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PREFACE TO THE NINTH EDITION.

—

At the present time, the average length of life of new
physiological facts may be reckoned, so it is said, at about
three years; and there is sufficient truth in the sarcasm to
make the work of selection of facts for a Student’s Handbook
of Physiology a somewhat difficult matter. It is, indeed,
impossible to do more than pick out those which seem, from
various analogies, most likely to have a long term of ex-
istence, or to take their place ultimately among established
truths. So much, however, I have endeavoured to do,—
remembering that the present work is intended only as a
student’s guide to those parts of the science of Physiology
which are either incontrovertible, or at least felii']y esta-
blished ; it makes no pretensions of being either a complete
treatise or a work of reference.

In the preparation of the present edition I have received
great assistance from my friend Mr. Harold Schofield, more
particularly in the histological portions of the work—the
chapters on the Structural Composition of the Human
Body, on the Elementary Tissues, and a portion of the
chapter on Generation and Development having been in
great part re-written by him. In other parts of the work he
has also rendered me much help; and many of the new
illustrations are contributed by him from original drawings
of microscopic specimens prepared by himself,

Chapter 1I. 1s reprinted, almost verbatim, from an article
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which I contributed in 1867 to St. Bartholomew’s Hospital
Reports.

Many of the chapters have been in part re-cast, or re-
written. Indeed, the present edition contains compara-
tively little of the original work of Dr. Kirkes; but I
have preserved, as far as possible, the general plan and
arrangement of the book, as being, on the whole, best
adapted for the purpose for which it was written.

For convenience of reference I have inserted, as an
Appendix, Tables of various Anatomical Weights and
Measures, of the Specific Gravities of some Tissues and
Fluids, of the Composition of certain Foods, and of the
Classification of the Animal Kingdom.

To Dr. Klein I am indebted for permission to copy
several histological drawings in the ‘Handbook for the
Physiological Laboratory” and elsewhere; and to Mr. W. Pye
for original drawings to illustrate the subjects of Muscle,
the Kidney, and the Retina. I am desirous of expressing
my obligations also to Dr. Allen Thomson for several
illustrations, taken from the anatomical drawings which he
has contributed to the later editions of Quain’s Anatomy ;
and to Dr. John Williams for contributing to that part of
the section on Generation which relates to * the Structure
of the Mucous Membrane of the Uterus, and its periodical
changes.”

About 150 additional illustrations appear in the present
edition. They have been drawn by Mr. Godart and Mz.
Collings, and engraved by Mr. J. D. Cooper.

W. MORRANT BAKER.

26, WimMroLE STREET, LoNDON,
October, 1876,
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CHAPTER I

THE GENERAL AND DISTINCTIVE CHARACTERS OF
LIVING BEINGS.

Humax Puysrorocy is the science which treats of the life of
man—of the way ir which he lives, and moves, and has his
being. It teaches how man is begotten and born; how he
attains maturity ; and how he dies.

Having, then, man as the object of its study, it is unnecessary
to speak here of the laws of life in general, and the means by
which they are carried out, further than is requisite for the more
clear understanding of those of the life of man in particular.
Yet it would be impossible to understand rightly the working of
a complex machine without some knowledge of its motive power
in the simplest form ; and it may be well to see first what are
the so-called essentials of life—those, namely, which are mani-
fested by all living beings alike, by the lowest vegetable and the
highest animal, before proceeding to the consideration of the struc-
ture and endowments of the organs and tissue belonging to man.

The essentials of life are these,—birth, growth and develop-

_ ment, decline and death.

The term, birth, when employed in this general sense of one
of the conditions essential fo life, without reference to any par-
ticular kind of living being, may be taken to mean, separation
from a parent, with a greater or less power of independent life.

Taken thus, the term, although not defining any particular
stage in development, serves well enough for the expression of

- B
,j 7



2 GROWTH. [cHAP, 1.

the fact, to which no exception has yet been proved to exist, that
the capacity for life in all living beings is got by inheritance.

Growth, or inherent power of inereasing in size, although
essential to our idea of life, is not confined to living beings. A
crystal of common salt, or of any other substance, if placed under
appropriate conditions for obtaining fresh material, will grow in
a fashion as definitely characteristic and as easily to be foretold
as that of a living creature. It is, therefore, necessary to
explain the distinctions which exist in this respect between
living and lifeless structures; for the manner of growth in the
two cases is widely different.

First, the growth of a crystal, to use the same example as
before, takes place merely by additions to its outside; the new
matter is laid on particle by particle, and layer by layer, and,
when once laid on, it remains unchanged. The growth is here
said to be superficial. In a living structure, on the other hand,
as, for example, a brain or a muscle, where growth occurs, it is
by addition of new matter, not to the surface only, but through-
out every part of the mass; the growth is not superficial but
interstitial. In the second place, all living structures are subject
to constant decay; and life consists not, as once supposed, in the
power of preventing this never-ceasing decay, but rather in
making up for the loss attendant on it by never-ceasing repair.
Thus, a man’s body is not composed of exactly the same particles
day after day, although to all intents he remains the same
individual. Almost every part is changed by degrees; but the
change is so gradual, and the remewal of that which is lost so
exact, that no difference may be noticed, except at long
intervals of time, A lifeless structure, as a crystal, is subject to
no such laws; neither decay nor repair is a necessary condition
of its existence. That which is true of structures which never
had to do with life is true also with respect to those which,
though they are formed by living parts, are not themselves
alive. Thus, an oyster-shell is formed by the living animal which
it encloses, but it is as lifeless as any other mass of inorganic
matter; and in accordance with this circumstance its growth
takes place not interstitially, but layer by layer, and it is not
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_subject to the constant decay and reconstruction which belong to
the living. The hair and nails are examples of the same fact.

Thirdly,—in connection with the growth of lifeless masses
there is no alteration in the chemical constitution of the material
which is taken up and added to the previously existing mass.
For example, when a crystal of common salt grows on being
placed in a fluid which contains the same material, the properties
of the salt are not changed by being taken out of the liquid by
the crystal and added to its surface in a solid form. But the
case is essentially different in living beings, both animal and
vegetable. A plant, like a crystal, can only grow when fresh
material is presented to if; and this is absorbed by its leaves
and roots; and animals for the same purpose of getting new
matter for growth and nutrition, take food into their stomachs.
But in both these cases the materials are much altered before
they are finally assimilated by the structures they are destined to
nourish.

Fourthly. The growth of all living things has a definite
limit, and the law which governs this limitation of increase in
size is so invariable that we should be as much astonished to
find an individual plant or animal without limit as to growth as
without limit to life.

Development is as constant an accompaniment of life as growth.
The term is used to indicate that change to which, before
maturity, all living parts are constantly subject, and by which
they are made more and more capable of performing their
several functions. For example, a full-grown man is not merely
a magnified child ; his tissues and organs have not only grown,
or increased in size, they have also developed, or become better in
quality.

No very accurate limit can be drawn between the end of
development and the beginning of decline; and the two processes
may be often seen together in the same individual. Buf after a
time all parts alike share in the tendency to degeneration, and
this is at length succeeded by death.

It has been already said that the essential features of life are
the same in all living things; in other words, in the members

E 2
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of both the animal and vegetable kingdoms. It may be well
to notice briefly the distinctions which exist between the mem-
bers of these two kingdoms. It may seem, indeed, a strange
notion that it is possible to confound vegetables with animals,
but it is true with respect to the lowest of them, in which but
little is manifested beyond the essentials of life, which are the
same in both. :

I. Perhaps the most essential distinction is the presence or
absence of power to live upon inorganic material. By means of
their green colouring matter, chlorophyll—a substance almost
exclusively confined to the vegetable kingdom, plants are capable
of decomposing the carbonic acid, ammonia and water, which
they absorb by their leaves and roots, and thus utilizing them as
food. The result of this chemical action, which occurs only
under the influence of light, is, so far as the carbonie acid is
concerned, the fixation of carbon in the plant structures, and the
exhalation of oxygen. Animals are incapable of thus using
inorganic matter, and never exhale oxygen, as a product of
decomposition.

The power of living upon organic as well as inorganic matter
is less decisive of an animal nature; inasmuch as fungi and
some other plants derive their nourishment in part from the
former source,

II. There is, commonly, a marked difference in general
chemical composition between vegetables and animals, even in
their lowest forms; for while the former consists mainly of
cellulose, a substance closely allied to starch and containing
carbon, hydrogen, and oxygen only, the latter are composed in
great part of the three elements just named, together with a
fourth, nitrogen; the chief proximate principles formed from these
being identical, or nearly so, with albumen. It must not be
supposed, however, that either of these typical compounds alone,
with its allies, is confined to one kingdom of nature. Nitro-
genous compounds are freely produced in vegetable structures,
although they form a very much smaller proportion of the
whole organism than cellulose or starch. And while the
presence of the latter in animals is much more rare than is that
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of the former in vegetables, there are many animals in which
traces of it may be discovered, and some, the Ascidians, in
which it is found in considerable quantity.

ITI. Inherent power of movement is a quality which we so
commonly consider an essential indication of animal nature,
that it is difficult at first to conceive it existing in any other.
The capability of simple motion is now known, however, to
exist in so many vegetable forms, that it can no longer be held
as an essential distinction between them and animals, and
ceases to be a mark by which the one can be distinguished from
the other. Thus the zoospores of many of the Cryptogamia
exhibit ciliary or amceboid movements (p. 46) of a like kind to
those seen in animalcules; and even among the higher orders
of plants, many exhibit such motion, either at regular times, or
on the application of external irritation, as might lead one, were
this fact taken by itself, to regard them as sentient beings,
Inherent power of movement, then, although especially charac-
teristic of animal nature, is, when taken by itself, no proof of it.

IV. The presence of a digestive canal is a very general mark
by which an animal can be distinguished from a vegetable. But
the lowest animals are surrounded by material that they can
take as food, as a plant is surrounded by an atmosphere that it
can use in like manner. And every part of their body being
adapted to absorb and digest, they have no need of a special
receptacle for nutrient matter, and accordingly have no digestive
canal. This distinction then is not a cardinal one.

It would be tedious as well as unnecessary to enumerate the
chief distinctions between the more highly developed animals
and vegetables. They are sufficiently apparent. It is necessary
to compare, side by side, the lowest members of the two
kingdoms, in order to understand rightly how faint are the
boundaries between them.,



CHAPTER IL*

ON THE RELATION OF LIFE TO OTHER FORCES.

Ax enumeration of theories concerning the nature of life would
be beside the purpose of the present chapter. They are interest-
ing as marks of the way in which various minds have been
influenced by the mystery which has always hung about vitality ;
their destruction is but another warning that any theory we can
frame must be considered only a tie for connecting present facts,
and one that must yield or break on any addition to the number
which it is to bind together.

Before attention had been drawn to the mutual convertibility
of the various so-called physical forces—heat, light, electricity,
and others—and until it had been shown that these, like the
matter through which they act, are limited in amount, and
strictly measurable; that a given quantity of one force can
produce a certain quantity of another and no more; that a
given quantity of combustible material can produce only a given
quantity of steam, and this again only so much motive power;
it was natural that men’s minds should be satisfied with the
thought that vital force was some peculiar innate power, un-
limited by matter, and altogether independent of structure and
organisation. The comparison of life to a flame is probably as
early as any thought about life at all. And so long as light and
heat were thought to be inherent qualities of certain material
which perished utterly in their production, it is not strange that
life also should have been reckoned some strange spirit, pent up
in the germ, expending itself in growth and development, and
finally declining and perishing with the body which it had in-
habited.

With the recognition, however, of a distinet correlation
between the physical forces, came as a natural consequence a
revolution of the commonly accepted theories concerning life also.

* This chapter is a reprint, with some verbal alterations, of an essay con-
tributed by the Editor to St. Bartholomew's Hospital Reports, 1867.
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The dictum, so long accepted, that life was essentially independent
of physical force began to be questioned.

As it is well-nigh impossible to give a definition of life that
shall be short, comprehensive, and intelligible, it will be best,
perhaps, to take its chief manifestations, and see how far these
seem to be dependent on other forces in nature, and how con-
nected with them.

Life manifests itself by birth, growth, development, decline and
death ; and an idea of life will most naturally arise by taking
these events in succession, and studying them individually, and
in relation to each other.

When the embryo in a seed awakes from that state, neither
life nor death, which is called dormant vitality, and, bursting
its envelopes, begins to grow up and develope, it may be said
that there is a birth. And so, when the chick. escapes from
the egg, and when any living form is, as the phrase goes,
brought into the world. In each case, however, birth is not
the beginning of life, but only the continuation of it under
different conditions. To understand the beginning of life in
any individual, whether plant or animal, existence must be
traced somewhat further back, and in this way an idea gained
concerning the nature of the germ, the development of which is
to issue in birth.

The germ may be defined as that portion of the parent which
is set apart with power to grow up into the likeness of the
being from which it has been derived.

The manner in which the germ is separated from the parent
does not here concern us. It belongs to the special subject of
generation. Neither need we consider apart from others those
modes of propagation, as fission and gemmation, which differ
more apparently than really from the ordinary process typified in
the formation of the seed orovum. In every case alike, a new
individual plant or animal is a portion of its parent; it may be
a mere outgrowth or bud, which, if separated, can maintain an
independent existence; it may be not an outgrowth but simply
a portion of the parent’s structure, which has been naturally or
artificially cut off, as in the spontaneous or artificial cleaving of
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a polype; it may be the embryo of a seed or ovum, as in those
cases in which the process of multiplication of different organs
has reached the point of separation of the individual more or less
completely into two sexes, the mutual conjugation of a portion
of each of which, the sperm-cell and the germ-cell, is necessary
for the production of a new being. We are so accustomed to
regard the conjugation of the two sexes as mnecessary for what
is called generation, that we are apt to forget that it is only
gradually in the upward progress of development of the vege-
table and animal kingdoms, that those portions of organised
matter which are to produce new beings are allotted to two
separate individuals. In the least developed forms of life,
almost any part of the body is capable of assuming the characters
of a separate individual; and propagation, therefore, occurs by
fission or gemmation in some form or other. Then, in beings a
little higher in rank, only a special part of the body can become
a separate being, and only by conjugation with another special
part. Still, there is but one parent; and this hermaphrodite-
form of generation is the rule in the wvegetable and least
developed portion of the animal kingdom. At last, in all
animals but the lowest, and in some plants, the portions of
organised structure specialised for development after their
mutual union into a new individual, are found on two distinct
beings, which we call respectively male and female.

The old idea concerning the power of growth resident in the
germ of the new being, thus formed in various ways, was ex-
pressed by saying that a store of dormant vitality was laid up
in it, and that so long as no decomposition ensued, this was
capable of manifesting itself and becoming active under the
influence of certain external conditions. Thus, the dormant
force supposed to be present in the seed or the egg was as-
sumed to be the primary agent in effecting development and
growth, and to continue in action during the whole term of
life of the living being, animal or vegetable, in which it was
said to reside. The influence of external forces—heat, light, and
others—was noticed and appreciated ; but these were thought
to have no other connection with wvital force than that in some
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way or other they called it into action, and that to some extent
it was dependent on them for its continuance. They were not
supposed to be correlated with it in any other sense than this.

Now, however, we are obliged to modify considerably our
notions and with them our terms of expression, when describing
the origin and birth of a new being.

To take, as before, the simplest case—a seed or egg. We
must suppose that the heat, which in conjunction with moisture
is necessary for the development of those changes which issue
in the growth of a new plant or animal, is not simply an agent
which so stimulates the dormant vitality in the seed or egg as
to make it cause growth, but it is a force, which is itself
transformed into chemical and vital power. The embryo in
the seed or egg is a part which can transform heat into vital
force, this term being a convenient one wherewith to express
the power which particular structures possess of growing,
developing, and performing other actions which we call vital.*#
Of course the embryo can grow only by taking up fresh material
and incorporating it with its own structure, and therefore it is
surrounded in the seed or ovum with matter sufficient for nutri-
tion until it can obtain fresh supplies from without. The
absorption of this nutrient matter involves an expenditure of
force of some kind or other, inasmuch as it implies the raising
of simple to more complicated forms. Hence the necessity for
heat or some other power before the embryo can exhibit any
sign of life. It would be quite as impossible for the germ to
begin life without external force as without a supply of nutrient
. matter. Without the force wherewith to take it, the matter
would be useless. The heat, therefore, which in conjunction with
moisture is necessary for the beginning of life, is partly expended
as chemical power, which causes certain modifications in the
nutrient material surrounding the embryo, e.g., the transforma-
tion of starch into sugar in the act of germination; partly, it is

* The term *‘vital force™ is here employed for the sake of hm&rit}' Whether
it is strictly admissible will be discussed hereafter.

The general term jforce is used as synonymous with what is now often
termed encrygy.
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transformed by the germ itself into wvital force, whereby the
germ is enabled to take up the nutrient material presented to it,
and arrange it in forms characteristic of life. Thus the force is
expended, and thus life begins—when a particle of organised
matter, which has itself been produced by the agency of life,
begins to transform external force into wvital force, or in other
words into a power by which it is enabled to grow and develope.
This is the true beginning of life. The time of birth is but a
particular period in the process of development at which the
germ, having arrived at a fit state for a more independent
existence, steps forth into the outer world.

The term ‘dormant vitality,” must be taken to mean simply
the existence of organized matter with the capacity of transform-
ing heat or other force into vital or growing power, when this
force is applied to it under proper conditions.

The state of dormant wvitality is like that of an empty voltaic
battery, or a steam-engine in which the fuel is not yet lighted.
In the former case no electric current passes, because no chemieal
action is going on. There is no transformation into electric force,
because there is no chemical force to be transformed. Yet, we
do not say, in this instance, that there is a store of electricity
laid up in a dormant state in the battery; neither do we say that
a store of motion is laid up in the steam-engine. And there is
as little reason for saying there is a store of vitality in a dormant
seed or ovum.

Next to the beginning of life, we have to consider how far its
continuance by growth and development is dependent on external
force and to what extent correlated with it.

Mere growth is not a special peculiarity of living beings. A
erystal, if placed in a proper solution, will increase in size and
preserve its own characteristic outline ; and even if it be injured,
the flaw can be in part or wholly repaired. The manner of its
growth, however, is very different from that of a living being,
and the process as it occurs in the latter will be made more
evident by a comparison of the two cases. The increase of a
crystal takes place simply by the laying of material on the sur-
face only, and is unaccompanied by any interstitial change.
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This is, however, but an accidental difference. A much greater
one is to be found in the fact that with the growth of a crystal
there is no decay at the same time, and proceeding with it side
by side. Since there is no life there is no need of death—the
one being a condition consequent on the other. During the
whole life of a living being, on the other hand, there is unceasing
change. At different periods of existence the relation between
waste and repair is of course different. In early life the addition
is greater than the loss, and so there is growth ; the reconstructed
part is better than it was before, and so there is development.
In the decline of life, on the contrary, the renewal is less than
the destruction, and instead of development there is degeneration.
But at no time is there perfect rest or stability,

It must not be supposed, therefore, that life consists in the
capability of resisting decay. Formerly, when but little or
nothing was known about the laws which regulate the existence
of living beings, it was reasonable enough to entertain such an
idea; and, indeed, life was thought to be, essentially, a myste-
rious power counteracting that tendency to decay which is so
evident when life has departed. Now, we know that so far from
life preventing decomposition, it is absolutely dependent upon it
for all its manifestations.

The reason of this is very evident. Apart from the doctrine
of correlation of force, it is of course plain that tissues which do
work must sooner or later wear out if not constantly supplied
with nourishment; and the need of a continual supply of food, on
the one hand, and, on the other, the constant excretion of matter
which, having evidently discharged what was required of it, was
fit only to be cast out, taught this fact very plainly. But althougl,
to a certain extent, the dependence of vital power on supplies of
matter from without was recognised and appreciated, the true
relation between the demand and supply was not until recently
thoroughly grasped. The doctrine of the correlation of vital
with other forces was not understood. :

To make this more plain, it will be well to take an instance
of transformation of force more commonly known and appre-
ciated. In the steam-engine a certain amount of force is
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exhibited as motion, and the immediate agent in the production
of this is steam, which again is the result of a certain expendi-
ture of heat. Thus, heat is in this instance said to be trans-
formed into motion, or, in other language, one—molecular—
mode of motion, heat, is made to express itself by another—
mechanical—mode, ordinary movement. But the heat which
produced the vapour is itself the product of the combustion of
fuel, or, in other words, it is the correlated expression of another
force—chemical, namely, that affinity of carbon and hydrogen
for oxygen which is satisfied in the act of combustion. Again,
the production of light and heat by the burning of coal and wood
is only the giving out again of that heat and light of the sun
which were used in their production. For, as it need scarcely
be said, it is only by means of these solar forces that the leaves
of plants can decompose carbonic acid, &e., and thereby provide
material for the construction of woody tissue. Thus, coal and
wood being products of the expenditure of force, must be taken
to represent a certain amount of power; and, according to the
law of the correlation of forces, must be capable of yielding, in
some shape or other, just so much as was exercised in their for-
mation. The amount of force requisite for rending asunder the
elements of carbonic acid is exactly that amount which will
again be manifested when they clash together again,

The sun, then, really, is the prime agent in the movement of
the steam-engine, as it is indeed in the production of nearly all
the power manifested on this globe. In this particular instance,
speaking roughly, its light and heat are manifested successively
as vital and chemical force in the growth of plants, as heat and
light again in the burning fuel, and lastly by the piston and
wheels of the engine as motive power. We may use the term
transformation of force if we will, or say that throughout the
cycle of changes there is but once force variously manifesting
itself. It matters not, so that we keep clearly in view the notion
that all force;”so far at least as our present knowledge extends,
is but a representative, it may be in the same form or another,
of some previous force, and incapable like matter of being
created afresh, except by the Creator. Much of our knowledge
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on this subject is of course confined to ideas and governed by
the words with which we are compelled to express them, rather
than to actual things or facts; and probably the term force will
soon lose the signification which we now attach to it. What is
now known, however, about the relation of one force to another,
is not sufficient for the complete destruction of old ideas; and,
therefore, in applying the examples of transformation of physical
force to the explanation of vital phenomena, we are compelled
still to use a vocabulary which was framed for expressing many
notions now obsolete.

The dependence of the lowest kind of vital existence on ex-
ternal force, and the manner in which this is used as a means
whereby life is manifested, have been incidentally referred to
more than once when describing the origin of vegetable tissues.
The main functions of the vegetable kingdom are construction,
and the perpetuation of the race; and the use which is made
of external physical force is more simple than in animals. The
transformation indeed which 1is effected, while much less
mysterious than in the latter instance, forms an interesting
link between animal and crystalline growth.

The decomposition of carbonic acid or ammonia by the leaves
of plants may be compared to that of water by a galvanic current.
In both cases a force is applied through a special material
medium, and the result is a separation of the elements of which
each compound is formed. On the return of the elements to
their original state of union, there will be the return also in
some form or other of the force which was used to separate
them. Vegetable growth, moreover, with which we are now
specially concerned, resembles somewhat the increase of un-
organised matter. The accidental difference of its being in one
case superficial, and in the other interstitial, is but little marked
in the process as it occurs in the more permanent parts of vege-
table tissues. The layers of lignine are in their arrangement
nearly as simple as those of a crystal, and almost or quite as
lifeless,  After their deposition, moreover, they unﬁlerga no
further change than that caused by the addition of fresh matter,
and hence they are not instances of that ceaseless waste and
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repair which have been referred to as so characteristic of the
higher forms of living tissue. There is, however, no contra-
diction here of the axiom, that where there is life there is
constant change. Those parts of a vegetable organism in which
active life is going on are subject, like the tissues of animals,
to constant destruction and remewal. But, in the more per-
manent parts, life ceases with deposition and construction.
Addition of fresh matter may occur, and so may decay also of
that which is already laid down, but the two processes are mnot
related to each other, and not, as in living parts, inter-dependent.
Hence the change is not a vital one.

The acquirement in growth, moreover, of a definite shape in
the case of a tree, is no more admirable or mysterious than the
production of a crystal. That chloride of sodium should naturally
assume the form of a cube is as inexplicable as that an acorn
should grow into an oak, or an ovum into a man. When we
learn the cause in the one case, we shall probably in the other
also.

There is nothing, therefore, in the products of life’s more
simple forms that need make us start at the notion of their
being the products of only a special transformation of ordinary
physical force. And we cannot doubt that the growth and
development of animals obey the same general laws that govern
the formation of plants. The connecting links between them
are too numerous for the acceptance of any other supposition.
Both kingdoms alike are expressions of vital force, which is
itself but a term for a special transformation of ordinary physical
force. The mode of the transformation is, indeed, mysterious,
but so is that of heat into light, or of either into mechanical
motion or chemical affinity. All forms of life are as absolutely
dependent on external physical force as a fire is dependent for
its continuance on a supply of fuel; and there is as much reason
to be certain that vital force is an expression or representation
of the physical forces, especially heat and light, as that these
are the correlates of some force or other which has acted or is
acting on the substances which, as we say, produce them.

In the tissues of plants, as just said, there is but little change,
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except such as is produced by additions of fresh matter. That
which is once deposited alters but little; or, if the part be
transient and easily perishable, the alteration is only or chiefly
one produced by the ordinary process of decay. Liftle or no
force is manifested ; or, if it be, it is only the heat of the slow
oxidation whereby the structure again returns to inorganic
shape. There is no special transformation of force to which
the term vital can be applied. With construction the chief
end of vegetable existence has been attained, and the tissue
formed represents a store of force to be used, but not by the
being which laid it up. The labours of the vegetable world
are not for itself but for animals. The power laid up by
the one is spent by the other. Hence the reason that the
constant change, which is so great a character of life, is
comparatively but little marked in plants. It is present, but
only in living portions of the organism, and in these it is but
limited. In a tree the greater part of the tissues may be
considered dead; the only change they suffer is that fresh
matter is piled on to them. They are not the seat of any
transformation of force, and therefore, although their existence
is the result of living action, they do not themselves live.
Force is, so to speak, laid up in them, but they do not them-
selves spend it. Those portions of a vegetable organism which
are doing active vital work—which are using the sun’s light
and heat, as a means whereby to prepare building material,
are, however, the seat of unceasing change. Their existence as
living tissue depends upon this fact—upon their capability of
perishing and being renewed.

And this leads to the answer to the question, What is the
cause of the constant change which occurs in the living parts
of animals and vegetables, which is so invariable an accom-
paniment of life, that we refuse the title of “‘living’ to parts
not attended by it? It is because all manifestations of life
are exhibitions of power, and as no power can be originated
by us; as, according to the doctrine of correlation of force,
all power is but the representative of some previous force in
the same or another form, so, for its production, there must be
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expenditure and change somewhere or other. For the vital
actions of plants the light and heat of the sun are nearly or
quite sufficient, and there is no need of expenditure of that
store of force which is laid up in themselves; but with animals
the case is different. They cannot directly transform the solar
forces into vital power, they must seek it elsewhere. The
great use of the vegetable kingdom is therefore to store up
power in such a form that it can be used by animals; that so,
when in the bodies of the latter, vegetable organised material
returns to an inorganic condition, it may give out force in such
a manner that it can be transformed by animal tissues, and
manifested variously by them as vital power.

Hence, then, we must consider the waste and repair attendant
on living growth and development as something more than these
words, taken by themselves, imply. The waste is the return
to a lower from a higher form of matter; and, in the fall,
force is manifested. This force, when specially transformed by
organised tissues, we call vital. In the repair, force is laid up.
The analogy with ordinary transmutations of physical force is
perfect. By the expenditure of heat in a particular manner a
weight can be raised. By its fall heat is returned. The
molecular motion is but the expression in another form of the
mechanical. So with life. There is constant renewal and decay,
because it is only so that vital activity can take place. The
renewal must be something more than replacement, however, as
the decay must be more than simple mechanical loss. The idea
of life must include both storing up of force, and its transforma-
tion in the expenditure.

Hence we must be careful not to confound the mere preser-
vation of individual form under the circumstances of concurrent
waste and repair, with the essential nature of vitality.

Life, in its simplest form, has been happily expressed by Mr.
Savory as a state of dynamical equilibrium, since one of its
most characteristic features is continual decay, yet with mainte-
nance of the individual by equally constant repair. Since, then,
in the preservation of the equilibrium there is ceaseless change,
it is not static equilibrium but dynamical.
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Care must be taken, however, not to accept the term in too
strict a sense, and not to confound that which is but a neces-
sary attendant on life with life itself. For, indeed, strictly,
there is no preservation of equilibrium during life. Each vital
act 1s an advance towards death. We are accustomed to make
use of the terms growth and development in the sense of pro-
gress in one direction, and the words decline and decay with an
opposite signification, as if, like the ebb of the tide, there were
after maturity a reversal of life’s current. But, to use an equally
old comparison, life is really a journey always in one direction.
It is an ascent, more and more gradual as the summit is ap-
proached, so gradual that it is impossible to say when develop-
ment ends and decline begins. But the descent is on the other
side. There is no perfect equilibrium, no halting, no turning
back.

The term, therefore, must be used with only a limited signi-
fication. There is preservation of the individual, yet, although
it may seem a paradox, not of the same individual. A man at
one period of his life may retain not a particle of the matter of
which formerly he was composed. The preservation of a living
being during growth and development is more comparable,
indeed, to that of a nation, than of an individual as the term is
popularly understood. The elements of which it is made up
fulfil a certain work the traditions of which were handed down
from their predecessors, and then pass away, leaving the same
legacy to those that follow them. The individuality is preserved,
but, like all things handed down by tradition, its fashion changes,
until at last, perhaps, scarce any likeness to the original can be
discovered. Or, as it sometimes happens, the alterations by fime
are so small that we wonder, not at the change, but the want of
it. Yet, in both cases alike, the individuality is preserved, not
by the same individual elements throughout, but by a succession
of them.

Again, concurrent waste and repair do not imply of necessity
the existence of life. It is true that living beings are the chief
instances of the simultaneous occurrence of these things. DBut

this happens only because the conditions under which the
j o
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functions of life are discharged are the principal examples of the
necessity for this unceasing and mingled destruction and renewal.
They are the chief, but not the only instances of this curious
conjunection.

A theoretical case will make this plain. Suppose an instance
of some permanent structure, say a marble statue. If we imagine
it to be placed under some external conditions by which each
particle of its substance should waste and be replaced, yet with
maintenance of its original size and shape, we obtain no idea of
life. There is waste and renewal, with preservation of the indi-
vidual form, but no vitality. And the reason is plain. With
the waste of a substance like carbonate of calcium whose attrac-
tions are satisfied, there would be no evolution of force; and
even if there were, no structure is present with the power to
transform or manifest anew any power which might be evolved.
With the repair, likewise, there would be no storing of force.
The part used to make good the loss is not different from that
which disappeared. There is therefore neither storing of force,
nor its transformation, nor its expenditure; and therefore there
is no life.

But real examples of the preservation of an individual sub-
stance, under the circumstances of constant loss and renewal,
may be found, yet without any semblance in them of life.

Chemistry, perhaps, affords some of the neatest and best
examples of this. One, suggested by Mr. Shepard, seems par-
ticularly apposite. It is the case of trioxide of nitrogen (N, O,)
in the preparation of sulphuric acid. The gas from which this
acid is obtained is sulphurous acid, and the addition of an
equivalent of oxygen is all that is required. Sulphurous acid
gas, however, cannot take the necessary oxygen directly from the
atmosphere, but it can abstract it from trioxide of nitrogen (N, O,),
when the two gases are mingled. The trioxide, accordingly, by
continually giving up an equivalent of oxygen to an equivalent
of sulphurous acid, causes the formation of sulphuric acid, at the
same time that it retains its composition by continually absorbing
a fresh quantity of oxygen from the atmosphere.

In this instance, then, there is constant waste and repair, yet
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without life. And here an objection cannot be raised, as it might:
be to the preceding example, that both the destruction and repair
come from without, and are not dependent on any inherent
qualities of the substance with which they have to do. The
waste and renewal in the last-named example are strictly depen-
dent on the qualities of the chemical compound which is subject
to them. It has but to be placed in appropriate conditions, and
destruction and repair will continue indefinitely. Force, too, is
manifested, but there is nothing present which can transform
it into vital shape, and so there is no life.

Hence, our notion of the coustant decay which, together with
repair, takes place throughout life, must be not confined to any
simply mechanical act. It must include the idea, as before said,
of laying up of force, and its expenditure—its transformation
too, in the act of being expended.

The growth, then, of an animal or vegetable, implies the
expenditure of physical force by organised tissue, as a means
whereby fresh matter is added to and incorporated with that
already 'existing. In the case of the plant the force used, trans-
formed, and stored up, is almost entirely derived from external
sources ; the material used is inorganic. The result is a tissue
which is not intended for expenditure by the individual which
has accumulated it. The force expended in growth by animals,
on the other hand, cannot be obtained directly from without.
For them a supply of force is necessary in the shape of food
derived directly or indirectly from the vegetable kingdom. Part
“of this force-containing food is expended as fuel for the production
of power; and the latter is used as a means wherewith to
elaborate another portion of the food, and incorporate it as
animal structure. Unlike vegetable structure, however, animal
tissues are the seat of constant change, because their object is
not the storing up of power, but its expenditure; so there must
be constant waste; and if this happen, then for the continuance
of life there must be equally constant repair. But, as before
said, in early life the repair surpasses the loss, and so there is
growth., The part repaired is better than before the loss, and
thus there is development.

c 2
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The definite limit which has been imposed on the duration of
life has been already incidentally referred to. Like birth, growth,
and development, it belongs essentially to living beings only.
Dead structures and those which have never lived are subject to
change and destruction, but decay in them is uncertain in its
beginning and continuance. It depends almost entirely on
external conditions, and differs altogether from the decline of
life. The decline and death of living beings are as definite in
their occurrence as growth and development. Like these they
may be hastened or stayed, especially in the lower forms of life,
by various influences from without; but the putting off of decline
must be the putting off also of so much life; and, apart from
disease, the reverse is true also. A living being starts on its
career with a certain amount of work to do—various infinitely
in different individuals, but for each well-defined. In the lowest
members of both the animal and vegetable creation the progress
of life in any given time seems to depend almost entirely on
external ecircumstances ; and at first sight it seems almost as if
these lowly formed organisms were but the sport of the surround-
ing elements. But it is only so in appearance, not in reality.
Each act of their life is so much expended of the time and work
allotted to them ; and if, from absence of those surrounding
conditions under which alone life is possible, their vitality is
stayed for a time, it again proceeds on the renewal of the neces-
sary conditions, from that point which it had already attained.
The amount of life to be manifested by any given individual is
the same, whether it take a day or a year for its expenditure.
Life may be of course at any moment interrupted altogether by
disease and death. But supposing it, in any individual organ-
ism, to run its natural course, it will attain but the same goal,
whatever be its rate of movement. Decline and death, therefore,
are but the natural terminations of life; they form part of the
conditions on which vital action begins; they are the end
towards which it naturally tends. Death, not by disease or
injury, 18 not so much a violent interruption of the course of
life, as the attainment of a distant object which was in view from
the commencement,
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In the period of decline, as during growth, life consists in
continued manifestations of transformed physical force; and there
is of necessity the same series of changes by which the individual,
though bit by bit perishing, yet by constant renewal retains its
entity. The difference, as has been more than once said, is in
the comparative extent of the loss and reproduction. In decline
there is not perfect replacement of that which is lost. Repair
becomes less and less perfect. It does not of necessity happen
that there is any decrease of the quantity of material added in the
place of that which disappears. But although the quantity may
not be lessened, and may indeed absolutely increase, it is not perfect
as material for repair, and although there may be no wasting,
there is degeneration.

No definite period can be assigned as existing between the end
of development and the beginning of decline, and chiefly because
the two processes go on side by side in different parts of the
same organism. The transition as a whole is therefore too
gradual for appreciation. But, after some time, all parts alike
share in the tendency to degeneration ; until at length, being no
longer able to subdue external force to vital shape, they die ; and
the elements of which they are composed simply employ what
remnant of power, in the shape of chemical affinity, is still left
in them, as a means whereby they may go back to the inorganic
world. Of course the same process happens constantly during
life; but in death the place of the departing elements is not
taken by others.

Here, then, a sharp boundary line is drawn where one kind
of action stops and the other begins; where physical force
ceases to be manifested except as physical force, and where no
further vital transformation takes place, or can in the body ever
do so. For the notion of death must include the idea of
impossibility of revival, as a distinction from that state of what
1s called ‘‘dormant vitality,” in which, although there isno life,
there is capability of living. Ilence the explanation of the
difference between the eflect of appliance of external force in the
two cases. Take, for examples, the fertile but not yet living
egg, and the barren or dead one. Every application of force to
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the one must excite movement in the direction of development;
the force, if used at all, is transformed by the germ into vital
energy, or the power by which it can gather up and elaborate
the materials for nutrition by which it is surrounded. Hence
its freedom throughout the brooding time from putrefaction. In
the other instance, the appliance of force excites only degenera-
tion ; if transformed at all, it is only into chemical force, whereby
the progress of destruction is hastened; hence it soon rots. To
the one, heat is the signal for development, to the other for decay.
By one it is taken up and manifested anew, and in a higher form;
to the other it gives the impetus for a still quicker fall.

Life, then, does not stand alone. It is but a special manifes-
tation of transformed force. ¢ But if this be so,” it may be said
—‘“if the resemblance of life to other forces be great, are not the
differences still greater ?”’

At the first glance, the distinctions between living organised
tissue and inorganic matter seem so great that the difficulty is.in
finding a likeness. And there is no doubt that these wide
differences in both outward configuration and intimate composi-
tion have been mainly the causes of the delay in the recognition
of the claims of life to a place among other forces. And
reasonably enough. For the notion that a plant or an animal
can have any kind of relationship in the discharge of its func-
tions to a galvanic battery or a steam engine is sufficiently
startling to the most credulous. But so it has been proved
to be.

Among the distinctions between living and inorganic matter,
that which includes differences in structure and proximate
chemical composition has been always reckoned a great one.
The very terms organic and inorganic were, until quite recently,
almost synonymous with those which implied the influence of life
and the want of it. The science of chemistry, however, is a
great leveller of artificial distinctions; and many organic sub-
stances which, it was supposed, could not be formed without the
agency of life are now made directly from inorganic material.
The number of organic substances so formed artificially is

constantly increasing; and there seems to be no reason for
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doubting that all organic substances, even such as albumin,
gelatin, and the like, will be ultimately produced without the
intermediation of living structure.

The formation of the latter, such an organised structure for
instance as a cell or a muscular fibre, is a different thing alto-
gether. There is at present no reason for believing that such
will ever be formed by artificial means; and, therefore, among
the peculiarities of living force-transforming agents, must be
reckoned as a great and essential one, a special intimate
structure, apart from mere ultimate or proximate chemical com-
position, to which there is no close likeness in any artificial
apparatus, even the most complicated. This is the real distine-
tion, as regards composition, between a living tissue and an
inorganic machine ; namely, the difference between the structural
arrangement by which force is transformed and manifested
anew. The fact that one agent for transforming force is made
of albumen or the like, and another of zine or iron, is a great
distinction, but not so essential or fundamental an one as the
difference in mechanical structure and arrangement,

In proceeding to consider the difference between what may be
called the transformation-products of living tissue, and of an
artificial machine, it will be well to take one of the simple
cases first—the production of mechanical motion ; and especially
because it is so common in both.

In one we can trace the transformation. We know, as a fact,
that heat produces expansion (steam), and by constructing an
apparatus which provides for the application of the expansive
power in opposite directions alternately, or by alternating con-
traction with expansion, we are able to produce motion so as to
subserve an infinite variety of purposes. For the continuance
of the motion there must be a constant supply of heat, and
therefore of fuel. _

In the production of mechanical motion by the alternate
contractions of muscular fibres we cannot trace the transforma-
tion of force at all. "We know that the constant supply of force
is as necessary in this instance as in the other; and that the
food which an animal absorbs is as necessary as the fuel in the
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former case, and is analogous with it in function. In what
exact relation, however, the latent force in the food stands to the
movement in the fibre, we are at present quite ignorant. That
in some way or other, however, the transformation occurs, we
may feel quite certain.

There is another distinetion between the two exhibitions of
force which must be noticed. It has been universally believed,
almost up to the present time, that in the production of living
force the result is obtained by an exactly corresponding waste
of the tissue which produces it; that, for instance, the power
of each contraction of a muscle is the exact equivalent of the
force produced by the more or less complete descent of so much
muscular substance to inorganic, or less complex organic shape ;
in other words,—that the immediate fuel which an animal re-
quires for the production of force is derived from its own sub-
stance; and that the food taken must first be appropriated by,
and enter into the very formation of living tissue before its latent
force can be transformed and manifested as vital power. And
here, it might be said, is a great distinction between a living
structure and a simply mechanical arrangement such as that
which has been used for comparison; the fuel which is analogous
to the food of a plant or animal does not, as in the case of the
latter, first form part of the machine which transforms its latent
energy into another variety of power.

We are not, at present, in a position to deny that thisis a
real and great distinction between the two cases; but modern
investigations in more than one direction lead to the belief that
we must hesitate before allowing such a difference to be an
universal or essential one. The experiments referred to seem
conclusive in regard to the production of muscular power in
greater amount than can be accounted for by the products of
muscular waste excreted ; and it may be said with justice, that
there is no intrinsic improbability in the supposed occurrence of
transformation of force, apart from equivalent nutrition and sub-
sequent destruction of the transforming agent. Argument from
analogy, indeed, would be in favour of the more recent theory as
the likelier of the two.
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Whatever may be the result of investigations concerning the
relation of waste of living tissue to the production of power,
there can be no doubt, of course, that the changes in any part
which is the seat of vital action must be considerable, not only
from what may be called ‘ wear and tear,” but, also, on account
of the great instability of all organised structures. Between
such waste as this, however, and that of an inorganic machine
there is only the difference in degree, arising necessarily from
diversity of structure, of elemental arrangement, and so forth.
But the repair in the two cases is different. The capability of
reconstruction in a living body is an inherent quality like that
which causes growth in a special shape or to a certain degree.
At present we know nothing really of its nature, and we are
therefore compelled to express the fact of its existence by such
terms as *‘ inherent power,” ‘ individual endowment,” and the
like, and wait for more facts which may ultimately explain it.
This special quality is not indeed one of living things alone.
The repair of a crystal in definite shape is equally an * indi-
vidual endowment,” or ‘‘ inherent peculiarity,” of the nature of
which we are equally ignorant. In the case, however, of an
inorganic machine there is nothing of the sort, not even as in a
crystal. TFaults of structure must be repaired by some means
entirely from without. And as our mnotion of a living being,
say a horse, would be entirely altered if flaws in his composition
were repaired by external means only; so, in like manner,
would our idea of the nature of a steam engine be completely
changed had it the power of absorbing and using part of its
fuel as matter wherewith to repair any ordinary injury it might
sustain.

It is this ignorance of the nature of such an act as recon-
struction which causes it to be said, with apparent reason, that
so long as the term * vital force” is used, so long do we beg
the question at issue—What is the nature of life? A little
consideration, however, will show that the justice of this criticism
depends on the manner in which the word ‘“ vital ”” is used. 1If
by it we intend to express an idea of something which arises in
a totally different manner from other forces—something which,
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we know not how, deperds on a special innate quality of living
beings, and owns no dependence on ordinary physical force, but
1s simply stimulated by it, and has no correlation with it- —then,
indeed, it would be just to say that the whole matter is merely
shelved if we retain the term ‘¢ vital force.”

But if a distinct correlation be recognised between ordinary
physical force and that which in various shapes is manifested by
living beings; if it be granted that every act—say, for example,
of a brain or muscle—is the exactly correlated expression of a
certain quantity of force latent in the food with which an animal
is nourished ; and that the force produced either in the shape of
thought or movement is but the transformed expression of external
force, and can no more originate in a living organ without
supplies of force from without, than can that organ itself be
formed or nourished without supplies of matter ;—if these facts
be recognised, then the term used in speaking of the powers
exercised by a living being is not of very much consequence.
We have as much right to use the term * vital” as the words
galvanic and chemical. All alike are but the expressions of our
ignorance concerning the nature of that power of which all that
we call “ forces "’ are various manifestations. The difference is in
the apparatus by which the force is transformed.

It is with this meaning that, for the present, the term ¢vital
force ’ may still be retained when we wish shortly to name that
combination of energies which we call life. For, exult as we
may at the discovery of the transformation of physical force into
vital action, we must acknowledge not only that, with the excep-
tion of some slight details, we are utterly ignorant of the process
by which the transformation is effected; but, as well, that the
result is in many ways altogether different from that of any
other force with which we are acquainted.

It is impossible to define in what respects, exactly, vital force
differs from any other. For while some of its manifestations
are identical with ordinary physical force, others have no
parallel whatsoever. And it is this mixed nature which has
hitherto baffled all attempts to define life, and, like a Will-o'-
the-wisp, has led us floundering on through one definition
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after another only to escape our grasp and show our impotence
to seize it.

In examining, therefore, the distinctions between the products
of transformations by a living and by an inorganic machine, we
have first to recognise the fact, that while in some cases the
difference is so faint as to be nearly or quite imperceptible, in
others there seems not a trace of resemblance to be discovered.

In discussing the nature of life’s manifestations—Dbirth, growth,
development, and decline—the differences which exist betweern
them and other processes more or less resembling them, but not
dependent on life, have been already briefly considered and need
not be here repeated. It may be well, however, to sum up very
shortly the particulars in which life as a manifestation of force
differs from all others.

The mere acquirement of a certain shape by growth is not a
peculiarity of life. But the power of developing into so composite
a mass even as a vegetable cell is a property possessed by an
organised being only. In the increase of inorganic matter there
is no development. The minutest crystal of any given salt has
exactly the same shape and intimate structure as the largest.
With the growth there is no development. There is increase of
size with retention of the original shape, but nothing more. And
if we consider the matter a little we shall see a reason for this.
In all force-transformers, whether living or inorganic, with but
few exceptions—and these are, probably, apparent only—some-
thing more is required than homogeneity of structure. There
seems to be a need for some mutual dependence of one part or
another, some distinetion of qualities, which cannot happen when
all portions are exactly alike. And here lies the resemblance
between a living being and an artificial machine. Both are
developments, and depend for their power of transforming force
on that mutual relation of the several parts of their structure
which we call organisation. But here, also, lies a great difference.
The development of a living being is due to an inherent tendency
to assume a certain form; about which tendency we know abso-
lutely nothing. 'We recognise the fact, and that is all. The de-
velopment of an inorganic machine—say an electrical apparatus
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—is not due to any inherent or individual property. It is the
result of a power entirely from without; and we know exactly
how to construct it.

Here, then, again, we recognise the compound nature of a
living being. In structure it is altogether different from a crystal
—in inherent capacity of growth into definite shape it resembles
it. Again, in the fact of its organisation it resembles a machine
made by man : in capacity of growth it entirely differs from it.
In regard, therefore, to structure, growth, and development, it
has combined in itself qualities which in all other things are
more or less completely separated.

That modification of ordinary growth and development called
generation, which consists in the natural production and separa-
tion of a portion of organised structure, with power itself to
transform force so as therewith to build up an organism like the
being from which it was thrown off, is another distinctive pecu-
liarity of a living being. We know of nothing like it in the
inorganic world. And the distinction is the greater because it
is the fulfilment of a purpose, towards which life is evidently,
from its very beginning, constantly tending. It is as natural a
destiny to separate parts which shall form independent beings as
it is to develop a limb. Hence it is another instance of that
carrying out of certain projects, from the very beginning in view,
which is so characteristic of things living and of no other,

It is especially in the discharge of what are called the animal
functions that we see vital force most strangely manifested. It
is true that one of the actions included in this term—namely,
mechanical movement—although one of the most striking, is by
no means a distinctive one. For it must be remembered that
one of the commonest transformations of physical foree with
which we are acquainted is that of heat into mechanical motion,
and that this may be effected by an apparatus having itself
nothing whatever to do with life. The peculiarity of the mani-
festation in an animal or vegetable is that of the organ by which
it is effected, and the manmner in which the transformation takes
place, not in the ultimate result. The mere fact of an animal’s
possessing capability of movement is not more wonderful than
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the possession of a similar property by a steam engine. In both
cases alike, the motion is the correlative expression of force latent
in the food and fuel respectively; but in one case we can trace the
transformation in the arrangement of parts, in the other we cannot.

