoning as
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SECTION VIII. (2) The Gastric Juice.

When food reaches the stomach it is bx;ou%ht intto cc:gtacioﬁgllcghe %‘15‘;
i in: nters the s ,
i etion which begins as soon as the food e mach,
g:gt:ﬁ:cguice is easily obtainable for experfm::ﬁntaé g&r};gse& ‘l:)u: tl; r;1sa Sﬁﬂic%l;
i teristics o e flui .
to determine the normal characteris A\ somach. By
i i e the sponge can be wi
causing an animal to swallow a spong FSE Martin, whe porn and
jui ezed out. In the famous case of St. in, o bya :
f:aesjrvl;l?nséleu(fin the abdomen, there was aﬁstu}ious optemtng ?x;itmg;rt::n:gﬁ.
Il so that the contents o e
abdomen wall and the stomach wa ont of Siomach
i cami st easy method is by means g
could be easily examined. The mo>1 L i . the gas-
i Is introduced into the stomach. nves-
tric fistula through the abdominal wal g t s gh. Ioves
igati i tion with the production o
tigations have been made in connec i Doy o artificial
ic jui d by the use of alcohol in conn t 1
S embranc ot e f rds using glycerine and hydrochloric
membrane.of the stomach, afterwa 5 Ly the asie pentoric
id. These, however, only represent in a genera y th !
iglrdmal'lry it is complicated by mixture wixthl thcﬂfqu, '?ﬁld;’sztucx: ogVOl;el; n];
i in purity it is a thin clear, colorless fluid wi ) 1
gsstic‘tlf.lzdrg;&ion}l’aeing distin'ctly acid, arising from free hydrocl‘_xtlon‘(l:] atc}lli
to the extent of about I-10 to 2-10 per cent. Its specific gravity lt e
human subject is about 1.001 to 1.003. ‘On microscopic examination it : e.
not present any well marked characteristics. In tfgf ?l?’manl'gﬁgtlfegutﬁe
i i 11, about .5. is soli :
the amount of solid matter is very small, fally the chiorides aboa 5 e
ion is found to be salts, especially the chlor € . >
St and STl cramtit hosphates with small traces of iron. There is.
cent, and small quantities of p} ospha smal e ot iron. Lhere is
’ i hloric acid, together with lactic a ¢
always a free acid, hydroc d: t ! cid and other
i i s t of fermentation change ¢
acids which are secondary, the resul 1 ! s b od.
i i > mucin and a ferment pep
Thereis a small quantity of albumin, some 3 fent, Pepsin
i tric mucous membrane by gly 1
which can be extracted from the gas ;e 1e o, Blycerine
i i ite powder, slightly solu
and which when dried appears as a grayis vé blorie acid foe g oae in
. This pepsin in combination with hydrochlo I 1
gfa::eornve’ftingpor%inary proteid subsftalrlxces into peptones which differ from
inary proteid snbstances as follows:
the ﬁﬁ‘na{:\hgr solutions are not coagu}l‘ateﬁ bytheatcct)]x:?l ?gc tzlcghzle.str\g\;flee;
i ' i but the digestive 1.
boiled no coagulation takes glace | 1 derable sase thraped
ve the power of passing with consi era ; !
fncl.'l rr’lrehn?{rgla;es. 3d}.) They are easily dissolved in water. 4thl. t_Mme:ﬁl
acids, acetic acid and such other ac11sl.do ?otdprec1p1tatperélgiepl§&tt}olgn. gth.
"aci tannic acid, corrosive sublimate, do cause ; . .
iqucch IEEC‘t‘f]iaSyield a purple red color when added toan ac}kal}ng sc;lutltc;qqg’f:
hn’dr(;ted czﬁ)ric acid. 7th. In dry powder dried at 105° C it 1sBo '3 rig t
Véllow color, the powder freely absorbing water from the air. ; esi esegcgf,
sin the gastri'c juice contains another ferment which, as it has the pow




200 . Y : [,
- THE GASTRIC-JUIGE., .

curdling milk, is called the renin ferment changi i i
lactic acid. The gastric juice freely dissolves coa;gtrxllt;%edmg]:otz}lial I;I‘Ito
seem to be almost 1qsolul?1e. There are supposed to be several ki g b
peptones in connection with the gastric juice. These all differ from g]bs of
osein the fact that peptone is diffusable, whereas, albumose is not, and en
tone cannot be precipitated by sulphate ammonium like albur'n’ose aEI?l?-
gastric juice changes the less soluble proteid into a soluble form.b ine
either converted into peptone which is the most soluble form of the vl
teids or else being left in the legs soluble form of Para-peptone. G Sirie
Juice resists putrefaction even after being kept for months It does n ats glc
come putrid and it d.oes not lose its digestive or acid. character OTh?-
makes the juice antiseptic. This conversion of proteids into the ept S
is facilitated. 1st. By a medium temperature from 35 to 40°C pzdp "By
certain mevements such as we find in connection with the "to . h’
constant movements, favoring digestion. The  presence aofn‘laaccicg

ature below 50°C or above 60°C and the presence i i
Emdua' retards, or arrest the changes in c%nnectior? fw‘i:’}? cg,:\r;tti?f;'gigéges'?;e
lood is conveyed to the fundus and the pyloric glands the fluid be; .
poured from the capillaries so as to suffuse the membrane, the lasmic glqg
being secreted in the cells of the glands as the elements out gf which tu}ie

Heidenhain separated a part of the fundus j
! r I ) 1n the dog fro
the stomach without interfering with the vascular 'connegtiong.1 tl}lghgsszjaﬁtf

through the mucous membrane producing r. i

1 us r g reaction in the carbonate -
dium and the sodium chloride of the bload. At one time it w_:;atc of sJo
to be due to the lactic acid alone. " Supposed
" Schmidt then showed that if the chlori ipi ’

. ; orides were preci itated ilver
nitrate more chlorine would be found than could be pheldpin corli)g:'n::t]ive*l
with the gastric bases. 'The'la{:tic acid, however, may and oftcn does ex:'::tI
:;E the. juices. The lactic acid is explained as arising from fermentation of
ac;adcaxgoh};dga;i:. Tilehgastl'lg Juice is the only secretion containing a free
acid. Variou Cmpts have been made by injecting coloring r i
Into the blood to locate the secretion of the acid, but sg far \\'ith%u;esaucgcl:c:s)ss
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unless to the extent of proving that the acid is formed in the mucous mem-
brane. As no free acid exists in the blood it must be formed in connection
with the cells. It is supposed by some that the hydrochloric acid js held in
combination with some of the proteids of the secretion, the result being
that the acid is not so easily distilled or dyalized as in its free condition. In
proof of this it is stated that the para-peptones and the peptones very free-
ly combine with the acid. A more probable explanation is that it arises in
the molecular dissolution and of the chlorides accomplished by the proto-
plasmic action of CO,. The liberated base in this case is excreted by
means of the kidneys,the urine acidity being inversely in proportion to that
of the stomach. Inthe principal cells there is found certain matter which,
under theinfluence of hydrochloricacid produces pepsin, the albumen being
converted into peptones. Thus the matter inside the cells contains sub.
stances which can produce pepsin, and hence this internal substance is
called pepsinogen. This pepsinogen is supposed to be in union with a pro-
teid and it is supposed that the union is broken up by the use of acid. If
both pepsin and pepsinogen are found in the same fluid, a one per cent solu-
tion of sodium carbonate will destroy more pepsin than pepsinogen and
CO, will destroy more pepsinogen than pepsin. If all the pepsin is re-
moved from the stomach by a glycerin solution then more pepsin can be
obtained by the hydrochloric acid or sodium chloride solutions.

The pepsin found in the gastric juice varies according to the stages of
the digestive process, being smallest about the second hour and greatest
about the fifth hour, after which it falls to about the normal. There is no
pepsin found in the mucus of the foetal stomach during foetal life, al-
though it is said that just before birth the stomach assumes the digestive
powers. The gastric juice in digestion seems to act as a ferment, this fer-
ment being the pepsin. It is not inself a proteid; it differs from ptyalin,
the salival ferment in this, that pepsin has a close affinity for acid, whereas,
ptyalin is most active in a neutral solution. 1In the case of pepsin united
with hydrochloric acid we have a compound pepto-hydrochloric. Pepsin is
a proteolytic enzyme which acts only in an acid fluid. Hence, the digestion
in the stomach is the result of the union of pepsin and hydrochloric acid.
A low temperature hinders its action and may arrest its activity; the higher
temperature increases its action. The normal temperature is about 35° to
40°C. If the temperature is raised to 70° or 80°C it destroys the pepsin.
The amount of pepsin in the gastric fluid varies from .2 to 1.5° per cent.
Pepsin is freely given up to glycerine. If the mucous membrane of the
stomach is divided into small pieces and steeped in alcohol for a day, then
removed from the alcohol and put into a strong glycerine solution in which
it is allowed to remain from 10 to 21 days, after which the fluid is strained,
this gives us the glycerine extract of the mucous membrane which is found
to be very peptic. It may also be obtained by pouringa g per cent solution of
phosphoric acidand later some lime water on the mucous membrane. Phos-
phate of lime precipitates pepsin. If the precipitation is collected and

washed with water then dissolved in a .5 per cent hydrochloric acid solu-
tion, a solution of cholesterin, alcohol and ether produces a precipitate of
cholesterin and pepsin. By the use of ether the cholesterin is dissolved and
there is left a fluid solution of pepsin. The gastric juice on analysis yiclds
in 1,000 parts, according to Schmidt 994.4 parts of water; 3.19 of pepsinand
other organic matter; 1.46 sodium chloride:; .55 potassium chloride; .06
calcium chloride; .2 acid and .12 phosphate of lime, magnesia and iron.
Artificial digestion may be carried on at a temperature of 35° or 40°C. Be-
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mixed with fluid in connection with the pepsin and hydrochloric acid so as.
to produce the proper mixture and dilution of the food. 2d. When the
peptones are formed during digestion they are absorbed into the blood

