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PREFACE TO THE FIFTH EDITION.

I~ the preparation of the present Edition, every por-
tion of the work has been again submitted to careful
revision; in nearly all parts of it various alterations
and additions have been introduced, and I have again
endeavoured, as far as possible, to bring the work to
a level with the present knowledge of the Science of
Physiology.

No change has been made in the general plan and
arrangement of the book ; and no more detailed account
of the structure of organs and tissues is given, because
of the increased bulk which such an addition would
have ocecasioned, and because of the number and
excellence of the published works on General and
Physiological Anatomy. This explanation seems to be
the more necessary, because of my desire to comply
with the suggestions of several friendly advisers, that I
should introduce a fuller description of the various
structures of the body; for the reasons stated, how-
ever, I have thought it best to adhere to the original
plan, The work therefore remains as it was before,
essentially a Hand-book of Physiology.
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Vi PREFACE.

I desire to express again my grateful acknowledg-
ments to my friend and colleague, Mr. Savory,
lately Professor of Comparative Anatomy and Physi-
ology to the Royal College of Surgeons, for many
services kindly rendered in the preparation of this, as

well as of the preceding, Edition.
Wirriam Sexnouvse Kirkes.

Lower Seymour-street,
September 18th, 1863, !




PREFACE TO THE FIRST EDITION.

——_——

THaE publishers of Dr. Baly’s edition of * Miiller’s
Elements of Physiology ” had long designed to render
that admirable work more available for the general use
of students. They had proposed the reduction of its
principal contents into a volume more nearly propor-
tionate to the share of time which can be devoted to
Physiology, as only one of many subjects to be studied
in the period of pupilage. The present work was com-
menced with the intention of fulfilling their design ; it
was announced as a “ Hand-book of Physiology on the
Basis of Miiller’s Elements ;”” and many of its chapters,
namely, those on Moriox, Voice and SeErcH, THE
SENses, GENERATION, and DrvevormEext, are chiefly
abstracts of corresponding portions of that work, and of
the Supplement by Dr. Baly and myself. But, in the
rest of the subjects, it was found that the progress of
Physiology, during seven years, had so increased or
modified the facts, and some even of the principles of
the science, that “ Miiller's Elements,” and the notes
added by Dr. Baly, could only be employed as among
the best authorities and examples. The design was,
therefore, departed from, so far as it concerned the
construction of a Hand-Book on the basis of Miiller,

In writing the present work, the primary object has
been to give such an account of the facts and generally
admitted principlesof Physiology as maybe conveniently
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consulted by any engaged in the study of the Science ;
and, more especially, such an one as the student may
most ﬂd"i"ﬂﬂtﬂg&ﬂ“ﬂl}? use dlll‘i]]g hiﬁ attﬂﬂdﬁ'ﬂﬂﬁ uporl
Lectures, and m preparing for examinations. The
brevity essential to this plan required that only so much
of Anatomy, Chemistry, and the other sciences allied to
Physiology, should be introduced as might serve to
remind the reader of knowledge already acquired, or to
be obtained, by the study of works devoted to these
subjects. For the same end, it was necessary to omit all
discussions of unsettled questions, and expressions of
personal opinion ; but ample references are given, not
only to works in which these may be read, but to those
by which the study of Physiology may be, in its widest
extent, pursued.

For the convenience of students, the subjects are
arranged on a plan corresponding with that in which
they are taught in the course of Lectures on Physio-
logy, delivered in the principal metropolitan schools of
medicine,

I cannotsufficiently expressmy obligations to Mr. Paget,
from whom I have received the most liberal aid, in
every stage of the work; and who has, moreover,
afforded me access to his manuscript notes of Lectures.
I have also to offer my best thanks to Dr. Baly for
many kind suggestions made by him in the course of
the work.

Wirriam SeExHOUSE KIRKES.

Sept. 249th, 1848,
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EXPLANATION OF PLATES.

Figs. 1 to 5 represent the particles from the blood of different animals,
all magnified about four hundred diameters.

Fig. 1. Red particles of human blood, after Wagner.

Fig. 2. Red particles of the blood of the common fowl. a, Ordinary
appearance when the flat surface is turned towards the eye; b, appear-
ance which is sometimes presented by the particle when in the same
position, and which suggests the idea of a furrow surrounding the
central nucleus; e, o, different appearances of the particles when seen
edgeways.

Fig. 3. Red particles of the frog.

Fig. 4. of the Squalus squatina, after Wagner.

Fig, 5, —— of the Lophius piscatorius, after Wagner.

PLATE IL

Fig. 3. Fibres of elastic tissue from the lizamentum flavam of the
vertebree (magnified about three hundred and eighty diameters).

Fig. 4. Fasciculi and fibres of cellular tissue (magnified about six
hundred diameters ).

Fig. 5. Portion of tendon (magnified about six hundred diameters).

Fig. 6. Portion of the middle fibrous coat of the aorta (magnified
about three hundred and eighty diameters).

Fig. 7. Muscular fibres of animal life (magnified about two hundred
diameters).

Fig. 8. Portion of a broken muscular fibre of animal life (magnified
about seven hundred diameters).

Fig.9. Organic muscular fibres (magnified three hundred and fifty
diameters).

PLATE III

This is the drawing of an embryo, with its membranes, in the pos-
session of Dr. Sharpey, of which an outline copy and a full description
are given at pages 697-8.

PLATE IV.

Figs. 1,2, 3, are drawings of an ovum and embryo, representing
different views of the umbilical vesicle; after Miiller.

Fig. 5 represents the second embryo belonging to Dr. Sharpey, de-
seribed at page 698,

Fig. 4 represents the mesentery and intestine of the embryo shewn in
Pltltg ILL., spread out so as to display the mesenteric vessels, and the
origin of the omphalo-mesenteric artery from one of the main branches,
See the description at pages 697-8.

These plates, ns well as most of the wood-engravings, are adopted
from Dr. Baly's edition of Miiller's Physiology.
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HANDBOOK OF PHYSIOLOGY.

—_——

INTRODUCTION.

Husmax Prysiorosy is the science which treats of the con-
ditions, phenomena, and laws of the life of the human body
in the state of health.

The phenomena of life manifested in the human body,
as in those of all animals, may be arranged in two principal
classes ; the first comprehending those which are observed,
in various degrees of perfection and variously modified, in
both vegetables and animals ; the second, those which are
peculiar to the members of the animal kingdom.

The first class of the phenomena of life includes, 1st.
The processes of digestion, absorption, secretion, excretion,
circulation, and respiration, which, together with the offices
of some parts not yet well understood, fulfil their purpose in
the formation, movement, and purification of the blood, with
the materials for the nutrition of all the tissues of the body;
2nd. The processes of growth and nutrition, or nutritive
assimilation, by which the several parts of the body, ob-
taining materials from the blood, repair the loss and waste
to which they are subject in the discharge of their functions,
or through their natural impairment and decay; 3rd. The
generative processes, for the formation, impregnation, and
development of the ova.

These are named processes, functions, or phenomena
of organic or vegetative life. Those of the first two divi-
sions maintain the existence of the individual being ; those
of the third maintain that of the species.

B



2 . INTRODUCTION.

The second class of vital phenomena includes the fune-
tions of sensation and voluntary motion, by which the mind
of an animal acquires knowledge of things external to it-
self, and is enabled to act upon them. These are named
phenomena of animal or relative life.

But the division of the functions or phenomena of life
into these, or any similar classes, is artificial, and must not
be taken as indicating absolute difference and dissociation.
The organic and the animal life are knit together and
mutually dependent ; neither can be long maintained with-
out the other. As all the processes of organic life are
essential to the maintenance of the organs of animal life,
g0, in an equal degree, the sensation and voluntary motion
of animal life are essential to the taking of food, the dis-
charge of excretions, and other processes of organic life, by
which the animal and the species are maintained.

All the bodies in which the phenomena of life have been
observed are formed of diverse mutually adapted parts, or
organs ; they are, therefore, called organisms, or organised
bodies or parts; their composition and structure, being
peculiar, are named organic, and constitute their organisa-
tion. While alive, also, they manifest certain peculiar vifal
properties and modes of action. A brief account, therefore,
of the chemical composition, general anatomical structure,
and vital properties of the several tissues and organs, will
be a necessary preface to the consideration of their actions.




CHAPTER I.
CHEMICAL COMPOSITION OF THE HUMAN BODY.

Tue following Elementary Substances may be obtained, by
chemical analysis, from the human body ; Oxygen, Hydro-
gen, Nitrogen, Carbon, Sulphur, Thosphorus, Silicon,
Chlorine, Fluorine, Potassium, Sodium, Calcium, Magne-
sium, Iron, and probably, or sometimes, Manganesium,
Aluminium, and Copper. ‘

Thus, of the sixty-five or more elements of which all
known matter is composed, nearly one-third exist in the
human body. A few others have been detected in the
bodies of other animals; but no element has yet been
found in any living body which does mot also exist in
inorganic matter.

Of the elements enumerated above, the first four, because
they exist in nearly all animal substances and form the
largest parts of all, are named essential elements; the rest,
being less constant, and occurring often in only very small
quantity, are named inecidental elements. DBut the term
wnetdental must not be understood to imply that any of these
elements (except, perhaps, the last three) arve less necessary
to the right composition of the substances in which they
exist than the essential elements are. Sulphur, for ex-
ample, is as constant and necessary a constituent of albu-
men, and iron of hsematosine, as any of the elements are.
The terms must be taken in only a general sense. No
organic substance being known which has not at least two,
and the great majority having three or all of the first four
elements, they may be considered essential to the formation
and existence of organic matter. But one or more of the
other elements added to these, in comparatively small pro-
portions, contribute to determine, as it were incidentally,
the peculiarities by which one kind of organic matter is
distinguished from another.




4 CHEMICAL COMPOSITION OF HUMAN BODY.

The elements composing organic and inorganic matter
being thus the same, we must look to the modes in which
they are combined for an explanation of the differences
between the two classes of substances. We cannotindeed
draw an absolute rule of chemical distinction between the
two classes, for there are substances which present every
gradation of composition between those that are quite or-
ganic and those that are inorganic. Such substances of
intermediate composition are those that are formed when
inorganic matters, taken as nutriment by plants, gradually
assume the character of organic matter, under the influence
of the vital properties of the plant; and such are those
which are formed in both plants and animals, when, out of
the well-organised tissues, or out of the sap or blood,
materials are being separated, to form either tissues for
mechanical service, or stores for nutriment, or purifying
excretions. In both cases, the substances that are in the
state of transition between the organic and the inorganie,
or between the more and the less organised states, may pro-
ceed through changes so gradual that no natural line of
demarcation between the two states can be discerned ; and
one cannot say when that which has been called inorganic
has acquired the characters of an organic body, or when
that which has been organic ceases to deserve the name.
Alcohol, ether, acetic acid, urea, uric acid, and the fatty
and oily matters, are such substances of organic origin, and
intimately related to such as no one would hesitate to call
organic, yet in their simplicity and mode of composition
they are like inorganic matters.

But although no decided difference in chemical characters
can be discerned in substances that thus stand, as it were,
on the boundary between the organic and the inorganic
world, yet, all the substances that form the proper compo-
nent living tissues of animal bodies are as distinguished
from inorganic substances as the actions of living bodies are
from the passiveness of dead; and, as a general rule, it
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may be held that the more active the vital processes are
that are carried on in any substance, the more widely do
the chemical characters of that substance differ from those
of inorganic matter.

Among the peculiarities in the chemical characters of animal
substances the two following may be specially noticed :—

1. The simplest of the compounds naturally formed in the
body,—of those compounds which, from their being sup-
posed to stand, in order of simplicity, nearest to the elements,
are called proximate principles,—are composed of at least
three elements. In the inorganic world, the most abundant
substances are either in the elemental state, as the oxygen
and nitrogen, by the mixture of which the atmosphere is
formed; or, are formed by the union of only two elements,
as water, of oxygen and hydrogen, the oxides of calcium,
aluminium, and others. In the organic world, the most
abundant substances are, in plants, compounds of three ele-
ments, as starch, gum, sugar, cellulose, and others composed
of carbon, hydrogen, and oxygen; and in animals, of four
or five elements, as albumen, fibrine, gelatine, and other
compounds of the four essential elements, and sulphur.

2. Not only are a large number of elements usually
combined in an organic compound, but a large number of
equivalents or atoms of each of the elements are united to
form an equivalent or atom of the compound. In the case of
carbonate of ammonia, as an example among inorganic sub-
stances, one equivalent of carbonic acid is united with one
of ammonia; the equivalent or atom of carbonic acid con-
sists of one of carbon with two of oxygen; and that of
ammonia of one of nitrogen with three of hydrogen. Butin
an equivalent or atom of fibrine, or of albumen, there are of
the same elements, respectively, 48, 15, 12, and 39 equiva-
lents, according to Dumas, and nearly ten times as many,
according to Mulder. And, together with this union of large
numbers of equivalents in the n-:urp;aniu compound, it is further
observable, that the several numbers stand in no simple
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arithmetical relation one with another, as the numbers of
equivalents combining in an inorganic compound do.

With these peculiarities in the chemical composition of
organic bodies we may conneet two other consequent facts :
the first, that of the large number of different compounds
that are formed out of comparatively few elements; the
second, that of their great proneness to decomposition. For
it is a general rule, that the greater the number of equiva-
lents or atoms of an element that enter into the formation of
an atom of a compound, the less is the stability of that com-
pound. Thus, for example, among the various oxydes of lead
and other metals, the least stable in their composition are
those in which each equivalent has the largest number of
equivalents of oxygen. So, water, composed of one equiva-
lent of oxygen and one of hydrogen, is not changed by any
slight force; but peroxyde of hydrogen, which has two
equivalents of oxygen to one of hydrogen, is among the
substances most easily decomposed.

The instability, on this ground, belonging to animal
organic compounds is angmented, 1st, by their containing
nitrogen, which, among all the elements, may be called the
least decided in its affinities, that which maintains with least
tenacity its combinations with other elements; and, 2ndly,
by the quantity of water which, in their natural mode of
existence, is combined with them, and the presence of which
furnishes a most favourable condition for the decomposition
of nitrogenous compounds. Such, indeed, is the instability
of animal compounds, arising from these several peculia-
rities in their constitution, that, in dead and moist animal
matter, no more is requisite for the oceurrence of decompo-
sition than the presence of atmospheric air 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 decom-
position vary according to the nature of the original com-
pound, the temperature, the access of oxygen, the presence of

S
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microscopic organisms, and other circumstances, and con-
stitute 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.*

Tt is not known how far the process of decomposition which
thus oceurs in dead animal matter is imitated in the living
body ; but the facility of decomposition which it indicates
may be considered in the study of those chemical changes
which are constantly effected during life tranquilly, and
without the intervention of any such comparatively violent
forces as are used in chemical art. The instability which
organic compounds shew, when dead, makes them amenable
to the chemical forces exercised on them during life by the
living tissues—forces inimitably gentle, so slight that their
operation is not discernible by any effects besides those
which they produce in the living body.

What has been said respecting the mode in which the
elements are combined in the composition of animal matter
refers only to the four essential elements. Little or nothing
18 known of the mode in which the incidental elements, or
their compounds, are combined with the compounds formed
of the essential elements; only it is probable that they are
combined chemically, and as necessary parts of the sub-
stances they contribute to form.

e —— e

* An interesting account of the nature of the so-called spontaneous
decomposition of dead organic matter is given by Dr. Helmholiz
(Ixxx. 1843): for an abstract of the paper see xxv. 1843-4, p.5. The
experiments of Helmholtz show, that although the results of spontaneons
decomposition are modified by the presence of infusorial organisms, yet
these are not, as has heen supposed, essential to the occurrence of the
process : their existence in large quantities in decomposing animal
matters is due to the fact, that such decomposition furnishes the most
favourable conditions to their development and life. Consult, also, on
this subject, Liebig, in the last edition of his Animal Chemistry.
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Of the natural organie compounds existing in the human
body, some oceur almost exclusively in particular tissues or i
fluids; as the colouring matter of the blood and other fluids, {
the fatty matter of the nervous organs, etc. Butmany exist
in several different parts, and may, therefore, be now
described in general terms.

They may be arranged in two classes, namely, the
azotized, or nitrogenous, and the non-azotized or non-nitro-
genous prineiples.

The non-azotized principles include the several fatty, oily,
or oleaginous substances, of which, in the human body, the
most abundant are named margarine, elaine or oleine,
stearine, cholestearine, and cerebrine.

The fatty substances are, nearly all, compounds of carbon,
hydrogen, and oxygen. They burn with a bright flame,
the proportion of oxygen being less than would be sufficient
to form water with the hydrogen, or carbonic acid with the
carbon, that they contain. They are all lighter than water,
nearly all are fluid at the natural temperature of the body,
all are insoluble in water, soluble in ether and boiling
aleohol, and most of them erystallize when deposited from
golution. They are nearly all of the kind named fized oils ;
none of them is what is called a drying oil, .., none go com-
bines with oxygen as to form a resin-like varnish on the
substance over which it is spread.

The oily or fatty matter which, enclosed in minute cells,
forms the essential part of the adipose or fatty tissue of the
human body, and which is mingled in minute particles in
many other tissues and fluids, consists of a mixture of mar-
garine and oleine, the proportion of the former being the
greater the higher the temperature at which the mixture
congeals, and the firmer the mass is when congealed. The
animal fats, or suets, that are firmer than human fat, con-
tain also a substance named stearine, which remains solid
at or near 130° F. Margarine congeals at about 120°,
oleine at about 25°. Their mixture in human fat is a clear
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yellow oil, of which different specimens congeal at from 45°
to 35° F. Margarine when deposited from solution in
alcohol, forms fine needle-shaped erystals; and microscopic
tufts or balls of such crystals are often found in fat-cells
after death, especially in the fat of diseased parts and old
people.

Margarine and oleine, like all the fatty matters with
which soaps may be made, and which are therefore named
saponifiable, appear to consist of fatty acids combined with a
base which is soluble in water. When one of these fats is
long boiled with an alkali, it is decomposed: the fatty acid,
which is named margaric or oleic, according to the sub-
stance employed, unites with the alkali, forming a neutral
soapy substance, margarate or oleate of soda, or potash, as
the case may be: and the base of the fat, a sweet syrupy
substance named glycerine, remains. This principle, gly-
cerine, seems to be a compound of water with the oxide of
* a radical named lipyl, by Berzelius (cexxxix p. 77). The
fatty matter of human adipose tissue may therefore be re-
garded as a mixture of margarate and oleate of this
hydrated oxyde of lipyl.

Cholestearine or Cholesterine a fatty matter which does not
melt below 278° and is, therefore, always solid at the
natural temperature 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 crys-
talline 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,
etc. It is soluble in ether and boiling aleohol ; but alkalies
do not change it; it is one of those fatty substances which
are not saponifiable.

The azefized or nitrogenous prineiples in the human body
~include two chief classes of substances, namely the gelati-
nous and the albuminous.
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The gelatinous substances are contained in several of the
tissues, especially those which serve a passive mechanical
office in the economy ; asthe cellular or fibro-cellular tissue
in all parts of the body, the tendons, ligaments, and other
fibrous tissues, the cartilages and bones, the skin and serous
membranes. These, when boiled in water, yield a material,
the solution of which remains liquid while it is hot, but
becomes solid and jelly-like on cooling.

Two varieties of these substances are described, gelatine
and chondrine, the latter being derived from cartilages, the
former from all the other tissues enumerated above, and in
its purest state, from isinglass, which is the swimming
bladder of the sturgeon, and which, with the exception of
about 7 per cent. of its weight, is wholly reducible into
gelatine. The most characteristic property of gelatine is
that already mentioned, of its solution being liquid when
warm, and solidifying or setting when it cools. The tem-
perature at which it becomes solid, the proportion of gela-
tine which must be in solution, and the firmness of the
jelly when formed, are various, according to the source, the
quantity, and the quality of the gelatine ; but, as a general
rule, one part of dry gelatine dissolved in 100 of water,
will become solid when cooled to 60°. The solidified jelly
may be again made liquid by heating it; and the transi-
tions from the solid to the liquid state by the alternate abs-
traction and addition of heat, may be repeated several
times ; but at length the gelatine is so far altered, and,
apparently, oxydised by the process, that it no longer be-
comes solid on cooling. Gelatine in solutions too weak to
solidify when cold, is distinguished hy being precipitable
with aleohol, ereasote, tannic acid, and bichloride of mer-
cury, and not precipitable with the ferrocyamide of po-
tassium. The most delicate and striking of these tests is
the tannic acid, which is conveniently supplied in an infu-
sion of oak-bark or gall-nuts: it will detect one part of
gelatine in 5000 of water ; and if the solution of gelatine
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be strong it forms a singularly dense and heavy precipitate,
which has been named tanno-gelatine, and is completely
insoluble in water.

When gelatine is boiled with caustic potash, or with sul-
phuric acid, it is decomposed, and, among the products of
its change, are two substances named lewcine and sugar of
gelatine, of which the latter is remarkable for its similarity
to the sugars produced from vegetable substances, and for
being susceptible of crystallization (Simon Ixxxii. vol. i. p.
195, and Prout, xxi. p. 455 ; see also lix. 1850, p. 96, and
1855, p. 116).

Among the varieties of gelatine derived from different
tissues, and from the same sources at different ages, much
diversity exists as to the firmness and other characters of
the solid formed in the cooling of the solutions. The dif-
ferences between isinglass, size, and glue, in these respects,
are familiarly known, and afford good examples of the
varieties called weak and strong, or low and high, gelatines.
The differences are ascribed by Dr. Prout to the quantities
of water combined in each case with the pure or anhydrous
gelatine ; and part of this water seems to be chemically
combined with the gelatine, for no artificial addition of
water to glue would give it the character of size, nor would
any abstraction of water from isinglass or size convert it
into the hard dry substance of glue. But such a change
is effected in the gradual process of nutrition of the tissues ;
for, as a general rule, the tissues of an old animal yield a
much firmer and stronger jelly than the corresponding parts
of a young animal of the same species. A similar differ-
ence is observable in the leathers formed by the tanning of
the skins of young and old animals ; a fact which, together
with the general similarity of the action of tannic acid
upon skin and upon gelatine, makes it probable that
gelatine is really (though some chemists hold the contrary),
contained as such in the tissues from which it is obtained
by boiling.
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Chondrine—The variety of gelatine obtained from carti-
lages agrees with gelatine in that its solution in water
solidifies on cooling, though less firmly, and is precipitable
with alecohol, ereasote, tannic acid, and bichloride of mer-
cury. Like gelatine, also, it is distinguished from the
albuminous substances by not being precipitable with
ferrocyanide of potassium; and, by assuming a yellowish-
brown, instead of a red colour, when tested by sulphuric
acid and sugar (Schultze, lix. 1850. p. 102); but, unlike
gelatine, it is precipitable with acetic and the mineral and
other acids, and with the sulphate of alumina and potash,
persulphate of iron and acetate of lead. '

The albuminous substances ave more highly or perfectly or-
ganic, ¢.e., are more different from inorganic bodies than are
any of the substances yet considered, or perhaps, any in the
body. The chief among them are, albumen, fibrine, and
caseine; the last is found almost exclusively in milk.
Principles essentially similar to them all are found also in
vegetables, especially in the sap and fruits. And substances
much resembling, though not classed with, the albuminous,
are horny matter and extractive matter.

Albumen exists in some of the tissues of the body, espe-
cially the nervous, in the lymph, chyle, and blood, and in
many morbid fluids, as the serous secretions of dropsy, pus,
and others. In the human body it is most abundant, and
most nearly pure, in the serum of the blood. In all the
forms in which it naturally occurs, it is combined with
about six per cent. of fatty matter, phosphate of lime,
chloride of sodium, and other saline substances. Its most
characteristic property is, that both in solution, and in the
half-solid state in which it exists in white-of-egg, it is
coagulated by heat, and in thus becoming solid, becomes
ingoluble in water. The temperature required for the coa-
gulation of albumen is the higher the less the proportion of
albumen in the solution submitted to heat. Serum and
such strong solutions will begin to coagulate at from 150°
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to 170°, and these, when the h eat is maintained, become
almost solid and opaque. But weak solutions require a
much higher temperature, even that of boiling, for their
coagulation, and either only become milky or opaline, or
produce floceuli which are precipitated.

Albumen, in the statein which it naturally oceurs, appears
to be but little soluble in pure water, but is soluble in
water containing a small proportion of alkali. In such
solutions it is probably combined chemically with the alkali ;
it is precipitated from them by alcohol, ether, nitric, and
other mineral acids (unless when they are very dilute), by
ferrocyanide of potassium (if before or after adding it the
alkali combined with the albumen be neutralised), by bi-
chloride of mercury, acetate of lead, and most metallic salts.
These precipitates are not merely solidified albumen, but
compounds of albumen with the acid or base added to
it. In the former case, the albumen takes the part of a
base, as in nitrate of albumen ; in the latter, it takes the
part of an acid, as in albuminate of oxyde of mercury,
lead, etc. The precipitates with the metallic salts are
soluble in an execess of albumen, and in solutions of chlo-
ride of sodium and other alkaline salts ; and it is, probably,
by these means that the salts of iron, mercury, and other
metals, taken into the blood, remain dissolved in it.

Coagulated albumen, .., albumen made solid with heat,
18 soluble in solutions of caustic alkali, and in acetic acid if it
be long digested or boiled withit. With the aid of heat, also,
strong hydrochloric acid dissolves albumen previously coagu-
lated, and the solution has a beautiful purple or blue colour.

The per-centage composition of albumen of blood, accord-
ing to the experiments of Mulder (lix. 1847, p. 83), is, carbon,
93'4; hydrogen, 7-1; nitrogen, 15:6; oxygen, 223 ; sul-
phur, 1-3 ; phosphorus, 03 : its formula is not yet certainly
known.

Librine exists, most abundantly, in solution in the blood
and the more perfect portions of the lymph and chyle. Its
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characteristic propertyis, thatin certain conditions (especially
when the blood or other fluid containing it is taken from
the living body), it separates from its solution, and assumes
the solid form, or coagulates.* Itis on this that the coagu-
lation of the blood (a process to be further deseribed here-
after) depends. If a common clot of blood be pressed in
fine linen while a stream of water flows upon it, the whole
of the blood-colour is gradually removed, and strings and
various pieces remain of a soft, yet tough, elastic, and
opaque-white substance, which consist of fibrine, impure
with a mixture of fatty matter, lymph-corpuscles, shreds of
the membranes of red blood-corpuscles, and some saline
substances. Fibrine somewhat purer than this may bhe
obtained by stirring blood while it coagulates, and collect-
ing the shreds that attach themselves to the instrument, or
by retarding the coagulation, and, while the red blood-
corpuscles sink, collecting the fibrine unmixed with them.
But in neither of these cases is the fibrine perfectly pure.
Chemically, fibrine and albumen can scarcely be distin-
guished ; the only difference apparently being that, accord-
ing to Lehmann and Scherer, fibrine contains 1-5 more
oxygen in every 100 parts than albumen does. Nearly

* A very small guantity of fibrine may be so dissolved or held in
serous fluid that it will not spontaneously coagulate. The fluid of com-
mon hydrocele does not of itself coagulate; but, as Dr. Buchanan
(lxxi. 1836, pp.52 and 90; 1845, p.617) has shown, if a piece of
washed clot of blood, or of muscle, or some other animal tissue be
placed in it, a filmy coagulum of fibrine will form and attach itself to
the substance introduced. The film has the filamentous appearance of
proper fibrine clot, and is not mixed with corpuscles, as that of blood-
clot is. This observation of Buchanan’s has been repeatedly confirmed,
and it is now well known that coagulation may be readily induced in
gerous fluids by the addition of various animal matters, especially, as
lately shewn by Alexander Schmidt (cexl. 1861, p. 545), of such as con-
tain cells, e.g., blood and chyle, even after their complete defibrination.
The iﬂl{:fpl’ﬂtﬂ.l-iﬂn whieh Buchanan and Schmidt offer of this fact will
be spoken of under * Coagulation of the Blood »
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all the changes, produced by various agents, in coagulated
albumen, may be repeated with coagulated fibrine, with no
greater differences of result than may be reasonably
ascribed to the differences in the mechanical properties of
the two substances. Of such differences, the principal are,
that fibrine immersed in acetic acid swells up and becomes
transparent like gelatine, while albumen undergoes mo
such apparent change ; and that deutoxyde of hydrogen is
decomposed when in contact with coagulated fibrine, but
not with albumen.

The difference between albumen and fibrine being thus
so small, and due apparently to a slight increase in the
amount of oxygen in the latter, it occurred lately to Mr.
Alfred H. Smee that albumen might be converted intofibrine
if subjected to the prolonged influence of oxygen. Having
exposed completely defibrinated blood to a stream of oxygen
for about thirty-six hours, he found at the end of that time
that small masses were formed, which possessed the general
and microscopic characters of fibrine. A similar formation of
fibrine took place when blood-serum alone, without the
red-corpuscles, or a solution of egg-albumen, instead of
defibrinated blood, was treated in the same way, shewing
that the fibrine resulted from transformation of the albu-
men and not of any other constituent of the blood. The
eonversion was facilitated by a temperature of from 98° to
110° Fahr. : was prevented by an alkaline state of the fluid,
but readily effected when the fluid was neutral or slightly
acid ; and moreover was accompanied by the evolution of
sulphur, phosphorus, and carbonic acid (exxiii. 1863).

A variety of fibrine, named synfonine, is obtained from
muscular tissue, both of the striated and organic kind. Tt
differs from ordinary fibrine in several particulars, especially
in being less soluble in nitrate and carbonate of potash, and
more soluble in dilute hydrochloric acid (cexxxix. p. 112).

Mulder originated the opinion that animal albumen,
fibrine, and caseine, and the corresponding substances de-
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rived from vegetables, are all compounds of a substance
which he named profeine, and believed to be composed of
the four essential elements alone. Liebig and others, how-
ever, assert that the so-called Iﬁ?'ﬂﬁﬂiﬂ& is a mere product,
variable in composition, and always containing sulphur.
Although the latter is probably the correct view, we may
be justified in still retaining the use of the term proteine-com-
pounds, in speaking of the class, including fibrine, albumen,
and others, towhich the name of albuminous compoundswas ori-
ginally applied: the two terms may be used synonymously.*

Iorny Matter.—The substance of the horny tissues, in-
cluding the hair and nails (with whale-bone, hoofs, and
horns), consists of a profeine-compound, with larger propor-
tions of sulphur than albumen and fibrine contain. Hair
contains 10 per cent. and nails 6-8 per cent. of sulphur,

The horny substances, to which Simon applied the name
of keratine, are insoluble in water, alecohol, or ether;
soluble in caustic alkalies, and sulphuric, nitric, and hy-
drochloric acids ; and not precipitable from the solution in
acids by ferrocyanide of potassium.

Mueus, in some of its forms, is related to these horny sub-
stances, consisting, in great part, of epithelium detached
from the surface of mucous membrane, and floating in a
peculiar clear and viscid fluid. But, under the name of
mucus, several various substances are included, of which
some are morbid albuminous secretions containing mucus
and pus-corpuscles, and others consist of the fluid secretion
variously altered, concentrated, or diluted. But the frue
chemical characters of this fluid are as yet incompletely
known. It is generally alkaline, and, when the cells and
other corpuscles mingled with it have subsided, is a pellucid
fluid, containing, according to Berzelius, 5:33 per cent. of

* For a full acconnt of proteine-compounds generally, see Leh-
mann’s Physiological Chemistry (Cavendish Society's Edition), vol. i.
pp- 326—404; and Day’s Physiological Chemistry (cexxxix.)
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proper mucous matter. This is very little soluble in water;
more soluble in water slightly alkaline, and from this solu-
tion is precipitated by alcohol, acetie, nitrie, sulphurie, and
hydrochloric acids. An excess of the last three acids redis-
solves the precipitates they severally throw down; and, in
the acid solution thus formed, ferrocyanide of potassium
produces no precipitate. According to Scherer (x.b. 57),
pure mucus, cleared of epithelium, and subtracting 41 per
cent. of saline matter, contains carbon 52-17, hydrogen 7-01,
nitrogen 12-64, oxygen 28-18.

FErtractive Matters—Under this name are included sub-
stances of mixed and uncertain composition, which form the
residue of animal matter when, from almost any of the
fluids or solids of the body, the albuminous, gelatinous, and
fatty principles have been removed. The remaining animal
matter is mixed with various salts, such as lactates, chlo- -
rides, and phosphates, and is divisible into two principal
portions, of which one is soluble in water alone, the other
in alcohol.

Doubtless there are in these substances many distinet
compounds, of which some exist ready-formed in the body,
and some are formed in the changes to which the previous
chemical examinations have given rise. Many of them, in-
cluding freatine and lkreatinine, two principles originally
discovered among the extractive matters of muscular tissue,
but since found in the blood, urine, and elsewhere, are no
doubt products of the chemical changes that take place in
the natural waste and degeneration of the tissues, and are
substances that are to be separated from the tissues for
excretion.

Such are the chief substances of which the human body
is composed. They are formed mainly of the four essential
elements, and exhibit all those characters which have been
mentioned as peculiar to organic bodies; but, with the
exception of the fatty matters, which yield no nitrogen, all
v
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appear to contain, besides the four elements, other elements,
or even compound substances, such as phosphate of lime,
chloride of sodium, or other salts. And all the fluids and
tissues of the body appear to consist, chemically speaking, of
mixtures of several of these principles, together with saline
matters. Thus, for example, a piece of muscular flesh would
yield fibrine, albumen, gelatine, fatty matters, salts of soda,
potash, lime, magnesia, iron, and other substances, such as
kreatine, which appear passing from the organic towards
the inorganic state. This mixture of substances may be
explained in some measure by the existence of many different
structures or tissues in the muscles ; the gelatine may be re-
ferred principally to the cellular tissue between the fibres,
the fatty matter to the adipose tissue in the same position,
and part of the albumen to the blood and the fluid by which
the tissue is kept moist. DBut, beyond these general state-
ments, little can be said of the mode in which the chemieal
compounds are united to form an organized structure ; or of
how, in any organic body, the several inorganic and inci-
dental substances are combined with those that are organic
and essential. Tt must suffice, therefore, to mention the
several parts in which each of the incidental elements and
of their principal compounds occurs.

Sulphur is probably, next to the essential ones, the most
nearly constant element in organic compounds. Tt exists
in albumen, fibrine, caseine, and gelatine, combined in
all these, probably in the elemental state, with the other
elements. In largest proportions it is found in taurine, one
of the products of the decomposition of biliary matter, and
in the morbid product, cystic oxide: of both these it con-
stitutes about 25 per cent. Among the tissues, and inde-
pendent of the compounds above-named as containing it,
sulphur is most abundant in the hair, cuticle, nails, and
other horny tissues, and according to Lassaigne (lv. Aug. 22,
1843), in fibrous and mucous membranes. Of the com-
pounds of sulphur none are known to exist naturally,
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except the sulphoeyanide of potassium in saliva, and the
sulphates in the urine and sweat. The acid of the sul-
phates found in the ashes of other animal substances are
formed during the burning, through the elemental sulphur
combining” with oxygen.

Phosphorus is found together with sulphur, and probably
similarly combined as an element, in albumen and fibrine,
but not in caseine. It existsalso in some tissues, especially
in the substance of the brain, from which two fatty acids,
containing phosphorus, and named oleo-phosphoric and
cerebic acid, have been obtained ; but, most abundantly, it
occurs as phosphoric acid in combination with alkaline and
earthy bases—as in the tribasic phosphate of soda in the
blood and saliva, the super-phosphates of the muscles and
urine, the basic phosphate of lime and magnesia in the
bones and teeth. Such phosphates are also found in the
ashes of nearly all burnt animal substances, even in tissues
8o simple that one must assume the phosphate to be a
necessary constitutent of the substance of the primary cell;
for it is probable that these phosphates exist in the tissues
ready formed, as they do in caseine, and that they are not,
like the sulphates found in the ashes of animal matters,
produced in the combustion.

Silicon.—A very small quantity of silica exists, according
to Berzelius, in the urine, and, according to Henneberg
(x. Bd. 41) and E. Millon (xviii. 1848), in the blood. Traces
of it have also been found in bones by V. Bibra, in hair
by Van Laer, and in some other parts of the body (lxv.
Pp- 65).

Chlorine is abundant in combination with sodium, potas-
sium, and other bases in all parts, fluid as well as
solid, of the body. Chloride of sodium (common salt)
i, indeed, probably the most universal of all the inorganic
compounds in organised bodies. In the form of hydro-
chloric acid, either free or in combination with an organic
principle, it is also often found in the gastrie fluid.
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Fluorine.—The observations of Berzelius, on which the
existence of minute quantities of fluoride of calcium in the
bones, teeth and urine, was admitted, after having been
much questioned, have been fully confirmed by Dr.Daubeny
and Mr. Middleton (Ixiii. vol. ii. pp. 97, 134), and more re-
cently by Von Bibra (lxiv.) The salt is found in the ashes
of all bones and teeth ; and increased in quantity in fossil
bones.

Potassium and sodium arve constituents of the blood and
all the fluids, in various quantities and proportions. They
exist in the form of chlorides, sulphates, and phosphates,
and probably, also, in combination with albumen, or certain
organic acids. Liebig, in his work on the Chemistry of
Food, has shown that the juice expressed from muscular
flesh always contains a much larger proportion of potash-
salts than of soda-salts ; while in the blood and other fluids,
except the milk, the latter salts always preponderate over
the former; so that, for example, for every 100 parts of
soda-salts in the blood of the chicken, ox, and horse, there
are only 40-8, 59, and 9°5 parts of potash-salts; but for
every 100 parts of soda-salts in their muscles, there are
381, 279, and 285 parts of potash-salts.

Caleiwm.—The salts of lime (oxide of calcium) are by far
the most abundant of the earthy salts found in the human
body. They exist in the lymph, chyle, and blood in com-
bination with phosphoric acid, the phosphate of lime being
probably held in solution by the presence of phosphate of
soda. Perhaps no tissue is wholly void of phosphate of
lime; but its especial seats are the bones and teeth, in
which, together with carbonate of lime and fluoride of cal-
cium, it is deposited in minute granules, in a peculiar
compound, named bone-earth, and containing 5155 parts
of lime, and 4845 of phosphoric acid. Phosphate of lime,
probably the tribasic phosphate, is also found in the saliva,
milk, bile, and most other secretions, and superphosphate
in the urine, and, according to Blondlot (xvi.), in the gastrie
fluid.
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Magnesium appears to be always associated with caleium,
and probably exists in the same forms as it; but its pro-
portion is always much smaller, except in the juice ex-
pressed from muscles, in the ashes of which magnesia
preponderates over lime. (Liebig, liv.)

Aron.—The especial place of iron is in the heematosine,
the colouring-matter of the blood, of which a further
account will be given with the chemistry of the blood.
Peroxyde of iron is found, in very small quantities, in the
ashes of bones, muscles, and many tissues, and of lymph
and chyle, albumen of serum, fibrine, bile, and other fluids;
and a salt of iron, probably a phosphate, exists in con-
siderable quantity in the hair, black pigment, and other
deeply coloured epithelial or horny substances.

Manganesium.—Vauquelin believed he found a trace of
the peroxyde of this metal in the ashes of hair and bones;
but in the more accurate analysis of the former substance
by V. Laer, and of the latter by V. Bibra, no mention of
manganesium is made. It has been detected in gall-stones
(Ixxxii. vol. i. p.4).  Aceording to M. E. Millon (xviii. 1848),
it exists naturally in blood : and M. Burin du Buisson
(clx. Fevrier, 1852) confirms this observation, and states
his belief that it belongs solely to the corpuscles, and not
to the serum. Glenard, however, believes that it is an
accidental and not a constant ingredient in the blood (lix.
1855, p.112).

Aluminium also is stated (Henle, xxxvii. p. 4) to exist in
the ashes of hair, bones, and enamel ; but neither V. Laer
nor V. Bibra mentions it.

Copper.—After long disputes, the general existence of
copper in the human liver may be regarded as proved by
the experiments of Orfila, Heller, and others. It exists in
especially large quantity in dark biliary caleuli; and we
may probably assume, that it does not enter into the proper
permanent substance of the liver, but is contained in the
bile, within the bile-cells and ducts, and is destined with it
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to be excreted. It is true, that Harles and V. Bibra have
found it constantly present in the blood, as well as in the
liver, of many Mollusca and fish: and that in their blood
it takes the place of some proportion of the iron contained
in the blood of other species, and may be regarded as a
normal, necessary constituent; yet, it seems most likely
that, in the human body, both copper, manganesium, and
aluminium are merely accidental elements, which, being taken
in minute quantities with the food, and not excreted at
once with the freces, are absorbed and deposited in some
tissue or organ, of which, however, they form no necessary
part. In the same manner, arsenic and lead, being
absorbed, may be deposited in the liver and other parts.
This view is confirmed by the fact observed by Heller,
that although copper is frequently present in the bile of
adults, yet it is never found in that of infants (ix. vol. ii.
p-821). The researches of Cattanei di Momo also seem
to prove, that neither copper nor lead exists in the bodies
of new-born children or infants (xxv. 1843-4, p. 3).%

CHAPTER II.

STRUCTURAL COMPOSITION OF THE HUMAN BODY.
Tre component substances of the body are commonly
divided into fluids and solids.

The fluids are, 1st, formative fluids from which are derived
the materials for the formation of the solid tissues; and,
2nd, secrefed fluids, which are separated from the tissues
and the blood, through, speaking generally, the operation
of special organs, such as cells arranged in glands or mem-
branes.

So little can be said that would apply to all the members
of either of these classes of the fluids, that a general

* Much recent information on the chemical composition of the human
body will be found in Dr. Day’s Physiological Chemistry (cexxxix.)
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description of them would be useless; they will therefore
be considered in their several more appropriate places.—
[See chapters on Broop, Lymen, Cayie, the several
SECRETIONS, ete. |

Among the solids of the body, some appear, even with
the help of the best microscopic apparatus, perfectly
uniform and simple : they show no trace of structure, 7.,
of being composed of definitely arranged dissimilar parts.
These are named simple, structureless, or amorphous solids.
Such are the apparently structureless mass composing the
albumen of eggs, and the substance called cytoblastema, or
formative substance, in which the nuclei and cells are imbedded
in many tissues in progress of development. Such also is
the simple membrane which forms the walls of most
primary cells, of the finest capillary blood-vessels and
gland-ducts, and of the sarcolemma of muscular fibre;
and such is the membrane enveloping the vitreous humour
of the eye. Such also, having a dimly granular appear-
ance, but no really granular structure, is the intercellular
substance of the most perfect cartilage.

In the solids which present determinate structure, certain
primary forms may be distinguished, which, by their
various modifications and modes of combination make up
the tissues and organs of the body. Such are, 1. Granules
or molecules, the simplest and minutest of the primary forms.
They are particles of various size, from immeasurable
minuteness to the 10,000th of an inch in diameter; of
various and generally uncertain composition, but usually
so affecting light transmitted through them, that at different
focal distances their centre, or margin, or whole substance,
appears black. From this character, as well as from their
low specific gravity (for in microscopic examinations they
always appear lighter than water), and from their solu-
bility in ether when they can be favourably tested, it is
probable that most granules are formed of fatty or oily
matter ; or, since they do not coalesce as minute drops of
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oil would, that they are particles of oil coated over with
albumen deposited on them from the fluid in which they
float. (See Ascherson, Ixxx. 1848). In any fluid that is
not too viscid, they exhibit the phenomenon of molecular
motion, shaking and vibrating incessantly, and sometimes
moving through the fluid, probably, in great measure,
under the influence of external vibration.