The consideration of the products of the transformation of
force effected by the nervous system would lead far beyond the
limits of the present chapter. But although the relation of mind
to matter is so little known that it is impossible to speak with
any freedom concerning such correlative expressions of physical
force as thought and other nerve-products, still it cannot be
doubted that they are as much the results of transformation of
force as the mechanical motion caused by the contraction of a
muscle. But here the mystery reaches its climax. We neither
know how the change is effected, nor the nature of the product,
nor its analogies with other forces. It is therefore better, for
the present, to confess our ignorance, than, with the knowledge
which we have lately gained, to build up rash theories, serving
only to cause that confusion which is worse than error.

It may be said, with perfect justice, that even if the foregoing
conclusions be accepted, namely, that all manifestations of force
by living beings are correlative expressions of ordinary physical
force, still the argument is based on the assumption of the
existence of the apparatus which we call living organised matter,
with power not only to use external force for its own use in
growth, development, and other vital manifestations, but for that
modification of these powers which consists in the separation of a
part that shall grow up into the likeness of its parent, and thus
continue the race. We are therefore, it may be added, as far as
ever from any explanation of the origin of life. This is of course
quite true. The object of the present chapter, however, is only
to deal with the now commonly accepted views regarding the
relations of life, as it now exists, to other forces. The manner
of creation of the various kinds of organised matter, and the source
of those its qualities which from our ignorance we call inherent,

are different questions altogether.
To say that of necessity the power fto form living organised

matter will never be vouchsafed to us, that it is only a mere



30 CHEMICAL COMPOSITION OF THE HUMAN BODY. [cHAP. 111,

materialist who would believe in such a possibility, seems almost
as absurd as the statement that such inquiries lead of necessity
to the denial of any higher power than that which in various
forms is manifested as ¢ force,”” on this small portion of the uni-
verse. It is almost as absurd, but not quite. For, surely, he
who recognises the doctrine of the mutual convertibility of all
forces, vital and physical, who believes in their unity and im-
perishableness, should be the last to doubt the existence of an
all-powerful Being, of whose will they are but the various correla-
tive expressions; from whom they all come ; to whom they return.

CHAPTER IIL

CHEMICAL COMPORITION OF THE BHUMAN BODY.

Trae following Elementary Substances may be obtained by
chemical analysis from the human body: Oxygen, Hydrogen,
Nitrogen, Carbon, Sulphur, Phosphorus, Silicon, Chlorine,
Fluorine, Potassium, Sodium, Calcium, Magnesium, Iron, and,
probably as accidental constituents, Lithium, Manganesium,
Aluminium, Copper, and Lead. Thus of the sixty-three or more
elements of which all known matter is composed, more than one
fourth are present in the human body.

The following table represents their relative proportion.—

(Marshall).
Oxygen - - . - : > iy
Jarbon . - ‘ . ’ CR S L
Hydrogen . ' - . : ‘ oI
Nitrogen . . . I ot 2'5
Caleinm - . . . . . I3
Phosphorus . . . . - 115
Eulphur - - . : . . 1476
Sodium . - - ; ; S I
Chlorine . . - - - . ‘085
Fluorine . . - : - it ‘08
Potassinm . el - - v ‘026
Irom ; - 3 : v ‘o1
Magnesium , . - s 2 . ‘0012
silicon . . . . . e ‘0002

100"
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Only three elements, and in very minute amount, are present
in the body uncombined with others. These are Oxygen, Nitro-
gen, and Hydrogen: oxygen in small amounf, in the blood,
the greater part, however, of this gas being chemically combined
with hsemoglobin (see Blood); nitrogen, in the blood, and other
fluids of the body; and hydrogen as well as oxygen and nitrogen,
in the intestinal canal.

The same elements exist, of course, abundantly in various
states of combination.

The compounds formed by union of the elements in various
proportions are termed proxzimate principles; while the latter
are classified as the organic and the inorganic proximate
principles.

The term organic was once applied exclusively to those substances which
were thought to be beyond the compass of synthetical chemistry and to be
formed only by erganised or living beings, animal or vegetable ; these being
called organised, inasmuch as they are characterised by the possession of
different parts called organs. Dut with advancing knowledge, both dis-
tinetions have disappeared ; and while the title of living organism is applied
to numbers of living things, having no trace of organs in the strict sense of
the term, the term organic has long ceased to be applied to substances formed
only by living tissues. In other words, substances, once thought to be
formed only by living tissues, are still termed organie, although they can be
now made in the laboratory : as, for example, urea, oxalic, and tartaric
acids, &c.

Although a large number of so-called organic compounds have long ceased
to be peculiar in being formed only by living tissues, the terms organic and
inorganic are still commonly used to denote distinet classes of chemical

substances ; and the classification of the matters of which the human body is
composed into organic and inorganic is convenient, and will be here employed.

No very accurate distinction can be drawn between organie
and inorganic substances, but there are certain peculiarities
belonging to the former which may be here briefly noted.

1. Organic compounds are composed of a larger number of
Elements than are present in the more common kinds of in-
organic matter. Thus, albumin, the most abundant substance of
this class, in the more highly organised tissues of animals, is
composed of five elements,—carbon, hydrogen, oxygen, nitrogen,
and sulphur. The most abundant inorganic substance, water,
has but two elements, hydrogen and oxygen. i

2. Not only are a large number of elements usually combined
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in an organic compound, but a large number of atoms of each
element are umnited to form a molecule of the compound. In
carbonate of ammonium, an example among inorganic sub-
stances, there are one atom of carbon, three of oxygen, two of
nitrogen, and eight of hydrogen. But in a molecule of albumin,
there are of the same elements, respectively, 72, 22, 18, and
112 atoms. And, together with this union of large numbers of
atoms in an organic compound, it is further observable, that these
numbers stand in no simple arithmetical relation one to another,
as do the numbers of the atoms of an inorganiec compound.

With these peculiarities in the chemical composition of organic
bodies we may conneect two other consequent facts; first, the
large number of different compounds that are formed out of
comparatively few elements; secondly, their great proneness to
decomposition. For it is a general rule, that the greater the
number of equivalents or atoms of an element that enter into
the formation of a molecule of a compound, the less is the
stability of that compound. Thus, for example, among the
various oxides of lead and other metals, the least stable in com-
position are those in which each equivalent has the largest number
of equivalents of oxygen. So, water, composed of one equivalent
of oxygen and two of hydrogen, is not decomposed by any slight
force; but peroxide of hydrogen, which has two equivalents
of oxygen to two of hydrogen, is a very unstable compound.

The instability, on this ground, belonging to organic com-
pounds, is, in those which are most abundant in the highly
organised tissues of animals, augmented, 1st, by their contain-
ing nitrogen, which, among all the elements, may be called the
least decided in its affinities, and that which maintains with
least tenacity its combinations with other elements; and, 2ndly,
by the quantity of water which, in their natural state, is com-
bined with them, and the presence of which furnishes a most
favourable condition for the decomposition of mnitrogenous com-
pounds. Such, indeed, is the instability of animal compounds,
arising from these several peculiarities in their constitution, that,
in dead and moist animal matter, no more is requisite for the
occurrence of decomposition than the presence of atmospheric air
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and a moderate temperature; conditions so commonly present,
that the decomposition of dead animal bodies appears to be, and
is generally called, spontaneous. The modes of such decomposi-
tion vary according to the nature of the original compound, the
temperature, the access of oxygen, the presence of microscopic
organisms, and other circumstances, and constitute the several
processes of decay and putrefaction; in the results of which
processes the only general rule seems to be, that the several
elements of the original compound finally unite to form those
substances, whose composition is, under the circumstances, most
stable.

The Organic compounds existing in the human body may be
arranged in two classes, namely, the Non-Nitrogenous, and the
Nitrogenous principles.

Non-Nitrogenous Organic Prineiples.

The non-nitrogenous principles are comprised in the following
classes :—1. Fats and oils. 2. Amyloids. 3. Certain acids.

I. Fats and Oils.—(Olein C,, H,, O, Stearin C_, H,, O,
Palmitin C,, Hg O;). The chief example of this group found
in the body is the oil or fatty matter which, enclosed in minute
cells, forms the essential part of adipose or fatty tissue, (p. 75)
and which is present in greater or less amount in many other
tissues and fluids. It consists of a mixture of saponifiable fats,
—stearin, palmitin, and olein ; the mixture forming a clear yellow
oil, of which different specimens congeal at from 45° to 35° F.
Thus, in the living body, the fat is in a liquid state, the solidity
of adipose tissue being due to the microscopic cells in which the
liquid oil is contained and the connective tissue, blood-vessels,
&e., in the meshes of which the fat cells are held (p. 76).

The fatty matter of the body is chiefly derived from the fat
in the food, which is absorbed, in a manner to be hereafter
considered, from the intestinal canal. But it is also indirectly
‘derived in part from other constituents of the food—both
amyloids and albuminous principles, in the course of the chemical
changes which they undergo in the system.
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The uses of adipose tissue will be referred to in a later chapter
(- 77)-

From its never-failing presence wherever active cell-growth
is proceeding, it may be inferred that fatty matter is of great
importance in the processes of growth and development; and
that it is of not less importance to healthy nutrition at all times
may be gathered from its wide distribution in the solids and
fluids of the body. Like other combustible matters, fat scarcely
appears in any of the exeretions. Its force-producing properties are
utilised within the system by direct and indirect combustion ; and
its elements leave the body in the form of carbonic acid and
water.

Cholesterin (C,s H,, O), a non-saponifiable fat which melts at
293° F., and is, therefore, always solid at the natural tempera-
ture of the body, may be obtained in small quantity from blood,
bile, and nervous matter. It occurs abundantly in many biliary
calculi; the pure white crystalline specimens of these concretions
being formed of it almost exclusively. Minute rhomboidal scale-
like crystals of it are also often found in morbid secretions, as in
cysts, the puriform matter of softening and ulcerating tumours,
&e. It is soluble in ether and boiling aleohol ; but alkalies do

not change it.

Cholesterin is generally regarded rather as a product of chemical change,
which is destined for rapid exeretion, than a proper constituent part of the
body, like the saponifiable fats just referred to; the mervous tissues being
especially the site of its production, and the liver the organ by which it is
separated from the blood, and cast into the intestine. Dr. Flint believes
that another non-saponifiable fat, sfercorin, which he has discovered in the
faeces, is but cholesterin, somewhat modified in chemical constitution, in its
passage through the bowel. About ten grains are excreted daily.

FErerctin, another non-saponifiable fat, was discovered, as a constituent of
fieces, by Dr. Marcet.

II. Amyloids.—Under this head are included both starch and
sugar. These substances, like the fats, contain carbon, hydrogen,
and oxygen ; but the last named element is present in much larger
relative amount, the hydrogen and oxygen being in the propor-
tion to form water.

The following varieties of these substances are found in
health in the body.
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(a) Glycogen (Cs H,, O.).—This substance, which is identical
in composition with starch, and like it, readily converted into
sugar by ferments, is found in many embryonic tissues and in
all new formations where active cell-growth is proceeding.
It is present also in the placenta. After birth it is found al-
most exclusively in the liver and muscles.

Glycogen is formed chiefly from the saccharine matters of the
food ; but although its amount is much increased when the diet
largely consists of starch and sugar, these are not its only
souree. It is still formed when the diet is flesh only, by the
decomposition, probably, of albumin into glycogen and urea.

The destination of glycogen will be considered in a subsequent
chapter. (See Liver).

(b) Glucose or grape-sugar (Cs H,, Os41H, O) is found in
minute quantities in the blood and liver,. and occasionally in other
parts of the body. It is derived directly from the starches and
sugars in the food, or from the glycogen which has been formed
in the body from these or other matters. However formed, it is
.in health quickly burnt off in the blood by union with oxygen,
and thus helps in the maintenance of the body’s temperature.
Like other amyloids it is one source whence fat is derived.

(¢) Lactose, or sugar of milk (C,, H,, O,,+H, 0), is formed in
large quantity when the mammary glands are in a condition of
‘physiological activity,—human milk containing 5 or 6 per cent.
of it. Like other sugars it is a valuable nutritive material, and
hence is only discharged from the body when required for the
maintenance of the offspring. The same remark is applicable to
the other organic nutrient constituents of the milk, albumin and
saponifiable fats, which, if we except what is present in the
secretions of the generative organs, are discharged from the body
only under the same conditions and in the same secretion.

(d) Inosite (C; H,, Os+2 H, O), a variety of sugar, identical
in composition with glucose, but differing in some of its properties,
is found constantly in small amount in muscle, and occasionally
in other tissues. Its origin and uses, in the economy are,
presumably, similar to those of glycogen.

III. Non-Nitrogenous Organic Acids.—Very few of these acids

D 2
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exist in a free state in the body, and deserve enumeration among
the proximate principles; almost all being in a state of combina-
tion, as in the case of ordinary fat, which is a chemical com-
pound of fatty acids with glycerine.

Lactic acid is found in the gastric juice, and in muscle.

Formie, acetie, propionic, butyric, and caproic acids occur more
or less combined with bases in the sweat. Butyric acid is also
found in the contents of the large intestine, oz

Nitrogenous Organiec Principles.

The class of nitrogenous proximate principles embraces a
large number of chemical compounds of various constitution and
degree of complexity which contain nitrogen in addition to carbon,
hydrogen, and oxygen; while some of the most complex contain
a minute quantity also of sulphur, and, in one or two instances,
of phosphorus.

They may be conveniently, though very roughly, classified as
follows:—I. Proteids or albuminoids. II. Gelatinous substances.
III. Ferments. IV. Colouring matters. V. Various substances
which cannot be included under the previous heads.

I. Proteids or Albuminoids.

Under this head are included albumin, globulin, myosin,
fibrin, casein, syntonin. :

A very large proportion of the nitrogenous matters found in
the body is formed by the albuminoids; one or more of them
entering as essential parts into the formation of all living tissues.
In the lymph, chyle, and blood, they also exist abundantly.
Their atomic formula is not at present known. The following
is the per-centage composition of albumin, which may be taken
as the type of the group.

Carbon . . . . o to ER°R
Hydrogen . . : ' SR -
Nitrogen . . . . e (14
Oxygen . : - - : < 220
Sulphur . : - : gL b
Phosphorus . - - - 1 4

1GC0

.



CHAP, I1I ] ALBUMIN: GLOBULIN: FIBRIN. 37

The albuminoids are colloid substances, and, in all the forms
in which they habitually occur, are combined with phosphate
of calcium, chloride of sodium, and other mineral substances,
and a greater or less amount of fatty matter and water.
They are derived directly from the albuminous -constituents
of food, and are probably not formed afresh within the
body.

The manner in which, as food, they are acted on by the
gastric and other digestive fluids, in order to be made fit for
absorption into the blood, will be described in the chapter on
Digestion. The greater part or all of the other nitrogenous
substances in the body are derived directly or indirectly from the
albuminoids, which are the subject of continual chemical change;,
and from the re-arrangement of some of their elements are also
produced, it is now believed, a part of the fatty and amyloid
constituents.

(a) Albumin is present abundantly in the blood and lymph, and in most
of the tissues of the body.

(b) Globulin and its several modifications, exist largely in the blood and
in many of the tissues.

(e) Myosin, which is closely allied to globulin, is the substance which
spontaneously coagulates, after death, in the juice of muscles,

(d) Fibrin is readily obtained, in a somewhat impure state, as a soft, yet
tough, elastic, and opaque white, stringy substance, by washing a clot of
blood in water, until all its colour has disappeared. It is almost identical in
composition with albumin,—the only difference being that fibrin contains 1.5
per cent, more oxygen. Mr. A. H. Smee has, indeed, apparently converted
albumin into fibrin by exposing a solution to the prolonged influence of
OXygen. :

Fibrin is contained in the blood, and, to a less extent, in lymph and chyle.
It does not exist as fibrin in the body, but is formed, in the act of coagula-
tion, by the union of two albuminoids termed respectively fibrinoplastin and
fibrinogen (p. 105). The special distinetive character of fibrin is its spon-
taneous formation by coagulation in fluids which contain these two substances.

(e) Casein, an important constituent of milk, and found also in minuie
amount in the blood and some other parts of the body, is a chemieal combi-
nation of potash with albumin. It is coagulated by most acids.

A familiar example of such coagiilation is afforded by cheese, which is
made by precipitating the casein of milk by rennet (calf’s stomach).

(f) Syntenin, which much resembles fibrin, has been chiefly observed as
a product of the action of dilute acids on myosin.

(g) Mucin is found in mucus; also in synovia, the vitreous humour, and
the nmbilical cord, It differs in composition from albumin in not contain-
ing sulphur,



38 CHEMICAL COMPOSITION OF THE HUMAN BODY. [cEAP 1L

II. Gelatinous Substances.

Gelatinous substances can be extracted in large quantity trom
the connective tissues by boiling in water; the solution remaining
liquid while it is hot, and becoming solid and jelly-like on
cooling.

The composition of gelatin, the type of this group, is as

follows :—
Cﬁrhﬂﬂ " » . - . & 51:'* Iﬁ‘

Hydrogen . . . . . 66
Nitregens " %' £ o T HNGNTES
Oxyeen - . - . . 248
Sulphur . : - : - ‘14

(a) Gelatin can be readily extracted from fibrous connective tissue and
from bone by long boiling in water, The solution solidifies, as a jelly, on
cooling to about 60° F., even when only one per cent. of gelatin is present.
Although insoluble in cold water, gelatin swells enormously when immersed
in it; and a mass of gelatin thus swollen is readily liquefied by heat.

(b) Chondrin is a gelatinous substance obtained from cartilage. It agrees
with gelatin in most of its characters,

(c) Elastin is obtained, by long boiling, from yellow elastic tissue. It
contains no sulphur, and differs in many other respects from both gelatin
and chondrin.

(d) Keratin can be extracted from the epidermis and its appendages—
hair, nails, &e.

II1I. Ferments.

Certain nitrogenous substances called ferments are found in the
various secretions of the alimentary canal, namely, the saliva,
the gastric and the intestinal juice, the pancreatic juice, and the
bile. Their function is to act on various articles of food in such
a manner as to fit them for solution and absorption into the
blood. Thus ptyalin is the ferment of the saliva, by which
starchy ingredients of the food are converted into glucose; pepsin
that of the gastric juice, which changes albuminous ingredients
into a soluble dialysable substance called peptone. These and
other ferments will be considered further in the chapter on
Digestion, with the anatomy and physiology of the glands by
which they are formed.

IV. Colouring Matters.

Of the colouring matters contained in the human body, that
of the blood, h@moglobin, is the most important; and, probably,

all the others are derived directly or indirectly from it.

i
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Colouring matters are also present in the bile and urine ; and
in some of the tissues, especially the skin, the eyeball, and
other sense-organs.

So far as may be necessary, the colouring matters will be
further considered with the tissues and fluids in which they are
present (see sections treating of Blood, Bile, Urine, ete.).

V. Nitrogencus substances not included wunder the previous
heads,

There are several substances which, apparently, form an essen-
tial part of the tissues in which they are found, but which do
not belong to any of the preceding classes. Such are cerebrin
and lecithin, and the compound formed by their union,—pro-
tagon, which enters largely into the composition of nerve-tissue,
—myelin, cerebric acid, and others. Most of these contain
phosphorus, in addition to carbon, hydrogen, nitrogen, and
oxygen.

Besides—other substances are formed, chiefly by decomposi-
tion of nitrogenous materials of the food and of the tissues,
which must be reckoned rather as temporary constituents than
essential component parts of the body; although from the con-
tinual change, which is a necessary condition of life, they are
always to be found in greater or less amount. Examples of
these are wrea, uric and hippuric acids, creatin, creatinin, leucin,
tyrosin, and many others.

Such are the chief organic substances of which the human
body is composed. It must not be supposed, however, that they
exist naturally in a state approaching that of chemical purity.
All the fluids and tissues of the body consist of mixtures of
several of these principles, together with saline matters. Thus,
a piece of muscular flesh would yield fibrin, albumin, gelatin,
fatty matters, salts of sodium, potassium, calcium, magnesium,
iron, and other substances, such as creatin, which are products
of chemical decomposition, and, though constant, are not essential
constituents of the tissme. This mixture of substances may be
explained in some measure by the existence of many different
structures or tissues in the muscles; the gelatin may be referred
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principally to the connective tissue between the fibres, the fatty
matter to the adipose tissue in the same position, and part of
the albumin to the blood, and the fluid by which the tissue is
kept moist. But, beyond these general statements, little can
be said of the mode in which the chemical compounds are united
to form an organised structure; or of how, in any organic body,
the several incidental substances are combined with those which
are essential.

Tnorganic Principles.

The inorganic proximate principles of the human body are
numerous. They are derived, for the most part, directly from
food and drink, and pass through the system unaltered. Some
are, however, decomposed on their way, as chloride of sodium, of
which only four-fifths of the quantity ingested are excreted in
the same form; and some are newly formed within the body,—as
for example, a part of the sulphates and carbonates, and some of
the water.

Much of the inorganic saline matter found in the body is a
necessary constituent of its structure,—as necessary in its way as
albumin or any other organic principle ; another part is important
in regulating or modifying various physical processes, as absorp-
tion, solution, and the like ; while a part must be reckoned only
as matter, which is, so to speak, accidentally present, whether
derived from the food or the tissues, and which will, at the first
opportunity, be excreted from the body.

The inorganic gaseous matters found in the body are oxygen, hydrogen,
nitrogen, carburetted and sulplwretted hydrogen, and carbonic acid. The
first three have been referred to (p. 31). Carburctted and sulphuretted
hydrogen are found in the intestinal ecanal. Carbonic ac¢id is present in the
blood and other fluids, and is excreted in large quantities by the lungs, and
in very minute amount by the skin. It will be specially considered in the
chapter on Respiration.

Water, the most abundant of the proximate principles, forms a large pro-
portion,—more than two-thirds, of the weight of the whole body. '

Its relative amount in some of the principal solids and fluids of the body
is shown in the following table (quoted by Dalton, from Robin and Verdeil's
table, compiled from various authors) :(—
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QUANTITY OF WATER IN 1000 PARTS.

Teeth . - - . . 1oo | Bile . : . . . . 830
Bones . . MET sotzople MY - : . . . - BB7
Cartilage. o s . . 550 | Pancreatiec juice . - . oo
Muscles . ; . : « « 750 | Urine . - : . or w036
Ligaments ; : . . 768 | Lymph . . - 5 . g6o
Brain . 2ine s s« 759 || Gastrie juice. : . 55 078
Blood . 4 . - . 795 | Perspiration ., s : . 986

Synovia. . - . . « 805 | Saliva ., - - . « = 905

The importance of water as a constituent of the animal body may be
assumed from the preceding table, and is shown in a still more striking
manner by its withdrawal. If any tissue,—as muscle, cartilage, or tendon be
subjected to heat sufficient to drive off the greater part of its water, all its
characteristic physical properties are destroyed ; and what was previously
soft, elastic, and flexible, becomes hard, and brittle, and horny, so as to be
scarcely recognisable.

In all the fluids of the body—Dblood, lymph, &ec., water acts the part of a
general solvent, and by its means alone circulation of nutrient matter is
possible, It is the medium also in which all fluid and solid aliments are
dissolved before absorption, as well as the means by which all, except
easeous, excretory products are removed. All the various processes of
secretion, transudation, and nutrition, depend of necessity on its presence
for their performance.

The greater part, by far, of the water present in the body is taken into it
as such from without, in the food and drink. A small amount, however, is
the result of the chemical union of hydrogen with oxygen in the blood and
tissues, The total amount taken into the body every day is about 4% lbs. ;
while an uncertain quantity (perhaps 4 to § 1b.) is formed by chemical
action within it.—(Dalton).

The loss of water from the body is intimately connected with excretion
from the lungs, skin, and kidneys, and, to a less extent, from the alimentary
canal. The loss from these various organs may be thus apportioned (quoted
by Dalton from various observers) :—

From the Alimentary Canal (fmces) . . - . 4 per cent.
o Lungs . : - . - - ) e M
™ Skin (perspiration) . . : - -G le kol

- Kidneys (urine) . - - . PR |

100

The ellorides of sodium and pofassium are present in nearly all parts of
the body. The former secems to be especially necessary, judging from the
instinetive craving for it on the part of animals in whose food it is
deficient, and from the diseased condition which is consequent on its with-
drawal. In the blood, the quantity of chloride of sodium is greater than
that of all its other saline ingredients taken together. In the muscles, on
the other hand, the quantity of chloride of sodium is less than that of
the chloride of potassium,

3
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Fluoride of ealeium, in minute amount, is present in the bones and teeth,
and traces have been found in the blood and some other fluids,

The phosphates of ealeium, potassivm, sodivm, and magnesium, are found
in nearly every tissne and fluid. In some tissnes—the bones and teeth—the
phosphate of calecium exists in very large amount and is the principal
source of that hardness of texture, on which the proper performance of their
functions so much depends. The phosphate of calcium is intimately incor-
porated with the organic basis or matrix, but it ean be removed by acids
without destroying the general shape of the bone ; and, after the removal of
its inorganic salts, a bone is left soft, tough, and flexible.

The phosphates of potassium and sodium with the carbonates, maintain the
alkalinity of the blood, -

Carbonate of ealeiwm occurs in bones and teeth, but in much smaller
quantity than the phosphate (pp. 83 and ¢3). It is found also in some other
parts. The small coneretions of the internal ear (otoliths) are composed of
erystalline carbonate of calcium, and form the only example of inorganie
crystalline matter existing as such in the body.

The carbonates of potassium and sodinwm are found in the bloed, and some
other fluids and tissues. 3 :

The sulphates of potassium, sodium, and calcinm are met with in small
amount in most of the solids and fluids.

A very minute quantity of silica exists in the urine, and in the blood.
Traces of it have been found also in bones, hair, and some other parts.

The especial place of drem is in hmwmoglobin, the colouring-matter of
the blood, of which a farther account will be given with the chemistry of
the blood. Peroxide of iron is found, in very small quantities, in the ashes
of bones, muscles, and many tissues, and in lymph and chyle, albumin of
serum, fibrin, bile, and other fluids ; and asalt of iron, probably a phesphate,
exists in the hair, black pigment, and other deeply coloured epithelial or
horny substances,

Aluminium, Manganese, Copper, and Lead.—It seems most
likely that in the human body, copper, manganesium, aluminium,
and lead are merely accidental elements, which, being taken in
minute quantities with the food, and not excreted at once with
the feeces, are absorbed and deposited in some tissue or organ,
of which, however, they form no necessary part. In the same
manner, arsenic, being absorbed, may be deposited in the liver
and other parts.



CHAPTER 1IV.
STRUCTURAL COMPOSITION OF THE HUMAN BODY.

By dissection, the human body can be proved to consist of
various dissimilar parts, bones, muscles, brain, heart, lungs,
intestines, &ec., while, on more minute examination, these are
found to be composed of various tissues, such as the connective,
epithelial, nervous, muscular, and the like.

Embryology teaches us that all this complex organisation has
been developed from a microscopic body about ;1 in. in diameter
(ovum), which consists of a spherical mass of jelly-like matter
enclosing a smaller spherical body (germinal vesicle). Further,
each individual tissue can be shown largely to consist of bodies
essentially similar to an ovum, though often differing from it
very widely in external form. They are termed cells: and it
must be at once evident that a correct knowledge of the nature
and activities of the cell forgns the very foundation of physiology.

Cells are, in fact, physiological no less than histological units.

The prime importance of the cell as an element of structure,
was first established by the researches of Schleiden, and his
conclusions drawn from the study of vegetable histology, were at
once extended by Schwann to the animal kingdom. The earlier
observers defined a cell as a more or less spherical body limited
by a membrane, and containing a smaller body termed a nucleus,
which in its turn encloses one or more nucleoli. Such a definition
applies admirably to most vegetable cells, but the more extended
investigation of animal tissues soon showed that in many cases
no limiting membrane or cell-wall could be demonstrated.

Its presence or absence, therefore, was now regarded as quite
a secondary matter, while at the same time the cell-substance
came gradually to be recognised as of primary importance.
Many of the lower forms of animal life, ¢.g., the rhizopoda, were
found to consist almost entirely of matter very similar in ap-
pearance and chemical composition to the cell-substance of higher
forms : and this from its chemical resemblance to flesh was
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termed Sarcode by Dujardin. When recognised in vegetable
cells it was called Protoplasm by Mulder, while Remak applied
the same name to the substance of animal cells. As the pre-
sumed formative matter in animal tissues it was termed Blastema,
and in the belief that, wherever found, it alone of all substances
has to do with generation and nutrition, Dr. Beale has named it
‘“ Germinal matter” or Bioplasm. Of these terms the one most
in vogue at the present day is Protoplasm, and inasmuch as all
life, both in the animal and vegetable kingdoms, is associated
with protoplasm, we are justified in describing it with Huxley,
as the “ physical basis of life.”

A cell may now be defined as a nucleated mass of protoplasm,*
of microscopic size,

It is true that several lower forms of life recently described by
Haeclel, Huxley, and others, consist of non-nucleated protoplasm,
but the above definition holds good for all the higher plants and
animals.

Hence a summary of the manifestations of cell-life is really an
account of the vital activities of protoplasm. This must of course be
preceded by a brief review of its physical and chemical characters.

Chemical characters.—Chemically, protoplasm is an extremely
unstable albuminoid substance, insoluble in water, but becoming
gelatinous by imbibition ; by analysis it cannot be distinguished
from ordinary albumen, though of course its power of growth,
development, &e., constitute an essential distinction.

Physical characters.— Physically, protoplasm is viscid, varying
in consistency from semi-fluid to strongly coherent.

All protoplasm, like albumen, undergoes heat stiffening or
coagulation at about 130° Fah., and hence no organism can live
when its own temperature is raised to this point, though, of
course, many can exist for a time in an atmosphere much hotter
than this, since they possess the means of regulating their own
temperature. When it is examined under the microscope two
varieties of protoplasm are recognised—the hyaline, and the
granular. Both are alike transparent, but the former is perfectly

* In the human body the cells range from the red blood-cell (315 in.) to the
ganglion-cell (3% in. ).

i S i
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homogeneous, while the latter (the more common variety) contains
small granules or molecules of various sizes and shapes: they
usually appear dark when viewed with transmitted light, they
seem lighter than water, and many are soluble in ether: these
latter consist probably of fatty matter.

Physiological characters.—These may be conveniently treated
under the three heads of motion, nutrition, and reproduction.

I. Motion.—It is probable that the protoplasm of all cells is
cupable at some time of exhibiting movement: at any rate this
phenomenon, which not long ago was regarded as quite a curiosity,
has been recently observed in cells of many different kinds.

It may be readily studied in the Amaoebge, in the colourless
blood-cells of all vertebrata, in the branched cornea-cells of the
frog, in the hairs of the stinging-nettle and Tradescantia, and the
cells of Vallisneria and Chara.

These motions may be divided into two classes—Fluent and
Ciliary.

Another variety—the molecular or vibratory—has also been classed by
some observers as vital, but it seems exceedingly probable that it is nothing
more than the well-known * Brownian" molecular movement, a purely
mechanical phenomenon which may be observed in any minute particles,
e.q., of gamboge, snspended in a fluid of suitable density, such as water.

Such particles are seen to oscillate rapidly to and fro, and not to progress
in any definite direction.

Fluent.—This movement of Fig. 1.*
protoplasm is rendered per-
ceptible (1) by the motion of
the granules, which are nearly
always imbedded in it, and
(2) by changes in the outline
of its mass.

If part of a hair of Trades-
cantia (fig. 1) be viewed under
a high magnifying power, streams of protoplasm containing

* Fig. 1. (Cell of Tradescantia drawn at successive intervals of two minutes.
The cell-contents consist of a central mass connected by many irregnlar pro-
cesses to a peripheral film : the whole forms a vacuolated mass of protoplasm,
which is continually changing its shape (Schofield).
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crowds of granules hurrying along, like the foot-passengers in a
busy street, are seen flowing steadily in definite directions, some
coursing round the film which lines the interior of the cell-wall,
and others flowing towards or away from the irregular mass in
the centre of the cell-cavity.

Many of these streams of protoplasm run together into larger
ones, or are lost in the central mass, and thus ceaseless variations
of form are produced.

In the Amceba, a minute animal, consisting of a shapeless and
structureless mass of sarcode, an irregular mass of protoplasm is
gradually thrust out from the main body and retracted : a second
mass is then protruded in another direction, and gradually the
whole protoplasmic substance is, as it were, drawn into it. The
Amomeba thus comes to occupy a new position, and when this
is repeated several times we have locomotion in a definite direction,

Fig. 2.%

j {*‘J

together with a continual change of form. These movements,
when observed in other cells, such as the colourless blood cor-
puscles of higher animals (fig. 2) are hence termed amaboid.

Colourless blood corpuscles were first observed to migrate, i.e., pass
through the walls of the bloodvessels, by Waller, whose observations were
confirmed and extended to connective tissue corpuscles by the researches
of Recklinghansen, Cohnheim, and others, and thus the phenomenon of
migration has been proved to play an important part in many normal, and
pathological processes, especially in that of inflammation,

This amaeeboid movement enables many of the lower animals
to capture their prey, which they accomplish by simply flowing
round and enclosing it.

The remarkable motions of pigment-granules observed in the
branched pigment-celis of the frog’s skin by Lister, are probably
due to amceboid movement. These granules are seen at one time

* Fig. 2. Human colourless blood-corpusele, showing its successive changes
of outline within ten minutes when kept moist on a warm stage (Schofield).
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distributed uniformly through the body and branched processes
of the cell, while under the action of various stimuli (e.g., light
and electricity) they collect in the central mass, leaving the
branches quite colourless.

Ciliary action must be regarded as only a special variety of
the general motion with which all protoplasm is endowed.

The grounds for this view are the following : In the case of
the Infusoria, which move by the vibration of cilia (microscopic
hair-like processes projecting from the surface of their bodies) it
has been proved that these are simply processes of their proto-
plasm protruding through pores of the investing membrane, like
the oars of a galley, or the head and legs of a tortoise from its
shell : certain reagents cause them to be partially retracted.

Moreover, in some cases cilia have been observed to develop
from, and in others to be transformed into, amceboid processes.

The movements of protoplasm can be very largely modified or even sus-
pended by external conditions, of which the following are the most im-
portant.

1. Changes of temperature—Moderate heat acts as a stimulant : this is
readily observed in the activity of the movements of a human colourless
blood-corpuscle when placed under conditions in which its normal tempera-
ture and moisture are preserved.

Extremes of heat and cold stop the motions entirely. .

2. Mechanical stimuli—When gently squeezed between a cover and
object glass under proper conditions, a colourless blood-corpuscle is stimu-
lated to active ameehoid movement.

3. Nerve-influence.—By stimulation of the nerves of the Frog’s cornea,
contraction of certain of its branched cells has been produced.

4. Chemical stimuli.—Water generally stops ameboid movement and by
imbibition causes great swelling and finally bursting of the cells,

In some ecases, however, (myxomycetes) protoplasm ean be almost
entirely dried up and is yet capable of renewing its motions when again
moiatened.

Dilute salt-solution, and many dilute acids and alkalies, stimulate the
movements temporarily.

Ciliary movement is suspended in an atmosphere of hydrogen or car-
bonic acid, and resumed on the admission of air or oxygen.

5. Klectrical.—Weak currents stimulate the movement, while strong
currents cause the corpuscles to assume a spherical form and become
motionless.

II. Nutrition.—The nutrition of cells will be more appro-
priately described in the chapter on Nutrition and Secretion.



48  STRUCTURAL COMPOSITION OF HUMAN BODY. [cHAP. IV,

Before describing the reproduction of cells it will be necessary
to consider more at length their structure.

Cell-wall—We have seen (p. 43) that the presence of a
limiting-membrane is no essential part of the definition of a cell.

In nearly all cells the outer layer of the protoplasm attains a
firmer consistency than the deeper portions: the individuality of
the cell becoming more and more clearly marked as this cortical
layer becomes more and more differentiated from the deeper
portions of cell-substance. Side by side with this physical, there
is a gradual chemical differentiation, till at length, as in the case
of the fat cells (p. 75), we have a definite limiting membrane
differing chemically as well as physically from the cell-contents,
and remaining as a shrivelled-up bladder when they have been
removed. Such a membrane is fransparent and structureless,
flexible, and permeable to fluids.

The cell-substance can, therefore, still be nourished by imbibi-
tion through the cell-wall. In many cases (especially in fat) a
membrane of some toughness is absolutely necessary to give to
the tissue the requisite consistency. When these membranes
attain a certain degree of thickness and independence they are
termed capsules: as examples, we may cite the capsules of
cartilage-cells (p. 80), and the thick, tough envelope of the ovum
termed the ‘“ primitive chorion.”

Cell-contents.—In accordance with their respective ages, posi-
tions, and functions, the contents of cells are very varied.

The original protoplasmic substance may undergo many trans.
formations; thus, in fat cells we may have oil, or fatty erystals,
occupying nearly the whole cell cavity : in pigment cells we find
oranules of pigment; in the various gland cells the elements of
their secretions. Moreover, the original protoplasmic contents of
the cell may undergo a gradual chemical change with advancing
age; thus the protoplasmic cell-substance of the deeper layers of
the epidermis (p. 59) becomes gradually converted into keratin
as the cell approaches the surface. So, too, the original proto-
plasm of the embryonic blood-cells is replaced by the heemoglobin
of the mature-coloured blood corpuscle.

Vegetable cells afford excellent examples of similar transfor-
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mations in accordance with the age of the cell and its functions
in the economy of the plant: thus we have starch, sugar, gum,
and various acids produced and stored up.

So, too, by the deposition of successive layers of lignin on
the inner surface of the cell-wall the primitive cavity is oblite-
rated and the cell replaced by a laminated woody material.

Nucleus.—Nuclei (fig. 7, @) were first pointed out in the year
1833, by Dr. Robert Brown, who observed them in vegetable
cells. They are either small transparent vesicular bodies con-
taining one or more smaller particles (nucleoli), or they are
semi-solid masses of protoplasm. In their relation to the life of
the cell they are certainly hardly second in importance to the
protoplasm itself, and thus Dr. Beale is fully justified in com-
prising both under the term ‘‘ germinal matter.” They exhibit
their vitality, not in amceboid movements, but by initiating the
process of division of the cell into two or more cells (fission) by
first themselves dividing. Amaboid movement has, however, in
one case been observed in nucleoli (Kidd).

Histologists have long recognised nuclei by two important
characters :—

(1.) Their power of resisting the action of various acids and
alkalies, particularly acetic acid, by which their outline is more
clearly defined, and they are rendered more easily visible.

(2.) Their quality of staining in solutions of carmine, heema-
toxylin, &ec. Nuclei are most commonly oval or round, and do
not generally conform to the diverse shapes of the cells; they
are altogether less variable elements than cells, even in regard
to size, of which fact one may see a good example in the uni-
formity of the nuclei in cells so multiform as those of epithelium.

Their position in the cell is very variable. In many cells,
especially where active growth is progressing, two or more
nuclei are present.

III. Reproduction.

The life of individual cells is probably very short in comparison
with that of the organism they compose : and their constant decay
and death necessitate constant reproduction. The mode in which
this takes place has long been the subject of great controversy.

E
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In the case of plants, all of whose tissues are either cellular,
or composed of cells which are modified or have coalesced in
various ways, the theory that all new cells are derived from
pre-existing ones was early advanced and very generally
accepted. DBut in the case of animal tissues Schwann and others
maintained a theory of spontaneous or free cell-formation.

According to this view a minute corpuscle (the future
nucleolus) springs up spontaneously in a structureless inter-
cellular substance (blastema) very much as a crystal is formed
in a solution. This nucleolus attracts the surrounding molecuies
of matter to form the nucleus, and by a repetition of the process
the substance and wall of the cell are produced.

This theory, once almost universally current, was first disputed
and finally overthrown by Remak and Virchow, whose researches
established the truth expressed in the words ‘“Omnis cellula e
cellula.”

It will be seen that this view is in strict accordance with the
truth established much earlier in Vegetable Histology that every
cell is descended from some pre-existing (mother-) cell. This

derivation of cells from cells takes place by (1) fission or (2) -

gemmation.

The latter method has not been observed in the human body
or the higher animals, and therefore requires but a passing
notice. It consists essentially in the budding off and separating
of a portion of the parent cell.

The former must now be briefly described. As typical
examples we may select the ovum, the blood cell, and cartilage
cells.

Ovum.—In the frog’s ovum (in which the process can be most
readily observed) after fertilization has taken place, there is first
some amceeboid movement, the oscillation gradually increasing
until a permanent dimple appears, which gradually extends into
a furrow running completely round the spherical ovum, and
deepening until the entire yellk-mass is divided into two hemi-
spheres of protoplasm each containing a nucleus (fig. 3, b).
This process being repeated by the formation of* a second furrow
at right angles to the first, we have four cells produced (¢): this

B S
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subdivision is carried on till the ovum has been divided by seg-
mentation into a mass of cells (mulberry-mass) (d) out of which
the embryo is developed.

Segmentation is the first step in the development of most
animals, and doubtless takes place in man.

Blood-cells.—Multiplication by fission has been observed in
the colourless blood-cells of many animals. In some cases (fig.
4), the process has been seen to commence with the nucleolus
which'divides within the nucleus. The nucleus then elongates,

Fig. 41

© 080 @ 8

and soon a well-marked constriction occurs, rendering it hour-
glass shaped, till finally it is separated into two parts, which
gradually recede from each other: the same process is repeated
in the cell-substance, and at length we have two cells produced
which by rapid growth soon attain the size of the parent-cell.
In some cases there is a primary fission into three instead of the
usual two cells.

Cartilage—In cartilage (fig. 5), a process essentially similar
occurs with the exception that (as in the ovum) the cells
produced by fission remain in the original capsule, and in their
turn undergo division, so that a large number of cells are
sometimes observed within a common envelope. This process of
fission within a capsule has been by some described as a separate

* Fig. 3. Diagram of an ovum (z) undergoing segmentation. In (8)it has
divided into two ; in (¢) into four; and in (d) the process has ended in the
production of the so-called *“ mulberry mass” (Frey).

T Fig. 4. Blood-corpuscle from a young deer embryo, multiplying by
fission (Frey). i

E 2
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method, under the title ‘“endogenous fission,” but there seems to
be no sufficient reason for drawing such a distinetion.

It is important to observe that fission is often accomplished
with great rapidity, the whole process occupying but a few

minutes, hence the comparative rarity with which cells are seen
in the act of dividing.

Functions of Cells—The functions of cells are almost infinitely
varied and make up nearly the whole of Physiology. They will
be more appropriately considered in the chapters treating of the
several organs and systems of organs which the cells compose.

Decay and Death of Cells.—There are two chief ways in which
the comparatively brief existence of cells is brought to an end.
(1) Mechanical abrasion, (2) Chemical transformation.

Mechanical abrasion.—The various epithelia furnish abundant
examples. As it approaches the free surface the cell becomes
more and more flattened and scaly in form and more horny in
consistency, till at length it is simply rubbed off as in the
epidermis.

Hence we find epithelial cells in the mucus of the mouth,
intestine and genito-urinary tract. In the secretion of mucus
the epithelial cells generally discharge their contents (mucin)

and then the cell-membrane is broken up.
Chemical transformation.—In this case the cell-contents undergo

* Fig. 5. Diagram of a cartilage cell undergoing fission within its capsule.
The process of division is represented as commencing in the nucleolus, ex-
tending to the nucleus, and at length involving the body of the cell (Frey).
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a degeneration which, though it may be pathological, is very
often a normal process.

Thus we have (a) fatty metamorphosis producing oil-globules
in the secretion of milk, fatty degeneration of the muscular
fibres of the uterus after the birth of the feetus, and of the cells
of the Graafian follicle giving rise to the ‘ corpus luteum.”
(See chapter on Generation.)

(b) Pigmentary degeneration from deposit of pigment, as in
the epithelium of the air-vesicles of the lungs.

(¢) Calcareous degeneration which is common in the cells of
many cartilages.

Having thus reviewed the life-history of cells in general, we
may now discuss the leading wvarieties of form which they
present.

In passing, it may be well to point out the main distinctions between
animal and vegetable cells,

It has been already mentioned that in animal cells an envelope or cell-
wall is by no means always present. In adult vegetable cells, on the other

Fig. 6.*

hand, a well-defined cellulose wall is highly characteristic : this, it should
be observed, is non-nitrogenous, and thus differs chemically as well as
structurally from the contained mass.

Moreover, in vegetable cells (fig. 6, B), the protoplasmic contents of the
cell fall into two subdivisions : (1) a continuous film which lines the interior
of the cellulose wall ; and (2) a reticulate mass containing the nucleus and

* Fig. 6(a). Young vegetable cells, showing cell-cavity entirely filled with
granular protoplasm enclosing a Jarge oval nucleus, with one or more nucleoli.

(B.) Older cells from same plant, showing distinct cellulose-wall and vacuo-
lation of protoplasm.
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occupying the cell-cavity ; its interstices are filled with fluid. In young
vegetable cells such a distinction does not exist; a finely granular proto-
pl:Lr:»tﬂ oceupies the whole cell-cavity (fig. 6, A).

Another striking difference is the frequent presence of a large quantity
of intercellular substance in animal tissues, while in vegetables it is com-
paratively rare, the requisite consistency being given to their tissues by the
tough cellulose walls, often thickened by deposits of lignin. In animal
cells this end is attained by the deposition of lime-salts in a matrix of inter-
cellular substance, as in the process of ossification.

Forms of Cells.—Starting with the spherical or spheroidal
(fig. 7, a) as the typical form assumed by a free cell, we find this
altered to a polyhedral shape when the pressure on the cells in
all directions is nearly the same (fig. 7, ).

g 7.*
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Of this, the primitive segmentation-cells may afford an
example.

The discoid shape is seen in blood-cells (fig. 7, ¢), and the
scale-like form in superficial epithelial cells (fig. 7, d).

In some squamous cells (ridge and furrow cells) the cell-wall
becomes, as it were, cogged, the processes of one cell fitting into
corresponding depressions in an adjoining onme, like bristles of
two brushes which are pressed together (fig. 11).

Cylindrical, conical, or prismatic cells occur in the deeper layers
of laminated epithelium, and the simple cylindrical epithelium
of the intestine and many gland ducts. Such cells may taper off
at one or both ends into fine processes, in the former case being
caudate, in the latter fusiform (fig. 8). They may be greatly
elongated so as to become fibres. Ciliated cells (figs. 19, 20)
must be noticed as a distinet variety: they possess, but only on
their free surfaces, hair-like processes (cilia). These vary im-
mensely in size, and may even exceed in length the cell itself.

* Fig. 7. Various forms of ceils. @. Spheroidal, showing nucleus” and
nucleolus. &. Polyhedral. ¢ Discoidal (blood cells). d. Secaly or squamous
(epithelial cells).
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Finally we have the branched or stellate cells, of which the large
nerve-cells of the spinal cord, and the connective tissue corpuscle
are typical examples (fig. 8,¢). In these cells the primitive

Fig. 8.*

branches by secondary branching may give rise to an intricate
network of processes.

Cells may be classified in many ways.

According to Form, they may be classified into spheroidal or
polyhedral, discoidal, flat or scaly, cylindrical, caudate, fusiform,
ciliated and stellate.

According to Situation, we may divide them into blood cells,
gland cells, connective tissue cells, &e.

According to Contents, into fat and pigment cells and the like.

According to Function, into secreting, protective, contractile,
&e.

According to their Origin into hypoblastic, mesoblastie, and
epiblastic cells, (See chapter on Generation.)

It remains only to consider the various ways in which cells
are connected together to form tissues, and the transformations
by which intercellular substance, fibres and tubules are produced.

Modes of connection.—Cells are connected :—

(1) By a cementing intercellular substance. This is probably
always present even between the closely apposed cells of cylin-

—— _

* Fig. 8. Various forms of cells. «. Cylindrical or columnar. &. Caudate.
¢. Fusiform. d. Ciliated (from trachea). ¢. Branched, stellate.
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drical epithelium, while in the case of cartilage it forms the main
bulk of the tissue, and the cells only appear as imbedded in, not
as cemented by, the intercellular substance.

This intercellular substance may be either homogeneous or
fibrillated.