low this the process becomes slow and at 4°Cit is arrested. In addition to

the pepsin there is usually present the rennin ferment and the lactic acid

ferment which converts sugar into lactic acid Syntonin is formed during
the first part of the process. By the use of an alkali this may be Pprecipi- 4 through the blood vessels together with water, the remnants being passed
ta:)ed, a part of the proteid substance being left in the neutral fluid, this . into the small intestine. 3d. The stomach movements facilitate digestion
su stancelbemg peptone. In ad<ilmon to this there is formed the _parapep- | by introducing the food contents into the different parts of the mucous -
tone, an albuminous substance soluble in water and may be precipitated by g membrane of the stomach and thus bringing them into contact with the
nitric acid. If heat is applied to the precipitate it dissolves but it may be T gastric juice. 4th. Albumin will be readily transformed into peptone at
precipitated again by cold. In the first stage of the digestive process a 3 40°C, being stopped below 5° and above 60°C, sth. The pepsin is
large proportion of the para-peptone or pro-peptone is found and a small / quickly destroyed by the action of alkalies, its action is also
gllantlty gfthpeptone. As tdhe digestive Pprocess goes on, the peptone in- 5 hindered by the metallic salts, sulphurous and arsenious acids, large.
ases an ' e plaira-peptot;e ecreases until at the close. of the dlgest{ve quantities of cold water and the presence of a large quantity of the peptone -
p;:ocests Very slmih traces of the para-peptones are left with a large quantity b itself. A small quantity of salt favors the process of peptone formation.
Ot peptone. In the process of digestion a number of Intermediate sub- When the stomach is empty its mucous membrane is of a pale greyish color.
stances are formed, called by Halliburton, proteoses, these different sub- i and covered with a thin layer of mucous. The introduction of any sub-
:E?gietshggrg:ier?tlglgbﬂ: dsz.erex}]]t sta,:;es mﬁflhle ﬁlevelolpment of peptones, stance, more especially food, leads very promptly to the dilatation of the'
tated L ammon%um suul Olf:t:en CKarﬁC er. h tt ?}516 a bum.gse;'al.'e precipi- blood vessels of the mucous membrane, which consequeqtly becomes red in
bty eytone and hemp Pe tone boli:lige' 531)5 ta etP"Otgl 1S 3’1‘13 up into g color and also leads to th= copions secretion of the gastric juice. The gas-
undeli- pthe e e tg P;l_n e b :' e i{n I-peptone lemg lVé ed later tric secretion may be produced by the feelings or emotions through connec- -
To discone A P : he p ncf{e{a 1€ juice into leucin and tryosin, tion with the higher centers in the brain. Thedilatation of the blood vessels
Ver the presence of pepsin in a fluid, acetic acid must be first added, and the consequent secretion of the gastric juice is a reflex action similar to
then the sub§tqnces must be saturated with ammonium sulphate and then that which produces the flow of saliva. :
ﬁltered. Thxs. is then treated with strong hyd'roxide and a very small quan- If the vagi are divided during the digestive process the mucous coat
tity of cupric sulphate dilution. There will be a red colored reaction if becomes pale and stimulation applied to the central end of the divided.
there 1s peptone present a_nd'a blue colored reaction if there is no peptone nerve produces the dilatation of the vessels in the membrane. Afferent.
present.  When the proteid is acted on, according to Kuhne it is converted impulses, therefore pass from the gastric mucous membrane along the vagi
IIIEtO thlq syntonin whlqh is the chqractql'lstlc peptone of tl.le acid albumin, to a center in the medulla, inhibiting the action of the vaso-motor center
the liquid if n'eutrallzec! syntonin will be formed chiefly due to the governing that region, resulting in diminished nervous impulses to the
presence of hydrocl;lorlc acid. Tlge syntonin is then hydrated under the stomach blood vessels, producing dilatation. Efferent impulses pass along
pepsin influence the dissolution forming ‘the proteoses, proto- and hetesof the fibers of the sympathetic to the ganglia in the walls of the stomach.
ﬁr(()iteo§es. ; Eac_h of these substances changes again under the mﬁuence.of These ganglia éxert a local influence upon the calibre of the blood ves-
ayaigatégg,n %l;im;ggt g:?‘:?ﬂafg{ Pl‘OthCSCSt‘ these IS_ICCOHdSY)(’j _proteoses being sels and perhaps also the activity of the corpuscles in the gastric juice. Sen-
tl§ " ge o i auion of peptones. Here the digestive action o} soryimpulses may also arise in connection with the mucous lining of the mouth
%8‘35 "}ic Jince ceases, although the peptones may be still farther changed by the stimulation of food. Thus any substances or acid in the mouth pro-
under the influence of the tripsin ferment. All of the stages after the de- duces gastric secretion. Local centers seem to exist in the stomach, infly-
veliopmlent of syntonin are hydrolytic stages according to Wth!‘l dissolution encing the blood vessels and the secretion. By the general influences of
:a es p a;e of the prote}x;ﬂs m-t? smaller bodies, these representing the pro- temperature, the stomach movements and the direct action of the gastric
eoses and peptones. ormerly all the products of digestion fo!lowmg the juice, the food contents become so changed as to be prepared for absorption.
syntonin were called peptones, but now, under the influence of Kuhne's ex. ‘ The result of these influences on the food s to form a semi-fluid, hetero-
periments the peptones are taken to represent the final products of the di- gepeous mass, the chyme. This has an acid reaction with an acid odor and
gestive action, the test of the peptone being the absence of precipitation differs in color according to the character of the food. It consists of water,
under the influence of ammonium sulphate. The peptones are albu_mmquS. salts and sugar converted out of starch by the salival action, the rem-
It 1s supposed that they are forn]ec} by hydratxop an atom of albumin being nants of starch left over from the salival process, fatty substances which
united with adrop of water. This is proved by introducing acetic acid into have been dissociated from the food or liberated from the animal cells,
the pepsin and thus deh.\'dratmg the molecule§ by removing the water and albumin in the various stages of development into the peptones and the
thus c<l)n\.ertmfg the peptones into the albumin. By the action of a -4 per undigested and the indigestible matters left over after the action of the
cent solution of hydrochloric acid at a temperature of from 40° to 60°C digestive juice. There are two stages, thus, in the digestive process in con.
peptones may be produced. If albummou§ substances are boiled for along nection with the gastric juice. 1st. A short period during which the saliva
tlﬁle. PCPEOHCSl will also be fon:med. This production of beptone is slow, ' acts upon the starch found in the stomach in fermentation, and 24, A
l‘]v er ea;‘].] y the act{on of pepsin the forplathn of peptone is rapid. Tl!e - longer period during which the peptones are developed under the action of
Y_g“ocd oric acid may be replaced by lactic acid, phosphoric acid, oxalic gastric juice. The first stage depends upon the acidity of the juice; if the
acid an suﬁqlll]lc acid. ghe_ digestive process is influcnced, first by gastric Juice becomes acid to the extent of .5 per cent then the saljval fermentation
secretion which goes on uring the entire digestive process, the food being ceases, this acidity of the gastric juice retarding butyric fermentation, and
Q
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lessening the amount of hydrogen in the stomach. There is found in the
stomach, always certain quantities of gas, either from the air taken in with
the food or the air generated in the inrestinal organs. The O from the air
taken in by the deglutition becomes quickly absorbed so that in the stomach
the gas is deficient in O and rich in CO;. The gastric juice acts differently
upon the different food substances. Milk becomes rapidly coagulated, the
saccharine and salt substances found in solution being absorbed, the fatty

ment being easily destroyed by alkaline solutions. Milk may be coagulated
by the addition of gastric juice. If the gastric juice is raised to 60° C or
above, no coagulation takes place. The rennin is very powerful, one part
coagulating 800,000 parts of milk. The milk curdles by the contact with
the mucous membrane. When 3 calf’s stomach is dried and a rennet is ro-
duced, it coagulates milk very rapidly. This is due to the existence of an
€nzyme rennin zymogen which exists in all normal stomachs. The rennjn
acts upon milk proteids or casein, changing it from a soluble to an insoluble
curd. There must be present lime salts. Casein is a nucleo-albumin
which under the influence of the rennin becomes hydrated and js divided
into two simpler bodies, Fara-casein and whey. The para-casein with the
lime salts form the curd or clot. The casein may also be curdled by exces-
sive acid.

If the milk stands for a length of time. lactic acid s formed under the
bacterial action upon the sugar, producing casein in the coagulated form,
The rennin ferment does not act upon any other substance but the milk. [t
is important in connection with the milk because of the nutritive value of
casein. After the casein has been coagulated it is acted 'upon by pepsin in
the formation of proteoses and Peptones.  Gelatin is acted upon by pepsin
Just as in the case of albumin. In the formation of the products of gastric
digestion in connection with the pepsin there are formed gelatoses and
gelatin peptones. When the gelatose condition is reached the pepsin is
said to yield to the tripsin of the intestinal juice which completes the pep-
tone formation. The gastric juice does not act directly upon the carbo-hy-
drates; hence, it does not act upon starch There is, however a partial
digestion of the carbohydrates of the stomach as the carbohydrate food is
thoroughly insalivated but it is subject to ptyalin action before the acidity
of the stomach becomes complete. This however, is insufficient, as the
acidity becomes so great as to destroy the ptyalin. Gastric juice does not
act upon dextrose. It has been stated that cane sugar is subject to the
action of the invertin ferment in the stomach, being transformed into dex-
trin and laevulos, a process that is completed in the intestinal digestion.
Ina stomach that is unhealthy, where much mucus exists there is'a free
conversion of cane sugar to dextrose. The gastric juice has no direct action
upon the fats. There is no splitting or emulsification of the fats in the

tines. In the case of proteids we have the chief action of the gastric juice.
Among these are fibrin, insoluble in water, which becomes swollen and dis-
solved under the gastric juice, forming a clear fluid which is changed into
peptone.  Coagulated albumin insoluble in water becomes swollen and
gradually breaks up, being reduced to a soft mass which becomes peptone.
Acid albumin, including syntonin, insoluble in water and soluble in dilute
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acids and alkalies becomes. converted:into. peptones. Coagulated _proteids
present the change under the influence of temperature, being insoluble
except in strong acids. Egg albumin coagulatesat 75° C. The gastric Juice
very rapidly absorbs these coagulated proteids: even when insoluble by
fluids. o '
In the case of animal muscles a dissolution takes Place in the connect-
ive tissue between thefibers, exposing the transverse striz: In this way the
fibers are broken into pieces and thus dissolved into their elementary sub-
stances. The ligamentous, tendinous and cartilaginous tissues dissolve
more slowly, particularly if raw. Afterbeing cooked they are acted upon
very much like gelatine. The gastric Juice-does not affect the corny tissues,
such as hair, nails and skin. The elastic tissues may be dissolved under
lengthened digestion yielding up an elastin peptone. The red corpuscles
become disintegrated, the h&moglobin being separated into haematin and
lobulin under the influence of the gastric juice, the globulin being trans-
ormed into peptone. Bones are not dissoived but the acid of the gastric
juice extracts some of the salts leaving the bone in a honey-combed condi-
tion. Vegetables in their natural condition are indigestible because of the
enclosure of the substances with in a cellulose covering, the cellulose be-
ing unchanged by the gastric juice. After being cooked the _cellulose
yields, liberating nutritive elements such as starch, sugar, etc., setting thegn
free to the action. of the gastric juice. Some of the salts are dissolved in
the juice, such as phosphates of lime and: carbonates, this dlssolutu_)n yield-
ing COg 1n the case of the carbonates. Bone when broken up yields the
salts, the organic substances yielding gelatin peptones. Exper3m§nts have
been made to test the rapidity of the digestive process. In artificial diges-
tion the process is much slower than it is normally in the stomach. The
rate of digestive action depends upon the food, its nature and also upon the
division that takes place in the food, so that if the division is increased so
as to increase the superficial area of the food with _which the juice comes
into contact the process is assisted. Fluids are quickly absorbed, the solids
contained in the fluids being concentrated before coming into contact with
the gastric juice. The solid substances of food are normally very quickly
subjected to digestion. It is estimated that within 30 minutes after a meal
is taken the food is changed into chyme, the stomach being emptied within
two or three hours. Various experiments have been made in the attempt
to discover foods easily digested. ) ) )