Granules are either free, as in milk, chyle, milky serum,
yelk-substance, and most tissues containing cells with
granules; or enclosed, as are the granules in nerve-
corpuscles, gland-cells, and epithelium-cells, the pigment
granules in the pigmentum nigrum and medullary sub-
stance of the hair; or dmbeddsd, as are the granules of
phosphate and carbonate of lime in bones and teeth.

2. Nuclei, or eyfoblasts, appear to be the simplest
elementary structures, next to granules. They were thus
named in accordance with the hypothesis that they are
always connected with cells, or tissues formed from cells,
and that in the development of cells, each nucleus is the
germ or centre around which the cell is formed. The
hypothesis is only partially true, but the terms based on it
are too familiarly accepted to make it advisable to change
them till some more exact and comprehensive theory is
formed.

Of the corpuscles called nuclei, or cytoblasts, the greater
part are minute cellules or vesicles, with walls formed of
simple membrane, enclosing a colourless pellucid fluid, and
often one or more particles, like minute granules, called
nucleus-corpuseles, or nueleoli. Such vesicular nueclei, with-
out nucleoli, are those of the blood-corpuscles of oviparous
vertebate animals (pl.1i., fig.2 and 3); and such, with
nucleoli, are those of epithelium-cells and pigment-cells.
But some nuclei appear to be formed of an aggregate of
granules imbedded in a pellucid substance ; as for example,
the nuelei of the lymph and chyle-corpuscles.

The composition of the nucleus is uncertain. One of its
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most general characters, and the most useful in micro-
scopic examinations, is, that it is neither dissolved nor
made transparent by acetic acid, but acquires, when that
fluid is in contact with it, a darker and more distinet out-
line.

Nuclei may be either free or attacked. Free nuclei arve
such as either float in fluid, like those in the gastric juice,
which appear to be derived from the secreting cells of the
gastric glands, or lie loosely imbedded in solid substance,
as in the grey matter of the brain and spinal cord, and
most abundantly in some quickly-growing tumours.

Attached nuclei are either closely imbedded in homo-
geneous pellucid substance, as in rudimental cellular tissue ;
or are fixed on the surface of fibres, as on those of organic
muscle (plate ii., fig. 9, A.) and organic nerve-fibres ; or are
enclosed in cells, or in tissues formed by the extension or
junction of cells. Nuclei enclosed in cells appear to be
attached to the inner surface of the cell-wall, projecting
into the cavity. Their position in relation to the centre or
axis of the cell i1s uncertain; often when the cell lieson a
flat or broad surface, they appear central, as in blood-cor-
puscles, epithelium-cells, whether tesselated or eylindrical ;
but, perhaps, more often their position has no regular rela-
tion to the centre of the cell. In mostinstances, each cell
contains only a single nucleus ; but in cartilage, especially
when it is growing or ossifying, two or more nuclei in each
cell are common ; and the development of new cells is often
effected by a division or multiplication of nuclei in the
cavity of a parent cell; as in primary blood-cells, the
germinal vesicle, and others.

‘When cells extend and coalesce, so that their walls form
tubes or sheaths, the nuclei commonly remain attached to
the inner surface of the wall. Thus they are seen im-
bedded in the walls of the minutest capillary blood-vessels
of, for example, the retina and brain ; in the sarcolemma of
transversely striated muscular fibres ; and in minute gland-
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tubes. In such cases, their arrangement may be irregular,
as in the capillaries ; or regular, as in the single or alter-
nating double rows of nuclei in different examples of the
muscular fibre.

Nuclei are most commonly oval or round, and do not
generally conform themselves to the diverse shapes that the
cells assume ; they are altogether, less variable elements,
even in regard to size, than the cells are; of which fact
one may see a good example in the uniformity of the nuclei
in cells so multiform as those of epithelium. But some-
times they appear to be developed into filaments, elongating
themselves and becoming solid, and uniting end to end for
greater length, or by lateral branches to form a network.
Mo, according to Henle (xxxvii. p.194), are formed the
filaments of the striated and fenestrated coats of arteries,
and the yellow or elastic filaments that are mingled with
the common filaments of cellular tissue, and with organie
muscular fibre, especially in the walls of arteries. The fi-
laments of the cortical substance of hair, and the seminal
filaments, or spermatozoids, appear to be also elongated and
divided nuelei.

8. Cells, Primary cells, or Elementary cells, are vesicles or
scales of larger average size than nuclei, but, like them
composed, in the normal state, of membranous cell-walls,
with, usually, liquid contents, and generally round or oval.

The cell-wall never presents any appearance of structure:
it appears sometimes to be a proteine-substance, as in
blood-cells ; sometimes a horny matter, as in thick and
dried cuticle. In almost all cases (the dry cells of horny
tissue, perhaps, alone excepted) the cell-wall is made trans-
parent by acetic acid, which also penetrates through it and
distends it, so that it can hardly be discerned. But in such
cases the cell-wall is usually not dissolved; it may be
brought into view again by merely neutralising the acid
with soda or potash.

In some instances, the most developed state of the cell
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is that in which it has no nucleus, as in the mammalian
blood-corpuscles, in which, as will be described, the sub-
stance of the nucleus of the lymph or chyle-corpuscle
seems to be gradually all appropriated and changed to the
contents of the blood-corpuscle.

But, in other instances, especially in old cells, as in those
of the nails, the outer layers of epidermis, and the adipose
tissue, the nucleus may disappear, wasting away ; and
this is, probably, always a sign of degeneration of the
tissue, for a similar wasting of nuclei is commonly observed
in all tissues in the state of fatty degeneration.

With the exceptions just mentioned, all the cells of the
human body appear to contain nuclei. Sometimes the
nucleus nearly fills the cavity of the cell, as in lymph and
chyle-corpuscles, in which the cell-wall lies so close round
the nucleus, that it can hardly be seen till it is raised up
by water or acetic acid insinuating itself between it and the
nucleus; and such is the proportion between the nucleus and
cell in young epidermis-cells ; but more often the nucleus
has a diameter from one-fourth to one-tenth less than that
of the cell.

The simplest shape of cells, and that which is probably
the normal shape of the primary cell, is oval or spheroidal,
~as in cartilage-cells and lymph-corpuscles; but in many
instances they are flattened and discoid, as in the blood-
corpuscles, or scale-like, as in the epidermis and tesselated
epithelium. By mutual pressure they may become many-
sided, as are most of the pigment cells of the choroidal pig-
mentum nigrum, and those in close-textured adipose tissue ;
they may assume a conical or cylindriform or prismatic
shape, as in the varieties of cylinder-epithelium and the
enamel-tubes; or be caudate, as in certain bodies in the
spleen ; they may send out exceedingly fine processes in the
form of vibratile cilia, or larger processes, with which they
become stellate, or variously caudate, as in the large nerve-,
or ganglion-corpuscles, and the epithelium of the choroid
plexuses.
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The contents of cells, including under thie term all but
their nuclei, are almost infinitely various, according to the
position, office, and age of the cell. In adipose tissue they
are the oily matter of the fat, the mixturé of margarine
and oleine; in gland-cells, the contents are the proper
substance of the secretion, bile, semen, etc., as the case
may be; in pigment-cells they are the pigment granules
that give the colour; and in the numerous instances in
which the cell-contents can be neither seen because they
are pellucid, nor tested because of their minute quantity,
they are yet, probably, peculiar in each tissue, and consti-
tute the greater part of the proper substance of each.
Commonly, when the contents are pellucid, they contain
granules which float in them:; and when water is added
and the contents are diluted, the granules display an active
molecular movement within the cavity of the cell. Such a
movement may be seen by adding water to mucus-, or
granulation-corpuscles, or to those of lymph. In a few
cases, the whole cavity of the cell is filled with granules:
it is so in yelk-cells and milk-corpuscles, in the large
diseased corpuscles often found among the products of
inflammation, and in some cells when they are the seat of
extreme fatty degeneration. All cells containing abundant
granules appear to be either lowly organized, as for nutri-
ment, e.g., yelk-cells, or degenerate, ¢.g., granule-cells of
inflammation, or of mucus. The peculiar contents of cells
may be often observed to aceumulate first around or
directly over the nuclei, as in the cells of black pigment,
in those of melanotic tumours, and in those of the liver
during the retention of bile.

Intercellular substance is the material in which, in certain
tissues, the eells are imbedded. Tts quantity is very variable.
In the finer epithelia, especially the colummar epithelium
on the mucous membrane of the intestines, it can be just
seen filling the interstices of the close-set cells; here it has
no appearance of structure. In cartilage and bone, it forms
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a large portion of the whole substance of the tissue, and
is either homogenous and finely granular, or osseous, or, as
in fibro-cartilage, resembles tough tendinous tissue. In
some cases, the cells are very loosely connected with the
intercellular substance, and may be nearly separated from
it, as in fibro-cartilage: but in some their walls seem
amalgamated with it.

The foregoing may be regarded as the simplest, and the
nearest to the primary, forms assumed in the organization
of animal matter; as the states into which this passes in
becoming a solid tissue living or capable of life. By the
further development of tissue thus far organized, according
to rules which will be hereafter described, higher or
secondary forms are produced which it will be sufficient in
this place merely to enumerate. Such are, 4, Filaments, or
Jibrils.—Threads of exceeding fineness, from 57ly4th of an
inch upwards. Such filaments are either cylindriform, as
are those of the striated muscular (pl.ii. fig. 7 and 8) and the
fibro-cellular or areolar tissue (pl.ii. fig.4); or flattened, as
are those of the organic muscles (pl.ii. fig. 9), the common
elastic tissue (pl.ii. fig.3) and the finer variety of the same
tissue, which is commonly associated with the proper white
filaments of the fibro-cellular tissue. Filaments usually lie
in parallel faseiculi, as in muscular and fendinous tissues ;
but in some instances are matted or reticular with branches
and intercommunications, as are the filaments of the middle
coat, and of the longitudinally-fibrous coat of arteries; and
in other instances, are spirally wound, or very tortuous, as
in the common fibro-cellular tissue.

5. Libres, in the instances to which the name is commonly
applied, are larger than filaments or fibrils, but are by no
essential gemeral character distinguished from them. The
flattened band-like fibres of the coarser varieties of organic
muscle and elastic tissue are the simplest examples of this
form ; the toothed fibres of the crystalline lens are more
complex; and more compound, so as hardly to permit of
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being classed as elementary forms, are the striated mus-
eular fibres, which consist of bundles of filaments enclosed
in separate membranous sheaths, and the cerebro-spinal
nerve-fibres, in which similar sheaths inclose apparently two
varieties of nerve-substance.

" 6. Tubules are formed of simple membrane, such as the
minute capillary lymph- and blood-vessels, the investing
sheaths of striated muscular and cerebro-spinal nerve-fibres,
and the basement membrane or proper wall of the fine
ducts of secreting glands.

Most of the tissues which are composed of these primary
structures will be briefly deseribed in future chapters, and
in connection with the physiology of the organs that they
help to form. The insertion of a system of general anatomy
would not further the purpose of this work; and would be
superfluous while the student has access to such admirable
works devoted to the subject as the Introduction to Quain’s
Anatomy by Dr. Sharpey, the Physiological Anatomy of
Dr. Todd and Mr. Bowman, Killiker’s Manual of Human
Histology, translated for the Sydenham Society, and his
recently published work, a Manual of Human Microscopic
Anatomy, the Microscopic Anatomy of the Human Body by
Dr. Hassall, the Structure and Growth of the Tissues of the
Human Body, by Dr. Lionel S. Beale (cexxiii. vol. 2.), and
the various articles on the tissues published in the Cyelo-
pedia of Anatomy and Physiology.

CHAPTER IIT.

VITAL PROPERTIES OF THE ORGANS AND TISSUES OF THE
HUMAN BODY.

SoMmE of the actions observed in living bodies indicate the
operation of other properties and forces besides those which
can be referred to the chemical and mechanical constitu-
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tion of organized substances. These properties being the
sources of phenomena which are peculiar to living beings,
are named wvital properties; the forces issuing from them,
vital forces ; the acts in which they are expressed, such as
those enumerated at pp. 1, 2, are vital acts or vital processes :
and the state in which these processes are displayed is fife.

1. The most general, perhaps an universal, property of
living bodies, is that which is manifested in the ability to
form themselves out of materials dissimilar from them; as
when, for example, the ovule develops itself from the nutri-
ment of the fluids of the parent,—or when a plant, or any
part of one, grows by appropriating the elements of water,
carbonic acid, and ammonia,—or when an animal subsists
on vegetables, and its blood and various organs are formed
from the materials of its food. The force which is mani-
fested in these acts is termed formative force (assimilative,
or plastic force); and the processes effected by it are named
assimilative, nutritive, or formative processes.

This power of self-formation from dissimilar materials,
which appears to be wholly peculiar to living bodies, and
without which, probably, none exists, manifest itself in
three modes, which, though they bear different names, yet,
probably, are only three expressions of one force operating
in different conditions: they are development, growth, and
assimilation, or mainfenance.

Development is the process by which each tissue or organ
of a living body is first formed; or by which one, being
already incompletely formed, is so changed in shape and
composition as to be fitted for a function of a higher kind ;
or, finally, is advanced to the state in which it exists in the
most perfect condition of the species.

Growth, which commonly concurs with development and
continues after i, is, properly, mere increase of a part hy
the insertion or super-addition of materials similar to those
of which it already consists. In growth, properly so called,
no change of form or composition occurs: parts only
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increase in weight and, usually, in size; and if they acquire
more power, it is only more power of the same kind as that
which they before enjoyed.

In assimilation, or self-maintenance, living bodies pre-
serve their condition, notwithstanding the changes to which
they are liable through the influence of external forces and
their own natural decay; and the stability of composition
which they thus display is effected by the continual forma-
tion of new particles in the place of those that are impaired
and removed.

The modes in which these three manifestations of
formative power are accomplished, will be considered
hereafter, especially in the chapters on Nurrrrion, SEcRE-
tI0N, and DeveEropMENT. From these it will appear, that
the most general, and one of the simplest modes, is in the
formation and further development of nucleated cells. The
nucleated cell is the form towards which organising matter
most commonly tends, in which it often rests, and through
which it usually procceds in its further developments. In
nucleated cells, also, are the best examples of inherent
formative power, which not being consumed in the forma-
tion of the cells, remains operative in them, changing them
and their contents, and influencing the surrounding or inter-
cellular substance in which they are deposited. Thus,
whether it be for the preparation of materials from food
which may serve to the maintenance of the body, or for the
construction of the several tissues, or for the formation or
temporary storing-up of the materials that are to be
removed from the body as refuse, in all these, and in nearly
all instances of them, the end is attained by or with the
help of the formation, continued energy, or dissolution of
nucleated cells.

The property to which is referred the formative power
of living beings, or living parts, is, however, no simple
property, such as the ¢ attraction’ of mechanical science,
or the * affinity” of chemistry. These manifest themselves
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in acts so simple and almost uniform, that the hypothesis
which assumes the existence of such properties, supplies at
once the language in which their laws of action may be
enunciated. But in the simplest exercise of living formative
power, even in that which accomplishes the formation of a
cell, there is evidence of the operation of many forces.
Mechanical force is shown in the determination of the
position, shape, and relations of the cell ; chemical force,
in the determination of ‘the composition of its walls and
contents : and with these, or as if directing them, that vital
force, different from them and from all other known phy-
sical forces, 1s in operation, by virtue of which the cell
acquires all the properties that characterise the species or
organ to which itis attached, and becomes capable of taking
part in vital processes—even in such processes as those in
which itself originated.

Thus the vital formative force seems not to oppose or
exclude, but to include and direct the physical forces that
issue from the mere matter of the organic body. It may,
therefore, be believed that every vital act is accompanied
with physical changes in the active matter: but there is no
sufficient evidence that such changes ever wholly constitute
or make up any of those that are commonly called vital
~acts. In all those acts or processes some force is exercised
peculiar to the state of life, and as different from all recog-
nised physical forces as they are different from one
another. We cannot tell how much in each act of the
living body is physical, and how much depends on the pe-
culiar vital force. The advancing knowledge of the
physical sciences does, indeed, prove every year that effects,
which used to be ascribed to vital forces, are due to the
operation of the forces of chemistry and mechanics, and
it may be observed, generally, that the substances in which
the processes of organic life are most actively carrvied on
are those whose chemical composition is most remote from
that of inorganic matter. Still, many things yet remain,
D




.

34 VITAL PROPERTIES OF ORGANS AND TISSUES,

observed only in the living body, so completely dependent
on the maintenance of the whole state of life, and so
different from what physical forces ever acccomplish in
dead matter, that we cannot refer them to the operation of
those forces. Any hypothesis which would abolish the idea
of vital formative force, would be much less reasonable and
useful than that which admits it; indeed, unless we admit
the existence of such a force in the processes of organic
life, and adopt the language which the hypothesis sug-
gests, it is hardly possible to express the ordinary facts of
physiology.

2. Contractility may be reckoned a second vital property.
It consists in the power which certain tissues have, during
life, of contracting or shortening themselves in a peculiar
manner. Such contractility is usually and best observed in
fibrous tissues, as in the musecles of organic and animal
life ; but it may be seen, also, in cells and collections of
them, as in the muscles of embryoes, while they yet con-
sist of cells, and before any fibres are developed in them.

The peculiar contraction of muscular and other organie
tissues differs from the contraction of which dead and inor-
ganic matter is capable, both in its modes and in the con-
ditions that give rise to it. The modes of contraction will
be described hereafter: the conditions are not only such
previous elongation as would be followed by contraction in
any elastic body, but also various slight changes, such as
those produced by the contact of foreign matters, variations
of temperature, electricity, etc. These, and whatever will
give rise to the peculiar contractions in the organic tissues,
are called stimuli,

That which most characterises the contractility of animal
tissues is, that the contraction may be excited by the appli-
cation of a stimulus to the nerves that ramify in them ; and,
indeed, it is generally through the nerves that the stimulus
which produces a contraction is conveyed. In the chapter
on the Muscres it will be shewn, that the property of con-
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tractility is inherent in the tissues that contract, and is
essentially independent of their nerves ; so that contraction
may take place without the co-operation of the nerves.
Therefore, the whole property of dérritability, including both
the capacity of receiving a direct stimulus and the power
of contracting in consequence thereof, may be aseribed to
the muscles and other contractile tissues. But, in the
ordinary conditions of life, the nerves may be said to be
necessary to contractions, because, in these conditions, it is
only through the medium of nerves that a stimulus is
applied to the contractile tissues ; and when the nerves are
destroyed contractions do not naturally ensue.

The modes in which stimuli are applied to, and their
effects conveyed along, nerves to the contractile parts, will
be described in the chapter on the Nervous System. One
mode is essentially characteristic of animals; that, namely,
wherein the contractile tissues are made to act by a Mind,
an Anima ; which, having knowledge of the existence of
the body, consciousness of power and will to exercise it,
acts on the mervous system,* and through it on the con-
tractile tissues: thus voluntary motion is produced.

3. The power of conducting or transmitiing stimuli or im-
pressions which, in the foregoing paragraphs, has been
ascribed to the nerves, constitutes another peculiar vital
property. It belongs to the nervous system alone, and
may be said to consist in this—that the state, or change,
which is produced in the fibre of a nerve by the application
of a stimulus of any kind, may be propagated through the
whole length of the fibre, so that every part thereof shall,
with immeasurable rapidity, be brought into the same state

e W e e -

* It does so, at least, in all animals in which a nervous system can be
demonstrated. In those in which none has been yet seen, it must be
doubtful whether the will can directly influence the contractile tis-
sues, or whether some nervous material exists which we cannot discover,
but through which the will of the animal can act,
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as the part first stimulated. Thus the stimulus, or rather
the change or tmpression produced by it, is said to be con-
ducted by the nerve ; in the same way as it is said electri-
city is conducted along a wire, although at the instant of
contact with the source of electricity the whole wire be-
comes at once electrie.

A peculiar force is generated by the change thus pro-
duced in nerves, the effect of which force, when the nerve
conveys 1t to a musele, 1s shewn by the muscle contracting
with a force which, other things being equal, is directly
proportionate to the intensity of the stimulus. The same
force, generated by stimulating nerves, may also be shewn
by changes in organic processes; as when secretions are
angmented, diminished, or altered, in states of nervous
excitement. The force thus developed in the nerves has
been named vis nervose; but there is an objection to the use
of the term, since some appear to think that force is exer-
cised only when the conduction takes place towards muscles,
and that in that case the force itself is in some way trans-
ferred from the nerves to the muscle. But a safer hypo-
thesis appears to be that which holds, that a peculiar force
is generated whenever a nerve is stimulated; and which
ascribes to all nerves alike the power of conducting impres-
sions; ¢. e., of propagating the changes produced by stimuli,
and the force issuing therefrom. Adopting this hypothesis,
we may believe, that the different consequences of such
conducted force depend on the various connections of the
conducting nerve-fibres with the nervous centres and con-
tractile parts, on the nature and strength of the stimulus,
and on other circumstances external to the nerves.

‘When an impression is conveyed from any part of the
body, along a nerve, to the brain, the mind may take
cognizance of it: what the mind thus becomes conscious of
is called a sensafion ; and the act of the mind noticing it,
pereeption ; and all parts through the nerves of which such
sensations may be derived are called sensible or sensitive
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parts. But in the use of the latter term, it must be re-
membered, that they mean only that certain parts are
capable of giving rise to sensations. The mind alone is
sentient and percipient; neither fissues, nerves nor brain,
could of themselves, or from any property or change of
which they are capable, become in any sense conscious of
their condition.

Such appear to be the peculiar properties of living
animal matter. It is all capable of self-formation, and
the various modes of formation constitute the principal
functions of the organic life of the animal. Some of the
living tissues are, also, capable of peculiarly contracting ;
and the nervous tissue is capable of peculiarly conducting
the changes or impressions made on it by certain stimuli.
These two properties, in their various modifications, are
exercised especially in the animal life, and it is by means
of these, that the mind becomes cognizant of the condition
of the body, and through it, of some of the properties of
things that act on it, as well as able to will the movements
of its several parts.

CHAPTER IV.
THE BLOOD.

Tur processes enumerated in the first division of the pheno-
mena of Organic Life have their end or purpose in the
formation, movement, and purification of the blood. The
physiology of the blood must, therefore, precede the con-
sideration of these subservient processes.

‘Wherever blood can be seen as it flows in the vessels of
a living part, it appears a colourless fluid containing
minute particles, the greater part of which are red,
and give the blood its colour. The fluid is named liguor
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sanguinis ; the particles arve the blood and lymph-corpuscles,
or cells,

When blood flows from the living body, it is a thickish
heavy fluid, of bright scarlet colour when it comes from an
artery; deep purple, Modena, or nearly black, when it
flows from a vein. TIts specific gravity at 60° F. is, on an
average, 1055, that of water being reckoned as 1000; the
extremes consistent with health being, according to Nasse,
1050 and 1059 (xv. vol.i. p. 82). Its temperature is,
generally, about 100° F., that of blood in the left side of
the heart being 1° or 2° higher than that in the right
(Savory, cexx.); it has a slight alkaline reaction; and
emits an odour similar to that which issues from the skin
or breath of the animal from which it flows, but fainter.

The above-mentioned differences of colowr in arterial and
venous 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 generally as dark as venous
blood. In persons nearly asphyxiated, also, and some-
times under the influence of chloroform or ether, the
arterial blood becomes like the venous. DBut in all these
cases, the dark blood becomes bright on exposure to the
air. Bernard has lately shewn that venous blood return-
ing from a gland in active secretion is almost as bright as
arterial blood (cexxviii. No. iv. p. 649).

The specific gravity of men’s blood is, on an average,
rather greater than that of women’s, because of the larger
proportion of red-corpuscles in the former ; that of robust
persons, for the same reason, is greater than that of feeble.
It is always diminished by bleeding ; and so quickly, that
in a single venesection the specific gravity of a portion of
the blood last drawn is often less than that of the blood
that flows first (J. Davy, Ixxxv. vol. ii. p. 28: Polli, xci).
The specific gravity of blood is increased in diseases
attended with great watery discharges, as cholera and dia-
betes ; but with these exceptions, a specific gravity above




ITS REACTION AND ODOUR. a9

the natural standard would generally indicate a disease
attended with plethora, or excess of the animal constituents
of blood, and a low specific gravity, a disease of debility
or exhaustion.

The alkaline reaction appears to be a constant character of
blood in all animals and under all circumstances. An ex-
ception has been supposed to exist in the case of menstrual
blood ; but the acid reaction which this sometimes presents
is due to the mixture of an acid mucus from the uterus and
vagina. Pure menstrual blood, such as may be obtained
with a speculum, or from the uteri of women who die
during menstruation, is always alkaline, and resembles
ordinary blood (Whitehead, Ixxxvi). According to Ber-
nard, blood becomes spontaneously acid after removal from
the body, owing to conversion of its sugar into lactic acid
(cexiv. Ap. 21, 1860).

The odour of blood is easily perceived in the watery
vapour, or helifus as it is called, which rises from blood
Just drawn : it may also be set free, long afterwards, by
adding to the blood a mixture of equal parts of sulphuric
acid and water. It is said to be not difficult to tell, by the
lilkkeness of the odour to that of the body, the species of
domestic animal from which any specimen of blood has
been taken: the strong odour of the pig or cat, and the
peculiar milky smell of the cow, are especially easy to be
thus discerned in their blood (Barruel, lxxxvii. No. 1).

There is still such wide discrepancy in the statements of
different observers, respecting the total gquantity of blood
in the body, that no positive opinion on the subject can yet
be given. According to some authors, it is about equal
to from one-fifth to one-eighth of the weight of the whole
body, though the recent experiments of Welcker’s, the
results of which are now generally accepted, shew it to be
about one-fourteenth of the weight of the body, in man and
Mammalia generally. (xxxiii. 1858, p. 145.)
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Coagulation of the Blood.

When blood is drawn from the body, and left at rest,
certain changes ensue which constitute a kind of rough
analysis of if, and are instructive respecting the nature of
some of its constituents. After about ten minutes, taking
a general average of many observations, it gradually clots
or coagulates, becoming solid like a soft jelly. The clot
thus formed has at first the same volume and appearance
as the fluid blood had, and, like it, looks quite uniform ;
the only change seems to be, that the blood which was fluid
ismow solid. But presently, drops of transparent yellowish
fluid begin to ooze from the suwrface of the solid clot;
and these gradually collecting, first on its upper surface,
and then all around it, the elof or * erassamentum,” dimin-
ished in size, but firmer than it was before, floats in a
quantity of yellowish fluid, which is named serum, and the
quantity of which may continually increase for from twenty-
four to forty-eight hours after the clotting of the blood.

The changes just deseribed may be thus explained. The
liguor sanguints, or liquid part of the blood, consists of
serum, holding fibrine in solution. The peculiar property
of fibrine, as already said (p. 14), is its tendency to become
solid when at rest, and in some other conditions. When,
therefore, a quantity of blood is drawn from the vessels,
the fibrine, being (in the normal state) equally diffused
through the whole mass, coagulates, and serum and blood-
corpuscles are held, or, as it were, soaked and entangled,
in the solid substance which it forms.

But after healthy fibrine has thus coagulated, it always
contracts ; and what is generally described as one process of
coagulation should rather be regarded as consisting of two
parts or stages ; namely, first, the simple act of clotting,
coagulating, or becoming solid ; and, secondly, the con-
traction or condensing of the solid clot thus formed. By
this second act, much of the serum which was soaked in
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the clot is gradually pressed out; and this collects in the
vessel round the contracted clot.

Thus by the observation of blood within the vessels, and
of the changes which commonly ensue when it is drawn
from them, we may distinguish in it three principal consti-
tuents, namely, 1st, the fibrine, or coagulating substance,
which has been also called the lymph, or coagulating lymph,
~of the blood; 2nd, the serum, in which the fibrine, before
its coagulation, was dissolved; 3rd, the blood and lymph
corpuscles.

That the fibrine is the only spontaneously coagulable
material in the blood, may be proved in many ways; and,
most simply by employing any means whereby a portion
of the liquor sanguinis, ¢.e., the serum and fibrine, can be
separated from the red corpuscles before coagulation. This
separation is always effected when coagulation is retarded
beyond the usual time, or when the red corpuscles, which
have a higher specific gravity than the other constituents
of the blood, sink more rapidly than usual. Coagulation
may be retarded by cold, or by drawing the blood into a
vessel containing oil, so that as the oil floats overif, it may
be excluded from the air. The red corpuscles also,
sink quickly in blood drawn from patients with certain in-
flammatory diseases, and in horses’ blood. In any 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 white clot consisting of fibrine alone, or of fibrine with
entangled white corpuscles; for the white corpuscles,
. being very light, tend upwards towards the surface of
the fluid. The layer of white clot which is thus formed
rests on the top of a coloured clot of ordinary characters,
t.e., of one in which the coagulating fibrine has entangled
the red corpuscles while they were sinking: and, thus
placed, it constitutes what has been called a bufly coat.
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It is also by the action of the fibrine alone that the con-
traction of the clot is effected, and the contraction is
greatest when it is least hindered by particles enclosed in
the solid fibrine. Hence, when a buffy coat is formed in
the manner just deseribed, it commonly contracts more than
the rest of the clot does, and drawing in at its sides, pro-
duces that cupped appearance on the top of the clot which
is often characteristic of the existence of inflammation.

It is thus evident that the coagulation of the blood is due
to its fibrine. We arenot yet able to explain certainly why
fibrine coagulates; but the hypothesis hitherto most
generally entertained is, that its coagulation is a process of
organization—a spontaneous assumption of organic form
and structure which, in favourable conditions, would be the
first step towards the formation of a more highly organized
tissue. The principal evidence adduced for this view is as
follows :—

1.—When the coagulation of fibrine is observed with
the microscope (and this may be easily done in a minute
portion of liquor sanguinis taken when the red corpuscles
are subsiding) it appears, when first solidified, soft and
quite homogeneous; but gradually, when it becomes
tougher, it acquires the appearance of a closely matted or
felt-like mass of fine white pliant fibrils, in which scattered
granules and white corpuscles are imbedded. Such a fila-
mentous structure, with filaments separable by minute
dissection, is observable in all well-formed fibrine clots, and
is characteristic of organization ; at least, such structures
are not seen in inorganic matter, or in organic matter arti-
ficially coagulated as albumen ; but they are found in the
more lowly organized tissues, such as that of the membrane
of egg-shell (Carpenter, xciii. 1844, p. 1), organizing lymph,
some of the least developed tumours, ete.

2. The coagulation of fibrine is hardly, if at all, dis-
tinguishable from that of lymph effused in inflammation.
Both alike spontaneously coagulate in the same mode, and
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acquire the same simple structure ; both alike contract after
coagulation ; and generally, when lymph effused in any
case of inflammation has little tendency to organization, the
fibrine of the patient’s blood coagulates very weakly and
imperfectly. It is on the whole probable that the lymph
of inflammatory effusion is the fibrine of the blood only
somewhat modified by the disease. But the lymph, after
coagulating, goes on to more perfect organization, and
becomes a vascular tissue; the fibrine shews no such fur-
ther change, at least in blood drawn from the body. Yet,
seeing that the coagulation of the lymph is the first step
in its organization, it has been thought reasonable to
regard the similar change in the fibrine as also organiza-
tion, and to explain the subsequent difference between
them by the difference of their external conditions. The
lymph continues to be organized, being placed among
living organizing parts that may supply it with the neces-
sary materials for its support; the fibrine does not so con-
tinue, having none of these, perhaps essential advantages.

3. The coagulation of blood out of the body is not
different from its coagulation, under certain conditions
within the body, as e.g., when the circulation through a
vessel is obstructed by a ligature, or when blood is effused
from its vessels into an adjacent cavity or tissue. And
there is sufficient evidence that, in some cases, when the
blood thus ecoagulates in contact with healthy living tissues,
its coagulation is the first step towards a more complete
organization, and the formation of vascular tissue; just as
the coagulation of the lymph effused in inflammation is
the beginning of its complete organization. The instances
in which this organization of blood, or rather of the fibrine
of blood, has been best observed, are those in which the
blood coagulates above a ligature of an artery, and forms
there what is called the conieal clof. Such a clot gradually
loses its colour by the disintegration of the red corpuscles,
By the absorption of its serum, it becomes firmer and drier;
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then it acquires the structure of fine filamentous tissue, and
a supply of blood-vessels; it is more and more intimately
united with the walls of the vessel, and at length forms
part of the fibrous eord by which, finally, the obliterated
portion of the artery is replaced. In this process, which
has been minutely examined by Zwicky (Ixxxix.), the
changes through which the fibrine of the blood passes are,
in all essential respects, similar to those which constitute
the organization of lymph into false membrane or adhe-
sions. Doubtless, the process is similar by which effused
blood is, in many other cases, organized; as, for example,
in apoplexy of the cerebral membranes, in which a thin-
layer of blood, having coagulated, may be traced through
stages of organization till it is nearly all formed into a
tough membrane lining the dura mater ; or in which, when
the effusion of blood is more abundant, a layer on the
surface of the clot may form a sac or eyst of finer mem-
brane, vascular and transparent like the arachnoid, and
enclosing the rest of the blood (see especially Dr. Burrows,
Ixxi. 1885; and Mr. P. Hewett, x1i. 1845). Such organiza-
tion of clots of blood is also seen in certain tumours
attached to the interior of the heart, and more rarely of the
arteries, as well as in the formation of phlebolithes, or
vein-stones, and of the cords by which veins after slight
phlebitis, as in phlegmasia dolens, are often obstructed or
obliterated.*

Such is the principal evidence for ascribing the coagula-
tion of blood to the organization of the fibrine, and for
adhering to Mr. Hunter's view, that ¢ coagulation is an
operation of life” (i. vol.iii. n.34); for here he used the
term ¢ life”” in the same sense as that in which one speaks
of a live egg, or a live seed, implying not an active state of

* Most Museums contain such specimens. In the Museum of the
Royal College of Surgeons, Nos. 12, 1528, 1732, 1733, 1742, may be
referred to: in that of St. Bartholomew’s Hospital, Nos. 1 and 3 in
Series vi., 107 in Series xiii., 45 and 49 in Series xiv.
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life, but the capacity of developing and acquiring higher
organization in conditions favourable to life. And the fact,
that the coagulation of blood may be suspended for any
length of time by freezing it, or by adding to it large
quantities of alkaline salts, is said to be no more a dis-
proof of Mr. Hunter's doctrine than the fact, that eggs are
not developed except at a certain temperature, is a proof
that they are incapable of development. It is considered
that nothing more is proved by such a faet, than that
certain external conditions are necessary for the perfect
performance of these as of all other ¢ operations of life.”

Against this doetrine, that coagulation is a vital act, there
has, however, of late been brought forward a large amount
of evidence, which, if not quite sufficient to overturn it,
is yet enough to throw great doubt on its correctness.
According to the modern views founded on such evidence,
and supported by many distinguished physiologists and
pathologists, coagulation, instead of being an “ operation
of life,” is really an indication of the death of the fibrine,
—a physical assumption of the solid form in consequence
of its being removed from the influence of living parts, and
not the first step in a process of organization. The solidifi-
cation of the fibrine is, according to this view, analogous
to the coagulation of albumen by heat, or the gelatiniza-
tion of a solution of gelatine on cooling.

Whatever view is taken of the process of coagulation,
the fact that fibrine admits of being organized, when placed
in favourable conditions, must not, however, be regarded
as evidence that any of the tissues are naturally constructed
out of this material, or that fibrine is a compound of higher
grade than albumen, and one through which albumen
must pass before it is assimilated by the tissues: for there
is no evidence that this is so, while there is much that
fibrine is a substance lower in the scale of organic princi-
ples than albumen, which, in all cases, seems to be essential
to nutrition.
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Conditions affecting Coagulation.

Although the coagulation of fibrine appears to be spon-
taneous, yet it is liable to be modified by the conditions in
which it is placed, such as temperature, motion, the access
of air, the substances with which it is in contact, the mode
of death, ete. All these conditions need to be considered
in the study of the coagulation of, the blood.*

Cold retards the coagulation of blood; and it is said
that, 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 coagulate,
though not firmly, if thawed after being frozen; and it will
do so, even after it has been frozen for several months.
Coagulation is accelerated, but the subsequent contraction
of the clot is hindered, by a temperature between 100° and
120°: a higher temperature retards coagulation, or, by

‘coagulating the albumen of the serum, prevents the coagu-

lation of the fibrine.
Rest is 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, coagulates very slowly and imperfectly. But rest
is not essential to coagulation : for the coagulated fibrine
may be quickly obtained from blood by stirring it with a
bundle of small twigs ; and whenever any rough points of
earthy matter or foreign bodies are introduced into the
blood-vessels, the blood soon coagulates upon them.
Neither is rest sufficient for the coagulation of the blood
when other conditions are unfavourable ; for coagulation is

* The fullest accounts of them all are given by Nasse (xv. vol.i, Art.
Blut), and Gulliver in his Edition of Hewson’s works for the S8ydenham
Society; see also Dr. Richardson in his Prize Essay on the Caunse of the
Coagulation of the Blood (cexxiv.) Britcke (exc. vol. xxxvii.), Gulli-
ver's recent lectures, in the Med. Times and Gazette, 1862-3, and the,
as yet unpublished, Croonian Leeture for 1863, at the Royal Society,
by Professor Joseph Lister,
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very slow in the body after death, although the blood is
motionless. *

Again, the multiplication of points of contact seems to be a
favourable, indeed, according to Professor Lister, a most
important condition for coagulation. Thus, when all
other conditions are unfavourable, the blood will coagulate
upon rough bodies projecting into the vessels; as, for
example, upon threads passed through arteries or aneuris-
mal sacs, on the heart’s valves roughened by inflammatory
deposits or calcareous accumulations. And, perhaps, this
may explain the quicker coagulation of blood after death
in the heart with walls made irregular by the tleshy
columns, than in the simple smooth-walled arteries and
veins.

The free access of air is perhaps of all external conditions
that which is most favourable to coagulation. It was
formerly supposed to be so by reason of its favowring the
exhalation of carbonic acid from the blood ; for many ex-
periments by Dr. Polli (xe. April, 1843) seem to show, that,
the more freely carbonic acid can be evolved, the quicker
is the coagulation of the blood ; and that the larger the
quantity of the same gas contained in the blood, the
slower is its coagulation. But latterly, Dr. B. W. Richard-
gon has shown that the act of coagulation appears to be
closely conmected with the escape of ammonia from the
blood (cexxiv.). His researches show that, in many cases,
if the evolution of ammonia be prevented, coagulation is
retarded ; and that, under some circumstances, a like re-
tardation is effected by the introduction of even a very
small quantity of this substance into the blood while yet
liquid. Moreover, in further support of his opinion that
ammonia is the solvent by which the fibrine is kept
liquid in the circulating blood, he has shown that even
after coagulation it may be re-dissolved in a solution of
ammonia, and that re-coagulation will take place when the
escape of ammonia is permitted.

Aided by Dr. Richardson’s observations, we can now
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more readily comprehend the influence of many of the
circumstances known to prevent, retard, or hasten, the act
of coagulation, especially the many facts which shew that
coagulation is accelerated by the free access of air, and
retarded by the opposite condition. Thus, itis quick when
blood is drawn slowly, and slow when it is drawn quickly ;
because, in the former case, the blood is more fully ex-
posed to the atmosphere than in the latter, and the escape
of ammonia proportionately favoured. To this also we
may refer it, that coagulation is quicker in shallow, than
in tall and narrow, vessels ; because in the former a large
surface of blood is exposed to the air; and to this (at least,
in some measure) that the blood in the dead body often
remains fluid for from twelve to twenty-four hours after
death, and then coagulates within a few minutes after it is
let out of the vessels and exposed to the air.

There is, however, something more than the mere
escape of ammonia concerned in bringing about coagula-
tion. The observations of Professor Lister, Briicke, and
others, for example, clearly point to the withdrawal of the
influence of living vessels as being largely instrumental in
causing the fibrine to solidify (clxxxix. April, 1858 ; and
1859, p. 536).

But what the true explanation of coagulation is, still
remains undecided. Much in addition to what has been
already mentioned has of late been written on the subject,
but the real nature of the process has not heen materially
elucidated thereby. The recent observations of Alex,
Schmidt (cexl. 1861, p. 545 ; and 1862, p. 428 and 583),
are, however, especially worthy of notice, particularly
since they confirm in a remarkable degree the interesting
views advanced many years ago by Dr. George Buchanan
(cexli. 1845, Feb.) From his experiments on the fluid of
hydrocele and other dropsical effusions, Dr. Buchanan was
led to believe that the fibrinous principle which is in solu-
tion in them and in the liquor sanguinis of the blood is
not spontaneously coagulable, but that its power of
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assuming the solid form is derived from some other material
in the blood or other coagulable fluid. Of all the sub-
stances with which he experimented, washed clot of blood
possessed the power of inducing coagulation in the most
marked degree. Prepared as he directed, by stirring -a
mixture of one part of liquid blood with ten parts of water
and then straining it after it has stood a few hours, this
washed clot contains very little real fibrine, but con-
sists mainly of the insoluble part of the red and white
corpuscles of the blood, to which, therefore, he ascribed
the chief influence in causing the fibrine to coagulate.
Ordinary coagulation he believed to result from the reaction
of the blood-corpuscles upon the fibrine dissolved in the
blood, or in any other coagulable fluid, such as that of
hydrocele, to which blood-corpuscles were added. Schmidt’s
conclusions, arrived at independently of Buchanan’s views,
strongly support them. After considering the influence of
the various circumstances capable of accelerating and
retarding coagulation of the blood, and not finding in
them a sufficient explanation of the coagulating process,
it occurred to him that there might be in the blood and
other coagulable fluids some material in addition to fibrine,
which imparted to this substance its power of coagulating.
The existence of cells in all such coagulating fluids, and
the fact that lymph and chyle do not coagulate until they
have traversed the lymphatic glands and become supplied
with cells, suggested the idea that the cells were the real
agents in enabling the fibrine to coagulate. In support of
this view he found, that when lymph-cells were added to
fluid obtained from lymphatic vessels previous to their
transit through absorbent glands, and previous, therefore,
to the formation of cells, coagulation was readily induced ;
also, that the addition of blood-cells to chyle from the
thoracic duct, caused this fluid to coagulate much more
rapidly and completely than when left to itself. As a
general result of his lengthy investigations, he states his
E
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belief, that coagulation is the result of the reaction of a
certain fibrino-plastic material, exosmosed from the blood-
corpuscles, upon another material—fibrino-genetie, as he
names it—existing in solution in the blood or other
fluid; the reaction of these two substances upon each
other produces the coagulating substance, fibrine, which
then solidifies. The fibrino-plastic substance corresponds,
he says, to the globulin of Berzelius, and may be readily
obtaimed from the blood, also from the corpuscles of
lymph, chyle, or pus, and from the cells of various tissues,
and be made available for inducing coagulation in various
coagulable fluids. Blood-crystals consist essentially of this
substance combined with colouring matter of the blood, and
are equally effective in inducing coagulation in serous fluids.
According to the views then of Buchanan and Schmidt, as
well as of some others, there would appear to be reason for
concluding that fibrine is not, as generally believed, a simple
self-coagulable principle, held in solution in the liquor
sanguinis, but that it may be a compound of two materials,
both, probably, formed from the blood-corpuscles or
other cells, but neither alone possessing the property of
coagulating. The investigations thus renewed, together
with the observations of Mr. Alfred H. Smee relative to
the production of fibrine from albumen already referred to
(p.15), will probably lead, ere long, to important results,
although, as yet, they have not solved the real question as to
the cause of the coagulation of the blood and other fibrinous
fluids.