In many cases (e.g. the cornea) it can be shown to contain a
number of irregular branched cavities, which communicate with
each other, and in which the branched cells lie: through these
branching spaces nutritive fluids can find their way into the very
remotest parts of a non-vascular tissue.

As a special variety of intercellular substance must be men-
tioned the basement membrane (membrana propria) which is
found at the base of the epithelial cells in most mucous mem-
branes, and especially as an investing tunic of gland follicles
which determines their shape, and which may persist as a
hyaline saccule after the gland-cells have all been discharged.

(2) By anastomosis of their processes,

This is the usual way in which stellate cells, e.g. of the cornea,
are united : the individuality of each cell is thus to a great
extent lost by its connection with its neighbours to form a
reticulum : as an example of a network so produced, we may
cite the stroma of lymphatic glands.

Sometimes the branched processes breaking up into a maze of
minute fibrils, adjoining cells are connected by an intermediate
reticulum : this is the case in the nerve-cells of the spinal cord.

Besides the Cell, which may be termed the primary tissue-
element, there are materials which may be termed secondary or
derived tissue-elements. Such are Intercellular substance, Fibres
and Tubules.

Intercellular substance is probably in all cases directly derived
from the cells themselves. In some cases (e.g. cartilage), by the
use of re-agents the cementing intercellular substance is, as it
were, analysed into various masses, each arranged in concentric
layers around a cell or group of cells, from which it was
probably derived (fig. 35).

Fibres.—In the case of the crystalline lens, and of mnscle
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both striated and non-striated, each fibre is simply a meta-
morphosed cell : in the case of striped fibre the elongation being
accompanied by a multiplication of the nuclei.

The various fibres and fibrillee of connective tissue result from
a gradual transformation of an originally homogeneous inter-
cellular substance. Fibres thus formed may undergo great
chemical as well as physical transformation : this is notably the
case with yellow elastic tissue, in which the sharply defined
elastic fibres, possessing great power of resistance to re-agents,
contrast strikingly with the homogeneous matter from which
they are derived.

Tubules which were originally supposed to consist of strue-
tureless membrane, have now, by the action of nitrate of silver,
been proved in many cases to be composed of flat, thin cells,
cohering along their edges. (See Capillaries.) The boundaries
between the cells are marked out by the precipitation of oxide
of silver under the action of light. In this way the composite
structure of Dblood- and lymph-capillaries has been clearly
demonstrated.

With these simple materials the various parts of the body are
built up ; the more elementary tissues being, so to speak, first
compounded of them; while these again are variously mixed and
interwoven to form more intricate combinations.

Thus are constructed epithelium and its modifications, connec-
tive tissue, fat, cartilage, bone, the fibres of muscle and nerve,
&c.; and these, again, with the more simple structures before
mentioned, are used as materials wherewith to form arteries,
veins, and lymphatics, secreting and vascular glands, lungs,
heart, liver and other parts of the body.



CHAPTER V.
STRUCTURE OF THE ELEMENTARY TISSUES.

I~ this chapter the leading characters and chief modifications
of two great groups of tissues—the Epithelial and Connective—
will be briefly described; while the Nervous and Muscular,
together with several other more highly specialized tissues, will
be appropriately considered in the chapters treating of their

physiology.

Epithelium.

Epithelium is composed of cells of various shapes held together
by a small quantity of cementing intercellular substance.

Epithelium clothes the whole exterior surface of the body,
forming the epidermis with its appendages—nails and hairs;
becoming continuous at the chief orifices of the body—nose,
mouth, anus, and urethra—with the epithelium which lines the
whole length of the alimentary and genito-urinary tracts, together
with the ducts of their various glands. Epithelium also lines
the cavities of the brain and the central canal of the spinal
cord, the serous and synovial membranes, and the interior of all
blood-vessels and lymphatics.

The cells composing it may be arranged in either one or more
layers, so that it may be sub-divided into («) Simple, and (b)
Laminated epithelium. A simple epithelium, for example, lines
the whole intestinal mucous membrane from the stomach to the
anus: the epidermis on the other hand is laminated throughout
its entire extent.

Epithelial cells may be conveniently classified as: 1.—Squa-
mous, scaly, pavement, or tessellated. 2.—Spheroidal, glandular,
or polyhedral. 3.—Columnar, cylindrical, conical, or goblet-
shaped. 4.—Ciliated.

Although, for convenience, epithelial cells are thus classified,
yet the first three forms of cells are sometimes met with at
different depths in the same membrane. As an example of such

e
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a laminated epithelium showing these different cell-forms at
various depths, we may select the anterior epithelium of the
cornea (fig. 9).

——— e o
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1. Squamous Epithelium (fig. 10).—Arranged in several
superposed layers, this form of epithelium covers the skin, where
it is called the Epidermis, and lines the mouth, pharynx, and
cesophagus, the conjunctiva covering the eye, the vagina, and
entrance of the urethra in both sexes; while, as a single layer,
the same kind of epithelium forms the innermost stratum of the
choroid, and lines the interior of the serous and synovial sacs,
and of the heart, blood- and
lymph-vessels. It consists of
cells, which are flattened and
scaly, with an irregular outline :
and, when laminated, may form
a dense horny investment, as on
parts of the palms of the hands
and soles of the feet. The
nucleus is often not apparent,
though it can generally be rendered visible by the use of caustic
potash. The really cellular nature of even the dry and shrivelled
scales cast off from the surface of the epidermis, can be proved
by the application of this re-agent, which causes them rapidly
to swell and assume their originally spheroidal form.

* Fig. 9. Vertical section of Rabbit's cornea. . Anterior epithelium,
showing the different shapes of the cells at various depths from the free sur-
face. b. Portion of the substance of cornea (Klein).

t Fig. 10, Epithelium scales from the inside of the mouth. x 260. (Henle.)
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Squamous cells are generally united by an intercellular sub-
stance; but in many of the deeper layers of epithelium in the
mouth and skin, the outline of
the cells is very irregular,
(fig. 11) and the cells are as it
were interlocked—the processes
of one cell fitting into depres-
sions in the adjoining ones.

The way in which these “‘ridge
and furrow,” or ‘“ cogged” cells
are held together, has been
differently explained by Mr.
Martin, who maintains that the
interlocking is only apparent, and that the processes meet end
to end and are fused together, and that consequently the cells
can only be separated by breaking across these processes.

Squamous epithelium, e.g., the cells of the choroid, may have
a deposit of pigment in the cell-substance. This pigment
consists of minute molecules of melanin, imbedded in the cell-
substance and almost concealing
the nucleus, which is itself trans-
parent (fig. 12).

In albino rabbits, in which the
pigment of the choroid is absent,
this layer is found to consist of
colourless pavement epithelial cells.

The squamous epithelium lining
the serous membrancs, and the interior of blood-vessels, presents
so many special features as to demand a special description; by
some histologists it is even called by a distinct name—Endo-
thelium.
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* Fig. 11. Jagged cells of the middle layers of pavement epithelium, from
a vertical section of the gun of a newborn infant (Klein).

t Fig. 12. Pigment-cells from the choroid. A, cells still cohering, seen
on their surface ; @, nucleus indistinetly seen. In the other cells the nucleus
is concealed by the pigment granules. B, two cells seen in profile ; a, the
outer or posterior part containing scarcely any pigment. x 370. (Henle.)
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The main points of distinction above alluded to are, 1. the
very flattened form of these cells; 2. their constant occurrence in
only a single layer; 3. the fact that they are developed from the
““mesoblast,” while all other epithelial cells are derived from
the ““ epiblast,” or ‘“ hypoblast.” (See chapter on Generation.)
Endothelial cells form an important and well-defined subdivision
of squamous epithelial cells, which has been especially studied
during the last few years. Their examination has been much
facilitated by the adoption of the method of staining serous
membranes with nitrate of silver.

When a small portion of a perfectly fresh serous membrane,
as the mesentery or omentum, is immersed for a few minutes in a
quarter per cent. solution of this re-agent, washed with water and
exposed to the action of light, the silver oxide is precipitated
along the boundaries of the cells, and the whole surface is found
to be marked out with exquisite delicacy, by fine dark lines, into
a number of polygonal spaces (endothelial cells) (fig. 13).

Endothelium lines all the serous cavities of the body, including
the anterior chamber of the eye, also the synovial membranes
of joints, and the interior of the heart and of all blood-vessels
and lymphatics. It forms also a delicate investing sheath for
nerve-fibres and peripheral ganglion-cells.

* Fig. 13. Abdominal surface of centrum tendineum of rabbit, showing the
.general polygonal shape of the endothelial cells : each is nucleated (Klein).
X 300,
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Endothelial cells are sealy in form, and irregular in outline;
those lining the interior of blood-vessels and lymphatics having a
spindle-shape with a very wavy outline. They enclose a clear,
oval nucleus, which, when the cell is viewed in profile, is seen
to project from its surface.

Endothelial cells may be ciliated, e.g., those in the mesentery
of frogs, especially about the hreeding season.

Besides the ordinary endothelial cells above described, there
are found on the omentum and parts of the pleura of many
animals, little bud-like processes or nodules, consisting of small

polyhedral granular cells, rounded on their free surface, which
multiply very rapidly by division (fig. 14). These constitute
what is known as ¢ germinating endothelium.” The process
of germination doubtless goes on in health, and the small

—

* Fig. 14. Silver-stained preparation of great omentum of dog, which
shows, amongst the flat endothelium of the surface, small and large groups of
germinating endothelium, between which numbers of stomata are to be seen
(Klein)» x 300.
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cells which are thrown off in succession are carried into the
lymphatics. The buds may be enormously increased both in

Fig. 15.*

number and size, in certain diseased conditions. (Klein, Burdon-
Sanderson.)
On those portions of the peritoneum and other serous mem-

Fig. 16.+

branes where lymphatics abound, there are numerous small
orifices—stomata— (fig. 15) between the endothelial cells : these

* Fig. 15. Peritoneal surface of septum cisternz lymphatica magne of frog.
The stomata, some of which are open, some collapsed, are surrounded by
germinating endothelium (Klein). x 160.

t Fig. 16. Section of submaxillary gland of dog. «. Salivary duct, with
columnar epithelium. &. Spheroidal or glandular epithelium lining follicle.
(Kolliker.)
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are really the open mouths of lymphatic vessels, and through
them lymph-corpuscles, and the serous fluid from the serous
cavity, pass into the lymphatic system.

2. Spheroidal epithelial cells are the active secreting agents
in most secreting glands, and thence are often termed glandular :
they are generally more or less rounded in outline: often poly-
gonal from mutual pressure.

Excellent examples are to be found in the secreting tubes of
the kidney, and in the salivary and peptic glands fig. 16).

3. Columnar epithelium (fig. 17, b) lines the mucous mem-
brane of the stomach and intestines,
from the cardiac orifice of the sto-
mach to the anus, and wholly or in
part the ducts of the glands open-
ing on its free surface; also many
gland-ducts in other regions of
the body, e.g., mammary, salivary,
&e. ; further, it lines the uterine
mucous membrane, and forms the
deeper layers of the epithelial
lining of the trachea and oviducts.

It consists of cells which are
approximately cylindrical or pris-
matic in form, and contain a large oval nucleus. When
evenly packed side by side as a single layer, the cells are uni-
formly columnar; but when occurring in several layers as in
the deeper strata of the epithelial lining of the trachea, their
shape is very variable, and often departs very widely from the
typical columnar form.

Goblet-cells.—Many cylindrical epithelial cells undergo a curious
transformation, and from the alteration in their shape are termed
goblet-cells (fig. 17, ¢, and 18).

These are never seen in a perfectly fresh specimen : but if such

* Fig. 17. Vertical section of a villus of the small intestine of a cat. a.
Striated basal border of the epithelium. &, Columnar epithelium. ¢ Goblet
cells. d. Central lymph-vessel. e. Smooth muscular fibres. f. Adenoid
stroma of the villus in which lymph corpuscles lie (Klein).
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a specimen be watched for some time, little knobs are seen
gradually appearing on the free surface of the epithelium, and
are finally detached ; these consist of the cell-contents which are
discharged by the open mouth of the
goblet, leaving the nucleus surrounded
by the remains of the protoplasm in its
narrow stem.

Some regard this transformation as a
normal process which is continually
going on during life, the discharged
cell-contents contributing to form the
mucus of the alimentary canal, the cells
being supposed in many cases to recover their original shape.

Some epithelia possess a structureless layer on their free surface,
which may form a definite cuticular membrane: such a layer is
present in the intestine, and appearing striated when viewed in
section, is termed the ¢ striated basilar border”’ (fig. 17).

4. Ciliated cells are generally cylindrical (fig. 20), but may be
spheroidal or even almost squamous in shape (fig. 19).

Fig. 18.%

Fig. 19.+ Fig. 20.%

This form of epithelium lines the whole of the respiratory tract
from the larynx to the finest sub-divisions of the bronchi, also
the lower parts of the nasal passages, and some portions of the
generative apparatus—in the male, lining the ¢ vasa efferentia”
of the testicle, and their prolongations as far as the lower end of

— — s

* Fig. 18. Goblet-cells (Klein).

t Fig. 19. Spheroidal ciliated cells from the mouth of the frog ; magnified
300 diameters (Sharpey).

T Fig. zo. Columnar ciliated epithelium cells from the human nasal
membrane ; magnified 300 diameters (Sharpey).

F
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the epididymis; in the female commencing about the middle of
the neck of the uterus, and extending throughout the uterus and
Fallopian tubes to their fimbriated extremities, and even for a
short distance on the peritoneal surface of the latter.

The ventricles of the brain and the central canal of the spinal
cord are clothed with ciliated epithelium in the child, but in the
adult it is limited to the central canal of the cord.

The Cilia, or fine hair-like processes which give the name to
this variety of epithelium, vary a good deal in size in different
classes of animals, being very much smaller in the higher than
among the lower orders, in which they sometimes exceed in
length the cell itself. :

The number of cilia on any one cell ranges from ten to thirty,
and those attached to the same cell are often of different lengths.
When examined in a portion of living ciliated epithelium im-
mersed in some indifferent fluid, they are seen to be in constant
rapid motion ; each cilium being fixed at one end, and swinging
or lashing to and fro. The general impression given to the eye
of the observer is very similar to that produced by waves in a
field of corn, or swiftly running and rippling water, and the
result of their movement is to produce a continuous current in
a definite direction, and this direction is invariably the same on
the same surface, being always, in the case of a cavity, towards
its external orifice.

In addition to the above kinds of epithelium, certain highly
specialized forms of epithelial cells are found in the organs of
smell, sight, and hearing, viz., olfactory cells, retinal rods and
cones, auditory cells; they will be described in the chapters
which deal with their functions. (See Index,)

Functions of epithelium.— According to function, epithelial cells
may be classified as :—

(1.) Protective, e.g., in the skin, mouth, blood-vessels, &e.
(2.) Protective and moving—ciliated epithelium.,
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(3.) Secreting—glandular epithelium; or, Sscreting formed
elements—epithelium of testicle secreting spermatozoa.

(4.) Protective and secreting, e.g., epithelium of intestine.

(5.) Sensorial, e.g., olfactory cells, rods and cones, organ of
Corti.

Epithelium forms a continuous smooth investment over the
whole body, being thickened into a hard, horny tissue at the
points most exposed to pressure, and developing various appen-
dages, such as hairs and nails, whose structure and functions
will be considered in a future chapter. Epithelium lines also
the sensorial surfaces of the eye, ear, nose, and mouth, and thus
serves as the medium through which all impressions from the
external world—touch, smell, taste, sight, hearing—reach the
delicate nerve-endings, whence they are conveyed to the brain.

The ciliated epithelium which lines the air-passages serves not
only as a protective investment, but also by the movements of
its cilia is enabled to propel fluids and minute particles of solid
matter so as to aid their expulsion from the body. In the case
of the Fallopian tube, this agency doubtless assists the progress
of the ovum towards the cavity of the uterus. Of the purposes
served by cilia in the ventricles of the brain, nothing is known.
(For an account of the nature and conditions of ciliary motion,
see chapter on Motion.)

The epithelium of the various glands, and of the whole intestinal
tract, has the power of secretion, i.e., of chemically transforming
certain materials of the blood ; in the case of mucus and saliva this
has been proved to involve the transformation of the epithelial
cells themselves ; the cell substance of the epithelial cells of the
intestine being discharged by the rupture of their envelopes, as
mucus.

Epithelium is likewise concerned in the processes of transuda-
tion, diffusion, and absorption.

It is constantly being shed at the free surface, and reproduced
in the deeper layers. The various stages of its growth and de-
velopment can be well seen in a section of any laminated
epithelium, such as the epidermis.
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Connective Tissues.

This group of tissues forms the skeleton with its various con-
nections—bones, cartilages, ligﬁmmts, &e.—and also affords a
supporting frameworl and investment to various organs composed
of mnervous, muscular, and glandular tissue. Its chief function
is the mechanical one of support, and for this purpose it is so
intimately interwoven with nearly all the textures of the body,
that if all other tissues could be removed, and the connective
tissues left, we should have a wonderfully exact model of almost
every organ and tissue in the body, correct even to the smallest
minutize of structure.

The chief varieties of conmnective tissue may be conveniently
represented in the following tabular view :—

Gelatinous
Reticular
White fibrous.
Connective Tissues J Fibrous Yellow elastic.
lar.
Adipose Arcoar
Cartilage
Bone

Y

Connective tissue consists essentially of cells and intercellular
substance. The cells are of various shapes, and the intercellular
substance may be homogeneous, as in hyaline cartilage, fibrillar,
as in white fibrous tissue, or calcified, as in bone. These tissue
elements combined in different arrangements, give us the above
varieties, which will be now considered in order.

1. Gelatinous, or mucoid.

This, which is the simplest form of connective tissue, constitutes
the chief part of the bodies of jelly-fish; it is found in many
parts of the human embryo, but remains in the adult only in the
vitreous humour of the eye.

It may be best seen in the vitreous humour, the * Whartonian
jelly” of the umbilical cord, and the ‘‘enamel organ” of
developing teeth.

It consists of cells, which in the vitreous humour are rounded,




cHAP. v.] CONNECTIVE TISSUES: RETIFORM: FIBROUS. 69

in the jelly of the umbilical cord and in the enamel organ are
stellate, imbedded in a soft semi-diffluent jelly-like intercellular
substance which forms the
bulk of the tissue, and which
contains a considerable quan-
tity of mucin (fig. 21).

In the umbilical cord, that
part of the jelly immediately

surrounding the stellate cells
shows marks of obscure fibril-

lation.

2. Retiform.

This is a special variety
of connective tissue, comnsist-
ing of a very delicate net-
work of minute fibrils, formed by the union of processes of
branched connective-tissue corpuscles (fig. 22). It composes
the stroma of the spleen and lymphatic glands. A very
delicate variety of connective
tissue, allied to the retiform,
and sometimes termed new-
roglia, forms the supporting
tissue in the brain, spinal
cord, and retina.

3. Fibrous tissue forms the
periosteum and perichond-
rium, the aponeuroses, fascie,
ligaments and tendons, the
stroma of serous and mucous
membranes, of the true skin,
of the subserous and submu-
cous tissues; it also occurs in the blood- and lymph-vessels and
their sheaths, and in the endocardium, in the tunies of the

e 20
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* Fig. 21. Tissue of the jelly of Wharton from umbilical cord. «, con-
nective-tissue corpuscles ; b, fasciculi of connective tissue; ¢, spherical
formative cells (Frey).

+ Fig. 22. Transverse section of mucous membrane of intestine. e,
Lieberkiihn's gland ; ¢, and d, retiform tissue (Frey).
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eye-ball, and as the interstitial connective tissue of most other
organs.

The elements of fibrous tissue are Cells and Fibres.

Cells.—The cells are of two kinds—

(a.) Branched cells.—These are fixed cells of a flattened shape,
with branched processes, which are often united together to form
a network : they can be most readily observed in the cornea in
which they are arranged, layer above layer, parallel to the free
surface. They lie in spaces, which they accurately fill, and which
form by anastomosis a system of branching canals freely com-
municating (fig. 23). These branched cells, in certain situa-

a :
th. 23.

tions, contain a number of pigment-granules, giving them a dark
appearance : they form one variety of pigment-cells. Branched
pigment-cells of this kind are found in the outer layers of the
choroid (fig. 24).

In many lower animals, such as the frog, they are found
widely distributed, not only in the skin, but also in many internal
parts, e.g., the mesentery and sheaths of blood-vessels.

In the web of the frog’s foot such pigment cells may be seen,
with pigment evenly distributed through the body of the cell and

* Fig. 23. Horizontal preparation of cornea of frog ; showing the network
of branched cornea corpuseles. The ground-substance is completely colour-
less. x400. (Klein.) _

\
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its processes ; but under the action of light, electricity, and other
stimuli, the pigment-granules become massed in the body of the
cell, leaving the processes quite hyaline; if the stimulus be
removed, they will gradually be distributed again all over the
processes. Thus the skin in the frog is
sometimes uniformly dusky, and some-
times quite light-coloured, with isolated
dark spots. In the choroid the pigment-
cells absorb stray light.

(b.) Amaboid cells, of an approximately
spherical shape: they have a great general
resemblance to colourless blood corpuscles
(fig. 2), with which some of them are
probably identical. They consist of finely
granular nucleated protoplasm, and have
the property, not only of changing their
form, but also of moving about, whence they are termed migratory.
They are readily distinguished from the branched connective-tissue
corpuscles by their free condition, and the absence of processes.

Fibres.—These also are of two kinds—(a.) White fibres. (b.)
Yellow elastic fibres.

(a.) White Fibres—These are arranged parallel to each other
in wavy bundles of various sizes : such bundles may either have
a parallel arrangement (fig. 26, A), or may produce quite a
felted texture by their interlacement. The individual fibres
composing these fasciculi are homogeneous, unbranched, and of
the same diameter throughout. They can readily be isolated by
macerating a portion of white fibrous tissue (e.g., a small piece
of tendon) for a short time in lime, or baryta-water, or in a
solution of common salt, or permanganate of potash: these
reagents possessing the power of dissolving the cementing inter-
fibrillar substance (which is nearly allied to syntonin), and thus
separating the fibres from each other.

(b.) Yellow elastic fibres {fig. 26, B) are of all sizes, from exces-

Fig. 24.*

* Fig. 24. Ramified pigment-cells, from the tissue of the choroid coat of
the eye; magnified 350 diameters. «, cells with pigment; 2, colourless
fusiform cells (Kolliker).
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sively fine fibrils up to fibres of considerable thickness: they are
distinguished from white
fibres by the following
characters :—(1.) Their
great power of resist-
ance even to the pro-
longed action of chemical
reagents, e.g., Caustic
Soda, Acetic Acid, &e.
(2.) Their well-defined
outlines.  (3.) Their
great tendency to branch
and form networks by
anastomosis. (4.) They
very often have a twisted corkscrew-like appearance, and their

Fig. 26.+

Fhg. 2B

* Fig. 25. DMagnified view of areolar tissue (from different parts) treated
with acetic acid. The white filaments are no longer seen, and the yellow or
elastic fibres with the nuclei come into view. At ¢, elastic fibres wind round a
bundle of white fibres, which, by the effect of the acid, is swollen out between
the turns. Some connective-tissue corpuscles are indistinetly represented
in ¢ (Sharpey).

t Fig. 26. A. Mature white fibrous tissue of tendon, consisting maiuly of
fibres with a few scattered fusiform cells (Stricker). . Elastic fibres from
the ligamenta subflava, magnified about 200 diameters (Sharpey).
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free ends usually curl up. (5.) They are of a yellowish tint, and
very elastic,

Areslar tissue consists of cells, and white and yellow fibres in vari-
ous proportions; its elasticity depending, of course, upon the elastic
fibres which it contains. When treated with acetic acid, the faseci-
culi of white fibres in areolar tissue swell up and lose their fibrillar
appearance, becoming clear and transparent; while the nuclei and
yellow elastic fibres come more plainly into view (fig. 25).

White fibrous tissue (fig. 26, o) occurs typically developed in
tendons.

A tendon consists essentially of bundles of white fibres, with
chains of cells among them. In a very young tendon these cells
are of a quadrangular shape, and are arranged end to end, forming
a chain of cells in the long axis of the tendon (fig. 27): these
chains of cells partially ensheath the bundles of fibres.

In a mature tendon the cells become branched, and though no
longer in such close apposition as before, they remain connected
by a network of branched processes: this appearance is well
shown in a transverse section of mature tendon (fig. 28).

* Fig. 27. Candal tendon of young rat, showing the arrangement, form,
and strocture of the tendon cells.  x 300. (Klein.)

+ Fig. 28. Transverse section of tendon from a cross section of the tail of a
rabbit. x2350. (Klein.)
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Yellow Elastic Tissue.

We have seen that while tendons, fascize, and other inelastic
structures consist almost exclusively of white fibrous tissue,
elastic fibres are present in greater or less proportion in all forms
of areolar connective tissue which have any appreciable degree
of elasticity. If now the proportion of elastic fibres be increased
so as to form the bulk of the tissue, we have an important
variety of connective tissue termed ¢ yellow elastic tissue.””  This
occurs in the ligamentum nuch@ of lower animals (not in man),
in the true vocal cords, in the ligamenta subflava, in arteries and
veins, especially the larger arteries, in the lungs, trachea, and
many other parts of the body.

Elastic tissue as it occurs in the inner coats of arteries is, as a
rule, no longer divisible into individual fibres, but consists of
broad anastomosing elastic bands united so as to form a
fenestrated membrane.

Development of Fibrous Tissue.

In the embryo the place of the fibrous tissues is at first
occupied by a mass of roundish cells derived from the * meso-
blast.” (See chapter on Generation.)

These develop either into a network of branched cells, or into

groups of fusiform cells (fig. 29).

These branched and fusiform cells alike undergo a process of
splitting, giving rise to fibres arranged in the one case in

* Fig. 29. Portion of submucous tissue of gravid uterus of sow. a,
branched cells, more or less spindle-shaped ; &, bundles of connective tissue

(Klein).
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interlacing networks (areolar tissue), in the other in parallel
bundles (white fibrous tissue): the nuclei, surrounded by more or
less of the protoplasm of the original cell, remain imbedded
among the fibres. In the mature forms of purely fibrous tissue
not only the remnants of the cell-substance, but even the nuclei
may disappear. The embryonic tissue, from which elastic fibres
are developed, is composed of fusiform cells, and a structureless
intercellular substance by the gradual ﬁhnllatmn of which elastic
fibres are formed. The fusiform cells dwindle in size and
eventually disappear so completely that in mature elastic tissue
not a trace of them is to be found : meanwhile the elastic fibres
steadily increase in size.

4. Adipose Tissue.

In almost all regions of the human body a larger or smaller
quantity of adipose or fatty tissue is present; the chief excep-
tions being the subcutaneous tissue of the eyelids, penis, and
scrotum, the nymphe and the cavity of the cranium. Adipose
tissue is also absent from the substance of many organs, as the
lungs, liver, and others.

Fatty matter, not in the form of a distinct tissue, is also
widely present in the body, as the fat of the liver and brain, of
the blood and chyle, &e.

Adipose tissue is almost always found seated in areolar tissue,
and forms in its meshes little masses of unequal size and
irregular shape, to which the term,
lobules, is commonly applied.

Under the microscope it is found to
consist essentially of little vesicles or
cells which present dark, sharply de-
fined edges when viewed with trans-
mitted light: they are about -l or
—+ of an inch in diameter, each com-
posed of a structureless and colourless
membrane or bag, filled with fatty
matter, which is liquid during life, but in part solidified after
death (fig. 30). A nucleus is always present in some part or

—— ——

* Fig. 30. Ordinary fat-cells of a fat tract in the omentum of a rat (Klein).
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other of the cell-wall, but in the ordinary condition of the cell it
is not easily or always visible.

This membrane and the nucleus can generally be brought into
view by staining the tissue: it
can be still more satisfactorily de-
monstrated by extracting the con-
tents of the fat-cells by ether,
when the chrunken, shrivelled
membranes remain behind. By
mutual pressure, fat-cells come to
assume a polyhedral figure (fig. 31).

The ultimate cells are held together by capillary blood-vessels
(fig. 32); while the little clusters thus formed are grouped into
small masses, and held so, in most cases, by areolar tissue.

Fig. 32.%

Feg, 31.*

The oily matter contained in the cells is composed chiefly of
the compounds of fatty acids with glycerin, which are named

* Fig. 31. Adipose tissue.

+ Fig. 32. DBlood-vessels of fat. A, Minute flattened fat-lobule, in which
the vessels only are represented. @, the terminal artery; », the primitive
vein 3 b, the fat-vesicles of one border of the lobule separately represented.
x 100. I. Plan of the arrangement of the capillaries (¢) on the exterior of
the vesicles : more highly magnified (Todd and Bowman},
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olein, stearin, and palmitin. It is doubtful whether lymphatics
or nerves are supplied to fat, although both pass through it on
their way to other structures.

Development of Fat.

Fat-cells are developed from connective-tissue corpuscles: in
the infra-orbital connective-tissue cells may be found exhibiting
every intermediate gradation between an ordinary branched
connective-tissue corpuscle and a mature fat-cell. The process
of development is as follows: a few small drops of oil make
their appearance in the protoplasm : by their confluence a larger
drop is produced (fig. 33): this gradually increases in size at
the expense of the original protoplasm of the cell, which becomes
correspondingly diminished in quantity till in the mature cell it
only forms a thin crescentic film, closely pressed against the cell-
wall, and with a nucleus imbedded in its substance (fig. 30).

Fig. 33.%

Under certain circumstances this process may be reversed and
fat-cells may be changed back into connective-tissue corpuscles
(Kolliker, Virchow).

Among the uses of fat, these seem to be the chief :—

1. It serves as a store of combustible matter which may be
re-absorbed into the blood when occasion requires, and being
burnt, may help to preserve the heat of the body.

2. That part of the fat which is situate beneath the skin must,

* Fig. 33. Branched connective-tissue corpuscles, developing into fat-cells
(Klein).
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by its want of conducting power, assist in preventing undue
waste of the heat of the body by escape from the surface,

3. As a packing material, fat serves very admirably to fill up
spaces, to form a soft and yielding yet elastic material wherewith
to wrap tender and delicate structures, or form a bed with like
qualities on which such structures may lie, unendangered Ly
pressure.

As good examples of situations in which fat serves such
purposes may be mentioned the palms of the hands, and soles of
the feet, and the orbits.

4. In the long bones, fatty tissue, in the form known as
marrow, serves to fill up the medullary canal, and to support
the small blood-vessels which are distributed from it to the
inner part of the substance of the bone.

5. Cartilage.—Cartilage or gristle exists in different forms in
the human body, and has been classified under two chief heads,
namely, temporary and permanent cartilage; the former term
being applied to that kind of cartilage which, in the feetus and
in young subjects, is destined to be converted into bone. It
may also be classified according to its histological characters
under three heads, eellular, hyaline, and fibrous, the last being
again capable of subdivision into two kinds—elastic or yellow
cartilage, and the so-called fibro-cartilage. Elastic cartilage,
however, contains fibres, and fibro-cartilage is more or less
elastic; it will be well, therefore, for distinction’s sake, to term
those two kinds white fibro-cartilage and yellow fibro-cartilage
respectively.

The accompanying takle represents the classification of the
varieties of cartilage :—

1. Temporary ... (Either Cellular or Hyaline.)

A, Cellular (not present in man).

2. Permanent ... { B. Hyaline. . -
{{l Fibrous . | White fibro-cartilage.

Yellow fibro-cartilage.

Cartilage ...

All kinds of cartilage are composed of cells imbedded in a
substance called the matriz: and the apparent differences of
structure met with in the various kinds of cartilage are more
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due to differences in the character of the matrix than of the cells,
Among the latter, however, there is also considerable diversity of
form and size.

With the exception of the articular wvariety, cartilage is
invested by a thin, but tough firm fibrous membrane called the
perichondrium. On the surface of the articular cartilage of the
feetus, the perichondrium is represented by a film of epithelium ;
but this is gradually worn away up to the margin of the articular
surfaces, when by use the parts begin to suffer friction.

A. Ceéllular or parenchymatous cartilage may be readily ob-
tained from the externzl ear of rats, mice, or other small
mammals. It is composed almost entirely of cells (hence its
name), with little or no matrix. The latter, when present,
consists of very fine fibres, which twine about the cells in various
directions, and enclose them in a kind of network.

The cells are packed very closely together—so much so that
it is not easy in all cases to make out the fine fibres often en-
circling them.

Cellular cartilage is found in the human subject, only in early
feetal life, when it constitutes the Chorda dorsalis. (See chapter
on Generation.)

B. Hyaline cartilage is met with largely in the human body ;
—investing the articular ends of bones,
and forming the costal cartilages, the
nasal and those of the larynx, with the
exception of the epiglottis and cornicula
laryngis. The cartilages of the trachea
and bronchi are also hyaline. Like
other cartilages it is composed of cells
imbedded in a matrix.

The cells which contain a nucleus with nucleoli, are irregular
in shape, and generally grouped together in patches (fig. 34).
The patches are of various shapes and sizes, and placed at
unequal distances apart. They generally appear flattened near
the free surface of the mass of cartilage in which they are placed,

* Fig. 34. Hyaline cartilage.
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and more or less perpendicular to the surface in the more-deeply
seated portions.

The matrix of hyaline cartilage may have a dimly granular
appearance like that of ground glass, but in man and the higher
animals it has no apparent structure. In some cartilages of the
frog, however, even when examined in the fresh state, the
matrix is seen to be mapped out into polygonal blocks or cell
territories, each containing a cell in the centre, and represent-
ing what is generally called the capsule of the cartilage cells
(Ag. 35). Hyaline cartilage in man has really the same strue-

Fig. 35.%

ture, which can be demonstrated by the use of certain reagents.
If a piece of human hyaline cartilage be macerated for a long
time in dilute acid or in hot water 35°—40° C., the matrix,
which previously appeared quite homogeneous, is found to be
resolved into a number of concentric lamellas, like the coats of
an onion, arranged round each cell or group of cells. It is
thus shown to consist of nothing but a number of large systems
of capsules which have become fused with one another,

The cavities in the matrix in which the cells lie are connected
together by a series of branching canals, very much resembling
those in the cornea : through these canals fluids may make their
way into the depths of the tissue.

* Fig. 35. Fresh cartilage from the Triton (A. Rollett).

o
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In the hyaline cartilage of the ribs, the cells are mostly larger
than in the articular variety, and there is a tendency to the
development of fibres in the matrix. The costal cartilages also
frequently become calcified in old age, as also do some of those of
the larynx.

Temporary hyaline cartilage closely resembles the ordinary
hyaline kind ; the cells, however, are not grouped together after
the fashion just described, but are more uniformly distributed
throughout the matrix.

Avrticular hyaline cartilage is reckoned among the so-called
non-vascular structures, no blood-vessels being supplied directly
to its own substance; it is nourished by those of the bone
beneath. When hyaline cartilage is in thicker masses, as in
the case of the cartilages of the ribs, a few blood-vessels
traverse its substance. The distinction, however, between all
so-called vascular and non-vascular parts, is at the best a very
artificial one. (See chapter on Nutrition.)

Nerves are probably not supplied to any.variety of cartilage.

C. Fibrous cartilage, as before mentioned, occurs under two
chief forms, (a), the yellow, and (b) the white, fibro-cartilage.

(a.) Yellow fibro-cartilaye is found in the external ear, in the
epiglottis and cornicula laryngis,
and in the eyelid.

The cells are rounded or oval,
with well-marked nuclei and
nucleoli (fig. 36). The matrix in
which they are seated is composed
almost entirely of fine elastic fibres,
which form an intricate interlace-
ment about the cells, and in their
general characters are allied to the
yellow variety of fibrous tissue: a small and variable quantity
of hyaline intercellular substance is also usually present.

(b.) White fibro-cartilage, which is much more widely dis-
tributed throughout the body than the foregoing kind, is com-

* Fig. 36, Section of the Epiglottis (Baly). x 380.
(x
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posed, like it, of cells and a matrix; the latter, however, being
made up almost entirely of fibres closely resembling those of
white fibrous tissue (fig. 37).
In this kind of fibro-cartilage it is not
liiii‘l ﬂl.f ga’ b q .I.-..*E,, y  unusual to find a great part of its mass
:5.%- il Qr‘ l\ composed almost exclusively of fibres, and
h@. i 3# Ll: deriving the name of cartilage only from
i ' the fact that in another portion, continuous
with it, cartilage cells may be pretty freely distributed.

The different situations in which white fibro-cartilage is
formed have given rise to the following classification :—

I. Inter-articular fibro-cartilage, e.g., the semilunar cartilages
of the knee-joint.

2. Clircumferential or marginal, as on the edges of the aceta-
bulum and glenoid cavity.

3. Connecting, e.g., the inter-vertebral fibro-cartilages. ;

4. Fibro-cartilage is found in the sheaths of tendons and some-
times in their substance. In the latter situation, the nodule of
fibro-cartilage is called a sesamoid fibro-cartilage, of which a
specimen may be found in the tendon of the tibialis posticus, in
the sole of the foot, and usually in the neighbouring tendon of
the peroneus longus.

The uses of cartilage are the following :—in the joints to form
smooth surfaces, reducing friction to a minimum, and to aet as a
buffer in shocks ; to bind bones together, yet to allow a certain
degree of movement, as between the vertebree; to form a firm
framework and protection, yet without undue stiffness or weight,
as in the pinna, larynx and chest walls ; to deepen joint cavities,
as in the acetabulum, yet not so as to restrict the movements of
the bones; to be, where such qualities are required, firm, tough,
flexible, elastic, and strong.

Development of cartilage. 1t is developed out of an embryonal
tissue, consisting of cells with a very small quantity of inter-
cellular substance: the cells multiply by fission within the cell-
capsules (fiz. 5); while the capsule of the parent cell becomes
gradually fused with the surrounding intercellular substance: a

Fz'q i

1

* Fig. 37. White fibro-cartilage.
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repetition of this process in the young cells causes a rapid growth
of the cartilage by the multiplication of its cellular elements and
the corresponding increase in its matrix.,

Bones and Teeth.

Bone is composed of earthy and animal matter in the propor-
tion of about 67 per cent. of the former to 33 per cent. of the
latter. The earthy matter is composed °chiefly of calcium
phosphate, but besides there is a small quantity, about 11 of the
67 per cent., of carbonate and fluoride of calcium, and magnesium
phosphate.

The animal matter is resolved into gelatin by boiling.

The earthy and animal constituents of bone are so intimately
blended and incorporated the one with the other, that it is only by
chemical action, as, for instance, by heat in one case, and by the
action of acids in another, that they can be separated. Their
close union, too, is further shown by the fact that when by acids
the earthy matter is dissolved out, or, on the other hand, when
the animal part is burnt out, the general shape of the bone is
alike preserved.

The proportion between these two constituents of bone, varies
in different bones in the same individual, and in the same bone
at different ages. Thus, the petrous portion of the temporal
bone contains about the largest, and the sternum and scapula
about the smallest proportion of earthy or inorganic matter :
while the comparatively flexible bones of a child contain a much
smaller proportion of earthy matter than the relatively brittle
bones of the old man.

To the naked eye there appear two kinds of structure in
different bones, and in different parts of the same bhone,
namely, the dense or compact, and the cancellous tissue.

Thus, in making a longitudinal section of a long bone, as the
humerus or femur, the articular extremities are found capped on
their surface by a thin shell of compact bone, while their
interior is made up of the spongy or cancellous tissue. The shaft,
on the other hand, is formed almost entirely of a thick layer

of the compact bone, and this surrounds a central canal, the
G 2
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medullary cavity—so called from its containing the medulla or
marrow (p. 78).

In the flat bones, as the parietal bone, or the scapula, one layer
of the cancellous structure lies between two layers of the compact
tissue, and in the short and irregular bones, as those of the carpus
and tarsus, the cancellous tissue alone fills the interior, while a
thin shell of compact bone forms the outside. The spaces in the
cancellous tissue are filled by a species of marrow, which differs
considerably from that of the shaft of the long bones. It is more
fluid, and of a reddish colour, and contains very few fat cells.

The surfaces of bones, except the parts covered with articular
cartilage, are clothed by a tough, fibrous membrane, the perios-

tewn : and it is from the blood-vessels which are distributed first
in this membrane, that the bones, especially their more compact
tissue, are in great part supplied with nourishment,—minute

* Tig. 38. Transverse section of compact tissue (of humerus). Three of
the Haversian canals are seen, with their concentric rings; also the cor-
puscles or lacuna, with the canaliculi extending from them across the direction
of the lamellaz. The Haversian apertures haid got filled with débris in grind-
ing down the section, and therefore appear black in the figure, which repre-
sents the object as viewed with transmitted light. x 150 (Sharpey).
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branches from the periosteal vessels entering the little foramina
on the surface of the bone, and finding their way to the
Haversian canals, to be immediately described. The long bones
are supplied also by a proper nutrient artery, which, entering at
some part of the shaft so as to reach the medullary canal, brealks
up into branches for the supply of the marrow, from which again
small vessels are distributed to the interior of the boune.

Other small blood-vessels pierce the articular extremities for
the supply of the cancellous tissue.

Notwithstanding the differences of arrangement just men-
tioned, the structure of all bone is found, under the microscope
to be essentially the same.

Examined with a rather high power its substance is found to
contain a multitude of little irregular spaces, approximately
fusiform in shape, called lacune, with very minute canals or
canaliculi, as they are termed, leading from them, and anasto-
mosing with similar little
prolongations from other
lacunz (fig. 38). In very
thin layers of bone, no
other canals than these
may be visible; but on
making a transverse sec-
tion of the compact tissue,
e.qy., of a long bone, as
the humerus or ulna, the
arrangement shown in
fiz. 38 can be seen.

The bone seems mapped
out into small eircular
distriets, at or about the
centre of each of which is
a hole, and around this
an appearance as of con-
centric layers—the lacune and canaliculi following the same con-

* Fig. 30. Longitudinal section of human ulna, showing Haversian canals,
lacunse, and canaliculi (Lollett).
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centric plan of distribution around the small hole in the centre,
with which, indeed, they communicate.

On making a longitudinal section, the central holes are found
to be simply the cut extremities of small canals which run
lengthwise through the bone, anastomosing with each other by
lateral branches (fig. 30), and are called Haversian canals, after
the name of the physician, Clopton Havers, who first accurately
described them. The Haversian canals, the average diameter of
which is —! of an inch, contain blood-vessels, and by means of
them, blood is conveyed to all, even the densest parts of the
bone; the minute canaliculi and lacunze absorbing nutrient
matter from the Haversian blood-vessels, and conveying it still
more intimately to the very substance of the bone which they
traverse.

The blood-vessels enter the Haversian canals both from without,
by traversing the small holes which exist on the surface of all
bones beneath the periosteum, and from within by means of
small channels, which extend
from the medullary cavity, or
from the cancellous tissue.

According to Todd and
Bowman, the arteries and
veins usually occupy separate
canals, and the veins, which
are the larger, often present,
at irregular intervals, small
pouchlike dilatations.

The lacune are occupied
by branched cells (bone-cells,
or bone-corpuscles), (fig. 40),
which very closely resemble
the ordinary branched con-
nective tissue corpuscles; each
of these little masses of pro-
toplasm ministering to the nutrition of the bone immediately

Fig. 40.*

* Fig. 40. Bone corpuscles with their processes as seen in a thin section
of human bone (Rollett).

1
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surrounding it, and one lacunar corpuscle communicating with
another, and with its surrounding district, and with the blood-
vessels of the Haversian canals, by means of the minute streams
of fluid nutrient matter which occupy the canaliculi.

In the shaft of a long bone two distinct sets of lamella can be
clearly recognized.

(1.) General or fundamental lamelle : which are most easily
traceable just beneath the periosteum, and around the medul-
lary cavity, forming around the latter a series of concentric
rings. At a distance from the medullary and periosteal surfaces
(in the deeper portions of the bone) they are more or less inter-
rupted by

(2.) Special or Haversian lamellee, which surround the Haversian
canals to the number of six to eighteen around each.

The ultimate structure of the lamelle appears to be reticular.
If a thin film be peeled off the surface of
a bone from which the earthy matter has
been removed by acid, and examined
with a high power of the microscope, it
will be found composed, according to
Sharpey, of a finely reticular structure,
formed apparently of very slender fibres
decussating obliquely, but coalescing at
the points of intersection, as if here the
fibres were fused rather than woven toge-
ther (fig. 41).

In many places these reticular lamellso
are perforated by tapering fibres, resembling in character the
ordinary white or rarely the elastic fibrous tissue, which bolt the
neighbouring lamelle together, and may be drawn out when the
latter are torn asunder (fig. 42).

Development of bone.—From the point of view of their develop-
ment, all bones may be subdivided into two classes.

* Fig. 41. Thin layer peeled off from a softened bone. This figure, which
is intended to represent the reticular structure of a lamella, gives a better
idea of the object when held rather farther off than usual from the eye. x 400
(Sharpey).
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(a.) Those whose form, previous to ossification, is laid down
in hyaline cartilage, e.g., humerus, femur, &e.

(b.) Those which are mot preformed in cartilage, but are
ossified directly in membrane, e.g., the bones forming the vault
of the skull, parietal, frontal, &e.

The true process of ossification is really the same in both, only
in (a) it is preceded by a calcifica-

tion of the cartilage matrix. The HA F?yj?ﬁ 2
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lage in which calcification is going on (fig. 43), as, e.g., the ex-
tremity of the shaft of a long bone, the cartilage-cells are seen

* Fig. 42. Lamelle torn off from'a decalcified human parietal bone at:
some depth from the surface. @, a lamella, showing reticular fibres; &, &,
darker part, where several lamelle are superposed ; ¢, perforating fibres.
Apertures through which perforating fibres had passed, are seen especially in
the lower part, @, a, of the figure (Allen Thompson).

+ Fig. 43. Longitudinal section of ossifying cartilage from the humerns
of a feetal sheep. Spicule of bone are seen extending between the columns.
of cartilage cells. ¢, cartilage cells. x 140 (Sharpey).
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to be collected into regular columns arranged perpendicular to
the plane of calcification, the individual cells being flattened
from above downwards. Shooting up into the matrix of the
cartilage intervening hetween the columns of cells are seen deli-
cate calcified spiculee, the calcareous matter being deposited in
small granules from the blood-vessels which are arranged in
loops perpendicular to the calcifying surface. As the spicule
shoot further and further up into the cartilage, most of the
cartilage-cells disappear; the larger part of the hyaline matrix
becoming replaced by calcareous spicule, and the process of
calcification is thus com-
pleted.  Between these
spiculee are irregular
spaces originally occupied
by ‘the cartilage-cells,
many of which have now
become liquefied and dis-
appeared. These spaces
are further enlarged and
rendered more irregular
by the absorption of the
remains of the -cartila-
ginous matrix surround-
ing the spiculze.

These irregular spaces
become lined as by an
epithelium, with sphe-
roidal cells (osteoliasts),
derived partly from the
remaining cartilage-cells,
but chiefly from ingrowing processes of periosteum (fig. 44).
The true process of ossification, as distinet from the preceding

Fig. 44.*

- - e

* Fig. 44. Transverse section of femur of a human embryo of about
eleven weeks old. @, rudimentary Haversian canal in cross section; &, in
longitudinal section ; ¢, osteoblasts ; @, newly formed osseous substance of a
lighter colour ; ¢, that of greater age ; £, lacune with their cells; g, a cell still]
united to an osteoblast (Frey).
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calcification of the cartilage, consists in the gradual deposition,
around this layer of osteoblasts, of a lamella of bone. The
individual osteoblasts are imbedded in it and, becoming branched,
persist as bone-corpuscles. The inner surface of this lamella is
lined by a fresh layer of osteoblasts, and a fresh layer of bone
is deposited concentric with the first; this process continuing
till the large irregular space is reduced to a small ‘ Haversian
canal ”’ (fig. 44).

(b.) Ossification in Membrane—~The membrane or periosteum,
from which such a bone as the parietal is developed consists of
two layers—an external fibrous, and an internal cellular or osteo-
genetic. 'The external one consists of ordinary connective tissue,
being composed largely of fusiform cells and some fibres; the
internal layer consists of
rounded cells quite un-
distinguishable from the
osteoblasts above men-
tioned.