Beaumont found that tripe and rice digest in one hour; eggs, apples,
trout, fish, salmon and venison in 1% hours; milk, barley, liver, fish and
tapioca in 2 hours; lamb, pork and turkey in 214 hour.s; mutton, fowl .and
beef in 334 hours and veal in 4 hours. This does not indicate the _nutritive
value of the foods. because rapid digestion does not always indicate that
the food is nutritious. In the case of a dog fed upon animal food it has
been found that digestion begins immediately, continues active during the
first two hours then gradually diminishes in activity until the 12th hour,
when the digestive action is completed. When the food passes to the
stomach there is a flow of gastric juice, the flow beginning even before the
food reaches the stomach, the stomachic movements increasing the flow.
As digestion progresses, the acidity increases also. By the action of the
gastric juice, there is a breaking up of the food so as to form the soluble
chyme. This acid chyme consists of dissolved proteids, proteid particles,
fatty particles and small lumps of food substances. When the chyme is fil-
tered so as to remove the solids from the fluid it is found to contain salts,
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i rdrochloric acid, sugar peptones and para-peptones, the last three
ggfj:rt:é l:1)1 é}u:ntity. As &igegstiol; ;?roceeds the chyme is ejected through the
pyloric orifice into the duodenum; the length of time elapsing before this
takes place depending upon the nature of the food, whether solid or liquid,
and also upon the nature of the solid food. The normal passage from the
stomach to the duodenum.in the human subject taking place from 1 to g
hours after the food is taken, great variation being foundin the nature of
the change taking place and the length of time necessary for such a change.
Some of the peptone formed becomes absorbed without passing into the
intestines. In the passage of the food to the stomach considerable quan-
tities of air pass into the stomach. Part of this is driven out in the form of
gas, this gas consisting mainly of nitrogen and C O, the O being absorbed_
in the stomach. Some of the C Q,is diffused frqm the blood and some
arises from-the fermentation changes taking place in the stomach and in the

intestines. .
SECTION IX. Modifications of Digestion.

The question is asked in Physiology; “why does the stomach not digest
itself?” The stomach of another animal will be readily digested. If the
animal-is killed, the stomach, itself, may be subjected, at lea§t. partna;lly,
to digestion, if the normal body heat is kept up. Even in the living subject
if the circulation is cut off from a portion of the stomach, as in the case c_;f
intra-vascular blood clotting, or ligaturing the blood vessels, the gastric
juice will attack thc stomach itself, resulting sometimes in perforation of the
stomach. The stomach of another animal is freely digested in the stomach
under the influence of the gastric juice. Some have suggested that the vital
principle protects all the living organs, such as the stomach and the small
intestines, from the action of their own secretion. This does not .explam,
however, the protection, for it has been shown that the leg of a hvmg frpg
may be introduced into the stomach through a fistula without severing its
connectionwith the living body, in which case the digestive process will go on.

* The vital principle is such an indefinite quantity that this is really no expla-
nation of the fact of the immunity of the stomach from its own secretion.
Others have suggested that the epithelial lining of the stomach protects it,
or that the blood, which is alkaline in its nature, by freely cxrgulatgng in the
organ, neutralizes the acidity of the juice, preventing the digestion of the
stomach. The stoppage of the blood withdraws this element and permits
of the action of the secretion upon the stomach. In cases where death is
sudden, post-mortem examination gives evidence of the partial digestive
action in the corrosion of a portion of th: lining of the stomach. This cor-
rosion extending even to the proximate organs, such as the diaphragm and
the liver. This view does not explain the protection afforded to the intes-
tines against the action of the pancreatic juice. The immunity probably
arises from the living properties of the organ, the stomach and intestines,
the organs being arranged so structually as to be capable of resisting in nor-
mal conditions, the digestive action of its own secretion. R

What are the conditions that favor digestion? Aside from individual
characteristics which play an important part in the digestion of food, diges-
tion depends upon a number of circumstances which affect the gastric
juice: 1st, the amount of food taken and the nature of the food. In order
to promote digestion the stomach needs to be normally dilated. This, of

course, implies a moderate supply of food. 2d. Sufficient time should
elapse between meals so as to permit the food to be completely digested
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before new food is introduced into the stomach. '3d." Sufficient exercise
both before and after eating assists digestion. This means moderate exer-
cise, because violent exercise is dangerous and against digestion. 4th. The
psychic conditions also influence digestion. Disturbed conditions interfere
considerably with digestion. Mental equilibrium, therefore, is a favorable
condition. sth. The physical health of the body is also a necessary condi-
tion of proper digestion. 6th. Age and the changes in life affect digestion.
Digestion is more active in the young than in the old, the changes of life,
whether in regard to changes of avocation, temperature, or the normal
changes in life influence digestion. The stomach’s function normally is to
act upon the food by chemical and physical processes, so as to prepare the
food for later digestive stages in the intestines. The stomach first concen-
trates the food substance into a semi-fluid substance representing partially
digested as well as the undigested food matters, to be more completely di-
gested in the intestines, called the chyme. '

Gastric digestion is largely preparatory, therefore to pancreatic diges-
tion under the influence of the trypsin ferment. The transformation in the
stomach does not pass beyond the proteose condition to any great extent,
as the peptic digestion is largely preparatory for the triptic digestion, inthe
intestine, the trypsin being much powerful than the pepsin. According to
this, a human being can live without a stomach. We have to give up the
idea of the stomach as a vital organ, as the stomach has been entirely remov-
ed, the oesophagus being united with the small intestine. Dr. Schlatter
of the University of Zurich recently removed a woman'’s stomach, joining
together the approaches to the stomach from the two sides. He reports
his patient well, and able to enjoy health without any stomach. Some think
that this is not a proof of the ability to live without the stomach normally,
as the stomach in this case was so impaired as to be useless in any case. It
gives evidence, however, of the extension of the principle of functional
sympathy to the stomach.

The digestive process is modified in some animals. In the stomach of
the pig we find two parts, one part on the left side continuing the oesopha-
gus, and the other part on the right side forming' the stomach proper. In
the former part there is a finer mucous ‘linin; much less moist with no
glands but covered over with small papillary eminences. In the other part
the mucous lining is very thick, containing glands very much like the fun-
dus glands. .

In the horse the stomach is very small compared with the amount of
food that is used. The right portion is the true stomach, the left portion
being the oesophagal part covered with a layer of mucous membrane, very
white in color. The pyloric orifice is much less tightly closed than in the
human subject permitting the free passage of the food substance into the
small intestine. In the ruminating animals, the stomach is much more com-
plex. There are four parts or sacs. Ist, the rumen, 2d, the reticulum, 3d,
the omasum, 4th, the true stomach. The rumen is a very large sac covered
with mucous containing very large conical papillary eminences. This is
connected with the lower end of the oesophagus and also with the reticu-
lum, being divided from the latter by a strong band of fibers, from the
omasum and the true stomach, similar to those found in the human subject
in connection with the cardiac part of the stomach. The reticulum is in
the form of a net-work consisting of a large number of cells, the muscular
coat being very strong, and its fibers being continuous with the oesophagus.
There are three orifices in the reticulum ; one into the rumen, another one
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- into the omasum,.and another to the oesophagus. The omasum has.a fine wall
with two -openings into the reticalum and the true stomach. The mucous
lining «consists of leaves or flaps folding over inte the sac, these being cov-
ered round papille. The true stomach is like the stomach in other-animals
with the fundus .and plyoric glands. The food when roughly broken up.and
forming boli .passes down the cesophagus into the rumen., Fhuids may pass
_immediately into the omasum ; if the amount of fluid is excessive, a part
may ;pass to-the reticulum, the free watery fluids thus passing to the reticu-
lum while ‘the .more viscous uids adhere to the ‘eesophagus opening orenter

where the food is moved about and broken up and softened, fermentation
taking place. After the complete mixing rumination begins. The action
is a}lmost-xdentiqal with vomiting. The ruminal muscular walls contract, the
reticulum and diaphragm also contract with the ‘muscles-of the abdomen, re.
sulting in the driving of the food into the mouth, the nasal openings vbe'in'g
closg:d. The food now becomes masticated and insalivated, afterward re.
passing down the-cesophagus, passing into the omasum, the more fluid mat-
ters passing almost directly into the true stomach, while the rougher ele-
ments are passed through a process of filtration among the folds of the
omasum. The fluid that.is extracted passes into the true stomach, and the
solid matters are also driven -into the true stomach by the force of the con-
traction of 'the walls. .In the true stomach digestion proceeds as in the
human.stomach. -

SECTION X.---Digestive Processes in the Small Intestine.