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 deaths by lightning,
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
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animals killed by lightning or an electric shock; and M.
Gulliver (lxxi. vol. xli. p. 1087) has published instances in
which he found clots in the hearts of hares and stags
hunted to death, and cocks killed in fighting.

The Blood- Corpuscles or Blood - Cells.

It has been already said, that the clot of blood contains,
with the fibrine and the portion of the serum that is soaked
in it, the blood-corpuscles, or blood-cells. Of these there are two
principal forms, the red and the white corpuscles, of which
the latter, at least many of them, are in process of being
developed into the former. When coagulation 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.

The fuman red blood-corpuscles (pl. 1, fig. 1) are circular
flattened cells of different sizes, the majority varying in
diameter from gl to 4,55 of an inch, and about iy of an
inch in thickness.* Their borders are rounded; their
surfaces, in the most perfect and usual state, slightly con-
cave ; but they readily acquire flat or convex surfaces when,
the liquor sanguinis being diluted, they are swollen by
absorbing more fluid into their cavity. They are com-
posed of a delicate, and probably colourless, membranous
cell-wall, which encloses a peculiar substance impregnated
with the red colouring matter, or heematine. Their cell-
walls are tough and elastic, so that, as they circulate, they
admit of elongation, and various changes of form, in
adaptation to the vessels, yet recover their natural shape

— —

* Mr. Gulliver has given, in his Edition of Hewson's works, p. 237,
a table of the sizes of the red corpuscles in numerous species of verte-
brate animals. See also his recent lectures in the Medical Times and
Gazette, 1862—3,
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as soon as they escape from compression. They have no

nuelei, and their contents are probably homogeneous; at

least they appear so, when their surfaces are flat or
slightly convex; it is only when they are concave that the
unequal refraction of transmitted light gives the appear-
ance of a central spot, which is brighter or darker than the
border, according as it is viewed in or out of focus.*

- In examining a number of red corpuscles with the
microscope, it is easy to observe certain natural diversities
among them, though they be all taken from the same part.
The great majority, indeed, are very uniform; but some
are larger than these, and the larger ones generally appear
paler and less exactly circular than the rest ; their surfaces
also are, usually, flat or slightly 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. These differences are connected with the
development of the blood-corpuscles, and will be explained
in the account of that process. 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

* Although the view above stated with regard to the structure of the
red corpuscles, is the one generally entertained by physiologists, yet it
should be observed, that Dr. Dalton in America (cexlii. p. 181.). Pro-
fessor Beale in this country (cexxiii. vol. ii, p. 236), and Dr. Rollet in
‘Germany, (lix. 1863, p. 212) with some others, are of opinion that the
corpuscles have no distinet cell wall, but are homogeneous in structure
throughout, Professor Beale believes that each corpusele has different
densities at different parts, being firm exteroally, but gradually becoming
softer so as to approach toa state of fluidity towards the centre. On the
other hand, however, Dr. W, Roberts has recently offered reasons for
believing that the blood-cells have a double envelope, the outer covering
enclosing an interior vesicle, within which are the coloured contents.
(exxiii. No. 55, 1863).
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appearance. The larger cells are much less liable to this
change than the smaller ones are, and the natural shape
may be restored by diluting the fluid in which the cor-
puscles float; by such dilution the corpuscles, as already
said, may be made to swell up, by absorbing the fluid ; and,
if much water be added, they will become spherical and
pellucid, their colouring matter being dissolved, and, as it
were, washed out of them. Some of them may thus be
burst ; the others are made obscure ; but many of these latter
may be brought into view again by evaporating, or adding
saline matter to, the fluid, so as to restore it to its previous
density. The changes thus produced by water are more
quickly effected by weak acetic acid, which immediately
makes the corpuscles pellucid, but dissolves few or none of
them, for the addition of an alkali so as to neutralize the
acid will restore their form, though not their colour.

A peculiar condition of the red corpuscles in inflamma-
tory blood—a condition which appears to exist naturally in
the blood of horses—appears to be the principal cause of
the formation of the buffy coat. It Fig. 1.%
gives them a great tendency to ad-
here together in rolls or columns,
like piles of coing, and then, very
quickly, these rolls fasten together
by their ends, and cluster ; so that,
when the blood is spread out thinly
on a glass, they form a kind of ir-
regular network, with crowds of
corpuscles at the several poirts cor-
responding with the knots of the net (Fig. 1). Hence, the

* (Fig. 1). Red corpuscles collected into rolls, (after Henle); the
appearance is also well represented by Mr. Wharton Jones (xciv. vol. Ix.
p. 311), the first who very accurately described it. Seealso, for some inte-
resting facts connected with it, Gulliver in his Edition of Hewson's Work,
and in his recent Lectures in the Medical Times and Gazette, 1862-3.
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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 clustered and
collected in rolls (that is, generally in two or three minutes
after the blood is drawn), they begin to sink very quickly ;
for in the aggregate they present less surface to the resist-
ance of the 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
bufty coat, the volume of which is augmented by the white
corpuscles, which have no tendency to adhere to the red
ones, and by their lightness float up clear of them.

The white corpuseles are much less numerous than thered
ones. On an average, in health, there may be one white
to fifty red corpuscles; but, in disease, the proportion is
often as high as one to ten, and sometimes even much
higher (clxxxix. Jan. 1851, p. 17, and lxxi. 1851, p. 147).
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 circular and nearly spherical, about ;2= of an inch in
diameter, tuberculated on their surfaces (fig. 2. o). They
have a greyish, pearly look, appearing variously shaded or
nebulous, the shading being much darker in some than in

Fig. 2>
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A

others. They seem to be formed of some white substance,

* Fig. 2. White corpuscles of the blood, highly magnified. A. A
corpuscle in its natural condition. B and c. Different appearances
produced by the action of dilute acetic acid.
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variously refracting the light, and containing granules
which are in some specimens few and very distinet, in
others (though rarely) so numerous that the whole corpuscle
looks like a mass of granules.

In a few instances, a distinet cell-membrane can be at
once traced round a corpuscle thus composed; buf, much
more commonly, none can be demonstrated, till water or
dilute acetic acid being added penetrates the corpuscle,
and lifts up and distends a cell-wall, to the interior of
which the material, that before appeared to form the whole
corpuscle, remains attached as the nucleus of the cell. Thus
these corpuscles are demonstrated to be nucleated cells, the
nuclei of which are soft, granular, or tuberculated masses,
and fill the cavities of the cells. The diversities presented
by the nuclei which, by the action of water, are sometimes
scarcely changed, sometimes broken into two or three
pieces (fig. 2, ¢), and sometimes completely disintegrated
and diffused through the cell, appear to be connected with
the development of the corpuscles, and will be again
referred to. So will the relation between the white and the
red corpuscles.

Besides the red and white corpuscles, the microscope
reveals numerous minute molecules or granules in the blood,
eircular or spherical, and varying in size from the most
minute visible speck to the ;%4 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, being soluble in
acetic acid. Generally, also, there may be detected in the
blood, especially during the height of digestion, very minute
equal-sized fatty particles, similar to those of which the
molecular base of chyle is constituted (Gulliver).

The Serum.

The serum is the liguid part of the blood remaining after
the coagulation of the fibrine. In the usual mode of
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coagulation, part of the serum remains soaked in the clot,
and the rest, squeezed from the clot by its contraction, lies
around and over 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 con-
tracts. This is affected by many circumstances : generally,
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. Hence,
the sernm always appears deficient in blood drawn slowly
into a shallow vessel, abundant in inflammatory blood
drawn into a tall vessel. 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, slimy or viscid, yellowish fluid,
often presenting a slight greenish, or greyish hue, and with
a specific gravity of from 1025 to 1030. It is composed of
a mixture of various substances dissolved in about nine
times their weight of water. It contains, indeed, the greater
part of all the substances enumerated as existing in the
blood, with the exceptions of the fibrine and the red cor-
puscles. Its principal constituent is albumen, of which it
contains about 8 per cent.,, and the coagulation of which,
when heated, converts nearly the whole of the serum into a
golid mass. The liquid which remains uncoagulated, and
which is often enclosed in little cavities in the coagulated
serum, is called serosity : it contains, dissolved in water,
fatty, extractive, and saline matters.

Chemical Composition of the Blood.

Among the many analyses of the blood that have been
published, some, in which all the constituents are enume-

rated, are inaccurate in their statements of the proportions,

T i
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of those constituents; others, admirably accurate in some
particulars, are incomplete. The two following tables, con-
structed chiefly from the analyses of Denis, Lecanu, Simon,
Nasse, Lehmann, Becquerel, Rodier, and Gavarret, are
designed to combine, as far as possible, the advantage of
accuracy in numbers with the convenience of presenting at
one view a list of all the constituents of the blood.

Average proportions of the prineipal constituents of the
blood in 1000 parts :—

Water - . : - : . ; - « 184
Red corpuscles (solid residue) . . . . -, 13l
Albumen of serum . , : = . A o T
Saline matters . . s . . . . 5 603
Extractive, fatty, and other matters . 2 2 S 677
Fibrine < - - : : z ¢ ! d 2:2
1000~

Average proportions of all the constituents of the blood
in 1000 parts :—

W“I’Er = s r & & B ® B ® :"E“li

Albumen . : : : . 2 : 3 « 70
Fibrine . . : : - : : ~ . S
Red Corpuseles . ST : 5 Sl e b i
Fatty Matters: Cholestearine . 2 g . 008
Cerebrine . . : . 04
Seroline . - . . . 002 13

Oleie and margaric acids
Volatile and odorous fatty acid
Fat containing phosphorus

Inorganic Salts: Chloride of sodiom. ., ., . 36
Chloride of potassium : i 036
Tribasic phosphate of soda . : 02
Carbonate of soda . i 084
Sulphate of soda . 3 - - 0-28
Phosphates of lime and magnesin . 025
Oxyde and phosphate of iron . . 05

Extractive matters, biliary colouring matter, gases,
and accidental substances

. p 547

1000
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Elementary composition of the dried blood of the ox:—

Carbon . 7 : : ] : ! 57'9 per cent.
Hydrogen . - . 2 2 : . 7'1
Nitrogen . . 2 3 g v . 174
Oxygen . . : 2 : i : 19-2

.t‘i E.I"-"'-E' & & s & W Ll s ® 4-4

These results of the ultimate analysis of ox’s blood afford
a remarkable illustration of its general purpose, as supply-
ing the materials for the renovation of all the tissues. For
the analysts (Playfair and Boeckmann) have found
that the flesh of the ox yields the same elements in o
nearly the same proportions, that the elementary composi-
tion of the organic constituents of the blood and flesh may
be considered identical, and may be represented for both
h}' the fﬂ["l.'l'lul& 045 H:}g Nﬁ 015.

After what has been said of many of the constituents of
the blood, in the chapter on the Cmemioar CoarrosiTioN oF
THE Bopy, a few words on each of the principal of them
may here suffice.

The water of the blood is subject to hourly variations in its
quantity, according to the period since the taking of food,
the amount of bodily exercise, the state of the atmosphere,
and all the other events that may affect either 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
and other solid matter, excite thirst; while, on the other
hand, the addition of an excess of water to the blood is
quickly followed by its more copious excretion in sweat and
urine. And these means for adjusting the proportion of
the water find their purpose in maintaining certain impor-
tant physical conditions in the blood; such as its proper
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viscidity, and the degree of its adhesion to the vessels
through 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 general solvent of all the other
materials of the liquor sanguinis, and its abundance greatly
favours chemical action : for generally, and within limits
of health, the amount of action in the several parts of the
body is in direct proportion to the quantity of water they
severally contain. Compare, e.g., in these respects, the
bones or tendons with the muscles ; or any tissue with the
blood ; or any of the tissues of young animals with the
same in old ones: in all such cases, abundant water ap-
pears connected with activity of life.

It is remarkable, that the proportion of water in the
blood may be sometimes increased even during its abstrac-
tion from an artery or vein. Thus Dr. Zimmerman
(ix. vol.iv. p.385), in bleeding dogs, found the last drawn
portion of blood contain 12 or 13 parts more of water
m 1000 than the blood first drawn; and Polli (xeci.)
noticed a corresponding diminution in the specific gravity
of the human blood during venesection, and suggested
the only probable explanation 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 60
to 70 parts in the 1000 of blood. The form in which it
exists in the blood is not yet certain. It may be that of
simple solution as pure albumen : but it is, more probably,
in combination with soda, as an albuminate of soda; for,
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if serum be much diluted with water, and then neutralized
with acetic acid, pure albumen is deposited. Another view,
entertained by Enderlin, (x. March and April, 1844), is
that the albumen is dissolved in the solution of the tribasic
phosphate of soda, to which he considers the alkaline reac-
tion of the blood to be due, and solutions of which can
dissolve large quantities of albumen and phosphate of
lime.

The proportion of fibrine in healthy blood may vary be-
tween 2 and 3 parts in 1000. In some diseases, such as
typhus, and others of low type, it may be as little as 1034 ;
in other diseases, it is said, it may be increased to as much
as 7-528 parts in 1000. But, in estimating the quantity of
fibrine, chemists have not taken account of the white cor-
puscles of the blood. These cannot, by any mode of ana-
lysis yet invented, be separated from the fibrine of mamma-
lian blood : their composition is unknown, but their weight
is always included in the estimate of the fibrine. In health,
they may, perhaps, add too liftle to its weight to merit
consideration : but in many diseases, especially in inflam-
matory and other blood diseases in which the fibrine is said
to be increased, these corpuscles become so numerous
that a large proportion of the supposed increase of the
fibrine must be due to their being weighed with it. On
this account all the statements respecting the increase of
fibrine in certain diseases need revision. The quantity of
fibrine appears to be, generally rather greater in arterial
than in venous blood ; and to be less in the blood of the
splenic and portal veins than in ordinary venous blood.
According to Denis, the fibrine of venous blood differs from
that of 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 potash.

The red-corpuscles consist, as already observed, of a
membranous cellwall enclosing certain contents. The eell-
membrane appears to consist of a proteine material, which
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is said to contain no sulphur. Its complete separation from
the contents of the cells being so difficult, however, its
chemical composition has not been exactly determined.
The soft matter forming the contents of the corpuscles was
formerly supposed to be a compound of two materials,
namely, a proteine body called globuline, and a soluble red
colouring matter, named hematine or hematosine. Recent
observations, however, while they still prove that the con-
tents of the blood-cells consist of a peculiar animal sub-
stance combined with the red colouring matter, yet show that
this substance differs from the material named globuline,
which is obtained from the crystalline lens of the eye, and
with which it was formerly believed to be identical. = The
difference consists in certain chemical peculiarities, but es-
pecially in the fact that globuline cannot be obtained in a
crystalline form, while the animal substance combined
with colouring matter in the red corpuscles readily admits of
erystallization, as will be presently shown. Hence, the sub-
stance forming the cell-contents, instead of being called
Haemato-globuline or eruor, as formerly, is now named
Hemato-crystalline, The heematine or colouring matter is
much smaller in amount than the animal substance
combined with it, the latter constituting about 123-5, the
former only 7-5 of the 131 parts of solid matter which the
red corpuseles yield in 1000 parts of blood.

ITematosine or Hematine, is distinguished from all other
animal matter by its peculiar blood-colour, and by the
changes which this colour presents when, being incorpo-
rated in the blood-corpuscles, it is exposed to oxygen,
carbonic acid, and other gases. Itis soluble in water, by
which, as already said, it may, with the other animal
matter with which it 18 combined, be washed out of the
blood-corpuscles :  and from this solution it is preci-
pitated by most metallic salts, and by concentrated acids.
In the living, or recent, state of the blood-corpuscles the
hmmatine is confined within their cell-walls and appears to
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be insoluble in the serum; but when the blood begins to
decompose, and the cell-walls, losing their texture, permit
the outward passage of their contents, both the hematine
and the matter with which it is combined, are dissolved in
the serum, which thus becomes blood-coloured, and may
impart its tinge to the surrounding parts. In the purest
state in which it can be obtained, it is so far changed as to
be insoluble in water, of a deep blackish brown colour,
and not liable to change of colour on exposure to gases.
Boiling aleohol will dissolve small quantities of it, and itis
freely soluble in aleohol acidulated with sulphurie, hydro-
chloric, or nitric acid, and in weak solutions of potash,
soda, or ammonia. According to Mulder, pure hsematine
consists of carbon, 65-84 per cent.; hydrogen, 537 ; nitro-
gen, 10-4; oxygen, 11'75; iron, 6:64. The presence of so
large a proportion of iron constitutes a peculiar feature in
hematine. The mode in which the metal exists in it has
been much discussed. By some it is supposed to be in the
form of an oxyde, or a salt, or in the form of peroxyde
in arterial blood, and carbonate of the protoxyde of iron in
venous blood (Liebig, xi.) But the greater probability is,
that the iron is combined as an element with the four
essential elements, carbon, hydrogen, nitrogen, and oxygen,
in the same manner as, it is believed, sulphur is combined
with. them in albumen, fibrine, cystic oxyde, ete. The prin-
cipal evidence for this view, which is especially supported
by Scherer and Mulder, is, 1, that when chlorine, which
would not decompose an oxyde of iron, is passed througha
solution of hsmatine, chloride of iron is formed, and the
iron, thus removed from the other elements of the hsematine,
is replaced by chlorous acid ; 2, that all the iron may be
removed from hsematine by sulphuric aecid, without ab-
stracting from it any of its oxygen, which would not be
possible if the iron were more intimately united with the
oxygen than with the other elements of the hematine; 3,
that pure heematine may be exposed for several days to the
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action of dilute hydrochloric or sulphuric acid, without any
loss of its iron; though these acids would dissolve an
oxyde of iron or decompose a carbonate.

The peculiar colour of hsmatine depends less on the
iron than on its other comstituents, for, as Scherer and
Mulder have shewn, hematine may retain its colour after
all the iron is extracted from it. Therefore the changes
of colour produced by respiration, and the contact of gases
with the blood, cannot be referred to any change in the state
of the iron in the hmmatine. It is, indeed, very doubtful
whether the rapid change of colour which is effected in re-
spiration and on the contact of various gases, can be referred
to any chemical changes whatever in the hematine ; much
more probably, it is due to changes in the form of the blood-
corpuscles and their consequently different modes of reflect-
ing and transmitting light. For, 1, the changes of colour
produced by carbonic acid and oxygen mixed with a
solution of the colouring matter of the blood are very slight;
they are generally scarcely perceptible, and when they are
seen they are slowly produced, or are not more than may
be explained by the action of the gases on some corpuscles
still suspended in the solution; 2, the same changes of
colour as are produced by carbonic acid and oxygen acting
on the corpuscles, may be produced by distilled water, and
strong solutions of alkaline salts. A black clot of blood
becomes at once scarlet by washing it with salt, and is not
blackened again by carbonic acid; a scarlet one is made
black by washing it with distilled water, and is only very
slowly reddened again by the contact of oxygen. Now
the changes thus produced by salt and by water acting on
the corpuscles, are not produced by the addition of the
same substances to a solution of hematine, and are not
connected with any chemical change in that substance or
in the corpuscles; but they are conmected with altera-
tions in the shape of the red corpuscles ; for saline solutions,
if denser than the liquor sanguinis, contract and shrivel up
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the corpuscles, making them deeply bi-concave; and di-
stilled water has the contrary effect, swelling out the cor-
puscles, and making them thickly bi-convex or spherical.
Changes corresponding with these are produced by the
contact of oxygen and of carbonie acid with the corpuscles:
the former contracting them, and making their cell-mem-
brames thick and granular; the latter dilating them, and
thinning, and finally dissolving their cell-walls ; and effect-
ing these changes in a degree which, however slight it may
appear in a single corpusele, is enough to account for the
change of colour in a mass of blood. Herein, then, is a
sufficient explanation of the changes that the corpuscles
undergo, without supposing any immediate chemical alter-
ation in the h@mmatine; an alteration which should take
place as well in a solution of hmematine as in the cor-
puscles.

The opinion, that the instantaneous change of colour
which takes place in blood exposed to the action of oxygen
or carbonic acid is due to a physical rather than a chemical

alteration in the corpuscles, is quite consistent with the

probability that the corpuscles are chemically changed by
the longer action of those gases dissolved in the blood. It
appears that entire blood will absorb much more oxygen
than either serum or liquor sanguinis alone will; as if it
were chiefly with the corpuscles that the absorbed oxygen
combines. If this be true, we may conclude, from the
whole, that the oxygen, by first contracting the corpuscles
and thickening their walls, makes them so reflect light, as
to appear, in mass, bright-red, and then chemically combines
with them; and that carbonic acid, by dilating them and
thinning their walls, makes them reflect less light, and
appear, in mass, nearly black; but we have no means of
determining how large a portion of the oxygen inspired
combines with the corpuscles, nor whether that portion
combines with the heematine alone or the other constituents
of the corpuscles.

e T
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. The enumeration of the fatty matters of the blood makes
it probable that most of those which are found in the
tissues or secretions exist also ready-formed in the blood;
for it contains the cholestearine of the bile, the cerebrine
and phosphorized fat of the brain, and the margaric and
oleic acids of common fat. The fat named seroline appears
to be peculiar to the blood. The volatile fatty acid is that
on which the odour of the blood mainly depends ; and it is
supposed, that when the sulphuric acid is added (see p.39),
it evolves the odour by combining with the base with
which, naturally, this fat is neutralised. According to
Lehmann, much of the fatty matter of the blood is accumu-
lated in the red corpuscles (cexxxix. p.216).

These fatty matters are subject to much variation in
quantity, being commonly increased after every meal in
which faf, or starch, or saccharine substances have 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.

As regards the inorganie constituents of the blood,—thesub-
stances which remain as ashes after its complete burning—
one may observe in general their small quantityin proportion
tothe quantity of animal matter contained in it. Those among
them of peculiar interest are the phosphate and carbonate of
soda, and the phosphate of lime. Itappears most probable,
that the blood owes its alkaline reaction to both these salts
of soda. The existence of the tribasic phosphate, a salt
consisting of one equivalent of phosphorie acid with two of
soda and one of basic water (PO, + 2N, O 4+ HO) was
proved by Enderlin (x. 1844): the presence of carbonate of
soda has been proved by Lehmann and others.

In illustration of the characters which the blood may
derive from the phosphate of soda, Liebig points out the
large capacity which solutions of that salt have of absorb-
ing carbonic acid gas, and then very readily giving it off

-
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again when agitated in atmospheric air, and when the
atmospheric pressure is diminished. It is probably, also,
by means of this salt, that the phosphate of lime is held in
solution in the blood in a form in which it is not soluble in
water, or in a solution of albumen.* Of the remaining
inorganic constituents of the blood,—the oxyde and phos-
phate of iron referred to, exist in the liquor sanguinis,
independent of the iron in the corpuscles.

Schmidt’s investigations have shown that the inorganic
constituents of the blood-cells somewhat differ from those
contained in the serum ; the former possessing a conside-
rable preponderance of phosphates and of the salts of
potash, while the chlorides, especially of sodium, with phos-
phate of soda, are particularly abundant in the latter
(cexxxix. p.217).

Among the extractive matters of the blood, the most note-
worthy ave Kreatine and Ireafinine, Besides these, other
organic principles have been found either constantly or
generally in the blood, including caseine, especially in
women during lactation: glucese, or grape-sugar, found in
the blood of the hepatic vein, but disappearing during
its tramsit through the lungs (Bernard); wreq, and in
very minute quantities, wrie acid (Garrod): Aippurie and
lactic acids: ammonia (Richardson): and lastly certain
colouring and odoriferous matters, The various cases found
in the blood, will be spoken of in the Chapter on Respira-
TION.

When blood has been at rest for some time, either within
or without the body, and especially if diluted with water,

* The student will do well to refer to the interesting observations of
Liebig in his Chemistry of Food, respecting the mode in which the
phosphate of soda is formed for the blood of herbivorous animals who
take, in their food, phosphate of potash and chloride of sodium : and
respecting the mutual action of the alkuline phosphate in the blood and
the acid phosphate in the juice of the muscles.
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erystals of various kinds not unfrequently form in it. They
are very common in the coagula within aneurismal sacs, in
apoplectic clots, and in other masses of extravasated blood.
Such erystals may also often be formed artificially, by ex-
posing a drop of recently drawn blood, diluted with water,
to the air for a few minutes, and then breathing upon it.
The carbonic acid of the breath seems to be influential in
their production. Indeed, Lehmann is of opinion that both
carbonic acid and oxygen are essential to their formation,
and that they act by inducing a chemical change in the
contents of the blood-cells (ccxxi. p.136.) In some cases,
however, the blood crystallizes at once, on simple exposure
to the air: in others, more complex processes have to be
resorted to for the production of crystals, such as rapid
freezing and then thawing, electricity, and exhaustion in
the air-pump (Rollet, lix. 1863, p.212.) Whether formed
naturally or artificially, the blood crystals (figs. 3, 4, and 5)

Fig. 3. have nearly always
a more or less red
colour, vary much in
size and shape, not
only in the blood of
\ different animals, but
Ml in the same blood at
4 different stages of its
e, decomposition, and
7 also present diversi-
ties in chemical com-
position, some being
soluble  in one
re-agent, some In
another. The quhﬁtfmm of which they are composed has
been Psprmmlly studied by Lehmann; it appears to be of
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* Figs. 8, 4, and 5 illustrate some of the principal forms of blood-
crystals:—
Fig. 8, Prismatic, from human blood.
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an albuminous nature, and probably results from a retro-
grade transformation of the component parts of the red
corpuscles, mnamely, Fig. 4*
the hamato-crystalline.
For the best ac-
count of this inte-
resting subject, which
is still involved in
much obscurity, the
student is referred to
Lehmann (ceiii. vol.
iii. pp. 485 — 495, =
cexxi. p.133); to a ;‘:Mwﬁﬁ
good review of it by
Dr. Sieveking (cxe.
vol. xii., p. 348); to
Dr. Day’s Report on
Animal  Chemistry
(exe. vol. xv., p. 547.);
and to the various
reports in Canstatt’s
Jahresbericht, and
Henle and Pfeufer’s
Zevtsehrift, to 1863.

Fital Properties and
Aetions of the Blood.}

The life of the
blood is chiefly mani-
fested in its develop-

* Fig. 4, Tetrahedral, from blood of the guinea-pig.

+ Fig. 5, Hexagonal erystals, from blood of squirrel. On these six
sided plates, prismatic crystals, grouped in a stellate manner, not
unfrequently occur (after Funke, cciv.).

I The following portion of this chapter contains an abstract of part of
the Lectures on the Life of the Blood, delivered by Mr. Paget, at the
College of Surgeons, in May, 1848,
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ment and self-maintenance, in its liability to idiopathic
disease and death, and in the purpose and relation which
connect it with the other living parts.

In the development of the blood, little more can be traced
than the processes by which the corpuscles and fibrine are
formed. In all the Vertebrata, two sets of red corpuscles
are developed at different periods of life: a first set, which
exist alone in the blood, till lymph and chyle begin to be
formed ; and a second set, which are formed from the
lymph- and chyle-corpuscles, and gradually supersede the
first set. The corpuscles of the first set are, in the first
instance, part of the embryo-cells which form the mucous
or vegetative layer of the embryoes in Mammalia and
birds, and the whole inner surface of the vitelline mem-
brane, in the embryoes of fish and reptiles. In the latter
class, certain of these cells are laid out in the plan of the
future heart and chief blood-vessels, before the walls of
those organs are yet formed, and before the blood has
begun to move. As described by Vogt (cv.), Kolliker
(xxxi. 1846), and Cramer (Ixxx. 1848, p. 631), they are
large colourless vesicular spherical cells full of yellowish
particles of a substance like fatty matter (fig. 6, o) ; many

of which particles are quadrangular and flattened, and have

* Fig. 6. Development of the first set of blood-corpuseles in the
Datrachian larva. A. Anembryo-cell filled with fatty-looking particles.
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been called stearine-plates, though they are not proved to
consist of that or any other unmixed fatty substance.
Among these particles each cell has a central nucleus,
which, however, is at first much obscured by them. The
development of these embryo-cells into the complete form
of the corpuscles is effected by the gradual clearing up, as
if by division and liquefaction, of the contained particles,
the acquirement of blood-colour, and of the elliptical form,
the flattening of the cell, and the more prominent appear-
ance of the nucleus. The changes are so slowly accom-
plished in the tadpole of the frog, and in other batrachian
embryoes, that they may easily be traced in the blood
while it flows in their transparent parts; a similar process
appears to occur in the development of the blood-corpuscles
of fish (Vogt, civ.), and there is little doubt that a similar
one obtajns in birds, though, since it is completed in the
first forty hours of incubation, it is very difficult to trace it
in all its successive stages. We have, however, seen in
the heart of the chick, after from thirty to forty hours’ in-
cubation, some colourless spherical cells, with fatty-looking
particles and granules, exactly similar to those of the mu-
cous layer of the germinal area of the ovum. With these
were others, which appeared to be of the same origin, but
to have undergone changes similar to those above-
described : a clearing up of the fatty particles, acquire-
ment of colour, reduction of size, and more distinct
appearance of the nucleus. The assumption of the
flattened elliptical form occurs in birds at a later period.
In mammalian embryoes, also, the earliest blood-
corpuscles appear to be a portion of the cells of the vege-
tative or mucous layer of the germinal area. They are
large, spherical or oval, pellucid and colourless, nucleated,
and full of minute granules, (fig. 7, o). In these we have

B, C, D, and E. Successive stages in the transition of the embryo-cell to
a blood-corpuscle, as described in the text. ¥. A fully-formed blood-
corpuscle,
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observed (as Killiker, xxxiii. 1846, Fahrner, cvi.,, and
others have done), a process of multiplication by bi-
partition of the nucleus, each half of which, either by
appropriating half the cell, or by developing a cell around
itself, becomes the central nucleus of a new cell differing
from the parent-cell from which it escapes, in little except
in being smaller and more generally circular (B, ¢, and D).
The subsequent changes of these cells resemble those
already described ; they gradually acquire the blood-colour,
their granules disappear, and their surfaces become
smoother and more uniform (E and r).

It seems, moreover, that in the mammalian corpuscles,
these changes may emsue as well during, as after, the

E

multiplication by partition of the nucleus: for red cor-
puscles are not unfrequent in mammalian embryoes con-

taining two nuclei, and we have seen some with three, and
even four, nuclei.

* Fig. 7. Development of the first set of blood-corpuscles in the mam-
malian embryo. A. A dotted, nucleated embryo-cell in process of con-
version into a blood-corpuscle: the nucleus provided with a nucleolus.
B. A similar cell with a dividing nucleus; at ¢, the division of the nucleus
is complete; at v, the cell also is dividing. ®. A blood-corpuscle almost
complete, but still containing a few granules. r. Perfect blood-corpusele.




——

e o

72 THE BLOOQD:

The development of the first set of blood-corpuscles
appears, thus, to be uniform in all the classes of Vertebrata ;
namely, in all, from the embryo-cells of the vitelline mem-
brane or germinal area, into nucleated red blood-cells;
the prineipal visible changes being the disappearance of
granules or fatty-looking substance, the greater prominence
of the nucleus, and the acquirement of colour. And, in
their most perfect state, the corpuscles of the first set are,
in all the vertebrate classes, nucleated cells. Those of the
human embryo are circular, thickly disk-shaped, full-
coloured, and, on an average, about zxth of an inch in
diameter : their nuclei which are about ggzth of an inch in
diameter, are central, circular, very little prominent on the
surfaces of the cell, and apparently slightly granular or
tuberculated. In a few instances, cells are found with two
nuclei; and such cells are usually large and elliptical, with
one of the nuclei near each end of their long axis.

‘When, in the development of the embryo, the lymph
and chyle begin to be formed and added to the blood, their
corpuscles are developed so as to supersede those produced
in the manner just described. In some species (as in the
frog) the first appearance of lymph- and chyle-corpuscles in
the blood exactly corresponds with the time at which the
external branchise disappear; in others, as in the chick,
rabbit, ferret, and sheep, their appearance coincides with
the closure of the branchial fissures.* After they have
once appeared, the mew blood-corpuscles appear to be
derived exclusively through them, Forsome time, indeed,
the two sets of corpuscles appear mingled in the blood.
In this case, in Mammalia, the white corpuscle of the first

* These instances prove a frequent coincidence in the development of
the blood by the production of a new set of corpuscles through lymph and
chyle, and of the respiratory apparatus by the suppression of the external
branchial organs. But, in the Triton punetatus, we have found lymph-
corpuscles in the blood while its long-retained external branchise still
exist.

T .
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set (if any remain in this stage) are distinguished from
those of the second set, by their larger size, distinct cell-
walls, small well-defined central nuclei, and their pellucid
contents with very minute scattered dots or granules; and
the red corpuscles of the first set are always characterised
by their larger size and their nuclei, which, if not at once
distinet, are rendered so by the addition of water. DBut,
gradually, while the corpuscles of the second set are in-
creasing, those of the first disappear, and we believe they
would not be found in a human embryo of more than two
months old, unless in cases of arrested development; in
such an one, where the abdominal walls were incomplete,
we found the two sets of corpuscles mixed in the blood of
a foetus between three and four months old.

The origin and first formation of the lymph and chyle
and of their corpuscles will be desecribed in the chapter on
ApsorpTION ; the structure of the corpuscles (which are the
white or colourless corpuscles of most writers, the granule-
cells of Mr. Wharton Jones) is described already (p. 54). In
the different vertebrate classes, there is much greater simi-
larity in these corpuscles than in the red blood-corpuscles
of the second set. Except for some difference of size, the
same general description might apply to all; and some
features in the development are alike in all, namely, the
gradual clearing up, as if by deliquescence, of their granu-
lar contents, and a commensurate acquirement of colour.
But, while in the corpuscles of the oviparous Vertebrata the
outer part alone of their granular contents thus clears up,
and the central part remains as the small nucleus of the
complete blood-cell, in man, and all Mammalia, the whole
of the contents clear up, acquire a uniform colour, and
become the homogeneous contents of a cell without a
nucleus.

The principal steps in the development of the human
Iymph- or chyle-corpuscle into the red-corpuscle, may be
traced in specimens of blood in which these white corpuscles
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are numerous. The white corpuscle, at first tuberculated,
containing many granules, and darkly-shaded (fig. 8, 4),
becomes smoother, paler, less granular, and more dimly
shaded or nebulous (fig. 8, 8): changes corresponding with
those which Mr. Wharton Jones describes as from the
coarsely to the finely granular stage of the granule-cell (x1iii.
1846.) In these stages, the cell-wall may be easily raised
from its contents by the contact and penetration of acetic
acid, or by the longer action of water (fig.8 ¢); and,
according to the stage of development, so, as already stated,
are the various appearances which the contents of the cell
thus acted on present. In the regular progress of develop-
ment, it becomes at length impossible to raise the cell-wall
from its contents. Then the corpuscles acquire a pale tinge
of blood-colour ; and this always coincides with the softening
of the shadows which before made them look nebulous, and
with the final vanishing of all the granules, with the excep-
tion sometimes of one which remains some time longer like
a shining particle in the corpuscle, and has probably been

Fig. 8.*

A

1x

* Fig. 8. Development of haman lymph- and chyle-corpuscles into
blood-corpuscles. A. A lymph- or white blood-corpusele. 1. The same
in process of conversion into a red-corpuscle. c¢. A lymph-corpuscle
with the cell-wall raised up round it by the action of water. ». A
lymph-corpusele from which the granules have almost all disappeared.
B. A lymph-corpuscle acquiring colour; a single granule, like a nucleus,
remains. F. A red-corpuscle fully developed.
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often mistaken for a nucleus (fig. 8, £). The blood-colour
now deepens; and at the same rate the corpuscles become
smooth and uniform; bi-concave, having previously gra-
dually changed the nearly spherical form for a lenticular
or flattened one; smaller, apparently by condensation of
their substance, for at the same time they become less
amenable to the influence of water; more liable to corru-
gation and to collect in clusters; and heavier, so that the
smallest and fullest-coloured corpuscles always lie deepest
in the field. Thus the most developed state of the mamma-
lian red corpuscle appears to be that in which it is full-
coloured, circular, bi-concave, small, uniform, and heavy :
this also is the state in which the corpuscles appear to live
the longer and more active portion of their lives.

This mode of development of new blood-corpuscles from
those of the lymph and chyle, continues throughout life.
New corpuscles never appear to be produced from the
germs of old ones; when a corpusele is past its perfection,
it degenerates, and probably liquefies. The changes of
such degeneration have not been clearly seen in mammalian
corpuscles ; but they are probably nearly similar to what
occur in those of fish and reptiles, in which the old and
degenerate corpuscles appear perfectly white and pellucid
(not shaded or granular, like the lymph-corpuscles), smaller
than they were, and, in some instances, cracked, or as if
eroded. The nuclei appear to degenerate with the cells;
but, because of their darker and harder outlines, remain
longer distinct, and often look like free nuclei, unless the dim
cell-wall round them be carefully searched for. But in this
process, no germ for a new corpuscle issues from the tran-
sient cell. Every new corpuscle forms itself in and from
the materials of the lymph and chyle, and is perfected in
the blood ; and the blood is maintained by constant repeti-
tions of this process. Herein, also, is provision for the
welfare of the body : for, if the blood corpuscles were, like
many cells, derived from germs formed in their predecessors,
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then every loss of blood would involve the loss, not only of
the corpuscles escaping at the time, but of all those that,
in after time, should have descended from the lost ones and
their germs. But new blood being made from lymph and
chyle, its losses to any amount can be repaired, pro-
vided the processes for the formation of those fluids are
not disturbed,

The development of fibrine appears to proceed commen-
surately with that of the second set of corpuscles. In the
earliest state of the chyle, no fibrine exists; but when
chyle-corpuscles are formed, the fluid in which they floatis
spontaneously coagulable ; and the fibrine, whose existence
is thus proved, appears to increase as the chyle proceeds
onwards to the blood, and passes through the lacteal glands.
Yet, in the most perfect chyle and lymph the fibrine is less
abundant, and coagulates less firmly than in the blood : we
may, therefore, assume that its development, like that of
the corpuscles, is perfected in the blood itself.

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 as the blood yields
its materials for the maintenance and repair of the several
solid tissues, and for secretions, so are new materials sup-
plied 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 and fibrine 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 immeasurably minute par-
ticulars by which the blood is adapted for the nutrition of

every 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 inser-
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tion of vaccine matter, the blood is for a short time mani-
festly 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 vaccina-
tion, is made like to 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.
So, in all probability, are maintained the morbid states of
the blood which exist in syphilis, and many other chronic
diseases : the blood, once inoculated, retaining, by the
exactness of its assimilation, the taint which it received,
though, after a time, it may not have in it one of the par-
ticles on which the taint first passed. 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 vaccination, 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.*

The assimilation of the blood is probably effected, essen-
tially and finally, by the formative power (see p. 31) which
the blood possesses in common with the solid tissues. But
it is ministered to and assisted by the actions of other parts ;
as, 1st, the digestive and absorbent systems, with probably
the liver, and most or all of the vascular glands, whose
especial office is to prepare materials, not only enough, but
exactly fit to form the new blood ; and, 2ndly, the excretory
organs, through which the blood separates from itself
materials which are refuse, such as the waste substance of

* Corresponding facts in relation to the maintenance of the tissues by
assimilation will be mentioned in the chapter on Nurniriox.
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the tissues, the urea, carbonic acid, etc., or are unfit to
form part of its essential constituents, such as some of the
materials talen for food and drink, and absorbed by the
blood-vessels of the digestive canal without being formed
into chyle. But, 3rdly, the precise constitution of the
blood is adjusted by the balance of the nufritive processes
for maintaining the several tissues, so that none of
the materials appropriate for the maintenance of any part
may remain in excess in the blood. HEach part, by taking
from the blood the materials it requires for its maintenance
is, as Treviranus observed, (lxviii. bd.i. p. 401) in the
relation of an excretory organ to all the rest. For example,
if the muscles did not take materials for their nutrition,
there might be an excess of fibrine and their other con-
stituents in the blood ; if the hones did not do so, the salts
of lime would be in excess, and so on.*

The formative power by which the blood maintains
itself is, perhaps, inherent in its whole substance. No
sufficient reason appears for considering that it belongs to
the corpuscles more than to any of the other highly organie
constituents of the blood ; neither is there any evidence
for determining the particular functions of the corpuscles;
only, it is probable that they help in the formation of
materials appropriate for the nutrition of the tissues by
acting like gland-cells, that is, by forming or elaborating
in their cavities materials which they may discharge when
perfect (see Secrerron). Both white and red corpuscles
may do this, but the red ones more perfectly than the
white; since, as a general rule, rudimentary parts have
the same function as the perfect parts into which they are
developed, but discharge that function with less power.

The purpose of the blood, thus developed and maintained,
appears, in the perfect state, to be threefold : namely, 1st,

to provide materials appropriate for the nutrition and

* See further on this subject ceix, p. 24 and succeeding Leetures,
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maintenance of all the parts of the body; 2nd, to convey
to the several parts oxygen, whether for the discharge of
their functions, or for combination with their refuse matters:
3rd, to bring from the same parts those refuse matters,
and convey them to where they may be discharged.
The first is the principal and essential purpose of the
blood ; the second and third are subordinate purposes,
Whmh the blood discharges, as it were, by the ‘ﬁu}', and
which will be considered in future chapters.

Of the first purpose little more is known, than that the
blood does provide the materials for the maintenance of
‘the body; and that they are not all in the blood in the
same chemical compounds as they form in the tissues.
Gelatine, for example, which forms so large a part of the
tissues, does not exist in healthy blood, and must there-
fore be formed from some of its albuminous or proteine com-
pounds while the tissues in which it is found are being
developed.