The process of ossifica-
tion in membrane, as seen,
e.g., in the parietal hone
(fig. 45), is precisely simi-
lar to that which takes
gy o place in cartilage, if, as

: o= before said, we except the
previous calcification ; the osteoblasts being doubtless derived
from the osteogenetic layer of the periosteum.

In all bones ossification commences at one or more points,
termed ‘¢ centres of ossification.” The long bones, e.g., femur,
humerus, &c., have at least three such points—one for the ossifi-
cation of the shaft or diaphysis, and one for each articular
extremity or epiphysis. DBesides these three primary centres
which are always present in long bones, various secondary centres
may be superadded for the ossification of different processes.

—

* Fig. 45. Osteoblasts from the parietal bone of a human embryo, thirteen
weeks old. @, bony septa with the cells of the lacunz ; b, layers of osteo-
blasts ; ¢, the latter in transition to bone corpuscles (Gegenbaur),

Fig. 45.*
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Such bones increase in length by the advance of the process of
ossification into the cartilage intermediate between the diaphysis
and epiphysis. The increase in length indeed is due entirely to
growth at the two ends of the shaft. This is proved by inserting
two pins into the shaft of a growing bone : after some time their
distance apart will be found to be unaltered though the bone has
oradually increased in length, the growth having taken place -
beyond and not between them. If now one pin be placed in the
shaft, and the other in an epiphysis of a growing bone, their
distance apart will increase as the bone grows in length.

Thus it is that if the epiphyses with the intermediate cartilage
be removed from a young bone, growth in length is no longer
possible.

Increase in thickness in the shaft of a long bone, occurs by the
deposition of successive layers beneath the periosteum.

If a thin metal plate be inserted beneath the periosteum of a
crowing bone, it will soon be covered by osseous deposit, but if
it be put between the fibrous and osteogenetic layers, it will never
become enveloped in bone, for all the bone is formed beneath
the latter. Side by side with the increase in length and thickness
above-mentioned, there goes on a hollowing out of the shaft of
long bones by absorption, producing in the mature bone a large
cavity—medullary cavity. This cavity in the long bone of the
adult is much larger than the cartilaginous mould of the bone in
the feetus, and thus it is obvious that not a trace of the original
embyronic cartilaginous mould can be present in the adult bore.

Other varieties of connective tissue may become ossified, e.q., the tendons
in some birds,

Functions of bones.—Bones form the framework of the body ;
for this they are fitted by their hardness and solidity together with
their comparative lightness ; they serve both to protect internal
organs in the trunk and skull, and as levers worked by muscles in
the limbs ; notwithstanding their hardness they possess a consider-
able degree of elasticity, which often saves them from fractures.

Teeth.—A tooth is generally described as possessing a crown,
neck, and fang or fangs.
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The crown is the portion which projects beyond the level of the
gum. The neck is that constricted portion just below the erown
which is embraced by the free edges of the gum, and the fang
includes all below this.

On making a longitudinal section through the centre of a

tooth (figs. 46, 47), it is found to be prinecipally composed of a

Fig. 46.*
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hard matter, dentine or ivory ; while in the centre this dentine is
hollowed out into a cavity resembling in general shape the outline
of the tooth, and called the pulp-cavity, from its containing a very
vascular and sensitive little mass, composed of connective-tissue,
blood-vessels, and nerves, which is called the tooth-pulp.

The blood-vessels and nerves enter the pulp through a small
opening at the extremity of the fang.

Capping that part of the dentine which projects beyond the
level of the gum, is a layer of very hard calcareous matter, the
enamel ; while sheathing the portion of dentine which is beneath
the level of the gum, is a layer of true bone, called the cement or

crusta petrosa.
At the neck of the tooth, where the enamel and cement come

* Fig. 46. A. Longitudinal section of a human molar tooth ; ¢, cement;
d, dentine ; ¢, enamel ; », pulp cavity (Owen).
B. Transverse section. The letters indicate the same as in A.
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into contact, each is reduced to an exceedingly thin layer. The
covering of enamel becomes thicker as we approach the crown,
and the cement as we approach
the lower end or apex of the
fang.

Dentine or ivory in chemical
composition closely resembles
bone. It contains, however,
rather less animal matter; the
proportion in hundred parts
being about twenty-eight animal
to seventy-two of earthy. The
former, like the animal matter
of bone, may be resolved into
gelatin by boiling. The earthy
matter is made up chiefly of
calcium phosphate, with a small
portion of the carbonate, and
traces of fluoride of ecalcium
and phosphate of magnesium.

Under the microscope dentine
is seen to be finely channelled
by a multitude of delicate
tubes, which, by their inner
ends, communicate with the pulp-cavity, and by their outer ex-
tremities come into contact with the under part of the enamel
and cement and sometimes even penetrate them for a greater or
less distance (fig. 48).

In their course from the pulp-cavity to the surface of the
dentine, the minute tubes form gentle and nearly parallel curves
and divide and subdivide dichotomously, but without much

lessening their calibre until they are approaching their peripheral
termination.

—

* Fig. 47. Premolar tooth of cat in sifu. Vertical section. 1. Enamel
with decussating and parallel striz. 2. Dentine with Schreger’s lines.

3. Cement. 4. Periosteum of the alveolus. 5. Inferior maxillary bone
{ Waldeyer).
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From their sides proceed other exceedingly minute secondary
canals, which extend into the dentine between the tubules, and
anastomose with each other. The tubules of the dentine, the
average diameter of which at their inner and larger extremity is
++5w of an inch, contain fine prolongations from the tooth-pulp,
which give the dentine a certain faint sensitiveness under ordi-
nary circumstances, and without doubt, have to do also with its
nutrition. These prolongations from the tooth-pulp are really
processes of the dentine-cells or odontoblasts, which are branched
cells lining the pulp-cavity ; the relation of these processes to the
tubules in which they lie, is precisely similar to that of the pro-
cesses of the bone-corpuscles to the canaliculi of bone. The outer
portion of the dentine underlying both the cement and enamel,
forms a more or less distinct layer termed the granular or inter-
globular layer. It is characterised by the presence of a number
of minute cell-like cavities, much more closely packed than the
lacung in the cement, and communicating with one another, and
with the ends of the dentine-tubes (fig. 48).

Fig. 48.*

The enamel which is by far the hardest portion of a tooth, is
composed, ¢hemically, of the same elements that enter into the
composition of dentine and bone. Its animal matter, however,
amounts only to about 2 or 3 per cent. It contains a larger

—— e —

* Fig. 48. Section of a portion of the dentine and cement from the middle
of the root of an incisor tooth. @, dental tubuli ramifying and terminating,
some of them in the interglobular spaces b and ¢, which somewhat resemble
bone lacun® ; d, inner layer of the cement with numerous closely set cana.
liculi ; e, outer layer of cement ; 7, lacun® ; g, canaliculi. x 350. (Kolliker.)
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proportion of inorganic matter, and is harder than any other
tissue in the body.

Examined under the microscope, enamel is found composed of
fine hexagonal fibres (figs. 40, 50) —'s% of an inch in diameter,

which are set on end on the surface of the dentine, and fit into
“corresponding depressions in the same.

They radiate in such a manner from the dentine that at the
top of the tooth they are more or less vertical, while towards the
sides they tend to the horizontal direction. Like the dentine-

I

d

* Fig. 49. Thin section of the enamel and a part of the dentine. «, cuti-
cular pellicle of the enamel ; &, enamel fibres, or columns with fissures between
them and cross strie® ; ¢, larger cavities in the enamel, communicating with
the extremities of some of the tubuli (d). x350. (Kélliker.)

t Fig. 50. Enamel fibres. A, fragments and single fibres of the enamel,
isolated by the action of hydrochlorie acid. B, surface of a small fragment of
enamel, showing the hexagonal ends of the fibres. x350. (Killiker.)
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tubules, they are not straight, but disposed in wavy and parallel
curves. The fibres are marked by transverse lines, and are
mostly solid, but some of them contain a very minute canal.

The enamel itself i1s coated on the outside by a very thin
calcified membrane, sometimes termed the cuticle of the enamel.

The crusta petrosa, or, cement, is composed of true bone, and in
it are lacunge and canaliculi which sometimes communicate with
the outer finely branched ends of the dentine tubules. Its laminse

g, e are as it were bolted
together by perforating
fibres like those of ordi-
nary bone (see fig. 42),
but it differs in mnot
possessing  Haversian
canals.

Development of tecth.

The first step in the
development of the
teeth, consists in a
thickening of the epi-
thelium which covers
the free border of the
jaw, and in the forma-
tion of a shallow groove
in the subjacent tissue
(primitive dental groove
of Goodsir) in which it
is contained

The deeper layer of
this epithelium begins

—

- Falir e

Fig. 51. Development of the teeth. Vertical transverse sections of
upper jaw. I, 2. From a small embryo; @, dental ridge ; &, younger layers
of epithelium ; ¢, the deepest; d, enamel germ ; ¢, enamel organ ; f, dental
germ ; g, inner ; and h, outer layer of the growing tn_:mth sac. 3. From an
older embryo; d, the style of the enamel organ ; 1, blﬂqd-vessel severed ;
%, bony substance. The remaining letters as in I and 2 (Thiersch),
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to grow down into the substance of the mucous membrane,
forming an ingrowing process which is met and indented by
an upwardly growing papilla : the papilla, in its growth towards
the free surface, indents this epithelial process (fig. 51) more
and more till the latter forms, as it were, a cap for the dental
papilla (enamel organ), consisting of two layers of cylindrical
epithelium, which are in close apposition towards the apex of the
papilla, but elsewhere are separated by a mass of loosely arranged
stellate cells. The pedicle or stalk of cells by which the
‘“ enamel organ *’ communicates with the free surface gradually
disappears : and the em-
bryonic tooth  becomes
completely enveloped in
its dental sac (see fig. 52).
A glance at the accompa-
nying figures (51 and 52)
will render all these points:
clear.

It is to be observed
that the papilla and the
surrounding dental sac are
both  well-supplied with
blood-vessels, while the
enamel-organ, though now
quite separated from the
epithelium, shows its epi-
thelial character by the
entire absence of vessels.

The papilla gradually
becomes moulded into the
shape of the crown of the future tooth, while a cap of dentine
is slowly deposited on it, increasing in extent by additions to
its edges, and in thickness by additions to its interior.

'* Fig. 52. Vertical transverse section of the dental sac, pulp, &c., of a
kitten. x14. (Thiersch.) @, dental papilla or pulp; &, the cap of dentine
formed upon the summit ; ¢, its covering of enamel ; d, inner layer of epithe-

lium of the enamel organ ; e, gelatinous tissue ; £, outer epithelial layer of
the enamel organ ; g, inner layer, and %, outer layer of dental sac.

H
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The substance of the papilla undergoes -a corresponding de-
crease, ard its remains finally persist as the pulp of the mature
tooth.

At the same time that layer of the enamel organ which 1s in
immediate contact with the dentinal cap, becomes transformed
into enamel by the direct calcification of the long eylindrical
epithelial cells of which it was originally composed : the layers
of the enamel organ external to this remain as the cuticle above
mentioned (sometimes termed Nasmyth’'s membrane).

In this manner the first set of teeth, or the milk-teeth, are
formed; and each tooth, by degrees developing, presses at length
on the wall of the sac enclosing it, and causing its absorption, is
cut, to use a familiar phrase.

As the tooth grows upwards the fang is gradually calcified,
and the cement is deposited on it from the inner layer of the
tooth-sac,

The temporary or milk-teeth, have only a very limited term of
existence : this is due to the growth of the permanent teeth,
which push their way up from beneath, absorbing in their

Fig. 53.%.

* Fig. 53. Part of the lower jaw of a child of three or four years old,
showing the relations of the temporary and permanent teeth. The specimen
contains all the milk-teeth of the right side, together with the incisors of the
left ; the inner plate of the jaw has been removed, so as to expose the sacs of
all the permanent teeth of the right side, except the eighth or wisdom tooth,
which is not yet formed. The large sac near the ramus of the jaw is that of
the first permanent molar, and above and behind it is the commencing rudi-

ment of the second molar. (Quain.)
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progress the whole of the fang of each milk-tooth, and leaving
at length only the crown as a mere shell, which is shed to make
way for the eruption of the permanent teeth (fig. 53).

The temporary teeth are ten in each jaw, mamely, four
incisors, two canines, and four molars, and are replaced by ten
permanent teeth, each of which is developed from a small sac
set by, so to speak, from the sac of the temporary tooth which
precedes it, and called the cavity of reserve.

The number of permanent teeth is, however, increased to
sixteen, by the development of three others on each side of the
jaw after much the same fashion as that by which the milk-teeth
were themselves formed.

The beginning of the development of the permanent teeth of
course takes place long before the cutting of those which they
are to succeed ; one of the first acts of the newly-formed little
dental sac of a milk-tooth being to set aside a portion of itself as
the germ of its successor.

The following formula shows, at a glance, the comparative
arrangement and number of the femporary and permanent

teeth :— MO. CA. IN. CA. MO.

( Upper ZioE 4 =10
Temporary Teeth, . .. .. § ——— =20
£ Lower ZAT G RE N2 =0

MO. BI. CA. IN. CA. BL MO.
: Cpper, 3 2D o4 T 2 3=16
Permanent Teeth. . .. .. =32
Loweelf 3082 T4 BT 2 i3=10

From this formula it will be seen that the two bicuspid teeth
in the adult are the successors of the two molars in the child.
They differ from them, however, in some respects, the temporary
molars having a stronger likeness to the permanent than to their
immediate descendants, the so-called bicuspids.

The temporary incisors and canines differ from their successors
but little except in their smaller size.

The following tables show the average times of eruption of
the Temporary and Permanent teeth. In both cases, the
eruption of any given tooth of the lower jaw precedes, as a rule,
that of the corresponding tooth of the upper.

H 2
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Temporary or Milk Teeth.
The figures indicate in months the age at which each tooth appears,
MOLARS., CANINES. INCIS0RS. CANINES. MOLARS.
.l | ]
iRt Gl PR
' |

Permanent Treeth.

24 12 | 18

The age at which each tooth is cut is indicated in this table in years.

MOLATS. BICUSPID. CANINES. INCISORS. CANINES. BICUSPID. MOLARS.

|
ETairah i | [ 12 I?i
to to 6{ 10 9 |IIto 12 8??3;1”012, g 10 |6 to to
25 13 | ! 4 | 13 25|

I
—

The times of eruption put down in the above tables are
only approximate : the limits of variation being tolerably wide.
Some children may cut their first teeth before the age of six
months and others not till nearly the twelfth month. In nearly
all cases the two central incisors of the lower jaw are cut first;
these being succeeded after a short interval by the four incisors
of the upper jaw; next follow the lateral incisors of the lower
jaw, and so on as indicated in the table till the completion of
the milk dentition at about the age of two years.

The milk-teeth usually come through in batches, each period
of eruption being succeeded by one of quiescence lasting some-
times several months, The milk-teeth are in use from the age
of two up to five and a half years: at about this age the first
permanent molars (four in number) make their appearance
behind the milk molars, and for a short time the child has
four permanent and twenty temporary teeth in position at once.

It is worthy of note that from the age of five years to the
shedding of the first mill-tooth the child has no fewer than forty-
eight teeth, twenty milk-teeth and twenty-eight calcified germs
of permanent teeth (all in fact except the four wisdom teeth).

S



CHAPTER VL
THE BLOOD.

As blood flows from the living body, it is seen to be a thickish
heavy fluid, of a bright scarlet colour when it comes from an
artery ; deep purple or nearly black when flowing from a vein.
Although to the naked eye, however, it seems uniformly tinted,
it is found by the microscope to be really a colourless fluid,
containing minute coloured cells or corpuscles ; and these cells,
which are red, when seen en masse, are the real source of the
colour which seems to the naked eye to belong to every part of
the blood alike. The colourless fluid portion of the blood is
termed liguor sanguinis, or plasma ; the coloured cells are termed
blood-cells, or bluod-corpuscles.

The blood is, even in very thin layers, opaque, on account of
the different refractive powers of the corpuscles and the plasma
in which they are suspended; but it assumes a lake tint, and
becomes transparent on the employment of means by which the
colouring matter is dissolved out of the corpuscles by the plasma
(p- 116). Its specific gravity at 60" F. is on an average 1055 ;
the extremes consistent with health being 1050 and 1059. It
has a faint alkaline re-action. Its temperature is generally about
100° F.; but this is not the same in all parts of the body. Thus,
while the stream is slightly warmed by passing through the
muscles, nerve-centres, and glands, most notably the liver, it
is slightly cooled on traversing the capillaries of the skin.
(Bernard.)

The odour of blood is easily perceived in the watery vapour
which rises from blood just drawn: and it may also be set free,
afterwards, by adding to the blood a mixture of equal parts of
sulphuric acid and water. It is said not to be difficult to tell,
by the likeness of the odour to that of the body, the species of
domestic animal from which any specimen of blood has been
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taken. The strong odour of the pig or cat, and the peculiar

milky smell of the cow, are especially easy to be detected.
(Barruel.)

Quantity of Blood.

Only an imperfect indication of the whole quantity of blood in
the body is afforded by measurement of that which escapes
when an animal is rapidly bled to death, inasmuch as a certain
amount always remains in the blood-vessels. In cases of less
rapid bleeding, on the other hand, when life is more prolonged,
and when, therefore, sufficient time elapses before death to allow
some absorption into the circulating current of the fluids of the
body (p. 122), the whole quantity of blood that escapes may be
greater than the whole average amount naturally present in the
vessels.

Various means have been devised for obtaining a more aceurate estimate
than that which results from merely bleeding animals to death.

Welcker's method is the following. An animal is rapidly bled to death,
and the blood which escapes is collected and measured. The blood remain-
ing in the smaller vessels is then removed by the injection of water through
them, and the mixtore of blood and water thus obtained, is also collected.
The animal is then finely minced, and infused in water, and the infusion is
mixed with the combined blood and water previously obtained. Some of
this fluid is then brushed on a white zround, and the colour compared with
that of mixtures of blood and water whose proportions have been previously
determined by measurement. In this way the materials are obtained for a
fairly exact estimate of the quantity of blood actually existing in the body
of the animal experimented on.

Another method (that of Vierordt) consists in estimating the amount of
blood expelled from the ventricle, at each beat of the heart, and multiplying
this quantity by the number of beats necessary for completing the * round ™
of the circulation, This method is ingenious, but open to various ohbjections,

the most conclusive being the uncertainty of all the premisses on which the

conclusion is founded.

Other methods depend on the results of injecting a known quantity of
water (Valentin) or of saline matters (Blake) into the blood-vessels ; the
caleulation being founded, in the first case, on the diminution of the specific
gravity which ensues, and in the other, on the quantity of the salt found
diffused in a certain measured amount of the blood abstracted for experiment,

" A nearly correct estimate was probably made by Weber and Lehmann,
from the following data. A criminal was weighed before and after decapi-
tation ; the difference in the weight representing, of course, the quantity
of blood which escaped. The blood-vessels of the head and trunk were then
washed out by the injection of water, until the flnid which escaped had only

R
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a pale red or straw colour. This fluid was then also weighed ; and the
amount of blood which it represented was caleunlated, by comparing the
proportion of solid matter contained in it, with that of the first blood which
escaped on decapitation. Two experiments of this kind gave precisely
similar results,

The most reliable of the various means for estimating the
quantity of blood in the body yield as nearly similar results as
can be expected, when the sources of error unavoidably present
in all, are taken into consideration ; and it may be stated that in
man, the weight of the whole quantity of blood, compared with
that of the body, is from about 1 to 8, to 1 to 10.

It must be remembered, however, that the whole quantity of
blood varies, even in the same animal, very considerably, in
correspondence with the different amounts of food and drink,
which may have been recently taken in, and the equally varying
quantity of matter given out. Bernard found by experiment,
that the quantity of blood obtainable from a fasting amimal is
scarcely more than a half of that which is present soon after a full
meal. The estimate above given must therefore be taken to
represent only.an approximate average.

Coagulation of the Blood.

In a very few minutes after removal from the living body,
blood becomes semi-solid and jelly-like by the formation through-
out its whole substance of what is called the erassamentum or
clot.

The clot thus formed has at first the same volume and appear-
ance as the fluid blood, and, like it, looks quite uniform; the
only change seems -to be, that the blood which was fluid is
. now solid. But presently, drops of transparent yellowish flnid
begin to ooze from the surface of the solid clot; and these
gradually collecting, first on its upper surface, and then all
around it, the clot, diminished in size, but firmer than it was
before, floats in a quantity of yellowish fluid, which is named
serum, the quantity of which may continually increase on account
of its being gradually squeezed out of the meshes of the clot in
the course of its contractign, for from twenty-four to forty-eight
hours after coagulation,
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Blood clot is composed of red corpuscles, held together as a
solid mass, in the meshes of a substance termed fibrin; the latter
being formed, at the moment of coagulation, in the liguor
sanguinis. A rough analysis of the blood is thus spontaneously

made.

Hload.
f = i |
Liq. SBanguinis or I'lasma. Corpuscles,
f = b
Serum. Fibrin.
i = s
Clot (containing also more or less
sernm).

That the fibrin is formed in the plasma may be proved by
employing means by which, before coagulation, the plasma and
corpuscles are separated, the one from the other. In the case of
the blood of animals, as the frog, which have large corpuscles,
this separation can be effected simply by filtration ; the colourless
liguor sanguinis passing through and spontaneously coagulating
as a colourless jelly, while the corpuscles remain on the filter,

The same thing can be effected in the blood of mammalia by
exposing it to cold of about 32° F. By this means, coagulation
is prevented ; and the corpuscles, having now time to subside,
leave the clear supernatant plasma, which spontaneously forms
a colourless clot as soon as the temperature is allowed to rise.

Under ordinary circumstances, however, coagulation occurs
before the red corpuscles have had time to subside; and thus,
from their being entangled in the meshes of the fibrin, the clot
is of a deep dark red colour throughout,—somewhat darker, it
may be, at the most dependent part, from accumulation of red
cells, but not to any very marked degree. If, however, from
any cause, the red corpuscles sink more quickly than usual, or
the fibrin contracts more slowly, then, in either of these cases,
the red corpuscles may be observed, while the blood is yet fluid,
to sink below its surface; and the layer beneath which they
have sunk, and which has usually an opaline or greyish white
tint, will coagulate without them, and form a colourless or buff-
coloured clot consisting of fibrin alone, or of fibrin with entangled
white corpuscles; for the white corpuscles, being very light, tend
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upwards towards the surface of the fluid. The layer of clot
which is thus formed rests on the top of a coloured clot of
ordinary character, i.e., of one in which the coagulating fibrin
has entangled the red corpuscles while they were sinking : and,
thus placed, it constitutes what has been called a buffy coat.

When a buffy coat is formed in the manner just described, it
commonly contracts more than the rest of the clot, on account of
the absence of red corpuscles from its meshes, and contraction
being less interfered with by adhesion to the interior of the con-
taining vessel in the wvertical than the horizontal direction
(Burdon-Sanderson), a cupped appearance is produced on the top
of the clot.

In certain conditions of the system, and especially when there
exists some local inflammation, this buffed and cupped condition
of the clot is well marked, because the tendency of the red cor-
puscles to form rouleaux (see p. 115) is much exaggerated in
inflammatory blood; and their rate of sinking increases with
their aggregation. Inflammatory blood coagulates also less
rapidly, although more firmly, than healthy blood.

Although the appearance just described is commonly the resuli
of a condition of the blood in which there is an increase in the
quantity of fibrin, it need not of necessity be so. For a very dif-
ferent state of the blood, such as that which exists in chlorosis,
may give rise to the same appearance ; but in this case the pale
layer is due to a relatively smaller amount of red corpuscles.

It is a curious fact that in the case of the horse, the buffed and cupped
appearance of the blood is a natural phenomenon, and has no connection
with those conditions of disease under which alone it appears in man.

Fibrin does not exist, as fibrin, in liquid blood. It is always
formed, in the act of coagulation, by the union of two albu-
minous substances, which, by some means yet unknown, exist
separately in the blood, as it circulates. These fibrin-forming
substances are termed paraglobulin (fibrino-plastic substance) and
fibrinogen.

Experiments made many years ago by Dr. Andrew Buchanan
of Glasgow, and confirmed by more recent independent obser-
vations of Alexander Schmidt, have led chiefly to this belief.
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‘When blood-serum or blood clot is added to the fluid of hydro-
cele, or any other serous effusion, it speedily causes coagulation
with the production of fibrin. And this phenomenon may occur
also on the admixture of serous effusions from different parts of
the body, as that of hydrocele with that of ascites, or of either
with fluid from the pleural cavity. Other substances also, as
muscular or nervous tissue, skin, &c., have been found to excite
coagulation in serous fluids.

Thus, fluids which have no tendency to coagulate sponta-
neously can be made to produce a clot identical with blood-
fibrin, by the addition to them of some other albuminous fluids
and substances,

Fibrino-plastic matter (paraglobulin) can be obtained as a grannlar pre-
cipitate by passing a current of carbonie acid gas through a mixture of ice-
cold plasma and water, or dilute serum. From the former mixture, a second
precipitate (fibrinogen) ean be obtained by passing earbonic acid gas through
the clear liquid left by the subsidence of the paraglobulin, after diluting it
with twice its bulk of ice-cold water, TFibrinozen may be obtained also

from hydrocele fluid by saturating it with chloride of sodium ; while a
similar treatment of serumn will preeipitate paraglobulin.

The fact that the fluid part (plasma) of the blood econtains in
itself the factors required for the formation of fibrin must not be
taken as a proof that the corpuscles have nothing to do under
ordinary circumstances with the process of coagulation. The
reverse appears to be the case.

Serum to which coloured blood corpuscles, which have been
separated by subsidence and decantation from a known quantity
of blood, are added, acquires the property of coagulation; and
that the colourless corpuscles may have also a large share in the
formation of fibrin, may be inferred from several facts. * Vaccine
and blister fluid are both coagulable ; they contain no coloured
blood-corpuscles, but always many colourless corpuscles. If the
process of coagulation is watched in either of these liquids under
the microscope, it is seen, not merely that it begins from these
elements, but that it occurs nowhere in the liquid excepting
where they are present. Again, if a ligature is drawn through
a vein in which blood is circulating, as, e.g., through the external
juguiar of a rabbit or guinea-pig, and allowed to remain there
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for a time, and then removed and examined microscopically, it
is found that the threads of the ligature are crowded, and its
surface encrusted with colourless corpuscles. These bodies are
held together by fibrin, which appears to grow from their
surface into the blood-stream.” (Burdon-Sanderson.)

The share, however, taken in ordinary blood-coagulation by
the coloured and colourless corpuscles, either comparatively or
absolutely, is still unknown.

The immediate cause of the coagulation of the blood, is still a
mystery.

Prof. Lister supposes that blood has no natural tendency to
clot, but that its coagulation out of the body is due to the action
of foreign matter with which it happens to be Dbrought into
contact, and, in the body, to conditions of the tissues, which
cause them to act towards it like foreign matter.

Another theory (Bricke's) differs from the last, in that while it
admits a natural tendency on the part of the blood to coagula-
tion, it supposes that this tendency in the living body is
restrained by some inhibitory power resident in the walls of the
containing vessels.

Support was once thought to be given to this and like theories by cases of
injury, in which blood extravasated in the living body has seemed to remain
uncoagulated for weeks, or even months, on account of its contact with
living tissues. But the supposed facts have been shown to be without
foundation. The blood-like fluid in such eases is not uncoagulated blood,

but a mixture of serum and blood-corpuscles, with a certain proportion of
clot in various stages of disintegration. (Morrant Baker,)

Conditions affecting Coagulation.

The coagulation of the blood is hastened by the following
means :—

I. Moderate warmth,—from about 100° F. to 120° F.

2. Rest 1s favourable to the coagulation of blood. Blood, of
which the whole mass is kept in uniform motion, as when a
closed vessel completely filled with it is constantly moved, coagu-
lates very slowly and imperfectly.

3. Contact with foreign matter, and especially multiplication
of the points of contact. Thus, coagulated fibrin may be quickly
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obtained from liquid blood by stirring it with a bundle of small
twigs; and even in the living body the blood will coagulate
upon rough bodies projecting into the vessels; as, for example,
upon threads passed through them, or upon the heart’s valves
roughened by inflammatory deposits or calcareous accumulations.

4. The free access of air.

5. Coagulation is quicker in shallow than in tall and narrow
vessels.

6. The addition of less than twice the bull of water.

The blood last drawn 1s said to coagulate more quickly than
the first.

The coagulation of the blood is retarded by the following
means :—

1. Cold retards coagulation; and so long as blood is kept at a
temperature below 40° F., it will not coagulate at all. Freezing
the blood, of course, prevents its coagulation ; yet it will coagu-
late, though not firmly, if thawed after being frozen ; and it will
do so, even after it has been frozen for several months. A
higher temperature than 120° F. retards coagulation, or, by
coagulating the albumen of the serum, prevents it altogether.

2. The addition of water in greater proportion than twice the
bulk of the blood.

3. Contact with living tissues, and especially with the interior
of a living blood-vessel, retards coagulation.

4. The addition of alkaline and earthy salts in the proportion
of 2 or 3 per cent. and upwards. When added in large propor-
tion most of these saline substances prevent coagulation alto-
gether. Coagulation, however, ensues on dilution with water.
The time that blood can be thus preserved in a liquid state
and coagulated by the addition of water, is quite indefinite.

5. Imperfect aération,—as in the blood of those who die by
asphyxia.

6. In inflammatory states of the system, the blood coagulates
more slowly although more firmly.

7. Coagulation is retarded by exclusion of the blood from the
air, as by pouring oil on the surface, etc. In vacuo, the blood
coagulates quickly; but Prof. Lister thinks that the rapidity of
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the process is due to the bubbling which ensues from the escape
of gas, and to the blood being thus brought more freely into

contact with the containing vessel.
The coagulation of the blood is prevented altogether by the
addition of strong acids and caustic alkalies.

It has been believed, and chiefly on the authority of Mr. Hunter, that
after certain modes of death, the blood does not coagulate ; he enumerates
the death by lichtning, over-exertion (as in animals hunted to death), blows
on the stomach, fits of anger. He says, “I have seen instances of them
all.” Doubtless he had done so:; but the results of such events are not
constant. The blood has been often observed coagulated in the bodies of
animals killed by lightning or an electric shock ; and Mr. Gulliver has
published instances in which he found clots in the hearts of hares and stags
hunted to death, and of cocks killed in fizhting.

Chemical Composition of the Blood.

Average proportions of the constituents of the blood in 1,000

parts : —

Water : : - 5 : . . « 784

Albumen (of ser um) ; : : - : - oo

Fibrin . . . . . : TR S 2

Red corpuscles {Lll :,.) : - ; . - - . 1300

Fatty matters . : - - i . . N

Inorganic Salts : Chloride of sodium . : . . 36
Chloride of potassinm . y e dep
Tribasic phosphate of sodium o 02
Carbonate of sodinm . ; : s D28
Sulphate of sodium . - . 028
Phosphates of ealeium and ma-*nr_amm 025
Oxide and phosphate of iron . - o'

Odoriferous and colouring matter, gases, creatin, urea,
and other extractive metters, glucose, mr.l acci-

dental substances . . : . . : . 6Gao
1000
Elementary composition of the dried blood of the ox :—

Carbon . - . - : : . = S BTy
Hydrogen : ; Tl : ke b . . T
Nitrogen . : : . - . . . it L
Oxygen . L L - ; S TR Xtitg:2
Ashes . : - - . . - ; . S

These results of the ultimate analysis of ox’s blood afford a remark-
able illustration of its general purpose, as supplying the materials for the
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renovation of all the tissues. For the analysts (Playfair and Boeckmann)
have found that the flesh of the ox yields the same elements in so nearly
the same proportions, that the eclementary composition of the organie
constitnents of the blood and flesh may be considered identical, and
may be represented for both by the formula C,,H, N O

M aLs

The Blood-Corpuscles or Blood-Cells.

It has been already said, that the clot of blood contains, with
the fibrin and the portion of the serum that is soaked in it, the
blooid-corpuscles or blood-cells. Of these there are two principal
forms, the red and the white corpuscles, or, as they are now
frequently named, the colowred aud the colourless, When coagu-
lation has taken place quickly, both kinds of corpuscles may be
uniformly diffused through the clot ; but when it has been slow,
the red corpuscles, being the heaviest constituent of the blood,
tend by gravitation to accumulate at the bottom of the clot ; and
the white corpuscles, being among the lightest constituents,
collect in the upper part, and contribute to the formation of the
buffy coat. In the moist state, the red corpuscles form 45 per
cent. by weight, of the whole mass of the blood. (Robin.)

Physical and Chemical Characters of Fed Blood-Corpuscles,

The Luman red blood-cells or blood-corpuscles (figs. 63 and 67) are
circular or coin-shaped flattened disks, varying in diameter from
5o 10 5% of an inch, and about !+ of an inch in thick-
ness. In other words, if placed flat, edge to edge, about ten
millions would lie on a square inch of surface. Their borders
are rounded ; their surfaces, in the perfect and most usual state,
slightly concave; but they readily acquire flat or convex surfaces
when, the liquor sanguinis being diluted, they are swollen by
absorption of fluid. When viewed singly, they appear of a pale
yellowish tinge; the deep red colour which they give to the
blood being observable in them only when they are seen en
masse. They are composed of a colourless, structureless, and
transparent filmy framework or stroma, infiltrated in all parts by a
red colouring-matter termed hamoglobin. The stroma is tough and
elastic, so that, as the cells circulate, they admit of elongation
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Fig. 54.*
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* The above illustration is somewhat altered from a drawing, by Mr.
Gulliver, in the Proceed. Zool. Society, and exhibits the typical characters of
the red blood-cells in the main divisions of the Vertebrata. The fractions
are those of an inch, and represent the average diameter. In the case of the
oval cells, only the long diameter is here given. It is remarkable, that
although the size of the red blood-cells varies so much in the different classes
of the vertebrate kingdom, that of the white corpuseles remains comparatively
uniform, and thus they are, in some animals, much greater, in others much
less than the red corpuseles existing side by side with them.
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and other changes of form, in adaptation to the vessels, yet
recover their natural shape as soon as they escape from compres-
sion. The term cell, in the sense of a bag or sac, is inapplicable
to the red blood-corpuscle; and it must be considered, if not
olid throughout, yet as having no such variety of consistence in
different parts as to justify the notion of its being a membranous
sac with fluid contents. The stroma exists in all parts of its
substance, and the colouring-matter uniformly pervades this, and
is not merely surrounded by and mechanically enclosed within
the outer wall of the corpuscle. The red corpuscles have mno
nuclei, although, in their usual state, the unequal refraction of
transmitted light gives the appearance of a central spot, brighter
or darker than the border, according as it is viewed in or out of
focus. Their specific gravity is about 1088.

In examining a number of red corpuscles with the microscope,
it i1s easy to observe certain natural diversities among them,
though they may have been all taken from the same part. The
great majority, indeed, are very uniform ; but some are rather
larger, and the larger ones generally appear paler and less
exactly circular than the rest; their surfaces also are, usually,
flat or slighty convex, they often contain a minute shining
particle like a nucleolus, and they are lighter than the rest,
floating higher in the fluid in which they are placed. Other
deviations from the general characters assigned to the corpuscles,
depend on changes that occur after they are taken from the body.
Very commonly they assume a granulated or mulberry-like form,
in consequence, apparently, of a peculiar corrugation of their
cell-walls. Sometimes, from the same cause, they present a very
irregular, jagged, indented, or star-like‘appearance. The larger
cells are much less liable to this change than the smaller, and
the natural shape may be restored by diluting the fluid in which
the corpuscles float.

Aetion of Reagents.—Considerable light has been thrown on the physical
and chemical constitution of red blood cells by studying the effects pro-
duced by various reagents: the following is a brief summary of these
reactions :—

Pressure—If the red blood-cells of a froz or man are gently squeezed,
they exhibit a wrinkling of the surface, which clearly indicates that there is
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a superficial pellicle partly differentiated from the softer mass within;
again, if a needle be rapidly drawn across a drop of blood several corpuscles
will be found cut in two ; but this is not accompanied by any escape of
cell-contents ; the two halves, on the contrary, assume a rounded form,
proving clearly that the corpuscles are not mere membranous sacs with
fluid contents like fat-cells.

Fluids— Water.—When water is added gradually to frog’s blood, the
oval dise-shaped corpuscles become spherical, and gradually discharge their
hzemoglobin, a pale, transparent stroma being left behind ; human red
blood-cells change from a discoidal to a spheroidal form, and discharge their
cell-contents, becoming quite transparent and all but invisible. .

Solution of common salt (dilute) produces no appreciable Fig. 55.
effect on the red blood-cells of the frog. In the red blood-cells gt 2
of man the discoid shape is exchanged for a spherical one, m
with spinous projections, like a horse-chestnut. Their original ks
forms can be at once restored by the use of carbonic aeid.

Aeetic acid (dilute) causes the nucleus of the red blood-cells in the frog
to become more clearly defined ; if the action is prolonged, the nucleus
becomes strongly granulated, and all the colouring matter :
seems, to be concentrated in it, the surrounding cell-substance Fig. 6.
and outline of the cell becoming almost invisible ; after a time
the cells lose their colour altogether. The cells in the figure
represent the successive stages of the change. A similar loss e
of colour oceurs in the red cells of human blood. T

Alkalics cause the red blood-cells to swell and finally dis- ﬂd‘
appear.

C'llovoform added to the red blood-cells of the frog causes them to part
with their h=moglobin ; the stroma of the cells becomes gradually broken
up, the nucleus resisting disintegration longest. A similar effect is produced
on the human red blood-cell.

Tannin.—~When a 2 per eent. solution of tannie acid is applied to frogs’
blood it causes the appearance of a sharply-defined little knob, projecting
from the free surface : the colouring matter becomes at 3
the same time concentrated in the nucleus, which grows Fig. 57.

more distinet. A similar effect is produced on the human 3
red blood-cell. (Roberts.) Magenta, when applied to @)
OO

the red blood-cells of the frog, produces a similar little
knob or knobs, at the same time staining the nucleus %
and causing the discharge of the hsemoglobin. (Roberts.) <
The first effect of the magenta is to cause the discharge
of the hzemoglobin, then the nucleus becomes suddenly stained, and lastly a
finely granular matter issues through the wall of the corpuscle. becoming
stained by the magenta, and a macula is formed at the point of escape. A
similar macule is produced in the human red blood-cell.

Boracie Acid.—A 2 per cent. solution applied to nucleated Fig. 58.
red blood-cells (frog) will cause the concentration of all the
colouring matter in the nucleus ; the coloured body thus formed E%@
gradually quits its central position and comes to be partly,
sometimes entirely, protruded from the surface of the now
colourless cell. The result of this experiment led Briicke to distinguish the

I
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coloured contents of the cell (zooid) from its colourless stroma (ceccid).
When applied to the non-nucleated mammalian corpuscle, its effect merely
resembles that of other dilute acids,

Gases—Carbonie Aeid —If the red blood-cells of a frog be first exposed
to the action of water-vapour (which renders their outer pellicle
more readily permeable to gases), and then acted on by car-
bonie acid, the nuclei immediately become clearly defined and
strongly granulated ; when air or oxygen 1s admitted the original
appearance is at onee restored. The upper and lower cell in

(“@ the ficure show the effect of carbonic acid; the middle one the

s effect of the re-admission of air. These effects can be repro-
duced five or six times in succession. If, however, the action of the carbonic
acid be muech prolonged, the granulation of the nucleus be-
comes permanent ; it appears to depend upon a coagula-
tion of the paraglobulin. (Stricker.)

Ammonia.—Its effects seem to vary according to the
degree of concentration. Sometimes the outline of the
corpuscles becomes distinetly crenated ; at other times the
effect resembles that of boracic acid. while in other cases
the edges of the corpuscles begin to break up. (Lankester.)
Ieat.—The effect of heat up to 50—60° C. is to cause the formation of

. a number of bud-like processes.

Fig. OK. Eleetricity causes the red blood-corpuscles to become
F & crenated, and at length mulberry-like. Finally they recover
Eﬂ’f E:E. their round form and become quite pale.
%% Gy The general conclusions to be drawn from these observations
have been summed up as follows by Mr. Ray Lankester :—

“The red blood-corpuscle of the vertebrata is a viscid, and at the same
time elastic disc, oval, or round, in outline, its surface being differentiated
somewhat from the underlying material, and forming a pellicle or mem-
brane of great tenuity, not distinguishable with the highest powers (whilst
the corpuscle is normal and living), and baving no pronounced inner limi-
tation, The viscid mass consists of (or rather wiclds, since the state of com-
bination of the components is not known) a variety of albuminoid and
other bodies, the most easily separable of which is hamoglobin ; secondly,

: the matter which segregates to form Roberts’s macula ; and

Fig. 62.  thirdly, a residuary stroma, apparently homogeneons in the
mammalia (excepting as far as the outer surface or pellicle
may be of a different chemical nature). but containing in the
other vertebrata a sharply definable nuecleus, this nuecleus
being already differentiated, but not sharply delineated during
life, and consisting of (or separable into) at least two com-
ponents, one (paraglobulin) precipitable by C O, and removable by the
action of weak N H, ; the other pellucid, and not granulated by acids.”  *

Fig. 59.

sl

A peculiar property of the red corpuscles, which is exaggerated
in inflammatory blood, may be here noticed. It gives them a
great tendency to adhere together in rolls or columns, like piles
of coins, and then, very quickly, these rolls fasten together by

T R T
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their ends, and cluster; so that, when the blood is spread out
thinly on a glass, they form a kind of irregular network, with
crowds of corpuscles at the several points corresponding with the
knots of the net (fig. 63). IHence, the clot formed in such a thin
layer of blood looks mottled
with blotches of pink upon a
white ground: in a larger
quantity of such blood, as soon
as the corpuscles have clus-
tered and collected in rolls
(that is, generally in two or
three minutes after the blood
is drawn), they begin to sink

Fig. 63.*
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liquor sanguinis than they
would if sinking separately.
Thus quickly sinking, they leave above them a layer of liquor
sanguinis, and this coagulating, forms a buffy coat, as before
described, the volume of which is augmented by the white cor-
puscles, which have no tendency to adhere to the red ones, and
by their lightness float up clear of them.

This tendency, on the part of the red corpuscles, to form rouleaux, is pro-
bably, as Dr. Noiris suggests, only a physical phenomenon, comparable to
the collection into somewhat similar rouleaux of dises of cork when they are
partially immersed in water.

Chemical Characters.—As they exist in the blood, the coloured
corpuscles contain three-fourths of their weight of water.

The stroma is composed of globulin, protagon, fatty matters,
including cholesterin, and salts, chiefly phosphates of potassium,
sodium, and calcium. The stroma is infiltrated, as before men-
tioned (p. 110), with a red colouring matter termed hemoglobin.

Hemoglobin, which enters far more largely into the composi-
tion of the coloured corpuscles than any other ingredient, is an
albuminous compound with the following composition :—

* Fig. 63. Red corpuscles in rouleaux. At «, , are two white corpuscles.
I 2
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Carbon . - : ; . . - . . . 540

Hydrogen . : . . . . . . « o« 7725
Nitrogen : : ¥ - v BETHE SO . 1625
Oxygen : . . a . . . . o oy 2TAS
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Allied as it is in chemical composition to albumin, heemoglobin
differs remarkably from it in many of its properties. The most
interesting and important of these, physiologically considered,
are (a) its power of crystallizing, the so-called blood-crystals
being the natural crystalline forms of hsemoglobin ; and (b) its
attraction for oxygen and some other gases.

Haemoglobin can be obtained in a erystalline form with various degrees of
difficulty from the blood of different animals, that of man holding an inter-
mediate place in this respect. Among the animals whose blood colouring-
matter crystallizes most readily are the guinea-pig and the dog; and in these
cases to obtain crystals it iz generally sufficient to dilute a drop of recently
drawn blood with water and expose it for a few minutes to the air.

Light seems to favour the formation of erystals. In many instances,
however, other means must be adopted, e.g., the addition of alecohol, ether,
or chloroform, rapid freezing and then thawing, an electric eurrent, a tem-
perature of 6o0® C., or the addition of sodium eulphate. H:emoglobin,
though soluble in water, and, as we have seen, crystallisable, is not diffusible,
2.e., its solution cannot pass through the pores of an animal membrane,
When heated, its solution coagulates, the heemoglobin being decomposed into
an albuminous substance, glodulin, and a colouring matter, hematin.

A similar separation can be effected by the action of some acids and
alkalies. Hmmatin was once thought to be the natural colouring matter
of the blood, but is now known to be a product of the decomposition of
hzmoglobin.

Another very important derivative of hemoglobin is Hemin or Hydro-
ehlovate of Hematin, which may be prepared as follows :—

A small portion of a dried drop of blood is placed on a glass slide, to-
rether with a few small erystals of common salt. A thin glass cover 18
put on, and a drop of glacial acetic acid introduced beneath it : heat is
gradually applied, and the excess of salt washed away with water. A
number of small brownish erystals of a thombic shape are thus formed.
The formation of these heemin erystals is of great interest and importance
in a medico-lezal point of view, as it constitutes the most certain and deli-
cate test we have for the presence of blood in a stain on clothes, &e. It
exceeds in delicacy even the spectroscopic test to be mentioned further on.

Different forms of blood-crystals are shown in the accompany-
ing figures (Figs. 64, 65 and 66),
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Another most important character of hemoglobin is its at-
traction for oxygen, with which it enters into definite chemi-
cal combination (oxyheemo-
globin).

Oxyhemoglobin readily
parts with its combined
oxygen in the presence of
reducing agents, or even
in vacuo ; and on this, not
less than on its readiness
to combine with oxygen,
depends its most important
physiological properties.

During the passage of
the 'blood through the
lungs, the compound with
oxygen is  constantly
formed ; while it is as constantly decomposed, in consequence of
the readiness with which h@moglobin parts with oxygen, when
the latter is exposed to
other attractions in its
circulation through the
systemic capillaries. Thus,
the red corpuscles, in
virtue of their colouring
matter, which readily ab-
sorbs oxygen and as readily
gives it up again, are
the chief means by which
this gas is carried in the
blood; and to the che-
mical changes thus pro-
duced in hzmoglobin is to
be attributed the chief

P ——

Figs. 64, 65, 66, illustrate some of the principal forms of blood-crystals :—
* Fig. 64. Prismatie, from human blood.
1 Fig. 65. Tetrahedral, from blood of the guinea-pig.

Fig. 64.%
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share in the alteration of the colour of the blood in its
passage from the arteries to the veins and vice wversqi (see

p. 124).

Nitrous oxide forms a coms
bination with hamoglobin,
which gives two absorption
bands, very similar to those of
oxyh®moglobin (p. 124). Car-
bonic oxide possesses the pro-
perty of entirely replacing the
oxygen in oxyhamoglobin, and
its combination with hsemo-
globin has a spectrum very
closely resembling that of oxy-
hzemoglobin.

Distribution of Haemoglobin.
—In connection with the ascer-
tained function of hemoglobin
as the great oxygen-carrier, the
following factswith regard to its
distribution are of importance.

It oceurs not only in the red blood-cells of all vertebrata except one fish
(leptocephalus) whose ‘blood-cells are all eolourless, but also in similar cells
in many worms : moreover it is found diffused in the vascular fluid of some
other worms and certain crustacea ; it also occurs in all the striated muscles
of mammals and birds. It is generally absent from unstriated muscle
except that of the rectum. It has also been found in mellusca in certain
muscles which are specially active, viz., those which work the rasp-like
tongue,

In the musecles of fish it has hitherto only been met with in the very active
muscle which moves the dorsal fin of the Hippocampus (Ray Lankester)

The White Corpuscles of the Blood or Blood-Leucocytes.

The white or colourless corpuscles of the blood, which are
identical with lymph-corpuscles, are much less numerous than
the 7¢d. On an average, in health, there may be one white to
400 or 500 red corpuscles; but in disease, the proportion is
often as high as one to ten, and sometimes even much higher.