. .The-chyme formed in the stomach is carried through the pyloric open-
Ing into the small intestine by peristaltic action. These peristaltic move-
ments take placefrom above downward, the undulation beginning at the
pylorus and extending down, although there are contractions originating
all along the intestine. These peristaltic movements take place successive-
ly with intervening periods of rest. These movements secure the slow pas-
sage of the chyme along the small intestine and its mixture with the three
Juices, the bile, the pancreatic and the intestinal juices which act together
upon the food. There is also a-process of absorption taking place in the
Intestines, the water, fatty and soluble matters being given up in the pas-
sage through'the intestine. "The muscles of the small Intestine are arranged
in two layers, an inner circular and an outer longitudinal between which and
the submucous coating are the nervous plexuses. The muscular arrange-
ment is the same as the stomach and therefore the peristalsis is similar,
The small intestinal movements consist -of regular and successive peristaltic
contractions from abov: downward, the calibre .of the intestine being les-
sened. There is also a contraction longitudinally in the tube so that length-
wise it becomes shorter.  When the contractions become violent longitud-
inally, then the contraction takes place by loops. These contractions are
due to the contiaction of the circular fibers and the longitudinal fibers res-

ectively, both acting simultaneously producing writhing - movements.

hese represent the peristalsis moving about 10 to 12 mm. per second and
the pendular movements. The peristalsis consists of the contraction of the
intestinal walls beginning at the upper part and extending downward sec-
tion by section, ‘the portions behind relaxing. This pushes forward, the
contents of the intestine. The contraction takes place chiefly, if not alto-
gether in the circular layer. Anti-peristalsis consists of a movement in the
opposite direction away from the intestine toward the stomach and gener-

DIGESTIVE PROCESSES IN THE SMALL INTESTINE. r2x59

ally occurs in abnormal conditions. It has been reported that certain sub-
stances introduced intothe rectum move upward by such a kind of movement.
Thatthe normal movementsisfrom above downward has been shown clearly
by some experiments in which, after dividing the intestine, it has been
sutured with the lower end upwards. In cases in which death has taken
place, there has been found a great accumulation of matter at the upper
end, indicating the reverse of the movement. By opening the abdomen
the peristaltic movements have been observed running rapidly along the
intestines. This, however, is somewhat abnormal, due to the stimulation of
the air as the normal peristalsis is slow and gradual. It hasbeen estimated
that during rest it goes at the rate of one centimeter per two miinutes.
During digestion, and especially during exercise the movement is very
much more rapid, about one centimeter in 20 seconds. A question has
arisen as to the origin of the peristalsis. At each contraction of the antum]
plyori the chyme is ejected in to the duodenum originating at the same
time the peristalsis that moves slowly along the walls. The passage takes
place probably by progression from cell to cell in the circular coating, the
distribution being due to the conduction from layer to layer. This is not
sufficient to explain the action as the anti-peristalsis would require an ex-
planation. Possibly this muscular action is aided by the nervous impulses
passing from the local ganglia. Besides peristalsis, we find penduilaricity.
This is named from the fact that has been observed that on exposing the
intestines - there is an oscillating movement of the intestines. 'These are
supposed to be due to the rhythmic contractions of the longitudinal mus-
cles. These movements are supposed to be chiefly of value in maintainisng
the normal circulation of the blood in connection with the intestines-and in
preserving the blood pressure in the portal veins. The peristalsis usually
originates at the pyloric orifice. It may also originate along the course of
the intestines always moving downward. In the intestinal coats there are
two nervous plexuses, the one in the connective tissue of the submucous
layer and the one lying between the two muscular layers. There are also
visceral fibers from the pneumogastrics and the splanchnic sympathetics.
By the severance of the intestime from nervous connection with the central
nervous systeni and stimulation of the intestine the peristaltic action may
be produced indicating that the ganglia within the intestine act as indepen-
dent centers in producing these movements. The vagi on stimulation pre-
duce intestinal movements and are therefore said to be motor fibers. There
may be, however, inhibitory fibers, although the motor fibers seem to pre-
vail. These movements depend not only upon nervous stimulation but also
upon the condition and amount of the blood supply and the peristalsis may
beexcited by mechanical or electrical stimulation. The peristaltic action is
increased by anaemicand also by plethoric conditions of the blood. In both
cases there is an excess of CO, and a deficiency of O, the gas acting as a
stimulant.

When the circulation is partly suspended or when severe hemorrhage
withdraws a large quantity of the blood, the movement is increased. -Dur.
ing the digestive process, there is an extra blood supply, this acting asa
stimulant upon the action. If the stimulation is increased to excess par-
alysis ensues, and the action is suspended. An excessive blood flow amount-
ing to conjestion and inflammation have the same effect, the muscular walls
becoming dilated when filled with gases. If the pneumogastrics are stimu-
lated, the action is increased, whereas, the stimulation of the sympathetics
stops the contraction, indicating that the pneumogastrics act as an accelara-
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tor of the centers in the intestinal walls, while the sympathetics inhibi

action of these centers. This inhibition depends upgn l;t)he f:ll::iag:g:"ﬁ :ll::
blood. It is said that the sympathetics for the small intestine arise from
the spinal cord from the 6th dorsal to the 1st lumbar, spinal nerves passing
to the sympathetic chain through the splanchnics, then to the semilunar
plexus.  The large intestine is supplied from the 2nd to the sth lumbar
spinal nerves and through the sacral nerves, the nerves passing through the
‘hypogastric plexus and producing contraction of the muscles.  If the blood
Is normal as between arterial blood and venous blood inhibition takes place
but if the blood becomes venous inhibition is changed into acceleration.
This seems to indicate the presence of two kinds of fibers, motor and inhib-
itory in the sympathetics, the inhibitory fibers being counteracted by the
venosity of the blood. The higher psychic centers may also influence the
peristaltic action as in cases of emotional conditions and nervous diseases
producing constipatory conditions. The stimulation aroused by stron ;
emotlon§, originating in the brain, influences the vaso-motor center causing
contraction of the vessels in the abdominal region, resulting in the anaemig
condition of the blood, giving rise to strong peristalticactions. The nerves
regulate the intestinal movements from or through the central nervous sys-
tem. Their pathway through the system is obscure, the connection, how-
ever, reaching the psychic centers. ~ If the nerves are all divided so as to
cut qff the Intestine from its nervous connection, the muscle contraction is
not interfered with. Normal peristalsis seems to be independent of nerve
control, although the regulation of blood will follow the nervous system. It

potassium is applied. Sodium salts roduce the same awa i
of application, spreading downward pll'ke normal peristalsyisfmIInf :}111: l:}:ltt;gg
supply is cut off and then suddenlyallowed to return, strong peristaltic move-
ments follow. Sometimes dyspncea originates peristalsis, or quickens the
rate of already orginated peristalsis, acting through the central nervous
system. O in the intestine arrests and COs, H,;S increase the peristaltic
action, similarly acetic and formic acid, developed under the influence of
bacterial growth produce stimulation of the peristalsis.

SECTION XI. The Liver and Bile.

The liver represents the largest of all the body glands weighi

1.4 to 1.7 kilograms, representing about 1-35 of tfae gweight v(fégl:lllzgefmrt?z
body, although greater in feetal and early life. The main portion of the
gland consists of, first, the hepatic duct arising from the transverse liver fis-
sure, joining with the cystic duct at the lower end as it comes from the gall
bladder, uniting to form a common duct. 2d. The gall bladder consistsgof
a conical shaped sac, the fundus being directed downward and forward
extending beyond the anterior part of the liver and the lower end givin
Tise to the cystic duct. 3d, The common bile duct is formed by the unig
Ing of the cystic and hepatic ducts extending to the lower part of the duo-
enum, opening into the bowel by an opening common to it and the pan-
creatic duct. Thls.openmg 15 so arranged that there is no regurgitation of
intestinal contents into the duct. The lobules of the liver get their blood
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supply from the portal vein which forms the main channel of the veins of
the stomach, pancreas, spleen and intestine. All the blood passes through
these entering the liver. The blood from the portal liver holds in solution
soluble proteids and carbo-hydrates ~absorbed during alimentation and
‘thése are brought into contact with liver metabolism. The hepatic artery
furnishes it with arterial blood from the general systemic. circulation. The
liver structure is peculiar, the one side of the gland cells being turned in the
direction of the main gland cavity. The blood capillaries are closely con-
nected with the hepatic cells, on several sides these blood capillaries nevar
coming into close relation to the bile capillaries which carry off the bile
secreted in the cells, or into relation with the ducts. The biood capillaries
pass along the margins of the cells and the bile capillaries along the middle
of the side. * In this gland, therefore, the blood capillaries are very closely
related to the secretory cells. - These hepatic cells are of irregular shape,
with angular edges. having no cell wall. While fasting the cells are small,
during digestion they are larger. The lymphatic vessels accompany the
branches of the portal véin, forming spiral plexuses around these. These
lymphatics enter into the lobules around the blood capillaries and around
the minute veins. The liver nerves arise in connection with the cceliac
plexus, and from the pneumogastrics, chiefly the left one. They join the
fiver in close relation with the hepatic branches. They are found in con-
nection with the local ganglia some of the nerve fibers ending in the hepa-
tic cells. The lower is very important from the standpoint of alimentation,
this action depending largely upon the character.of the cells. Thus, there
are two main questioas for discussion in connection with the liver, the forma-
tion and character of the bile and the metabolism connected with the form-
ation of urea and glycogen which we will discuss in connection with excre-
tion and metabolism.