It may be observed that the changes which materials
taken from the blood and forming tissues undergo, though
always processes of development in regard to structure,
are sometimes degenerations in a chemical sense. The case
of the gelatinous tissues is an example of this; however
highly organized their structure, their chemical composition
18 lower than that of the blood, gelatine being, as Dr.
Prout has shewn (xxi. p. 455), the least remote from
inorganic matter of any of the nitrogenous animal com-
pounds. Thus the providing of materials for the gelatinous
tissues may be regarded as the lowest part of this
office of the blood ; the highest is, probably, the provision
for the nervous and muscular systems. To these, and
especially to the brain, the development of the blood
appears to be peculiarly adjusted. Thus, in the Inverte-
brata that have blood, the observations of Mr. Wharton
Jones (xliii. 1846) shew that the blood-corpuscles are not
developed beyond the stage which the lymph-corpuscles
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commonly attain in the oviparous Vertebrata, though, up

to that stage and in it, they are very similar to the

lymph-corpuscles. Among the Vertebrata, the Bran-

chiostoma, as a connecting link between the two classes,

appears to have the same form of blood-corpuscles as the

Invertebrata; but in other fish we find, coincidently with

the great advance in the development of a brain and spinal

cord, the introduction of a proportionally larger quantity

of blood, and of red corpuscles formed by a further

development of such corpuscles as are the most perfect in

the Invertebrata. In the transition from fish to reptiles,

the greater development of the brain is associated with a
general further increase in the quantity and velocity of the
blood ; and in that from reptiles to birds with a yet much
larger increase in its quantity and velocity, an augmenta-
tion of the proportion of fibrine, and a great multiplication
of blood-corpuscles with reduction of their size. Lastly,
with the greater development of the brain in Mammalia,
we find the development of the blood-corpuscles into a
higher form than they have in any other Vertebrata ; for,
though the nucleated cell is commonly regarded as a higher
development than the cell without a nucleus, yet since, in
the blood of the mammalian embryo, the latter supersedes
the former, and is adapted to the general advance of
development, we may be sure that in this instance at least,
the cell without a nucleus is the higher form.

Thus it appears that in the same proportion as animals
occupy a higher position in the scale of beings, so have
they both a larger quantity and a higher quality of
blood. Their position in the scale is determined by the
development of the central nervous system, in adaptation
to which, more or less directly, the other systems relating
to the life of the individual are adjusted. The adjust-
ment of the characters of the organic life to the central
nervous system is effected through the intervention of the
blood, to the formation of which all the organs of that life
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minister, and which we may therefore regard as the highest
member of the parts concerned in the organic life, in the
same sense as we regard the brain as the highest of the
organs of the animal life. And this eminence of the blood
is shewn, first, by its chemical composition, which, as we
have seen, is more highly organic than that of the greater
part of the tissues; secondly, by the' time at which it first
appears in the embryo, in which, as the brain and spinal
cord precede, in their rudiments, the other and subordinate
organs of animal life, so the blood appears before any of
the persistent organs of the organic life; thirdly, by the
complexity and number of the processes through which itis
elaborated, including all those the history of which is now
to be traced till we come to that of the Nervous System.

CHAPTER V.

CIRCULATION OF THE BLOOD.

TaE purposes which have been assigned to the blood, those,
namely, of conveying oxygen and nutritive materials to the
several parts of the body, and of carrying away from them
to excretory organs their refuse matters, —require that it
should be constantly moving through all the parts, and
at certain periods should be exposed to the atmosphere, in
order that it may imbibe oxygen, and emit carbonic acid
and water, the compounds into which the principal refuse
matter is converted. To this end it is provided, in man
and all warm-blooded animals, that all the blood which
has passed once through the several parts of the body, shall
traverse the lungs, and be exposed to the atmosphere
before it again takes the same course. This is effected by
what is called a double circulation, or, more properly, a
single complete circulation in two nearly separate parts .
the organs for which are, a heart, with two separated
compartments or sides, and arteries and veins so connected
G
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with each compartment of the heart, that the arteries pro-
eeeding from the one may lead to the veins belonging to
the other. The course through which blood moves in such
a circulation may be thus briefly described. Commencing
we will suppose, at the left ventricle of the heart, blood is
impelled into the aorta and along its successive branches,
the systemic arteries, through which all the organs of the
body, except the finer textures of the lungs, derive all
their blood. Through these arteries it is conveyed into
the systemie eapillaries, the minute vessels which lie inter-
mediately between the arteries and veins of every part,
and in which the blood is brought most nearly into contact
with the very substance of the organs. From these it
passes into the systemic veins, through the main trunks of
which, the vene cave, it flows into the right auricle, and
thence into the right ventricle of the heart. This completes
what is called the systemic cireulation, or systemic or general
part of the circulation. In the right ventricle the blood
enters the pulmonary or lesser circulation, in which it passes
from the right ventricle through the pulmonary artery, and
its branches in the lungs, to the capillaries, in which it is
brought nearest to the atmosphere. From the pylmonary
capillaries the blood enters, in converging streams, the pul-
monary veins, which carry it to the left auricle, whence,
having thus traversed the pulmonary part of the circula-
tion, it passes again into the left ventricle, where, in the case
here supposed, it started on its course.

The blood in the left ventricle is arterial (see p. 38, ete.),
and charged with oxygen in greater proportion than car-
bonic acid, as well as with materials for the supply of the
organs. So it remains in all the systemic arteries; but in
the systemic -capillaries it parts with portions of those
materials, and its oxygen is, in great measure, consumed
in uniting with the hydrocarbonous and other substances
which enter the blood-vessels from the refuse matter of the
tissues. Thus the blood acquires the venous character ;
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and in this state it traverses the systemic veins, the right
side of the heart, and the pulmonary arteries; but in the
pulmonary capillary vessels, emitting carbonic acid and
water, and imbibing oxygen, it becomes again arterial, and
so passes on to the left ventricle.

A subordinate kind of circulation isinserted in the liver,
and is called the portal eirenlation. The veins belonging to
that part of the systemic vessels which is appropriated to
the organs of digestion, form a common trunk, called vena
porte ; and this, instead of joining at once with the other
main trunks of the systemic veins, enters the substance of
the liver. There the vena ports, branching like an artery,
carries its share of the blood into capillaries, through
which it passes into the hepatic veins, then goes through
their largest branches into the vena cava inferior, one of
the two main trunks of the systemic venous system, where
the portal circulation terminates by mingling its blood with
that which, in the vena cava inferior, has nearly reached
the end of the systemic circulation.

The principal force provided for constantly moving the
blood through this course, is that of the muscular substance
of the heart ; other assistant forces are those of the elastie
walls of the arteries, the pressure of the muscles among
which some of the veins run, the movements of the walls
of the chest in respiration, and probably, to some extent,
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 determined and maintained by wvalves placed
between each auricle and ventricle of the heart, at the
orifices of communication between the ventricles and the
main arterial trunks, and in most of the veins; which
valves open to permit the movement of the blood in the
eourse described, but close when any force tends to move
it in the contrary direction. We shall consider separately

each member of the system of organs for the circulation :
and first—
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THE ACTION OF THE HEART.

The heart’s action in propelling the blood consists in the
successive alternate contractions and dilatations of the mus-
cular walls of its two auricles and two ventricles. The
auricles contract simultaneously; so do the ventricles; their
dilatations also are severally simultaneous; and the con-
tractions of the one pair of cavities are synchronous with
the dilatations of the other.

The description of the action of the heart may best be
commenced at that period in each action which immediately
precedes the beat of the heart against the side of the chest,
and, by a very small interval more, precedes the pulse at
the wrist. For at this time, which corresponds with the
pause between the two sounds of the heart, the whole heart
is in a passive state; the walls of both auricles and ven-
ticle 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 opening between the

being, during all the pause, free and patent. The auricles,
however, receiving more blood than at once passes through
them to the ventricles, become, near the end of the pause,
fully distended; then, in the end of the pause, they con-
tract and empty their contents into the ventricles. The
contraction of the auricles is sudden, and very quick; it
commences at the entrance of the great veins into them,
and is thence propagated towards the auriculo-ventricular
opening ; but the last part which contracts is the auricular
appendix. The effect of this contraction of the auriclesis to
propel nearly the whole of their blood into the ventricles.
The reflux of blood into the great veins, is hindered by the
simultaneous contraction of the muscular coats with which
they are provided for some distance before their entrance
into the auricles: a contraction, which, however, is not so

!
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complete but that a small quantity of blood does regurgi-
tate, i.e., flow backwards into the veins, at each auricular
contraction. The effect of this regurgitation from the right
auricle is limited by the valves at the junction of the sub-
clavian and internal jugular veins, beyond which the blood
cannot move backwards ; and the coronary vein is preservad
from it by a valve at its mouth.

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 distension of the ven-
tricles. Thus distended, they immediately contract: so
immediately, indeed, that their contraction looks as if it
were continuous with that of the auricles. They contract
much more slowly than the auricles, and simultaneously in
every part, the whole wall of each ventricle being drawn
up uniformly towards the origin of the artery at its base,
diminishing the cavity in every diameter, but especially in
length, so that the heart assumes a shorter and more globu-
lar form than it had in the relaxed and distended state of
the ventricles. In this complete and uniform contraction,
the ventricles probably always thoroughly empty them-
gelves, differing in this respect from the auricles, in which,
even after their completest 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 complete-
ness of the closure may often be observed on making a
transverse section of a heart shortly after death, in any
case in which the contraction of the rigor mertis is very
marked. In such a case only a central fissure may be
discernible to the eye in the place of the cavity of each
ventricle.

At the same time that the walls of the ventricles contract,
the fleshy columns contract also, and assist in bringing the
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margins of the aurieulo-ventricular valves into apposition, so
that they close the auriculo-ventricular openings, and pre-
vent the backward passage of the blood into the auricles.
The whole force of the ventricular contraction is thus
directed to the propulsion of the blood through their ar-
terial orifices. During the time which elapses between the
end of one contraction of the ventricles and the commence-
ment of another, the communication between them and the
great arteries—the aorta on the left side, the pulmonary
artery on the right—is closed by the three semilunar valves
situated at the orifice of each vessel. DBut the force with
which the current of blood is propelled by the contraction
of the ventricle separates these valves from their contact
with each other and presses them back against the sides of
the artery, making a free passage for the stream of blood.
Then, as soon as the ventricular contraction ceases, the
elastic walls of the distended artery recoil, and by pressing
the blood behind the valves force them down towards the
centre of the vessel, and spread them out so as to close the
orifice and prevent any of the blood flowing back into the
ventricles.

As soon as the auricles have completed their contraction,
they begin again to dilate, and to be refilled with blood
which flows into them in a steady stream through the
great venous trunks. They are thus filling during all the
time in which the ventricles are contracting ; and the con-
traction 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. Thus the action of the auricles consists
in a succession of quick contractions and slow dilatations ;
that of the ventricles in a succession of contractions and
dilatations of nearly equal length. Of the period occupied
by a complete action of the heart, the auricles are en-




ORDER OF ACTION OF PARTS OF THE HEART. 8T

gaged for about one-eighth in contraction, and seven-eighths
in dilating and receiving blood; while the ventricles are
occupied for one-half in contracting, and the other in
dilating.

The following table will explain the order of the actions
already described, and their coincidences with the sounds
and impulse of the heart, of which we shall next speak. It
supposes the period occupied by a complete set of the actions
of the heart to be divided into eight parts, and if the case
be taken of a’ person with a pulse beating sixty times a
minute, these parts may represent eighths of a second.

Eighths of a second. .

Last part of the pause . 1 . Aur, contracting: ventr. distended.
1st sound and impulse . 4 Ventr, contracting: aur. dilating.
ond sound . . . . . 2 . Ventr dilating: aur. dilating.
Pause 1 Ventr, dilating: aunr. distended.

Action of the Valves of the Heart.

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 arve 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.
Thus, the valves are all alternately open and shut for
nearly equal periods of time; and each half or side of the
heart, through the action of its valves, may be compared
with a kind of forcing pump, like the common enema-
gyringe with two valves, of which one admits the fluid on
raising the piston, but is closed again when the piston is
forced down ; while the other opens for the escape of the
fluid, but closes when the piston is raised, so as to prevent
the regurgitation of the fluid already forced through it.
The ventricular dilatation is here represented by the raising-
up of the piston ; the valve thus admitting fluid represents
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the auriculo-ventricular valve, which is closed again when
the piston is forced down, 7.¢., when the ventricle contracts,
and the other, ¢.c., the arterial, valve opens.

The arterial, semilunar, or sigmoid valves are, as already
said, brought into action by the pressure of the arterial
blood forced back towards the ventricles, when the elastic
walls of the arteries recoil after being dilated by the blood
propelled into them in the previous contraction of the
ventricle. The dilatation of the arteries 1s, 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 wventricle, and the elastic fibres
of the walls of the artery. The tissue of this rng is
tough, does not admit of extension under such pressure
as it is commonly exposed to; the valves are equally

* Fig. 9.—Sections of aorta, to show the action of the semilunar
valves. 4. is intended to shew the valves, represented by the dotted lines,
in contact with the arterial walls, represented by the continuous
outer line. B. (after Hunter) shews the arterial wall distended into
three pouches (a), and drawn away from the valves which are straight-
ened into the form of an equilateral triangle, as represented by the dotted
lines. ¢. (after Retzius, exii.) shews the margins of the valves when in
action; a. the pouches between the valves and the arterial wall; b, the
apposed edges, ¢. the apposed surfaces of the valves, d. mouths of coro-
nary arteries; e. cut edge of aorta.




STRUCTURE AND ACTION OF SEMILUNAR VALVES. 89

inextensile, being formed of tough, close-textured, fibrous
tissue, with strong-interwoven cords, and covered with
epithelium. 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 all, the unyielding valves and the ring to
which their lower borders are attached. The effect, there-
fore, of each such propulsion 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 previously lain in con-
tact with the inner surface of the artery (as at a, fig. 9),
are drawn inwards towards its centre (fig. 9. B). Their
positions may be explained by the foregoing diagrams, in
which the continuous lines represent a transverse section
of the arterial walls, the dotted ones the edges of the valves,
first, when the valves are in contact with the walls (4), and,
secondly, when the walls being dilated the valves are
drawn away from them (). :

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. 9, B) between the valves and the arterial walls; and
the valves are by it pressed togéther till their margins
meet in three lines radiating from the centre to the cir-
cumference of the artery, as in ¢, fig. 9.

In an interesting paper lately read before the Royal
Society (ccv.), Mr. Savory has clearly shewn 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
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vertical sections (fig. 10) through Fig. 10.*
various parts of the tendinous rings,
he has been enabled to show clearly
that the aorta and pulmonary artery,
expanding towards their termina-
tion, are situated upon the oufer
edge of the thick upper border of
the ventricles, and that consequently
the portion of each semilunar valve
adjacent to the vessel passes over
and rests upon the muscular sub-
stance—being thus supported, as
it were, on a kind of muscular floor
formed by the free 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, which,
at the moment of its occurrence, is probably in a state of
contraction.

The effect of the blood’s pressure on the valves is, as
said, to cause their margins to meet in three lines radiating
from the centre of the circumference (fig. 9, ¢). The con-
tact of the valves in this position, and the complete closure
of the arterial orifice, are secured by a peculiar construc-
tion of their borders. Among the cords which are
interwoven in the substance of the valves, are two of
greater strength and prominence than the rest; of which
one extends along the free border of each valve, and the
other forms a double cirve or festoon just below the free
border. Each of these cords is attached at its ends to the
outer angles of its valve, and in the middle to the corpus

* Fig. 10.—Vertical section through the aorta at its junction with the
left ventricle. 1. Section of arterial coat. 2. Section of valve. 3. See-
tion of ventricle.

t Mr. Savory’s preparations, illustrating this and other points in rela-
tion to the structure and functions of the valves of the heart, are in the
museum of St. Bartholomew's Hospital.

Ll N
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Arantii, a small mass of fibrous tissue at the centre of the
border of each valve; they thus enclose a 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 else-
where. 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 appo-
sition not of the mere margins and thin edges of the valves,
but of all those parts of the surfaces of each, which lie
between the free edges and the cords next below them
(see fig. 9, ¢, e.) 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.

The auriculo-ventricular valves, like those already de-
scribed, secure the closure of the orifices at which they are
placed, by the contact of parts of their surfaces; but in
most other respects their mode of action is peculiar. The
valve between the right auricle and ventricle is named
tricuspid, because it presents three principal cusps or pointed
portions, and that between the left auricle and ventricle
bicuspid or mitral because it has two such portions. But in
both valves there is between each two prineipal portions a
smaller one; so that more properly, the tricuspid may be
described as consisting of six, and the mitral of four, por-
tions. Kach portion is of triangular form, its apex and
sides lying free in the cavity of the ventricle, and its base
being fixed to a tendinous ring, which encircles the
orifice between the auricle and ventricle, and receives the
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insertions of the muscular fibres of both. In each principal
portion may be distinguished a middle-piece, extending
from its base to its apex, and including about half its
width ; this piece is thicker, and much tougher and tighter
than the border-pieces which are attached loose and
flapping at its sides.

‘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 fendinous cords to the walls
of the ventricles or to muscular columns or processes (car-
nee columne) projecting from the walls into the cavities of
the ventricles. In each ventricle there are as many of
these columns as there are principal portions in the corre-
sponding valve. Of the tendinous cords, besides some
which pass from the walls of the ventricle and the fleshy
columns to the tendinous ring, there are some, of principal
strength, which pass from the same parts to the edges of
the middle pieces of the several chief portions of the valve.
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 these sides numerous 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
muscular columns are so placed that from the summit of
each, tendinous cords may proceed to t]_mﬂ_adjacent halves
of two of the principal divisions, and to one intermediate or
smaller division, of the valve,

During auricular contraction, the force of the blood pro-
pelled into the ventricle is transmitted in all directions, but
being insufficient to raise the semilunar valves, it is ex-
pended in distending the ventricle, and in raising and
gradually closing the auriculo-ventricular valves, which,
when the ventricle is full, form a complete septum between
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it and the auricle (Halford). This elevation of the auriculo-
ventricular valves is, no doubt, materially aided by the
action of the elastic tissue which Dr. Markham has shewn
to exist so largely in their structure, especially on the
auricular surface (xli. vol.44; ,see also Halford, cexlvi).
When the ventricle contracts, the edges of the valves are
maintained in apposition by the simultaneous contraction
of the fleshy columns, which are enabled thus to act by the
arrangement of their tendinous cords just mentioned. In
this position the segments of the valves are held secure,
even though the form-.and size of the orifice and the ven-
tricle may change during the continued contraction ; for the
border-pieces are held by their mutual apposition and the
equal pressure of the blood on their ventricular surfaces;
and the middle pieces are secure by their great strength,
and by the attachment of the tendinous cords along their
margins, these cords being always held tight by the con-
traction of the muscular columns. A peculiar advantage,
derived from the projection of these colummns into the
cavity of the ventricle, seems to be, that they prevent
the valve from being everted into the auricle; for, when
the ventricle contracts, and the parts of its walls to which,
through the medium of the columns, the tendinous cords
are fixed, approach the base of the heart and the auriculo-
ventricular orifices, there would be a tendency to slackness
of the cords, and the valves might be everted, if it were
not that while the wall of the ventricle is drawn towards
the orifice, the end of the simultaneously contracting fleshy
column is drawn away from it, and the cords are held
tight.

‘What has been said applies equally to the auriculo-ven-
tricular 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 mnot complete, and a certain
quantity of blood is forced back into the auricle: and,
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since this may be advantageous, by preventing the over-
filling of the vessels of the lungs, it has heen called the
safety-valve action of this valve (Hunter, Wilkinson King).
The circumstances in which it usually happens are those in
which the vessels of the lugg 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, perhaps, because the right ventricle cannot
contract quickly or completely enough, the tricuspid valve
does not completely close, and the regurgitation of blood
may be indicated by a pulsation in the jugular veins syn-
chronous with that in the carotid arteries.

Sounds and Impulse 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 commencement coincides with the impulse
of the heart, and just precedes the pulse at the wrist. The

second is a shorter and sharper sound, with a somewhat

flapping character, and follows close after the arterial pulse.
If the period of time occupied by the two sounds, and by
the subsequent pause,—which together constitute the
rhythm of the heart,—be divided into four equal parts, the
first sound, and the very short interval between it and the
second, will be found to occupy the first two parts, or half
the period of the rhythm; the second sound rather less
than another part, and the pause rather more than the
fourth part.

The events which correspond, in point of time, with the
first sound, and which may therefore contribute to its pro-
duction, or to morbid changes in its characters, are (as
expressed in the table at page 87) the contraction of the
ventricles, the first part of the dilatation of the auricles,
the closure of the auriculo-ventricular valves, the openness

i
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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 asecond, by the pulsation of the arteries
at the wrist. The second sound, in point of time, im-
mediately follows the cessation of the ventricular contrac-
tion, and corresponds (as the same table shews) with the
closure of the semilunar valves, the continued dilatation of
the auricles, the commencing dilatation of the ventricles,
and the opening of the auriculo-ventricular valves. The
pause immediately follows the second sound, and corre-
sponds in its first half with the completed distension of the
auricles, and in its second with their contraction, and the
distension of the ventricles, the auriculo-ventricular valves
being all the time open, and the arterial valves closed.

Scarcely any subject has been investigated with greater
care than that relating to the cause of the sounds of the heart,
yet, although nearly all observers agree about the cause of
the second of these sounds, there is still great discrepancy of
opinion respecting the real agent concerned in the produc-
tion of the first sound. According to some, the first sound
is due almost entirely to the noise or bruif, resulting from
the sudden and forcible contraction of the large mass of
muscular fibres composing the walls of the two ventricles.
By others it is referred exclusively to the vibrations of the
auriculo-ventricular valves suddenly rendered tense by
the backward pressure of blood against them. According
to a third opinion, the sound results from the combined
effect of both these agencies, aided also by several other
attendant circumstances.

Theinfluence of muscularbruitin producing the first sound
of the heart, has doubtless been exaggerated. By many,
indeed, the existence of any sound resulting from muscular
confraction is questioned, by some it is entirely denied,
while by others, on the contrary, it is believed to be very
considerable. On the whole, perhaps, it may be concluded




96 CAUSE OF FIRST SOUND OF THE HEART.

that the share which muscular contraction takes in the
production of the first sound is not great.

The second theory, maintaining the valvular origin of
the first sound, long ago advanced by Dr. Billing, has of
late met with a strenuous advocate in Dr. G. B. Halford
(eexxv.). There can be little doubtof its general correct-
ness, for it is quite intelligible that the auriculo-ventricular
valves suddenly rendered tense by the backward pressure
of blood against them during ventricular contraction, will
be thrown into vibration, and, in wvibrating, will produce
sound. This view is supported by the fact observed by
Valentin (iv. Bd. i. p. 427), that if a portion of a horse’s in-
testine, tied at one end, be moderately filled with water
without any admixture of air, and have a syringe contain-
ing water fitted to the other end, the first sound of the heart
18 exactly imitated by forecing in more water, and thus
suddenly rendering the walls of the intestine more tense.
That the tension and vibration of the valves result princi-
pally from the forcible impulse of the blood against them,
seems to be proved, from the fact of the almost complete
cessation of sound when the entrance of blood into the
heart is prevented by the simultaneous compression of the
pulmonary veins and vense cavee, as in one of Dr. Halford’s
ingenious experiments. This experiment, however, although
it proves the large share which the valves, rendered tense
by the blood’s sudden pressure against them, take in pro-
ducing the first sound, does not demonstrate that the first
sound is due solely to this cause. For exclusion of blood
from the heart, not only interferes with vibration of the
valves, but precludes any sound which might originate
either from vibration of the blood itself, in its rapid pro-
pulsion from the ventricles, or from impulse of the walls of
the distended ventricles against the parietes of the chest, or
from muscular contraction,—for having nothing to contract
upon, there can be no vigorous action of the walls of the
ventricles ; and, lastly, it precludes the possibility of sound
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being generated in the walls ef the ventricles and the
arterial coats, all of which, as well as the auriculo-ventri-
cular valves, are rendered tense and susceptible of vibration
at the time of the ventricular contraction.

Probably, therefore, the safest theory to be at present
adopted with regard to the first sound of the heart, is that
which admits the co-operation of several coincident agencies
in its production. The principal of these agencies appears
to be the state of vibration induced, especially in the auri-
culo-ventricular valves, also in the ventricular walls, and
the coats of the aorta and pulmonary artery, all of which
parts are suddenly put into a state of tension and stretching
at the moment of ventricular contraction. Of the accessory
causes, muscular bruit, vibration of the blood itself in its
rapid compression and ejection from the heart into the
arteries (see Leared, cexxiv.), with the coincident throwing-
back of the semilunar valves, and the impulse of the organ’
against the walls of the chest, are probably the chief;
though the share these severally take in the production of
the first sound is still undetermined. That the heart’s im-
pulse against the chest may increase or modify the sound,
is rendered probable from the fact, that when this impulse
is prevented, as in cases of congenital or artificial exposure
of the heart, the intensity of the first sound is said to be
diminished. Under ordinary circumstances, however, the
influence of this cause of sound is probably very slight, for
the impulse then consists rather of a general bulging of
the walls of the ventricles, than an actual o or con-
cussion against the chest: but in disease it is often more
manifest.

The cause of the second sound appears to be more simple
than that of the first. It is probably due almost entirely
to the sudden tightening of the semilunar valves when they
are pressed down across the orifice of the aorta and pul-
monary artery ; for, of the other events which take place
during the second sound, none is calculated to produce

i
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sound. The influence of the valves in producing the sound,
is illustrated by the experiment already quoted from Valen-
tin, and by 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 carriedupwards 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 ex-
tensive as to interfere with their efficient action, also often
demonstrates the same fact, by modifying or destroying the
distinetness of the second sound. The second sound does
not continue all the time the semilunar valves are closed,
probably because it is only produced by the tightening and
soon-ending vibration of the valves.

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 it, as a 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 #mpulse 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 con-
siderably in different individuals, and in the same indi-
viduals under different circumstances. It is felt more
distinetly, and over alarger 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,
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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 ventricular walls, will diminish it.

The impulse of the heart is probably the result, in part,
of a tilting forwards of the apex, so that it is made to strike
against the walls of the chest. This tilting movement is
thought to be effected by the contraction of the spiral mus-
cular fibres of the ventricles, and especially of certain of
these fibres which, according to Dr. Reid (Ixxiii. vol. ii. p.
606), arise from the base of the ventricular septum, pass
downwards and forwards, forming part of the septum,
then emerge and curve spirally around the apex and ad-
jacent portion of the heart. The whole extent of the
movement thus produced is, however, but slight. The
condition, which, no doubt contributes most to the oceur-
rence and character of the impulse of the heart, is its
change of shape;. for, during the contraction of the ventri-
cles, 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 (see especially Halford,
cexxv.). The production of the impulse is, perhaps, fur-
ther assisted by the tendency of the aorta to straighten
itself and diminish its eurvature when distended with the
blood impelled by the ventricle; and, by the elastic recoil
of all the parts about the base of the heart, which, accord-
ing to the experiments of Kiivschner (xv. Avt. Herzthitigheit),
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
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the contraction of the ventricles, the flow through the
auriculo-ventricular orifices is stopped. Dut these can
only be accessory conditions in the perfect state of things:
for the same tilting movement of the heart ensues when its
apex is cut off, and no tension or change of form can be

produced by the blood.

Lrequency and Force of the Hearf's Action.

The frequency with which the heart performs the actions
we have described, may be counted by the pulses at the
wrist, or in any other artery; for these correspond with
the contractions of the ventricles.

The heart of a healthy adult man in the middle period
of life, acts from seventy to seventy-five times in a minute.
The frequency of the heart’s action gradually diminishes
from the commencement to the end of life, thus :(—

In the embryo the average number of pulses ina minuteis 150

Just after birth . - A : . from 140 to 130
During the first year - - - - 3 130 to 115
During the seeond year : . T . 115 to 100

During the third year . g . . : 100 to 90
About the seventh year iR ; - . 9 to 85

About the fourteenth year, the average number of

pulses in a4 minute is from . : . . 85 to 80
In the middle period of life . : Gk LEbE e TR0 LD
In old age . g . - . g - - 65 to 50

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.

After a meal its action is accelerated, and still more so
during bodily exertion or mental excitement ; it is slower
during sleep. The effect of disease in producing temporary
increase or diminution of the heart's action is well known.
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 ad-
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vances: and that this diminution of frequency is both
miore regular and more rapid in the evening than in the
morning. It is found, also, 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 frequenecy 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 main-
taining them; the usual effect of these postures on the
pulse being almost entirely prevented when the usually
attendant muscular exertion was rendered unnecessary (lviii.
Nos. 6 and 7). The effect of food, like that of change of
posture, is greater in the morning than in the evening.
According to Parrot, the frequency of the pulse increases
in a corresponding ratio with the elevation above the sea;
and Dr. Frankland, who lately passed a night on the
summit of Mont Blane, informed the author, that his pulse
was about double the ordinary standard all the time he
was there. 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.

In health there is observed a nearly uniform relation
between the frequency of the pulse and of the respirations ;
the proportion 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 accom-
panied with increased frequency of the pulse, the respira-
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tion is, indeed, also accelerated, yet the degree of its
acceleration bears no definite proportion to the increased
number of the heart's actions: and in many other cases,
the pulse becomes more frequent without any accompany-
ing increase in the number of respirations; or, the
respiration alone may be accelerated, the number of pulsa-
tions remaining stationary, or even falling below the
ordinary standard. (On the whole of this subject the
article Pulse, by Dr. Guy, in the Cyclopeedia of Anatomy
and Physiology, may be advantageously consulted).

The force with which the left ventricle of the heart con-
tracts 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 ;th of the same (iv. Bd. 1, p. 415, ete.).
This difference in the amount of force exerted by the con-
traction 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 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 capacity of the two ventricles is probably exactly
the same. It is difficult to determine with certainty how
much this may be ; but, taking the mean of various esti-
mates, it may be inferred that each ventricle is able to
contain, on the average, about three ounces of blood, the
whole of which is impelled into their respective arteries at
each contraction. The capacity of the auricles is 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 to empty themselyes into their adjoining ventricles;
the former to the circumstance of the ventricles being
partly filled with blood before the auricles contract.
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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 dilata-
tion 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 (c. p. 33). Heremoved 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 weight was raised; but that
during its dilatation, the heart remained flat. And the
same was shewn by Dr. Clendinning, who, applying the
points of a pair of spring callipers to the heart of a live
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 force exerted in
the dilatation of the ventricles is, it has been supposed 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 succes-
sive 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. By such spontaneous dilata-
tion they at least offer no resistance to the influx of blood,

and save the force which would otherwise be required to
dilate them.

Cause of the Rhythmic Action of the Ileart.

It has been attempted in various ways to account for the
existence and continuance of those peculiar rhythmie move-
ments by which the action of the heart is distinguished
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from that of all the other muscles. By some it has been
supposed that the contact of arterial blood with the lining
membrane of the left cavities of the heart, and of venous
blood with that of the right cavities, furnishes a stimulus,
in answer to which the walls of these cavities contract.
And they explain the rhythmic order in which these con-
tractions ensue, by supposing that the same act,—the
systole, which expels the stimulating fluid from the ven-
tricles, causes the auricles to be filled from the veins ; and
that the contraction of the auricles thereupon induced gives
rise, in its turn, to the filling and consequent contraction of
the ventricles. But this, and all hypotheses concerning
the action of the heart which suppose the necessity of the
eontact of blood, or any such stimulus, are disproved by the
fact, that the heart, especially in Amphibia and fishes, will
continue to contract and dilate regularly and in rhythmic
order after it is removed from the body, completely emptied
of blood, and even placed in a vacuum where it cannot
receive the stimulus of the atmospheric air.

The influence of the mind, and of some affections of the
brain and spinal cord upon the action of the heart, proves
that it is not altogether, or at all times, independent of the
cerebro-spinal nervous system. Yet the numerous experi-
ments instituted for the purpose of determining the exact
relation in which the heart stands towards this system,
have failed to prove that the action is directly governed by
the power of any portion of the brain or spinal cord. The
results of the experiments are, in many instances, contra-
dictory; but they lead to the gemeral conclusion, that
no uniform and decided alteration in the movements of the
heart is produced by irritation of any part of either of those
nervous centres. Sudden destruetion of either the brain or
spinal cord alome, or of both together, produces, imme-
diately, a temporary interruption or cessation of the heart’s
action: but this appears to be only an effect of the shoek of
so severe an injury; for, in some such cases, the move-
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ments of the heart are subsequently resumed, and if
artificial respiration be kept up, may continue for a con-
siderable time; and may then again be arrested by a violent
shock applied through an injury of the stomach. While,
therefore, we must admit an indirect or occasional influence
exercised by, or through, the brain and spinal cord upon
the movements of the heart, and may believe this influence
to be the greater the more highly the several organs are
developed, yet it is clear that we cannot ascribe the regular
determination and direction of the movements to these
nervous centres.

The persistence of the movements of the heart in their
regular rhythmic order, after its removal from the body,
and their capability of being then re-excited by an ordinary
stimulus after they have ceased, prove that the cause of
these movements must be resident within the heart itself.
And it seems probable, from the experiments and observa-
tions of Remak (exxx. No. 1. 1840), Volkmann (lxxx.,
1844, p.424), Dr. Robert Lee (cxxiii., 1847, and lxxi. vol.
xlv. p.224), and others (see xxv., 1844-5, p. 13), that it may
be connected with the existence of numerous minute
ganglia of the sympathetic nervous system, which, with
connecting nerve-fibres, are distributed through the sub-
stance of the heart. These ganglia appear to act as so
many centres or organs for the production of motor
impulse; while the conneeting nerve-fibres unite them
into one system, and enable them to act in concert and
direct their impulses so as to excite in regular series the
successive contractions of the several muscles of the heart.
The mode in which ganglia thus act as centres and co-
ordinators of nervous power will be deseribed in the
chapter on the Nervouvs Sysrem; and it will appear
probable that the chief peculiarity of the heart, in this
regard, is due to the number of its ganglia, and the appa-

~ rently equal power which they all exercise ; so that there

is no one part of the heart whose action, more than
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another’s, determines the actions of the rest. Thus, if the
heart of a reptile be bisected, the rhythmic, successive
actions of auricle and ventricle will go on in both halves :
we therefore cannot say that the action of the right side
determines or regulates that of the left, or vice versd ; and
we must suppose that when they act together in the per-
fect heart, it is because they are both, as it were, set to the
same time. Neither can we say that the auricles determine
the action of the ventricles; for, if they are separated, they
will both contract and dilate in regular, though not neces-
sarily similar, succession. A fact pointed out by Mr. Malden
shews how the several portions of each cavity are similarly
adjusted to act alike, yet independently of each other. If
a point of the surface of the ventricle of a turtle’s or frog’s
heart be irritated, it will immediately contract, and very
quickly afterwards all the rest of the ventricle will con-
tract; but, at the close of this general contraction, the part
that was irritated and contracted first, is slightly distended
or pouched out, shewing that it was adjusted to contract in,
and for only, a certain time, and that therefore as it began
to confract first, so it began to dilate first.*

Mr. Paget, however, has shewn that the cause of the
rhythmic motion does not exist equally in all parts of the
heart. If for example, the cut-out heart of a tortoise be
divided into two pieces, one comprising the auricles and the
base of the ventricle, the other comprising the rest of the
ventricle, the former will continue to act rhythmically, the
latter will cease to do so, and no rhythmic action can be,
by any means, excited in it. Other sections of the heaxrt,
and experiments of other kinds, seem to show that the

—— —— —

* The experiment also proves the uniform and simultaneous action of
the whole wall of the ventricle, and the udvantage thereof; since if one
part of the wall ceased to contract before the rest, it would be pouched
out by the communicated pressure of the blood still compressed by the
continuing contraction of the rest of the wall,
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cause of the rhythmic action of the ventricle, and probably
also of the auricles so long as they are associated with it,
is situated about the boundary-ring between the auricles
and ventricle ; for that which remains connected with this
part retains its rhythm, while that which is disconnected
from it loses rhythm. They seem to prove, also, that the
rhythm does not depend on the properties of the muscular
tissue alone or independently, but is derived from the
nervous ganglia, as so many centres of rhythmic action,
which are chiefly situated in the region named. Why
these nervous centres should issue impulses for rhythmic
rather than for continuous action, is still a debateable point.
The most philosophical interpretation yet given of it, and
of rhythmic processes in general, is that by Mr. Paget,
who regards them as dependent on rhythmie nutrition, i.e.,
on a method of nutrition in which 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, e.g., of nerve-force in the case
of the cardiac ganglia, by which force the museular walls
are excited to contraction. According this view, there is
in the nervous ganglia of the heart, and in all parts
originating rhythmie processes, the same alternation of
periods of action with periods of repose, during which the
waste in the structure is repaired, asis observed in most
of, if not all the organic phenomena of life. All organic
processes seem to be regulated with exact observance of
time ; and rhythmic nutrition and action, as exhibited in
the action of the heart, is but a well-marked example of
such chronometric arrangement’ (exxiii. May, 1857).%

The connection of the action of the heart with the other
organs, and the influences to which it is subject through

* For a good account of rhythmical movements in general, see
Dr. Radeliffe’s recent work on epileptic and other convulsive affections
(cexlv. 3rd Ed., p. 99.)
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them, are explicable from the connection of its nervous
system with the other ganglia of the sympathetic, and with
the brain and spinal cord through, chiefly, the pneumo-
gastric nerves. DBut this influence is proved in a much
more striking manner by the phenomena of disease than
by any experimental or other physiological observations.
The influence of a shock in arresting or modifying the
action of the heart,—its very slow action after compression
of the brain, or injury to the cervical portion of the spinal
cord,—its irregularities and palpitations in dyspepsia
and histeria,—are better evidence for the conmection of
the heart with the other organs through the nervous system,
than are any results obtained by experiments. The best of
such results are recorded by E. H. Weber (xv. Art. Muskel-
bewegung), and Professor Lister (exxiii. vol. ix. No. 32).
The former found that the electro-magnetic stimulus applied
in the frog to the bulbus arferiosus, around which the prin-
cipal fibres of the sympathetic nerves supplying the heart
are placed, accelerated and strengthened the heart’s action ;
but that, applied to the pulsating part of the vena cava
‘inferior, where are the principal filaments it derives from
the pneumogastric nerves, it retarded the action. He was
disposed therefore to think that, in general, stimuli conveyed
through the sympathetic nerve would accelerate, and
through the pneumogastric would retard, the heart’s action.
The latter conclusion seenmied to be corroborated by the
fact, also stated by him, that the heart’s action is retarded
by stimulus applied to any part between the corpora quad-
rigemina and posterior part of the fourth ventricle of the
brain, or to both trunks of the pneumogastric nerves at
once, or by division of both pneumogastric nerves in the
. necks of Mammalia. Professor Lister, however, found
| that if the irritation applied to the posterior part of the
brain be slighter than the galvanic stimulus used by Weber,
the result is an increase, rather than a retardation, of the
! heart’s action. From this, and from other experiments, he
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concluded, that while a powerful stimulus to the vagus
retards (in consequence of the shock or exhaustion produced
by it), slighter irritation accelerates the movements of the
heart. Similar results were likewise obtained by irritation
of the sympathetic branches connecting the cord with the

cardiac ganglia.
Effects of the Heart's Action.

That the contractions of the heart supply alone a suffi-
cient force for the circulation of the blood appears to be
established by the results of several experiments, of which
the following is one of the most conclusive :—Dr. Sharpey
(xciv. vol. Ixiii. p. 20) injected bullock’s blood into the
thoracic aorta of a dog recently killed, after tying the ab-
dominal aorta above the renal arteries, and found that,
with a force just equal to that by which the ventricle com-
monly 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 wvessels 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 probably true that the heart’s action
alone is sufficient to ensure the circulation, yet there is
reason to believe in the existence of several other forces
which are, as it were, supplementary to the action of the
heart, and assist it in maintalning the circulation. The
principal of these supplemental forces have been already
alluded to, and will now be more fully pointed out.

THE ARTERIES.
For the purpose of explaining the influence of the arteries
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in the circulation it will be sufficient to consider the walls
of an artery as containing, at the most, five distinct layers
or coats, namely, an external, an elastie, a muscular, an
internal coat, and an epithelial lining.* The exfernal coat
is constructed of ordinary fibro-cellular tissue, the fibres
of which are arranged, for the most part, in a longitudinal
direction. It forms a strong, tough investment, which
though capable of extension, appears principally designed
to strengthen the walls of the artery, and to guard against
their excessive distension from the force of the heart’s
action. It serves another purpose also in affording a suit-
able tissue for the ramifications of the vasa arteriarum, or
nutritive vessels for the supply of the arterial walls. The
internal arterial coat (the striated or fenestrated coat of
Henle) consists of a very thin and brittle membrane. Tt
possesses little elasticity, and is thrown into folds or
wrinkles, when an artery contracts. Its internal surface
is lined with a delicate layer of epithelium, which makes it
smooth and polished, and furnishes a nearly impermeable
surface, along which the blood may flow with the smallest
possible amount of resistance from friction.

The elastic and muscular coats are the seats of those
properties by which arteries chiefly influence the circula-
tion. Previous to the time of John Hunter, the distinetion
between these two coats, which constitute the chief thick-
ness of the arterial walls appears to have been overlooked,
and it was usual to describe them together as a single
tissue, under the denomination of the middle, fibrous, or
elastic coat. DBut in the admirable account which Hunter
gave of the properties of arteries, proof was afforded of the
dissimilarity in structure and function between the inner
and outer portions of this supposed single coat. And recent

* For the best account of these structures see Henle (xxxvii. p. 494),
or an abstract of his observations (xxv. 1842, p. 39); also Kolliker
(lix. 1847; cevi, 1852, p. 545; ccxviii. 1860, p. 482),
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observations have shown the accuracy of his account, and
furnished additional facts in confirmation of it. The outer
of these two coats is made up, almost entirely, of fibres
of yellow elastic tissue, and constitutes, as Hunter named
it, the elastic coat. The inner consists of circularly-arranged,
pale, flat fibres, or ¢ fibre-cells” of Kolliker, which differ
in no essential respect from the fibres of organic muscle,
such as those which compose the muscular coat of the
stomach and intestines; but are mingled with more fila-
ments of fine' elastic tissue. Its chemical characters are
equally similar to those of organic muscle. The older
analyses, in which the similarity was not detected, were
probably made of the walls of the largest arteries in which
elastic tissue alone exists. By later analysis, Dr. Retzius
(evil. vol.i. p.171) has found in this coat a proteine com-
pound, which neither cellular nor elastic tissue contains;
and Dr. Donders (cviii. 1846, p. 67) has proved the same
more perfectly. ;-ﬁrhen, he says, strong nitric acid is
applied to any compound of proteine it forms with it what
is termed xantho-proteinic acid, which, with ammonia,
produces a yellow xantho-proteinate of ammoria. On
applying this test, with the requisite cautions, to the coats
of blood-vessels, he found that the muscular arterial coat
alone assumed the characteristic yellow colour. The other
coats, as well as all the coats of veins, remained unchanged
in colour. He found also that potash acts on this inner
coat of arteries, as on organic muscle, separating its fibres,
making them granular, and finally dissolving them. For
this coat, therefore, the name of museular, applied by
Hunter, may be retained.

These two coats exist in different relative degrees of
thickness in different arteries; and, in general, are in an
inverse ratio to each other, for the arteries which possess
most elastic tissue have least muscular tissue, while
those whose walls are most muscular, are in general
least elastic. In the large arteries, such as the aorta and

e
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its main branches, scarcely a trace of the muscular coat
can be found, nearly the whole thickness of their walls
consisting of elastic tissue. DBut in the arteries farther
removed from the heart, and of smaller size, the pro-
portionate thickness of the elastic coat gradually diminishes
while, as a general rule, that of the muscular coat pro-
gressively increases. Moreover, in the arteries of certain
organs, probably of those in which the supply of blood is
subject to greater than usual variations, in adaptation to
fluctuations in the amount of function they discharge, there
is proportionately greater development of the muscular
coat.