In health, the proportion varies considerably even in the
course of the same day. The variations appear to depend chiefly

* Fig. 66. Hexagonal crystals, from blood of squirrel. On these six-sided
plates, prismatic crystals, grouped in a stellate manner, not unfrequently
occur (after Funke).
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on the amount and probably also on the kind of food taken ; the
number of leucocytes being very considerably increased by a
meal, and diminished again on fasting. Also in young persons,
during pregnancy, and after great loss of blood, there is a larger
proportion of colourless blood-corpuscles, which probably shows
that they are more rapidly formed under these circumstances.
In old age, on the other hand, their proportion is diminished.

They present greater diversities of form than the red ones do;
but the gradations between the extreme forms are so regular,
that no sufficient reason can be found for supposing that there is
in healthy blood more than one species of white corpuscles. In
their most general appearance,
they are globular, and are
about —'-= of an inch in
diameter (a, fig.63). They have
a greyish, pearly look, appear-
ing variously shaded or nebu-
lous, the shading being much
darker in some than in others,
They consist of protoplasm
containing granules which are
in some specimens few and
very distinct, in others (though
rarely) so numerous that the whole corpuscle looks like a mass of
granules.

These corpuscles cannot be said to nave any true cell-wall.
In a few instances an apparent cell-membrane can be traced
around them ; but, much more commonly, even this is not dis-
cernible till after the addition of water or dilute acetic acid
(Fig. 67).

A remarkable property of the colourless corpuscles, first
observed by Mr. Wharton Jones, consists in their capability of
spontaneously changing their shape. If a drop of blood be
examined with a high microscope-power under conditions by
which loss of moisture is prevented, at the same time that the

Fig. 67.*

R ———

* Fig. 67. Red and white blood-corpuscles. &, Three white corpuscles
acted on by weak acetic acid. ¢, Red blood-corpuscles.
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temperature is maintained at aboul the degree natural to the
blood as it circulates in living body, the leucocytes can be
seen alternately contracting and dilating very slowly at various
parts of their circumference,—shooting out irregular processes,
and again withdrawing them partially or completely, and thus in
succession assuming various irregular forms (p. 46).

Fig. 68.7

These amaboid movements (p. 46) are characteristic of the
living leucocyte, and form a good example of the contractile
property of protoplasm, before referred to. Indeed, the un-
changing rounded form which the corpuscles present in ordinary
microscopic specimens must be looked upon as the shape natural
to a dead corpuscle, or one whose vitality is dormant, rather
than as the proper shape of one living and active.

In many lower vertebrata, such as the newt, two or three distinct kinds
of colourless blood corpuscles may be distinguished, and their movements
are both more rapid, and the resulting changes of form more extreme, than
in human colourless corpuscles. '

Action of fleagents.— Water checks the ameeboid movements and causes
the corpuscle to become globular : the nuclei, when multiple, coalesce into
one, and the cell suddenly bursts, discharging its contents,

Aeetic Aeid (dilute) causes the cessation of the ameeboid movements and
the clear definition of the nucleus or nuelel, together with the appearance of
granules. (Fig. 67.)

If some fine pigment-granules be added to a fluid containing
colourless blood-corpuscles, on a glass slide, these will be observed,
under the microscope, to take up the pigment. In some cases
colourless blood-corpuscles have been seen with fragments of
coloured ones thus imbedded in their substance.

Colourless blood-corpuscles have been observed to multiply by
fission.

The locomotion of leucocytes has been already referred to
(p- 71).

* ¥igz. 68. Human colourless blood-corpuscle, showing its successive
changés of outline within ten minutes when kept moist on a warm stage

(Schofield).

T e e e e At S < ik, s o i

—



CHAP. V1.] SERUM. 121

Besides the red and white corpuscles, the microscope reveals
numerous minute molecules or granules in the blood, cireular or
spherical, and varying in size from the most minute visible
speck to the - of an inch (Gulliver). These molecules are
very similar to those found in the lymph and chyle, and are
some of them, fatty (being soluble in ether), others probably
albuminous. Generally, also, there may be detected in the
blood, especially during the time of active digestion, very minute
equal-sized fatty particles, similar to those of which the mole-
cular base of chyle is constituted (Gulliver).

The Serum.

The serum is the liquid part of the blood remairning after the
coagulation of the fibrin. In the usual mode of coagulation,
part of the serum remains in the clot, and the rest, squeezed
from the clot by its contraction, lies around it. The quantity of
serum that appears around the clot depends partly on the total
quantity in the blood, but partly also on the degree to which the
clot contracts. This is affected by many circumstances: gene-
rally, the faster the coagulation the less is the amount of con-
traction; and, therefore, when blood coagulates quickly, it will
appear to contain a small proportion of serum. In all cases, too,
it should be remembered, that, since the contraction of the clot
may continue for thirty-six or more hours, the quantity of serum
in the blood cannot be even roughly estimated till this period
has elapsed.

The serum is an alkaline, yellowish fluid, with a specific
gravity of from 1025 to 1030. It is composed mainly of water,
in which are dissolved all the substances enumerated in the
table (p. 109), excepting the fibrin and corpuscles.

The water of the blood is subject to hourly variations in its quantity, ac-
cording to the period since the taking of food, the amounnt of bodily exercise,
the state of the atmosphere, and all the other events that may affect cither
the ingestion or the excretion of fluids. According to these conditions, it
may vary from 700 to 790 parts in the thousand. Yet uniformity is on the
whole maintained ; because nearly all those things which tend to lower the
proportion of water in the blood, such as active exercise, or the addition of

saline or other solid matter, excite thirst ; while, on the other hand, the
addition of an excess of water to the bloed is quickly followed by its more
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copious excretion in sweat and urine. And these means for adjusting the
proportion of the water find their purpose in maintaining certain important
physical conditions in the blood; such as its proper viseidity, and the degree
of its adhesion to the vessels throngh which it ought to flow with the least
possible resistance from friction. On this also depends, in great measure,
the activity of absorption by the blood-vessels, into which no fluids will
quickly penetrate, but such as are of less density than the blood. Again,
the quantity of water in the blood determines chiefly its volume, and
thereby the fulness and tension of the vessels and the quantity of fluid that
will exude from them to keep the tissues moist. Finally, the water is the
reneral solvent of all the other materials of the liquor sanguinis,

It is remarkable, that the proportion of water in the blood may be some-
times increased even during its abstraction from an artery or vein. Thus
Dr. Zimmermann in bleeding dogs, found the last drawn portion of blood
¢ontain 12 or 13 parts more of water in rooo than the blood first drawn ;
and Polli noticed a corresponding diminution in the specific gravity of the
human blood during venesection, and suggested the only probable explana-
tion of the fact, namely, that during bleeding, the blood-vessels absorb very
quickly a part of the serous fluid with which all the tissues are moistened.

The albumen may vary, consistently with health, from 6o to 7o parts in the
1000 of blood. It is, probably, in combination with soda, as an albuminate
of soda ; for, if serum be much diluted with water, and then neutralized
with acetic acid, pure albumen is deposited. Another view entertained by
Inderlin is that the albumen is dissolved in the solution of the neuntral
phosphate of sodium, to which he considers the alkaline reaction of the
blood to be due, and solutions of which can dissolve large quantities of al-
bumen and phosphate of calcium.

The proportion of fibrin in healthy blood may vary between 2 and 3 parts
in 1000. In some diseases, such as typhus, and others of low type, it may
be as little as 17034 ; in other diseases, it is said, it may be increased to as
much as 7'528 partsin 1000. But in all these analysesit must be remembered
that the white corpuscles are also included, inasmuch as it is impossible to
separate them from the fibrin,

The fatty matters are subject to much variation in quantity, being com-
monly increased after every meal in which fat has been taken. At such
times, the fatty particles of the chyle, added quickly to the blood, are only
gradually assimilated ; and their quantity may be sufficient to make the serum
of the blood opaque, or even milk-like,

Variations in healthy Blood under different Circumstances.

The conditions which appear most to influence the composition
of the blood in health, are these: sex, pregnancy, age, and
temperament. The composition of the blood is also, of course,
much influenced by diet.

1. Sex.—The blood of men differs from that of women, chiefly in being of
somewhat higher specific gravity, from its containing a relatively larger
quantity of red corpuscles.

P . & T “C
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2. Pregnancy.—The blood of pregnant women has a rather lower specifie
gravity than the average, from deficiency of red corpuscles. The quantity
of white corpuscles, on the other hand, and of fibrin, is increased.

3. Age.—From the analysis of Denis it appears that the blood of the feetus
is very rich in solid matter, and especially in red corpuscles; and this con-
dition, gradually diminishing, continues for some weeks after birth. The
quantity of solid matter then falls during childhood below the average, again
rises during adult life, and in old age falls again.

4. Temperament.—But little more is known concerning the connection of
this with the condition of the blood, than that there appears to be a relatively
larger quantity of solid matter, and particularly of red corpuscles, in those
of a plethoric or sanguineous temperament.

5. Diet.—Such differences in the composition of the blood as are due to
the temporary presence of various matters absorbed with the food and drink,
as well as the more lasting changes which must result from generous or poor
diet respectively, need be here only referred to,

Effects of Bleeding.—The result of bleeding is to diminish the specific
eravity of the blood; and so quickly, that in a single venesection, the
portion of blood last drawn has often a less specific gravity than that of the
blood that flowed first (J. Davy and Polli). This is, of course, due to ab-
sorption of fluid from the tissues of the body. The physiological import of
this fact, namely, the instant absorption of liquid from the {fissues, is the
same as that of the intense thirst which is so common after either loss of
blood, or the abstraction from it of watery fluid, as in choelera, diabetes, and
the like,

For some little time after bleeding, the want of red blood-cells is well
marked ; but with this exception, no considerable alteration seems to be
produced in the composition of the blood for more than a very short time ;
the loss of the other constituents, including the pale corpuscles, being very
quickly repaired.

Variations in the Composition of the Blood, in different Parts of the
Body.

The composition of the blood, as might be expected, is found
to vary in different parts of the body. Thus arterial blood
differs from venous; and although its composition and general
characters are uniform throughout the whole course of the
systemic arteries, they are not so throughout the venous system,
—the blood contained in some veins differing remarkably from
that in others.

1. Differences between arterial and venous blood.—These may be
arranged under two heads,—differences in colour, and in general
compaosition,

The colouring matter of the blood, or hemoglobin (p. 115), is capable of
existing in two different states of oxidation, and the respective colours of
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asterial and venous blood are caused by differences in tint between these
two varieties—searlet hemoglobin or oxy-hemoglobin and deoridised or
purple hemoglobin, The change of colour produced by the passage of the
blood through the lungs, and its consequent exposure to oxygen, is due,
cnefly, to the oxidation of purple, and its conversion into scarlet heemoglobin ;
while the readiness with which the latter is de-oxidised offers a reasonable
explanation of the change, in regard to tint, of arterial into venous blood,—
the transformation being effected by the delivering up of oxygen to oxidis-
able matters, by the scarlet heemoglobin, during the blood's passage through
the capillaries. Formerly carbonic acid was believed to make blood dark
by causing the red corpuscles to assume a bi-convex shape, while oxygen
was thought to reverse the effect by contracting them and rendering them
bi-concave. But although we are not in a position to deny altogether the
possible influence of mechanical conditions of the red corpuseles on the
colour of arterial and venous blood respectively, it is probable that this
cause alone would be quite insufficient to explain the differences in the
colour of the two kinds of blood, and therefore if it be an element at all in
the change, it must be allowed to take only a subordinate position.

The distinction between the two kinds of hamoglobin naturally present
in the blood, or in other words, the proof that the addition or subtraction of
oxygen involves the production of two substances having fundamental
differences of chemical constitution, has been made out chiefly by spectrumn-

Fig. 60

Oxidised or

scarlet
Hemoglobin,

*Purple

Deoxidised or
Hemoplobin,

analysis,* For while a solution of oxy-h®moglobin, causes the appearance
of two absorption bands in the yellow and the green part of the spectrum, be-
tween D and E, these are replaced by a single band intermediate in position,

e — T —

* The student to whom the terms employed in connection with spectrum-
analysis are not familiar, is advised to consult, with reference to this para-
araph, an elementary treatise on Physics.
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when the oxidised or scarlet solution is darkened by de-oxidising agencies,—
or, in other words, when the change which naturally ensues in the conversion
of arterial into venous blood is artificially produced. (Stokes.)

The greater part of the heemoglobin in both arterial and venous blood
exists in the scarlet or more highly oxidised condition, and only a small
part is de-oxidised and made purple in its passage from the arteries into
the veins.

The differences in regard to colour between arterial and venouns blood are
sometimes not to be observed. If blood runs very slowly from an artery, as
from the bottom of a deep and devious wound, it is often as dark as venous
blood. In persons nearly asphyxiated also, and sometimes, under the in-
fluence of chloroform or ether, the arterial blood becomes like the venous.
In the foetus also both kinds of blood are dark. But, in ali these cases, the
dark blood becomes bright on exposure to the air. Bernard has shown that
venous blood returning from a gland in active secretion is almost as bright
as arterial blood.

b. General Composition.—The chief differences between arterial and
ordinary venous blood are these. Arterial blood contains rather more fibrin,
and rather less albumen and fat. It coagulates somewhat more quickly.
Also, it contains more oxygen, and less carbonic acid. According to Denis,
the fibrin of venous blood differs from arterial, in that when it is fresh and
has not been much exposed to the air, it may be dissolved in a slightly
heated solution of nitrate of potassium.

Some of the veins contain blood which differs from the
ordinary standard considerably. These are the portal, the
hepatic, and the splenic veins.

Portal vein.—The blood which the portal vein conveys to the liver is
supplied from two chief sources ; namely, that in the gastric and mesenteric
veing, which contains the soluble elements of food absorbed from the stomach
and intestines during digestion, and that in the splenic vein ; it must, there-
fore, combine the qualities of the blood from each of these sources,

The blood in the gastric and mesenteric veins will vary much according
to the staze of digestion and the nature of the food taken, and can therefore
be seldom exactly the same. Speaking generally, and without considering the
sugar, dextrin, and other soluble matters which may have been absorbed
from the alimentary canal, this blood appears to be deficient in solid matters,
especially in red corpuscles, owing to dilution by the guantity of water
absorbed, to contain an excess of albumen, and to yield a less tenacious kind
of fibrin than that of blood generally.

The blood from the splenic vein is generally deficient in red corpuseles, and
contains an unusually large proportion of albumen. The fibrin scems to
vary in relative amount, but to be almost always above the average. The
proportion of colourless corpuscles is also unusually large. The whole
quantity of solid matter is decreased, the diminution appearing to be chiefly
in the proportion of red corpuscles,

The blood of the portal vein, combining the peculiarities of its two factors,
the splenic and mesenteric venous blood, is usually of lower specific gravity
than blood generally, is more watery, contains fewer red corpuscles, more



126 THE BLOOD. [cmar, VI

albumen, chiefly in the form of albuminose, and yields a less firm clot than
that yielded by other blood, owing to the deficient tenacity of its fibrin.
These characteristics of portal blood refer to the composition of the blond
itself, and have no reference to the extraneous substances, such as the ab-
sorbed materials of the food, which it may contain; neither, indeed, has
any complete analysis of these been given.

Comparative analyses of blood in the portal vein and blood in the hepatic
veins have also been frequently made, with the view of determining the
changes which this fluid undergoes in its transit through the liver. Great
diversity, however, is observable in the analyses of these two kinds of blood
by different chemists. Part of this diversity is no doubt attributable to the
fact pointed out by Bernard, that unless the portal vein is tied before the
liver is removed from the body, hepatic venous blood is wery liable to re-
gurgitate into the portal vein, and thus vitiate the result of the analysis.
Guarding against this source of error, recent observers have determined that
hepatic venous blood contains less water, albumen, and salts, than the blood
of the portal vein; but that it yields a much larger amount of extractive
matter, in whiech, according to Bernard and others, is one constant element,
namely, grape-sugar, which is found, whether saccharine or farinaceous
matter have been present in the food or not.

Besides the rather wide difference between the composition of the blood
of these veins and of others, it must not be forgotten that in its passage
through every organ and tissue of the body, the blood's composition must
be varying constantly, as each part takes from it or adds to it such matter
as it, roughly speaking, wishes either to have or to throw away. Thus the
blood of the renal vein has been proveidd by experiment to contain less water
than does the blood of the artery, anrl doubtless its salts are diminished also.
The blood in the renal vein is said, moreover, by Bernard and Brown-
Séquard not to coazulate,

This then is an example of the change produced in the blood by its
passage through a special exeretory organ. But all parts of the body,—
bones, muscles, nerves, etc.,—must act on the blood as it passes through
them, and leave in it some mark of their action, too slight though it may be,
at any given moment, for analysis by means now at our disposal.

The Gases of the Blood.

The gases contained in the blood are carbonic acid, oxygen,
and nitrogen, 100 volumes of blood containing from 40 to 50
volumes of these gases collectively.

Arterial blood contains relatively more oxygen and less car-
bonic acid than venous. But the absolute quantity of carbonic
acid is in both kinds of blood greater than that of the oxygen.

Oxygen. Carbonic Acid.
Arterial Blood . . . 16’9 vol, per cent. 30 vol. per cent,
Venous ,
(from musclesatrest) . 5096 , o, A
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The proportion of nitrogen is in both very small, (1—2 vols.
per cent.).

The carbonic acid of the blood is partly in a state of simple
solution, and partly in a state of weak chemical combination.
That portion of the carbonic acid which is ehemically combined,
is contained partly in bicarbonate of sodium, and partly is united
with phosphate of the same base.

The oxygen is, almost all of it, combined chemically with the
hsemoglobin of the red corpuscles (pp. 117 and 124).

That the oxygen is absorbed chiefly by the red corpuscles is
proved by the fact that while blood is capable of absorbing
oxygen in considerable quantity, the serum alone has little or no
more power of absorbing this gas than pure water.

Development of the Dlood.

In the development of the blood little more can be traced than
the processes by which the corpuscles are formed.

The first formed blood-cells of the human embryo differ much
in their general characters from those which belong to the latter
periods of intra-uterine, and to all periods of extra-uterine life.
Their manner of origin differs also, and it will be well perhaps
to consider this first.

The formation of the first hlood corpuscles is very simple.
‘While the outermost of the embryonic cells, of which the rudi-
mentary heart and its attendant vessels are composed, gradually
develop into the muscular and other tissues which form the
walls of the heart and blood-vessels, the inner cells simply sepa-
rate from each other, and form blood-cells; some fluid plasma
being at the same time secreted. Thus, by the same process,
blood is formed, and the originally solid heart and blood-vessels
are hollowed out.

The blood-cells produced in this way, are from about ;% to
1550 of an inch in diameter, mostly spherical, pellucid, and
colourless, with granular contents, and a well-marked nucleus.
Gradually, they acquire a red colour, at the same time that the
nucleus becomes more defined, and the granular matter clears
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away. Sir J. Paget describes them as, at this period, circular,
thickly disc-shaped, full-coloured, and, on an average, about
7550 of an inch in diameter ; their nuclei, which are about —'; .
of an inch in diameter, are central, circular, very little prominent
on the surfaces of the cell, and apparently slightly granular or
tuberculated.

Before the occurrence, however, of this change—from the
colourless to the coloured state—in many instances, probably,
during it, and in many afterwards, a process of multiplication
takes place by division of the nucleus and subsequently of the
cell, into two, and much more rarely, three or four new cells,
which gradually acquire the characters of the original cell from
which they sprang. (Fig. 70.)

Fig. 70.%

When, in the progress of embryonic development, the liver
begins to be formed, the multiplication of blood-cells in the
whole mass of blood ceases, according to Kolliker, and new
blood-cells are produced by this organ. Like those just de-
scribed, they are at first colourless and nucleated, but afterwards
acquire the ordinary blood-tinge, and resemble very much those

* Fig. 70. Development of the first set of blood-corpuscles in the mam-
malian embryo. A. A dotted, nucleated embryo-cell in precess of conversion
into a blood-corpusecle : the nucleus provided with a nucleolus. B. A similar
cell with a dividing nucleus ; at ¢, the division of the nucleus is complete; at
D, the cell also is dividing. E. A blood-corpuscle almost complete, but still
containing a few granules, F. Perfect blood-corpuscle.
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of the first set. Like them they may also multiply by division.
In whichever way produced, however, whether from the original
formative cells of the embryo, or by the liver, these coloured
nucleated cells begin very early in foetal life to be mingled with
coloured non-nucleated corpuscles resembling those of the adult,
and about the fourth or fifth month of embryonic existence are
completely replaced by them.

The manner of origin of these perfect non-nucleated corpuscles
must be now considered.

I. Concerning the Cells from which they arise.

a. Before Birth.—It is uncertain whether they are derived
only from the cells of the lymph, which, at about the period of
their appearance, begins to be poured into the blood ; or whether
they are derived also from the nucleated red cells, which they re-
place, or also from similar nucleated cells, which Klliker thinks are
produced by the liver during the whole time of feetal existence.

b After Birth.—It is generally agreed that after birth the red
corpuscles are derived from the smaller of the nucleated lymph
or chyle-corpuscles,—the white corpuscles of the blocd.

These white corpuscles are probably derived chiefly from the
lymphatic glands, spleen, and the medulla of bone; they also
originate from the cells shed off from the germinating portions
of serous membranes, and taken up into the Iymphatics through
the stomata (p. 62).

II. Concerning the Manner of their Development.

There is not perfect agreement among physiologists concerning
the process by which lymph-globules or white corpuscles (and in
the feetus, perhaps the red nucleated cells) are transformed into
red non-nucleated blood-cells. For while some maintain that
the whole cell is changed into a red one by the gradual clear-
ing up of the contents, including the nucleus, it is believed by
Mr. Wharton Jones and many others, that only the nucleus
becomes the red blood-cell, by escaping from its envelope and
acquiring the ordinary blood-tint.

E
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Of these two theories the former is now the most generally
accepted.

The following are the chief arguments in its favour :

The similarity of the action of reagents, especially tannin and
magenta, on the non-nucleated red corpuscles of man, and the
nucleated ones of the frog, would appear to show that they are
fundamentally similar; and, in the frog, the transformation of
the colourless into coloured corpuscles has been observed to take
place. If frog’s blood be collected and prevented from evaporat-
ing while the air around it is constantly renewed, this trans-
formation of many colourless corpuscles occurs in the course of
two or three weeks. The colour can be observed spreading from
the centre of the cells towards their periphery (Recklinghausen).

The development of red blood-cells from the corpuscles of the
lymph and chyle continues throughout life, and there is no
reason for supposing that after birth they have any other origin.

Without doubt, these little bodies have, like all other parts of
the organism, a tolerably definite term of existence, and in a like
manner die and waste away when the portion of work allotted to
them has been performed. Neither the length of their life, how-
ever, nor the fashion of their decay, has been yet clearly made
out, and we can only surmise that in these things they resemble
more or less closely those parts of the body which lie more
plainly within our observation.

From what has been said, it will have appeared that when the
blood is once formed, its growth and maintenance are effected by
the constant repetition of the development of new portions. In
the same proportion that the blood yields its materials for the
maintenance and repair of the several solid tissues, and for
secretions, so are new materials supplied to it in the lymph and
chyle, and by development made like it. The part of the process
which relates to the formation of new corpuscles has been
described, but it is probably only a small portion of the whole
process ; for the assimilation of the new materials to the blood
must be perfect, in regard to all those immeasurable minute par-
ticulars by which the blood is adapted for the nutrition of every




CHAP. VL) NUTRITION OF BLOOD. I31

tissue, and the maintenance of every peculiarity of each. How
precise the assimilation must be for such an adaptation, may be
conceived from some of the cases in which the blood is altered by
disease, and by assimilation is maintained in its altered state.
For example, by the insertion of vaccine matter, the blood is for
a short time manifestly diseased; however minute the portion of
virus, it affects and alters, in some way, the whole of the blood.
And the alteration thus produced, inconceivably slight as it must
be, is long maintained; for even very long after a successful
vaccination, a second insertion of the virus may have no effect,
the blood being no longer amenable to its influence, because the
new blood, formed after the vaccination, is made like the blood
as altered by the vaccine virus; in other words, the blood exactly
assimilates to its altered self the materials derived from the
lymph and chyle. In health we cannot see the precision of the
adjustment of the blood to the tissues; but we may imagine it
from the small influences by which, as in wvaccination, it is
disturbed; and we may be sure that the new blood is as perfectly
assimilated to the healthy standard as in disease it is assimilated
to the most minutely altered standard.*

How far the assimilation of the blood is affected by any
formative power which it may possess in common with the solid
tissue, we know not. That this possible formative power is,
however, if present, ministered to and assisted by the actions
of other parts there can be no doubt; as 1st, by the digestive
and absorbent systems, and by the liver, and all of the so-
called vascular glands; and, 2ndly, by the excretory organs,
which separate from the blood refuse materials, including in
this term not only the waste substance of the tissues, but also
such matters as, having been taken with food and drink, may
have been absorbed from the digestive canal, and have been sub-
sequently found unfit to remain in the circulating current. And,
3rdly, the precise constitution of the blood is adjusted by the
balance of the nutritive processes for maintaining the several
tissues, so that none of the materials appropriate for the main-

* Corresponding facts in relation to the maintenance of the tissues by
assimilation will be mentioned in the Chapter on NUTRITION,
E 2
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tenance of any part may remain in excess in the blood. Each
part, by taking from the blood the materials it requires for its
maintenance, is, as has been observed, in the relation of an ex-
cretory organ to all the rest; inasmuch as by abstracting the
matters proper for its nutrition, it prevents excess of such matter
as effectually as if they were separated from the blood and cast
out altogether by the excreting organs specially present for such
a purpose.

Uses of the Blood.

I. To be a medium for the reception and storing of matter
(ordinary food, drink, and oxygen) from the outer world, and
for its conveyance to all parts of the body.

2. To be a source whence the various tissues of the body may
take the materials necessary for their nutrition and maintenance ;
and whence the secreting organs may take the constituents of

their various secretions.

3. To be a storehouse of potential energy, by the expenditure
of which the heat of the body may be maintained, and, by corre-
lation, vital and other force may be manifested.

4. To be a medium for the absorption of refuse matters, from
all the tissues, and for their conveyance to those organs whose
function it is to separate them and cast them out of the body.

5. To warm and moisten all parts of the body.

Uses of the various Constituents of the Blood.

Albumen.~—Albumen, which exists in so large a proportion among the
chief constituents of the blood, is without doubt mainly for the nourishment
of those textures which contain it or other compounds nearly allied to it.
Besides its purpose in nutrition, the albumen of the liquor sanguinis is
doubtless of importance also in the maintenance of those essential physical
properties of the blood to which reference has been already made.

Flibrin.—It has been mentioned in a previous part of this chapter that
the idea of fibrin existing in the blood, as fibrin, is founded in error ; and
that it is formed in the act of coagulation by the union of two substances,
which before existed separately (p. 105). In considering, therefore, the
functions of fibrin, we may exclude the notion of its existence, as such, in
the blood in a fluid state, and of its use in the nutrition of certain special
textures, and look for the explanation of its functions to those circumstances,
whether of health or disease, under which it is produced. In hmmorrhage,
for example, the formation of fibrin in the clotting of blood, is the means by
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which, at least for a time, the bleeding is restrained or stopped; and the
material or blastema which is produced for the permanent healing of the
injared part, contains a ecoagulable material identical, or very nearly so,
with the fibrin of clotted blood.

Fatty Matters.—~The fatty matters of the blood subserve more than one
purpose, For while they are the means, in great part, by which the fat of
the body, so widzly distributed in the proper adipose and other textures, is
replenished, they also, by their union with oxygen, assist in maintaining
the temperature of the body. To certain secretions also, notably the milk
and bile, fat is contributed.

Saline Matter.—The uses of the saline constituents of the blood are,
first, to enter into the composition of such textures and secretions as natu-
rally contain them, and, secondly, to assist in preserving thé due specific
gravity and alkalinity of the blood, and in preventing its decomposition.
The phosphate and carbonate of sodium, to which the blood owes its alka-
line reaction, preserve also the liquidity of its albumen, and favour its
circulation through the capillaries, at the same time that they increase the
absorptive power of the serum for gases. Buf although, from the constant
presence of a certain quantity of saline matter in the blood, we may believe
that it has these last-mentioned important funetions in connection with the
blood itself, apart from the nutrition of the body, yet, from the amount
which is daily separated by the different excretory organs, and especially
by the kidneys, we must also believe that a considerable quantity simply
passes through the blood, both from the food and from the tissues, as a
temporary and useless constituent, to be excreted when opportunity offers.

Corpuseles.—The uses of the red corpusecles are probably not yet fully
known, but they may be inferred, in part, from the composition and pro-
perties of their contents. The aflinity of hamoglobin for oxygen has been
already mentioned ; and the main function of the red corpuscles seems to
be the absorption of oxygen in the lungs by means of this constituent, and
its conveyance to all parts of the body, especially to those tissues, the
nervous and muscular, the discharge of whose functions depends in so great
a degree upon a rapid and full supply of this element. The readiness with
which h@moglobin absorbs oxygen, and delivers it up again to a reducing
agent, so well shown by the experiments of Prof. Stokes (p. 124), admirably
adapts it for this purpose. How far the red corpuscles are concerned in the
nutrition of the tissues is quite unknown.

The relation of the white to the red corpuscles of the blood has been
already considered (p. 129) ; of the functions of the former, other than are
concerned in this relationship, nothing is positively known. Recent obser-
vations of the migration of the white corpuscles from the interior of the
blood-vessels into the surrounding tissues (see Section, On the Circulation in
the Capillaries) have, however, opened out a large field for investigation of
their probable functions in connection with the nutrition of the textures, in
which, even in health, they appear to wander.

Under certain conditions, the red corpuscles pass through the walls of
the capillaries (diapedesis), but these movements are probably passive, in
other words, the cells are squeezed through the capillary wall, and do not,
like the colourless cells, work their way through.

In both eases alike, no breach of surface occurs (p. 199).
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CIRCULATION OF THE BLOOD.

Ix the living body the contents of the chest,—the heart and
lungs,—are the subjects of constant rhythmic movement, the result
of which is an unceasing stream of air through the trachea
alternately into and out of the lungs, and an unceasing stream of
blood through the large arteries and veins, into and out of the
heart.

It is with this last event that we are concerned especially in
this chapter,—with the means, that is to say, by which the blood,

Fig. 71.%

A .l‘n!!'.l'l-:,l"

Diaphragm.

which at one moment is forced out of the heart, is in a few
moments more returned to it, again to depart, and again pass
through the bhody in course of what is technically called the

* Fig. 71. View of heart and lungs in sitw. The front portion of the
chest-wall, and the outer or parietal layers of the pleur® and pericardium
have been removed. The lungs are partly collapsed.
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circulation. The puposes for which this unceasing current is
maintained, are indicated in the uses of the blood enumerated in
the preceding chapter.

The blood is conveyed away from the heart by the arteries,
and returned to it by the veins ; the arteries and wveins being
continuous with each other, at one end by means of the heart,
and at the other by a fine network of vessels called the capillaries.
The blood, therefore, in its passage from the heart passes first
into the arteries, then into the capillaries, and lastly into the
veins, by which it is conveyed back again to the heart,—thus
completing a revolution,
or circulation.

As generally de-
scribed there are two
circulations by which
all the blood must pass;
the one, a shorter circuit
from the heart to the
lungs and back again ;
the other and larger
circuit, from the heart
to all parts of the body
and back again; but
more strictly speaking,
there is only one com-
plete circulation, which
may be diagrammati-
cally represented by a
double loop, as in the
accompanying  figure
(fig. 72).

On reference to this
figure and noticing the

direction of the arrows which represent the course of the stream
of blood, it will be observed that while there is a smaller and a

—

— e o

e

* Fig. 7z. Diagram of the circulation,
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larger circle, both of which pass through the heart, yet that these
are not distinct, one from the other, but are formed really by one
continuous stream, the whole of which must, at one part of its
course, pass through the lungs. Subordinate to the two principal
circulations, the pulmonary and systemic as they are named, it
will be noticed also in the same figure, that there is another,
by which a portion of the stream of blood having been diverted
once into the capillaries of the intestinal canal, and some other
organs, and gathered up again into a single stream, is a second
time divided in its passage through the liver, before it finally
reaches the heart and completes a revolution. This subordinate
stream through the liver is called the portal circulation,

Discovery of the Circulation.

It appears almost incredible that though anatomy had been studied for
many centuries, and though such facts as the jetting of blood from a
wounded artery, and the swelling up of veins on the distal side of a ligature,
had long been noticed, the real course of the circulation remained unknown
till the early part of the seventeenth century. The ignorance which so long
prevailed is to be ascribed to the fact that men were content to take the
assertions of their predecessors for granted, without bringing them to the
test of observation.

Up to nearly the close of the sixteenth century it was generally believed
that the blood passed from one ventricle to the other through foramina in
the * septum ventriculoram.” These foramina are of course purely imaginary,
but no one ventured to dispute their existence till Servetus boldly stated
that he could not succeed in finding them. He further asserted that the
blood passed from the Right to the Left side of the heart by way of the lungs,
and also advanced the hypothesis that it is thus “revivified,” remarking
that the Pulmonary Artery is too large to serve merely for the nutrition of
the lungs (a theory then generally accepted).

Realdus, Columbo, and Cesalpinus, added several important observations,
The latter showed that the blood is slightly cooled by passing through the
lungs, also that the veins swell up on the distal side of a ligature. The
existence of valves in the veins had previously been discovered by Fubricius
of Aquapendente, the teacher of Harvey,

The honour of first demonstrating the general course of the circulation
belongs by right to Harvey, who made his grand discovery about 1618, He
was the first to establish the muscular structure of the heart, which had
been denied by many of his predeceseors ; and by careful study of its action
both in the body and when excised, ascertained the order of contraction of
its cavities, He did not content himself with inferences from the anatomy
of the parts, but employed the experimental method of injection, and made
an extensive and accurate series of observations on the circulation in cold
blooded animals, He forced water through the Pulmonary Artery till it
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trickled out through the Left ventricle, the tip of which had been cut off.
Another of his experiments was to fill the Right side of the heart with water,
tie the Pulmonary Artery and the Venz Cavze, and then squeeze the Right
ventricle : not a drop could be forced through into the Left ventricle, and
thus he conclusively disproved the existence of foramina in the septum
ventriculorum. * I have sufficiently proved,” says he, *that by the beating
of the heart the blood passes from the veins into the arteries through the
ventricles, and is distributed over the whole body.”

“In the warmer animals, such as man, the blood passes from the Right
Ventricle of the Heart through the Pulmonary Artery into the Lungs, and
thence through the Pulmonary Veins into the Left Auricle, thence into the
Left Ventricle.”

The following are the main arguments by which he established the fact of
the eirculation :—

1. The heart in half an hour propels more blood than the whole mass of
blood in the body.

2. The great force and jetting manner with which the blood spurts from
an opened artery, such as the carotid, with every beat of the heart.

3. If true, the normal course of the circulation explains why after death
the arteries are commonly found empty and the veins full.

4. If the large veins near the heart were tied in a fish or snake, the heart
became pale, flaccid, and bloodless ; on removing the ligature the blood
again flowed into the heart. If the arfery were tied, the heart became dis-
tended ; the distension lasting until the ligature was removed.

5. The evidence to be derived from a ligature round a limb, If it be
drawn very tight, no blood can enter the limb, and it becomes pale and cold.
If the ligature be somewhat relaxed, blood can enter but cannot leave the
limb ; hence it becomes swollen and congested. If the ligature be removed,
the limb soon regains its natural appearance.

6. The existence of valves in the veins which only permit the blood to
flow towards the heart.

7. The general constitutional disturbance resulting from the introduction
of a poison at a single point, e.g. snake poison.

To these may now be added many further proofs which have accumulated
since the time of Harvey, e.g. :—

8. Wounds of arteries and veins. In the former case hemorrhage may be
almost stopped by pressure above, in the latter by pressure below, the seat
of injury.

9. The direct observation of the passage of blood corpuscles from small
arteries through capillaries into veins in all transparent vascular parts, as
the mesentery, tongue or web of the frog, the tail or gills of a tadpole, &ec.

10. The results of injecting certain substancesinto the blood. (See Hering's
Experiments, p. 210.)

Further, it is obvious that the mere fact of the existence of a hollow mus-
cular organ (the heart) with valves so arranged as to permit the blood to
pass only in one direction, of itself sugzests the course of the circulation.
The only part of the circulation which Harvey could not follow is that
throngh the capillaries, for the simple reason that he had no lenses suffi-
ciently powerful to enable him to see it. MWalpighi (1661) and Leeuwenhoek
(1668) demonstrated it in the tail of the tadpole and lung of the frog.
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The discovery of the circulation of the blood by Harvey forms the basis of
modern physiology. His great treatise, * De Motu Cordis et Sanguinis,” is
a very model of accurate reasoning, based on a vast array of facts estab-
lished by careful dissections and experiments, and collected from clinical
observation. The conclusion at which he arrived is as follows :—* Since
both by reasoning and by experiment the following facts have been estab-
lished, viz., that the blood is forced through the lungs by the contraction
of the ventricles, and is driven through the whole body where it traverses
“porosities” in the flesh, and flows from the circumference towards the
centre from the smaller into the larger veins, and thence into the vena cava
and auricle, we cannot but conclude that in animals the blood moves in
a circoit, and that this is the action or function of the heart which it
accomplishes by its pulsations.”

The principal force provided for constantly moving the blood
through the course of the circulation is that of the muscular sub-
stance of the heart; other assistant forces are (2) those of the
elastic walls of the arteries, (3) the pressure of the muscles
among which some of the veins run, (4) the movements of the
walls of the chest in respiration, and probably, to some extent,
(5), the interchange of relations between the blood and the
tissues which ensues in the capillary system during the nutritive
processes. The right direction of the blood’s course is deter-
mined and maintained by the valves of the heart to be imme-
diately described ; which valves open to permit the movement of
the blood in the course described, but close when any force tends
to move it in the contrary direction.

The Heart.

The heart is a hollow muscular organ, the interior of which .s
divided by a partition in such a manner as to form two chief
chambers or cavities—right and left. Each of these chambers
is again subdivided into an upper and a lower portion called
respectively the auricle and wventricle, which freely communicate
one with the other; the aperture of communication, however,
being guarded by valvular curtains, so disposed as to allow
blood to pass freely from the auricle into the ventricle, but not
in the opposite direction. There are thus four cavities altogether
in the heart—two auricles and two ventricles; the auricle and
ventricle of one side being quite separate from those of the other

(fig. 72).
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The walls of the heart are constructed almost entirely of layers of mus-
cnlar fibres ; but a ring of connective tissue, to which some of the muscular
fibres are attached, is inserted between each auricle and ventricle, and forms
the boundary of the auriculo-ventricular opening. Fibrous tissue also exists
at the origins of the pulmonary artery and aorta.

The muscular fibres of each auricle are in part continuous with those of
the other, and partly separate ; and the same remark holds true for the
ventricles, The fibres of the auricles are, however, quite separate from those
of the ventricles, the bond of connection between them being the fibrous
tissue of the auriculo-ventricular openings.

The walls of the left ventricle, which are nearly half-an-inch in thickness,
are twice or three times as thick as those of the right, The left auricle is
only slightly thicker than the right, the difference being as 1} lines to 1 line.
(Bouillaud.)

The average weight of the heart in the adult is from g to 10 ounces ; its
weight gradually increasing throughout life until it again diminishes by
senile atrophy.

The heart is clothed on the outside by a thin transparent layer of peri-
cardium, while its cavities are lined by a smooth and shining membrane, or

Pig. ma® Fig. 14.%
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endocardium, which is directly continuous with the internal lining of the
arteries and veins. The endocardium is composed of connective tissue,

* Fig. 73. Muscular fibres from the heart, magnified, showing their cross-
strie, divisions and junctions (Kulliker).

T Fig. 74. A. Muscular fibres from the heart of man, divided by trans-
verse septa into separate nucleated portions. B. Two laterally adherent
musele-cells from the guinea-pig (Schweigger-Seidel).
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with a larre admixture of elastic fibres, and on its inner surface is laid
town a single teessellated layer of flattened epithelial (endothelial) cells.
Here and there muscular fibres are sometimes found in the tissue of the
endocardium,

The muscular fibres of the heart, unlike those of other involuntary muscles,
are striated:; but although, in this respect, they resemble the voluntary
muscles, they have distinguishing characteristics of their own. Each fibre
is made up of a series of elongated nucleated cells (fig. 74), and the fibres
which lie side by side are united at frequent intervals by sghort outgrowths
from some of these cells. The fibres are smaller than those of the voluntary
muscles, and their striation is less marked. No sarcolemma ecan be usually
discerned.

The arrangement of the heart’s valves is such that the blood
can pass only in one direction, and this is as follows (fig. 75):—

Fig. 75.%

From the right auricle the blood passes into the right ventricle,
and thence into the pulmonary artery, by which it is conveyed to
the capillaries of the lungs. From the lungs the blood, which
is now purified and altered in colour, is gathered by the pul-
monary veins and taken to the left auricle. From the left

* Fig. 75. Diagram of the circulation through the heart (Dalton).
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auricle it passes into the left ventricle, and thence into the aorta,
by which it is distributed to the capillaries of every portion of
the body. The branches of the aorta, from being distributed to
the general system, are called systemic arteries; and from these
the blood passes into the systemic capillaries, where it again
becomes dark and impure, and thence into the branches of the
systemic veins, which, forming by their union two large trunks,
called the superior and inferior vena cava, discharge their con-
tents into the right auricle, whence we supposed the blood to

start (fig. 75).
Structure of the Valves of the Heart.

The valves of the heart are formed essentially of thick layers
of closely woven connective and elastic tissue, over which, on
every part, is reflected the epithelial lining of the endocardium.

There are two sets of valves in the interior of the heart on
each side (@) auriculo ventricular, between the auricle and ventricle
(figs. 76, 5 and 77, 6), and (b) the semilunar or arterial, which
are placed at the orifices respectively of the pulmonary artery
and the aorta (figs. 76, 4 and 77, 7).

The valve between the right auricle and ventricle is named
tricuspid (5, fig. 76), because it presents three principal cusps or
subdivisions, and that between the left auricle and ventricle
bicuspid or mitral, because it has two such portions (6, fig. 77). DBut
in both valves there is between each two principal portions a
smaller one; so that more properly, the tricuspid may be des-
cribed as consisting of six, and the mitral of four, portions.
Each portion is of triangular form, its apex and sides lying free
in the cavity of the ventricle, and its base, which is continuous
with the bases of the neighbouring portions, so as to form an
annular membrane around the auriculo-ventricular opening,
being fixed to a tendinous ring which encircles the orifice be-
tween the auricle and ventricle and receives the insertions of the
muscular fibres of both. In each principal cusp may be dis-
tinguished a middle-piece, extending from its base to its apex,
and including about half its width, which is thicker, and much
tougher and tighter than the border-pieces or edges.
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Fig. 76.%

* Fig. 76. The right auricle and wventricle opened, and a part of their
right and anterior walls removed, so as to show their interior. %.—1, supe-
rior vena cava; 2, inferior vena cava; 2/, hepatic veins cut short; 3, right
auricle ; 3', placed in the fossa ovalis, below which is the Eustachian valve ;
3", is placed close to the aperture of the coronary vein; +, +, placed in the
auriculo-ventricular groove, where a narrow portion of the adjacent walls of
the auricle and ventricle has been preserved; 4, 4, cavity of the right
ventricle, the upper figure is immediately below the semilunar wvalves;
4, large columna carnea or musculus papillaris; 5, 5% 5, tricuspid valve ;
6, placed in the interior of the pulmonary artery, a part of the anterior wall
of that vessel having been removed, and a narrow portion of it preserved at
its commencement, where the semilunar valves are attached ; 7, coneavity of
the aortic arch elose to the cord of the ductus arteriosus; 8, ascending part
or sinus of the arch covered at its commencement by the auricular appendix
and pulmonary artery; o, placed between the innominate and left carotid
arteries ; 10, appendix of the left auvicle; 11, 11, the outside of the left
ventricle, the lower figure near the apex (Allen Thomson).
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Fig. 77.*

* Fig. 77. The left auricle and ventricle opened and a part of their ante-
vior and left walls removed so as to show their interior. .—The pulmonary
artery has been divided at its commencement so as to show the aorta; the
opening into the left ventricle has been carried a short distance into the
aorta between two of the segments of the semilunar valves; the left part of
the auricle with its appendix has been removed. The right auricle has been
thrown out of view. 1, the two right pulmonary veins cut short; their
openings are seen within the auricle; 1, placed within the cavity of the
auricle on the left side of the septum and on the part which forms th remains
of the valve of the foramen ovale, of which the crescentic fold is seen towards
the left hand of 1’; 2, a narrow portion of the wall of the auricle and ventricle
preserved round the auriculo-ventrieular orifice ; 3, 3/, the cut surface of the
walls of the ventricle, seen to become very much thinner towards 3", at the
apex ; 4, a small part of the anterior wall of the left ventriele which has been
preserved with the principal anterior columna carnea or musculus papillaris
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‘While the bases of the several portions of the valves are fixed
to the tendinous rings, their ventricular surfaces and borders are
fastened by slender tendinous fibres, the chorde tendinee, to the
walls of the ventricles, the muscular fibres of which project into
the ventricular cavity in the form of bundles or columns—the
columne carne@. These columns are not all of them alike, for
while some of them are attached along their whole length on
one side, and by their extremities, others are attached only by
their extremities; and a third set, to which the name musculi
papillares has been given, are attached to the wall of the ven-
tricle by one extremity only, the other projecting, papilla-like,
into the cavity of the ventricle (5, fig. 77), and having attached
to it chorde tendinee. Of the tendinous cords, besides those
which pass from the walls of the wventricle and the musculi
papillares to the margins of the valves both free and attached,
there are some of especial strength, which pass from the same
parts to the edges of the middle and thicker portions of the
cusps before referred to (p. 141). The ends of these cords are
spread out in the substance of the valve, giving its middle piece
its peculiar strength and toughness; and from the sides numer-
ous other more slender and branching cords are given off, which
are attached all over the ventricular surface of the adjacent
border-pieces of the principal portions of the valves, as well as
to those smaller portions which have been mentioned as lying
between each two principal ones. Moreover, the musculi papil-
lares are so placed that, from the summit of each, tendinous
cords may proceed to the adjacent halves of two of the principal
divisions, and to ome intermediate or smaller division, of the
valve.

attached to it; 5, 5, musculi papillares; 5/, the left side of the septum,
between the two ventricles, within the cavity of the left ventricle ; 6, 6', the
mitral valve; 7, placed in the interior of the aorta near its commencement
and above the three segments of its semilunar valve which are hanging loosely
together ; 7, the exterior of the great aortic sinus; 8, the root of the pul-
monary artery and its semilunar valves; 8, the separated portion of the
pulmonary artery remaining attached to the aorta by o, the cord of the ductus
arteriosus ; 10, the arteries rising from the summit of the aortic arch (Allen

Thomson).
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The preceding description applies equally to the mitral and
tricuspid valve; but it should be added that the mitral is con-
siderably thicker and stronger than the tricuspid, in accordance
with the greater force which it is called upon to bear.

It has been already said that while the ventricles communicate,
on the one hand, with the auricles, they communicate, on the other,
with the large arteries which convey the blood away from the
heart ; the right ventricle with the pulmonary artery (6, fig. 76),
which conveys blood to the lungs, and the left ventricle with the
aorta, which distributes it to the general system (7, fig. 77). And
as the auriculo-ventricular orifice is guarded by valves, so are also
the mouths of the pulmonary artery and aorta (figs. 76, 77).

The valves, three in number, which guard the orifice of each
of these two arteries, are called the semilunar valves. They are,
like the auriculo-ventricular wvalves, constructed of fibrous and
elastic tissue, over which is reflected the epithelium of the
endocardium ; and they are nearly alike on both sides of the
heart; but those of the aorta are altogether thicker and more
strongly constructed than those of the pulmonary artery, in
accordance with the greater pressure which they have to with-
stand. Fach valve is of semilunar shape, its convex margin
being attached to a fibrous ring at the place of junction of the
artery to the ventricle, and the concave or nearly straight border
being free, so that each valve forms a little pouch like a watch-
pocket (7, fig. 77). In the centre of the free edge of the valve,
which contains a fine cord of fibrous tissue, is a small fibrous
nodule, the corpus Arantit, and from this and from the attached
border, fine fibres extend into every part of the mid substance
of the valve, except a small lunated space just within the free
edge, on each side of the corpus Arantii. Here the wvalve is
thinnest, and composed of little more than the endocardium.
Thus constructed and attached, the three semilunar valves are
placed side by side around the arterial orifice of each wventricle,
80 as to form three little pouches, which can be thrown back
and flattened by the blood passing out of the ventricle, but
which belly out immediately so as to prevent any return (6,
fig. 76). This will be again referred to immediately.