1. BiLE In the liver we find a number of lobules, each lobule being sup-
plied with blood fromthe portal and hepatic circulations. From the portal
circulation there comes blood which has been circulated in the stomach and
intestines bearing substances absorbed from those organs, while the hepatic
<cir culation conveys arterial blood from the nutriment of the organ itself, its
tissues and its vessels. From the portal blood the lobular cells secrete sub-
stances which are given off into the duct for the .formation of bile. This
blood when robbed of these matters returns through the heptic vein to the
heart. The portal blood entering the liver contains a larger amount of
:albumin, heemoglobin, fat, salts and waterand less cholesterin and lecithin
than that returned to the heart. The portal blood brought to the liveralso
contains saccharine matter taken from the carbohydrates, while the blood
returned to the heart contains sugar from glycogen. The lobular cells,
therefore, are the seat of bile secretion and also of glycogenesis, urea form-
ation, etc. The substance of fresh liver is alkaline in reaction, becoming
acid after death. In it we find various proteids. The hepatic cells also
yield 1 to 1% per centof glycogen, fatty matters, urea, uric acid, choles-
terin, jecorin together with organic salts, potassium, sodium calcium or
magnesium and iron together with such metallic substances as copper, mercury
lead, etc., extracted from the food. The bile is both a digestive: secretion
and an excretion, the former being used in the digestive process in the
small intestine and the latter being excreted as an excess in the fmces.
Thus, the bile is connected with the physical and chemical changes in the
intestine. Bile may be best secured by means of a fistulary operation,
although it is difficult and dangerous. The bile when fresh is a fluid of a
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about the third or fourth hour and after gradually diminishing for a few
hours. then increases till about the ninth -or tenth hour after which it slowly
lessens. The amournt of food influences the bile secretion, especially im
the case of animal food when the secretion is increased, a food consisting -
very largely of fats diminishing the secretion. . According to some experl-
ments there is secreted about 10 grams ‘of bile to every kilogram of body
weight daily in the human' subject, indicating that there is:an active meta-
bolism in the hepatic cells. The secretion is also affected by the blood flow
in the capillaries. 1f blood is injected into the veins it is increased, and if
blood is taken from the arteries it is diminished. If the portal vein is liga-
tured the secretion will diminish until it ceases altogether, causing death.
If the hepatic circulation is obstructed the secretion increases and then
diminishes. While the blood pressure in the capillaries does not cause the
_secretion the velocity of the blood current through the capillaries has a
bearing upon the secretion, because the action of the hepatic cells depends
upon the circulation of the blood through them. The bile is secreted by
the hepatic cells and even the water does not depend upen simple filtration
because the pressure of the portal vein is less than the pressure in the bile
ducts. The activity of the cells depends upopamount of blood received into
‘them. If the blood pressure in connection with bile ducts increases beyond
15 mm. of mercury the secretion of bile continues, but its flow is arrested in the
ducts, the bile flow taking place into the blood through the lymphatics, the
bile pigment giving to the skin the peculiar jeundice color. The same
result may follow, from.a ligature af the bile.duct, in which-case the process
requires three or four days. Associated with jaundice isa condition -of con-
stipation due to the lessening of peristaltic action, the faces being hard
and yellow colored with an offensive odor. An effect is noticeable upon
the activity of the heart, which is much diminished, on account of the Jes-
sened activity of the intra-cardiac mervous mechanism and also the respira-
tion becomes slower. The blood corpuscles become dissolved under the
action of the bile salts, the pigment being found in the blood and hamo-
globin with albumin in the urine. The formation of bile takes place in con-
nection with the hepatic cells which are closely related to the blood and
bile capillaries. The cells are polygonal in shape, the surfaces by juxtaposi-
tion, forming grooves, around the sides being found the bile capillaries cor-
responding with the number of sides, at each of the pointed surfaces being
found the blood capillaries. The bile capillaries are much smaller than the
blood capillaries that the bile is formed in these cells is evident from the .
fact, 1st, that if the liver is removed the bile acids and the bile pigments are
not found in tihe blood, and 2nd, the bile acids and bile pigments are not
found in connection with any other part of the body and if they are found
anywhere else they originate in the liver. The taurin, glycocin and cholalic
raci(c‘]ls are separately formed and when so formed unite to form the bile
acids. ‘ -
When the blood corpuscles are disintegrated the heemoglobin is .taken
to the liver and is converted to the bilirubin, the iron separated being re-
tained in the liver and used in the formation of new hzmoglobin. The
bile pigments pass to the duodenum and are mixed with the food. Neither
biliverdin nor bilirubin are found in the feces, but a hydro-bilirubin. The
biliverdin arises in connection with the disintegration of the hamoglobin.
In connection with the blood clotting the bilirubin assumes the crystalline
form of heematoidin the same as bilirubin. If solutions of hamoglobin are
injected into the portal vein the amount of bilirubin is increased in the liver.
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‘The bile salts in solution have the same effect. This substance when hy-
drated appears in the faces as stercobilin and in the urine as urobilin. The
‘formation of bile acids takes place in the livefcells. If the bile duct
is ligatured the bile that is found is reabsorbed, the acids being found ‘in the
blood and urine. It is difficult to determine from what substances
they are formed. Nitrogen found in the glycohol and taurin and sulphur
in the taurin indicate that some albuminous substance is broken up in their
production. These products, as we have said, are absorbed and again
through the hepatic circulation, are secreted by the liver. - The chief value
-of these acids is ossibly to form a stimulus for cell activity, It is sup-

cﬁtion to this they act upon cholesterin, dissolving it for ex-

sorption. When the bile is formed in connection with the cells it is pressed
out partly in connection with respiratory movements and partly by muscu-
lar activity in connection with the larger and smaller ducts and the gall
bladder. Respiratory movemerits produce pressure upon the liver and gall
bladder, inspiration assisting the 'blood flow away from the hepatic veins.
‘The bile secretion is continuous. It is normally small when the stomach is
‘inactive, immediately after taking a meal the amount is very much in-
creased and this increase is maintained for some hours. Itis’said that in 2

hours, 23 pounds are secreted and that the secretion is much ‘more - plenti-

der and its ejection into the intestines appears to be a reflex action, the
stimulus being the acid chyme, for it is known that the entrance of an acid
into the small intestine is at once followed by a gush of bile, while no such
results follow the admission of an alkaline fluid into the small intestine.
Nervous influence upon bile secretion is very obscure. The voso-motor fi-
bers are found in the pneumogastric and the splanchnic sympathetics. If
the splanchnics are divided or the Pheumogastrics in the neck are cut the
liver passes into a state of congestion.

Pfluger says that after the division of all the hepatic nerves bile secre-
tion continues; when the bile comes into the small intestine it has very little
- effect upon the chyme. 1In the large intestine a part of it becomes decom-

posed, the balance being excreted in the feeces. The biliary acids are dj-
vided up into glycocin, cholalic acid and taurin, the bile pigments into hy-
drobilirubin and the urobilin to be again absorbed so as to form the pigment,
a small part becoming biliprasin. Part cf the urine is united with alkalies
in the formation of soaps. The feces excrete bile acids, cholesterin, mu-
‘cin and lecithin. A large part of the bile salts are absorbed again, all the
absorbed elements returning to the liver to form other compounds.
Ifinananimal, the bile is hindered from entering the intestine, emaciation
follows, but life may be preserved if a large quantity of food is given pro-
ducing a great appetite. Upon the albuminous or proteid constituents of
food bile has no effect unless that by its alkaline reaction it neutralizes the
acid chyme and causes the precipitation of any peptone present. The bile
Prevents the digestion of albuminous matter by the gastric juice atthe same
‘time separating the peptones from albumin and preparing the albumin for
the digestion action of the pancreatic juice. Upon the carbohydrates the
bile has almost no effect, its only effect being to transform the starch solu-
tions into sugar. Upon the fats, bile has considerable digestive power.
‘When the fatty acids are liberated by the pancreatic fluid the bile combines
“with them to form 50aps or emulsions. The fatty acids thus decomposed
“dissolve the bile, salts uniting with the alkaline bases to form the soaps,
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iding in the emulsification of fats. These soaps assist in the-
gfts;esr(r)lﬁ:igcatign of the fats in the intestines, the bile aculils c,:usmg ths~
neutral fats to become soaps. The fats readily pass through t ef ;n?colt; '
membrane moistened with bill)e, hencfe l:ge a_sstxs:iiltll::e alﬁsi;)gpgllzg cs>ti x:u?atez
istening the mucous membrane of the inte . Bile also. s

‘t?lzl?:xf}gt]aglttilzemovements of the intestine. If the bile is diimmlShEdl the:
peristaltic action is lessened and the fwrces become dry, R tczlncleha :;.lrg.:,
increase of bile produces diarrhcea. The bile is freely pt‘ltrel eda tt_oug ]d
lessens the putrefaction of the feeces by increasing peristaltic ac l?fnthan .
thus throwing quickly the putrescent matters out of the mtestll;uzsil b ese
matters remained long putrefaction would follow even though the bi ethns
present. Bile has an important bearing on excretion, by _I:emo’?lz\g b.]e
waste products of metabolism such as lecithin and cholesterin. ; fe h‘ e
acids and pigments become reabsorbed .and hence are o urther
use in the metabolic process. Its chief digestive function is in connectl_cc)ln:
with the fats. It first assis;s irll splxt'tlgg u;f) theb:::;:?gnfats and then aids
i i ification and lastly assisting fat a I .

" thIefl I;1E;":‘s?tltljllszat’ﬁi‘s:aintroduced so,};s to extract the bile the faeces are found tc‘:s-
contain a large quantity of fat. This is due.in some way to the action lt;) ‘
the bile acids upon the fats or rather upon the epithelial cells so as to make
them active in absorption. In addition to this the bile acts as a destroyeﬁ'
of the pepsin ferment activity. When the chyme comes into contact wit
the bile and the pancreatic juice it becomes alkaline, preyentmgfthe p.epsmf:
action and developing the precipitation in connection with the formation of:

some proteids and acids.
SECTION XII.. Pancreasand Pancreatic Juice.

s is an extended narrow gland lying across the abdommall.
wall {ggkpg?%ﬁaétomach.and opposite the first lumbar vertebra. The head:
of itis in contact with the duodenum curvature and the lower end is in
contact with the spleen. The pancreatic duct extends along the whole pan-
creas, opening into the duodenum below the pylorus. Thelining of the duct
consists of cylindrical epithelium, the wall being formed of solid qonl'}elf-
tive tissue from which small branches arise, ending in the gland acini. e
acini consist of short conical cells. The cell form depends- upon its func--
tional activity. When digestion begins the disappearance of the granules
takes place, the large part of the cell being clear. During mactwnt}é,
especially if prolonged, the granular and clear parts are about equal. Bloo
vessels from the splenic supply the pancreas, together with branches from
the superior and inferior branches of the hepatic and the superior

ries. ) ]
mes?f]ﬁgri)(i:;:iep::sses off fromthe pancreas through thes plenicand superior
mesenteric veins. Around each acinus is a plexus of capillaries. The
nerve supply comes from the solar plexus non-medullated fibers extending
into the pancreas, their endings being unknown. There are also intrinsic
ganglia associated with the pancreas. Most of the experiments have been
carried on in connection with artificial pancreatic digestion or fistulae in
connection with the dog or rabbit. Heidenhain cut out a part of the duo-
denum into which the main duct opens, stitching this isolated portion
to the abdominal wall to form a permanent fistula.  The
pancreatic juice may be obtained by the introduction of a canula into the
duct. It differs from the other Juices mainly in the large proportion of
proteids in it. It is a clear, colorless fluid, very viscid,.under the influence
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sinogen. By the action of trypsin there are formed the proteoses and the
peptones but the ‘process is somewhat different. Solids, under the action
of trypsin, do not swell but they erode, the indigestible elements retaining
the form. The transformation takes place directly from the proteids to
the secondary proteoses, by the hydrolytic process, after which the trans-
formation to peptones takes place. Here the action of trypsin produces a
number of nonproteid bodies which are amido-acids. The peptone that
cannot be further changed,-is called anti-peptone, the balance being hemi-
peptone representing the final products of tryptic digestion other than the
peptones. It is peculiarly active in alkaline solutions, decomposing the
albumen. The trypsin is formed by the decomposition of tripsinogen, as it
is not found in the pancreatic cells. Under the action of trypsin the pro-
teids are changed into' tryptones, or hemi-peptones as Halliburton - calls
them, differing from the peptones in various particulars. The ‘fibrin in the
pancreatic digestion does not swell, remaining opaque and becoming cor-
roded. The peptic digestion is acid, whereas pancreatic digestion is alka-
line, being hindered by accidification especially with the mineral acids. If
the pancreatic juice is' mixed with sodium carbonate to the extent of 1 per
cent the digestion is facilitated, playing the same part in triptic solution
that hydrochloric acid plays in peptic digestion. If the pancreatic juice is
heated to over 40°C and mixed with hydrochloric acid 2-10 per cent, its
action is destroyed. The mixture of the bile with the pancreatic juice
seems to facilitate its action. By the action of this trypsin ferment pep-
tones, or rather triptones are produced, the great difference being that instead
of producing acid-albumin as in the pepsin, there is produced alkali-albumin,
Before the final formation of alkali-albumin the fibrin is changed into pro-
ducts that are intermediate between albumin and alkali-albumin. They are
readily dissolved in water and by a weak solution of copper sulphate yield
in reaction a deep purple red color. The decomposition yields the amido—
acids, leucin, tryosin and the odorous substances phenol, skatol and indol,
I[ndol may arise in connection with proteid decomposition under the influ-
ence of alkalies at an increased temperature. Itisin the alkaline medjum
that the germs find a field for development under the influence of trypsin.
This pancreatic ferment can convert the proteids into peptones unaided by
micro-organisms.