Of the properties which the arteries possess in these two
coats, the muscularity has its seat exclusively in the
muscular coat, and no artery without this coat would present
any contraction similar to that of muscles. But elasticity
is a property not exclusively, though especially, seated in
the elastic coat ; indeed, all the coats, except perhaps the
internal, are in some measure elastic, and will recoil after
being distended ; and the effect their elasticity produces is
yet further assisted by the elasticity of the tissues around
them.

The purposes of the elasticity of arteries are chiefly two-
fold ; 1st, To guard them 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, which might burst a brittle tube, 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
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force impelling the blood, and exhaust it before they are in
danger of bursting through being overstretched. Elasticity
is thus advantageous in all arteries, but chiefly so in the
aorta and its large branches, which are provided, as already
said, with a large quantity of elastic tissue, in adaptation
to the great force of the left ventricle, which falls first on
them, and to the increased pressure of the arterial blood in
violent expiratory efforts.

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 deing,
they manifest the 2nd chief purpose of their elasticity, that,
namely, of equalizing the current of the blood by main-
taining pressure on the blood in the arteries, during the
periods at which the ventricles 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 ex-
pended partly in the direct propulsion of the blood, and
partly in the 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 that all -movement backwards is prevented by the
closure of the arterial valves, 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 circula-

I
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tion; for that part of their force which is expended in .
dilating the arteries, is restored in full, according to that
law of action of elastic bodies, by which they return to the
state of rest with a force equal to that by which they were
l disturbed therefrom. There is thus no loss of force; but
i neither is there any gain, for the elastic walls of the artery
' cannot originate any force for the propulsion of blood—
they only restore that which they received from the ventri-
cles; they would not contract, had they not first been
dilated, any more than a spiral spring would shorten itself,
unless it were first elongated. The advantage of elasticity
in this regard is, therefore, not that it increases, but that
it equalizes or diffuses the force derived from the periodic
contractions of the ventricles. The force with which the '
arteries are dilated every time the wventricles 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
| intermittent 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.
[I | Two other purposes served by the elasticity of arteries,

must not be overlooked: One is the capacity which the
arteries have, for receiving more than the average quantity
of blood, both every time the ventricles econtract, and when
the supply of blood to the whole body or any part of it is,
for a time,unusually large. In all such cases,the enlargement
of the arteries is effected by increase both of their diameter
' and their length; and the elongation appears.to be, gene-
rally, more considerable than the dilatation. The other
purpose served by the elasticity is, that by means of it the
arteries are enabled to adapt themselves to the different
movements of the several parts of the body.




MUSCULARITY OF ARTERIES. 115

The evidence for the muscularity of arteries may be given
at some length. We have already referred to Mr. Hunter's
account of the muscular structure of the inner layer of the
middle coat of all but the largest arteries, and to the fact,
first observed by Henle, that this layer is composed of
fibres in all respects similar to those of organic muscle,
though mingled with fine elastic filaments. The observa-
tion of the action of arteries will show, 1st, the operation
of a contractile power in arteries, essentially distinet from
their elasticity ; and, 2ndly, the identity of this power with
muscular contractility.

‘When a small artery in the living subject is exposed to
the air or cold, it gradually but manifestly contracts.
Hunter (i. vol. iii. p. 157) 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
confirmed. 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.

When an artery is cut across, its divided ends con-
tract, and the orifices may be completely closed. The
rapidity and completeness of this contraction are different
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 cold, or of any simple stimu-
lating substances, or by mechanically irritating the cut ends
of the artery, as by pricking or twisting them. Suchirritation
would not be followed by these effects, if the arteries had
no other power of contracting than that depending upon
elasticity,

The contractile property of arteries continues many hours
after death, and thus affords an opportunity of distinguishing
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it from elasticity. "When a portion of an artery, the
splenie, 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 size. If, while
contracted, the artery be forcibly 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 contrac-
tility 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 contractile power of arteries
after death. In a woman delivered on a Thursday after-
noon, the umbilical cord was separated from the foetus,
having been first tied in two places, and then cut between,
so that the blood contained in the chord 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 eseape 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 mouths of the arteries were completely closed up. He

repeated the experiment the same day with another portion
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of the same cord, and on the following morning found the
results to be precisely similar. On the Sunday, he per-
formed the experiment the third time, but the artery then
seemed to have lost its contractility, for on the Monday
morning, the mouths of the cut arteries were found open.
In each of these experiments there was but little alteration
perceived in the orifices of the veins (i. vol. iii. p. 158).

The influence of cold in increasing the contraction of a
divided artery has been referred to: it has been shown,
also, by Sechwann, in an experiment on the mesentery of a
living toad. MHaving extended the mesentery under the
microscope, he placed upon it a few drops of water, the
temperature of which was some degrees lower than that of
the atmosphere. The contraction of the vessels soon com-
menced, and gradually increased until, at the expiration of
ten or fifteen minutes, the diameter of the canal of an
artery, which at first was 0:0724 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 experi-
ment could be performed several times on the same artery.
The veins did not contract. Itis thus proved, that cold will
excite confraction 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 stimu-
lus to the organic muscular fibres in many other parts, as
well as in the arterial coat; as, e.g., in the skin, the dartos,
and the walls of the bronchi.

Lastly, satisfactory evidence of the muscularity of the
arterial coats is furnished by the experiments of Ed. and
E. H. Weber (Ixxx. 1847, p. 232), and of Professor Kolliker
(exe. July, 1850, p. 241), in which they applied the stimu-
lus of electro-magnetism to small arteries. One principal
circumstances which induced Miiller to deny the muscularity
of arteries, was the seeming impossibility of producing con-
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traction in arteries by galvanic and electric stimuli, which
excite all true muscular tissues to manifest contraction. An
explanation of the failure may be found in the circumstance
that, in nearly all the experiments, the arteries examined
were of large size, such as the aorta and the carotid, in
which there is little or no muscular tissue. The experi-
ments of the Webers were performed on the small mesen-
teric arteries of frogs; and the most striking results were
obtained, when the diameter of the vessels examined did
not exceed from 1 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 one-third less, and the
area of its section about one-half. On continuing - the
stimulus, the narrowing gradually increased, until 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.

Thus, with the exception of the largest trunks, the
arteries appear to offer every necessary evidence of muscu-
larity. One of their coats has the structure and chemical
composition of organic muscle; and, like such muscle, they
contract on exposure, on division and mechanical irritation,
after death with a kind of rigor mortis, on the application
of cold, and under the stimulus of electricity : in all these
contractions they are reduced to a size less than that which
their mere elasticity would give them, and from them all
they are commonly, after a time, restored again by their
elasticity to a larger size.

With regard to the purpoese served by the muscular coat of
the arteries, there appears no sufficient reason for supposing
that it, in any way, assists in propelling the onward
current of blood. It could not do so unless it possessed
the property of alternately contracting and relaxing coin-
cidently with the relaxation and contraction of the
ventricles; or unless it had a kind of peristaltic or ver-
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micular movement commencing at the heart, and thence
propagating itself rapidly along the several arteries: but
there is no evidence to shew that the arteries ever contract
in either of these modes. The most probable office of the
muscular coat is 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 and most naturally, according to the activity with
which the functions of each part are at different times per-
formed. The amount of function discharged by each
organ of the body varies at different times, and the
variations often quickly succeed each other, so that, like
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 uniform contraction of the arteries; but it
may be regulated by the power which the arteries of each
part have, in their muscular coat, of contracting so as to
diminish, and of passively dilating or yielding so as to
permit an increase of, the supply of blood, according as
the requirements of the part may demand. And thus,
while the ventricles of the heart determine the total
quantity of blood to be sent onwards at each contraction,
and the force of its propulsion, and while the large and
merely elastic arteries distribute it and equalize its stream,
the smaller arteries with muscular coats add to these two
purposes, that of regulating and determining, according
to its requirements, the proportion of the whole quantity
of blood which shall be distributed to each part.

The contraction of an artery may also be regarded as
fulfilling a natural purpose when, the artery being cut, it
first limits and then arrests the escape of blood. It isonly
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because of such contraction 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.

There are occasions in which the whole of the arteries
appear to be contracted ; such are those of diseases attended
with a small hard pulse, but they probably occur only in
morbid conditions, and physiology appears incapable of
explaining them.

The normal contraction of arteries is probably excited
through the instrumentality of the nerve-fibres of the
sympathetic system distributed in their walls, and connected
through the medium of ganglia with the fibres supplying
the organ to which such arteries convey blood.

From what has been said in the preceding pages, it
appears that the office of the arteries in the circulation is,
1st, the conveyance and distribution of blood to the several
parts; 2nd, the equalization of the current, and the con-
version of the pulsatile jetting movement given to the
blood by the ventricles, into the uniform flow; 3rd, the
regulation of the supply of blood to each part, in accor-
dance with its demands. In explanation of the mode in
which, by the combination of the elastic and muscular
coats of arteries, this three-fold office is accomplished, we
may use, as a summary of what has been already said,
the words of Mr. Hunter, who observes that, *there are
three states in which an artery is found, viz., 1st, the
natural pervious state; 2nd, the stretched; and 8rd, the
contracted state, which may or may not be pervious. The
natural pervious state is that to which the elastic power
naturally brings a vessel which has been stretched beyond
or contracted within the extent which it held in a state of
rest. The stretched is that state produced by the impulse
of the blood in consequence of the contraction of the
heart ; from which it is again brought back to the natural

bl |
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state by the elastic power, perhaps assisted by the mus-
cular. The contracted state of an artery arises from the
action of the muscular power, and it is again restored to
the natural state by the elastic’ (i. vol. 1ii. p. 159).

It must be observed, however, that the natural pervious
state of an artery, here spoken of, is not one of absolute
rest ; for 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 (cexxxii.).

The Pulse.

The jetting movement of the blood which, as just stated,
it is one of the offices of the arteries to change and put an
end to, is the cause of the pulse, and therefore needs a
separate consideration. We have already said, that 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 capillaries, a part of the
foree with which the heart impels the blood is exercised
upon the walls of the wvessels which it distends. The
distension of each artery increases both its length and its
diameter ; but the elongation is the most considarable. In
their elongation, the arteries change their form, the straight
ones becoming curved, and those already curved becoming
more so0;* but they recover their previous form as well as
their diameter when the ventricular contraction ceases, and
their elastic walls recoil. The increase of their curves
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* There is, perhaps, an exception to this in the case of the aorta, of
which the eurve is by some supposed to be diminished when it is elon-
gated; but if this be so, it is because only one end of the arch is im-
moveable; the other end, with the heart, may move forward slightly
when the ventricles contract,
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which accompanies the distension of arteries, and the suc-
ceeding recoil, may be well gseen in the prominent temporal
artery of an old person. The elongation of the artery is
in such a case quite manifest.

The dilatation or increase of the diameter of the artery
is less evident. In several reptiles, it may be seen without
aid in the immediate vicinity of the heart (i. vol. iii. p. 216,
note), and it may be watched, with a simple magnifying
glass, in the aorta of the tadpole. Its slight amount in
smaller arteries, the difficulty of observing it in opaque
parts, and the rapidity with which it takes place, are
sufficient to account for its being, in Mammalia, imper-
ceptible to the eye. But in these also experiment has
made its occurrence probable. TPoiseuille (Ixii. t. ix. p. 44)
laid bare the common carotid of a living horse for the
space of about twelve inches, and passed beneath it a tube
of metal open at one side, which he afterwards closed by
means of a narrower portion, so as to complete the tube ;
he then stopped the ends of the tube, and filled the interior
around the artery with water, by means of a glass tube
which was connected with the metallic tube. At every
pulsation, the water rose 70 millimetres* in the glass tube,
the diameter of which was 3 millimetres, and fell again
the same distance during each interval. The included
portion of artery measured in length 180 millimetres, and
its capacity equalled 11,440 cubic millimetres; and since
at every beat of the heart it underwent an increase of
capacity equal to a column of water of 3 millimetres in
diameter and 70 millimetres in height, or about 494 cubic
millimetres, it follows, that it was enlarged about 3 of its
capacity. It is probable, that part of this enlargement was
owing to dilatation; and Flourens, in evidence of such
dilatation, says he encircled a large artery with a thin
elastic metallic ring cleft at one point, and that at the

* A millimetre equals 00393708 of an English inch.




moment of pulsation the cleft part became perceptibly
widened.

This dilatation of an artery, and the elongation producing
curvature, or increasing the natural curves, are sensible to
the finger placed over the vessel, and produce the pulse. The
mind cannot distinguish the sensation produced by the dila-
tation, from that produced by the elongation and curving;
that which it perceives most plainly is the curving, or, as it
may be called, the locomotion of the artery; the portion
that is under the finger slightly shifting its place as it
lengthens in pulsation.

Such, it is generally agreed, is the cause of the pulse
felt in any artery; it is produced by the elongation and
dilatation of the part under the finger, when it receives its
portion of the fresh quantity of blood just discharged from
the left ventricle into the aorta and its branches. DBut
some doubt still exists, in reference to the manner in which
the pulse is propagated from ome part of the arterial
system to another. According to the theory of the pulse
advanced by E. H. Weber (Ixvi.), and adopted by Miiller,
the impulse given to the blood by the heart distends first
merely the arteries nearest to the heart. These, by their
elasticity, again confract, and thus cause the distension of
the next portion of the arterial system, which, also, in its
turn, by contracting, forces the blood into the next por-
tions, and so on; so that a certain interval of time, although
a very short one, elapses before this undulation, resulting
from the successive compressions of the blood and the
dilatation and contraction of the arteries, reaches the most
distant parts of the gystem. In this view the arterial pulse
i3 regarded as the effect of an oscillation or undulation,
produced first by the pressure on the blood in the aorta by
the contracting left ventricle, and thence propagated along
the walls of the arteries, and along the blood itself.

But against this theory, a very forcible objection pre-
sents itself, in the fact pointed out by Mr. F. H. Colt
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(Ixxi. vol. xxxvi. p. 456), that the pulse is perceived in
every part of the arterial system previous to the oceurrence
of the second sound of the heart, that is, previous to the
closure of the aortic valves. Now, if the pulse were the
effect of a wave propagated by the alternate dilatation and
contraction of successive portions of the arterial tube, it
ought, in all the arteries, except those ¢ mnearest 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 (which recoil, on Weber’s
theory, causes the dilatation and pulse in the arteries
following those nearest to the heart), is the closure of the
aortic valves; and their closure produces the second sound.
It appears impossible to reconcile Weber's theory with this
fact; the contraction of the arteries nearest to the heart,
which he supposes to produce the pulse in those further
on, certainly produces, by closing the valves, the second
sound of the -heart; yet, this sound always, or mearly
always,—the exceptions being instances of disease, as in
the cases mentioned by Dr. Carpenter (cevii. p. 241, nofe),
— follows the pulse even in the most distant arteries in
which it can be felt. It seems certain, therefore, that the
contraction of the arteries nearest the heart does not take
place till after the pulse in the more distant ones.

The theory proposed by Mr. Colt, which seems to recon-
cile all the facts of the case, and especially those two which
appear most opposed, namely, that the pulse always precedes
the second sound of the heart, and yet is later in the arteries
far from the heart than in those near it, may lie thus stated:
—1It 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 as it enters the arteries, it dis-
places and propels that which they before contained, and
flows on with what may be called a Aead-wave, like that
which is formed when a rapid stream of water overtakes
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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 so long as blood is entering them from the ven-
tricle. The wave at the head of the more rapid stream of
blood runs on, propelled and maintained in its velocity by
the continuous contraction of the ventricle : and it thus
dilates in succession every portion of the arterial system,
and produces the pulse in all. The rate of its movement,
which represents also the velocity of the blood in the
arteries during the ventricular contraction, may be esti-
mated by the interval between the pulse near and far from
the heart. At length, the whole arterial system (wherein
a pulse can be felt) is dilated ; and at this time, when the
wave we have supposed hasreached all the smaller arteries,
the entire system may be said to be simultaneously dilated ;
then it begins to contract, and the contractions of its several
parts ensue in the same succession as the dilatations, com-
mencing 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 stream of the arterial blood is sustained
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 than can be discharged by the ventricle at each
contraction. DBut 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
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of a line in diameter, they do not contain, on an average,
more than one and a half pints of fluid, even when dis-
tended. There can be no doubt, therefore, that the three
ounces which the ventricle is supposed to discharge at each
contraction, being added to that which already fills the
arteries, would be sufficient to distend them all.

Force of the Blood in the Arteries.

The foree with which the ventricles act in their contrac-
tion, and the reasons for believing it sufficient for the
circulation of the blood, have been already mentioned.
Both calculation and experiment have proved, that very

Fig. 11, little of this foree is consumed in the
arteries. Dr. Thomas Young (xliii. vol.
xcix.) calculated that the loss of force
in overcoming friction and other hind-
rances in the arteries would be so
slight, thatif one tube were introduced
into the aorta, and another into any
other artery, even into one as fine as
hair, the blood would rise in the tube
- from the small vessel to within two
inches of the height to which it would
rise from the large vessel. The correct-
ness of the calculation is established by
the experiments of Poiseuille (1xii.t. viii.
p- 272), who invented an instrument
named a hsemadynamometer, for esti-
mating the statical pressure exercised
by the blood upon the walls of the ar-
teries. It consists of a long glass tube,
bent so as to have a short horizontal
portion (fig. 11, 1), a branch (2) descend-
ing at right angles from it, and a long
ascending branch (3). Mercury poured into the ascending
and descending portions, will necessarily have the same level
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in hoth branches, and in a vertical position the height of its
column must be the same in both. If, now, the blood is made
to flow from an artery, through the horizontal portion of the
tube (which should contain a solution of carbonate of pot-
ash to prevent coagulation) into the descending branch, it
will exert on the mercury a pressure equal to the force by
which it is moved in the arteries; and the mercury will, in
consequence, descend in this branch, and ascend in the
other. The depth to which it sinks in the one branch,
added to the height to which it risesin the other, will give
the whole height of the column of mercury which balances
the pressure exerted by the blood; the weight of the
blood which takes the place of the mercury in the descend-
ing branch, and which is more than ten times less than the
same quantity of quicksilver, being substracted. TPoiseuille
thus caleulated the force with which the blood moves in an
artery, according to the laws of hydrostatics, from the
diameter of the artery, and the height of the column of
quicksilver; that is to say, from the weight of a column of
mercury, whose base is a circle of the same diameter as
the artery, and whose height is equal to the difference in
the levels of the mercury in the two branches of the
instrument. Ie found the blood’s pressure equal in all
the arteries examined; difference in size, and distance
from the heart, being unattended by any corresponding
difference of force in the circulation. The height of the
column of mercury displaced by the blood, was the same
in all the arteries of the same animal. The correctness of
these views having been questioned, Poiseuille has recently
repeated his observations, and obtained the same results
(xviii. 1860, p. 238). :

- From the mean result of several observations on horses
and dogs, he calculated that the force with which the blood
is moved in any large artery, is capable of supporting a
eolumn of mercury, six inches and one and a half lines in
height, or a column of water seven feet one line in height.
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With these results, the more recent observations of Valentin
(iv. p. 441), Spengler (lxxx. 1844), and Ludwig (Ixxx.
1847, p. 242), closely accord. Poiseuille’s experiments
having thus shown to him that the force of the blood’s
motion is the same in the most different arteries, he con-
cluded that, to measure the amount of the blood’s pressure
in any artery of which the calibre is known, it is necessary
merely to multiply the area of a transverse section of a
vessel by the height of the column of mercury which is
already known to be supported by the force of the blood
in any part of the arterial system. The weight of a column
of mercury of the dimensions thus found, will represent
the pressure exerted by the column of blood. And assum-
ing that the mean of the greatest and least height of the
column of mercury found, by experiments on different
animals, to be supported by the force of the blood in them,
is equivalent to the height of the column which the force
of the blood in the human aorta would support, he caleu-
culated that about 4 1bs. 4 oz. avoirdupois, would indicate
the static force with which the blood is impelled into the
human aorta. By the same calculation, he estimated the
force of the circulation in the aorta of the mare to be about
11 Ibs. 9 oz. avoirdupois: and that in the radial artery at
the human wrist only 4 drs. We have already seen that
the museular force of the right ventricle is equal to only
half that of the left, consequently, if Poisenille’s estimate
of the latter be correct, the force with which the blood is
propelled into the lungs will only be equal to 2 1bs. 2 oz.
avoirdupois.

The amounts above stated indicate the pressure exerted
by the blood at the several parts of the arterial system at
the time of the ventricular contraction. During the dila-
tation, this pressure is somewhat diminished. Hales
observed, that the column of blood in the tube inserted
into an artery, falls an inch, or rather more, after each
pulse; Ludwig (Ixxx. 1847, p. 242) has observed the same,
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and recorded it more minutely. The pressure is also
influenced by the various circumstances which affect the
action of the heart; the diminution or increase of the
pressure being proportioned to the weaker or stronger
action of this organ. Valentin observed that, on increasing
the amount of blood by the injection of a fresh quantity into
it, the pressure in the vessels was also increased, while a
contrary effect ensued on diminishing the quantity of blood.

Poiseunille, Ludwig, and others have confirmed what
Haller and Magendie observed, namely, that the strength
of the blood's impulse in the arteries is increased during
expiration ; in which act the chest is contracted, and the
large vessels in consequence compressed. The column of
mercury in the heemadynamometer rises somewhat at each
expiration, and falls during inspiration. The extent of
the rise and fall of the mercury observed by Poiseuille,
was the same in arteries, the distance of which from the
heart was different; and in ordinary tranquil respiration
amounted to from four to ten lines. The decrease of the
arterial blood’s impulse in inspiration is in some persons so
great, that the pulse at the radial artery becomes impercept-
ible when inspiration is long continued and the breath held;
its increase in expiration is well shown in the increased pain
and throbbing of an inflamed part during coughing, and in
the frequency of rupture in diseased arteries during violent
expiratory efforts. These points will be again referred to
in speaking of the movement of the venous blood.

THE CAPILLARIES,

In all organic textures, except the corpora cavernosa of
the penis, and the uterine placenta, the transmission of
the blood from the minute branches of the arteries to the
minute veins is effected through a network of microscopic
vessels, in the meshes of which the proper substance of
the tissue lies (fig. 12). This may be seen in all minutely

injected preparations; and during life, by the aid of the
| microscope, in any transparent parts,—such as the web of
K
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the frog’s foot, the lungs, tongue, and the urinary bladder
of the frog, the tail or external branchise of the tadpole,
the incubated egg, young fishes, the wings of the bat, and
the mesentery of all Vertebrata,—and even in some opaque
textures of the larva of the salamander by means of a
simple mieroscope. The ramifications of the minute arteries
Fig. 12.* form repeated anastomoses with
each other and give off the ca-
pillaries which, by theiranastomoses,
compose a continuous and uniform
network, from which the venous
radicles, on the other hand, take
their rise. The reticulated vessels
connecting the arteries and veins
are called capillary, on account of
their minute size ; and intermediate
vessels on account of their position.
The point at which the arteries
terminate and the minute veins
commence, cannot be exactly defined,
for the tramsition is gradual; but
the intermediate mnetwork has,
nevertheless, this peculiarity, 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 network that they compose
are more uniform in shape and size, than are those formed
by the anastomoses of the minute arteries and veins.t
The diameter of the capillary vessels varies somewhat in
the different textures of the body, the most common size

* Fig. 12. Blood-vessels of an intestinal villus, representing the ar-
rangement of capillaries between the ultimate venous and arterial
branches ; a, a, the arteries ; 5, the vein.

1 For instances of oceasional direct communication between arteries
and veins, without the intervention of eapillaries, see Suchet (Ixxii
t. 26. p.825).
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being about sisth 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 form of the capillary network presents considerable
variety in the different textures of the body : the varieties
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, most glands, and
mucous membranes, and the cutis. The meshes of this
kind of network are not quite circular, but more or less
angular, somtimes presenting a nearly regular quadrangular
or polygonal form, but being more frequently irregular.
The capillary network with elongated meshes 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 parallel-
ogram, 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 elon-
gated meshes is much varied according as the vessels
composing them have a straight or tortuous form. Some-
times the capillaries have a looped arrangement, a single
eapillary projecting 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. What-

.ever be the form of the capillary network in any tissue or
organ, it is, as a rule, found to prevail in the correspond-
ing parts of all animals.

The number of the capillaries and the size of the meshes
in different parts determine in general the degree of
vascularity of those parts. The parts in which the net-
work of capillaries is closest, that is, in which the meshes
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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 same 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 inter-
spaces, 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 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 cellular coat of arteries, the width
of the meshes is ten times that of the vessels (Henle).

Tt 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, liga-
ments, and other very tough and comparatively inactive
tissues; and the complete absence of vessels in cartilages,
the dense tendons of adults, and such parts, in which,
probably, very little organic change occurs after they are
once formed. But the general rule must be modified by the
consideration, that some organs, such asthe brain, though
they have small and not very closely arranged capillaries,
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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 move-
ment 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.

Microscopic observations and minute injections have
shewn that the capillary vessels are merely the fine tubes
which form the medium of transition from arteries to veins,
and thatno other kind of vessel arises from them ; that the
minute arteries have no other mode of termination than the
communication with the veins by means of the capillaries;in a
word, that there are no exhalant or other vessels terminating
by open extremities. The hypothesis of the existence of such
vessels is alike unnecessary to the explanation of secretion,
growth, nutrition, and all the other functions of a part.
All that these functions require of the vessels is, that for
each tissue, the blood should be brought so near to the
active elements of the tissue, that some of its fluid part may
be absorbed or imbibed by them. And the distance through
which such imbibition is effected is not always small ; in
the brain, for example, those portions of its substance which
lie in the middle of the wide meshes of the capillary net-
work must be nourished by imbibing fluid through the
spaces between them and the nearest vessels; so also in
bone, where the vessels are yet wider apart. DBut the
instances in which such imbibition is effected through the
greatest distance are in what are called non-vascular tissues,
which receive no blood-vessels into their own substance,
and are nourished by the fluid absorbed from the vessels of
the adjacent vascular parts ; as the cornea from the vessels
of the conjunctiva, the lens from those of the posterior layer
of its capsule, and the articular cartilage from the vessels
of the subjacent bone. The difference of nutrition in vas-
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cular and non-vascular tissues is only one of degree ; in all
parts alike the elementary structures are outside the vessels
and obtain new materials from the blood by imbibition ;
but the imbibition has to be accomplished through a greater
distance in the less than in the more vascular parts.

The structure of the ecapillaries offers little hindrance to
such imbibition. Their walls are composed of exceedingly
fine, transparent, and apparently homogeneous membrane,
in which are imbedded, here and there, minute oval cor-
puscles, probably the persistent nuclei of the cells from
which the vessels were originally formed. Only in the
largest capillaries are there traces of an epithelial lining
like that of the arteries, or of filaments, like rudiments of
a cirecularly-fibrous coat.

In the Circulation in the Capillaries, as seen in any trans-
parent part of a living adult animal by means of the
Fig. 13.* microscope (fig. 13), the blood

flows with a constant equable
motion. In very young animals,
the motion, though continuous,
is accelerated at intervals cor-
responding to the pulse in the
larger arteries, and a similar
motion of the blood is also seen
in the capillaries of adult ani-
mals when they 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 some-
what after each impulse, apparently because of the elas-
ticity of the capillaries and the tissues round them. These

* Fig. 13. Capillaries in the web of the frog's foot magnified.
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observations may be added to those already (p. 100) ad-
vanced 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 (xciv. 1843) having placed the pectoral fin of an eel
in the field of the microscope and compressed it by the
weight of a heavy probe, observed that the movement of
the blood in the capillaries became obviously pulsatory, the
pulsations being synchronous with the contractions of the
ventricle. This power of the heart to propel the blood
through a second set of capillaries affords an explanation
of the feetal circulation, and of the more difficult problem,
the circulation through the acardiac foetus. The pulsatory
motion of the blood in the capillaries 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 multipli-
cation of the surfaces with which it is brought in contaect.
The velocity of the blood is, also, in them reduced to its
minimum, because of the widening of the stream. 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 sec-
tional 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.
It is quite true, that the force with which the blood is pro-
pelled in the arteries, as shewn by the quantity of blood
which escapes from them in a certain space of time, is
much greater than that with which it moves in the veins;
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but this force has to overcome all the resistance offered in
the arterial and capillary system—the heart itself, indeed,
must overcome this resistance; so that the excess of the
force of the blood’s motion in the arteries is expended in
overcoming this resistance, and the rapidity of the circu-
lation in the arteries, even from the commencement of the
aorta, would be the same as in the veins and capillaries, if
the aggregate capacity of each of the three systems of
vessels were the same.

But since the aggregate sectional area of the branches is
greater than that of the trunk from which they arise, the
rapidity of the blood’s motion will necessarily be greater in
the trunk, and will diminish in proportion as the aggregate
capacity of the vessels increases during their ramification:
in the same manner as, other things being equal, the
velocity of a stream diminishes as it widens. !

The observations of Hales (Ixvii. vol. ii.), E. H. Weber
(lxxx. 1838, p. 450), and Valentin (iv. vol. i. p. 468), agree
very closely as to the rate of the blood in the capillaries of
the frog: and the mean of their estimates gives the velocity
of the systemic capillary 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, but has not yet been accurately
estimated. If it be assumed to be three times as great as
in the frog, still the estimate may seem too low, and incon-
sistent with the facts which shew that the whole circulation
is accomplished in about a minute. But the whole length
of capillary vessels, through which any given portion of
blood has to pass, probably does not exceed 4 of an inch;
and therefore the time required for each quantity of blood
to traverse its own appointed portion of the general capil-
lary 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,

L e .
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The estimates given above are drawn from observations
of the movements of the red blood-corpuscles, which move
in the centre of the stream. 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 vessel, 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. 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. But there is no doubt that
such a still layer of liquor sanguinis exists next the walls
of the vessels, and it is between it and the tissues around
the vessels, that those interchanges of particles take place
which ensue in nutrition, secretion, and absorption by the
blood vessels; interchanges which are probably facilitated
by the tranquility of the fluids between which they are
effected.

There is no reason for supposing that either the pale
or red corpuscles ever remain permanently fixed to the
wall of the vessels, and become united with them, or that
they pass through the walls to enter into the structure of
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the tissues. Their office appears to be fulfilled exclusively
within the vessels.

Much diversity of opinion has long prevailed respecting
the possession by capillaries of any power to aid the pro-
gressive motion of the blood. It may be stated, with
tolerable certainty, that the capillaries themselves possess
no such power, and that the influence which they seem to
exercise on the movement of their contained blood, is re-
ferable in part to the action of the small arteries and
in part to the results of the relation which exists between
the tissues without, and the blood within, the capillaries.

Thus, the capillaries contract on the application of cold :
but this may be due not to any contraction similar to that
of muscular tissue, but to their elasticity, and that of the
surrounding tissues which close in,when by the contraction of
the small arteries (which, as already stated, can be made to
contract by cold), the flow of blood into the capillaries is
diminished.

The apparent contraction of the capillaries, too, on the
application of certain irritating substances, and during fear,
and their dilatation in blushing, may be similarly referred
to the action of the small arteries, rather than to that of
the capillaries themselves. '

Still it is very probable that some influence in aid of the
general circulation takes place in the capillary system.
The results of morbid action, as well as the phenomena of
health, strongly support such a view. For example, when
the access of oxygen to the lungs is prevented, the circula-
tion through the pulmonie capillaries is gradually retarded,
the blood-corpuscles cluster together, and their movement
is eventually almost arrested, even while the action of the
heart continues. In inflammation, also, the capillaries of
an inflamed part are enlarged and distended with blood,
which either moves very slowly, or is completely at rest. In
both these cases the phenomena are local, and independent
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of the action of the heart, and appear to result from some
alteration in the blood, which increases the adhesion of its
particles to one another, and to the walls of the capillaries,
to an amount which the propelling action of the heart is not
able to overcome,

The temporary increase in the size of the capillaries, and
in the quantity of blood moving through them in any part,
during an unusually active discharge of its functions, has
been cited as evidence of their exercising some power to
determine the amount of blood that shall traverse them.
Instances of such enlargement are seen in the turgescence
of an actively secreting or quickly growing part. DBut the
control here displayed, may be exercised, not by the capil-
laries themselves, but by that relation, whatever be its
nature, which exists between every tissue and the blood,
and by which the condition of the tissue determines the
quantity of blood to be supplied to it; as, in the rudimen-
tal state, the condition of each organ or tissue determines
the first formation and supply of blood to it.

It may be concluded, then, that the capillaries, which are
formed of a single homogeneous membrane, destitute of all
contractile power apart from elasticity, can of themselves
exercise no direct influence on the movement of their con-
tents : yet that the constant interchange of relations between
the blood and the tissues outside the vessels does in some
measure facilitate the movement of blood through the
capillary system, and thus constitute one of the assistant
forces of the circulation.®

THE VEINS.

In structure the coats of veins bear a general resem-
blance to those of arteries. They possess, however, no

—

* For a clever and elaborate essay on the subject, consult the British
and Foreign Medico-Chirurgical Review, vol. xv. p. 372, wherein Mr,
Savory brings together the prineipal arguments in favour of a * capillary
circulation,” and meets the objections to them.
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complete elastic coat; what elastic tissue they have, is
interwoven in their fibro-cellular tissue, which, being itself
also extensile and elastie, enables them to recover from the
temporary extensions to which they are liable. That part
of their walls also which corresponds with the muscular
coat of the arteries, is composed of fibres resembling those
of fibro-cellular tissue ; combined with these, however, are
well-marked fibre-cells of organic muscle, through the
agency of which the veins probably possess some power of
independently contracting on their contents, To the great
trunks of the veins, where they are near the auricles, more
of this power is given by a circular layer of striated mus-
cular fibres, like those of the auricles, which takes the
place of the organic muscular and fibro-cellular tissue, and
the action of which has been already referred to (p. 84).
But in the rest of the veins, the contractile power is pro-
bably weak and of slow action; sufficient, however, to
enable them to adapt themselves to the size required when
they receive less than their average supply of blood through
the arteries; while to the usual, or more than the usual
supply, they are adapted by the extensile and elastic
property of all their coats.

The chief influence that the veins have in the circula-
tion, is effected with the help of the valves, which are
placed in all veins that are 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 semi-
lunar valves of the aorta and pulmonary artery, already
described (p. 88) ; but their free margins are turned in the
opposite direction, ¢.e., towards the heart, so as to stop any
movement of blood backward in the weins. They are
commonly placed in pairs, at various distances in different
veins, but almost uniformly in each. In the smaller veins,
single valves are often met with; and three or four are
sometimes placed together, or nmear ome another, in the
largest veins, such as the subclavian, and at their junction
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with the jugular veins. The valves are semilunar; the
unattached edge being in some examples concave, in others
straight. They are composed of inextensile fibrous tissue,
and are covered with epithelinm 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.

The principal obstacle to the circulation is already over-
come 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 movement are very slight. For the
formidable obstacle supposed to be presented by the gravi-
tation 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; as if one had a cireular tube full of
fluid at every part, the fluid might be made to circulate
with equal facility in either direction, or in any position of
the tube. 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 disten-
sion. But this pressure bears equally on both arteries and
veins, and cannot either move, or resist the motion of, the
fluid they contain, so long as the columns of fluid are of
equal height in both, and continuous. Their condition may,
in this respect, be compared with that of a double bent tube
full of fluid held vertically; whatever be the height and
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gravitation of the columns of fluid, neither of them can
move of its own weight, each being supported by the
other ; yet the least pressure on the top of either column
will lift up the other: so, when the body is erect, the
least pressure on the column of arterial blood may lift
up the venous blood, and, were it not for the wvalves,
the least pressure on the venous might lift up the arterial
column.

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 hmmadynamo-
meter, did not amount to more than 4 or {; of that in the
carotid artery of the same animal; and this estimate is
confirmed, in the instances of several other arteries and
their corresponding veins, by Mogk (xxxiii. 1845, p. 33).
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, appa-
rently, consumed during the passage of the blood through
the capillaries (iv. p. 477). But, slight as this remanent
force might be (and the experiment in which it was esti-
mated 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, (p. 103), the spon-
taneous dilatation of the auricles and ventricles, though it
may not be forcible enough to assist the movement of

blood into them, is adapted to offer to that movement no

obstacle.

Some assistance is given to the venous circulation by the
respiratory movements of the chest; and some, occasionally,
but very effectually, by the actions of the museles 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
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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, inex-
tensile both in themselves and at their margins of attach-
ment, do not follow the vein in its distension, 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, what-
ever 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 ecirculation, 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
anastomoses by which they communicate with one another;
for through these, the closing up of the venous channel
by the backward pressure is prevented from being any
serious hindrance to the ecirculation, 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. Thus, therefore, the
effect of muscular pressure upon veins that 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 backwards 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 venesec-
tion, the 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 con-
tinually taking place in the body while awalke, though
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their single effects may be less striking, must be an im-
portant auxiliary to the venous circulation. Yet they are
not essential ; for the wvenous 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 pres-
sure to the movement of blood along veins possessed of
valves, it has been discovered by Mr. Wharton Jones
(xliii. 1852,) that in some instances at least, the coats of
veins furnished with valves possess the remarkable property
of rhythmical contraction and dilatation, whereby the
current of blood within them is distinetly accelerated.
Mr. Jones observed this phenomenon repeatedly in the
veins of bats’ wings, and found that the contraction occurred,
on an average, about ten times in the minute ; the existence
of valves preventing regurgitation, the entire effect of the
contractions was auxiliary to the onward current of blood.
It is reasonable to infer that veins in other parts may, when
furnished with valves, possess a like power ; Schiff, indeed,
has proved its existence in the veins of the rabbit’s ear.

The respiratory movements of the chest also assist the
circulation of the blood in the systemic veins : at least, the
more forcible respiratory movements do ; the ordinary ones
are too weak to produce any considerable effect. The
effect of expiration in increasing the pressure of the blood
in the arteries has been already mentioned (page 129), and
is minutely illustrated by the experiments of Ludwig
(lsxx. 1847, p. 242). It acts as the pressure of contracting
muscles does upon the veins, and is advantageous to the
movement of arterial blood while the. aortic valves are
closed, because during this time the backward pressure
cannot wholly neutralize the benefit of the pressure for-
wards. The in¢reased pressure on the blood in the arteries
during expiration is also propagated through the capillaries
to some of the veins; for Magendie has shewn that the
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stream of venous blood from the lower end of a divided
vein becomes stronger during each expiration.

But on the whole, little advantage is derived to the cir-
culation from the movements of expiration, since the same
pressure which drives on the arterial blood with increased
force must, in some degree, retard the blood in the veins,
and obstruct its passage to the heart. The effect of such
retardation is shewn in the swelling-up of the veins of the
head and neck, and the lividity of the face, during coughing,
straining and similar violent expiratory efforts. The effects
shewn in these instances are due both to some regurgitation
of blood in the great veins, and to the accumulation of blood
in the veins of the head and face, which are constantly
more and more filled by the influx from the arteries, and
are not able to empty themselves into the wvena cava
superior. The regurgitation, however is stopped, or much
diminished, by the valves at the junction of the jugular
and subclavian veins, by which also the disadvantageous
effects of the forced expirations are limited.

The act of inspiration is favourable to the venous eir-
culation, and its effect is not quite counterbalanced by its
tending 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. DBut 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
¢hest, and therein towards the heart. The effect of thisin
the arterial current is hindered by the aortic valves, while
they are closed ; and is less than it is on the venous cur-
rent in the same proportion as the orifice of the aorta is
less than the united orifices of the two vense cavm.

Sir David Barry was the first who shewed plainly this effect
of inspiration on the venous circulation, and he mentions

1,
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the following experiment in proof of it. He introduced
one end of 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 expiration it either remained sta-
tionary, or even sank. DPoiseuille confirmed the truth of
this observation, in a more accurate manner, by means of
his heemadynamometer. And a like confirmation has been
since furnished by Valentin (iv. p. 478), and in minute de-
tails by Ludwig (lxxx. 1847, p. 242).

The effect of inspiration on the veins is observable only
in the large ones near the thorax. Poiseuille could not
detect it by means of his instrument in veins more distant
from the heart,—for example, in the veins of the extremi-
ties. And its beneficial effect would be neutralized were 1t
not for the 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.

On the whole, therefore, the respiratory movements of
the chest are advantageous to the systemic circulation. On
the pulmonary ecirculation they appear to produce little
effect, but that little, according to Donders (xxxiii. 1853,
p. 287, e. s.), is advantageous. The additional force which
expiration gives to the arterial current is not counterba-
lanced by the retardation of the venous ecurrent, because,
the valves of the veins closing, limit the regurgitation from
the chest; and though the blood behind or above these
valves is retarded while they are close, yet it goes on with
accumulated force as soon as they are open again. On the
other hand, the retardation of the arterial blood by the act
of inspiration is less than the acceleration of the venous
blood, because the orifice of the aorta is less than that of
the venm cave.
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The disturbance which hurried respiration and struggling
produce in the movement of the venous blood, makes it ex-
ceedingly difficult to determine the average force or velocity
of the venous stream. The velocity of the blood is greater
in the veins than in the capillaries, but less than in the
arteries : and to this are adapted the relative capacities of
the arterial and venous systems; for since the veins must
return to the heart all the blood that they receive from
it in a given time through the arteries, their larger size
and proportionally greater number must compensate for the
slower movement of the blood through them. If an accu-
rate estimate of the proportionate areas of arteries and the
veins corresponding to them could be made, we might,
from the veloecity of the arterial current calculate that of the
venous. Perhaps a fair approximation to such an estimate
is, that the capacity of the veins is about three times as
great as that of the arterial system ; and that the velocity
of the blood’s motion is about one-third less in the former
than in the latter. And this is not a slow movement; for
if we stop the circulation at the beginning of any superficial
vein, and empty the upper part of the vein, immediately
upon removing the finger the blood will move along the
vein faster than the eye can follow it. 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.

Having now considered the share which each of the cir-
culatory 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 accom-
plished. As Miiller says, the rate of the blood’s motion in
the vessels must not be judged of by the rapidity with
which it flows from a vessel when divided. In the latter
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case, the rate of motion is the result of the entire pressure
to which the whole mass of blood is subjected in the vas-
cular system, and which at the point of the incision in the
vessel meets with no resistance. In the closed vessels, on
the contrary, no portion of blood can bhe moved forwards
except by impelling on the whole mass, and by overcoming
the resistance arising from friction in the smaller vessels.

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 than in the capillaries. More satisfactory data for the
estimates are afforded by the results of experiments to ascer-
tain 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 sub-
stance 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 thirty seconds; to
the facial artery, in one experiment, in between 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 than forty
seconds. The result was nearly the same whatever was the
rate of the heart’s action,

Poiseuille’s observations (xxxi. 1843) accord completely
with the above; and shew, moreover, that when the ferro-
cyanide is injected into the blood with other substances,
such as acetate of ammonia, or nitrate of potash (solutions
of which, as other experiments have shewn, pass quickly
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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 (xciv. Oct. 1841), who found
that nitrate of baryta 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 diffus-
ing itself through the coronary arteries. In a dog, the
poisonous effects of strychnia on the nervous system were
manifested 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
mnjected moves with the blood, and at the same rate as it,
and does not move from one part of the organs of circu-
lation to another by diffusing itself through the blood or
tissues more quickly than the blood moves. The assump-
tion 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 movement 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
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average time in which the blood completes its entire circuit
in man, is rather above than below the actual rate.