L
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THE ACTION OF THE HEART.

The heart’s action in propelling the blood consists in the suc-
cessive alternate contractions and dilatations of the muscular
walls of its two auricles and two ventricles; the auricles contract-
ing simultaneously, and their contraction being immediately
followed by that of the ventricles.

The description of the action of the heart may best be com-
menced at that period in each action which immediately precedes
the beat of the heart against the side of the chest. For at this
time the whole heart is in a passive state, the walls of both
auricles and ventricles are relaxed, and their cavities are being
dilated. The auricles are gradually filling with blood flowing
into them from the veins; and a portion of this blood passes at
once through them into
the ventricles, the open-
ing between the cavity
of each auricle and that
of its corresponding
ventricle being, during
all the pause, free and
patent (fig. 78). The
auricles, however, re-
ceiving more blood than
at once passes through
them to the ventricles,
become, near the end of
the pause, fully dis-
tended ; then, at the end
of the pause, they con-
tract and expel their
contents into the ventricles. The contraction of the auricles 1is
sudden and very quick; it commences at the entrance of the
great veins into them, and is thence propagated towia.rds the
auriculo-ventricular opening; but the last part which con-
tracts is the auricular appendix. The effect of this contraction

Fig. 78.*

* Fig, 78. Diagram of valves of the heart (after Dalton).
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of the auricles is to quicken the flow of blood from them into
the ventricles ; the force of their contraction not being sufficiens
under ordinary circumstances to cause any back-flow into the
veins. The reflux of blood into the great veins is indeed
resisted not only by the mass of blood in the veins and the
force with which it streams into the auricles, but also by the
simultaneous contraction of the muscular coats with which the
large veins are provided near their entrance into the auricles.
Any slight regurgitation from the right auricle is limited alsq
by the valves at the junction of the subelavian and internal
jugular veins, beyond which the blood cannot move backwards;
and the coronary vein, or vein which brings back to the right
auricle the blood which has ecirculated in the substance of the
heart, is preserved from it by a valve at its mouth.

In birds and reptiles, regurgitation from the right auricle is prevented by
valves placed at the entrance of the great veins.

During the auricular contraction, the force of the blood
propelled into the ventricle is transmitted in all directions,
but being insufficient to separate the semilunar valves, it is
expended in distending the ventricle, and in raising and
gradually closing the auriculo-ventricular walves, which, when
. the ventricle is full, form a complete septum between it and the
auricle. This elevation of the auriculo-ventricular valves is, no
doubt, materially aided by the action of the elastic tissue which
Dr. Markham has shown to exist so largely in their structure,
especially on the auricular surface.

The blood which is thus driven, by the contraction of the
auricles, into the corresponding ventricles, being added to that
which had already flowed into them during the heart’s pause,
is sufficient to complete the dilatation or diastole of the ventricles.
Thus distended, they immediately contract: so immediately,
indeed, that their contraction, or systole, loocks as if it were
continuous with that of the auricles. This has been graphically
described by Harvey in the following passage :—‘ These two
motions, one of the ventricles, another of the auricles, take place

consecutively, but in such a manner that there is a kind of
L 2
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harmony, or rhythm, present between them, the two concurring
in such wise that but one motion is apparent ; especially in the
warmer blooded animals, in which the movements in question
are rapid. Nor is this for any other reason than it is in a piece
of machinery, in which, though one wheel gives motion to
another, yet all the wheels seem to move simultaneously; or in
that mechanical contrivance which is adapted to fire-arms, where
the trigger being touched, down comes the flint, strikes against
the steel, elicits a spark, which, falling among the powder, it is
ignited, upon which the flame extends, enters the barrel, causes
the explosion, propels the ball, and the mark is attained—all of
which incidents by reason of the celerity with which they happen,
seem to take place in the twinkling of an eye.” The ventricles
contract much more slowly than the auricles, and in their contrac-
tion, probably always thoroughly empty themselves, differing in
this respect from the auricles, in which, even after their complete
contraction, a small quantity of blood remains. The form and
position of the fleshy columns on the internal walls of the ventricle
appear, indeed, especially adapted to produce this obliteration
of their cavities during their contraction ; and the completeness
of the closure may often be observed on making a transverse
section of a heart shortly after death, in any case in which the
| b contraction of the rigor mortis
R 1. is very marked (fig. 79). In
= such a case, only a central
fissure may be discernible to
the eye in the place of the
w1 e} cavity of each ventricle.
B S When the ventricles con-
tract on the blood contained
in them, the pressure is trans-
mitted equally to all parts of
their internal surface, including the ventricular surface of both
sets of valves, (auriculo-ventricular and semilunar). The effect,
respectively, on the two sets of valves is quite different. The

* Fig. 79. Transverse section of bullock’s heart in a state of cadaveric
rigidity. e, cavity of left ventricle. &, cavity of right ventricle. (Dalton.)
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auriculo-ventricular valves which have been floated upwards on the
surface of the in-streaming blood,—like the leaves of a water-
plant, as Dr. Pettigrew
happily expresses it,— __
are, by the pressure on
the blood of the con-
tracting ventricle now
stretched tightly and
pressed more closely
together (fig. 80), so as
to offer an impassable
barrier against the re-
turn of blood into the
auricle; the margins of
the cusps being still
more secured in apposi-
tion, one with another,
by the simultaneous
contraction of the mus-
cult  papillares, whose
chordee tendines have a special mode of attachment for this
object (p. 144).

The semilunar valves, on the other hand, which are closed in
the intervals of the ventricle’s contraction (fig. 78), are forced
apart by the same pressure that tightens the auriculo-ventricular
valves ; and, thus, the whole force of the contracting ventricles is
directed to the expulsion of blood through the aorta and pul-
monary artery (fig, 30).

A special advantage derived from the action of the musculi
papillares is that they prevent the auriculo-ventricular valves
from being everted into the auricle. For, as the heart shortens
itself in contraction, the chorde tendinee might allow the valves
to be pressed back into the auricle, were it not that when the
wall of the ventricle is drawn nearer to the auriculo-ventricular
orifice, the musculi papillares more than compensate for this by

Fig. S0.*

e —— —_— -

* Fig. 8o. Diagram of valves of the heart (after Dalton).
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their own contraction—holding the cords tight, and, by pulling
down the valves, adding slightly to the force with which the
blood is expelled.

Thus, the ventricle, in its contraction, may be compared to a
conical or funnel-shaped room of which the sides, floor, and roof
are all drawn towards a central line for the more complete
expulsion of its contents.

What has been said applies equal.ly to the auriculo-ventricular
valves on both sides of the heart, and of both alike the closure
is generally complete every time the ventricles contract. But in
some circumstances the closure of the tricuspid valve is not
complete, and a certain quantity of blood is forced back into the
auricle. This has been called the sufety-valve action of this valve
(Hunter, Wilkinson King). The ecircumstances in which it
usually happens are those in which the vessels of the lung are
already full enough when the right ventricle contracts, as e.g.,
in certain pulmonary diseases, in very active exertion, and in
great efforts. In these cases, the tricuspid valve does not com-
pletely close, and the regurgitation of blood may be indicated
by a pulsation in the jugular veins synchronous with that in
the carotid arteries.

The arterial or semilunar valves are, as already said, forced
apart by the out-streaming blood, with which the contracting
ventricle dilates the large arteries. The dilatation of the arteries
ig, in a peculiar manner, adapted to bring the valves into action.
The lower borders of the semilunar valves are attached to the
inner surface of a tendinous ring, which is, as it were, inlaid, at
the orifice of the artery, between the muscular fibres of the ven-
tricle and the elastic fibres of the walls of the artery. The tissue
of this ring is tough, and does not admit of extension under
such pressure as it is commonly exposed to; the valves are
equally inextensile, being, as already mentioned, formed of tough,
close-textured, fibrous tissue, with strong interwoven cords, and
covered with endocardium. Hence, when the ventricle propels
blood through the orifice and into the canal of the artery, the
lateral pressure which it exercises is sufficient to dilate the walls
of the artery, but not enough to stretch in an equal degree, if at

e o ——
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all the unyielding valves and the ring to which their lower
borders are attached. The effect, therefore, of each such pro-
pulsion of blood from the ventricle is, that the wall of the first
portion of the artery is dilated into three pouches behind the
valves, while the free margins of the valves, which had pre-
viously lain in contact with S

the inner surface of "the S B

artery {as at A, fig. 81), are
drawn inward towards its
centre (fig. 81, B). Their
positions may be explained
by the foregoing diagrams,
in which the continuous lines
represent a transverse sec-
tion of the arterial walls, the dotted one the edges of the valves,
firstly, when the valves are in contact with the walls (a), and,
secondly, when the walls being dilated, the valves are drawn
away from them (B).

This position of the valves and arterial walls is retained so
long as the ventricle continues in contraction : but, so soon as
it relaxes, and the dilated arterial walls can recoil by their
elasticity, they press the blood as well towards the ventricles as
onwards in the course of the circulation. Part of the blood thus
pressed back lies in the pouches (a, fig. 81, B) between the
valves and the arterial walls; and the valves are by it pressed
together till their thin lunated margins meet in three lines
radiating from the centre to the circumference of the artery
(7 and 8, fig. 82).

The contact of the valves in this position, and the complete
closure of the arterial orifice, are secured by the peculiar con-
struction of their borders before mentioned. Among the cords
which are interwoven in the substance of the valves, are two of

e ——

* Fig. 81. Sections of aorta, to show the action of the semilunar valves.
A is intended to show the valves, represented by the dotted lines, in contact
with the arterial walls, represented by the continuous outer line. B (after
Hunter) shows the arterial wall distended into three pouches (z), and drawn
away from the valves which are straightened into the form of an equilateral
triangle, as represented by the dotted lines.
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greater strength and prominence than the rest; of which one
extends along the free border of each valve, and the other forms
a double curve or festoon just below the free border. Each of

. Flon 82.%

these cords is attached by its outer extremities to the outer end
of the free margin of its valve, and in the middle to the corpus
Arantii; they thus enclose a lunated space from a line to a line
and a half in width, in which space the substance of the valve is
much thinner and more pliant than elsewhere. When the valves
are pressed down, all these parts or spaces of their surfaces come
into contact, and the closure of the arterial orifice is thus secured
by the apposition not of the mere edges of the valves, but of all

—

* Fig. 82. View of the base of the ventricular part of the heart, showing
the relative position of the arterial and auriculo-ventricular orifices.—%. The
muscular fibres of the ventricles are exposed by the removal of the pericardium,
fat, blood-vessels, ete.; the pulmonary artery and aorta have been removed
by a section made immediately beyond the attachment of the semilunar valves,
and the auricles have been removed immediately above the auriculo-ventri-
cular orifices. The semilunar and auriculo-ventricular valves are in the nearly
closed condition. 1, 1, the base of the right ventricle; 1’, the conus arte-
riosus ; 2, 2, the base of the left ventricle ; 3, 3, the divided wall of the right
anticle ; 4, that of the left; s, 5§, 5", the tricuspid valve; 6, €', the mitral
valve. In the angles between these segments are seen the smaller fringes
frequently observed ; %, the anterior part of the pulmonary artery ; 8, placed
upon the posterior part of the root of the aorta; 9, the right, g, the lelt
coronary artery. (Allen Thomson).
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those thin lunated parts of each which lie between the free
edges and the cords next below them. These parts are firmly
pressed together, and the greater the pressure that falls on them
the closer and more secure is their apposition. The corpora
Arantii meet at the centre of the arterial orifice when the valves
are down, and they probably assist in the closure; but they are
not essential to it, for, not unfrequently, they are wanting in the
valves of the pulmonary artery, which are then extended in
larger, thin, flapping margins. In valves of this form, also, the
inlaid cords are less distinct than in those with corpora Arantii;
yet the closure by contact of their surfaces is not less secure.

Mr. Savory has clearly shown that this pressure of the blood
is not entirely sustained by the valves alone, but in part by the
muscular substance of the ventricle. Availing himself of a
method of dissection hitherto apparently overlooked, namely,
that of making vertical sections (fig. 83) through various parts
of the tendinous rings, he has been enabled to show clearly that
the aorta and pulmonary artery, expand-
ing towards their termination, are situated
upon the outer edge of the thick upper border
of the ventricles, and that consequently the por-
tion of each semilunar valve adjacent to the
vessel passes over and rests upon the muscular
substance—being thus supported, as it were,
on a kind of muscular floor formed by the
upper border of the ventricle. The result of
this arrangement will be that the reflux of the
blood will be most efficiently sustained by the
ventricular wall.

As soon as the auricles have completed
their contraction they begin again to dilate, and
to be refilled with blood, Whmh ﬂaws into them in a staady stream

Fig. 83.*

* Fig. 83. V. ert:ca.l section thmugh the aorta at its junction with the left
ventricle. @, Section of aorta. &, Section of valve. ¢, Section of wall o
ventricle. o, Internal surface of ventricle.

t Mr. Savory's preparations, illustrating this and other points in relation
to the structure and functions of the valves of the heart, are in the museum
of St. Bartholomew’s Hospital.
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through the great venous trunks. They are thus filling during
all the time in which the ventricles are contracting; and the
confraction of the ventricles being ended, these also again dilate,
and receive again the blood that flows into them from the
auricles. By the time that the ventricles are thus from one-third
to two-thirds full, the auricles are distended; these, then suddenly
contracting, fill up the ventricles, as already described, p. 146.

If we suppose a cardiac revolution, which includes the con-
traction of the auricles, the contraction of the ventricles, and
their repose, to occupy rather more than a second, the following
table will represent, in tenths of a second, the time occupied by
the various events we have considered.

Contraction of Auricles . . . I + Repose of Auricles . . . 10=1II
. Ventricles . . 4+ b Venfricles . . 7=11I
Repose (no contraction of either
auricles or ventricles) . . . 6 + Contraction (of either auri-
- cles or ventricles). . . §=1I

If the speed of the heart be quickened, the time occupied by
each cardiac revolution is of course diminished, but the diminu-
tion affects only the diastole and pause. The systole of the
ventricles occupies very much the same time, about 2; sec,
whatever the pulse-rate.

The periods in which the several valves of the heart are in
action may be connected with the foregoing table; for the
auriculo-ventricular valves are closed, and the arterial valves are
open during the whole time of the ventricular contraction,
while, during the dilatation and distension of the ventricles the
latter valves are shut, the former open.

Sounds of the Heart.

‘When the ear is placed over the region of the heart, two
sounds may be heard at every beat of the heart, which follow in
quick succession, and are succeeded by a pause or period of
silence. The first sound is dull and prolonged; its commence-
ment coincides with the impulse of the heart, and just precedes
the pulse at the wrist. The second is a shorter and sharper
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sound, with a somewhat flapping character, and follows close
after the arterial pulse. The period of time occupied respectively
by the two sounds taken together, and by the pause, are almost
exactly equal. The relative length of time occupied by each
sound, as compared with the other, is a little uncertain. The
difference may be best appreciated by considering the different
forces concerned in the production of the two sounds. In one
case there is a strong, comparatively slow, contraction of a large
mass of muscular fibres, urging forward a certain quantity of
fluid against considerable resistance; while in the other it is a
strong but shorter and sharper recoil of the elastic coat of the
large arteries,—shorter because there is no resistance to the
flapping back of the semilunar valves, as there was to their
opening. The difference may be also expressed, as Dr. C. J. B.
Williams has remarked, by saying the words li#bb—duip.

The events which correspond, in point of time, with the first
sound, are the contraction of the ventricles, the first part of the
dilatation of the auricles, the closure of the auriculo-ventricular
valves, the opening of the semilunar valves, and the propulsion
of blood into the arteries. The sound is succeeded, in about
one-thirtieth of a second, by the pulsation of the facial artery,
and in about one-sixth of a second, by the pulsation of the
arteries at the wrist. The second sound, in point of time,
immediately follows the cessation of the ventricular contraction,
and corresponds with the closure of the semilunar valves, the
continued dilatation of the auricles, the commencing dilata-
tion of the ventricles, and the opening of the auriculo-ventricular
valves. The pause immediately follows the second sound, and
corresponds in its first part with the completed distension of the
auricles, and in its second with their contraction, and the disten-
sion of the ventricles, the auriculo-ventricular valves being, all
the time of the pause, open, and the arterial valves closed.

The chief cause of the first sound of the heart appears to be
the vibration of the auriculo-ventricular valves, and also, but to
a less extent, of the ventricular walls, and coats of the aorta and

pulmonary artery, all of which parts are suddenly put into a
state of tension at the moment of ventricular contraction. The
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effect is intensified by the muscular sound produced by the contrac-
tion of the mass of muscular fibres which form the ventricle.

This view, long ago advanced by Dr. Billing, is supported by
the fact observed by Valentin, that if a portion of a horse’s
intestine, tied at one end, be moderately filled with water, with-
out any admixture of air, and have a syringe containing water
fitted to the other end, the first sound of the heart is exactly
imitated by forcing in more water, and thus suddenly rendering
the walls of the intestine more tense.

The cause of the second sound is more simple than that of the
first. It is probably due entirely to the sudden closure and
consequent vibration of the semilunar valves when they are
pressed down across the orifices of the aorta and pulmonary
artery. The influence of the valves in producing the sound, is
illustrated by the experiment already quoted from Valentin, and
from others performed on large animals, such as calves, in which
the results could be fully appreciated. In these experiments
two delicate curved needles were inserted, one into the aorta, and
another into the pulmonary artery, below the line of attachment
of the semilunar valves, and, after being carried upwards about
half an inch, were brought out again through the coats of the
respective vessels, so that in each vessel one valve was included
between the arterial walls and the wire. Upon applying the
stethoscope to the vessels, after such an operation, the second
sound had ceased to be audible. Disease of these valves, when
so extensive as to interfere with their efficient action, also often
demonstrates the same fact by modifying or destroying the
distinctness of the second sound.

One reason for the second sound being a clearer and sharper
one than the first may be, that the semilunar valves are not
covered in by the thick layer of fibres composing the walls of the
heart to such an extent as are the auriculo-ventricular. It might
be expected therefore that their vibration would be more easily
heard through a stethoscope applied to the walls of the chest.

The contraction of the auricles which takes place in the end
of the pause is inaudible outside the chest, but may be heard,
when the heart is exposed and the stethoscope placed on if, as a
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slight sound preceding and continued into the louder sound of
the ventricular contraction.

The Impulse of the Heart—At the commencement of each
ventricular contraction, the heart may be felt to beat with a
slight shock or émpulse against the walls of the chest. This
impulse is most evident in the space between the fifth and sixth
ribs, between one and two inches to the left of the sternum.
The force of the impulse, and the extent to which it may be
perceived beyond this point, vary considerably in different
individuals, and in the same individuals under different circum-
stances. It is felt more distinctly, and over a larger extent of
surface, in emaciated than in fat and robust persons, and more
during a forced expiration than in a deep inspiration; for, in
the one case, the intervention of a thick layer of fat or muscle
between the heart and the surface of the chest, and in the other
the inflation of the portion of lung which overlaps the heart,
prevents the impulse from being fully transmitted to the surface,
An excited action of the heart, and especially a hypertrophied
condition of the ventricles, will increase the impulse, while a
depressed condition, or an atrophied state of the wventricular
walls, will diminish it.

The impulse of the heart is probably the result, in part, (a) of a
tilting forwards of the apex, so that it is made to strike against
the walls of the chest; this tilting movement being effected by
the contraction of the spiral muscular fibres of the ventricles.
The whole extent of the movement thus produced is, however,
but slight. The condition, which, no doubt, contributes most to
the occurrence and character of the impulse of the heart, is (b) its
change of shape; for, during the contraction of the ventricles,
and the consequent approximation of the base towards the apex,
the heart becomes more globular, and bulges so much, that a
distinet impulse is felt when the finger is placed over the bulging
portion, either at the front of the chest, or under the diaphragm.
The production of the impulse is, perhaps, further assisted by (¢)
the tendency of the aorta to straighten itself and diminish its cur-
vature when distended with the blood impelled by the ventricle ;
and (d) by the elastic recoil of all the parts about the base of
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the heart, which, according to the experiments of Kurschner, are
stretched downward and backward by the blood flowing into the
auricles and ventricles during the dilatation of the latter, but
recover themselves when, at the beginning of the contraction of
the ventricles, the flow through the auriculo-ventricular orifices
is stopped. But these last-mentioned conditions can only be acces-
sory in the perfect state of things; for the same tilting movement
of the heart ensues when its apex is cut off, and when, therefore,
no tension or change of form can be produced by the blood.

Although what we generally recognize as the impulse of the
heart is produced in the way just mentioned, the beat is not so
simple a shock as it may seem when only felt by the finger. By
means of an instrument called a cardiograph, it may be shown
to be compounded of three or four
shocks, of which the finger can only
feel the greatest.

The Cardiograph (fig. 84) consists
of a disc-shaped box (&), one side of
which is formed of elastic membrane ;
and in connection with the latter is an
ivory knob (i) for application to the
chest-wall over the place of the greatest
impulse of the heart. The box or tym-
panum communicates by means of an
air-tight elastic tube(f) with the inte-
rior of a second tympanum (fig. 85, b),

Fig. 85.%

e ——— — — — -

* Fig. 84. Dr. Burdon-Sanderson’s Cardiograph.
+ Fig. 85. Registering apparatus of Cardiograph.
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in connection with which is a long and light lever (a). The
shock of the heart’s impulse being communicated to the ivory
knob, and through it to the first tympanum, the effect is, of
course, at once transmitted by the column of air in the elastic
tube to the interior of the second tympanum, also closed, and
through the elastic and movable lid of the latter to the lever,
which is placed in connection with a registering apparatus.
(For explanation of Reyistering apparatus see figs. 87 and 102,
with accompanying descriptions in the text.)

A tracing of the heart’s impulse is thus obtained. (Fig. 86.)

Fig. 86.*

Its interpretation will be best understood by reference to Figs. 87
and 88, with the accompanying text.

Fig. 87.%

* Fig. 86. Tracing of heart’s impulse of man (Marey).
T Fig. 87. Apparatus of MM. Chauveau and Marey for estimating the
variations of endocardial pressure, and production of impulse of the heart.
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By placing three small india-rubber air-bags in the interior re-
spectively of the right auricle, the right ventricle, and in an intercostal
space in front of the heart of living animals (horse), and placing these
bags, by means of longz mnarrow tubes, in communication with three
levers, arranged one over the other in connection with a registering
apparatus (fiz. 87), MM. Chanveau and Marey have been able to measure
with much accuracy the variations of the endocardial pressure and the
comparative duration of the contractions of the auricles and ventricles.
By means of the same apparatus, the synchronism of the impulse with
the contraction of the ventricles, is also well shown ; and the causes of
the several vibrations of which it is really composed, have been dis-
covered.

In the tracing (fig. 88), the intervals between the vertical lines represent
periods of a tenth of a second. The parts on which any given vertical line

Fig. 88.*

1. Aurieular tracing.

=

2. Ventricular tracing.

3. Impulse tracing.

falls represent, of course, simultaneous events, Thus,—it will be seen that
the contraction of the auricle, indicated by the upheaval of the tracing
at A in first tracing, causes a slight increase of pressure in the ventricle
(A" in second tracing), and produces a tiny impnlse (A" in third tracing).
So also, the closure of the semilunar valves, while it canses a momentarily
increased pressure in the ventricle at D/, does not fail to affect the pres-
sure in the auricle D, and to leave its mark in the tracing of the impulse
also, D",

The large upheaval of the ventricnlar and the impulse tracings, between
A" and D, and A" and D", are caused by the ventricular contraction, while
the smaller undulations, between B and ¢, B’ and ¢/, B" and ¢", are caused
by the vibrations consequent on the tightening and closure of the auriculo-
ventricular valves.

* Fig. 88. Tracings obtained by Chauveau and Marey’s apparatus
(Fig. 87).
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Frequency and Force of the Heart's Action.

The heart of a healthy adult man in the middle period of life,
contracts from seventy to seventy-five times in a minute; but
many circumstances cause this rate, which of course corresponds
with that of the arterial pulse (p. 179), to vary even in health.
The chief are age, temperament, sex, food and drink, exercise,
time of day, posture, atmospheric pressure, temperature.

Age—The frequency of the heart’s action gradually diminishes from the
commencement to near the end of life, but is said to rise again somewhat in
extreme old age, thus (—

Before birth the average number of pulses in a minute is 150

Just after birth . : - g - . from 140 to 130
During the first year . . . " g - 130 to 115
Daring the second year . g . . SR 115 to 100
During the third year . . . . . 3 100 to go
Abont the seventh year = 8 o Do L. go to &8s
About the fourteenth year, the average number

of pulses in a minute is from ., - - . 85 to 8o
In:adnlGiage V& SMTFENGIR e d85 . - 8oto 70
In old age . - . ‘ . . . 3 7o to 60

In ﬂecrupitud& ' . » " . . ?5 to 65

Temperament and Sex.—In persons of sanguine temperament, the heart
acts somewhat more frequently than in those of the phlegmatic; and in the
female sex more frequently than in the male.

Food and Drink. FErercise.—After a meal its action is accelerated, and
still more so during bodily exertion or mental excitement; it is slower
during sleep.

Diurnal Variation.—From the observation of several experimenters, it
appears that, in the state of health, the pulse is most frequent in the
morning, and becomes gradually slower as the day advances : and that this
diminution of frequency is both more regular and more rapid in the evening
than in the morning.

Posture.—1It is found that, as a general rule, the pulse, especially in the
adult male, is more frequent in the standing than in the sitting posture, and
in the latter than in the recumbent position ; the difference being greatest
between the standing and the sitting posture. The effect of change of
posture is greater as the frequency of the pulse is greater, and, accordingly,
is more marked in the morning than in the evening. Dr. Guy, by supporting
the body in different postures, without the aid of muscular effort of the
individual, has proved that the increased frequency of the pulse in the
sitting and standing positions is dependent upon the muscular exertion
engaged in maintaining them ; the usual effect of these postures on the

M
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pulse being almost entirely prevented when the usually attendant muscular
exertion was rendered unnecessary.

Atmospheriec Pressure.—According to Parrot, the frequency of the pulse
increases in a corresponding ratio with the elevation above the sea; and
Dr. Frankland informed the author, that at the summit of Mont Blanc his
pulse was about double its ordinary rate. After six hours’ perfect rest and
sleep at the top, it was 120, on descending to the corridor it fell to 108, at
the Grands Mulets it was 88, at Chamounix 56 ; normally, his pulse is 60.

Temperature—The rapidity and force of the heart’s contractions are
largely influenced by variations of temperature. The frog's heart, when
excised, ceases to beat if the temperature be reduced to 32°. When heat is
eradually applied to it, both the speed and force of the heart's contractions
increase till they reach a maximum. If the temperature is still further
raised the beats become irregular and feeble, and the heart at length stands
still in a condition of * heat rigor.”

Similar effects are produced in warm-blooded animals. In the rabbit,
Dr. Brunton found that the number of heart-beats was more than doubled
when the temperature of the air was maintained at 105° F, At 113°—114°F,
the rabbit's heart ceases to beat,

In health there is observed a nearly uniform relation between
the frequency of the pulse and of the respirations; the propor-
tion being, on an average, one of the latter to three or four of
the former. The same relation is generally maintained in the
cases in which the pulse is naturally accelerated, as after food or
exercise ; but in disease this relation usually ceases to exist, In
many affections accompanied with increased frequency of the
pulse, the respiration is, indeed, also accelerated, yet the degree
of its acceleration may bear no definite proportion to the increased
number of the heart’s actions: and in many other cases, the
pulse becomes more frequent without any accompanying increase
in the number of respirations; or, the respiration alone may be
accelerated, the number of pulsations remaining stationary, or
even falling below the ordinary standard.

The force with which the left ventricle of the heart contracts
is about double that exerted by the contraction of the right :
being equal (according to Valentin) to about ;';th of the weight
of the whole body, that of the right being equal only to -1_.th
of the same. This difference in the amount of force exerted by
the contraction of the two ventricles, results from the walls of
the left ventricle being about twice as thick as those of the right.
And the difference is adapted to the greater degree of resistance
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which the left ventricle has to overcome, compared with that to
be overcome by the right: the former having to propel blood
through every part of the body, the latter only through the
lungs.

The force exercised by the auricles in their contraction has
not been determined. Neither is it known with what amount
of force either the auricles or the ventricles dilate ; but there is
no evidence for the opinion, that in their dilatation they can
materially assist the circulation by any such action as that of a
sucking-pump, or a caoutchouc bag, in drawing blood into their
cavities,

That the force which the ventricles exercise in dilatation is very slight,
has been proved by Oesterreicher. He removed the heart of a frog from the
body, and laid upon it a substance sufficiently heavy to press it flat, and yet
so small as not to conceal the heart from view ; he then observed that during
the contraction of the heart, the weicht was raised ; but that during its
dilatation, the heart remained flat. And the same was shown by Dr. Clen-
dinning, who, applying the points of a pair of spring ecallipers to the heart
of alive ass, found that their points were separated as often as the heart
swelled up in the contraction of the ventricles, but approached each other
by the force of the spring when the ventricles dilated. Seeing how slight
the foree exerted in the dilatation of the ventricles is, it has been suppcsed
that they are only dilated by the pressure of the blood impelled from the
auricles ; but that both ventricles and auricles dilate spontaneously is proved
by their continuing their successive contractions and dilatations when the
heart is removed, or even when they are separated from one another, and
when therefore no such force as the pressure of blood can be exercised to
dilate them.

The capacity of the two ventricles is probably the same. It is
difficult to determine with certainty how much this may be; but,
taking the mean of various estimates, it may be inferred that
each ventricle is able to contain on an average, about three
ounces of blood, the whole of which is impelled into their re-
spective arteries at each contraction, The capacity of the auricles
1 rather less than that of the ventricles: the thickness of their
walls is considerably less. The latter condition is adapted to the
small amount of force which the auricles require in order ta
empty themselves into their adjoining ventricles; the former to
the circumstance of the ventricles being partly filled with blood
before the auricles contract.

M2
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Weork done by the Heart.—In estimating the work done by any machine
it is usual to express it in terms of the “ unit of work.” The unit of work
is defined to be the energy expended in raising a unit of weight (1 1b.)
through a unit of height (1 ft.). In England, the unit of work is the
“ foot-pound,” in France, the * kilogrammetre.”

The work done by the heart at each contraction can be readily found
by multiplying the weight of blood expelled by the ventricles by the height
to which the blood rises in a tube tied into an artery. This heigcht Dr. Hales
found to be about g ft. in the horse, and Dr, Haughton has shown that his
estimate is nearly correct for a large artery in man. Taking the weight of
blood expelled from the left ventricle at each systole as 4 oz., i.e., Hb., we
have g x } =2} foot pounds as the work done by the left ventricle at each
systole ; and adding te this the work done by the right ventricle (about ! that
of the left) we have 2} + § =3 foot pounds as the work done by the heart at
each contraction, Other estimates give } kilogrammetre, or about 31 foot
pounds.

Dr. Haughton calculates that the total work of the heart in 24 hrs, is
about 124 feot fons, and to give a more definite idea of this wonderful
energy, exhibits it by contrast : * Let us suppose that the heart expends its
entire force in lifting its own weight vertically, then the height through
which it could lift itself in ene kowr is found to be 20,250 ft. (Helmholtz).

“ It has been frequently stated that an active climber can ascend g,000
feet in nine hours, which is only at the rate of 1,000 feet per hour, or Lth
part of the energy of the heart.

““When the railway was constructed from Trieste to Vienna, a prize was
offered for the locomotive Alp-engine that could lift its own weight through
the greatest height in one hour. The prize locomotive was the *Bavaria,’
which lifted herself through 2,700 feet in one hour : the greatest feat yet
accomplished on steep gradients. This result, remarkable as it is, is only Jth
part of the energy of the human heart.”

N.B. In making these comparisons we must not forget that the work done
by the climber and the engine in foot pounds far exceeds that of the heart,
though the height to which the heart would raise its ewn (small) weight is
much greater than in the other two cases,

Influence of the Nervous System on the Action of the Heart.

The heart contains in its own walls microscopic ganglia or
nerve-centres, and inter-communicating nerve-fibres, by which
its action is immediately governed.

Under ordinary conditions, the contact of blood with the
endocardium and the accompanying distension of the heart’s
cavities are the stimuli, which, by reflex action through these
ganglia and nerve-fibres, excite the heart’s contraction. The mo-
mentary exhaustion of the nerve and muscle-apparatus, which
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of necessity follows the contraction, provides the condition of
relaxation, under which the heart’s cavities can be again dis-
tended by the in-flowing blood.

This alternation of contraction and dilatation, which is repeated
at regular intervals of rather less than a second, is ca]lad the
rhythm of the heart.

The functions of the microscopic ganglia present in the heart have been
made the subject of physiological experiments only in cold-blooded animals,
In the frog, ganglia (Remak’s) lie in the wall of the sinus venosus ; another
ganglion (Bidder's) is situate near the junction of the auricles with the
ventricle, and a third group of ganglionic corpuscles is situate in the septum
between the two auricles.

There can be little doubt that these ganglia, or, at least, some of them,
are the nerve-centres through which is reflected the stimulus which excites
the heart's contraction ; for when the heart is divided into two or more parts,
only those parts which contain ganglionic corpuscles are capable of pulsating
rhythmically.

When the heart is divided or ligatured at the line of junction of the sinus
venosus with the right auricle, the sinus continwes to pulsate, while the rest
of the heart is, for a time, motionless : (Stannius.) although, after a time,
it again begins to act; but its rhythm is now different from that of the ginus.
If the ventricle be cut off from the auricles it will continue to pulsate ; and
its thythmic pulsation will at once re-commence, if this be done during the
time in which the heart is lying motionless on account of the separation, as
just mentioned, of the sinus venosus.

Fig. 89.*

The heart’s rhythmie contraction is, under ordinary circum-
stances, sufficiently intelligible, and is what might be expected
of any muscle under analogous conditions of regularly repeated

* Fig. 89. Heart of frog (Burdon-Sanderson after Fritsche). Front view
to the left, back view to the right. A A, Aderte. V. ec.s Vene cave su-
periores.  At. s. left auricle.  At. d. right auricle. Ven. Ventricle. B. ar
Bulbus arteriosus. 8. v. Sinus venosus. V. c¢. 1. Vena cava inferior. V. h.
Vene hepatice. V. p. Vene pulmonales.
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stimulation. Tt is less easy to understand the apparently strange
phenomenon of continuance of rhythmic action in a heart which
has been removed from the body—a phenomenon which, although
lasting only for a minute or two in a warm-blooded animal, may
continue for many hours in a cold-blooded, if the precautions
as to temperature, moisture, and the presence of oxygen be
observed.

The best interpretation yet given of it, and of rhythmic
processes in general, is that by Sir James Paget, who regards
them as dependent on rhythmic nutrition, i.e. on a method of
nutrition in which, after the exhaustion produced by action, the
acting parts are gradually raised, with time-regulated progress,
to a certain state of instability of composition, which then issues
in the discharge of their functions. Thus, in the present case,
nerve-force issues, or is liberated from the cardiac ganglia, so
soon as it reaches a certain degree of tension, and the effect of
its transmission is the ¢ontraction of the muscular fibres to which
branches from the ganglia are distributed, and whose irritability
has been also simultaneously raised.

The comparative frequency of the heart’s rhythmic movements
depends on the original constitution of the parts concerned, and
introduces no fresh difficulty in the way of understanding the
matter. All muscles and nerve-centres have a tendency to
rhythm, when there is uniformity in the stimulus which excites
them to action. And the difficulty in comprehending the fact
of the heart being ‘set’ to act sixty or seventy times in a minute,
is neither more nor less than that which attends the compre-
hension of the rhythm of those muscles which act at longer
intervals, as e.g. the diaphragm, the eyelids, or, during gastric
digestion, the stomach.

From what has been said, it will be noticed that there is no
exception to the rule, that, in the case of nerve and muscle, rest
must alternate with work. We are apt to speak of the heart
constantly acting, and to forget that it would be equally true to
say that it is constantly resting. The difference from other
muscles is only that the alternations of work and rest occur at
shorter intervals.
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The comparatively long-continued maintenance of the power
of contracting in the case of the heart of a cold-blooded
animal, introduces, moreover, no fresh difficulty in the com-
prehension of the subject. It is but an example of the rule
that tissues which live and act at a slow rate, die at a slow
rate also,

Although, under ordinary conditions, the apparatus of ganglia
and nerve-fibres in the substance of the heart forms the medium
through which its action is excited and rhythmically maintained,
yet they, and, through them, the heart’s contractions are re-
gulated by nerves which pass to them from the higher nerve-
centres. These nerves are branches from the pneumogastric
and sympathetic.

The pneumogastric nerves are the media of an inhibitory or
restraining influence over the action of the heart which is
conveyed through them from the medulla oblongata, and which
is always in operation. For, on dividing these nerves, the
pulsations of the heart are increased in frequency; while an
opposite effect is produced by stimulating them,—the transmis-
sion of a galvanic current of even moderate strength diminishing
the number of pulsations or stopping the action of the heart
altogether (in diastole).

This inhibitory influence may originate in the medulla
oblongata, or may be merely reflected by it. As an example of
the latter, the well-known effect on the heart of a violent blow
on the epigastrium may be referred to. The stoppage of the
heart’s action is due to the conveyance of the stimulus by
fibres of the sympathetic to the medulla oblongata, and its
subsequent reflection through the pneumogastric to the heart’s
ganglia.

Through certain fibres of the sympathetic, the heart receives
an accelerating influence from the medulla oblongata. These
accelerating nerve-fibres, issuing from the spinal cord in the neck,
reach the inferior cervical ganglion, and pass thence to the cardiac
plexus, and so to the heart. Their function is shown in the
quickened pulsation which follows stimulation of the spinal cord,
when the latter has been cut off from all connection with the
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heart, excepting that which is formed by the accelerating fila-
ments from the inferior cervical ganglion. Unlike the inhibitory
fibres of the pneumogastric, of which they may be considered
the antagonists, the accelerating fibres are not continuously in
action.

The connection of the heart with other organs by means of the
nervous system, and the influences to which it is subject through
them, are shown in a striking manner by the phenomena of
disease. The influence of mental shock in arresting or modifying
the action of the heart, the slow pulsation which accompanies
compression of the brain, the irregularities and palpitations
caused by dyspepsia or hysteria, are as good evidence of the
connection of the heart with other organs through the nervous
system, as any results obtained by direct experiment.

Effects of the Heart's Action.

That the contractions of the heart supply alone a sufficient
force for the circulation of the blood, is established by the results
of several experiments, of which the following is one of the most
conclusive : — Dr. Sharpey injected bullock’s blood into the
thoracic aorta of a dog recently killed, after tying the abdominal
aorta above the renal arteries, and found that, with a force just
equal to that by which the ventricle commonly impels the blood
in the dog, the blood which he injected into the aorta passed
in a free stream out of the trunk of the vena cava inferior.
It thus traversed both the systemic and hepatic capillaries;
and when the aorta was not tied above the renals, blood injected
under the same pressure flowed freely through the vessels
of the lower extremities. A pressure equal to that of one
and a half or two inches of mercury was, in the same way,
found sufficient to propel blood through the vessels of the
lungs.

But although it is true that the heart’s action alone is sufficient
to ensure the circulation, yet there exist several other forces which
are, as it were, supplementary to the action of the heart, and
assist it in maintaining the circulation. The principal of these

a
L e R N

-
—




CHAP. VIL] STRUCTURE OF ARTERIES. 169

supplemental forces have been already alluded to, and will now
be more fully pointed out.

THE ARTERIES.

The walls of the arteries are composed of three principal coats,
termed the external or tunica adventitia, the middle, and the internal
coat or tunica intima, while the latter is lined within by a single
layer of tessellated epithelium.

The external coat or tunica adventitia (figs. g1 and g2, t. a ),
the strongest and toughest part of the wall of the artery, is formed
of areolar tissue, with which is mingled throughout a network
of elastic fibres. At the inner part of this outer coat the elastic
network forms in most arteries so distinet a layer as to be
sometimes called the external elastic coat.

The middle coat (fig. 92, ¢. m.) is composed of both muscular
and elastic fibres, with a certain proportion of areolar tissue.
In the larger arteries its thickness
is comparatively as well as abso-
lutely much greater than in the
small, constituting, as it does, the
greater part of the arterial wall.

The muscular fibres, which are
of the pale or unstriped variety
(Fig. go) (see Chapter on Motion),
are arranged for the most part
transversely to the long axis of
the artery (fig. 91); while the
elastic element, taking also a trans-
verse direction, is disposed in the
form of closely interwoven and
branching fibres, which intersect
in all parts the layers of muscular fibre. In arteries of various
size there is a difference in the proportion of the muscular
and elastic element, elastic tissue preponderating in the largest

Fig. g0.*

* Fig. 9o. Muscular fibre-cells from human arteries, magnified 350 dia-
meters (Kolliker). @, nucleus; &, a fibre-cell treated with acetic acid.
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arteries, while this condition is reversed in those of medium
and small size.

Fig. o1.*

The internal arterial coat is formed by layers of elastic tissue,
consisting in part of coarse longitudinal branching fibres, and in
part of a very thin and brittle membrane which possesses little
elasticity, and is thrown into folds or wrinkles when the artery
contracts, This latter membrane, the striated or fenestrated
coat of Henle (fig. 94), is peculiar in its tendency to curl up, when
peeled off from the artery, and in the perforated and streaked
appearance which it presents under the microscope. Its inner

e — e ——

* Fig. g1. Blood-vessels from mesocolon of rabbit. a. Arfery, with two
branches, showing fr. n. nuclei of transverse muscular fibres ; I. ». nuclei of
endothelial lining ; £. @. tunica adventitia. o. Vein. Here the transverse

nuclei are more oval than those of the artery. The vein receives a small.

branch at the lower end of the drawing ; it is distinguished from the artery
among other things by its straighter course and larger calibre. c¢. Capillary,
showing nuclei of endothelial cells. x 300, (Schofield).
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surface is lined with a delicate layer of epithelium, composed
of thin squamous elongated cells (fig. 93, a.), which make it
smooth and polished, and furnish a nearly impermeable surface,
along which the blood may flow with the smallest possible
amount of resistance from friction.

Immediately external to the epithelial lining of the artery is a
fine connective tissue, sub-epithelial layer, with branched cor-
puscles., Thus the internal coat consists of three parts, (a) an
epithelial lining, (») the sub-epithelial layer just mentioned, (¢)
elastic layers.

The walls of the arteries, with the possible exception of the
epithelial lining and the layers of the internal coat immediately

* Fig. 92. Transverse section of small artery from soft palate. ¢, endo-
thelial lining, the nuclei of the cells are shown; 4, elastic tissue of the intima,
which is a good deal folded ; ¢. m. circular muscular coat, showing nuclei of
the muscle cells; ¢ a. tunica adventitia, x 300. (Schofield).

F Fig. 93. Two blood-vessels from a frog's mesentery, injected with
nitrate of silver, showing the outlines of the endothelial cells. a. Arfery.
The endothelial cells are long and narrow ; the transverse markings indicate
the muscular coat. £ . Tunica adventitia. 2. Vein. Showing the shorter
and wider endothelial cells with which it is lined. ¢ ¢. Two capillaries
entering the vein. (Schofield).
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outside it, are not nourished by the blood which they convey,
but are, like other parts of the body, supplied with little arteries,
ending in capillaries and veins,
which, branching throughout
the external coat, extend for
some distance into the middle,
but do not reach the internal
coat. These nutrient vessels are
called wvasa wvasorum. Nerve-
fibres are also supplied to the
walls of the arteries.

Most arteries are surrounded
by a plexus of sympathetic
nerves, which twine around the
vessel very much like ivy round
a tree; and ganglia are found at frequent intervals. The
smallest arteries and capillaries are similarly surrounded by a

Fig. 95.1 very delicate network of non-
medullated nerve-fibres, many
of which appear to end in the
nuclei of the transverse muscu-
lar fibres (fig.95). It is doubt-
less through these plexuses
that the calibre of the vessels
is regulated by the nervous
system (p. 188).

The function of the arteries
is to convey blood from the
heart to all parts of the body,
and each tissue which enters
>, into the construction of an
NP artery-has a special purpose
to serve in this distribution.

Fig. 94.”

— - ———

* Fig. 94. Portion of fenestrated membrane from the femoral artery.
x 200. a, b, ¢, perforations (Henle).

+ Fig. 95. Ramification of nerves and termination in the muscular coat of
a small artery of the frog. (Arnold).

o
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(1.) The external coat forms a strong and tough investment,
which, though capable of extension, appears principally designed
to strengthen the arteries and to guard against their excessive
distension from the force of the heart’s action. It is this coat
which alone prevents the complete severance of an artery when
a ligature is tightly applied; the internal and middle coats being
usually divided. In it, too, the little vasa vasorum (p. 172) find a
suitable tissue in which to subdivide for the supply of the arterial
coats.

(2.) The purpose of the elastic tissue, which enters so largely
into the formation of all the coats of the arteries, is, (a). To
guard the arteries from the suddenly exerted pressure to which
they are subjected at each contraction of the ventricles. In
every such contraction, the contents of the ventricles are forced
into the arteries more quickly than they can be discharged into
and through the capillaries. The blood therefore being, for an
instant, resisted in its onward course, a part of the force with
which it was impelled is directed against the sides of the
arteries ; under this force their elastic walls dilate, stretching
enough to receive the blood, and as they stretch, becoming more
tense and more resisting. Thus, by yielding, they, as it were,
break the shock of the force impelling the blood.

On the subsidence of the pressure, when the ventricles cease
contracting, the arteries are able, by the same elasticity, to
resume their former calibre; and in thus doing, they manifest (b)
auother chief purpose of their elasticity, that, namely, of
equalizing the current of the blood by maintaining pressure on
the blood in the arteries during the periods at which the ven-
tricles are at rest or dilating. If some such method as this had
not been adopted—if for example the arteries had been rigid
‘tubes, the blood, instead of flowing as it does, in a constant
stream, would have been propelled through the arterial system
in a series of jerks corresponding to the ventricular contractions,
with intervals of almost complete rest during the inaction of the
ventricles. But in the actual condition of the arteries, the force
of the successive contractions of the ventricles is expended
partly in the direct propulsion of the blood, and partly in the
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dilatation of the elastic arteries; and in the intervals between
the contractions of the ventricles, the force of the recoiling
and contracting arteries is employed in continuing the same
direct propulsion.  Of course, the pressure exercised by the
recoiling arteries is equally diffused in every direction through
the blood, and the blood would tend to move backwards as well
as onwards, but ali movement backwards is prevented by the
closure of the semi-lunar arterial valves (p. 151), which takes
place at the very commencement of the recoil of the arterial
walls.

By this exercise of the elasticity of the arteries, all the force of
the ventricles is made advantageous to the circulation; for that
part of their force which is expended in dilating the arteries, is
restored in full when they recoil, There is thus no loss of force;
but neither is there any gain, for the elastic walls of the artery
cannot originate any force for the propulsion of the blood—they
only restore that which they received from the ventricles. The
force with which the arteries are dilated every time the ventri-
cles contract, might be said to be received by them in store, to
be all given out again in the next succeeding period of dilatation
of the ventricles. It is by this equalizing influence of the
successive branches of every artery that, at length, the inter-
mittent accelerations produced in the arterial current by the
action of the heart, cease to be observable, and the jetting stream
is converted into the continuous and equable movement of the
blood which we see in the capillaries and veins.

In the production of a continuous stream of blood in the
smaller arteries and capillaries, the resistance which is offered to
the blood-stream in the capillaries (p. 196), is a necessary agent.
Were there no greater obstacle to the escape of blood from the
arteries than exists to its entrance into them from the heart, the
stream would be intermittent, notwithstanding the elasticity of
the walls of the arteries.

(c.) By means of the elastic tissue in their walls (and of the
muscular tissue also), the arteries are emabled to dilate and
contract readily in correspondence with any temporary increase
or diminution of the total quantity of blood in the body; and
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within a certain range of diminution of the quantity, still to
exercise due pressure on their contents.