On the other hand, leucin and tryosin are not obtained without these
micro-organisms. Indol, it is claimed, is produced under the influence not
of the unorganized ferments but by the organized ferment, the micro organ-
ism)being necessary for its production, asin a fluid which yields indol, there
is always present some micro-organism. In addition to this by the action
of the pancreatic juice we find the nitrogenous product, leucin and tryosin
Under the influence of the pancreatic juice, the proteid acted upon does not
yield nearly the proportionate proteid products. When the product of
digestion is divided so as to separate the alkali-albumin there is yielded by
evaporation crystals of tryosin. If these are taken out and precipitation

- produced by a second evaporation, leucin and tryosin crystals are depos-
ited. Thus the proteids under the influence of the pancreatic juice divide
up into the proteid triptones and into the substanees that are not proteid or
leucin and tryosin. Leucin is a combination of fatty acids and ammonia,
whereas tryosin is a phenyl compound closely related to benzoic and hip-
puric acid. These two represent the fatty acids and aromatic bodies. The
pancreatic mixture very soon becomes filled with bacteria, If the ferment
Is isolated so as to prevent the admission of air germs or if salicylic acid is
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used in connection with the juice, the germs are prevented from develop-
ment and the odor is absent. Thus the pancreatic juice is associated with
the formation of indol under the influence of an organized ferment. = We

‘have seen that three ferments act upon the carbohydrates, proteids and fats,

reducing, splitting up or emulsifying them, the emulsification taking place
chiefly in connection with the combination of the three juices, although
largely under the influence of the alkali-albumin. :

SECTION XIII. Intestinal Juice.

This juice, succus entericus, is believed to be secreted by the glands of
Brunner and Lieberkuhn. The information regarding this juice is limited
chiefly on account of the difficulty of obtaining it pure. By opening the
abdomen and a loop of the bowel cut being across in double section and then
by connecting the lower end of the bowel above the part cut across with the
upper end of the lower portion so that the intestinal canal is continued, the
cut part may be formed into a sac. The Thirry-Vella fistula consists of
cutting out a small part of the intestine without injuring the blood vessels
or nerves and then stitching the two open ends to the abdominal wall to
form a double fistula. By suture the continuity of the intestine is estab-
lished, the loop being used to collect the secretion. It is a clear, viscid
fluid with a palish yellow color and a strong alkaline reaction. The secre-
tion is small and requires stimulation to start it. It is more plentiful in the
lower than in the upper part of the intestine. It is freely coagulated by heat
and under acid influence, having a specific gravity of 1010. It contains a
small per centage of solid, chiefly albumin. mucin and with the carbonate
of soda from .25 to .5 per cent and sodium chloride, The invertin fer-
ment converts the cane sugar into the sugar inverted. Itis variously
described as having a digestive influence over proteids, fats and carbohy-
drates; others, however, claiming that its action is confincd to the conver-
sion of starch into dextrine and maltose.

The intestinal juice acts upon all kinds of food, its action, however be-
ing slow and feeble. The mucin contained in the fluid acts as a lubricator
upon the internal surfaces of the intestine, smoothing it so as to permit the
contents to pass freely. As soon as the chyme passes into the intestine,
the gastric juice ceases to act upon it, the acidity of the chyme producing
the flow of bile, pancreatic and intestinal juices. The alkalinity of these
juices neutralizes the acidity of the chyme producing the normal alkalinity
in the small intestine. In'the small intestine all the food elements become
changed so as to be prepared for absorption. The alkalinity is greatest in
those layers close to the intestinal wall, the internal layers being slightly
acid. The hydrochloric acid of the gastric juice precipitate pepsin and
glycocholate, the taurocholate precipitating the albumin not transformed
into peptones, the peptones and triptones remaining in the solution,
The ‘solution that is formed is thick and glairy. At the upper
part of the intestine the chyme is of a pale yellow color due to the bile in-
fluence, at the lower part it is much paler. As it passes down the alkalin-
ity increases on account of the action of the three juices, the digestive pro-
cess being nearly completed, leaving very small quantities of undigested
food. Under the influence of the alkalinity the triptone digestion takes
place. The viscous solution formed by the bile is dissolved but the pepsin
cannot act because of the alkalinity in the solution. The remnants of the
starch are changed to maltose, the fatty substances becoming emulsified
and the albuminous substances changed to leucin and tryosin. This intes-

R




220 INTESTINAL JUICEg .. S

tinal secretion has no definite action upon the proteids. The sodium car-
honates assist in the emulsifiying of fats. In connection with the carbohy-
drates it has an important action. There is an amylolytic ferment more plen-
tiful in the upper part of the intestine acting upon the starch and converting it
into maltose and dextrin. In addition the presence of the invertin transforms
cane sugar into dextrin and laevulose, and the maltose to dextrose. The
double saccharines, cane sugar, milk sugar and maltose, which are found com-
monly in all diets, are acted upon by the inverting ferments so as to form
simpler bodies, the absorption taking place finally in connection with dextrose
which is the final product of conversion. Gallstones are often formed in the
gall bladder, sometimes smaller obstructions being found in the bile passages.
‘The most common kind of gallstoné is composed of cholesterin, sometimes
with a little pigment, at other times being colored with pigment. These are
crystalline in structu.e. Another kind of gallstone consists of bilirubin and
calcium, these being dark incolor. Sometimes the gallstones comsist of bili-
rubin derivatives and sometimes of inorganic salts. These gallstones originate
in a neucleus, the matter being collected around this center, The origin of
the stone is found in connection with the bile, the cholesterin or bilirubin col-
lecting together instead of remaining in solution in fluid. During the progress
in these various changes the peristaltic action of the muscular fibers propells
the chyme along the course of the intestine, the absorption of the soluble mat-
ters taking place in connection with the blood vessels and the mucous projec-
tions of the intestine. Thus, the chyme is gradually transformed and dimin-
ished, these processes preparing it for passage into the great intestine. Very
seldom s there any quantity of chyme in the intestine, as it passes quickly in
absorption and excretion

The chyme as it passes into the intestine comes into contact with the bile
and pancreatic juice, changing the acidity into alkalinity. In the human sub-
ject the chyme becomes alkaline before passing far down the intestine. The
conversion of starch to sugar which was stopped in the stomach begins again
under the influence of the pancreatic and intestinal juices and is continued un-
til the greater proportion is digested The pancreatic_juice emulsifies the fats,
the neutral fats passing to the lacteals. The bile and pancreatic juice provide
an alkaline medium, the pancreatic juice furnishing the fatty acid, and the bile
dissolving thesoaps. Thusthe two juices unite in emulsification in the small
intestine, the gray colored chyme becoming in the small intestine whitish
cream colored. The pancreatic juice thus assists in the changing of fats for
absorption in the lacteals. The bile also assists in this process as the removal
of the bile by ligature and fistula seems to retard fat digestion, throwing quan-
tities as it into the faeces. The intestinal juice does not possess large emulsi-
fying power. This was shown by a case in which the duodenum opened by a
fistula so as to separate the upper and lower parts. Fats placed in the lower
part were hardly subjected to digestion, because of the absence of the bile and
pancreatic juices, so that fat digestion is largely carried on by the mixture of
bile and pancreatic juice. In the intestine thereis formed the substances under
the influence of micro-organisms, resulting in indol and indican, so that the ac-
tion of the combined juices in the intestine. is modified by the presence of micro-
organisms. It is chiefly in connection with the proteids and carbohydrates
that this micro-organic decomposition takes place. From the proteids are
formed indol, phenol appearing in the faecesand urine. ‘There are also formed
in connection with the proteids ptomaines in the process of putrefaction. ‘The
Pprincipal action of the micro-organisms is in connection with carbohydrates.
As the food passes down the intestine there is present lactic acid formed by
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lactic acid fermentation.. ‘T‘his is supposed to take place.-normally in the intes-
tine. The presence of free H in the intestine indicates fermentation changes.
If chyme is'taken from the intestine and kept at bodily temperature, CO and
H will continue to be formed indicating the butyric fermentation process. In
this way the sugar becomes transformed to the fatty acid group and may be
changed to fat. The H actsas a reducing agent, acting on sulphates and pro-
ducing sulphides and forming faecal and urine pigments. Thus, in the small
intestine proteids are changed to peptones and other substances, starch to su-
gar, and sugar 1o-lactic acid and faf, these passing into the lacteals or the
blood vessels, the remainder being excess faeces or urine.

SECTION XIV. Processes in the large Intestine and Passages to the
Rectum.

By the absorption of the soluble elements from the chyme it is lessened in
quantity, passing into the great intestine to be subjected to the action of secre-
tion arising from glands similar to those of the small intestine. As in the
small intestine there are movements of the intestinal contents due to the per-
istaltic contraction of the muscular fibers of the intestine. ‘The movement,
however, is much slower than in the small intestine as the bowel is not so free,
being in the greater part of its extent fixed by the peritoneum. The passage
of the contents through the large intestine take a much longer time, than is
occupied in the small intestine, although the large intestine is only about 14
of the length of the small one. It is estimated that from 12 to 18 hours are
occupied in the passage through this large intestine. This length of time
includes the long time during which substances continue in the caecum, becom-
ing more solid on account of the water being absorbed.