Another mode of estimating the general velocity of the
circulating 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. DBut 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 approximated to the truth. Still,
the most careful of the estimates thus made accord with
those already mentioned; for Valentin hds, from these
data, calculated that the blood may all pass through the
heart in from 433 to 62§ seconds.

The estimate from the speed at which the blood may be
seen moving in fransparent parts, is not opposed to this.
For, as already stated (p.136), though the movement
through the capillaries may be very slow, yet the length of
capillary vessel through which any portion of blood has
to pass is very small. Xven if we estimate that length at
the tenth of an inch, and suppose the velocity of the blood
therein to be only one inch per minute, then each portion
of blood may traverse its own distance of the capillary
system in about six seconds. There would, thus, be plenty
of time left for the blood to travel through its circuit in
the larger vessels, in which the greatest length of tube
that it can have to traverse in the human subject does not
exceed ten feet.

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
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right side of the heart; for the circulation from the left to
the right cavities of the heart may be represented as form-
ing 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 systemic ecirculation, and in it the
blood flows, eeteris paribus, much quicker than in most of
the vessels which belong to the aortic circulation. For
although the quantity of blood contained, at any instant,
in the greater circulation of the body, is far greater than
the quantity within the lesser circulation, yet, in any given
space of time, as much blood must pass through the lungs
as passes in the same time through the systemie circulation.
If the systemic 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 overtilled or not filled enough.

Leeuliarities of the Circulation in different Parts,

The most remarkable peculiarities attending the circula-
tion of blood through different organs are observed in the
cases of the lungs, the liver, the brain, and the erectile organs.
The pulmonary and portal circulations have been already
alluded to (pp. 82, 83), and will be again noticed, when
considering the functions of the lungs and liver.

The chief circumstances requiring notice, in relation to
the cerebral cireulation, are observed in the arrangement and
distribution of the wvessels of the brain, and in the con-
ditions attending the amount of blood usually contained
within the cranium.

The functions of the brain seem to require that it should
receive a large supply of blood. This is accomplished
through the number and size of its arteries, the two internal
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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 circumstances, than it is in other
parts. This object is effected by several provisions ; such
as the tortuosity of the large arteries, and their wide anas-
tomoses in the formation of the circle 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 canal 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 branch and
divide into innumerable minute ramuscles and 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
8o as to be scarcely capable of change of size; and com-
posed, 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 not 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.

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 unyielding
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
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the same; and that the quantity of blood received within
any given time through the arteries must be always, and
at the same time, exactly equal to that removed by the
veins. In accordance with this supposition, the symptoms
commonly referred to either excess or deficiency of blood
in the brain, were ascribed to a disturbance in the balance
between the quantity of arterial and that of venous blood.
Some experiments performed by Dr. Kellie appeared to
establish the correctness of this view. He believed that in
animals bled to death, while all the other organs of the
body were nearly emptied of blood, the vessels of the brain
contained almost their ordinary quantity ; but that if, pre-
vious to bleeding an animal, he made a hole in its cranium,
and thus exposed the brain, equally with the other organs,
to the influence of atmospheric pressure, its vessels, like
those of other parts of the body, were emptied as the animal
bled to death. But Dr. Burrows (Ixxi. May, 1843, and
xcv.), having repeated these experiments, and performed
additional ones, obtained different results. He found that
in animals bled to death, without any aperture being made
in the cranium, the brain became pale and ansemic like
other parts. And in proof that, during life, the cerebral
circulation is influenced by the same general circumstances
that influence the circulation elsewhere, he found congestion
of the cerebral vessels in rabbits killed by strangling or
drowning ; while in others, killed by prussic acid, he
observed that the quantity of blood in the cavity of the
eranium was determined by the position in which the
animal was placed after death, the cerebral vessels being
congested when the animal was suspended with its head
downwards, and comparatively empty when the animal
was kept suspended by the ears. e concluded, therefore,
that although the total volume of the contents of the
eraninm 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 diminu-
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tion or increase in the quantity of the cerebro-spinal fluid,
which, by readily admitting 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 uniformly filled in case of variations in
their quantity (see also Ecker, exxix). But such variations
occur only in abnormal conditions. In ordinary states, and
in health, it is probable that the arrangements of the
vessels, to which we have referred, ensure to the brain a
supply of blood, which is both uniform and guarded from
the accidental disturbances to which the supply for all
other organs is liable, even in circumstances consistent
with health.

Firectile structures.—The instances of greatest variation in
the quantity of blood contained, at different times, in the
same organs are found in certain structures which, under
ordinary circumstances, are soft and flaceid, 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
cavernosa and corpus spongiosum of the penis in the male,
and the clitoris in the female; and, in 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, from
the inner surface of which numerous fine lamellw®e pass into
the interior of the body, dividing its cavity into small com-
partments which look like cells when they are inflated.
Within these is situated the plexus of veins upon which the
peculiar erectile property of 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 comparison that of the arteries and
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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 ves-
sels, and, during the state of erection, give to the penis its
condition of tension and firmness. The same general con-
dition of vessels exists in the corpus spongiosum urethre,
but around the urethra the fibrous fissue 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
vena dorsalis penis may be compressed by the uniting ten-
dons of the ischio-cavernosi; the crura penis, and the veins
issuing from them, are under the same muscles; and the
veins of the bulb are subject to the compression of the
bulbo-cavernosi (see Krause, Ixxx. 1837 ; Kobelt, exxvii.
and xxv. 1843-4, p. 58 ; and Ramband, cexlvii.).

Erection results from the distension of the venous plex-
uses with blood. The principal exciting cause in the erec-
tion 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
(xcvi. 1828, p. 364) has observed, that, after their division
in the horse, the penis is no longer capable of erection. Tt
affords a good example of the subjection of the circulation
in an individual organ to the influence of the nerves; but
the mode in which they excite a greater influx of blood is
not with certainty known.
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The most probable explanation is that offered by Pro-
fessor Kélliker, 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 flac-
cid 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 sus-
pended, 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
simultaneous 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 previously distended vessels. The influence
of cold in producing extreme contraction and shrinking of
erectile organs, and the opposite effect of warmth in indu-
cing fulness and distension of these parts, are among the
arguments used by Killiker in support of this opinion (exei. ),

The accurate dissections and experiments of Kobelt
(cxxxvii.), extending and confirming those of Le Gros
Clark (lxxi. vol. xviii. p.437) and Krause (Ixxx. 1837),
have shewn, that this influx of the blood, however ex-
plained, is the first condition necessary for erection, and
that through it alone, much enlargement and turgescence
of the penis may ensue. DBut the erection is probably not
complete, nor maintained for any time except when,
together with this influx, the muscles already mentioned
contract, and by compressing the veins, stop the efflux of
blood, or prevent it from being as great as the influx.*

T

* Kolliker, however, scems to doubt the existence of any such addi-
tivnal influence in the production of erection, and believes that the
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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. Ior
such turgescence nothing more seems necessary than a
large plexiform arrangement of the veins, and such arteries
as may admit, upon local occasions, augmented quantities
of blood.

CHAFPTER VI

RESPIRATION.

As the blood circulates through the various parts of the
body, and fulfils its office by nourishing the several tissues
and supplying to secreting organs the materials necessary
for their different secretions, it is deprived of part of its
nutritive constituents, and becomes charged with impurities
resulting from the deterioration of the tissues. It is,
therefore, necessary that fresh supplies of nutriment should
be continually added to the blood, and that provision should
be made for the removal of the impurities. The first of
these objects is accomplished by the processes of digestion
and absorption. The second is principally effected by the
agency of the various excretory organs through which are
removed the several impurities with which the blood is
charged, whether these impurities are derived altogether
from the degeneration of tissues, or in part also from the
elements of unassimilated food. One of the most important
and abundant of the impurities is carbonic acid, the re-
moval of which and the introduction of fresh quantities of
oxygen, constitute the chief purpose of respiration —a

B

mere accumulation of blood in the various plexuses, in consequence of
the relaxation of the muscnlar fibres by which they are surrounded, is
sufficient to produce the distension and firmness characteristic of the
erectile state.
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process which, because of its intimate relation to the cir-

| culation, may be considered here, rather than with the
other excretory functions.

Structure of the Lungs.*

| £ Fig. 14.4 The respiratory pro-
' ! o cess in man, and in all -
Mammalia, is chiefly
carried on in the
minute cavities within
the lungs, ealled air-
eells, or pulmonary
vesicles. Each lobule,
or small subdivision of
: : the lung, consists of a
| : : collection of such air-
i cells, clustered upon and opening into minute branches of
the bronchial tubes, and having their walls overlaid with
capillaries derived from the terminal branches of the pul-
monary artery. :

The bronchial tube belonging to each lung passes into
its substance, dividing and sub-dividing, but without
anastomosis, and sending branches to every part of the
organ. All the larger branches have walls formed of tough
membrane with organic-muscular circular fibres, giving
them some power of spontaneous contraction, portions of

[ * Among the most recent works on the structure of the lungs, are
; those by Rainey (xIi. vol. 28); Addison (xliii. 1842); Kélliker (cevi.,
cexii., and cexviii.); T. Williams (lxxiii., Art. Organs of Respiration):
H. Waters (cexxvii); C. J. Eberth (ccli, 1862. p. 508); and H. Hertz
: (celi. 1863. p. 459).
| t Fig. 14, Ciliary epithelium of the human trachea magnified 350
| diameters. a. Layer of longitudinally arranged clastic fibres; 4. Base-
| ment membrane; c. Deepest cells, eircular in form; d. Intermediate
i elongated cells; e, Outermost layer of cells fully developed and bearing
| cilia. (After Kollikor, cevi.)
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cartilaginous rings by which they are held open, and longi-
tudinal bundles of elastic tissue for greater power of recoil
after extension: they are lined with mucous membrane,
the surface of which, like that of the trachea, is covered with
vibratile ciliary epithelium (fig. 14). But when the bronchi,
by successive branchings, are
reduced to-about 15 of an
inch in diameter, they lose
several of these structures,
and their walls are formed
only of a tough, elastic mem-
brane, with traces of fibrous,
probably muscular, structure,
over which the capillaries are
spread in a very dense net-
work, and on various parts of
which air-cells irregularly
open. Tubes of this kind are
named by Mr. Rainey nfer-
cellular passages. The air-cells
opening into them may be placed singly on their walls,
like recesses from them; but more often are arranged in
rows like minuter sacculated tubes ; so that a succession or
seriesof cells, all communicating with one another, open by a
common orifice into the tube (fig. 15). The cellsare of various
forms, according to the mutual pressure to which they are
subject; their walls are nearly in contact, and they vary
from ', 34 to 155 of an inch in diameter (Moleschott, exxi).
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-

* Fig. 15. Two small pulmonary lobules, a a, with air-cells, & &, and
the ultimate bronehial tubes (or intercellular passages), ce, with which

the air cells communicate. From a new-born ehild. (After Kolliker,
cevi.)
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Fig. 16.* edged border at
each circular
orifice of com-
munication be-
tween contigu-
ous air-cells, or
between  the
cells and the
bronchial pas-
sages. Nume-
rous fibres of
elastic  tissue
are spread ouf
between conti-
cuous air-cells,
and many of
these are at-
tached to the
outer surface of
the fine mem-
brane of which each cell is composed, imparting to it addi-
g tional strength, and the power of recoil after distension
i (fig. 16, b and ¢). Moleschott has long maintained, and
still believes that muscular fibres also exist in the walls of
: air-cells (cexlviii. 1861, p.76), though this view is opposed
by most other observers on the structure of the lung. The
i cells are lined by a layer of epithelium of the pavement or
It tesselated variety (see fig. 16, @). Outside the cells, a net-
I work of pulmonary capillaries is spread out so densely, that
i the interspaces or meshes are even narrower than the
i vessels, which are, on an average, 47y of an inch in

.___,_.__,_____..___._.

| * Fig. 16. Air-cells of lung, magnified 350 diameters, a. Epithelial
lining of the cells ; &. Fibres of elastic tissue ; ¢ Delicate membrane of
which the cell-wall is constructed with elastic fibres attached to it.
(After Kolliker, cevi.)
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diameter. Between the atmospheric air in the cells and
the blood in these vessels, nothing intervenes but the thin
membranes of the cells and capillaries, and the delicate
epithelial lining of the former; 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 layer
of capillaries, both sides of which are thus at once exposed
to the air.

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, in adaptation to the more
ready supply of fresh air to the central than the peripheral
portion of the lungs. The cells of adjacent lobules do not
communicate ; and those of the same lobule, or proceeding
from the same intercellular passage,do so as a general rule
only near angles of bifurcation ; so that, when any bron-
chial tube is closed or obstructed, the supply of air is lost
for all the cells opening into it or its branches.

Movements of Respiration.

The movements for taking into the lungs fresh air, and
for expelling from them the air that has been changed by
the respiratory process, are those of inspiration and
expiration. The former is performed by the contraction of
muscles bounding or attached to the exterior of the chest ;
the latter, chiefly and usually, by the elastic contraction or
recoil of the lungs and the walls of the chest, after they
have been dilated in the act of inspiration,

The chest is a cavity closed on every side from the
entrance of air; its immediate boundary is formed by its
lining membrane, the pleura; its walls, external to the
pleura, are partly osseous and unyielding, though moveable,
partly muscular, partly elastic. It is filled by the lungs
and heart and their larger vessels, and these fill it equally
in all its alterations of size ; when it enlarges, they receive
M
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more air and blood ; when it contracts, air and blood pass
out of them; and the lungs and part of the heart are
always in contact with every part of its internal surface.
The changes produced by the respiratory- movements on
the circulation of blood have been noticed already (p. 144);
the much greater changes of the air will now be alone
considered.

Air, as already said, fills all the air-tubes and cells of
the lungs ; and through their medium, the pressure of the
atmosphere is communicated, through the open glottis, to
the whole of the interior of the cavity of the chest, and
balances the pressure of the atmosphere on the exterior
of the chest. The force, therefore, which is required for
the expansion of the chest in inspiration is not more than
is necessary for moving the weight of its walls and those
of the abdomen, and overcoming their elasticity and that
of the lungs. The expressions which imply the necessity
of forming a vacuum in the chest to draw in air, are
inaccurate or exaggerated ; the pressure of the atmosphere
on both the inside and outside of the chest being equal,
its walls are free to move so long as the glottis is open.
‘When they are raised, so as to expand the chest, the pres-
sure on the exterior of the lungs is made somewhat less
than that of the atmospheric air on their interior: the
excess of pressure, therefore, impels more air into them
through the trachea. When, on the other hand, the walls
of the chest contract, or allow the elastic tissue of the lungs
and pulmonary pleura to contract, the pressure is greater
on the exterior than on the interior of the lungs, and air
is forced out of them through the trachea.

In its enlargement in inspiration, the capacity of the chest
is commonly increased in all directions; and chiefly in its
vertical diameter and at its posterior part, so as to ensure
the expansion of the great masses of lung which lie in the
hollows at the back of the chest, by the sides of the spine.
But its mode of increase presents some peculiarities in
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different persons and circumstances. In young children,
the inspiration is effected almost entirely by the diaphragm,

Fiy. 17.* Fig. 18.1

£

which being highly arched in expiration, becomes flatter as
it contracts, and, descending, presses on the abdominal

* Fig.17. The changes of the thoracic and abdominal walls of the male
during respiration. The back is supposed to be fixed in order to throw
forward the respiratory movement as much as possible. The outer black
continuous line in front represents the ordinary breathing movement:
the anterior margin of it being the boundary of inspiration, the posterior
margin the limit of expiration. The line is thicker over the abdomen,
since the ordinary respiratory movement is chiefly abdominal: thin over
the chest, for there is less movement over that region. The dotted line
indicates the movement on deep inspiration, during which the sternum
advances while the abdomen recedes.

t Fig. 18. The respiratory movement in the female., The lines
indieate the same changes as in the last figure. The thickness of the
continuons line over the sternum shews the larger extent of the

ordinary breathing movement over that region in the female thau in
the male.
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viscera, and pushes forward the front walls of the abdomen.
The movement of the abdominal walls being here more
manifest than that of any other part, it is usual to call this
the abdominal mode or type of respiration. In adult men,
together with the descent of the diaphragm, and the push-
ing forward of the front wall of the abdomen, the lower
part of the chest and the sternum are subject to a wide
movement in inspiration. In women, the movement
appears less extensive in the lower, and more so in the
upper, part of the chest; a mode of breathing to which a
greater mobility of the first mb is adapted, and which may
have for its object the provision of sufficient space for
respiration when the lower part of the chest is encroached
upon by the pregnant uterus. MM. Beau and Maissiat
(exxii. 1842-3), call the former the dnferior costal, and the
latter the superior costal, type of respiration; but the
annexed diagrams from Mr. Hutchinson’s paper (xli. vol.
xxix.) will explain the difference better than the names
will, for they imply a greater diversity than naturally
exists in the modes of inspiration.

From the enlargement produced in inspiration, the chest
and lungs return, with expiration, by their elasticity.®* The
costal cartilages are the chief seats of elastic power in the
walls of the chest, and add to the force of an ordinary ex-
piration, 7. e., of such an one as is made in tranquil breath-

* For an account of the particular muscles engaged in inspiration,
see the article Thorax, by Mr. Hutchinzon, in the Cyclopmdia of
Anatomy; a paper on the Movements of Respiration, by Dr. Sibson,
in the Medico-Chirurgical Transactions for 1848; and, as well as to these,
the student may refer to Mr, Hutchinson’s paper in the twenty-ninth
volume of the Medico-Chirargical Transactions; Dr. Sibson’s papers in
the Philosophical Transactions for 1846, and the forty-first volume of
the Medical Gazette; Dr. J. Reid’s article Respiration in the Cyclopadia
of Anatomy; the papers of MM. Beau and Maissiat (exxii. 1842 and
1843); and, for much general information on the subject of respiration,
to Dr. Sibson, On the causes which influence and excite Respiration
in Health and Disease, in the Provincial Medical Transactions, 1851.
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ing. But the walls of the chest hinder deeper expirations
such as are made in straining, coughing, and the like; for
these, muscular efforts are required, and, when the chest is
contracted or compressed by those efforts, it recovers its
average capacity by its elasticity. Independently of its
elasticity, the walls of the chest follow, in expiration, the
elastic recoil or contraction of the lungs, which have elastic
tissue in the bronchial tubes, on and between the air-cells,
and in the investing pleura, and are always kept on the
stretch, ready to contract as soon as the muscular effort for
expanding the chest ceases, contracting with the more force
the more they have been expanded, and never in health
contracting so much as they might, or as they do when the
chest is opened and atmospheric pressure is directly ad-
mitted to their external surface.

The quantity of air that is changed in the lungs in each
act of ordinary tranquil breathing is variable, and is very
difficult to estimate, because it is hardly possible to breathe
naturally while, as in an experiment, one is attending to
the process. The best estimate, perhaps, is that by Mr.
Coathupe (xeciii. 1839), who states the quantity at from
twenty to twenty-five cubic inches; and this is probably as
near as possible to the truth in the case of healthy young
and middle-aged men; but Bourgery (cxxii. 1843) is per-
haps right in saying, that old people, even in health, habi-
tually breathe more deeply, and change in each respiration
a larger quantity of air than younger persons do.

This quantity, being that habitually and almost uni-
formly changed in breathing, is called by Mr. Hutchinson
(xli. vol. 29) breathing air. The quantity over and above
this which a man can draw into the lungs in the deepest
inspiration, he names complemental air: its amount is various,
as will be presently shewn. After ordinary expiration,
such as that which expels the breathing air, a certain quan-
tity of air remains in the lungs, which may be expelled by
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a forcible and deeper expiration : this he terms reserve air.
But, even after the most violent expiratory effort, the lungs
are not completely emptied; a certain quantity always re-
mains in them, over which there is no voluntary control,
and which may be called residual air. Its amount depends
in great measure on the absolute size of the chest, and has
been variously estimated at from forty to two hundred and
sixty cubie inches.

The greatest respiratory capacity of the chest is indicated
by the quantity of air which a person can expel from his
lungs by a forcible expiration after the deepest inspiration
that he can make. My. Hutchinson names this the wvital
capacity : it expresses the power which a person has of
breathing in the emergencies of active exercise, violence,
and disease; and in healthy men it varies according to
stature, weight, and age.

It is found by Mr. Hutchinson, from whom most of our
information on this subject is derived, that at a temperature
of 60° I'., 225 cubic inches is the average wifal capacity of a
healthy person, five feet seven inches in height. For every
inch of height above this standard the capacity is increased,
on an average, by eight cubic inches; and for every inch
below, it is diminished by the same amount. This relation
of capacity to height is quite independent of the absolute
capacity of the cavity of the chest; for the cubic contents
of the chest do not always, or even generally, increase with
the stature of the body; and a person of small absolute
capacity of chest may have a large capacity of respiration,
and vice versd. The capacity of respiration is determined
only by the mobility of the walls of the chest; but why
this mobility should increase in a definite ratio with the
height of the body is yet unexplained, and must be difficult
of solution, seeing that the height of the body is chiefly
determined by that of the legs, and not by the height of
the trunk or the depth of the chest. ‘But the vast number
of observations made by Mr. Hutchinson seem to leave no
doubt of the fact as stated above.
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The influence of weight on the capacity of respiration is
less manifest and considerable than that of height: and it
is difficult to arrive at any definite conclusions on this point,
because the natural average weight of a healthy man in
relation to stature has not yet been determined. As a
general statement, however, it may be said, that the capa-
city of respiration is not affected by weights under 161
pounds, or 11} stones; but that, above this point, it is
diminished at the rate of one cubic inch for every additional
pound up to 196 pounds, or 14 stones ; so that, for example,
while a man of five feet six inches, and weighing less than
11} stones, should be able to expire 217 cubic inches, one
of the same height, weighing 12} stones, might expire only
203 cubic inches.

By age, the capacity appears to be increased from about
the fifteenth to the thirty-fifth year, at the rate of five cubic
inches per year ; from thirty-five to sixty-five, it diminishes
at the rate of about one and a-half cubic inch per year; so
that the eapacity of respiration of a man of sixty years
old would be about 30 cubic inches less than that of a man
forty years old, of the same height and weight.

Mr. Hutchinson’s observations were made almost exclu-
sively on men ; and his conclusions are, perhaps, true of
them alone ; for women, according to Bourgery, have only
half the capacity of breathing that men of the same age
have.

The number of respirvations in a healthy adult person
usually ranges from fourteen to eighteen per minute.
According to Mr. Hutchinson, the foree with which the
inspiratory muscles are ecapable of acting is greatest in
individuals of the height of from five feet seven inches to
five feet eight inches, and will elevate a column of three
inches of mercury. Above this height, the force decreases
as the stature increases ; so that the average of men of six
feet can elevate only about two and a half inches of mer-
cury. The force manifested in the strongest expiratory acts
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is, on the average, one-third greater than that exercised in
inspiration. But this difference is in great measure due to
the power exerted by the elastic reaction of the walls of the
chest ; and it is also much influenced by the disproportionate
strength which the expiratory muscles attain, through being
called into use for other purposes than that of simple ex-
piration. The force of the inspiratory act is, therefore,
better adapted than that of the expiratory for testing the
muscular strength of the body.

Much of the force exerted in inspiration is employed in
overcoming the resistance offered by the elasticity of the
walls of the chest and of the lungs. Mr. Hutchinson esti-
mated the amount of this elastic resistance, by observing
the elevation of a column of mercury raised by the return
of air forced, after death, into the lungs, in guantity equal
to the known capacity of respiration during life; and he
calculated that, in a man capable of breathing 200 cubic
inches of air, the muscular power expended upon the elas-
ticity of the walls of the chest, in making the deepest
inspiration, would be equal to the raising of at least 301
pounds avoirdupois. In tranquil respiration, supposing
the amount of breathing air to be twenty cubic inches, the
resistance of the walls of the chest would be equal to lifting
more than 200 pounds. The elastic force exerted in ordi-
nary expiration must, therefore, be much greater than
enough to lift this weight; because in it the elastic force
of the lungs is also in action,—a force which is not in-
cluded in these estimates, because the lungs were in both
cases burst by the air forced into them.

The great force of the inspiratory efforts during apneea
was well shown in some of the experiments performed by
the Medico-chirurgical Society’s Committee on Suspended
Animation. On inserting a glass tube into the trachea of
a dog and immersing the other end of the tube in a vessel
of mercury, the respiratory efforts during the apnwa were
so great as to draw the mercury four inches up the tube.

N s e —
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The influence of* the same force was shewn in other expe-
riments, in which the heads of animals were immersed
both in mercury and in liquid plaster of Paris. In both
cases the material was found, after death, to have been
drawn up into all the bronchial tubes, filling the tissue of
the lungs (xli. 1862).

It is probable, that in the ordinary quiet respiration,
which is performed without consciousness or effort of the
will, the only forces engaged are those of the inspiratory
muscles, and the elasticity of the walls of the chest and
the lungs. It is not known under what circumstances
the contractile power which the bronchial tubes possess,
by means of their organic muscular fibres, is brought into
action. It is possible, as Dr. R. Hall (cc.) maintained,
that it may exist in expiration; but it is more likely that
its chief purpose is to regulate and adapt, in some measure,
the quantity of air admitted to the lungs, and to each part
of them, according to the supply of blood. Amnother pur-
pose probably served by the muscular fibres of the bron-
chial tubes is that of contracting upon and gradually
expelling collections of mucus, which may have accumu-
lated within the tubes, and cannot be ejected by forced
expiratory efforts, owing to collapse or other morbid con-
ditions of the portion of lung proceeding from the obstructed
tubes (Dr. W. T. Gairdner, clxxxix. May, 1851).

The muscular action in the lungs, morbidly excited, is
probably the chief cause of the phenomena of spasmodic
asthma. It may be demonstrated by galvanizing the lungs
shortly after taking them from the body. Under such a
stimulus, they contract so as to lift up water placed in a
tube introduced into the trachea (C. J. B. Williams,
exxxi. p. 588); and Volkmann (xv. art. Nevvenphysiologie,
p- 586), has shewn that they may be made to contract by
stimulating their nerves. He tied a glass tube, drawn
fine at one end, into the trachea of a beheaded animal;
and when the small end was turned to the flame of a
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candle, he galvanized the pneumogastric trunk. Each
time he did so, the flame was blown, and once it was
blown out.

The changes of the air in the lungs effected by these
respiratory movements are assisted by the various con-
ditions of the air itself. According to the law observed in
the diffusion of gases, the carbonic acid evolved in the air-
cells will, independently of any respiratory movement,
tend to leave the lungs, by diffusing itself into the external
air, where it exists in less proportion; and according to
the same law, the oxygen of the atmospheric air will tend
of itself towards the air-cells in which its proportion is less
than it is in the air in the bronchial tubes or in that
external to the body. DBut for this tendency in the oxygen
and carbonic acid to mix uniformly, within and without
the lungs, the reserve and residual air would, probably, be
very injuriously charged with carbonic acid ; for the respi-
ratory movements alone are not enough to empty the air-
cells, and perhaps expel only the air which lies in the
larger bronchial tubes. Probably also the change is
assisted by the different temperature of the air within and
without the lungs; and by the action of the cilia on the
mucous membrane of the bronchial tubes, the continual
vibrations of which may serve to prevent the adhesion of
the air to the moist surface of the membrane.

Movement of the Blood in the Respiratory Organs.

To meet the air thus alternately moved into and out of
the air-cells and minute bronchial tnbes, the blood is pro-
pelled from the right ventricle through the pulmonary
capillaries in steady streams, and slowly enough to permit
every minute portion of it to be for a few seconds exposed
to the air, with only the thin walls of the capillary vessels
and air-cells intervening. The pulmonary circulation is of
the simplest kind; for the pulmonary artery branches
regularly ; its successive branches run in straight lines,
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and do not anastomose; the capillary plexus is uniformly
spread over the air-cells and intercellular passages; and
the veins derived from it proceed in a course as simple and
uniform as that of the arteries, their branches converging
but not anastomosing. The veins have no valves, or only
small imperfect ones prolonged from their angles of junc-
tion, and incapable of closing the orifice of either of the
veins between which they are placed. The pulmonary ecir-
culation also is unaffected by changes of atmospheric
pressure, and is not exposed to the influence of the pressure
of muscles : the force by which it is accomplished, and the
course of the blood, are alike simple.

The blood carried through the pulmonary artery, being
venous till it comes to the capillaries, is unfit for the nutri-
tion of any parts of the lungs, except those in which if
- flows through the capillaries ; to these it probably supplies
nutritive materials as soon as it is itself arterialized. For
the nutrition of the rest of the lungs, including the pléura,
interlobular tissue, bronchial tubes and glands, and the
walls of the larger blood-vessels, a special supply of arterial
blood is furnished through one or two bronchial arteries,
the branches of which ramify in all these parts. The blood
of the bronchial artery, when, having served for the nutri-
tion of these parts, it has become venous, is carried partly
into the branches of a bronchial vein, distributed in the
parts about the root of the lung, and partly into the small
branches of the pulmonary artery, or, more directly, into
the pulmonary capillaries, whence, being with the rest of
the blood arterialized, it is carried to the pulmonary veins
and left side of the heart.

Changes of the Air in Respiration.

By their contact in the lungs the composition of both
air and blood is changed. The alterations of the former
being manifest, simpler than those of the latter, and in
some degree illustrative of them, may be considered first.
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The atmosphere we breathe has, in every situation in

" which it has been examined in its natural state, a nearly

uniform composition. It appears to be a mixture of oxygen,
nitrogen, carbonic acid, and watery vapour. Of every 100
volumes of pure atmospheric air, 79 volumes (onanaverage)
consist of nitrogen, the remaining 21 of oxygen; but the
proportions of these gases are subject to variations of 2 or
3 parts in 1000, in situations where the oxygen is much
exposed to absorption, as over the sea when there is no
wind (Lewy, xviii. 1842). The proportion of carbonic acid
is extremely small; 10,000 volumes of atmospheric air
contain, according to M. de Saussure, only 4°15 of carbonic
acid. In the open country, he found the maximum pro-
portion of this gas to be 5:74, the minimum 315 1n 10,000
parts, Inthe town of Geneva, the air contained 0-31 more
carbonic acid than in the country. M. Boussingault,
however, has lately found (xii. 1844), from numerous
analyses, which are confirmed by those of M. Lewy, that the
quantity of carbonic acid in the air of Paris (which may
be taken as an example of a large town), is not above the
average of the quantity contained in the air of the country.
This average he finds to be 3:97 volumes in 10,000 ; and
his estimate may be considered generally true, except for
localities, such as mines, crowded rooms, volcanic distriets
and others, in which large quantities of carbonic acid are
constantly exhaling.

Dr. Frankland has lately shewn, from the analysis of
air obtained from the top of Mont Blane, that the per
centage of carbonie acid is generally, but not invariably,
greater in the higher regions of the atmosphere (Ixii. 1860.)

The quantity of watery vapour varies greatly, according to
the temperature and other circumstances, but the atmo-
sphere is never without some. Besides these, its constant
constituents, the atmosphere usually contains minute frac-
tional quantities of ammonia, and other accidental substances;
but, as far as is at present known, none of these have any

T

i



EXHALATION OF CARBONIC ACID. 173

particular relation to the respiratory process; and the con-
sideration of them may therefore be omitted.

The changes produced by respiration on the atmospheric
air are, that 1, it is warmed; 2, its carbonic acid is
increased ; 3, its oxygen is diminished; 4, its watery
vapour is increased.

1. The expired air, heated by its contact with the
interior of the lungs, is (at least in most climates) hotter
than the inspired air. Its temperature varies between 97°
and 99}°, the lower temperature being observed when the
air has remained but a short time in the lungs rather than

~when it isinhaled at a very low temperature ; for whatever
the temperature when inhaled may be, theair nearly acquires
that of the blood before it is expelled from the chest.

2. The carbonic acid in respived avr is always increased ;
but the quantity exhaled in a given time is subject to
- change from various circumstances. It may be stated, asa
general average, deduced from the results of experiments
by Valentin and Brunmer (iv. vol.i. 547), that, under
ordinary circumstances, the quantity of this gas exhaled
into the air breathed by a healthy adult man amounts to
13453 cubic inches, or about 636 grains, per hour.
According to this estimate, which corresponds very closely
with the one furnished by Sir H. Davy, and does not
widely differ from those obtained by Allen and Pepys,
Lavoisier, and Dr. Ed. Smith (xliii. 1859), the weight of carbon
excreted from the lungs is about 173 grains per hour, or
rather more than 8 ounces in the course of twenty-four hours.
Andral and Gavarret (cix.), calculate the average quantity
of carbon excreted from the lungs of a healthy adult man
at 9 ounces per day. Mr. Coathupe (xciii. 1839) makes it
scarcely 5 ounces ; while Liebig (xi. 8rd edit. p. 13) estimates
the total quantity excreted from the lungs and skin together
at 139 ounces. Some of these discrepancies may be due
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to the variations to which the exhalation of carbonie acid
is liable in different circumstances; for even in health the
quantity varies according to age, sex, diversities in the
respiratory movements, external temperature, the degree
of purity of the respired air, and other circumstances. Each
of these circumstances deserves a brief notice, because they
afford evidence concerning either the sources of the car-
bonic acid exhaled, or the mode in which it is separated
from the blood.

a. Influence of Age and Sex.—According to Andral and
Gavarret (cix.) the quantity of carbonic acid exhaled into
the air breathed by males regularly increases from eight
to thirty years of age; from thirty to forty it is stationary
or diminishes a little; from forty to fifty the diminution is
greater; and from fifty to extreme age it goes on diminish-
ing, till it scarcely exceeds the quantity exhaled at ten
years old. In females (in whom the quantity exhaled is
always less than in males of the same age) the same
regular increase in quantity goes on from the eighth year to
the age of puberty, when the quantity abruptly ceases to
increase, and remains stationary so long as they continue
to menstruate. When, however, menstruation has ceased,
either in advancing years, or in pregnancy, or morbid
amenorrheea, the exhalation of carbonic acid again
augments ; but when menstruation ceases naturally, it soon
decreases again at the same rate as it does in old men.

b. Influence of Respiratory Movements.—According to Dr,
Vierordt (cx.) the more quickly the movements of respira-
tion are performed, the smaller is the proportionate
quantity of carbonic acid contained in each volume of the
expired air. Thus he found that, with six respirations per
minute, the quantity of expired carbonic acid was 5:528
per cent. ; with twelve respirations, 4-262 per cent.; with
twenty-four, 8:355; with forty-eight, 2:984; and with
ninety-six, 2:662. Although, however, the proportionate
quantity of carbonie acid is thus diminished during frequent
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respiration, yet the absolute amount exhaled into the air
within a given time is increased thereby, owing to the
larger quantity of air which is breathed in the time. This
is the case, whether the respiration be voluntarily accele-
rated, or naturally increased in frequency, as it is after
feeding, active exercise, ete. By diminishing the frequency,
and increasing the depth of respiration, the per centage
proportion of carbonic acid in the expired air is diminished;
being in the deepest respiration as much as 1-97 per cent.
less than in ordinary breathing. But for this proportionate
diminution also, there is a full compensation in the greater
total volume of air which is thus breathed. Finally, the
last half of a volume of expired air contains more carbonic
acid than the half first expired; a circumstance which is
explained by the one portion of air coming from the remote
part of the lungs, where it has been in more immediate and
prolonged contact with the blood than the other has, which
comes chiefly from the larger bronchial tubes.

e. Influence of external Temperature.— The observations
made by Vierordt at various temperatures between 38° F.
and 75° F. shew, for warm-blooded animals, that within
this range, every rise equal to 10° F. causes a diminution
of about two cubic inches in the quantity of earbonic acid
exhaled per minute. Letellier (xii. 1845), from experi-
ments performed on animals at much higher and lower
temperatures than the above, also found that the higher
the temperature of the respired air (as far as 104° ¥.), the
less is the amount of carbonic acid exhaled into it, whilst
the nearer it approaches zero the more does the carbonic
acid increase. The greatest quantity exhaled at the lower
temperatures he found to be about twice as much as the
smallest exhaled at the higher temperatures, Dr. Edward
Smith has shewn that the season of the year, independent
of temperature, also materially influences the respiratory
phenomena, for with the same temperature, at different
seasons, there is a great diversity in the amount of carbonic
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acid expired. According to his observations, spring is the
season of the greatest, and autumn of the least, activity of
the respiratory and other functions (xliii. 1859).

d. Purity of the respired Air.—The average quantity of
carbonic acid given out by the lungs constitutes about 4-48
per cent. of the expired air; but if the air which is breathed
be previously impregnated with carbonic acid (as is the case
when the same air is frequently respired), then the quantity
of carbonic acid exhaled becomes much less. This is shown
by the results of two experiments performed by Allen and
Pepys (xlii. 1808-9). In one, in which fresh air was
taken in at each respiration, thirty-two cubic inches of cax-
bonie acid were exhaled in a minute; whilst, in the other,
in which the same air was respired repeatedly, the quantity
of carbonic acid emitted in the same time was only 9'5 cubic
inches, They found also, that, however often the same air
may be respired, even if until it will no longer sustain life,
it does not become charged with more than 10 per cent. of
carbonic acid. The necessity of a constant supply of fresh
air, by means of ventilation, through rooms in which many
persons are breathing together, or in which, from any other
source, much carbonic acid is evolved, is thus rendered ob-
vious ; for even when the air is not completely irrespirable,
yet in the same proportion as it is already charged with
carbonic acid, does the further extrication of that gas from
the lungs suffer hindrance. Lehmann’s observations have
shewn, that the amount of carbonic acid exhaled is consi-
derably influenced by the degree of moisture of the atmos-
phere, much more being given off when the air is moist
than when it is dry (cexxxix. p. 469).

The period of day seems to exercise a slight influence on

the amount of carbonie acid exhaled in a given time, though

beyond the fact that the quantity exhaled is much less by
night than by day, we are scarcely yet in a position to state
that variations in the amount exhaled occur at uniform
periods of the day, independent of the influence of other
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circumstances. By the use of food the quantity is increased,
whilst by fasting it is diminished: and, according to
Regnault and Reiset, it is greater when animals are fed on
farinaceous food than when fed on meat. Spirituous drinks,
especially when taken on an empty stomach, are generally
believed to produce an immediate and marked diminution
in the quantity of this gas exhaled. Recent observations
by Dr. Edward Smith, however, furnish some singular
results on this subject. Dr. Smith found, for example, that
the effects produced by spirituous drinks depend much on
the kind of drink taken. Pure alcohol tended rather to
increase than to lessen respiratory changes, and the amount,
therefore, of carbonic acid expired : rum, ale and porter, also
sherry, had very similar effects. On the other hand, brandy,
whisky and gin, particularly the latter, almost always
lessened the respiratory changes, and consequently the
amount of carbonic acid exhaled (xliii. 1859). Bodily ex-
eretse, in moderation, increases the quantity to about one-
third more than it is during rest: and for about an hour
after exercise, the volume of the air expired in the minute
is increased about 118 cubic inches: and the quantity of
carbonic acid about 7-8 cubic inches per minute. Violent
exercise, such as full labour on the treadwheel, still further
increases, according to Dr. . Smith, the amount of the
acid exhaled. During sleep, on the other hand, there is a
considerable diminution in the quantity of this gas evolved;
a result probably in great measure dependent on the tran-
quillity of the breathing: directly after waking, there is a
great, though quickly transitory, increase in the amount
exhaled. A larger quantity is exhaled when the barometer
18 low than when it is high.

3. The Ozygen in respived air is always less than in the
same air before respiration, and its diminution is generally
proportionate to the inerease of the carbonie acid. The
experiments of Valentin and Brunner (iv. Bd. i.) seem to
show, that, for every volume of carbonic acid exhaled into
N
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the air, 1-17421 volumes of oxygen are absorbed from it:
and that when the average quantity of carbonic acid, 1.e.,
1345°3 cubic inches, or 635°85 grains, is exhaled in the
hour, the quantity of oxygen absorbed in the same time is
15836 cubic inches or 541-5 grains. According to this
estimate, there is more oxygen absorbed than is exhaled
with carbon in the carbonic acid ; for oxygen combines with
carhbon to form carbonic acid without change of volume ;
and to this general conclusion, namely, that the volume of
air expired in a given time is less than that of the air
inspired (allowance being made for the expansion in being
heated), and that the loss is due to a portion of oxygen
absorbed and not returned in the exhaled carbonic aeid, all
observers agree, though, as to'the actual quantity of oxygen
so absorbed, they differ even widely.

The quantity of oxygen that does not combine with the
carbon given off in carbonic acid from the lungs, is
probably disposed of in forming some of the carbonic acid
and water given off from the skin, and in combining with
sulphur and phosphorus to form part of the acids of the
sulphates and phosphates excreted in the urine, and
probably also, from the experiments of Dr. Bence Jones
(vi. April, 1851, and lxxxviii. August 30, 1851), with the
nitrogen of the decomposing nitrogenous tissues.

The quantity of oxygen consumed seems to vary much, not
only in different individuals, but in the same individual at
different periods : thus it is considerably influenced by food,
being greater in dogs when fed on farinaceous than on:
animal food, and much diminished during fasting, while it
varies at different stages of digestion. Animals of small
size consume a relatively much greater amount of oxygen
than larger ones. The quantity of oxygen in the atmo-
sphere swrrounding animals, appears to have very little
influence on the amount of this gas absorbed by them, for
the quantity consumed is not greater even though an excess
of oxygen be added to the atmosphere experimented with
(Regnault and Reiset, exc. July, 1850, p. 252).
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Valentin and Brunner’s estimates of the interchange of
the oxyzen and carbonic acid in respiration, led them to
believe that the exchanged quantities of the two gases are
always in the proportion of their diffusion-volumes; a con-
clusion which, if it were established, would justify us in
explaining the process of respiration as one due only to
the properties of the gases, and their tendency to diffuse
or mingle with one another in certain fixed propor-
tions by volume. But the grounds are not yet strong
enough for so weighty a conclusion; and against it
appear the many instances of deviation from the law,
which seem proved by good experiments.* If the ex-
change of gases were according to the law of diffusion,
their proportions ought never to vary; however much
the circumstances of the general economy might change
the quantity of one (as of the carbonic acid in the
instances already quoted), the quantity of the other should
“be equally and at the same time changed. Whereas, in
many experiments, and even in some of Valentin’s, the
proportion of oxygen absorbed has been less or more
than it should have been according to the law of diffusion.
Especially, the experiments of Dulong and Despretz
seemed to shew, that in Carnivora, the oxygen absorbed
always bears a larger proportion to the carbonic acid evolved
than it does in Herbivora ; and the careful experiments of
Regnault and Reiset (xviii. 1848) confirm this, while they
in no case shew such a proportion between the gases
exchanged as, according to the law of diffusion, there
should be. They shew, that in the dog for every 100 parts
of carbonic acid formed in twenty-four hours, 1343 parts
of oxygen were, on the average, absorbed; and in the
rabbit and hen for every 100 parts of carbonicacid, 109-34

* N - - 1] 4
The objections to Valentin’s theory, and his answers to them, are
all in his Annual Reports on Physiology in Canstatt’s Jahresbericht
for 1843, and subsequent years.
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parts of oxygen; while according to the diffusion-law, the
proportion should be always 117-42 parts of oxygen to
100 of carbonic acid.