The elastic coat, however, not only assists in restoring the
normal calibre of an artery after temporary dilatation, but also,
(d.) may assist in restoring it after diminution of the calibre,
whether this be caused by a temporary contraction of the
muscular coat, or the application of a compréssing force from
without. This action of the elastic tissue in arteries, is well
shown in arteries which contract after death, but regain their
average patency on the cessation of post-mortem rigidity (p. 177).
(e.) By means of their elastic coat the arteries are enabled to
adapt themselves to the different movements of the several parts
of the body.

With regard to the purpose served by the muscular coat of the
~ arteries, there appears no sufficient reason for supposing that it
assists, to more than a very small degree, in propelling the
onward current of blood. That it contributes, however, in some
degree, to the forces concerned in the circulation of the blood,
may be fairly inferred not only from the presence of muscular
fibres, but from the actual observations of contractions of the
arteries during life, in some of the lower animals, (rabbit, bat,
frog,) the rhythm of which is quite different from that of the
heart. (Wharton Jones, Schiff, Ludwig, Brunton.)

The most important office of the muscular coat, is (2) that of
regulating the quantity of blood to be received by each part, and
of adjusting it to the requirements of each, according to various
circumstances, but, chiefly, according to the activity with which
the functions of each are at different times performed. The
amount of work done by each organ of the body varies at dif-
ferent times, and the variations often quickly succeed each other,
so that, as in the brain for example, during sleep and waking,
within the same hour a part may be now very active and then
inactive. In all its active exercise of function, such a part
requires a larger supply of blood than is sufficient for it during
the times when it is comparatively inactive. It is evident that
the heart cannot regulate the supply to each part at different
periods; neither could this be regulated by any general and uni-
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form contraction of the arteries; but it may be regulated by the
power which the arteries of each part have, in their muscular
tissue, of contracting so as to diminish, and of passively dilating
or yielding so as to permit an increase of, the supply of blood,
according to the requirements of the part to which they are
distributed. And thus, while the ventricles of the heart deter-
mine the total quantity of blood, to be sent onwards at each con-
traction, and the force of its propulsion, and while the large and
merely elastic arteries distribute it and equalise its stream, the
smaller arteries, in addition, regulate and determine, by means
of their muscular tissue, the proportion of the whole quantity
of blood which shall be distributed to each part.

It must be remembered, however, that this regulating funetion
of the arteries is itself governed and directed by the nervous
system (p. 188).

Another function of the muscular element of the middle coat
of arteries is, doubtless (3), to co-operate with the elastic in
adapting the calibre of the vessels to the quantity of blood whick
they contain. For the amount of fluid in the blood-vessels varies
very considerably even from hour to hour, and can never be quite
constant; and were the elastic tissue only present, the pres-
sure exercised by the walls of the containing vessels on the
contained blood would be sometimes very small, and sometimes
inordinately great. The presence of a muscular element, however,
provides for a certain uniformity in the amount of pressure exer-
cised ; and it is by this adaptive, uniform, gentle, muscular con-
traction, that the tone of the blood-vessels is maintained. Defi-
ciency of this tone is the cause of the soft and yielding pulse,
and its unnatural excess, of the hard and tense one.

The elastic and muscular contraction of an artery may also be
regarded as fulfilling a natural purpose when (4), the artery
being cut, it first limits and then, in conjunction with the coagu-
lated fibrin, arrests the escape of blood. It is only in consequence
of such contraction and coagulation that we are free from danger
through even very slight wounds; for it is only when the artery
is closed that the processes for the more permanent and secure
prevention of bleeding are established.
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(1.) When a small artery in the living subject is exposed to the air or
cold, it gradually but manifestly contracts. Hunter observed that the
posterior tibial artery of a dog when laid bare, became in a short time so
much contracted as almost to prevent the transmission of blood ; and the
observation has been often and variously comnfirmed. Simple elasticity
could not effect this; for after death, when the vital muscular power has
ceased, and the mechanical elastic one alone operates, the contracted artery
dilates again,

(2.) When an artery is cut across, its divided ends contract, and the
orifices may be completely closed, The rapidity and completeness of this
contraction vary in different animals; they are generally greater in young
than in old animals ; and less, apparently, in man than in animals, In part
this contraction is due to elasticity, but in part, no doubt, to muscular
action ; for it is generally increased by the application of eold, or of any
simple stimulating substances, or by mechanically irritating the cut ends of
the artery, as by picking or twisting them. Such irritation would not be
followed by these effects, if the arteries had no other power of contracting
than that depending upon elasticity.

(3:) The contractile property of arteries continues many hours after death,
and thus affords an opportunity of distinguishing it from elasticity. When
a portion of an artery, the splenic, for example, of a recently killed animal,
is exposed, it gradually contracts, and its canal may be thus completely
closed : in this contracted state it remains for a time, varying from a few
hours to two days : then it dilates again, and permanently retains the same
gize. If, while contracted, the artery be foreibly distended, its contractility
is destroyed, and it holds a middle or natural size.

This persistence of the contractile property after death was well shown in
an observation of Hunter, which may be mentioned as proving, also, the
greater degree of contractility possessed by the smaller than by the larger
arteries. Having injected the uterus of a cow, which had been removed
from the animal upwards of twenty-four hours, he found, after the lapse of
another day, that the larger vessels had become much more turgid than
when he injected them, and that the smaller arteries had contracted so as to
force the injection back into the larger ones.

The results of an experiment which Hunter made with the vessels of an
umbilical cord prove still more strikingly the long continuance of the con-
tractile power of arteries after death. In a woman delivered on a Thursday
afternoon, the umbilical cord was separated from the feetus, having been
first tied in two places, and then cut between, so that the blood contained
in the cord and placenta was confined in them. On the following morning,
Hunter tied a string round the cord, about an inch below the other ligature,
that the blood might still be confined in the placenta and remaining cord.
Having cut off this piece, and allowed all the blood to escape from its
vessels, he attentively observed to what size the ends of the cut arteries
were brought by the elasticity of their coats, and then laid aside the piece
of cord to see the influence of the contractile power of its vessels. On
Saturday morning, the day after, the mouaths of the arteries were completely
closed up. He repoated the experiment the same day with another portion
of the same cord, and on the following morning found the results to be
precisely similar. On the Sunday, he performed the experiment the third

N
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time, but the artery then seemed to have lost its contractility, for on the
Monday morning, the mouths of the eunt arteries were found open. In each
of these experiments there was but little alteration perceived in the orifices
of the veins.

(4.) The influence of cold in increasing the contraction of a divided artery
has been referred to: it has been shown, also, by Schwann, in an experi-
ment on the mesentery of aliving toad. Having extended the mesentery
under the microscope, he placed upon it a few drops of water, the tempe-
rature of which was some degrees lower than that of the atmosphere. The
contraction of the vessels soon commenced, and gradually increased until,
at the expiration of ten or fifteen minutes, the diameter of the canal of an
artery, which at first was o'o724 of an English line, was reduced to 0'0276.
The arteries then dilated again, and at the expiration of half an hour had
acquired nearly their original size. By renewing the application of the
water, the contraction was reproduced : in this way the experiment could
be performed several times on the same artery. It is thus proved, that cold
will excite contraction in the walls of very small, as well as of comparatively
large arteries: it could not produce such contraction in a merely elastic
substance ; but it is a stimulus to the organic muscular fibres in many other
parts, as well as in the arterial coat ; as, ¢.g., in the skin, the dartos, and the
walls of the bronchi.

(5.) Evidence of the muscular contraetility of the arterial coats is furnished
by the experiments of Ed. and E. H. Weber, and of Professor Kolliker, in
which they applied the stimulus of electro-magnetism to small arteries, The
experiments of the Webers were performed on the small mesenteric arteries
of frogs; and the most striking results were obtained when the diameter of
the vessels examined did not exceed from } to & of a Paris line, When a
vessel of this size was exposed to the electric current, its diameter in from
five to ten seconds, became cne-third less, and the area of its section about
one-half. On continuing the stimulus, the narrowing gradually increased,
antil the calibre of the tube became from three to six times smaller than it
was at first, so that only a single row of blood-corpuscles could pass along
it at once; and eventually the vessel was closed and the current of blood
arrested.

Mr. Savory has shown that the natural state of all arteries, in
regard at least to their length, is one of tension—that they are
always more or less stretched, and ever ready to recoil by virtue
of their elasticity, whenever the opposing force is removed. The
extent to which the divided extremities of arteries retract is a
measure of this tension, not of their elasticity.

The Palse,

The jetting movement of the blood, due to the intermittent
action of the heart, which the elasticity of the arteries converts
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into an uniform motion, in the arterioles (smallest arteries) and
capillaries, is the cause of the pulse. As the blood is not able to
pass through the arteries so quickly as it is forced into them by
the ventricle, on account of the resistance it experiences in the
small arteries and capillaries, a part of the force with which the
heart impels the blood is exercised upon the walls of the vessels
which it distends—thus producing the arterial tension or blood-
pressure, to be afterwards referred to (p. 184). The maximum
of that tension, which follows each beat of the heart, is called
the pulse. The distension of each artery increases both its length
and its diameter. In their elongation, the arteries change their
form, the straight ones becoming slightly curved, or having such
a tendency, and those already curved becoming more so;* but
they recover their previous form as well as their diameter when
the wentricular contraction ceases, and their elastic walls recoil.
The increase of their curves which accompanies the distension of
arteries, and the succeeding recoil, may be well seen in the pro-
minent temporal artery of an old person. The elongation of the
artery is in such a case quite manifest. The mind cannot dis-
tinguish the sensation produced by the dilatation from that
produced by the elongation and curving; that which it perceives
most plainly, however, is the dilatation, or return, more or less,
to the cylindrical form, of the artery which has been partially
flattened by the finger.

The pulse—due to any given beat of the heart—is not per-
ceptible at the same moment in all the arteries of the body.
Thus,—it can be felt in the carotid a very short time before it is
perceptible in the radial artery, and in this vessel again before
the dorsal artery of the foot. The delay in the beat is in pro-
portion to the distance of the artery from the heart, but the
difference in time between the beat of any two arteries never
exceeds probably ¢ to ¢ of a second.

* There is, perhaps, an exception to this in the case of the aorta, of which
the curve is by some supposed to be diminished when it is elongated ; but if
this be so, it is because only one end of the arch is immoveable ; the other
end, with the heart, may move forward slightly when the ventricles contract.

N 2
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It was formerly supposed that the pulse was caused, not by the direct
action of the ventricle, but by the propagation of a wave in consequence of
the elastic recoil of the large arteries, after their distension; and snccessive
acts of dilatation and recoil, extending along the arteries in the direction of
the circulation, were supposed to account for the later appearance of the
pulse in the vessels most distant from the heart. The fact, however, that the
pulse is perceptible in every part of the arterial system previous to the
occurrence of the second sound of the heart, that is, previous to the closure
of the aortic valves, is a fatal objection to this theory. For, if the pulse
were the effect of a wave propagated by the alternate dilatation and con-
traction of successive portions of the arterial tube, it ought, in all the
arteries except those nearest to the heart, to follow or coincide with, but
could never precede, the second sound of the heart; for the first effect of
the elastic recoil of the arteries first dilated is the closure of the aortic
valves ; and their closure produces the second sound.

The theory which seems to reconcileall the facts of the case, and especially
those two which appear most opposed, namely, that the pulse always pre-
cedes the second sound of the heart, and yet is later in the arteries far from
the heart than in those near it, may be thus stated :—It supposes that the
blood which is impelled onwards by the left ventricle does not so impart its
pressure to that which the arteries already contain, as to dilate the whole
arterial system at once; but that it enters the arteries, it displaces and
propels that which they before contained, and flows on with what may be
called a head-wave, like that which is formed when a rapid stream of water
overtakes another moving more slowly. The slower stream offers resistance
to the more rapid one, till their velocities are equalized : and, because of
such resistance, some of the force of the more rapid stream of blood just
expelled from the ventricle, is diverted laterally, and with the rising of the
wave the arteries nearest the heart are dilated and elongated. They do not
at once recoil, but continue to be distended =o long as blood is entering them
from the ventricle. The wave at the head of the more rapid stream of blood
runs on, propelled and maintained in its velocity by the continuous con-
traction of the ventricle: and it thus dilates in succession every portion of
the arterial system, and produces the pulee in all. At length, the whole
arterial system (wherein a pulse can be felt) is dilated ; and at this time
when the wave we have supposed has reached all the smaller arteries, the
entire system may be said to be simultancously dilated ; then it begins to
contract, and the contractions of its several parts ensue in the same sne-
cession as the dilatations, commencing at the heart. The contraction of the
first portion produces the closure of the valves and the second sound of the
heart ; and both it and the progressive contractions of all the more distant
parts maintain, as already said, that pressure on the blood during the
inaction of the ventricle, by which the siream of the arterial blood is sus-
tained between the jets, and is finally equalized by the time it reaches the
capillaries,

It may seem an objection to this theory, that it would probably require a
larger quantity of blood to dilate all the arteries that can be discharged by
the ventricle at each contraction. But the quantity necessary for such
a purpose is less than might be supposed. Injections of the arteries prove
that, including all down to those of about one-eighth of a line in diameter,
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they do not contaln cn an average more than one and a half pints of fluid,
even when distended. There can be no doubt, therefore, that the three or
four ounces which the ventricle discharges at each contraction, being added
to that which already fills the arteries, is sufficient to distend them all,

A distinction must be carefully made between the passage of the wave
along the arteries, and the velocity of the stream (p. 207) of blood. Both
wave and currexrt are present ; but the rates at which they travel are very
different ; thatof the wave, 285 feet per second (E. H. Weber), being twenty
or thirty times as great as that of the current.

The Sphygmograph.

A great deal of light has been thrown on what may be called
the form of the pulse by the sphygmograph (figs. 96 and 97).

Fig. 96.*
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The principle on which the sphygmograph acts is very simple (see
fig. 96). The small button replaces the finger in the act of
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taking the pulse, and is made to rest lightly on the artery, the
pulsations of which it is desired to investigate. The up-and-

* Fig. g6. Diagram of the mode of action of the Sphygmograph.
T Fig. 97. The Sphygmograph applied to the arm.
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Jdown movement of the button is communicated to the lever, to
the hinder end of which is attached a slight spring, which
allows the lever to move up, at the same time that it is just
strong enough to resist its making any sudden jerk, and in the
interval of the beats also to assist in bringing it back to its
original position. For ordinary purposes, the instrument is
bound on the wrist (fig. 97).

It is evident that the beating of the pulse with the reaction of
the spring will cause an up-and-down movement of the lever,
and if the extremity of the latter be inked, it will write the effect
on the card, which is made to move by clockwork in the direction
of the arrow. Thus a tracing of the pulse is obtained, and in
this way much more delicate effects can be seen, than can be felt
on the application of the finger.

Fig. 98 represents a healthy pulse-tracing of the radial artery,
but somewhat deficient in fome. On examination, we see that

Fig. g8.%

the up-stroke which represents the beat of the pulse is a nearly
vertical line, while the down-stroke is very slanting, and inter-
rupted by a slight re-ascent. The more vigorous the pulse, if it
be healthy, the less is this re-ascent, and vice versd. Fig. g9

Fig. 09.F

represents the tracing of a healthy pulse in which the tone of
the vessel is better than in the last instance, and the down-
stroke is therefore less interrupted.

In the large arteries, when at least there is much loss of
tone, the up-stroke is double, the almost instantaneous pro-

* Fig. 98. Pulse-tracing of radial artery, somewhat deficient in foxe.
1 Fig. g9. Firm and long pulse of vigorous health.
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pagation of the force of contraction of the left ventricle along
the column of blood in the arteries, or the percussion-impulse

Fig. 100.%

as it is termed by Dr. Burdon-Sanderson, being sufficiently
strong to jerk up the lever for an instant, while the wave of
blood, rather more slowly propagated from the ventricle,
catches it, so to speak, as it begins to fall, and again slightly
raises it.

In the radial artery tracings, on the other hand, we see that
the up-stroke is single. In this case the percussion-impulse is
not sufficiently strong to jerk up the lever and produce an effect
distinet from that of the systolic wave which immediately follows
it, and which continues and completes the distension. In cases
of feeble arterial tension, however, the percussion-impulse may
be traced by the sphygmograph, not only in the carofid pulse,
but to a less extent in the radial also (fiz. 100).

In looking now at the down-stroke (fiz. 98) in the tracings,
we see that in the case of an artery with deficient tone, it is
interrupted by a well-marked notch, or, in other words, that the
descent is interrupted by a slight uprising. There are:indica-
tions also of slighter irregularities or vibrations during the fall
of the lever; while these alone are to be seen in the pulse of
health, or, in other words, when the walls of the artery are of
good tone (fiz. 9g). In some cases of disease the re-ascent is so
considerable as to be perceptible to the finger, and this double
beat has received the technical name of ¢ dicrotous’ pulse. As
a diseased condition this has long been recognised, but it is only
since the invention of the sphygmograph that it has been found
to belong in a certain degree to the normal pulse also.

Various theories have been framed to account for the dicrotism

* Fir. 100. Pulse-tracing of radial artery, with double apex.
The above tracings are taken from Dr. Sanderson’'s work, *‘On the Sphyg-

mograph.”
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of the pulse. By some, it is supposed to be due to the aortic
valves, the sudden closure of which stops the incipient regurgita-
tion of blood into the ventricle, and causes a momentary rebound
throughout the arterial system; while Dr. Burdon-Sanderson
considers it to be caused by a rebound from the periphery rather
than from the central part of the circulating apparatus.

Pressure of the blood in the Aiteries, or Arterial Tension.

From what has been previously said, it will have become
evident that the blood in the arteries is always the subject of a
certain amount of pressure, both during the

agyon. action of the ventricle and in the intervals.

In the former case this is the direct result
of the force exercised by the contracting
ventricle, and, in the latter, by the force
with which the walls of the arteries recoil
after distension; another necessary condi-
tion being the comparative difficulty with
which the blood escapes into the veins
through the arterioles and capillaries

— (p- 179)

The instrument employed for the purpose of
| ganging the amount of the blood-pressure or arterial
tension is a mercurial manometer (fiz. 101), of
‘ which the short horizontal limb (1) is connected,
| by means of an elastic tube and canula, with the
! interior of an artery; a solution of sodium or

potassium carbonate being previously introduced
‘ into this part of the apparatus to prevent coagula-
| tion of the blood. The blood-pressure is thus com-
! municated to the upper part of the mereurial column
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(2); and the depth to which the latter sinks, added
to the height to which it rises in the other (3), will
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= give the height of the mercurial column which the
Y - blood-pressure balances; the weight of the soda
solution being subtracted.

For the estimation of the arterial tension at any given moment, no further
apparatus than this, which is called Poiseuille’s hemadynamometer, is neces-
sary ; but for noting the variations of pressure in the arterial system, as
well as its absolute amount, the instrument is usunally combined with a
registering apparatus and in this form is called a kymograph.
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The kymograph, invented by Ludwig, is composed of a hzmadynamo-
meter, the open mercurial column of which supports a floating piston and

Fig. 102.*

vertical rod, with short horizontal pen (fig. 102). The pen is ac}justed in
contact with a sheet of paper, which is caused to move at an uniform rate

Fig, 103.7F

by clockwork; and thus the up-and-down movements of the mercurnal
column, which are communicated to the rod and pen, are marked or

* Fig. 102. Diagram of Mereurial Kymograph. a, Floating rod and pen.
The arrow is placed on the revolving paper eylinder, on which are inscribed
the movements of the pen in contact with it. &, tube, which communicates
with a bottle containing an alkaline solution. ¢, elastic tube and canula, the
latter being intended for insertion in an artery.

T Fig. 103. Normal tracing of arterial pressure obtained with the mercurial
kymograph in the rabbit. (Burdon-Sanderson).
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registered on the moving paper, as in the registering apparatus of the
sphygmograph, and minute variations are graphically recorded (fig. 103).
For some purposes the spring-kymograph of Professor Fick (fig. 104) is pre-
Fig. 104.*

ferable to the mercnrial kymograph. It consists of a hollow C-shaped spring,
filled with fluid, the interior of which is brought into connection with the

Fig. 105.7T

interior of an artery, by means of an elastic tube and canula, as in the last case
(fig. 102, C.). In response to the pressure transmitted to its interior, the
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* Fig. 104. Fick’s Spring Kymograph. A. Hollow C-spring, fixed at one
end, &, to a piece of board, 1, which is connected by an upright, H, to the
wooden support, 5. The other end a, is freely moveable, and its movements
are communicated by the rod, ¢, to the lever, @ ¢, and thus to the writing
needle, . The C-afnring is filled with aleohol, and its interior communicates
with the artery through the tube x, which is filled with a soda-solution, and
to which is attached an elastic tube and canula.

T Fig. 105. Normal arterial tracing obtained with Fick’s kymograph in the
dog. (Burdon-Sanderson).
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epring tends to straighten itself, and the movement thus produced is commu-
nicated by means of a lever to a writing-needle, and registering apparatus.

Fig. 105 exhibits an ordinary arterial pulse-tracing, as obtained by the
spring-kymograph.

Poiseunille calcunlated, from the mean result of several observations on
horses and dogs, that the blood-pressure in any large artery is capable of
supporting a mercurial column of rather more than six inches in height ;
and that to measare the absolute amount of this pressure in any artery, it is
necessary merely to multiply the area of its transverse section by the height
of the column of mercury which is already known to be supported by the
blood-pressure in any part of the arterial system. The weight of a column
of mercury thus found will represent the pressure of the blood. Caleulated
in this way, he supposed that the blood-pressure in the human aorta is equal
to 4 1b. 4 oz, avoirdupois ; that in the aorta of the horse being 11lb. 9 0z, ;
and that in the radial artery at the human wrists only 4 drs. Supposing
the muscular power of the right ventricle to be only one-half that of the
left, the blood-pressure in the pulmonary artery will be only 21b. 2oz
avoirdupois.

The amounts above stated represent the arterial tension at the time of the
ventricular contraction,

Many circumstances cause considerable variations in the
amount of the blood-pressure. The following are the chief:—

I. The alternating systole and diastole of the heart; the
arterial tension increasing during systole and diminishing during
diastole. The greater the frequency, moreover, of the heart's
contractions, the greater is the blood-pressure, cateris paribus;
although this effect is not constant, as it may be compensated for
by the delivery into the arteries at each beat of a comparatively
small quantity of blood. The greater the quantity of blood
expelled from the heart at each. contraction the greater is the
blood-pressure.

2. The respiratory movements. Arterial tension is increased
during inspiration, and falls during expiration. (Burdon-Sander-
son. )

3. Variations in the degree of contraction of the smaller
arteries modify the blood-pressure by favouring or impeding the
accumulation of blood in the arterial system which follows
every contraction of the heart (p. 179); the contraction of the
arterial walls increasing the blood-pressure, while their relaxa-
tion lowers it.

4. The greater the total quantity of blood, the greater, cateris
paribus, is the blood-pressure.
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Acting indirectly, that is, by influencing one or more of the
above mentioned conditions which act directly, the nervous
system powerfully affects in wvarious ways the blood-pressure.
(See Sections on the Influence of the Nervous System on the Heart
and Bloodvessels.)

A due amount of blood-pressure is, in the higher animals, one
of the conditions of life; inasmuch as it is only under such cir-
cumstances that the blood is supplied to the various organs and
tissues with constancy and force sufficient for the maintenance of
their functions. This is best shown by the effect of its absence
on the higher organs of the nervous system; lessening of the
blood-pressure below a certain amount being invariably accom-
panied by a temporary or permanent cessation of their functions.
Thus, syncope or fainting is caused by diminished blood-pressure
in the cerebral arteries, depending either upon feebleness of the
heart’s action, or upon some other cause which diminishes the
arterial tension, as heemorrhage or the like,

Influence of the Nervous System on the Arteries.

The arteries of all parts of the body are supplied with nerve-
fibres by the sympathetic system. Thus, the blood-vessels of
the head and neck receive fibres from the superior cervical
ganglion, those of the thorax from the cervical and upper dorsal
preevertebral ganglia, and so forth; the fibres, however, being
frequently bound up in cerebro-spinal nerve bundles, and distri-
buted as offsets from them.

The tone of the arteries, or, in other words, the amount of
contraction of the muscular fibres of the arterial coats (p. 176),
which is ever varying, depends entirely on the influence which is
exercised through these wvasomotor branches of the sympathetic.
If one of them be stimulated—as, for example, by applying an
electric current, the arteries to which its branches are distributed
contract, and diminish the stream of blood which is flowing
through them. If, on the other hand, the nerve be divided, the
arteries are paralysed, that is, they lose their muscular tone
altogether, and become dilated. (Brown-Séquard.)

The most usual experiment in illustration of these facts is performed by
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exposing in a rabbit the cervical sympathetic and dividing it. The blood-
vessels of the corresponding side of the head and neck, thus paralysed, and
unable to contract on the stream of blood in their interior, become dilated.
The effect is best seen in the ear, the blood-vessels of which become mani-
festly larger than those of the opposite side; while the part becomes both
redder and warmer from the inereased qunantity of blood which circulates in
it. On galvanizing the distal cut end of the nerve, the museular fibres of
the blood vessels are caused to contract again: and while the stimulus

lasts, the ear and other parts become paler, colder, and less sensitive than
natural.

A familiar example of similar physiological conditions, arising from a
different cause, is the act of blushing which is produaced by a temporary
paralysis of blood-vessels, and eonsequently enlarged stream of blood,

Experiments by Ludwig and others show that the vasomotor
nerves come primarily from grey matter (vasomotor centre) in
the interior of the medulla oblongata, between the ecalamus
seriptorius and the corpora quadrigemina. Thence the vasomotor
fibres pass down in the interior of the spinal cord, and issuing
with the anterior roots of the spinal nerves, traverse the various
ganglia on the pree-vertebral cord of the sympathetic, and,
accompanied by branches from these ganglia, pass to their
destination, By the vasomotor nerve-centre in the medulla,
which is always in action, more or less, the tone of all the blood-
vessels is regulated; but secondary or subordinate centres
probably exist in the ganglia of various regions of the body,
and through these, directly, under ordinary circumstances, vaso-
motor changes are also effected.

The nerve-impulses which issue from the vasomotor nerve-
centres are for the most part the results of reflex action, and
may lead to either contraction or dilatation of the blood-vessels.
Thus,——on stimulating the sensory nerve of a part, the stimulus,
if sufficiently strong, leads to contraction of all the blood-vessels
of the body, except those which are situate in the region to
which the sensory nerve in question is distributed; and here the
blood-vessels become dilated. In the former case (contraction)
the action is called eacito-motor, and in the latter inhibitory. A
familiar example of such inhibitory action is afforded by the
redness of the skin, which follows scratching or other slight
injury.

Cyon and Ludwig discovered that a remarkable power is
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exercised on the dilatation of the blood-vessels by a small nerve
which arises, in the rabbit, from the superior laryngeal branch,
or from this and the trunk of the pneumogastric nerve, aud after
communicating with filaments of the inferior cervical ganglion
proceeds to the heart. If this nerve be divided, and its upper
extremity feebly galvanised, an inhibitory influence is conveyed to
the vasomotor centre in the medulla oblongata, so as to cause,
by reflex action, dilatation of the principal blood-vessels, with
diminution of the force and frequency of the heart’s action. From
Jhe remarkable lowering of the blood pressure thus produced,
this branch of the vagus is called the depressor nerve; and it is
presumed to be a means of conveying to the vasomotor centre
indications of such conditions of the heart as require a diminu-
tion of the tension in the blood-vessels; as, for example, when
the heart cannof, with sufficient ease, propel blood into the
already too full or too tense arteries.

The influence of vasomotor changes in one part or region in relation to
other parts of the body, is most notably shown by experiments on the
function of the splanchnic nerves. These nerves contain the greater part of
the vasomotor fibres of the blood-vessels of the abdominal viscera ; and, as the
blood supply of the latter is normally very large, variations in its quantity will
largely affect the blood pressure of all parts. On stimulating the splanchnics
and thus causing contraction of the abdominal vessels, the general blood-
pressure rises very considerably. On dividing these merves, on the other
hand, the abdominal blood-vessels dilate, and the blood-pressure falls;
and so large and numerous are the vessels of the abdominal viscera that,
when fully dilated in consequence of the division of their nerves, they
contain a great part of the whole mass of blood, and as a consequence other
parts are drained of their due proportion. The effect of such a condition of
the abdominal system of blood-vessels on other parts has, indeed, been
compared to that of a large internal heemorrhage ; and the symptoms pro-
duced in a living animal by division of the splanchnics, prove the justice of
the compariscn.

THE CAPILLARIES.

In all organic textures, except some parts of the corpora
cavernosa of the penis, and of the uterine placenta, and of the
spleen, the transmission of the blood from the minute branches
of the arteries to the minute veins is effected through a network
of microscopic vessels, called capillaries. These may be seen in
all minutely injected preparations; and during life, by the aid
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of the microscope, in any transparent vascular parts,—such as
the web of the frog’s foot, the tail or external branchiwm of the
tadpole, or the wing of the bat.

The branches of the minute arteries form repeated anastomoses
with each other and give off the capillaries which, by their anas-
* tomoses, compose a continuous and uni-
form network, from which the venous
- radicles, on the other hand, take their rise ¢« b o
(fig. 106). The reticulated vessels connect-
ing the arteries and veins are called capil-
lary, on account of their minute size ;
and intermediate vessels, on account of
their position. The point at which the
arteries terminate and the minute veius
commence, cannot be exactly defined, for
the transition is gradual; but the capil-
lary network has, nevertheless, this pe-
culiarity, that the small vessels which
compose it maintain the same diameter
throughout ; they do not diminish in
diameter in one direction, like arteries
and veins; and the meshes of the net-
work that they compose are more uni-
form in shape and size than those formed by the anastomoses of
the minute arteries and veins.

The structure of the capillaries is much more simple than
that of the arteries or veins. Their walls are composed of a
single layer of elongated or radiate, flattened and nucleated
cells, so joined and dovetailed together as to form a continuous
transparent membrane (fig. 107). Outside these cells, in the
larger capillaries, there is a structureless, or very finely

fibrillated membrane, on the inner surface of which they are
laid down.

Fig. 106.*

* Fig. 106. Blood-vessels of an intestinal villus, representing the arrange-
ment of capillaries between the ultimate veneous and arterial branches; a, a,
the artefies ; b, the vein.
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In some cases this membrane is nucleated, and may then be
regarded as a miniature representative of the tunica adventitia
of arteries.

Fig. 107.*

Here and there at the junction of two or more of the delicate
endothelial cells which compose the capillary wall, stomata may
be seen resembling those in serous membranes (p. 63). The
endothelial cells are often continuous at various points with
processes of adjacent connective tissue corpuscles. (An explana-
tion of this latter appearance will be found in the Chapter on
Development.)

Capillaries are surrounded by a delicate nerve-plexus re-
sembling, in miniature, that of the larger blood-vessels.

The diameter of the capillary vessels varies somewhat in the

* Fig. 107. Magnified view of capillayy vessels from the bladder of the cat.
—A, V, an artery and a vein ; 4, transitional vessel between them and ¢, c,
the capillaries. The muscular coat of the larger vessels is left out in the
figure to allow the epithelium to be seen : at ¢/, a radiate epithelium scale with
four pointed processes, running out upon the four adjoining capillaries (after
Chrzonszczewesky, Virch. Arch. 1866).

m—




CHAP, VIL] SIZE AND FORM OF CAPILLARIES. 193

different textures of the body, the most common size being about
sosoth of an inch. Among the smallest may be mentioned
those of the brain, and of the follicles of the mucous membrane
of the intestines; among the largest, those of the skin, and
especially those of the medulla of bones.

The size of capillaries varies also in different animals in
relation to the size of their blood-corpuscles : thus, in the Proteus,
the capillary circulation can just be discerned with the naked eye.

The form of the capillary network presents considerable variety
in the different textures of the body: the wvarieties consisting
principally of modifications of two chief kinds of mesh, the
rounded and the elongated. That kind in which the meshes
or interspaces have a roundish form is the most common, and
prevails in those parts in which the capillary network is most
dense, such as the lungs (fig. 108), most glands, and mucous

Fig. 108." Fig. 100.%

membranes, and the cutis. The meshes of this kind of network
are not quite circular, but more or less angular, sometimes
presenting a nearly regular quadrangular or polygonal form,

* Fig. 108. Network of capillary vessels of the air-cells of the horse's lung,
magnified. @, a, capillaries proceeding from b, &, terminal branches of the
pulmonary artery (Frey).

t Fig. 109. Injected capillary vessels of muscle, seen with a low magnifying
power (Sharpey).

0
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but being more frequently irregular. The capillary network
with elongated meshes (fig. 109) is observed in parts in which
the vessels are arranged among bundles of fine tubes or fibres,
as in muscles and nerves. In such parts, the meshes usually
have the form of a parallelogram, the short sides of which may
be from three to eight or ten times less than the long ones; the
long sides always corresponding to the axis of the fibre or tube,
by which it is placed. The appearance of both the rounded and
elongated meshes is much varied according as the vessels com-
posing them have a straight or tortuous form. Sometimes the
capillaries have a looped arrangement, a single capillary project-
ing from the common network into some prominent organ, and
returning after forming one or more loops, as in the papille of
the tongue and skin,

The number of the capillaries and the size of the meshes in
different parts determine in general the degree of wvascularity of
those parts. The parts in which the net-work of capillaries is
closest, that is, in which the meshes or interspaces are the
smallest, are the lungs and the choroid membrane of the eye.
In the iris and ciliary body, the interspaces are somewhat wider,
yet very small. In the human liver, the interspaces are of the
eame size, or even smaller than the capillary vessels themselves.
In the human lung they are smaller than the vessels; in the
human kidney, and in the kidney of the dog, the diameter of the
injected capillaries, compared with that of the interspaces, is in
the proportion of one to four, or of one to three. The brain
receives a very large quantity of blood; but the capillaries in
which the blood is distributed through its substance are very
minute, and less numerous than in some other parts. Their
diameter, according to E. H. Weber, compared with the long
diameter of the meshes, being in the proportion of one to eight
or ten; compared with the transverse diameter, in the proportion
of one to four or six. In the mucous membranes—for example,
in the conjunctiva—and in the cutis vera, the capillary vessels
are much larger than in the brain, and the interspaces narrower,
—namely, not more than three or four times wider than the
vessels. In the periosteum the meshes are much larger. In the
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external coat of arteries, the width of the meshes is ten times
that of the vessels (Henle).

It may be held as a general rule, that the more active the
functions of an organ are, the more vascular it is; that is, the
closer is its capillary network and the larger its supply of blood.
Hence the narrowness of the interspaces in all glandular organs,
in mucous membranes, and in growing parts; their much
greater width |in bones, ligaments, and other very tough and
comparatively inactive tissues; and the complete absence of
vessels in cartilage, and such parts as those in which, probably,
very little orgamic change occurs after they are once formed.
But the general rule must be modified by the consideration, that
some organs, such as the brain, though they have small and not
very closely arranged capillaries, may receive large supplies of
blood by reason of its more rapid movement. When an organ
has large arterial trunks and a comparatively small supply of
capillaries, the movement of the blood through it will be so quick,
that it may, in a given time, receive as much fresh blood as a more
vascular part with smaller trunks, though at any given instant the
less vascular part will have in it a smaller guantity of blood.

In the Capillary Circulation, as
seen in any transparent part of a p
living adult animal by means of ;M il
the microscope (fig. 110), the blood AN
flows with a constant equable
motion; the red blood-corpuscles
moving along, mostly in single file,
and bending in various ways to
accommodate themselves to the
tortuous course of the capillary, but
instantly recovering their normal
outline on reaching a wider vessel. In very young animals, the
motion, though continuous, is accelerated at intervals correspond-
ing to the pulse in the larger arteries, and a similar motion ot
the blood is also seen in the capillaries of adult animals when they

Fig. 110.*

* Fig. 110. Capillaries in the web of the frog's foot connecting a small
artery with a small vein.
02
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- are feeble: if their exhaustion is so great that the power of the
heart is still more diminished, the red corpuscles are observed to
have merely the periodic motion, and to remain stationary in the
intervals; while, if the debility of the animal is extreme, they
even recede somewhat after each impulse, apparently because of
the elasticity of the capillaries, and the tissues around them.
These observations may be added to those already advanced
(p. 168) to prove that, even in the state of great debility, the
action of the heart is sufficient to impel the blood through the
capillary vessels. Moreover, Dr. Marshall Hall having placed
the pectoral fin of an eel in the field of the microscope and com-
pressed it by the weight of a heavy probe, observed that the
movement of the blood in the capillaries became obviously pul-
satory, the pulsations being synchronous with the contractions of
the ventricle. The pulsatory motion of the blood in the capil-
laries cannot be attributed to an action in these vessels; for,
when the animal is tranquil, they present not the slightest
change in their diameter.

It is in the capillaries, that the chief resistance is offered to
the progress of the blood; for in them the friction of the blood
is greatly increased by the enormous multiplication of the surface
with which it is brought in contact.

At the circumference of the stream, in contact with the walls
of the vessel, and adhering to them, there is a layer of liquor
sanguinis which appears to be motionless. The existence of this
still layer, as it is termed, is inferred both from the general fact
that such an one exists in all fine tubes traversed by fluid, and
from what can be seen in watching the movements of the blood-
corpuscles. The red corpuscles occupy the middle of the stream
and move with comparative rapidity; the colourless lymph-
corpuscles run much more slowly by the walls of the vessel;
while next to the wall there is often a transparent space in which
the fluid appears to be at rest; for if any of the corpuscles
happen to be forced within it, they move more slowly than
before, rolling lazily along the side of the wvessel, and often
adhering to its wall. Part of this slow movement of the pale
corpuscles and their occasional stoppage may be due, as E. H.
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Weber has suggested, to their having a natural tendency to
adhere to the walls of the vessels. Sometimes, indeed, when the
motion of the blood is not strong, many of the white corpuscles
collect in a capillary vessel, and for a time entirely prevent the
passage of the red corpuscles.

Diapedesis of Blood-Corpuscles.

Until within the last few years it has been generally supposed
that the occurrence of any transudation from the interior of the
capillaries into the midst of the surrounding tissues was confined,
in the absence of injury, strictly to the fluid part of the blood;
in other words, that the corpuscles could not escape from the
circulating stream, unless the wall of the containing blood-vessel
were ruptured. It is true that an English physiologist, Dr.
Augustus Waller, affirmed in 1846, that he had seen blood-
corpuscles, both red and white, pass bodily through the wall of
the capillary vessel in which they were contained (thus con-
firming what had been stated a short time pre-
viously by Dr. Addison); and that, as no open-
ing could be seen before their escape, so none
could be observed afterwards—so rapidly was
the part healed. But these observations did not
attract much notice until the phenomenaof escape
of the blood-corpuscles from the capillaries and
minute veins, apart from mechanical injury, were
re-discovered by Professor Cohnheim in 1867.

Professor Cohnheim’s experiment demonstrating the
passage of the corpuscles through the wall of the blood-
vessel, is performed in the following manner. A frog
is curarized, that is to say, paralysis is produced by
injecting under the skin a minute quantity of the poison
called ewrare; and the abdomen having been opened, a
portion of small intestine is drawn out, and its trans-
parent mesentery spread out under a microscope. After

a variable time, oceupied by dilatation, following con-
traction, of the minute vessels, and accompanying quickening of the blood.

—— s _—

* Fig. 111. A large capillary from the freg’s mesentery eight hours after
irritation had been set up, showing emigration of leucocytes. e, cells in the
act of traversing the capillary wall ; 5, some already escaped (Frey).



193 CIRCULATION OF THE BLOOD. [cHAP. VI

gtream, there ensmes a retardation of the eurrent ; and blood-corpuscles, both
red and white, begin to make their way through the capillaries and small
veins,

The diapedesis of the white corpuscles is thus described by
Dr. Burdon-Sanderson :—

““ Simultaneously with the retardation, the leucocytes, instead
of loitering here and there at the edge of the axial current, begin
to crowd in numbers against the vascular wall, as was long ago
described by Dr. Williams. In this way the vein becomes lined
with a continuous pavement of these bodies, which remain almost
motionless, notwithstanding that the axial current sweeps by
them as continuously as before, though with abated velocity.
Now is the moment at which the eye must be fixed on the outer
contour of the vessel, from which (to quote Professor Cohnheim’s
words) here and there minute, colourless, button-shaped eleva-
tions spring, just as if they were produced by budding out of the
wall of the vessel itself. The buds increase gradually and slowly
in size, until each assumes the form of a hemispherical projection,
of width corresponding to that of a leucocyte. Eventually the
hemisphere is converted into a pear-shaped body, the small end
of which is still attached to the surface of the vein, while the
round part projects freely. Gradually the little mass of proto-
plasm removes itself further and further away, and, as it does so,
begins to shoot out delicate prongs of transparent protoplasm
from its surface, in nowise differing in their aspect from the
slender thread by which it is still moored to the vessel. Finally
the thread is severed and the process is complete.”

The process of diapedesis of the red corpuscles, which oeccurs
amder circumstances of impeded venous circulation, and conse-
quently increased blood-pressure, resembles closely that of the
leucocytes, with the exception that they are squeezed through the
wall of the vessel and do not, like the colourless corpuseles, work
their way through by active ameeboid movement.

Various explanations of these remarkable phenomena have
been suggested. Dr. Norris happily compares the phenomenon
to the passage of a solid through a soap-bubble film, which closes
up afterwards unbroken ; while others believe that minute open-

= e e e
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ings or stomata between contiguous endothelial cells (p. 192),
provide the means of escape for the blood corpuscles. But the
chief share in the process is to be found probably in the vital
endowments with respect to mobility and contraction of the parts
concerned—Dboth of the corpuscles (Bastian) and the capillary
wall (Stricker). Dr. Burdon-Sanderson remarks, ‘“the capillary
is not a dead conduit, but a tube of living protoplasm. There
is no difficulty in understanding how the membrane may open
to allow the escape of leucocytes, and close again after they have
passed out; for it is one of the most striking peculiarities of
contractile substance that when two parts of the same mass are
separated, and again brought into contact, they melt together as
if they had not been severed.”

Hitherto, the escape of the corpuscles from the interior of the
blood-vessels into the surrounding tissues has been studied chiefly
in connection with pathology. But it is impossible to say, at
present, to what degree the discovery may not influence all
present notions regarding the nutrition of the tissues, even in
health.

The circulation through the ecapillaries must, of necessity, be
largely influenced by that which occurs in the vessels on either
side of them—in the arteries or the veins; their intermediate
position causing them to feel at once, so to speak, any alteration
in the size or rate of the arterial or venous blood-stream. Thus,
the apparent contraction of the capillaries, on the application of
vertain irritating substances, and during fear, and their dilatation
in blushing, may be referred to the action of the small arteries,
rather than to that of the capillaries themselves. But largely as
the capillaries are influenced by these, and by the conditions of
the parts which surround and support them, their own endow-
ments must not be disregarded. They must be looked upon,
not as mere passive channels for the passage of blood, but as
possessing endowments of their own, in relation to the circula-
tion. The capillary wall is, according to Stricker, actively living
and contractile ; and there is no reason to doubt that, as such, it
must have an important influence in connection with the blood-
current,
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The results of morbid action, as well as the phenomena of
health, strongly support the notion of the existence of a force in
the capillaries, which aids the circulation of the blood, after the
same manner that nutritive fluids circulate in plants and lowly
organised animals, which have no central propelling organ com-
parable to a heart. DBut this so-called wvital capillary foree
occupies, in the higher animals, an entirely subordinate position.

THE VEINS,

In structure the coats of veins bear a general resemblance to
those of arteries. Thus, they possess an outer, middle, and inter-
nal coat. The outer coat is constructed of areolar tissue like that
of the arteries, but is thicker. In some veins it contains muscu-
lar fibre-cells, which are arranged longitudinally.

The middle coat is considerably thinner than that of the
arteries ; and, although it contains circular unstriped muscular
fibres or fibre-cells, these are mingled with a larger proportion
of yellow elastic and white fibrous tissue. In the large veins
near the heart, namely the ven@ cave and pulmonary veins, the
middle coat is replaced, for some distance from the heart, by cir-
cularly arranged striped muscular fibres, continuous with those
of the auricles.

The wnternal coat of veins is less brittle than the corresponding
coat of an artery, but in other respects resembles it closely.

The chief influence which the veins have in the circulation, is
effected with the help of the wvalves, which are placed in all veins
subject to local pressure from the muscles between or near which
they run. The general construction of these valves is similar to
that of the semilunar valves of the aorta and pulmonary artery,
already described (p. 145); but their free margins are turned in
the opposite direction, i.e. towards the heart, so as to stop any
movement of blood backward in the veins. They are commonly
placed in pairs, at various distances in different veins, but almost
uniformly in each (fig. 112). In the smaller veins, single valves
are often met with; and three or four are sometimes placed
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together, or néar one another, in the largest veins, such as the
subclavian, and at their junction with the jugular veins. The
valves are semilunar; the un-
attached edge being in some
examples concave, in others
straight. They are composed of
inextensile fibrous tissue, and
are covered with epithelium like
that lining the veins. During
the period of their inaction, when
the venous blood is flowing in
its proper direction, they lie by
the sides of the veins; but when
in action, they close together
like the valves of the arteries, and offer a complete barrier to any
backward movement of the blood (figs. 113 and 114). Their situa-
tion in the superficial veins of the fore-arm is readily discovered
by pressing along its surface, in a direction opposite to the
venous current, i.e., from the elbow towards the wrist; when
little swellings (fig. 112 ¢) appear in the position of each pair of
valves. These swellings at once disappear when the pressure is
relaxed.

Valves are not equally numerous in all veins, and in many
they are absent altogether. They are most numerous in the
veins of the extremities, and more so in those of the leg than the
arm. They are commonly absent in veins of less than a line in
diameter, and, as a general rule, there are few or none in those
which are not subject to muscular pressure. Among those veins
which have no valves may be mentioned the superior and inferior
vena cava, the trunk and branches of the portal vein, the hepatie
and renal veins, and the pulmonary veins; those in the interior
of the cranium and vertebral column, those of the bones, and the

Fig. 112.*

— —

* Fig. 112. Diagrams showing valves of veins. A. Part of a vein laid
open and spread out, with two pairs of valves. B. Longitudinal section of a
vein, showing the apposition of the edges of the valves in their closed state.
C. Portion of a distended vein, exhibiting a swelling in the situation of a pair
of valves.
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trunk and branches of the umbilical vein are also destitute of
valves.

The principal obstacle to the circulation is already overcome
when the blood has traversed the capillaries; and the force of
the heart which is not yet consumed, is sufficient to complete its
passage through the veins, in which the obstructions to its move-
ment are very slight. For the formidable obstacle supposed to
be presented by the gravitation of the blood, has no real
existence, since the pressure exercised by the column of blood in
the arteries, will be always sufficient to support a column of
venous blood of the same height as itself: the two columns
mutually balancing each other. Indeed, so long as both arteries
and veins contain continuous columns of blood, the force of
gravitation, whatever be the position of the body, can have no
power to move or resist the motion of any part of the blood in
any direction. The lowest blood-vessels have, of course, to
bear the greatest amount of pressure; the pressure on each
part being directly proportionate to the height of the column
of blood above it: hence their liability to distension. But
this pressure bears equally on both arteries and weins, and
cannot either move, or resist the motion of, the fluid they con-
tain, so long as the columns of fluid are of equal height in both,
and continuous.

In experiments to determine what proportion of the force of
the left ventricle remains to propel the blood in the veins,
Valentin found that the pressure of the blood in the jugular vein
of a dog, as estimated by the heemadynamometer, did not amount
to more than -1 or ; of that in the carotid artery of the same
animal. In the upper part of the inferior vena cava, Valentin
could scarcely detect the existence of any pressure, nearly the
whole force received from the heart having been, apparently,
consumed during the passage of the blood through the capillaries.
But slight as this remaining force might be (and the experiment
in which it was estimated would reduce the force of the heart
below its natural standard), it would be enough to complete the
circulation of the blood; for, as already stated, the spontaneous
dilatation of the auricles and ventricles, though it may not be
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forcible enough to assist the movement of blood into them, is
adapted to offer to that movement no obstacle,

Very effectual assistance to the flow of blood in the veins is
afforded by the action of the muscles capable of pressing on such
veins as have valves.