The sharp ridges projecting into the intestines, divide the intestine into a
number of compartments, delaying the passageofthe contents. The rectum also
accumulates the materials, the sphincters preventing the rapid passage. The
movements of the large intestine are essentially the same as those of the small,
the movements of the large in testine beginning at the point where the
small intestinal movements stop, namely, the ilio-czecal valve. The move-
ments are more simple because of the absence of the loops and the absence of
the muscular fibers, to any great extent. The movement is from sacculus to
sacculus along the colon, peristaltic contraction, driving the contents from the
one to the other, the contraction of the circular fibers being followed by relax-
ation of the circular and contraction of the longitudinal fibers in the next suc-
ceeding sacculus  The edges of the ilio-czecal valve close the caecum so that
regurgitation into the small intestine is impossible. When the fzecal contents
arrive at the sigmoid curvature, they are upheld by the bladder and caecum so
as to press on the sphinecter ani.

The nervous connection with the large intestine is as yet unknown, The
excitation of the pneumogastric tends to stimulate, while the excitation of the
splanchnic sympathetics does not stimulate the activity of the large intestine,
No digestive process goes on in the large intestine. ‘The contents are of a dis.
tinctly feecal character, and are acid in reaction, this being due to the acid fer-
mentation of the intestinal contents and not to any acid secretions yielded by
the glands in the intestinal mucous membrane. The secretion of the large

.intestines is composad largely of mucus, having probably no special enzyme of

its own. In passing from the small intestine there are still undigested elements
but these are mixed with the enzymes of the small intestine which probably
act for some time. 1In the large intestine the contents are alkaline toward the
walls, the secretion of the intestinal glands being alkaline in reaction, while
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toward the middle of the intéstine and away from the walls they are acid. In
the human subject the intestinal changes consist of ‘the formation out of the
waste elements of the food of the bile, and other secretions, of faecal substances.
In the caecum these waste matters become closely packed together on account
of the absence of the peristaltic action. The fermentation _going on produces
certain acids. lactic acid, butyric acid, and also the generation of certain gases
as H, surphuretted H, etc. The water becomes absorbed by the blood vessels.
In this way the intestinal contents become more and more solid, the water being:
absorbed. The putrefaction changes also give rise to the formation of certaim
acids, such as palmitic acid, together with the odorless substances, _Phenol,
cresoal, indol and skatol. The bile that passes down into the large intestine
becomes changed into taurin, glycocin, cholalic acid which, together with the
pigments and acids of the bile are found in the faeces. These feeces have a
characteristic odor which varies in the individual and at different times. _This
aroma arises from the decomposition of the contents of the stomach and intes-
tines. These may be either acid alkaline or neutral. _In the case of dieting'
upon the carbohydrates and faeces become charactenstlcally.amd. If the diet
is albuminous they become alkaline. The color also varies with tl'1e food: The
dark color arises in the case of an animal diet. In vegetable diet a lighter
color and in a mixed animal and vegetable diet a yellowish brown. In jaun-
dice the faeces become a dark yellow. Microscopic examination discloses the
presence of indigestible materials including ligaments from flesh and cellulose,
indigested matters as tissues in fragmentary stages. These tissues vary with
the diet. Among the other substances found are mucus, fatty cells_, starchy
globules, fibers in different stages of decomposition, crystals of the triple phos-
hates. .
P There may also be found the acids, pigments, cholesterin, excretin and
soaps found in connection with the gastric and other juices. In a mixed diet
they contain about 75 per cent of water while in diet upon animal food this is
usually reduced to 50 or 6o per cent, about 25 per cent being solid matter, of
which about 4 per cent consists of salts, chiefly _triple phosphates of ammonia
and magnesia. The normal human subject is estimated  to pass about 150 to
200 grams daily as faeces. This amount, however, depends somewl}at upon
the nature of the food. In vegetable diet the amount being largely increased
because of the amount of indigestible matter, such a diet in same yielding 450
grams. In the large intestine, C O, is the chief gas found together with H,
sulphuretted H and carburetted H. 1In the rectum the fzeces remain for a var-
iable time and they are expelled as the result of relaxation of the internal
sphincter, contraction of the walls of the rectum and of the abdominal muscles
assisted by the fixed action of the diaphragm. The pressure of the fzeces upon
the mucous of the lower portion of the rectum arouses the impulses. If this
pressure does not reach a certain limit the sphincter resists the evacuation, If
pressure reaches a certain limit there follows a series of reflex contrac-
tions atintervals in the rectum, the contraction extending to the sigmoid cur-
vature of the colon. By these contractions the internal sp}:incter yields, the
external sphincter yielding to the will. The sphincter consists of involuntary
muscles, having nerve connections with the sympathetic system and from the
spinal nerves from the sacrum. The external sphincter ani is composed of
striated muscle tissue and is therefore, at the disposal of the will. Defecation,
is therefore, a mixed action partly voluntary and partly involuntary.. The
voluntary element depends upon the action of the abdominal musclgs in the
production of pressure. There isa contraction of these muscles similar to
expiration but as the glottis is closed the pressure is all brought to bear ‘tpon
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the abdominal muscles; pushing the contents of the colon down toward the
rectum.. This pressure does not affect the sigmoid curvature. ‘The spinchter
ani protects the anus, the sphincter being normally in the state of tonicity so
that there is the capacity of contraction or relaxation depending upon the stim-
ulation. " The nervous impulses from the lumbar center kept up the tonic con-
traction for relaxation follows the division of the nervous connection. If the
spinal cord is cut above the lumbar region there is only a slight depression of
the sphincter followed by a return to its normal condition. This indicates that
the faecal center is in the lumbar region. This is the center of reflex action
depending upon local stimulation and upon the impulses of the higher center
under the control of the will.' The center may be inhibited and thus the
sphincter will relax or it may be stimulated and the sphincter will contract
still more. Therefore, in addition to the muscular action there is the inhibition
of the lumbar center as a part of the defecation process. Even in diseased
brain conditions there is not of necessity, any effect upon the sphincter and if
paralysis of the sphincter accompanies cerebral conditions this is due
to the reflex inhibition of .the lumbar center. These two actions are not suffi-
cient to account for defecation as to the abdominal pressure is prevented by the
sigmoid curvature, so that the sigmoic curvature would remain full of matter,
In order to accomplish the emptying of this flexure the peristaltic action of
the intestine, flexure and rectum is brought into play. In the rectal peristal-
sis there is a marked peristalsis of the circular and longitudinal fibers. By
longitudinal peristalsis the rectum is shortened, the movement being from
above downward. As the anus is a fixed base, this results in drawing down
the rectal canal. By circular contraction traveling from above downward the
rectal canal is narrowed, resulting in the excretion of the contents. As the
large intestine and the sigmoid curvature becomes filled with contents, strong
peristalsis is aroused in the walls driving the fzeces into the rectum and against
the sphincter. By inhibition of the lower center the sphincter is relaxed, the
abdominal muscles pressing upon the descending colon so that by countraction
of the levator ani the faeces are excreted. The reaction of the walls of the large
intestine is alkaline but the contents become acid. This is due to acid fermen-
tation in the contents, these fermentations being indicated hy the presence of
gases. The fermentation depends upon the nature of the food. These fer-
mentation changes are peculiar, being carried out in connection with the micro-
organisms. By the process of absorption the contents become hard and dry.

They consist of undigestible and undigested food elements with fibrous mat.
ters, cellulose connective tissue. To these must be added the productions of
alimentary secretion, mucus, albumin fatty acids, salts and phosphates. The
pigment of the fzeces is derived from the bile pigment. being called stercobilin.

If the bile is cut off the faeces become clay colored. These, together with the
aromatic sub:tances form the chief elements that constitute the faeces. The
act of defecation is under the control of the special nervous centers situated in
the lumbar portion of the spinal cord having sensory and motor fibers to the
rectum and defecation muscles. ‘This center i~ subject to the influence from
the higher centers. This is evident from the fact thatin comatose conditions
the +phincter bec smes paralyzed and the defecation is no longer under the con-
trol of the will, becoming entirely involuntary.

The nerve supply to the rectal muscles consists of motor and inhibitory
fibers some from the nervus erigens through the hypogastric plexus and some
from the chord of the lumbar region through the sympathetic ganglia, the in-
ferior mesentric ganglia and the hypogastric. This, however is disputed. The
paralysis of the sphincter being said by some Physiologists to be due to the in-
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hibition of the lumbar center. .In the rectal movements we find distinctation
of the longitudinal and transverse fibers, the longitudinal movements being
directed from above downward, causing the shortening of the rectum, the
transverse movements traveling in the same direction, but folqumg the other
contractions, causing a narrowing of the rectum and thus pushing onward the
matters within the rectum. ' The special changes in the large intestine are
bacterial. Bacteria are usually prevented from being active by the strong acid
reaction of the juice. In connection with dyspepsia we find, however, certain
bacteriological developments in the case of the carbohydrates. In the small
intestine the normal alkalinity of the secretion favors such bacteria. . It was
formerly supposed that the proteid decomposition involved such a-bacterial
development. But recent experiments have indicated that the contents just
before passing to the large intestine are acid, if a mixed diet is used, acetic
acid being formed in connection with organic substances normally about 1-10
per cent. This acid must have arisen from bacterial decomposition of the
carbohydrate and not of the proteids, The formation of such acid preventing
proteid putrefaction. ‘This, however, may pe cha}nged in the case of a large
proportion of proteid in the food or a deficiency in the absorption of the small
intestine. In the large intestine the acidity is destroyed by alkaline reaction
so that in the large intestine there may be proteid putrefaction. ‘This putre-
faction while normal may vary considerably within definite limits. The pro-
ducts thus produced are leucin, tryosin, indql, lactic acid, sulphuretted
hydrogen, etc. Some of these are absorbed in the blood and passed to the
urine, others stimulate peristaltic action.