It may be added, that the conditions of the gases
engaged in respiration are not those in which the law of
diffusion would exactly hold. The law requires that both
zases should be free and under equal pressure; while, in
the actual case, the gas in the blood is dissolved under
pressure, and separated by a mémbrane from that into
which it is to diffuse. It is possible that these peculiarities
of the conditions may account for the deviations from the
law while it is really in operation; but many more facts
than are yet ascertained will be necessary to prove this.

The Nitrogen of the atmosphere, in relation to the respir-
atory process, is supposed to serve only mechanically, by
diluting the oxygen, and moderating its action upon the
system. This purpose, or the mode of expressing it, has been
denied by Liebig (xi. 3rd edit. p. 184) on the ground that
if we suppose the nitrogen removed, the amount of oxygen
in a given space would not be altered. But, although it
be true that, if all the nitrogen of the atmosphere were
removed and not replaced by any other gas, the oxygen
might still extend over the whole space at present occupied
by the mixture of which the atmosphere is composed ; yet
gince, under ordinary circumstances, oxygen and nitrogen,
when mixed together in the ratio of one volume to four,
produce a mixture which occupies precisely five volumes,
with all the properties of atmospheric air, it must result
that a given volume of atmosphere drawn into the lungs
contains four-fifths less weight of oxygen than an equal
volume composed entirely of oxygen. The greater rapidity
and brilliancy with which combustion goes on in an atmos-
phere of oxygen than in one of common air, and the increased
rapidity with which the ordinary effects of respiration are
produced when oxygen instead of atmospheric air is
breathed, seem to leave no doubt that the nitrogen with
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which the oxygen of the atmosphere is mixed has the
effect of diluting this gas, in the same sense and degree
as one part of alcohol is diluted when mixed with four
parts of water.

It has been often discussed, whether nitrogen is ever ab-
sorbed by or exhaled from the lungs during respiration.
That it may, in some conditions, be exhaled is proved by
experiments of Allen and Pepys, who found that when
guinea-pigs were made to breathe in a mixture of oxygen
and hydrogen, nitrogen was given off, and that in a quan-
tity exceeding the volume of the whole body of the animal.
The lower animals also, especially insects, are said to exhale
nitrogen (Treviranus, xxxii. p. 330), and fishes to absorb it
from the water in which they breathe, though they do not
absorb hydrogen (Humboldt, xxxii. p. 330).

But we cannot, from these facts, safely conclude what is
the case in the ordinary conditions of life. In the earlier
experiments, it seemed as if small quatities of nitrogen were
sometimes absorbed, and sometimes exhaled, in respiration
in atmospheric air. The experiments of M. Boussingault
(xviii. 1846) on the turtle-doves would prove that, besides
the nitrogen excreted from the digestive canal and kidneys,
nearly 2§ grains are daily discharged from the skin and
lungs ; and those of MM. Regnault and Reiset (xviii. 1848,
and liii. 1849) on dogs, rabbits and fowls, prove constantly
a certain exhalation of nitrogen, the proportion seeming to
vary according to the nature of the food, while they also
find that, during prolonged fasting, nitrogen, instead of
being exhaled, is absorbed.

4. Watery Vapour is, under ordinary circumstances, al-
ways exhaled from the lungs in breathing. The quantity
emitted is, as a general rule, sufficient to saturate the
expired air (Valentin, iv. Bd. i. p. 547), or very nearly so
(Moleschott, exxi.). TIts absolute amount is, therefore, in-
fluenced by the following circumstances. First, by the
volume of air expired; for the greater this is, the greater
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also will be the quantity of moisture exhaled. Secondly,
by the quantity of watery vapour contained in the air pre-
vious to its being inspired ; because the greater this is, the
less will be the amount required to complete the saturation
of the air. Thirdly, by the temperature of the expired
air: for the higher this is, the greater will be the quantity
of watery vapour required to saturate the air. Fourthly,
by the length of time which each volume of inspired air is
allowed to remain in the lungs ; for it seems probable that,
although during ordinary respiration the expired air is al-
ways saturated with watery vapour, yet when respiration is
performed very rapidly the air has scarcely time to be raised
to the highest temperature, or be fully charged with mois-
ture ere it be expelled.

For ordinary cases, however, it may be held that the
expired air is saturated with watery vapour, and hence is
derivable a means of estimating the quantity exhaled in
any given time : namely, by subtracting the quantity con-
tained in the air inspired from the quantity which (at the
barometric pressure) would saturate the same air at the
temperature of expiration, which is ordinarily about 99°
And, on the other hand, if the quantity of watery vapour
in the expired air be estimated, the quantity of air itself
may from it be determined, being as much as that quantity
of watery vapour would saturate at the ascertained tem-
perature and barometric pressure.

The quantity of water exhaled from the lungs in twenty-
four hours ranges (according to the various medifying cir-
cumstances already mentioned) from about 3,000 to 13,000
grains (6 to27 ounces). Some of this is probably formed
by the combination of the excess of oxygen absorbed in
the lungs with the hydrogen of the blood ; but the far larger
proportion of it must be the mere exhalation of the water
of the blood, taking place from the surfaces of the air-
passages and cells, as it does from the free surfaces of all
moist animal membranes, particularly at the high tem-
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perature of warm-blooded animals. It is exhaled from the
lungs whatever be the gas respired, continuing to be
expelled even in hydrogen gas.

Carbonic acid and water are, however, not the only
principles given off from the lungs. The Rey. J. B. Reade
shewed, some years ago, and Dr. Richardson’s experiments
confirm the fact, that ammonia is among the ordinary
constituents of expired air. And very'recently (cxe. 1859,
p. 1535) Wiederhold has stated, that not only ammonia but
chloride of sodium, and even uric acid and urate of soda
and ammonia, may be readily detected in the condensed
vapour of expired air. His experiments, therefore, seem
to prove that the lungs may furnish a channel for the excre-
tion of some of the same kind of solid principles as are
met with in the secretion of the skin and kidneys.*

Changes produced in the Blood by Respiration.

The most obvious change which the blood undergoes in
its passage through the lungs is that of colowr, the dark
crimson of venous blood being exchanged for the bright
scarlet of arterial blood. The circumstances which have
been supposed to give rise to this change, the conditions
capable of effecting it independent of respiration, and some
other differences between arterial and venous blood, were
discussed in the chapter on Broop (page 63). The change
in colour is, indeed the most striking, and may appear the
most important, which the blood undergoes in its passage
through the lungs; yet, perhaps, its importance is very

* In connection with the subject of pulmonary as well as of cutaneous
exhalation, the recent observations of M, Pettenkofer may be consulted
with advantage. A deseription of the ingenious apparatus constructed
by Pettenkofer, and an account of some of the results he has obtained
by means of it, are given in the Lancet for 1862, p. 472,
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little, except so far as it is an indication of other and
essential alterations effected in the composition of the blood.
Of these alterations the principal are, 1st, that the blood,
after passing through the lungs, is 1° or 2° warmer than
it was before; 2nd, that it coagulates sooner and more
firmly, and contains, apparently, more fibrine; 3rd, that
it contains more oxygen, less carbonic acid, and less
nitrogen.

The difference last named is, probably, the most important.
It might be assumed, from what has been said of the
changes in |the inspired air, and it is proved, at least
in regard to the first two gases, by examination of the
blood itself.

The existence of carbonic acid in both arterial and venous
blood has been proved by several experimenters, who have
obtained appreciable quantities of it by exposing the blood
to the vacuum of the air-pump, or, more certainly, by agi-
tating it with atmospheric air, oxygen, or other gases, such
as hydrogen or nitrogen. By the latter process, carbonic
acid may always be extracted from venous blood. Some,
indeed, have failed to procure any gas from blood by means
of the air-pump; but this may be explained by the fact
observed by Magnus, that carbonic acid is not given out
until the air in which the blood is placed is so rarified that
it supports only one inch of mercury. Heat, also, com-
monly fails to evolve carbonic acid from blood; probably
because, as also observed by Magnus, a temperature high
enough to set free this gas coagulates the albumen of the
blood, and if albumen, impregnated with carbonic acid, is
once coagulated, the gas cannot be separated from it again
by means of heat.

The uncertainty of former experiments was corrected by
the subsequent researches of Magnus (xvii. 1845), from
which it appears sure that carbonic acid, oxygen, and
nitrogen exist, both in arterial and venous blood. The
quantity of oxygen contained in arterial blood is twice as

e e it il -
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great as that in venous blood: being equal to from 10
to 10} per cent. of the volume of the former, and only
about 5 per cent. of the volume of the latter. The quantity of
carbonic acid, on the other hand, is less in arterial than in
venous blood, amounting to about 20 volumes per cent. in
the former, and 25 per cent in the latter. The quantity of
nitrogen contained in the blood varies from about 1-7 to
3:3 per cent.: its relative proportion in arterial and in
venous blood does not appear to differ much; but, from its
being commonly exhaled in small quantity from the lungs,
it may be believed to be greater in the venous blood.

These facts are supported by those already mentioned,
concerning the exhalation of nitrogen by animals breathing
in oxygen and hydrogen, and of carbonic acid by frogs
breathing in nitrogen. The gases could not be so exhaled
did they not exist in solution in the blood. And there can
therefore be little doubt which of the proposed theories of
respiration should be chosen for the explanation of the
process. Till the existence of the gases in the blood was
clearly proved, the theory most favoured was, that the
oxygen of the atmospherie air permeates the membranous
walls of the air-cells, enters the blood, and there at once
combines with carbon derived from the disintegrated
tissues, to form carbonic acid, which escapes, together
with the greater part of the nitrogen previously absorbed
from the atmosphere. It could be well objected, even
when the existence of gases in the blood was doubtful,
~ that if this theory were true, the lungs ought to be much
warmer than other parts of the body, through the quantity
of heat given out in the quick union of the carbon with
the oxygen of the atmosphere; and that such was not
found to be the case : the temperature of blood in the left
gide of the heart being never more than one or two degrees
higher than that in the right,

Lagrange and Hassenfratz (xxxii. p. 850), impressed
with this and other objections, proposed the theory, which,
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with some modifications, has been more recently advocated
by Magnus and others, and has been shewn by them to be
sufficient for the explanation of most of the phenomena
yet observed in this part of the respiratory process. Ac-
cording to this theory, the oxygen absorbed into the blood
from the atmospheric air in the lungs, is in part dissolved,
and probably, also, in part loosely combined chemically
with one or other of its ingredients. In this condition,
the oxygen is carried in the arterial blood to the various
parts of the body, and with it, is, in the capillary system
of vessels, brought into near relation or contact with the
elementary parts of the tissues. Herein, co-operating
probably in the process of nutrition, or the removal of
disintegrated parts of the tissues, about one-half of the
oxygen which the arterial blood contains.disappears, and
a proportionate quantity of carbonic acid and water is
formed. The venous blood, containing the new formed
carbonic acid, returns to the lungs, where a portion of the
carbonic acid is exhaled, and a fresh supply of oxygen is
again taken in.

Whether part, or the whole of the oxygen ahsorbed
during respiration is at once united chemically with any of
the constituents of the blood has not been positively
determined. Among the most recent experiments on the
subject are some by Ferret (lix. 1859, p. 154) and Gorup-
Besanez (xxxiii. Report, 1862, p. 312), which seem to
prove that the principal part of the oxygen absorbed at the

lungs is taken up by the red corpuscles, which appear to

have a special affinity for it. It does mnot appear, how-
ever, to unite chemically with them, but to be held in
solution or intimate association ; for it is readily given up
when the blood is exposed to the air-pump, or when some
other gas is transmitted through it. The experiments of
Meyer and W. Miiller support the view, that the corpuscles
are the constituents of the blood for which the oxygen has
especial affinity. In their opinion, however, there is a
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direct chemical union between them and the oxygen. All
these observers agree, that the corpuscles have no affinity
for carbonic acid, which appears to be simply in a state of
solution in the fluid part of the blood. Other observers,
however, are of opinion that all the gases of the blood,
carbonic acid and nitrogen, as well as oxygen, are almost
entirely contained in the blood-corpuscles (cexxxix. p. 219,
where the subject of the state in which the gases existin
the blood is fully discussed, and references given to the
most recent views).

Although the great bulk of the oxygen absorbed by the
lungs is no doubt conveyed, either in solution or slight
chemical union, to the capillary system, to be there, aswell
as in the general course of circulation, combined with the
elements of disintegrated tissues and of food, yet there is
reason to believe, that a portion of it enters at once into
chemical union with some of the organic constituents of the
blood, and produces part of the carbonie acid exhaled in ex-
piration, and accounts for the slight increase in temperature
which the blood evidently undergoes in its transit through
the lungs. (See Harley exxiii. 1856, p.78; and Savory
CCXX ).

Influence of the Nervous System in Respiration,

The respiratory funetions are, in two respeects, subject
to the influence of the nervous system : namely, 1st, in the
movements for the introduction and exit of air ; and 2ndly,
in the interchange of the gases. These will be more parti-
cularly considered in the sections on the MEpvLLA OBLON-
GaTA and PNeuMocasTrRIc NERVES. It may suffice to state
here, that the respiratory movements and their regular
rhythm, so far as they are involuntary and independent of
consciousness (as in all ordinary occasions they are), seem
to be under the absolute governance of the medulla oblon-
gata, which, as a nervous centre, receives the impression
of the ‘ mnecessity of breathing,” and reflects it to the




e

188 RESPIRATION.

phrenic and such other motor nerves as will bring into
co-ordinate and adapted action, the muscles necessary to
inspiration.

But the respiratory movements may be voluntarily per-
formed or variously directed ; and the mind may be con-
scious of the necessity of breathing, either when it attends
to the sensations to which that necessity gives rise, or when
those sensations are more than commonly intense. In
these cases, we may believe that the brain, as well as the
medulla oblongata, is engaged in the process; for we have
no evidence of the mind exercising either perception or
will through any other organ than the brain. But even
when the brain is thus in action, it appears to be the
medulla oblongata, which combines the several respiratory
muscles to act together. In such acts, for example, as
those of coughing and sneezing, the mind must first per-
ceive the irritation at the larynx or nose, and exercise a
certain degree of will in determining the actions, as ¢.g., in
the taking of the deep inspiration that always precedes
them. But the mode in which the acts are performed, and
the combination of muscles to effect them, are determined
by the medulla oblongata, independent of the will, and
have the peculiar character of reflex involuntary move-
ments, in being always, and without practice or experience,
precisely adapted to the end or purpose.

In these, and in all the other extraordinary respiratory
actions, such as are seen in dyspneea, or in straining, yawn-
ing, hiccough, and others, the medulla oblongata brings
into adapted combination of action many other muscles
besides those commonly exerted in respiration. Almost all
the muscles of the body, in violent efforts of dyspneea,
coughing and the like, may be brought into action at once,
or in quick succession; but, more particularly, the muscles
of the larynx, face, scapula, spine, and abdomen, co-operate
in these efforts with the muscles of the chest. These, there-
fore, are often classed as secondary muscles of respiration ;




EFFECTS OF SUSPENDED RESPIRATION. 189

and the nerves supplying them, including especially the
facial, pneumo-gastric, spinal accéssory, and external respi-
ratory nerves, were classed by Sir Charles Bell with the
phrenic, as the respiratory system of nerves. There ap-
pears, however, no propriety in making a separate system
of these nerves, since their mode of action is not peculiar,
and many besides them co-operate in the respiratory acts.
That which is peculiar in the nervous influence, directing
the extraordinary movements of respiration is, that so
many nerves are combined towards one purpose by the
power of a distinet nervous centre, the medulla oblongata.
In other than respiratory movements, these nerves may act
singly or together, without the medulla oblongata; but,
after it is destroyed, no movement adapted to respiration
can be performed by any of the muscles, even though the
part of the spinal cord from which they arise be perfect.
The phrenic nerves, for example, are unable to excite
respiratory movements of the diaphragm, when their con-
nection with the medulla oblongata is cut off, though their
connection with the spinal cord may be uninjured.

The influence exercised through the pneumogastric
nerves upon the functions of the lungs, cannot be considered
separately from their relation to the muscles of the larynx,
and must, therefore, be deferred to the section particularly
treating of the nerves.

Effects of the Suspension and Arrest of Respiration.

These deserve some consideration, because of the illus-
tration which they afford of the nature of the normal pro-
cesses of respiration and circulation. When the process of
respiration is stopped, either by arresting the respiratory
movements, or permitting them to continue in an atmo-
sphere deprived of uncombined oxygen, the circulation of
blood through the lungs is retarded, and at length stopped.
The immediate effect of such retarded eirculation is an
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obstruction to the exit of blood from the right ventricle: this
is followed by delay in the return of venous blood to the
heart ; and to this succeeds venous congestion of the nervous
centres and all the other organs of the body. In such
retardation, also, an unusually small supply of blood is
transmitted through the lungs to the left side of the heart;
and this small quantity is venous.

The condition, then, in which a suffocated, or asphyxi-
ated animal dies is, commonly, that the left side of the
heart is nearly empty, while the lungs, right side of the
heart, and other organs, are gorged with venous blood.
To this condition many things contribute. 1st. The ob-
structed passage of blood through the lungs, which appears
to be the first of the events leading to suffocation, seems to
depend on the cessation of the interchange of gases, as if
blood charged with carbonic acid could not pass freely
through the pulmonary capillaries. That such may be the
case, 18 shown by Mr. Wharton Jones’s observation, that
the circulation in the web of the frog’s foot may be retarded
or arrested by directing on the web a stream of carbonic
acid, under the influence of which the blood-corpuscles
appear to cluster and stagnate in the vessels. But the
stagnation of blood in the pulmonary capillaries would not,
perhaps, be enough to stop entirely the circulation, unless
the actions of the heart were also weakened. Therefore,
ondly, the fatal result is probably due, in some measure, to
the enfeebled action of the right side of the heart, in con-
sequence, perhaps, of its over-distension by blood con-
tinually flowing into it, this flow, probably, being much
increased by the powerful but fruitless efforts continually
made at inspiration (Eccles, Ixxi. vol. xliv. p. 657).

Thirdly, because of the obstruction at the right side of
the heart, there must be venous congestion in the medulla
oblongata and nervous centres: and this evil is augmented
by the left ventricle receiving and propelling none but
venous blood. Hence, slowness and disorder of the
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respiratory movements and of the movements of the heart
may be added. But this alone does not explain asphyxia ;
for Mr. Erichsen (xciv. vol. Ixiii. p. 22), found that a dog
was asphyxiated in the ordinary time, although arterial
blood was made to circulate through the nervous centres
during the whole time. However, under all these condi-
tions combined, the heart at length ceases to act; the
cessation of its action being also in great measure, pro-
bably, brought about by the imperfect supply of oxygen-
“ated blood to its muscular tissue.

In experiments recently performed by a committee
appointed by the Medico-Chirurgical Society to investigate
the subject of Suspended Animation (xli. 1862), it was found
that, in the dog, during simple apncea, i.e., simple priva-
tion of air, as by plugging the trachea, the average
duration of the respiratory movements after the animal
had been deprived of air, was 4 minutes 5 seconds; the
extremes being 3 minutes 30 seconds, and 4 minutes 40
seconds. The average duration of the heart’s action, on
the other hand, was 7 minutes 11 seconds ; the extremes
being 6 minutes 40 seconds, and 7 minutes 45 seconds. It
would seem, therefore, that on an average, the heart’s
action continues for 3 minutes 15 seconds after the animal
has ceased to make respiratory efforts. A very similar
relation was observed in the rabbit. Recovery never took
place after the heart’s action had ceased.

The results obtained by the committee, on the subject of
drowning, were very remarkable, especially in this respect,
that whereas an animal may recover after simple depriva-
tion of air for nearly 4 minutes, yet, after submersion in
water for 14 minutes, recovery appears to he impossible.
This remarkable difference was found to be due, not to the
mere submersion, nor directly to the struggles of the animal,
nor to depression of temperature, but to the two facts, that in
drowning a free passage is allowed to air out of the lungs,
and a free entrance of water into them. In proof of the
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correctness of this explanation, it was found that when two
dogs of the same size, one, however, having his windpipe
plugged, the other not, were submerged at the same
moment, and taken out after being under water for 2
minutes, the former recovered on removal of the plug, the
latter did not. It is probably to the entrance of water into
the lungs that the speedy death in drowning is mainly due.
The results of post mortem examination strongly support
this view. On examining the lungs of animals deprived of
air by plugging the trachea, they were found simply con-
gested ; but in the animals drowned, not only was the con-
gestion much more intense, accompanied with ecchymosed
points on the surface, and in the substance of the lung,
but the air-tubes were completely choked up with a
sanious foam, consisting of blood, water, and mucus, churned
up with the air in the lungs, by the respiratory efforts of the
animal. The lung-substance, too, appeared to be saturated
and sodden with water, which, stained slightly with blood,
poured out at any point where a section was made. The
lung thus sodden with water, was heavy (though it
floated) doughy, pitted on pressure, and was incapable of
collapsing. It is mot difficult to understand how by such
infarction of the tubes, air is debarred from reaching the
pulmonary cells: indeed the inability of the lungs to col-
lapse on opening the chest, is a proof of the obstruction
which the froth oeccupying the air-tubes offers to the
transit of air. The entire dependence of the early fatal
issue, in apnoea by drowning, upon the open condition of
of the windpipe, and its results, was also strikingly shewn
by the following experiment. A strong dog had its wind-
pipe plugged, and was then submerged in water for four
minutes; in three quarters of a minute after its release,
it began to breathe, and in four minutes had fully recovered.
This experiment was repeated with similar results on other
dogs. When the entrance of water into the lungs, and its
drawing up with the air into the bronchial tubes, by means
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of the respiratory efforts was diminished, as by rendering
the animal insensible by chloroform previously to immersion,
and thus depriving it of the power of making violent
respiratory efforts, it was found that it could bear immer-
sion for a longer period without dying, than when not thus
rendered insensible. Probably to a like diminution in the
respiratory efforts, may also be ascribed the greater length
of time persons have been found to bear submersion
without being killed, when in a state of intoxication,
poisoning by mnarcotics, or during insensibility from
syncope.®

It is to the accumulation of carbonic acid in the blood,
and its conveyance into the organs, that we must, in the
first place, aseribe the phenomena of asphyxia. For when
this does not happen, all the other conditions may exist
without injury; as they do, for example, in hybernating,
warm-blooded animals. In these, life is supported for
many months in atmospheres in which the same animals,
in their full activity, would be speedily suffocated. During
the periods of complete torpor, their respiration almost
entirely ceases; the heart acts very slowly and feebly; the
processes of organic life are all but suspended, and the
animal may be with impunity completely deprived of atmos-
pheric air, for a considerable period. Spallanzani kept a
marmot, in this torpid state, immersed for four hours in
carbonic acid gas, without its suffering any apparent incon-
venience. Dr. Marshall Hall kept a lethargic bat under
water for sixteen minutes, and a lethargic hedgehog for 224
minutes ; and neither of the animals appeared injured by
the experiment (lxxiii. vol. ii. p. 771).

* The above extracts contain the principal physiological facts
established by the important investigations of the committee on sus-

pended animation. The whole Report, however, will well repay careful
perusal,
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CHAPTER VII.

ANIMAT, HEAT.

IntovaTeELY associated with the process of respiration are
the production of animal heat, and the maintenance of a
uniform temperature of the body; conditions as essential
to the continuance of life in warm-blooded animals,
as the extrication of carbonic acid and the absorption of
OXygen are.

The average temperature of the human body, in those internal
parts which are most easily accessible, such as the mouth
and rectum, may be estimated at from 98° to 103° F. Brown-
Séquard fixes the standard at 103°F. In children, the
temperature is commonly as high as 102°F. In old per-
sons, it is about the same as in adults (Davy, xliii. 1844).
Of the external parts of the body, the temperature becomes
lower the further they are removed from the centre of the
body ; thus, in the human subject, a thermometer placed
in the axilla was found by Dr. John Davy to stand at 98° F,,
at the loins it indicated a temperature of 961° on the
thigh 94°, on the leg 93° or 91°, on the sole of the foot
90° (xliii. 1844). In disease, the temperature of the body
may deviate, by several degrees above and below, from the
average of health. In some diseases, as scarlatina and
typhus, it rises as high as 106° or 107° F. ; and in children,
M. Roger has observed the temperature of the skin to be

raised to 108-5° Fah. (cxxii. 1844). In the morbus ceruleus,

in which there is defective arterialization of the blood
from malformation of the heart, the temperature of the

body is often as low as 79°or 773°; in Asiatic cholera a
thermometer placed in the mouth, sometimes rises only to 4

77° or 79°. M. Roger observed the temperature of the body

in children to be sometimes reduced in disease to 74:3°.
The temperature of the body in health, is about 14° F.

lower during sleep than while awake. According to Dr.
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Davy (cxxiii. June, 1845) it is highest in the morning after
rising from sleep, continues high but fluctuating till even-
ing, and is lowest about midnight. Sustained mental exer-
tion elevates it slightly ; continued bodily exercise does so
to a considerable extent ; after feeding, also, it is somewhat
raised. All these facts are important, both as shewing
variations in the temperature of the body, correspondent
with those in the production of carbonic acid in the same
circumstances, and as proving that the influence which
slight changes in the organic economy of warm-blooded
animals have, is as great or greater than that exercised by
even extreme variation in the external temperature to which
they are exposed: For in warm climates, Dr. Davy found
the temperature of the interior of the body only from 2-7°
to 3:6° F. higher than in temperate climates; and during
the voyage of the *“ Bonite,” the French naturalists, who
~ had an opportunity of observing the influence of various
climates on the same persons, found that the temperature
of the human body rises and falls in only a slight degree,
even in extremes of external temperature; that it falls
slowly in passing from hot to cold climates, and rises more ra-
pidly in returning towards the torrid zone : but that these
changes in the temperature of the body, are more conside-
rable in some individuals than in others (xviii. 1838, p. 456).

The temperature maintained by Mammalia in an active
state of life, according to the tables of Tiedemann and
Rudolphi, averages 101°. The extremes recorded by them
were 96° and 106°% the former in the narwhal, the latter in
a bat (Vespertilio Pipistrella). In birds, the average is as
high as 107°; the highest temperature, 111:25°, being in
the small species, the linnets, ete. (exxv. p. 234). Among
reptiles, Dr. John Davy found, that while the medium they
were in was 75° their average temperature was 82-5°. As
a general rule, their temperature, though it falls with that
of the swrrounding medium, is, in temperate media, two or
more degrees higher ; and though it rises also with that of
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the medium, yet at very high degrees it ceases to do so,
and remains even lower than that of the medium. Fish,
insects, and other Invertebrata present as a general rule,
the same temperature as the medium in which they live,
whether that be high or low; only among fish, the tunny-
tribe, with strong hearts, and red meat-like muscles, and
more blood than the average of fish have, are generally
7° warmer than the water around them.

The difference, therefore, between what are commonly
called the warm- and the cold-blooded animals, 1s not one
of absolutely higher or lower temperature ; for the animals
which to us, in a temperate climate, feel cold (being like
the air or water, colder than the surface of our bodies),
would, in an external temperature of 100° or 200%* have
nearly the same temperature, and feel hot to us. The real
difference is, as Mr. Hunter expressed it (i. vol.iii. p. 16,
and vol. iv. p. 131, et seq.), that what we call warm-blooded
animals (birds and Mammalia), have a certain * permanent
heat in all atmospheres,” while the temperature of the
others, which we call cold-blooded, is ¢ variable with every
atmosphere.”

The power of maintaining a uniform temperature, which
Mammalia and birds possess, is combined with the want of
power to endure such changes of temperature as are harm-
less to the other classes ; and when their power of resisting
change of temperature ceases, they suffer serious distur-
bances or die. M. Magendie has shewn that birds and
rabbits die when, being exposed to great external heat,
their temperature is raised as much as 9° above the natural
standard : but that they bear a reduction of the temperature
of the interior of the body to a much greater amount before
very dangerous or fatal consequences ensue (exeiii. 1850).

In all the ordinary circumstances of life, the maintenance

* Humboldt and Bonpland saw fish thrown up from voleanoes alive,
and apparently in health, along with water and vapour which raised the
thermometer to 2100,
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of uniform temperature is effected by the production of
heat sufficient to compensate for that which is constantly
lost in radiation into the medium in which we live, or in
combination with the fluids evaporating from the exposed
surfaces of the body.

The losses thus sustained are extremely various in
different circumstances ; and the degrees of power which
animals possess of adapting themselves to such differences
are equally various. Some live best in cold regions, where
they produce abundant heat for radiation, and cannot
endure the heat of warm climates, where the heat that
they habitually produce would, probably, be excessive,
and by its continual, though perhaps small excess, would
generate disease: others, naturally inhabiting warm cli-
mates, die if removed to cold ones, as if because their
power of producing heat were not quite sufficient to com-
pensate for the constantly larger abstraction of it by
radiation. Man, with the aid of intellect for the provision of
artificial clothing, and with command over food, is, in
these respects, superior to all other creatures; possessing
the greatest power of adaptation to external temperature,
and being capable of enduring extreme degrees of heat, as
well as of cold, without injury to health. His power of
adaptation is sufficient for the maintenance of a uniform
temperature in a range of upwards of 2000 Fahrenheit; a
power which is only shared by some of the domestic ani-
mals who are his companions in his various abodes.

Sources and Mode of Production of Heat in the Body.

To explain the production of heat in the body, several
theories have been advanced ; but it now appears almost
cerfain that the correct one is that which refers the gene-
ration of heat, primarily and in general, to certain chemical
processes going on in the system; but admits, at the same
time, that as these chemical changes are carried on in parts
whose functions are, to a certain extent, under the in-
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fluence of the nervous system, therefore the production of
heat is liable to be modified, either locally or in every
part, by the operation of that system.

In explaining the chemical changes effected in the pro-
cess of respiration (p. 183), it was stated that the oxygen
of the atmosphere taken into the blood is, most probably,
combined partly in the lungs, partly in the course of the
circulation, but mainly in the systemic capillary vessels,
with the carbon and the hydrogen of disintegrated and
absorbed tissues, and certain elements of food which have
not been converted into tissues. That such a combination,
between the oxygen of the atmosphere and the carbon and
hydrogen in the blood, is continually taking place, is made
nearly certain by the fact, that a larger amount of carbon
and hydrogen is constantly being added to the blood from
the food, than is required for the ordinary purposes of
nutrition, and that a quantity of oxygen is also constantly
being absorbed from the air in the lungs, of the disposal
of which no account can be given except by regarding it
as combining, for the most part, with the excess of carbon
and hydrogen, and being evaporated in the form of car-
bonie acid and water. In other words, the blood of warm-
blooded animals appears to be always receiving from the
digestive canal and the lungs more carbon, hydrogen, and
oxygen, than are consumed in the repair of the tissues;
and to be always emitting carbonic acid and water, for
which there is no other known source than the combina-
tion of these elements. In the processes of such combina-
tion, heat must be continually produced in the animal
body. The same amount of heat will be evolved in the
union of any given quantities of carbon and oxygen, and
of hydrogen and oxygen, whether the combination be
rapid and evident, as in ordinary combustion, or slow and
imperceptible as in the changes which are believed to
occur in the living body. And since the heat thus arising
will be generated wherever the blood is carried, every
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part of the body will be heated equally, or so nearly
equally that the rapid circulation of the blood will quickly
remove any diversities of temperature in different parts.

To establish this theory, it needs to be shewn, that the
quantity of carbon and hydrogen which, in a given time,
unites in the body with oxygen, is sufficient to account for
the amount of heat generated in the animal within the
same time: an amount capable of maintaining the tem-
perature of the body at from 98° to 100°, notwithstanding
a large loss by radiation and evaporation.*

An attempt to determine this point was made by Dulong
and Despretz. Dulong introduced different mammiferous
animals, carnivorous as well as herbivorous, into a receiver,
in which the changes produced in the air by respiration,
and the volume of the different products, could be deter-
mined at the same time thatthe amount of heat lost by the
animal could be ascertained. His experiments led him to
conclude, among other points, that supposing all the
oxygen, absorbed into the blood from the air in the lungs,
were combined with carbon and hydrogen in the system,
and that as much heat were thus generated as would be de-
veloped during the quick combustion of equal quantities of
oxygen and carbon, and of oxygen and hydrogen, still, the
whole quantity of heat produced would amount to only
from 3 to ¢ of that which is developed during the same
space of time by carnivorous as well as herbivorous animals.
Despretz placed animals in a vessel surrounded with water;
an uninterrupted current of air to and from the vessel was
maintained, and the volume and composition of the air
employed were ascertained both before and after the
experiment (which was continued 13 or 2 hours), as well as

* Some heat will also be generated in the combination of sulphur and
phosphorus with oxygen, to which reference has been made (p. 178);
but the amount thus produced has not been’ estimated, and need not be
considered in the exposition of a theory which can, at present, be stated
in only the most general terms,
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the increase in the temperature of the surrounding water
during its progress: by this means it was found that the
heat which should have been generated, according to the
chemical theory of respiration, would account for from
0-76 to 0-91 only of that which the animals really gave out
during the same time. The failing of these experiments
to account for all the heat produced threw doubts on the
chemical theory of animal heat (as the proposed explan-
ation has been called), till Liebig showed that Dulong and
Despretz were in error in their conclusions, from having
formed too low an estimate of the heat produced in the
combustion of carbon and hydrogen. On repeating their
experiments, and using the more accurate numbers to
i‘apresen’r. these combustion-heats, Liebig found reason to
believe that the quantity of heat which would be generated,
by the union of the oxygen absorbed into the blood from
the atmosphere with the carbon and hydrogen taken into
the system as food, would be sufficient to account for the
whole of the caloric formed in the animal body.*

Many things observed in the economy and habits of
animals are explicable by this theory, and are, therefore,
evidence for its truth. Thus, as a general rule, in the
various classes of animals, as well as in indivndual examples
of each class, the quantity of heat generated in the body is
in direct proportion to the activity of the respiratory pro-
cess. The highest animal temperature, for example, is
found in birds, in whom the function of respiration is most
actively performed. In Mammalia, the process of respira-
tion is less active, and the average temperature of the
body less, than in birds. In reptiles, both the respiration
and the heat are at a much lower standard; while in
animals below them, in which the function of respiration is
at the lowest point, a power of producing heat is, in

* Liebig's estimates and calculations may be referred to in the
“ Lancet " (Feb, 1845).
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ordinary circumstances, hardly discernible. Among these
lower animals, however, the observations of Mr. Newport
(xliii. 1837) supply confirmatory evidence. He shews that
the larva, in which the respiratory organs are smaller in
comparison with the size of the body, has a lower tempe-
rature than the perfect insect. Volant insects have the
highest temperature, and they have always the largest
respiratory organs and breathe the greatest quantity of air;
while among terrestrial insects, those also produce the
most heat which have the largest respiratory organs and
breathe the most air. During sleep, hybernation, and
other states of inaction, respiration is slower or suspended,
and the temperature is proportionately diminished ; while
on the other hand, when the insect is most active and
respiring most voluminously, its amount of temperature is
at its maximum, and corresponds with the quantity of
respiration. Neither the rapidity of the circulation, nor
the size of the nervous system, according to Mr. Newport,
presents such a constant relation to the evolution of heat.

Similar evidence in favour of this theory of animal heat
is furnished by the fact that heat is sometimes evolved hy
plants, in a quantity which appears to be in direct propor-
tion to the amount of oxygen they at the same time absorb
and convert into carbonic acid. For example, their evolu-
tion of heat is most evident during flowering and the
germination of seeds, the times at which the largest
amount of carbonie acid is exhaled.

The quantity and quality of food consumed by man and
animals in the different climates and seasons, also appear
to be adapted to the production of various amounts of
heat by the combination of carbon and hydrogen with
oxygen. In northern regions, for example, and in the
. colder seasons of more southern climes, the quantity of
food consumed is (speaking very generally) greater than
that consumed by the same men or animals in opposite
conditions of climate and seasons. And the food which
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appears naturally adapted to the inhabitants of the coldest
climates, such as the several fatty and oily substances,
abounds in carbon and hydrogen, and is' fitted to combine
with the large quantities of oxygen which, breathing cold
dense air, they absorb from their lungs.

The influence of the nervous system in modifying the pro-
duction of heat has been already referred to. The experi-
ments and observations which best illustrate it are those
showing first, that when the supply of nervous influence to
a part is cut off, the temperature of that part falls below
its ordinary degree; and, secondly, that when death is
caused by severe injury to, 'or removal of the nervous
centres, the temperature of the body rapidly falls, even
though artifigial respiration be performed, the circulation
maintained, and to all appearance the ordinary chemical
changes of the body be completely effected. It has been
repeatedly noticed, that after division of the nerves of a
limb, its temperature falls: and this diminution of heat
has been remarked still more plainly in limbs deprived of
nervous influence by paralysis. For example, Mr. Earle
(xli. vol. vii. p. 173) found the temperature of the hand of
a paralysed arm to be 70° while the hand of the sound
side had a temperature of 92° F. On electrifying the
paralysed limb, the temperature rose to 77°. In another
case, the temperature of the paralysed finger was 56° F.,
while that of the unaffected hand was 62°. Sir B. C.
Brodie (xliii. 1811 and 1812) found, that if artificial respir-
ation was kept up in animals killed by decapitation,
division of the medulla oblongata, destruction of the brain,
or poisoning with Worara poison, the action of the heart
continued, and the blood underwent the usual changes in
the lungs, as shewn by the analysis of the air respired, but
that the heat of the body was not maintained: on the
contrary, being cooled by the air forced into the lungs, it
became cold more rapidly than the body of an animal in




NERVOUS SYSTEM ON ITS PRODUCTION. 203

which artificial respiration was not kept up. With equal
certainty, though less definitely, the influence of the nervous
system on the production of heat is shewn in the rapid and
momentary increase of temperature, sometimes general, at
other times quite local, which is observed in states of
nervous excitement ; in the general inerease of warmth of
the body, sometimes amounting to perspiration, which is
excited by passions of the mind; in the sudden rush of
heat to the face, which is not a mere sensation; and in
the equally rapid diminution of temperature in the depress-
ing passions. DBut none of these instances suffices to prove
that heat is generated by mere nervous action, independent
of any chemical change; all are as well explicable on the
supposition that the influence of the nervous system alters,
in some way, the chemical processes from which the heat
18 commonly generated. There are ample proofs that the
nervous system, especially in the most highly organized
animals, does so modify all the functions of organie life ;
and it appears more reasonable to suppose that it thus
influences the production of heat, than to aseribe to it any
more direct agency.

The temporary increase of heat in a part, as in the
instances mentioned above, is no doubt in great measure
due to a larger afflux of blood to the part, in consequence
of temporary relaxation of the walls of the small arteries
through nervous agency. M. Bernard, for example, found
that when he divided, on one side of the neck, the trunk
which unites the sympathetic ganglia, or when he removed
the superior cervical ganglion, an increase of temperature
at once took place on the corresponding side of the face,
and continued for many months (cevii. p. 418). This obser-
vation has since been abundantly confirmed. It will be
more fully considered when speaking of the physiology of
the sympathetic nerve.

In the foregoing pages, the illustrations of the power of

nmintuining an uniform temperature have had reference to
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the ordinary case of man living in a medium colder than
his body, and therefore losing heat both by radiation and
evaporation. The losses in these two ways will bear, in
general, an inverse proportion to one another; the small
loss of heat by evaporation in cold climates may go far to
compensate for the greater loss by radiation; as, on the
other hand, the great amount of fluid evaporated in hot
air may remove nearly as much heat as is commonly lost
by both radiation and evaporation in ordinary tempera-
tures. Thus, it is possible, that the quantities of heat
required for the maintenance of an umniform proper tem-
perature in various climates and seasons are not so
different as they may, at first thought, seem : but on these
points no aceurate information has yet been obtained.*
Neither, as to the maintenance of the temperature of the
body in hot air is much more known than that great heat
can for a time be borne with little "change in the proper
temperature of the body, provided the air be dry. Sir
Charles Blagden and others supported a temperature vary-
ing between 198° and 211° F. in dry air for several min-
utes; and in a subsequent experiment he remained eight
minutes in a temperature of 260°. Delaroche and Berger
(exxxii.) observed that the temperature of rabbits was
raised only a few degrees when they were exposed to heat
varying from 122° to 194°. But such heats are not tolerable
when the air is moist as well as hot, so as to prevent
evaporation from the body. M. C. James (xix. April, 1844)
states, that in the vapour baths of Nero he was almost
suffocated in a temperature of 112° while in the caves of
Testaccio, in which the air is dry, he was but little incom-

* Vierordt made estimates of the heat given out, per minute,
from the lungs in warming the inspired air, and in combination with the
evaporated water; it would be enough to heat (at the most) 96-34 grains
of water from 32° to 212° (ex. p.236). At this rate, the loss by evapo-
ration from the skin and lungs together may be roughly estimated at
enough to heat nearly 4000 grains of water from 32° to 212°,
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moded by a temperature of 176°. In the former, evapora-
tion from the skin was impossible; in the latter, it was,
probably, abundant, and the layer of vapour which would
rise from all the surface of the body would, by its very
slowly conducting power, defend it for a time from the full
action of the external heat.

It remains to notice certain conditions by which the pro-
duction of heat is modified.

The effects of age are noticeable. M. Edwards found the
power of generating heat to be less in old people: and the
same was observed by Dr. Davy (xliii. 1844), who, in
eight people, between eighty-seven and ninety-five years
old, found that, although the average temperature of the
body was not lower than that of younger persons, yet the
power of resisting cold was less in them—exposure to a
low temperature causing a greater reduction of heat than
In young persons.

The same rapid diminution of temperature was observed
by M. Edwards in the new-born young of most carnivorous
and rodent animals when they were removed from the
parent, the temperature of the atmosphere being between 50°
and 53)° F.; whereas, while lying close to the body of the
mother, their temperature was only 2 or 3 degrees lower
than hers. The same law applies to the young of birds.
Young sparrows, a week after they were hatched, had a
temperature of 95° to 97°, while in the nest; but when
taken from if, their temperature fell in one hour to 66}°,
the temperature of the atmosphere being at the time 62°.
It appears from his investigations, that in respect of the
power of generating heat, some Mammalia are born in a
less developed condition than others; and that the young
of dogs, cats, and rabbits, for example, are inferior to the
young of those animals which are not born blind. The
need of external warmth to keep up the temperature of
new-born children is well known; the researches of M.
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Edwards show, that the want of it is, as Hunter suggested,
a much more frequent cause of death in new-born children
than is generally supposed, and furnish a strong argument
against the idea, that children, by early exposure to cold,
can soon be hardened into resisting its injurious influence.

Active exercise, as already stated, raises the temperature
of the body. This may be partly aseribed to the fact, that
every muscular contraction is attended by the development
of one or two degrees of heat in the acting muscle; and
that the heat is increased according to the number and
rapidity of these contractions, and may be quickly diffused
by the blood circulating from the heated muscles. Possibly
also, some heat may be generated in the various move-
ments, stretchings, and recoilings of the other tissues, as
the arteries, whose elastic walls, alternately dilated and
contracted, may give out some heat, just as caoutchoue
alternately stretched and recoiling becomes hot. But the
heat thus developed cannot be so much as some have sup-
posed (Winn, xvii. Ser. 3, vol. xiv. p. 174; Winter, xxx.
1843, p. 794).