The effect of museular pressure on such veins may be thus
explained. 'When pressure is applied to any part of a vein, and
the current of blood in it is obstructed, the portion behind the
seat of pressure becomes swollen and distended as far back as to
the next pair of valves. These, acting like the arterial valves,
and being, like them, inextensible both in themselves and at
their margins of attachment, do not follow the vein in its disten-
sion, but are drawn out towards the axis of the canal. Then, if
the pressure continues on the vein, the compressed blood, tending
to move equally in all directions, presses the valves down into
contact at their free edges, and they close the vein and prevent
regurgitation of the blood. Thus, whatever force is exercised by
the pressure of the muscles on the veins, is distributed partly in
pressing the blood onwards in the proper course of the circula-
tion, and partly in pressing it backwards and closing the valves
behind.

The circulation might lose as much as it gains by such
compression of the veins, if it were not for the numerous anasto-
moses by which they communicate, one with another; for through
these, the closing up of the venous channel by the backward
pressure is prevented from being any serious hindrance to the
circulation, since the blood, of which the onward course is
arrested by the closed valves, can at once pass through some
anastomosing channel, and proceed on its way by another vein
(figs. 113 and 114). Thus, therefore, the effect of muscular pres-
sure upon veins which have valves, is turned almost entirely to
the advantage of the circulation; the pressure of the blood
onwards is all advantageous, and the pressure of the blood back-
wards is prevented from being a hindrance by the closure of the
valves and the anastomoses of the veins.

The effects of such muscular pressure are well shown by the
acceleration of the stream of blood when, in venesection, the
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muscles of the fore-arm are put in action, and by the general
acceleration of the circulation during active exercise: and the
numerous movements which are continually taking place in the

Fig. 114.1

body while awake, though their single effects may be less striking,
must be an important auxiliary to the venous circulation. Yet
they are not essential; for the venous circulation continues un-
impaired in parts at rest, in paralysed limbs, and in parts in
which the veins are not subject to any muscular pressure.
Besides the assistance thus afforded by muscular pressure to
the movement of blood along veins possessed of valves, it has
been discovered by Mr. Wharton Jones that, in the web of the
bat’s wing, the veins are furnished with valves, and possess the
remarkable property of rhythmical contraction and dilatation,
whereby the current of blood within them is distinctly accele-
rated. The contraction occurred, on an average, about ten times
in a minute; the existence of valves preventing regurgitation,
the entire effect of the contractions was auxiliary to the onward
current of blood. Analogous phenomena have been now fre-
quently observed in other animals.

* Fig. 113. Vein with valves open (Dalton).
+ Fig. 114. Vein with valves closed; stream of blood passing off by lateral
channel (Dalton).
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Agents concerned in the Circulation of the Blood,

The agents concerned in the circulation of the blood which
have been now described, may be thus enumerated :—

1. The action of the heart and of the arteries.

2. The vital capillary force exercised in the capillaries.

3. The possible slight action of the muscular coat of veins;
and, much more, the contraction of muscles capable of acting on
veins provided with valves.

It remains only to consider (4) the influence of the respiratory
movements on the circulation.

Although the continuance of the respiratory movements is
essential to the ecirculation of the blood, and although their
cessation is followed, within a very few minutes, by that of the
heart’s action also, yet their direct mechanical influence on the
movement of the current of the blood is probably, under ordinary
circumstances, but slight. The effect of expiration in increasing
the pressure of the blood in the arteries is minutely illustrated by
the experiments of Ludwig. It acts as the pressure of contract-
ing muscles does upon the veins, and is advantageous to the
onward movement of arterial blood, inasmuch as all movement
backwards into the heart, which would otherwise occur at the
same moment and from the same cause, is prevented by the force
of the onward stream of blood from the contracting ventricle, and
in the intervals of this contraction by the closure of the semilunar
valves. Under ordinary circumstances, and with a free passage
through the capillaries of the lungs, the effect of expiration on
the stream of blood in the veins is also probably to assist, rather
than retard its movement in the proper direction. For, with no
obstruction in front, there is the force of the blood streaming
into the heart from behind, to prevent any tendeuncy to a back-
ward flow, even apart from what may be effected by the presence
of the valves of the venous system.

It is true that in violent expiratory efforts there is a certain
retardation of the circulation in the veins. The effect of such
retardation is shown in the swelling-up of the veins of the head
and neck, and the lividity of the face, during coughing, straining,
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and similar violent expiratory efforts; the effect shown in these
instances being due both to some actual regurgitation of the
blood in the great veins, and to the accumulation of blood in all
the veins, from their being constantly more and more filled by
the influx from the arteries.

But strong expiratory efiorts, as in straining and the like, are
not fairly comparable to ordinary expiration, inasmuch as they
are instances of more or less interference with expiration, and
involve circumstances leading to obstruction of the circulation in
the pulmonary capillaries, such as are not present in the ordinary
rhythmical exit of air from the lungs.

The act of inspiration is favourable to the venous circulation,
and its effect is not counterbalanced by its tendency to draw the
arterial, as well as the venous, blood towards the cavity of the chest.
When the chest is enlarged in inspiration, the additional space
within it is filled chiefly by the fresh quantity of air which passes
through the trachea and bronchial passages to the vesicular
structure of the lungs. But the blood being, like the air, subject
to the atmospheric pressure, some of it also is at the same time
pressed towards the expanding cavity of the chest, and therein
towards the heart. The effect of this on the arterial current is
hindered by the aortic valves, while they are closed, and by the
forcible outward stream of blood from the ventricles when they
are open; while, on the other hand, there is nothing to prevent
an increased afflux of blood to the auricles through the large
veins,

Sir David Barry was the first who showed plainly this effect of inspiration
on the venous circulation ; and he mentions the following experiment in
proof of it. He introduced one end of a bent glass tube into the jugular vein
of an animal, the vein being tied above the point where the tube was inserted ;
the inferior end of the tube was immersed in some coloured fluid. He then
observed that at the time of each inspiration the fluid ascended in the
tube, while during expiralion it either remained stationary, or even sank.
Poiseuille confirmed the truth of this observation, in a more accurate manner,
by means of his hema-dynamometer. And a like confirmation has been since
furnished by Valentin, and in minute details by Ludwig.

The effect of inspiration on the veins is observable only in the large ones
near the thorax. Poisenille could not detect it by means of his instrument
in veins more distant from the heart,—for example, in the veins of the extre-
mities, And its beneficial effect would be neutralized were it not for the

S o e i i b
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valves ; for he found that, when he repeated Sir D. Barry's experiments, and
passed the tube so far along the veins that it went beyond the valves nearest
to the heart, as much fluid was forced back into the tube in every expiration
as was drawn in through it in every inspiration.

Exzperiments of Dr. Burdon-Sanderson have proved more directly that
inspiration is favourable to the circulation, inasmuch as, during it, the
tension of the arterial system is increased. And it is only when the respi-
ratory orifice is closed, as by plugging the trachea, that inspiratory efforts
are sufficient to produce an-opposite effect—to diminish the tension in the
arteries,

On the whole, therefore, the respiratory movements of the

chest are advantageous to the circulation.

Velocity of the Circulation.

The velocity of the blood-current at any given point in the
various divisions of the circulatory system is inversely propor-
tional to their sectional area at that point. If, as Professor
Miiller says, the sectional area of all the branches of a vessel
united were always the same as that of the vessel from which
they arise, and if the aggregate sectional area of the capillary
vessels were equal to that of the aorta, the mean rapidity of the
blood’s motion in the capillaries would be the same as in the
aorta and largest arteries; and if a similar correspondence of
capacity existed in the veins and arteries, there would be an
equal correspondence in the rapidity of the circulation in them.
But the arterial and venous systems may be represented by two
truncated cones with their apices directed upwards, i.e. towards
the heart; the area of their united bases (the sectional area of
the capillaries) being 400—500 times as great as that of the
truncated apex representing the aorta. Thus the velocity of
blood in the capillaries is about .- of that in the aorta.

Velocity of the Blood in the Arteries.

The velocity of the stream of blood is greater in the arteries
than in any other part of the circulatory system, and in them it
is greatest in the neighbourhood of the heart, and during the
ventricular systole; the rate of movement diminishing during the
diastole of the ventricles, and in the parts of the arterial system
most distant from the heart. Chauvean has estimated the
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rapidity of the blood-stream in the carotid of the horse at about

20 inches per second during the heart’s systole, and nearly g
inches during the diastole.

Various instruments have been devised for measuring the velocity of the
y blood-stream in the arteries,

Fig. 115." Ludwig's “ Stromuhr " (fig. 115) consists of an
U-shaped tube dilated at B and C, and whose extre-
mities, b and ¢, are inserted into an artery. At the
commencement of the experiment, ¢ being directed
towards the heart, C is filled with olive oil, and B with
defibrinated blood. The capacity of C being known,
the quantity of blood which passes through the artery
in a given time may be estimated from the period
occupied in displacing the contents of C into B, The
tube C having now become full of blood, and B full
of oil, the two tubes are, by means of a mechanical
arrangement at I), twisted round so as to change
places with reference to b and ¢, and the experiment
may be repeated.

Chauveau's instrument (fig. 116) consists of a thin
. brass tube, @, in one side of which is a small perfora-
tion closed by thin vulcanized indiarnbber.: Passing through the rubber is
a fine lever, one end of which, slightly flattened, extends into the lumen

Fig. 116.1

of the tube, while the other moves over the face of a dial. The tube is
inserted into the interior of an artery, and ligatures applied to fix it, so
that the movement of the blood may, in flowing through the tube, be indi-

—

[ —

* Fig. 115. Ludwig’s ** Stromuhr.”

+ Fig. 116. Chauvean’s instrument. «, Brass tube introduced into the
lumen of the artery, and containing an index-needle, which passes through the
elastic membrane in its side, and moves by the impulse of the blood current.
¢. Graduated scale, for measuring the extent of the oscillations of the needle.
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cated by the movement of the outer extremity of the lever on the face of
the dial.

The Hematochometer of Vierordt, and the instrument of M. Lortet,
resemble in prineciple that of M. Chauveau.

Velocity of the Blood in the Capillaries.

The observations of Hales, 5. H. Weber, and Valentin agree
very closely as to the rate of the blood-current in the capillaries
of the frog ; and the mean of their estimates gives the velocity
of the systemic capiliary circulation at about one inch per minute.
Through the pulmonic capillaries the rate of motion, according to
Hales, is about five times that through the systemic ones. The
velocity in the capillaries of warm-blooded animals is greater. If
it be assumed to be three times as great as in the frog, still the
estimate may seem too low, and inconsistent with the facts, which
show that the whole circulation is, accomplished in about a
minute. But the whole length of capillary wvessels, through
which any given portion of blood has to pass, probably does not
exceed -;th of an inch; and therefore the time required for each
quantity of blood to traverse its own appointed portion of the
general capillary system will scarcely amount to a second : while
in the pulmonic capillary system the length of time required will
be much less even than this. These estimates are taken from
observations of the movements of the red corpuscles in the centre

of the stream.

Velocity of Blood in the Veins.

The wvelocity of the blood is greater in the veins than in the
capillaries, but less than in the arteries: this fact depending
upon the relative capacities of the arterial and venous systems.
If an accurate estimate of the proportionate areas of arteries and -
the veins corresponding to them could be made, we might, from
the velocity of the arterial current, calculate that of the venous.
An usual estimate is, that the capacity of the veins is about
twice or three times as great as that of the arteries, and that
the velocity of the blood’'s motion is, therefore, about twice or
three times as great in the arteries as in the veins. Some doubt

has, however, been lately expressed regarding the accuracy of
1!
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this calculation, and the matter, therefore, must be considered
not yet settled. The rate at which the blood moves in the veins
gradually increases the nearer it approaches the heart, for the
sectional area of the venous trunks, compared with that of the
branches opening into them, becomes gradually less as the trunks
advance towards the heart.

Velocity of the Circulation as a Whole.

Having now considered the share which each of the circulatory
organs has in the propulsion and direction of the blood, we may
speak of their combined effects, especially in regard to the
velocity with which the movement of the blood through the
whole round of the circulation is accomplished.

From the rate at which the blood escapes from opened vessels
we can only judge, in general, that its velocity is, as already
said, greater in arteries than in veins, and in both these greater
than in the capillaries. DBut it is evident, as Miiller remarks,
that its rate of movement in the vessels cannot be calculated
from this, insomuch as, in the closed vessels, no portion of blood
can be moved forwards except by moving what is in front of it.
More satisfactory data for the estimates are afforded by the
results of experiments to ascertain the rapidity with which poisons
introduced into the blood are transmitted from one part of the
vascular system to another. From eighteen such experiments
on horses, Hering deduced that the time required for the passage
of a solution of ferrocyanide of potassium, mixed with the blood,
from one jugular vein (through the right side of the heart, the
pulmonary circulation, the left cavities of the heart, and the
general circulation) to the jugular vein of the opposite side,
varies from twenty to thirty seconds. The same substance was
transmitted from the jugular vein to the great saphena in twenty
seconds; from the jugular vein to the masseteric artery, in
between fifteen and thi}'t}' seconds; to the facial artery, in one
experiment, in befween ten and fifteen seconds; in another
experiment in between twenty and twenty-five seconds; in its
transit from the jugular vein to the metatarsal artery, it occupied
between twenty and thirty seconds, and in one instance more

e
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than forty seconds. The result was nearly the same whatever
was the rate of the heart’s action.

Poiseuille’s observations accord completely with the above,
and show, moreover, that when the ferrocyanide is injected into
the blood with other substances, such as ‘acetate of ammonia, or
nitrate of potash (solutions of which, as other experiments have
shown, pass quickly through capillary tubes), the passage from
one jugular vein to the other is effected in from eighteen to
twenty-four seconds; while, if instead of these, alcohol is added,
the passage is not completed until from forty to forty-five seconds
after injection. Still greater rapidity of transit has been observed
by Mr. J. Blake, who found that nitrate of haryta injected into
the jugular vein of a horse could be detected in blood drawn
from the carotid artery of the opposite side in from fifteen to
twenty seconds after the injection. In sixteen seconds a solution
of nitrate of potash, injected into the jugular vein of a horse,
caused complete arrest of the heart’'s action, by entering and
diffusing itself through the coronary arteries. In a dog, the
poisonous effects of strychnia on the nervous system were mani-
fested in twelve seconds after injection into the jugular vein; in
a fowl, in six and a half seconds, and in a rabbit in four and a
half seconds.

In all these experiments, it is assumed that the substance
injected moves with the blood, and at the same rate as it, and
<does not move from one part of the organs of circulation to
another by diffusing itself through the blood or tissues more
quickly than the blood moves. The assumption is sufficiently
probable, to be considered nearly certain, that the times above-
mentioned, as occupied in the passage of the injected substances,
are those in which the portion of blood, into which each was
injected, was carried from one part to another of the vascular
system., It would, therefore, appear that a portion of blood can
traverse the entire course of the circulation, in the horse, in half
a minute; of course it would require longer to traverse the
vessels of the most distant part of the extremities than to go
through those of the neck; but taking an average length of

vessels to be traversed, and assuming, as we may, that the move-
P2
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ment of blood in the human subject is not slower than in the
horse, it may be concluded that one minute, which is the estimate
usually adopted of the average time in which the blood completes
its entire circuit in man, is above rather than below the actual
rate.

Another mode of estimating the general velocity of the circu-
lating blood, is by calculating it from the quantity of blood
supposed to be contained in the body, and from the quantity
which can pass through the heart in each of its actions. But
the conclusions arrived at by this method are less satisfactory.
For the estimates both of the total quantity of blood, and of the
capacity of the cavities of the heart, have as yet only approxi-
mated to the truth. Still the most careful of the estimates thus
made accord with those already mentioned; and it may be
assumed that the blood may all pass through the heart in from
twenty-five to fifty seconds.

The estimate of the speed at which the blood may be seen
moving in transparent parts, is not opposed to this. For, as
already stated (p. 209), though the movement through the capil-
laries may be very slow, yet the length of capillary vessel through
which any portion of blood has to pass is very small.

All the estimates here given are averages; but of course the
time in which a given portion of blood passes from one side of
the heart to the other, varies much according to the organ it has
to traverse. The blood which circulates from the left ventricle,
through the coronary vessels, to the right side of the heart,
requires a far shorter time for the completion of its course than
the blood which flows from the left side of the heart to the feet,
and back again to the right side of the heart; for the circulation
from the left to the right cavities of the heart may be represented
as forming a number of arches, varying in size, and requiring
proportionately various times for the blood to traverse them ; the
smallest of these arches being formed by the circulation through
the coronary vessels of the heart itself. The course of the blood
from the right side of the heart, through the lungs to the left, is
shorter than most of the arches described by the systemie circula-
tion, and in it the blood flows, eeteris parilus, much quicker than
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in most of the vessels which belong to the aortic circulation.
For although the quantity of blood contained, at any instant, in
the systemic circulation of the body, is far greater than the quan-
tity within the pulmonary circulation ; yet, in any given space of
{ime, as much blood must pass through the lungs as passes in
the same time through the systemic circulation. If the systemie
vessels contain five times as much blood as the pulmonary, the
blood in them must move five times as slow as in these; else,
the right side of the heart would be either overfilled or not filled
enough.

Peculiarities of the Cirewlation in different Parts,

The most remarkable peculiarities attending the circulation of blood
through different organs are observed in the cases of the lungs, the liver, the
brain, and the ercetile organs, The pulmonary and portal cireulations have
beeh already alluded to'(pp. 135, 136), and will be again noticed when con-
sidering the functions of the lungs and liver.

The chief circumstances requiring notice, in relation to the eerebral ecircu-
lation, ave observed in the arrangement and distribution of the vessels of
the brain, and in the conditions attending the amount of blood usually con-
tained within the cranium,

For the due performance of its functions, the brain requires a large
supply of blood. This is accomplished through the number and size of its
arteries, the two internal carotids, and the two vertebrals. But it appears
to be further necessary that the force with which this blood is sent to the
brain should be less, or at least, subject to less variation from external cir-
cumstances than it is in other parts. This object is effected by several pro-
visions ; such as the fortuosity of the large arteries, and their wide anasto-
moses in the formation of the circele of Willis, which will insure that the
supply of blood to the brain may be uniform, though it may by an accident
be diminished, or in some way changed, through one or more of the principal
arteries. The transit of the large arteries through bone, especially the
carotid eanal of the temporal bone, may prevent any undue distension ; and
uniformity of supply is further insured by the arrangement of the vessels in
the pia mater, in which, previous to their distribution to the substance of the
brain, the large arteries break up and divide into innumerable minute
branches ending in capillaries, which, after frequent communications with
one another, enter the brain, and carry into nearly every part of it uniform
and equable streams of blood.

The arrangement of the veins within the cranium is also peculiar. The
large venous trunks or sinuses are formed so as to be scarcely eapable of
change of size ; and composed, as they are, of the tough tissue of the dura
mater, and, in some instances, bounded on one side by the bony cranium,
they are nct compressible by any force which the fulness of the arteries
might exercise through the substance of the brain; nor do they admit of
distension when the flow of venous blood from the brain is obstructed,
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The general uniformity in the supply of blood to the brain, which is thus
secured, is well adapted, not only to its functions, but also to its condition
as a mass of nearly incompressible substance placed in a cavity with un-
yielding walls. These conditions of the brain and skull have appeared,
indeed, to some, enough to justify the opinion that the quantity of blood in
the brain must be at all times the same. But Sir G. Burrows found that in
animals bled to death, without any sperture being made in the craninm, the
brain became pale and an®mic like other parts. And in proof that, during
life, the cerebral circulation is influenced by the same general circumstances
that influence the cirenlation elsewhere, he found congestion of the cerebral
vessels in rabbits killed in strangling or drowning ; while in others, killed
by prussic acid, he observed that the quantity of blood in the cavity of the
cranium was determined by the position in which the animal was placed
after death, the cerebral vessels being congested when the animal was sus-
pended with its head downwards, and comparatively empty when the
animal was kept suspended by the ears. He concluded, therefore, that
although the total volume of the contents of the cranium is probably nearly
always the same, yet the quantity of blood in it is liable to variation, its
increase or diminution being accompanied by a simultaneous diminution or
increase in the quantity of the cerebro-spinal fluid, which, by readily admit-
ting of being removed from one part of the brain and spinal cord to another,
and of being rapidly absorbed, and as readily effused, would serve as a kind
of supplemental fluid to the other contents of the eranium, to keep it uni-
formly filled in case of variations in their guantity. And there can be no
doubt that, although the arrangements of the blood-vessels, to which refer-
ence has been made, ensure to the brain an amount of blood which is
tolerably uniform, yet, inasmuch as with every beat of the heart and every
act of respiration, and under many other circumstances, the guantity of
blood in the cavity of the cranium is constantly varying, it is plain that,
were there not provision made for the possible displacement of some of the
contents of the unyielding bony case in which the brain is contained, there
would be often alternations of excessive pressure with insufficient supply of
blood. Hence we may consider that the cerebro-spinal finid in the interior
of the skull not only subserves the mechanical functions of fat in other parts
as a packing material, but by the readiness with which it can be displaced
into the spinal canal, provides the means whereby undue pressure and in-
sufficient supply of blood are equally prevented.

Circulation in erectile struetures~—The instances of greatest variation in
the quantity of blood contained, at different times, in the same organs, are
found in certain struetures which, under ordinary eircumstances, are soft and
flaccid, but, at certain times, receive an unusually large quantity of blood,
become distended and swollen by it, and pass into the state which has been
termed erection. Such structures are the corpora caverncsa and corpus
spongiosum of the penis in the male, and the clitoris in the female ; and, to
a less degree, the nipple of the mammary gland in both sexes. The corpus
cavernosum penis, which is the best example of an erectile structure, has an
external fibrous membrane or sheath ; and from the inner surface of the
latter are prolonged nmumerous fine lamelle which divide its cavity into
small compartments looking like cells when they are inflated. Within these
i situated the plexus of veins upon which the peculiar erectile property of
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the organ mainly depends. It consists of short veins which very closely
interlace and anastomose with each other in all directions, and admit of
great variation of size, collapsing in the passive state of the organ, but, for
erection, capable of an amount of dilatation which exceeds beyond com-
parison that of the arteries and veins which convey the blood to and from
them. The strong fibrous tissue lying in the intervals of the venous plexuses,
and the external fibrous membrane or sheath with which it is connected.
limit the distension of the vessels, and, during the state of erection, give to
the penis its condition of tension and firmness. The same general condition
of vessels exists in the corpus spongiosum urethrz, but around the urethra
the fibrous tissue is much weaker than around the body of the penis, and
around the glans there is none. The venous blood is returned from the
plexuses by comparatively small veins ; those from the glans and the fore
part of the urethra empty themselves into the dorsal vein of the penis;
those from the corpus cavernosum pass into deeper veins which issue from
the corpora cavernosa at the crura penis; and those from the rest of the
urethra and bulb pass more directly into the plexus of the veins about the
prostate. For all these veins one condition is the same ; namely, that they
are liable to the pressure of muscles when they leave the penis. The muscles
chiefly concerned in this action are the erector penis and accelerator urinz.

Erection results from the distension of the venous plexuses with blood.
The principal exciting cause in the erection of the penis is nervous irritation,
originating in the part itself, or derived from the brain and spinal cord.
The nervous influence is communicated to the penis by the pudic nerves,
which ramify in its vascular tissue : and Guenther has observed, that, after
their division in the horse, the penis is no longer capable of erection. It
affords a good example of the subjection of the circulation in an individual
organ to the influence of the merves; but the mode in which they excite a
greater influx of blood is not with certainty known.

The most probable explanation is that oiffered by Professor Kolliker, who
ascribes the distension of the venous plexuses to the influence of organic
muscular fibres, which are found in abundance in the corpora cavernosa of
the penis, from the bulb to the glans, also in the clitoris and other parts
capable of erection. While erectile organs are flaceid and at rest, these
contractile fibres exercise an amount of pressure on the plexuses of vessels
distributed amongst them, sufficient to prevent their distension with blood.
But when through the influence of their nerves, these parts are stimulated to
erection, the action of these fibres is suspended, and the plexuses thus
liberated from pressure, yield to the distending force of the blood, which,
probably, at the same time arrives in greater quantity, owing to a simul-
taneous dilatation of the arteries of the parts, and thus the plexuses become
filled, and remain so until the stimulus to erection subsides, when the organic
muscular fibres again contract, and so gradually expel the excess of blood
from the previcunsly distended vessels. The influence of cold in producing
extreme contraction and shrinking of erectile organs, and the opposite effect
of warmth in inducing fulness and distension of these parts, are among the
arguments used by Killiker in support of this opinion.

The accurate dissections and experiments of Kobelt, extending and con-
firming those of Le Gros Clark and Krause, have shown, that this influx of
the blood, however explained, is the first condition necessary for erection,
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and that through it alone much enlargement and turgescence of the penis
may ensue, But the erection is probably not complete, nor maintained for
any time except when, together with this influx, the muscles already men-
tioned contract, and by compressing the veins, stop the eflux of blood, or
prevent it from being as great as the influx.

It appears to be only the most perfect kind of erection that needs the
help of muscles to compress the veins ; and none such can materially assist
the erection of the nipples, or that amount of turgescence, just falling short
of erection, of which the spleen and many other parts are capable. For
snch turgescence nothing more seems necessary than a large plexiform
arrangement of the veins, and such arteries as may admit, upon occasion,
angmented quantities of blood.

CHAPTER VIIL
RESPIRATION.

Tre maintenance of animal life necessitates the continual
absorption of oxygen and excretion of carbonic acid; the blood
being, in all animals wkich possess a well developed blood
vascular system, the medium by which these gases are carried.
By the blood, oxygen is absorbed from without and conveyed to
all parts of the organism ; and, by the blood, carbonic acid, which
comes from within, is carried to those parts by which it may
escape from the body. The two processes,—absorption of oxygen
and excretion of carbonic acid,—are complementary, and their
sum is termed the process of Respiration.

Under the head of respiration are frequently included the
absorption and exhelation of other matters than carbonic acid
and oxygen. Eut, excepting watery vapour, which is so cone
stantly exhaled by ihe lungs as to deserve to be included with
carbonic acid, as an essential respiratory product, in air-breath-
ing animals, all other gaseous matters than those just referred
to must be considered accessory or accidental rather than
essential.

In all Vertebrata, and in a large number of Invertebrata,
certain parts (either lungs or gills) are specially constructed for
bringing the blood into proximity with the aerating medium
(atmospheric air, or water containing air in solution).
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In some of the lower vertebrata (frogs and other naked amphibia) the skin
18 important as a respiratory organ, and is capable of supplementing, to some
extent, the functions of the proper breathing apparatus ; but in all the higher
'mlma.ls including man, the respiratory capacity of the skin is so 111ﬁnlte51mn.l
that it may be practically disregarded.

Essentially, a lung or gill is constructed of a fine transparent
membrane, one surface of which is exposed to the air or water
as the case may be, while, on the other, is a network of blood-
vessels,—the only separation between the blood and aerating
medium being the thin wall of the blood-vessels, and the fine
membrane, on one side of which vessels are distributed. The
difference between the simplest and the most complicated
respiratory membrane is one of degree only. The apparently
complex lung of a bird or mammal is but a bag or sae, the walls
of which are extensively folded and re-folded in order to obtain,
in a given space, the greatest possible amount of aerating sur-
face; and thus, to the naked eye, such a lung on section looks
like a solid organ. A lung, such as this, is not less an air-
containing sac than is the lung of the frog, the walls of
which are not infolded sufficiently to interfere with its bag-like
appearance.

The various complexity of the respiratory membrane, and the
kind of aerating medium (whether air or water), are not the
only conditions which cause a difference in the respiratory
capacity of different animals. The number and size of the
red blood-corpuscles (respiratory cells, as they have been termed),
the mechanism of the breathing apparatus, the presence oz
absence of a pulmonary heart physiologically distinet from
the sustemic, are, all of them, conditions scarcely second in
importance.

It may be well to state here that the lungs are only the
medium for the exchange, on the part of the blood, of carbonic
acid for oxygen. They are not the seat in any special manner, of
those combustion-processes, of which the production of carbonic
acid is the final resuit. These occur in all parts of the body—
more in one part, less in another; partly in the substance
of the tissues, partly in the capillary blood-vessels contained in
them.
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Position and Structure of the Lungs.

The lungs occupy the greater portion of the chest, or upper-
most -of the two cavities into which the body is divided by the
diaphragm (fig. 71). They are of a spongy elastic texture, and
on section appear to the naked eye as if they were in great part
solid organs, except here and there, at certain points, where
branches of the bronchi or air-tubes may have been cut across,
and show, on the surface of the section, their tubular structure.

In fact, however, the lungs are hollow organs, and we may
consider them as really two bags containing air, each of which
communicates by a separate orifice with a common air-tube, the
trachea (fig. 118), through the upper portion of which, the laryna,
they freely communicate with the external atmosphere. The

Fig. 117.*

Left: Lung
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orifice of the larynx is guarded by muscles, and can be opened
or closed at will.

Each lung is enveloped by a serous membrane—the pleura,
one layer of which adheres closely to the surface of the lung, and
provides it with its smooth and slippery covering, while the
other adheres to the inner surface of the chest-wall. The con-
tinuity of the two layers, which form a closed sac, as in the case
of other serous membranes, will be best understood by reference

* Fig. 117. Transverse section of the chest (after Gray).
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to fig. 117. The appearance of a space, however, between the
pleura which covers the lung (visceral layer), and that which
lines the inner surface of the chest (parietal layer), is inserted in
the drawing only for the sake of distinctness. These layers
are, in health, everywhere in contact, one with the other; and
between them is only just so much fluid as will ensure the
lungs gliding easily on the inner surface of the parietal layer,
which lines the chest-wall. While considering the subject of
normal respiration, we may discard altogether the notion of the
existence of any space or cavity between the lung and the wall
of the chest. So far as the movement of the lungs is concerned
they might be adherent to the chest-wall, inasmuch as they
accompany the latter in all its movements.
- If, however, an opening be made so as to permit air or fluid
to enter the pleural sac, the lung, in virtue of its elasticity,
recoils, and a considerable space is left between the lung and the
chest-wall. In other words, the natural elasticity of the lungs
would cause them at all times to contract away from the ribs,
were it not that the contraction is resisted by atmospheric pres-
sure which bears only on the inner surface of the air-tubes and
air-cells. On the admission of air into the pleural sac, atmos-
pheric pressure bears alike on the inner and outer surfaces of
the lung, and their elastic recoil is thus no longer prevented.

The structure of the pleura closely resembles that of othér
serous membranes. It is covered with a delicate layer of poly-
gonal epithelial cells. Usually these are of a flattened scaly
form, but their shape varies according to the degree of distension
of the lung. In the pulmonary pleura of a collapsed lung they
are found to be of a spheroidal, or even columnar form, while if
the lung be fully inflated, they at once become thin and flattened
(Klein). These alterations of shape are the necessary consequence
of the varying area which the cells have to cover.

Scattered bundles of unstriped muscular fibre occur in the
pulmonary pleura. They are especially strongly developed on
those parts (anterior and internal surfaces of lungs) which

move most freely in respiration : their function is doubtless to
aid in expiration (Klein)
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Structure of the Trachea and Bronchial Tubes,

The trachea or windpipe extends from the cricoid cartilage,
which is on a level with the fifth cervical vertebra, to a point
opposite the third dorsal
vertebra, where it divides
into the two bronchi, one
for each lung (fig. 118).
It measures, on an average,
four or four-and-a-halfinches
in length, and from three-
quarters of an inch to ad
inch in diameter.

The trachea is essentially
a tube of fibro-elastic mem-
brane, within the layers of
which are enclosed a series
of eartilaginous rings, from
sixteen to twenty in number.
These rings extend only
around the front and sides
of the trachea (about two-
thirds of its circumference),
and are deficient behind ;
the interval between their
posterior extremities being
bridged over by a continua-
tion of the fibrous membrane
in which they are enclosed
(fig. 119).

Immediately within this
fibro-cartilaginous tube, at
the back, is a layer of un-
striped muscular fibres, which extends, transversely, between the

* Fig. 118. Outline showing the general form of the lm'}rux: ‘_I:rachem fmd
bronchi, as seen from before. h, the great cornu -:rf1 the }_?md.. bﬂﬂe.[idi:’
epiglottis ; ¢, superior, and t', inferior cornu ﬁf_ﬂle T}i}*mlfl cartilage ; ¢, ml 3
of the cricoid cartilage ; tr, the trachea, showing sixteen cartilaginous rings ;
b, the right, and &', the left bronchus. (Allen Thomson.) #.

3 *
Fig. 118,
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ends of the cartilaginous rings to which they are attached, and
opposite the intervals between them, also; their evident func-
tion being to diminish,

: : Fig. 119.F
when required, the calibre VLN
of the trachea by approxi- 2 -,'-.t.._sldlji
mating the ends of the % ot

cartilages. Outside these N

are a few longitudinal
bundles of muscular tis-
sue, which, like the preced-
ing, are attached both to
the fibrous and cartilagi-
nous framework.

The trachea is lined by
mucous membrane, the
epithelium of which is
columnar and ciliated (fig.
122); while immediately
outside the mucous mem-
brane and adhering closely
to it, are numerous longi-
tudinal bundles of yellow
elastic tissue.

Numerous mucous
glands are situate on the
exterior and in the sub-
stance of the fibrous
framework of the trachea ;
their ducts perforating the
various structures which
form the wall of the tra-
chea, and opening through the mucous membrane into the interior.
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* Fig. 119. Outline showing the general form of the larynx, trachea, and
bronchi as seen from behind. &, great cornu of the hyoid bone; {, superior,
and 7, the inferior cornu of the thyroid cartilage ; ¢, the epiglottis ; a, points to
the back of both the arytenoid cartilages,which are surmounted by the cornicula;
¢, the middle ridge on the back of the ericoid cartilage ; ¢r, the posterior mem-
branous part of the trachea ; b. U, right and left bronchi. (Allen Thomson.) 4.
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The two bronchi into which the trachea divides, of which the
right is shorter, broader, and more horizontal than the left
(fig. 118), resemble the trachea exactly in structure, and in the
arrangement of their cartilaginous rings. On entering the

Fig. 120.%

substance of the lungs, however, the rings, although they still
form only larger or smaller segments of a circle, are no longer
confined to the front and sides of the tubes, but are distributed
impartially to all parts of their circumference.

The bronchi divide and sub-divide in the substance of the
lungs, into a number of smaller and smaller branches, which
penetrate into every part of the organ, until at length they end
in the smaller sub-divisions of the lung called lobules.

All the larger branches still have walls formed of tough
membrane, containing portions of cartilaginous rings, by which
they are held open, and unstriped muscular fibres, as well as
longitudinal bundles of elastic tissue. They are lined by mucous
membrane, the surface of which, like that of the larynx and
trachea, is covered with vibratile ciliary epithelium (fig. 122). The
mucous membrane is abundantly provided with mucous glands.

= — ———

* Fig. 120. Transverse section of a bronchus, about § inch in diameter
(F. E. Schulze). e, Epithelium (ciliated); immediately beneath it is the
mucous membrane or internal fibrous layer, of varying thickness ; m, Mus-
cular layer; s m, Fibrous tissue; f, Fibrous tissue; ¢, Cartilage enclosed
within the layers of fibrous tissue ; g, Mucous gland.
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As the bronchi become 'smaller and smaller, and their
walls thinner, the cartilaginous rings become scarcer and

more irregular, until, in the smaller bronchial tubes, they are
represented only by minute and scattered cartilaginous flakes.
And when the bronchi, by successive branches, are reduced to
about I of an inch in diameter, they lose their cartilaginous
element altogether, and their walls are formed only of a tough
fibrous elastic membrane, with circular muscular fibres; they are
still lined, however, by a thin mucous membrane, with ciliated
epithelium. In the smaller bronchi the eircular muscular fibres
are more abundant than in the trachea and larger bronchi, and
form a distinet circular coat.

Structure of the Lungs.
Each lung is partially subdivided into separate portions, called

* Fig. 121. A diagrammatic representation of the heart and great vessels
in connection with the lungs—!. The pericardium has been removed, and
the lungs are turned aside. 1, right auricle ; 2, vena cava superior ; 3, vena
cava inferior ; 4, right ventricle ; 5, stem of the pulmonary artery; a a, its
right and left branches; 6, left aurieular appendage; 7, left ventricle ; 8,
aorta ; 9, 10, the two lobes of the left lung; 11, 12, 13, the three lobes of
the right lung ; ¢ b, right and left bronchi; v », right and left upper puls
monary veins.
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lobes ; the right lung into three lobes, and the left into two
(fig. 121). Each of these lobes, again, is composed of a large
number of minute parts,
called lobules. Each pulmo-
nary lobule may be con-
sidered a lung in miniature,
consisting, as it does, of a
branch of the bronchial
tube, of air-cells, blood-ves-
sels, nerves and lymphatics,
with a sparing amount of
areolar tissue.

On entering a lobule, the
small bronchial tube (a, fig.
123) divides and subdivides; its walls, at the same time, becom-
ing thinner and thinner, until at length they are formed only of

a thin membrane of areolar and
elastic tissue, lined by a layer
of squamous epithelium, not pro-
=%  vided with cilia. At the same
time, they are altered in shape;
each of the minute terminal

Fig, 122.%

RS ..;-*:;E.;‘:‘*-um h::a,mahes 'widening out funnel-
c “%‘ R B wise, a.nd1tswa11? being pouched
3 1-:“%'""&’ out irregularly into small sac-
=« cular dilatations, called air-cells

(fig. 123, b). Such a funnel-
shaped terminal branch of the bronchial tube, with its group of
pouches or air-cells, has been called an infundibulum (figs. 123,
124), and the irregular oblong space in its centre, with which
the air-cells communicate, an intercellular passage.

* Fig. 122. Ciliary epithelinm of the human trachea magnified 350 diame-
ters. @, Laver of longitudinally arranged elastic fibres ; b, Basement mem-
brane ; ¢, Deepest cells, circular in form ; d, Intermediate elongated cells ;

¢, Outermost layer of cells fully developed and bearing cilia (Kolliker).
t Fig. 123. Terminal branch of a bronchial tube, with its infundibula and

air-cells, from the margin of the lung of a monkey, injected with quicksilver.
- a, Terminal bronchial twig ; & &, infundibula and air-cells. x 10. (F. L,

Schulze.)
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The air-cells may be placed singly, like recesses from the
intercellular passage, but more often they are arranged in groups
or even in rows, like minute sacculated tubes; so that a short
series of cells, all communicating with one another, open by a
common orifice into the tube. The cells are of various forms,
according to the mutual pressure to which they are subject;
their walls are nearly in contact, and they vary from 2'; to ='; of
an inch in diameter. Their walls are formed of fine membrane,
similar to that of the intercellular passages, and continuous with
it, which membrane is folded on itself so as to form a sharp-
edged border at each circular orifice of communication between
contiguous air-cells, or between the cells and the bronchial
passages. Numerous fibres of elastic tissue are spread out
between contiguous air-cells, and many of these are attached to
the outer surface of the fine membrane of which each cell is
composed, imparting to it additional strength, and the power of
recoil after distension (fig. 125, b
and ¢). The cells are lined by a
layer of squamous or tessellated
epithelium, not provided with cilia.
Outside the cells, a network of
pulmonary capillaries is spread
out so densely (fig. 126), that the
interspaces or meshes are even
narrower than the vessels, which
are, on an average, - -— of an
inch in diameter. Between the
atmospheric air in the cells and
the blood in these vessels, nothing
intervenes but the thin walls of
the cells and capillaries; and the
exposure of the blood to the air is the more complete, because
the folds of membrane between contiguous cells, and often the
spaces between the walls of the same, contain only a single

* Fig. 124. Two small groups of air-cells, or infundibula, a a, with air-
cells, b b, and the ultimate bronchial tubes, ¢ ¢, with which the air-cells
tommunicate. From a new-born child (Kélliker).

Q
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layer of capillaries, both sides of which are thus at once exposed
to the air.

Fig. 125.*

The cells situated nearest to the centre of the lung are smaller,
and their networks of capillaries are closer than those nearer to
the circumference. The cells of adjacent lobules do not com-
municate; and those of same lobule, or proceeding from the
same intercellular passage, do so as a general rule only near
angles of bifurcation; so that, when any bronchial tube is closed
or obstructed, the supply of air is lost for all the cells opening
into it or its branches.

The lungs receive blood from two sources, («) the pulmonary
artery, (b) the bronchial arteries. The former, it need scarcely
be said, conveys venous blood to the lungs in order to its arte-
rialization, and this blood takes no share in the nutrition of the
pulmonary tissues through which it passes. (b) The branches of

R —

* Fig. 125. Air-cells of lung, magnified 350 diameters. @, Epithelial lining
of the cells ; &, Fibres of elastic tissue ; ¢, Delicate membrane of which the
cell-wall is constructed, with elastic fibres attached to it (Kolliker).
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the bronchial arteries ramify for nutrition’s sake in the walls of
the bronchi, of the larger pulmonary vessels, in the interlobular
connective tissue, &c.; the blood of the bronchial vessels being

returned, partly through the bronchial and partly through the
pulmonary veins,
The Iung is abundantly supplied with lymphatics.

According to the researches of Dr. Klein, the lymphatics are arranged in

three sets :—
I. Irregular lacuna in the walls of the alveoli, or air-cells, The lymphatic

vessels which lead from these, accompany the pulmonary vessels towards the

Toot of the lung.
2. Irregular anastomosing spaces in the walls of the bronchi.

3. Lymph-spaces in the pulmonary pleura. The lymphatic vessels from
all these irregular sinuses pass in towards the root of the lung to reach the

bronchial glands.

The nerves of the lung are to be traced from the anterior and
posterior pulmonary plexuses, which are formed by branches
both of the vagus and sympathetic. ~The nerves follow the
course of the vessels and bronchi, and in the walls of the latter
many small ganglia are situated.

* Fig. 126. Capillary net-work of the pulmonary blood-vessels in the
human lung (KEélliker). x 60.

qQ 2
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Mechanism of Lespiration.

The act of respiration consists of the alternate expansion and
contraction of the walls of the chest, by which air is alternately
drawn into and expelled from its interior. For the proper
understanding of the mechanism by which these movements are
effected, the following facts must be borne in mind.

The lungs form two distinet hollow bags, communicating with
the exterior of the body by an air-tube common to both (trachea
and larynx, fig. 118), and are always closely in contact with the
inner surface of the chest walls, while their lower portions are
closely in contact with the diaphragm or muscular partition
which separates the chest from the abdomen. The Ilungs
follow all movements of the parts in contact with them; and
for the evident reason that the outer surface of the lung-bag
not being exposed directly to atmospheric pressure, while the
inner surface is so exposed, the pressure from within preserves
the lungs in close contact with the parts surrounding them, and
obliterates, practically, the pleural space, and must continue to
do so, until from some cause or other—say from an opening for
the admission of air through the chest walls, the pressure on
the outside of the lung equals or exceeds that on the interior.
Any such artificial condition of things, however, need not here
be considered. ‘

For the inspiration of air into the lungs it will be evident
from the foregoing facts, that all that is necessary is such a
movement of the side-walls or floor of the chest, or of both, that
the capacity of the interior shall be enlarged. By such increase
of capacity there will be of course a diminution of the pressure
of the air in the lungs, and a fresh quantity will enter through
the larynx and trachea to equalise the pressure on the inside and
outside of the chest. For the eapiration of air, on the other
hand, it is also evident, that, by an opposite movement which
shall diminish the capacity of the chest, the pressure in the
interior will be increased, and air will be expelled, until the
pressures within and without the chest are again equal. In
both cases the air passes through the tfrachea and larynx,
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whether in entering or leaving the lungs, there being no other
communication with the exterior of the body; and the lung, for
the reason before mentioned, remains under all the eircumstances
described, closely in contact with the walls and floor of the
chest. To speak of expansion of the chest, is to speak also of
expansion of the lung.

We have now to consider the means by which the chest-cavity
is alternately enlarged and contracted for the entrance and ex-
pulsion of atmospheric air; or, in technical terms, for inspiration
and expiration.

Fespiratory Movements.

The enlargement of the chest in inspiration is a muscular act;
the effect of the action of the inspiratory muscles being an
increase in the size of the chest-cavity () in the vertical, and
(b) in the lateral and antero-posterior diameters.

(a.) The vertical diameter of the chest is increased by the
contraction and consequent descent of the diaphragm,—the
sides of the muscle descending most, and the central tendon
remaining comparatively unmoved; while the intercostal, and
other muscles, by acting at the same time, prevent the dia-
phragm, during its contraction, from drawing in the sides of
the chest.

(b.) The increase in the lateral and antero-posterior diameters
of the chest is effected by the raising of the ribs, the greater
number of which are attached very obliquely to the spine and
sternum (see Figure of Skeleton in frontispiece).

The elevation of the ribs takes place both in front and at the
sides—the hinder ends being prevented from performing any
upward movement by their attachment to the spine. The move-
ment of the front extremities of the ribs is of necessity accom-
pauied by an upward and forward movement of the sternum to
which they are attached, the movement being greater at the
lower than at the upper end of the latter bone.

The axes of rotation in these movements are two; one corres-
ponding with a line drawn through the two articulations which the
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rib forms with the spine (« b, fig. 127); and the other, with a line

Fig. 127.

Fig. 128.

and fig. 128); the motion of the rib around the latter axis being
somewhat after the fashion of raising the handle of a bucket.
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The elevation of the ribs is accompamied by a slight opening
out of the angle which the bony part forms with its cartilage
(fig. 128 A); and thus an additional means is provided for in-
creasing the antero-posterior diameter of the chest.

The muscles by which the ribs are raised, in ordinary quiet
inspiration, are the external intercostals, and that portion of the
internal intercostals which is situate between the costal carti-
lages; and these are assisted by the levatores costarum, and the
serratus posticus superior. The action of the last-named muscles
is very simple. Their fibres, arising from the spine as a fixed
point, pass obliquely downwards and forwards to the ribs, and
necessarily raise the latter when they contract. The action of
the intercostal muscles is not quite so simple, inasmuch as,
passing merely from rib to rib, they seem at first sight to have
no fixed point towards which they can pull the bones to which
they are attached. '

A very simple apparatus, however, will explain this apparent
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anomaly and make their action plain. Such an apparatus
is shown in fig. 129. A B is an upright bar, representing

* Fig. 129. Diagram of apparatus showing the action of the external inter-
costal muscles.
+ Fig. 130. Ditto, tnfernal intercostal muscles.



232 RESPIRATION. [cHAP. VIIL

the spine, with which are jointed two parallel bars, G H and M N,
which represent two of the ribs, and are connected in front by
moveable joints with another upright, H N, representing the
sternum.

If with such an apparatus elastic bands be connected in imita-
tion of the intercostal muscles, it will be found that when
stretched on the bars after the fashion of the eaternal intercostal
fibres (fig. 129 C D), i.e. passing downwards and forwards, they
raise them (fig. 129 C' D’); while, on the other hand, if placed
in imitation of the position of the #nternal intercostals (fig. 130
E F), i.e., passing downwards and backwards, they depress
them (fig. 130 E’ F).

The explanation of the foregoing facts is very simple. The
intercostal muscles in contracting, merely do that which all other
contracting fibres do, viz., bring nearer together the points to
which they are attached; and in order to do this, the external
intercostals must raise the ribs, the points C and D (fig. 120)
being nearer to each other when the parallel bars are in the
position of the dotted lines. The limit of the movement in the
apparatus is reached when the elastic band extends at right
angles to the two bars which it connects—the points of attach-
ment C’ and D’ being then at the smallest possible distance one
from the other.

The internal intercostals (excepting those fibres which are
attached to the cartilages of the ribs), have an opposite action
to that of the external. In contracting they must pull down the
ribs, bécause the points E and F (fig. 130) can only be brought
nearer one to another (fig. 130 E' F’) by such an alteration in
their position.

On account of the oblique position of the cartilages of the ribs
with reference to the sternum (see Figure of Skeleton in frontis-
piece), the action of the inter-cartilaginous fibres of the internal
intercostals must, of course, on the foregoing principles, resemble
that of the external in