If the stomach and intestines are removed from the body and subjected to
stimulation the result will be movements of a peristaltic nature. ‘Therefore,
the entire alimentary canal has the power automatically of carrying out its own
movements. If the vagus nerve is stimulated very strong peristaltic move-
ments will result in the oesophagus, the stomach and intestines. ‘The normal
stimulation is the presence of food in the intestine. It is supposed that by
stimulating the mucous membrane impulses are sent up that descenfi along the
vagus, thus reaching the stomach and the upper part of the lower intestine by
the terminals of the two vagi and to the intestines by the posterior vagus which
passes through the solar plexus and the mesenteric nerves. Even after the di-
vision of both vagi, however the movements still continue. 'The nerves of
the vagi, therefore, act as accelerator fibers to the alimentary canal. Similar-
ly, the splanchnics act as inhibitory fibers so that by_ gtlmulat{ng these fibers
the peristalsis may be slowed and even stopped. This is explained by the fact
that while the splanchnics have fibers for constriction to the intestinal _blood
vessels they also have inhibitory fibers for the muscular coat and the vagi have
accelerator fibers for the muscular coat and dilator fibers for the blood ves-
sels. In the rectum the muscular coats have different nerve connections the
longitudinal coat being controlled by the nervi erigentes through the hypogas-
tric plexus coming from the spinal cord by the anterior roots of the 2d and 3d
sacral nerves. The stimulation of these contracts the longitudinal fibers of the
rectum. ‘The circular coat is regulated by nerves leaving the spinal cord by
the anterior roots of the lower dorsal and first two lumbar nerves passing
through the inferior mesenteric ganglia, the hypogastric nerves and the hypo-
gastric plexus. Irritation of these fibers results in contractions of the circular
coat. ‘Thus the rectal movements are more closely connected with the central
nervous system than the rest of the alimentary canal. In the small and large
intestines the nervous system supplies and regulates the movements without
originating them, while in the rectum the lumbar region and its fibers carry
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out the rectal movements by reflex action. In diseases of the central nervous
system it is here that constipation is produced, the fzcal contents accumulating
in the sigmoid flexure and the colon.” In addition to the stimulation produced
by the food contents in the intestines the deficient oxygenation of the blood in
the alimentary walls arouses peristaltic action. - If the blood is interfered with
by clamping the aorta peristalsis becomes violent. Hence, in death by asphyx-
ia, the interference with respiration produces a discharge of faeces. Thus
the absence of blood or deficiency of oxygenation stimulates peristalsis.

SECTION XV. 4—dbsorption.

We have found that there are different processes through which the food
passes in being made soluble so as to be capable of holding in solution certain
substances. In considering this question of absorption, we must regard the
blood as exerting on one side of an organic membrane certain pressure while
there is another fluid on the other side holding in solution certain substances,
If we have two fluids that can be mixed aside from any chemical changes and
if these two fluids are poured together there will be diffusion between the two
fluids till there is a uniform mixture of the fluids. There will be diffusion
even if the fluid that is poured on the top is lighter because part of the heavier
fluid will rise to mix with the lighter fluid. It is very similar to the diffusion
of gases, the difference being that liquid diffusion requires much more time.
For example, it will take seven weeks to diffuse a solution of common salt with
a solution of sulphate of copper poured upon it; it will take longer time to dif-
fuse a solution of water with an overlying solution of albumin. 'This diffusion
will be increased by a rise in temperature. If there is a separation of a porous
character between the fluids, the fluids will diffuse through the pores repre-
senting a large number of fluid channels. In this case we find capillary imbi-
bition without volmetric increase. This differs from the imbibition with
change of volume as in the case of gelatin absorbing water solution the water
passing into the interstitial spaces. It isin this way that albumin and starch
together with connective tissue absorb fluids. If tendons are dry they will
absorb more than twice their weight, cartilages and connective tissues more
than three times their weight. If the membrane is dry that is brought into
connection with the fluid it will be distended, the distension being greater in
the water solution than in a saline solution, the water being absorbed and the
salt concentrated. There is an attraction for the water in the pores, this at-
traction being found in the walls of these canals while the saline solution
passes through the center of the pores. In this way when brought into contact
with an animal membrane there are two fluid layers, (1) next to the walls con-
sisting of water and, (2) the layer in the center containing a salt solution. If
two fluids are separated by the membrane while both fluids are subject to the
same pressure there will be diffusion current passing in both directions. If we
have water and a solution of saline matter the water will pass more freely so
that the saline solution will increase in volume. This will go on until the
saline matter diffuses equally on both sides of the membrane. Glutinous sub-
stances will not pass through membranes unless very slightly, but they will
attract a large proportion of the fluid from the other side of the membrane. If
the glutinous matter is mixed with some substance having a crystalline struc-
ture, then the crytalloid will diffuse more slowly than if separate and the
glutinous substance will diffuse much more slowly than if alone in the fluid,
If a solution of albumin is mixed with salt, the salt will almost entirely diffuse
out of the albumin solution. In this way colloids and crystalloids may be
separated by diffusion. When the diffusion of fluids takes place under the in-
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fluence of pressure through animal membrane, it is called filtration. If the
pores of the membrane are large, then not only the fluid but blood corpuscles
and milk globlets will also pass through. Usually, however, the membrane is
more delicate and then morphological elements are arrested. It is under the
influence of diffusion and filtration principles that absorption takes place,
Aside from the fats it was formerly supposed that absorption was a simple
physical process, there being either asmosis or filtration or both combined.
This has given place to the theory which takes account of the activity of the
epithelial cells acting according to the living properties of animal membranes.
Diffusion and osmosis, however, partially explain the processes. When two
mixable fluids are separated by a membrane there is a certain diffusion through
the membrane and this is called osmosis or dialysis, this diffusion taking place
independently of pressure on either side. There may be as we have said, pores
in _the membrane but this is not necessary, as the membrane may imbibe the
fluid and thus by the swelling of the membrane prepare the way for osmosis.
If two different substances are separated by a membrane, diffusion takes place
until equilibrium is established except in the case of certain soluble substances
!:hat are not dialyzable. Hence, Graham divides these soluble substances
into two_classes, (1) dialyzable, called crystalloids, and, (2) non-dialyzable, call-
ed colloids. Gelatin is the best example of the latter. In the case of the
crystalloid an osmometer can measure the rapidity of the osmosis. In the case
of a strong solution of sodium chloride placed in a tube with a membrane at
one end and then placing the membrane in contact with distilled water the
diffusion will take place both by exosmosis and endosmosis, There is much
greater water diffusion than salt diffusion, hence the endosmotic equivalent is
water
salt
senting the dialytic rate. Thus, in osmosis there must be two mixable liquids
with. a separating membrane. Thus, we find in the process of absortion the
blood and lymph on the one side and the soluble contents of the starch and in-
testive on the other. The food substance we have considered in the different
stages of digestion, the elements being separated in such a way as to leave the
nutriment in the fluid solution, the insoluble matters becoming soluble in water
and the fats being emulsified so as to be minutely divided. This prepares
thgse.substances for absorption. To this process of absorption we apply the
principles of physics bearing upon diffusion. These nutritious matters are as
yet outside the body in the passage through the alimentary canal. As we have
seen, .dlgestlon consists of the conversion of proteids that are non diffusable
into diffusable peptones by the emulsification of fats so as to prepare for the
absorption process. This process takes place, (1) in connection with the ali-
mentary canal 'and, (2) in connection with the other organs.
. (1.) During digestion in the stomach, water, salts, sugar and peptone pass
1nto the blood vessels in the gastric mucous membrane and are, by them, con-
veyed to the liver. Absorption takes place in the stomach and in the intes-
tines, apd it is' especially in the small intestine, that absorption takes place in
copnecnon. v;{lth the capillaries of the portal system, the absorbed substances
being carried into the liver and by the lacteals into the lymphatic system, being
ﬁnally transferred to the blood, and through the blood conveyed to the differ.
ent tissues. Absorption that takes place directly through the blood, reaches
the tissues much more quickly. as the lymph flow is so slow that it takes a long
time to pass through the lymph. All nutrient matter passing through the
blood, must pass through the liver by the portal circulation. ‘These two chan-

estimated by dividing the water by the salt, ,this approximately repre-
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nels representing the great fluid circulations of the body, namely, the blood
and lymph.

Magendie showed that not only the lymphatic system but also the blood
capillaries are engaged in absorption by showing that if the thoracic duct is
ligatured and a soluble poison passes to the intestine, the death of the animal
will take place as soon as normally without any ligature.

T'HE BLOOD.—The mucous lining of the stomach and the intestines is
abundantly provided with blood vessels lying directly underneath the epithe-
lial lining. If injections are made the capillary plexuses may be distinguished
by the action of poison upon them. In the stomach the capillaries are found
to form networks of irregular structure. In the small intestine the capillary
plexuses exist in the form of loops changed into the villi while in the large
intestine the network of capillaries is regular. These capillaries are normally
filled with blood slowly moving and exerting a pressure on the internal surface,
separated by the vessel walls, connective tissues and epithelium from the chyme
which contains the soluble food matters. In this way, by the cloze connection
of the blood and the solution containing certain substances we find resultsin the
passage by absortion into the blood, of water, saltsand peptones, these passing in
the blood to the liver. This interchange between the blood and the lymph in
the respective systems and the fluid contents of the stomach and intestines
takes place on the basis of the principles of diffusion. When the blood and the
lymph becomes deficient in water, salt and saccharine matters, these substances
pass from the fluid in the intestines. The diffusion takes place on the basis of
the differen:e in the substances found in the respective fluids. The rapidity of
the diffusion process depends to some extent upon the motion of the fluids, the
peristaltic action of the stomach and intestines keeping the digestive fluid in
coustant movement. It isa process of diffusion and not of filtration, sutject to
pressure. The blood and lymph and the intestinal fluids are in motion and
hence are brought closely together, separated by the membrane. The concen-
tration differs on the two sides of the membrane. As the blood and lymph
move and as the intestinal contents move diffusion is favored. ‘This would ac-
count for the diffusion and absorption of water, salts and sugar. This process
of diffusion does not account for the absorption of fatty substances and albumin.
Albumin will not readily pass through a membrane by diffusion, and only if
the fluid upon one side of the membrane is rich in albumin while on the other
side there is none. ‘There is a large percentage of albumin in the blood and
lymph, about 7 and 3 per cent respectively. This albuminous mwatter however,
by the digestive processes is changed into peptones, these being readily soluble
in water and thus prepared for absorption in connection with the cellular walls
of the vessels. The living tissue between the soluble substances in the stom-
ach and intestine and the blood of the capillaries consists of living cells, these
cells being continuously active. Their activity implies the capacity of cellular
absorption according to which the cells have the power of selecting materials.
This absorption occurs to a slight extent in the mouth becoming more rapid in
the stomach and is greatest in the small intestine, being less active in the large
intestines.

Lyaypu AND cHYLE.—The mucous lining of the small intestine is covered
over with small conical projections of the mucous membrane, very numerous in
the human subject being said to number four million. These form conical or
cylindrical processes, projecting about 1 mm. out from the mucous lining.
‘They consist of delicate adenoid tissue identical with the lymphatic glands. In
the reticulum we find lymph corpuscles. In the center of the villus we find
an open space freely connected with the retiform tissue, towards the base, the
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