The influence of external coverings for the body must not
be unnoticed. In warm-blooded animals, they are always
adapted, among other purposes, to the maintenance of
uniform temperature ; and man adapts for himself such as
are, for the same purpose, fitted to the various climates to
which he is exposed. By their means, and by his com-
mand over food and fire, perhaps as much as by his capacity
for developing appropriate amounts of heat, he maintains
his temperature on all accessible parts of the surface of the
earth.

CHAPTER VIIL

DIGESTION.

Digestiox is the process by which those parts of our
food which may be employed in the formation and repair
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of the tissues, or in the production of heat, are made fit to
be absorbed and added to the blood.

Food may be considered in its relation to the two pur-
poses above-mentioned ; and the various articles of food
may be artificially classified according as they are chiefly
subservient to one or the other of these purposes. All
articles of food that are to be employed in the production
of heat, contain a large amount of carbon and hydrogen ;
and of those which are appropriate for the maintenance of
the several tissues (except the adipose) nearly all are
characterised by the possession of nitrogen, and are capable
of ready conversion into the nitrogenous principles of the
blood.

The name of aufrifive or plastic is given o those principles
of food which admit of conversion into the albumen or
fibrine of the blood, and of being subsequently assimilated,
through the medium of the blood, by the tissues. And
those principles, comprising the greater part of the non-
nitrogenous materials of food, in the form of fat, starch,
sugar, gum, and other similar substances, which are believed
to be employed in the production of heaf, are named
calorifacient, or sometimes respiratory food.

An easier division of foods than this according to their
destination, is derived from their origins; for all consist of
either animal or vegetable substances. No substance can
afford nutriment, even though it contain all the elements of
organic bodies, unless it have all the natural peculiarities
of organic composition, and contain, incorporated with its
other elements, some of those derived from the mineral
kingdom, which, as before mentioned (p. 3), are found in
the organized tissues; such as sulphur, iron, lime, mag-
nesia, ete.

Man is supported as well by food constituted wholly of
animal substances, as by that which is formed entirely of
vegetable matters ; and the strueture of his teeth, as well as
experience, seems to point out that he is destined for a
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mixed kind of aliment. In the case of carnivorous animals,
the food upon which they exist, consisting as it does of the
flesh and blood of other animals, not only contains all the
elements of which their own blood and tissues are composed,
but contains them combined, probably, in the same forms.
Therefore, little more may seem requisite, in the prepara-
tion in this kind of food for the nutrition of the body, than
that it should be dissolved and conveyed into the blood in a
condition capable of being re-organized. But in the case
of the herbivorous animals, which feed exclusively upon
vegetable substances, it might seem as if there would be
greater difficulty in procuring food capable of assimilation
into their blood and tissues. But the chief ordinary
articles of vegetable food contain substances identical, in
composition, with the albumen, fibrine, and caseine, which
constitute the principal nutritive materials in animal food.
Albumen is abundant in the juices and seeds of nearly all
vegetables ; the gluten which exists especially in corn and
other seeds of grasses as well as in their juices, is identical
in composition with fibrine, and is commonly named
vegetable fibrine; and the substance named legumen,
which is obtained especially from peas, beans, and
other seeds of leguminous plants, and from the potato, is
identical with the caseine of milk. All these vegetable
substances are, equally with the ecorresponding animal
principles, and in the same manner, capable of conversion
into blood and tissues; and like the blood and tissues in
both classes of animals, the nitrogenous food of both may
be regarded as, in essential respects, similar.

An apparently more considerable difference between ani-
mal and vegetable foods consists in the different kinds, and
proportionately larger quantity, of the non-nitrogenous
princlip'ies contained in the latter. The only non-nitro-
genous organic substances in animal food are furnished by
the fat; and in some instances, by the vegetable matters
that may chance to be in the digestive canals of such
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animals as are eaten whole. The amount of these is far
less than that of the non-nitrogenous substances consumed
by herbivorous animals, in their quantities of starch, sugar,
gum, oil, and other ternary compounds. Yet, that the
final destination of the ternary principles is the same in
both classes, is almost proved by the ability of man and
many other animals to subsist, and apparently to main-
tain an identical composition and an uniform temperature,
with food of either kind.

Again, the several alimentary substances, from both
animal and vegetable sources, may be arranged, according
to the system of Dr. Prout, in three classes, under the names
of albuminous, saccharine, and oleaginous principles. In the
albuminous group are included all the nitrogenous princi-
ples, whether derived from the animal or from the vegetable
kingdom. These comprise albumen, fibrine, caseine, gela-
tine, and chondrine ; the two latter substances being classed
under this head on account of their bearing a closer resem-
blance to the albuminous than to any other prineciples of
tood. The saccharine group comprises substances derived
exclusively from the vegetable kingdom, viz., sugar itself,
and the various principles capable of being converted into
it, as starch, gum, pectine, and lignine or woody fibre : all
of which are composed of carbon, hydrogen, and oxygen,
with the two latter in the proportion in which they form
water. The oleaginous group includes the various kinds of
fatty and oily principles, which oceur abundantly in both
animal and vegetable kingdoms. All are composed prin-
cipally of carbon and hydrogen : the quantity of the former
element usually exceeding that of the latter ; and the quan-
tity of the latter being more than sufficient to form water
with the oxygen they contain. Besides these three principal
divisions, Dr. Prout makes a fourth division for the agucous
part of food. For, besides that water constitutes nearly
four-fifths of the total weight of the animal body, and must
therefore enter largely into the composition of food, it is
P
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highly probable that it plays an important part in_the
various transformations undergone in the system, and
thus contributes materially to the nutrition of the different
textures.

It has been already said, that animals cannot subsist on
any but organic substances, and that these must contain
the several elements and compounds which are naturally
combined with them : in other words; not even organie
compounds are nutritive, unless they are supplied in their
natural state. The most singular instance of this fact is,
perhaps, that of the production of scurvy by the want of
vegetable food, and its cure by the giving of vegetables;
which, however, must be either raw, or simply preserved,
or so cooked, that their saline constituents may not be re-
moved from them. Pure fibrine, pure gelatine, and other
principles purified from the substances naturally mingled
with them, are incapable of supporting life for more than
a brief time.

Moreover, health cannot be maintained by any number
of substances derived exclusively from ome of the three
groups of alimentary principles. A mixture of nitrogenous
and non-nitrogenous substances, together with the inorganic
principles which are severally contained in them, is essen-
tial to the well-being, and, generally, even to the existence
of an animal. The truth of this is demonstrated by expe-
riments performed for the purpose, and is illustrated by the
composition of the food prepared by nature, as the exclu-
sive source of nourishment to the young of Mammalia,
namely milk. In milk, the albuminous group of aliments is
represented by the caseine, the oleaginous by the butter, the
aqueous by the water, the saccharine by the sugar of milk.
Milk, likewise, contains phosphate of lime, alkaline and
other salts, and a’trace of iron; so that it may be briefly
said to include all the substances which the tissues of the
growing animal need for their nutrition, and which are re-
quired for the production of animal heat. The yelk and
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albumen of eggs are in the same relation as food for the
embryoes of oviparous animals, as milk is to the young of
Mammalia, and afford another example of mixed food being
provided as the most perfect for nutrition.

The experiments illustrating the same principle have
been chiefly performed by Magendie (exxxiii.). Dogs were
fed exclusively on sugar and distilled water. During the
first seven or eight days they were brisk and active, and
took their food and drink as usual ; but in the course of the
second week, they began to get thin, although their appe-
tite continued good and they took daily between six and
eight ounces of sugar. The emaciation increased during
the third week, and they became feeble, and lost their ac-
tivity and appetite. At the same time an ulecer formed on
each cornea, followed by an escape of the humours of the
eye; this took place in repeated experiments. The animals
still continued to eat three or four ounces of sugar daily ;
but became at length so feeble as to be incapable of motion,
and died on a day varying from the 31st to the 34th. On
dissection, their bodies presented all the appearances pro-
duced by death from starvation; indeed, dogs will live
almost the same length of time without any food at all.

‘When dogs were fed exclusively on gum, results almost
similar to the above ensued. When they were kept on
olive-oil and water, all the phenomena produced were the
same, except that no ulceration of the cornea took place :
the effects were also the same with butter. Tiedemann
and Gmelin obtained very similar results. They fed dif-
ferent geese, one with sugar and water, another with gum
and water, and a third with starch and water. All gra-
dually lost weight. The one fed with gum died on the-
sixteenth day; that fed with sugar on the twenty-second ;
the third which was fed with starch, on the twenty-fourth ;
and another on the twenty-seventh day ; having lost, during
these periods, from one-sixth to one-half of their weight.
The experiments of Chossat (xix. Oct. 1843) and Letellier
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(xii. 1844) prove the same; and in men, the same is shewn
by the various diseases to which they who consume but
little nitrogenous food are liable, and especially, as Dr.
Budd has shewn, by the affection of the cornea which is
observed in Hindus feeding almost exelusively on rice. But
it is not only the non-nitrogenous substances, which, taken
alone, are insufficient for the maintenance of health. The
experiments of the Academies of France and Amsterdam
were equally conclusive that gelatine alone soon ceases
to be nutritive (xxv. 1843-4, p. 35).

These facts prove the necessity of a mixture of ele-
mentary principles in the food ; and beyond this, Magendie’s
further experiments appear to prove, that animals cannot
live long if fed exclusively on any single article of food
(except milk), even although it contains principles belong-
ing to each of the three groups of alimentary substances.
For example (to mention only some of his results), a dog
fed on white bread and water, did not live more than fifty
days ; rabbits and guinea-pigs fed on any one of the
following substances,—wheat, oats, barley, cabbage, or
carrots,—died with all the signs of inanition in fifteen
days; while if the same substances were given simul-
taneously, or in succession, the animals suffered no ill-effect.

Mr. Savory’s recent observations on food confirm and
extend the results obtained by Magendie, Chossat, and
others. They shew that animals fed exclusively on non-
nitrogenous diet speedily emaciate and' die, as if from
starvation : that a much larger amount of urine is voided
by those fed with nitrogenous, than by those with non-
nitrogenous food; and that animal heat is maintained
as well by the former as by the latter — a fact which
seems to prove that nitrogenous elements of food, as well
as non-nitrogenous may be regarded as calorifacient. The
non-nitrogenous principles, however, he believes to be
calorifacient essentially, not being first converted into
tissue : but of the nitrogenous, he believes that only a part
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is thus directly calorifacient, the rest being employed in the
formation of tissue. Contrary to the views of Liebig and
Lehmann, Savory has shewn that, while animals speedily
die when confined to non-nitrogenous diet, they may live
long when fed exclusively with nitrogenous food (xxx.
April, 1863).

Changes of the Food effected in the Mouth.

The first of a series of changes to which the food is sub-
jected in the digestive canal, takes place in the cavity of
the mouth ; the solid articles of food are here submitted to
the action of the teeth, whereby they are divided and
crushed, and, by being at the same time mixed with the
fluids of the mouth, are reduced to a soft pulp, capable of
being easily swallowed. The fluids with which the food is
mixed in the mouth, consist of the secretion of the salivary
glands, and the mucus secreted by the lining membrane of
the whole buccal cavity. :

The glands concerned in the production of saliva, are
very extensive, and in man and Mammalia generally, are pre-
sented in the form of four pairs of large glands, the parotid,
submaxillary, sublingual, and intralingual, and numerous
smaller bodies, of similar structure and with separate ducts,
which are scattered thickly beneath the mucous membrane
of the lips, cheeks, soft palate, and root of the tongue.
These all have the structure common to what are termed
conglomerate glands, which will be spoken of in the chapter
on SecrerioN. Saliva, as it commonly flows from the
mouth, is mixed with the secretion of the mucous mem-
brane, and often with air bubbles, which, being retained
by its viscidity, make it frothy.

When obtained from the parotid-ducts, and free from
mucus, saliva is a transparent watery fluid, the specific
gravity of which varies from 1:004 to 1-008, and in which,
when examined with the microscope, are found floating a
number of minute particlds, derived from the secreting
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ducts and vesicles of the glands. In the impure or mixed
saliva are found, besides these particles, numerous epithelial
scales separated from the surface of the mucous membrane
of the mouth and tongue, and mucus-corpuscles, discharged
for the most part from the tonsils, which, when the saliva
is collected in a deep vessel, and left at rest, subside in the
form of a white opaque matter, leaving the supernatant
salivary fluid transparent and colourless or with a pale
blueish-grey tint. In reaction, the saliva, when first
secreted, appears to be always alkaline ; and that from the
parotid gland is said to be.more strongly alkaline than that
from the other salivary glands. This alkaline condition is
most evident when digestion is going on, and according to
Dr. Wright (xxx. 1842-3), the degree of alkalinity of the
saliva bears a direct proportion to the acidity of the gastrie
fluid secreted at the same time. During fasting, the saliva,
although secreted allkaline, shortly becomes neutral ; and it
does so especially when secreted slowly and allowed to mix
with the acid mucus of the mouth, by which its alkaline
reaction 18 neutralized.

According to Dr. Wright (xxx. March, 1842), whose
analysis does not materially differ from the more recent
analyses of Frerichs (lix. 1850, p. 136), Jacubowitsch
(ceviil, p. 7, e.s.), and others, the composition of saliva is—

Water . : g . 9881 Mucus . 5 : - 26
Ptyaline : - e A LS Ashes . . g i e gl
Fatty Matter . - . 5 Loss . . . e ) 1]
Albumen (withsoda) . 1'7

10000

Ptyaline is the name given to a peculiar nitrogenous
substance, which is insoluble in aleohol. By Mialhe it is
stated to be closely analogous to the vegetable substance
termed diastase ; according to Lehmann (ceiii. vol. ii. p. 15)
it closely resembles both albumen and caseine, though it is
not identical with either of them.

The ashes of saliva have been analysed by Enderlin
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(x. 1844), who found that they consist of substances very
similar to those in the ashes of blood, and he believes that
the alkalinity of the saliva, like that of the blood, is due
to the tribasic phosphate of soda. The other salts which
he found in it were chlorides of sodium and potassium,
sulphate of soda, and phosphates of lime, magnesia, and
of iron. The presence of iron has been denied, but Dr,
G. Harley states that he never found it absent from healthy
human saliva (cxe. Jan. 1860.) Saliva also contains a
small quantity of sulpho-cyanogen, in the form of sulpho-
cyanide of potassium; its presence is indicated by a deep
red colour when saliva is mixed with a neutral solution of
a salt of the peroxide of iron. See, on this point, Petten-
kofer (lix. 1846, p. 115), Strahl (lix. 1847, p. 100), and
Bidder and Schmidt (ceviii. p. 10). The use of this con-
stituent is still unknown. The tartar which collects on the
human teeth consists almost entirely of the earthy phos-
phates, combined with about 19 per cent. of animal matter,
and containing shells of infusoria, and other accidental
mixtures.

The rate at which saliva is seerefed is subject to a consider-
able variation. When the tongue and muscles concerned
in mastication are at rest, and the nerves of the mouth are
subject to no unusual stimulus, the quantity secreted is not
more than sufficient, with the mucus, to keep the mouth
moist. But the flow is much accelerated when the move-
ments of mastication take place, and especially when they
are combined with the presence of food in the mouth. It
may be éxcited also, even when the mouth is at rest, by
the mental impressions produced by the sight or thought of
food ; also by the introduction of food into the stomach.
The influence of the latter circumstance was well shewn in
a case mentioned by Dr. Gairdner, of a man whose pharynx
had been divided : the injection of a meal of broth into
the stomach was followed by the secretion of from six fo
eight. ounces of saliva (Brown-Séquard, xxx. 1858).
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Under these varying circumstances, the guantity of saliva
secreted in twenty-four hours varies also; its average
amount is thought to range from fifteen to twenty ounces.
In a man who had a fistulous opening of the parotid duct,
Mitscherlich found that the quantity of saliva discharged
from it during twenty-four hours, was from two to three
ounces ; and the saliva collected from the mouth during the
same period, and derived from the other salivary glands,
amounted to six times more than that from the one parotid.
Bidder and Schmidt, however, estimate the amount much
higher than this, believing that the average daily excretion
in man is upwards of three pounds (ceviii. p. 14 ; see also
Bernard, cexiv., July 7, 1860.)

The purposes served by saliva are of several kinds. In the
first place, acting mechanically, it keeps the mouth in a
due condition of moisture, facilitating the movements of
the tongue in speaking, and the mastication of food. Thus
also it serves in dissolving sapid substances, and rendering
them capable of exciting the nerves of taste. DBut the
principal mechanical purpose of the saliva is, that by
mixing with the food during mastication, it makes it a soft
pulpy mass, such as may be easily swallowed. To this
purpose the saliva is adapted both by quantity and quality.
For speaking generally, the quantity secreted during feed-
ing is in direct proportion to the dryness and hardness of
the food : as M. Lassaigne has shewn, by a table of the

quantity produced in the mastication of a hundred parts of

each of several kinds of food; thirty parts suffice for a
hundred parts of crumb of bread; but not less than 120
for the crusts; 42-5 parts of saliva are produced for the
hundred of roast meat; 3-7 for as much of apples; and so
on, according to the general rule above-stated. The
quality of saliva is equally adapted to this end. It is easy
to see how much more readily it mixes with most kinds of
food than water alone does; and M. Bernard has shewn,
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that the saliva from the parotid, labial, and other small
glands, being more aqueous than the rest, is that which is
chiefly #raided and mixed with the food in mastication ;
while the more viscid mucoid secretion of the submaxillary,
palatine, and tonsillitic glands, is spread over the surface
of the softened mass, to enable it to slide more easily
through the fauces and cesophagus. This view obtains
confirmation from the interesting fact pointed out by Pro-
fessor Owen, that in the great ant-eater, whose enormously
elongated tongue is kept moist by a large quantity of
viscid saliva, the submaxillary glands are remarkably
developed, while the parotids are not of unusual size
(cevil. p. 76, note).

Beyond these, its mechanical purposes, there are many
reasons for concluding that saliva performs some chemical
part in the digestion of the food. The chief of these reasons
are, the number and size of the glands engaged in the
secretion ; the variety of substances which enter into its
composition, and which can scarcely be supposed to be of
use so far as its mechanical properties are concerned; the
gquantity which is secreted, not only during mastication,
but after the food has passed into the stomach, especially
in old persons, who from their loss of teeth, frequently
swallow their food in an imperfectly masticated state; the
fact that the saliva secreted during digestion is more
alkaline than at other times; and lastly, the results of
certain experiments.

Among the experiments are those of Spallanzani and
Reaumur, who found that food inclosed in perforated tubes,
and introduced into the stomach of an animal, was more
quickly digested when it had heen previously impregnated
with saliva than when it was moistened with water. Dr.
Wright also found that if the wsophagus of a dog is tied,
and food mixed with water alone is placed in the stomach,
the food will remain undigested though the stomach may
secrete abundant acid fluid ; but if the same food is mixed
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with saliva, and the rest of the experiment similarly per-
formed, the food is readily digested.

But although it may hence appear that the saliva has
more than a mechanical influence in promoting digestion,
vet the exact nature of the chemical part it takes is still
somewhat uncertain. Its composition, as traced by che-
mical analysis, offers no certain guide. Its alkalinity,
though as already stated, it appears to increase in the same
proportion as the acidity of the secretion of the stomach
both in health and disease, is never sufficient to neutralize
the gastric fluid ; the contents of the stomach, including as
they do the saliva swallowed, are always acid. The very
ghort time during which the saliva remains in contact with
the food before it is neutralized by the acid of the stomach,
precludes the notion that the alkali is the principal con-
stituent by which it assists in digestion. Its orgamnic
principle, ptyaline, however, has evidently more power;
for numerous experiments, easily repeated, show that when
saliva, or a portion of the salivary gland, or even a portion
of dried ptyaline, is added to starch-paste, the starch is
very rapidly transformed into dextrine and grape-sugar; and
when common raw starch is masticated and mingled with
saliva, and kept with it at a temperature of 90° or 1007,
the starch-grains are cracked or eroded, and their contents
are transformed in the same manner as the starch-paste.
Changes similar to these are effected on the starch of
farinaceous food (especially after cooking) in the stomach ;
and it is reasonable to refer them to the action of the
saliva, because the acid of the gastric fluid tends to retard
or prevent, rather than favour the transformation of the
starch. It may therefore be held, that one purpose served
by the saliva in the digestive process is that of assisting in
the transformation of the starch, which enters so largely
into the composition of most articles of vegetable food, and
which (being. naturally insoluble) is converted into soluble
dextrine and grape-sugar, and made fit for absorption. ,
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It appears from the experiments of Magendie (xviii.
July, 1846) and Bernard (lix. 1847, p. 117), that, besides
saliva, many azotized substances, especially if in a state of
incipient decomposition, may excite this transformation of
starch, such as pieces of the mucous membrane of the
mouth, bladder, rectum, and other parts, various animal
- and vegetable tissues, and even morbid products; but the
gastric fluid will not produce the same effect. The pro-
perty, therefore, cannot be exclusively assigned to the
saliva, though, on the other hand, it is proved by the expe-
riments of Bidder and Schmidt (ceviii. pp. 17—18) and
others, that the transformation in question is effected
much more rapidly by this fluid, than by any of the other
fluids or substances experimented with, except the pan-
creatic secretion, which, as will be presently shewn, is very
analogous to saliva. The actual process by which these
changes are effected is still obscure. Probably the azotized
substance, ptyaline, acts as a kind of ferment, like diastase
in the process of malting, and exeites molecular changes in
the starch which result in its transformation, first into dex-
trine and then into sugar. According to Bernard, Magendie,
Frerichs, and others, the part of the salivary fluid which is
most active in thus transforming starch, is that secreted by
the small glands of the mucous membrane of the mouth,
the secretion of the true salivary glands having, according
to Bernard, no influence on starch. Bidder and Schmidt
however deny this, and believe that a mixture of the secre-
tion of the several parts concerned in the formation of saliva
is necessary to the perfect accomplishment of the metamor-
phosis (ceviii. p. 19).

The majority of observers agree that the transformation
of starch into sugar ceases on the entrance of the food
into the stomach, or on the addition of gastrie fluid to it in
a test-tube : while others maintain that it still goes on. Pro-
bably all are right: for, although gastric fluid added to
saliva appears to arrest the action of the latter on starch;
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yet, portions of saliva mingled with food in mastication may,
for some time after their entrance into the stomach, remain
unneutralized by the gastric secretion, and continue their
influence upon the starchy principles in contact with them.
Starch appears to be the only principle of food upon
which saliva acts chemically : it has no apparent influence
on any of the other ternary principles, such as sugar, gum,
mucus, cellulose, or (according to Bernard) on fat: and
seems to be equally destitute of power over albuminous
and gelatinous substances, so that we have as yet no infor-
mation respecting any purpose it can serve in the digestion
of Carnivora, beyond that of softening or macerating the
food ; though, since such animals masticate their food very
little, usually * bolting ” it, the saliva has probably but
little use even in this respect, in the process of digestion.*

FPABSAGE OF FO0OD INTO THE STOMACH.

When properly masticated, the food is transmitted in
successive portions to the stomach by the act of deglutition
or swallowing. This act, for the purpose of deseription,
may be divided into three parts. In the first, particles of
food eollected to a morsel glide between the surface of the
tongue and the palatine arch, till they have passed the ante-
rior arch of the fauces ; in the second, the morsel is carried
through the pharynx; and in the third, it reaches the
stomach through the cesophagus. These three acts follow
each other rapidly. The first is performed voluntarily by

sy —

* For further information respecting the chemistry and action of
saliva, reference may be made to Lehmann (ceiii. vol. ii., and cexxi.),
Bidder and Schmidt (ccviii.), and a Review of their work by Dr. Day
(exe. vol. xii, p, 167), Valentin’s and Scherer’s reports to 1863 (lix.),
Claude Bernard (cexvii. 1856, and cexiv, 1860), Dr. Harley (exe. Jan,,
1860), Dr. Day (ecxxxix), and Dr. Pavy (cexlix.). The last named
physiologist maintains that the pancreatic, and not the salivary fluid, is
the secretion specially intended to act upon starch. The fluids collected
from the large salivary glands of the dog have, he says, no power to
convert starch into sugar.
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the muscles of the tongue and cheeks. The second also is
effected with the aid of muscles which are in part endued
with voluntary motion, such as the musecles of the soft palate
and pharynx ; but it is, nevertheless, an inveluntary act,
and takes place without our being able to prevent it, as
soon as a morsel of food, drink, or saliva is carried back-
wards to a certain point of the tongue’s surface. When
we appear to swallow voluntarily, we only convey, through
the first act of deglutition, a portion of food or saliva
beyond the anterior arch of the palate; then the substance
acts as a stimulus, which, in accordance with the laws of
reflex movements hereafter to be deseribed, is carried by
the sensitive nerves to the medulla oblongata, where it is
reflected to the motor nerves, and an involuntary adapted
action of the muscles of the palate and pharynx ensues.
The third act of deglutition takes place in the cesophagus,
the muscular fibres of which are entirely beyond the influ-
ence of the will.

The second act of deglutition is the most complicated,
because the food must pass by the posterior orifice of the
nose and the rima glottidis of the larynx, without touching
them. When it has been brought, by the first act, behind
the anterior arches of the palate, it is moved onwards by
the tongue being carried backwards, and by the muscles of
the anterior arches contracting behind it. The root of the
tongue being retracted, and the larynx being raised with
the pharynx and carried forwards under the tongue, the
epiglottis is pressed over the rima glottidis, and the morsel
glides past it ; the closure of the glottis being additionally
secured by the simultaneous contraction of its own muscles;
so that, even when the epiglottis is destroyed, there is little
danger of food or drink passing into the larynx, so long as
its muscles can act freely. At the same time, the approxi-
mation of the sides of the posterior palatine arch, which
move quickly inwards like side-curtains, closes the passage
into the upper part of the pharynx and the posterior nares,
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and forms an inclined plane, along the under surface of
which the morsel descends ; then the pharynx, raised up to
receive it, in its turn contracts, and forces it onwards into
the cesophagus.

In the third act, in which the food passes through the
m@sophagus, every part of that tube, as it receives the
morsel and is dilated by it, is stimulated to contract ; hence
an undulatory contraction of the csophagus, which is
easily observable in horses while drinking, proceeds rapidly
along the tube. It is only when the morsels swallowed
are large, or taken too quickly in succession, that the pro-
gressive contraction of the cesophagus is slow, and attended
with pain. Division of both pneumogastric nerves para-
lyzes the contractile power of the cesophagus, and food
accordingly accumulates in the tube (Bernard, cexiv.
July 7, 1860.)

Besides the actions ensuing in the wsophagus during the
passage of food, certain rhythmic contractions have been
observed at its lower part, independently of deglutition.
They are produced by the fibres near the cardiac orifice of the
stomach, which fibres are usually in a sfate of contraction,
especially when the stomach is full, and appear to act as a
kind of sphincter to prevent the regurgitation of food.
During vomiting they are relaxed; and at the same time,
the whole muscular tissue of the tube is said to perform an
anti-peristaltic motion, the reverse of that which it executes
during deglutition. When vomiting has been produced
by the injection of tartar emetic into the veins, these anti-
peristaltic motions of the cesophagus are said to be con-
tinued, even though the tube is separated from the stomach.

DIGESTION OF FOOD IN THE STOMACH.

Structure of the Stomach.

It appears to be an almost universal character of animals,
that they have an internal cavity for the production of a
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chemical change in the aliment— a cavity for digestion :
and when this cavity is compound, the part in which the
food undergoes its principal and most important changes
is the stomach.

In man, and those Mammalia which are provided with a
single stomach, its walls consist of three distinct layers or
coats, viz., an external peritoneal, an internal mucous,
and an intermediate muscular coat, with blood-vessels,
lymphatics, and. nerves distributed in and between
them. In relation to the physiology of the stomach in
digestion, only the muscular and mucous coats need be
considered.

The museular coat of the stomach consists of three separate
layers or sets of fibres, which, according to their several
directions, are named the longitudinal, circular, and oblique.
The longitudinal set are the most superficial: they are
continuous with the longitudinal fibres of the eesophagus,
and spread out in a diverging manner over the great end
and sides of the stomach. They extend as far as the
pylorus, being especially distinct at the lesser or upper
curvature of the stomach, along which they pass in several
strong bands. The next set are the ecircular or transverse
fibres, which more or less completely encircle all parts of
the stomach ; they are most abundant at the middle and
in the pyloric portion of the organ, and some form the chief
part of the thick projecting ring of the pylorus. The next,
and consequently deepest set of fibres, are the obligue ; they
are comparatively few in number, and are placed only at
the cardiac orifice and portion of the stomach, over both
surfaces of which they are spread, some passing obliquely
from left to right, others from right to left, around the car-
diac orifice, to which, by their interlacing, they form a kind
of sphincter, continuous with that round the lower end of
the esophagus. The fibres of which the several muscular
layers of the stomach, and of the intestinal canal generally,
are composed, belong to the class of organic muscle, being
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smooth or unstriped, elongated, spindle-shaped fibre-cells,
a fuller description of which will be given under the head
of Muscular tissue.

The mucous membrane of the stomach rests upon a layer of
loose cellular membrane, or submucous tissue, which con-
nects it with the muscular coat, and contains its principal
blood-vessels. Examined when the stomach is distended,
it is smooth, level, soft, and wvelvety; in the contracted
state, it is thrown into numerous, chiefly, longitudinal, folds
or rug®. When examined with a lens, the internal or free
surface, as was first accurately pointed out by Dr. Sprott
Boyd (xciv. vol. xlvi.), presents a peculiar honeycomb
appearance, produced by shallow, polygonal depressions
or cells (fig. 19, A.) the diameter of which varies generally
from 4} ;th to yisth of an inch; but near the pylorus is as

much as +}5th of an inch. They are sepa-
Fig. 19.* rated by slightly elevated ridges which
sometimes, especially in certain morbid
states of the stomach, bear minute, nar-
row, vascular processes, that look like villi,
and have given rise to the erroneous sup-
position, that the stomach has absorbing
villi like those of the small intestines. In
the bottom of the cells minute openings
B are visible (fig. 19, 4), which are the ori-
M fices of perpendicularly-arranged tubular
. glands imbedded side by side in sets or
' bundles, in the substance of the mucous
| membrane, and composing (B) nearly the
et whole structure.

* Fig. 19. Mucous membrane of the stomach, after Boyd. A. Cells
of human stomach,—open mouths of tubes seen at the bottom of each,—
magnified 32 diameters ; 8. Section of mucous membrane of the stomuch
in tne pig,—the cellular coat on which the bases of the tubes rest has
been injected,—magnified about 20 diameters.
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These tubular glands (fig. 20, , and fig. 21)vary in length
from one-fourth of a line to nearly a line; they are longer
and more thickly set towards the pylorus than elsewhere;
their length is equal to the various thickness of the mucous
membrane ‘of the stomach at different parts. At their
bases, which rest on the submucous tissue, or an intervening
layer of muscular tissue (fig. 20, #) they measure about
sogthof an inch in diameter, and at theirorificesabout 2 ;th.
Sometimes their blind dilated extremities, instead of being
rounded off have an uneven, or varicose, or pouched
appearance, and sometimes they are slightly branched.
Occasionally two contiguous tubules coalesce above, and
open on the surface of the stomach by a common orifice or
duct. Their walls consist essentially of tubular inflections of
the basement membrane of the mucous coat of the stomach.
This membrane, in the upper third of the tube, is lined by
an epithelial layer of cylindrical cells (fig. 21), continuous
with that of the surface of the stomach : in the lower two-
thirds, instead of a layer of cy-
lindrical epithelium, the tube
is filled by numerous roundish,
or oval, or polygonal nucleated
cells, in various stages of de-
velopment, containing much
finely granular material, and
engaged in the secretion of the
gastricfluid, which, when fully
elaborated, is discharged by
the cells, and mixes with the
food in the stomach. These
cells have been named by
Frerichs peptic cells, because
of the pepsine of the gastric
fluid being contained within
them. The tubes or glands in

* Fig. 20.—Longitudinal section through the coats of a pig's stomach,
qQ




926 DIGESTION.

which they occur, are also named peptic glands (Kolliker.)
The eylindrical cells in the upper part of the tube appear
to take no direct share in the secretion of the acid gastrie
Juice ; but probably assist in forming the neutral or slightly
alkaline mucus which covers the surface of the stomach
during fasting (Kolliker, cevi. p. 399). In the intervals
between successive periods of digestion, when the stomach
is empty, the lower secreting parts of the tubules appear to
be at rest, and are said to be nearly empty: they are called
into activity on the fresh introduction of food. The elabo-
ration of the gastric or digestive fluid in the cells seems to
be perfected only as they reach the surface; for, according
to Bernard (xix. March, 1844), the mucous membrane is
not acid a little below the surface.

On their outside, these tubular glands are covered by
capillary blood-vessels derived from arteries, whose prineipal
trunks lie in the submucous tissue, and send up vertical
branches through the interspaces between the several
bundles of glands (fig. 19, §); while branches form anasto-
moses in the ridges between the polygonal spaces on the
internal surface of the stomach.

Besides these simple tubular glands, there are others,
apparently also engaged in the secretion of gastric fluid,
occupying a narrow zone at the cardiac end of the stomach,
and differing in being compound, or branched into three,
five, or seven tubes, filled with large peptic cells, and
presenting a peculiar varicose or beaded appearance (fig.
22.) These compound glands are well marked in some
animals, especially the dog.

Near the pylorus, there appear, also, to be a number of

near the pylorus ; magnified 30 diameters.—a. Tubular glands of the
mucous membrane. & A layer of muscular tissue. ¢. Submucous
tissue, containing nerves and blood-vessels, two of the latter cut across,
d. Transverse muscular coat. e. Longitudinal muscular coat. f. Serous
layer. (After Kolliker).
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compound tubular glands, which differ from the last in
containing no peptic cells, but in being lined throughout

Fig.21*  With cylindrical epithe-
liwm and apparently en-
gaged in the formation
of simple mucus. Kil-
liker names them mucous
glands.

Besides the proper gas-
tric or peptic and mu-
cous glands, certain other
glandular structures are
frequently met with in
the stomach both of man
and animals. These are
small opaque-white sac-
culi, like Peyer’s solitary
glands of the intestines, filled with
minute cells and granules, situated
chiefly along the lesser curvature of the
stomach beneath the mucous mem-
brane, sometimes in the pylorie regions
also. They are said to be only found
during digestion in man ; and it is pro-
bable that, having elaborated certain i
materials of importance to the digestive o

=

* Fig. 21.—One of the tubular follicles of a pig's stomach, after
Wasmann, cut obliquely so as to display the upper pare of its cavity,
with the cylindrical epithelium forming its walls. At the lower part of
the follicle, the external nucleated extremities of the eylinders of epithe-
lium are seen,

t Fig. 22.—Gastric gland from the stomach of a dog. a. Upper part
of the tube lined by eylindrical epithelium. &. Primary branches, with
gimilar epithelinm. e. Terminal branches filled with secreting gland-

cells, and exhibiting a central canal for the escape of the scereted fluid.
(After Kolliker.)
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process, they burst, discharge their contents, and disappear.
According to Brinton, they are rarely absent in children.*

Secretion and Properties of the Gastric Fluid.

‘While the stomach contains no food, and is inactive, no
gastric fluid is secreted; and muecus, which is either
neutral or slightly alkaline, covers its surface. But imme-
diately on the introduction of food or other foreign substance
into the stomach, the mucous membrane, previously quite
pale, becomes slightly turgid and reddened with the
influx of a larger quantity of blood; the gastric glands
commence secreting actively, and an aecid fluid is poured
out in minute drops, which gradually run together and flow
down the walls of the stomach, or soak into the substances
introduced. The guantify of this fluid secreted daily has
been variously estimated; but the average for a healthy
adult has been assumed to range from ten to twenty pints
in the twenty-four hours. (Brinton ccl.)

The nature of the gastric fluid thus secreted, was till
lately involved in complete obscurity. The first accurate
analysis of it was made by Dr. Prout; but it does not
appear that it was collected in any large quantity, or pure
and separate from food, until the time when Dr. Beaumont
(exxxviii.) was enabled by a fortunate circumstance, to
obtain it from the stomach of a man, named St. Martin, in
whom there existed, as the result of a gunshot wound, an
opening leading directly into the stomach, near the upper
extremity of the great curvature, and three inches from the
cardiac orifice. The external opening was situated two
inches below the left mamma, in a line drawn from that
part of the spine of the left ilium. The borders of the

* For the best recent account of the structure of the mucous mem-
brane of the stomach, see Kolliker (cevi. p. 398 ; cexii; and cexviii
p. 319, 1869), and Brinton (Ixxiii. Art. ** Stomach and Intestines,” and
his recently published work on Food and its digestion, 1861. ecl.), who
confirms Killiker's description, and adds much original matter,
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opening into the stomach, which was of considerable size,
had united, in healing, with the margins of the external
wound ; but the cavity of the stomach was at last separated
from the exterior by a fold of mucous membrane, which
projected from the upper and back part of the opening, and
closed it like a valve, but could be pushed back with the
finger. The introduction of any mechanical irritant, such
as the bulb of a thermometer, into the stomach, excited at
once the secretion of gastric fluid. This could be drawn
off with a caoutchoue tube, and could often be obtained to
the extent of nearly an ounce. The introduction of
alimentary substances caused a much more rapid and
abundant secretion of pure gastric fluid than the presence
of other mechanical irritants did. No increase of tempe-
rature could be detected during the most active secretion ;
the thermometer introduced into the stomach, always
stood at 100° Fah., except during muscular exertion,
when the temperature of the stomach, like that of other
parts of the body, rose one or two degrees higher.

M. Blondlot (xvi.) and subsequently M. Bernard (xix.
June, 1844), and since then, several others, by maintaining
fistulous openings into the stomachs of dogs, have con-
firmed most of the facts discovered by Dr. Beaumont. And
the man St. Martin, who is still alive (1863), and in whom
the fistulous opening still remains, has frequently of late
submitted to renewed experiments on his stomach, by
various physiologists.*  From all these observations it
appears, that pepper, salt, and other soluble stimulants
excite a more rapid discharge of gastric fluid than
mechanical irritation does; so do alkalies generally, but
acids have a contrary effect. When mechanieal irritation
is carried beyond certain limits so as to produce pain, the
secretion, instead of being more abundant, diminishes or

——

-t

—————

* For details of their results, consult the reports in Canstatt's
Jahresbericht,
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ceases entirely, and a ropy mucus is poured out instead.
Very cold water, or small pieces of ice, at first render the
mucous membrane pallid, but soon a kind of reaction
ensues, the membrane becomes turgid with blood, and a
larger quantity of gastric juice is poured out. The appli-
cation of too much ice is attended by diminution in the
quantity of fluid seereted, and by consequent retardation of
the process of digestion. The quantity of the secretion
seems to be influenced also by impressions made on the
mouth ; for Blondlot found that when sugar was intro-
duced into the dog's stomach, either alone, or mixed with
human saliva, a very small secretion ensued; but when
the dog had himself masticated and swallowed it, the
secrefion was abundant.

Dr. Beaumont described the secretion of the human
stomach as “a clear transparent fluid, inodorous, a little
saltish, and very perceptibly acid. Its taste is similar to
that of thin mucilaginous water, slightly acidulated with
muriatic acid. It is readily diffusible in water, wine, or
spirits ; slightly effervesces with alkalies; and is an

+ effectual solvent of the materia alimenfaria. " 1t possesses

the property of coagulating albumen in an eminent degree ;
is powerfully antiseptic, checking the putrefaction of meat;
and effectually restorative of healthy action, when applied
to old feetid sores and foul uleerating surfaces” (p. 76).

Dr. Dunglison found in this gastric fluid free hydro-
chlorie and acetic acids, phosphates and hydrochlorates of
potash, soda, lime, and magnesia, and an animal matter
which was soluble in cold, but insoluble in hot water.
The quantity of free hydrochlorie acid which he obtained
by distillation, seems to have been large; and Dr. Prout,
as well as other chemists, have satisfied themselves of the
existence of this acid in the gastric fluid of the rabbit,
hare, horse, calf, and dog. Acetic acid also, is said to.
have been found in the gastric secretion of horses and
dogs, as well as, by Dr. Beaumont, in that of the human
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subject. But the results of more recent experiments by
M. Blondlot (xvi. and later still, lix. 1859), Dr. R. D.
Thompson (xvii. May, 1845), MM. Bernard and Barreswil
(xviii. Dec. 1844), and Lehmann (lix. 1847, p. 102),
seemed to cast doubt on the opinion that free hydrochloric,
acetie, or any other volatile acid, exists in this fluid; at
least in the case of the dog and pig, the animals experi-
mented on. Having obtained large quantities of pure
gastric fluid from the stomach of a dog, and carefully dis-
tilled portions of it on the sand-bath, Blondlot found not
the slightest trace of acidity in the product of the distilla-
tion ; but the residue of the retort was intensely acid, and
became more so the more it was concentrated by continuing
the distillation. The non-existence of both hydrochlorie |
and acetic acids seeming to be thus demonstrated, Blondlot
was led to believe that the acidity of the gastric fluid
depends on an acid phosphate of lime. For he observed
no effervescence on the addition of carbonate of lime to
the acid gastrie fluid ; neither when carbonate of lime was
placed in the gastric fluid, was the fluid neutralized, or the
carbonate dissolved. DBy further investigation, he demon-
strated the existence of a super-phosphate of lime in the
gastric fluid. But he seems to have been in error in
attributing the whole of the acidity of the gastric fluid to this
salt : for MM. Bernard and Barreswil have found that if
the gastric fluid be sufficiently concentrated by evapora-
tion, distinet effervescence occurs on the addition of
carbonate of lime; proving the presence of some free acid,
which they, as well as Dr. R. D. Thompson, Lehmann
(lix. 1847, p. 102), and Frerichs (lix. 1850, p. 184), con-
sider to be the lactic, an opinion to which Liebig (liv. p. 138)
also gives his sanction. MM. Melsens and Dumas (lix.
1844, p.109), have also proved the existence of a free acid,
by the gradual solution of portions of carbonate of lime
placed in gastric fluid. But since, even after long contact,
the carbonate of lime does not completely neutralize the
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acid of the gastric fluid, it is most probable that there is,
together with a free acid, some acid phosphate of lime, as
maintained by M. Blondlot.

Respecting the nature of the free acid, whose presence
is thus proved, the discrepant results suggest a supposition
that the source of the acidity of the gastric fluid may vary
in different animals, or at different times in the same
animal. The existence of hydrochloric acid in the human
gastric fluid seems to have been clearly determined by
Prout, Dunglison, Enderlin (lix. 1843, p. 149), and others
(see especially, Hiibbenet, cxciv.), and more recently by
Professor Graham (cevii. p. 82) and by Schmidt (cexxxix.
p- 160); its non-existence, and the existence of lactic acid, as
clearly determined in the fluid of pigs and dogs by the other
analysts just quoted, and more recently by Bernard (cexvii.
p. 393); possibly all are right. The results of experiments
in artificial digestion make it probable, that the digestive
properties of the gastric fluid require only the existence of
a certain degree of acidity, which is equally effective what-
ever be the acid employed, provided this acid does not de-
compose the active animal principle of the digestive fluid.
It seems to be now generally admitted, however, at least
for the human subject, that hydrochloric is the real free
acid to which the acidity of the gastric fluid is mainly due.
At the same time, other free acids, such as the lactic,
acetic, butyric are not unfrequently found therein, accidently
or otherwise.®

The antmal matfer mentioned in the analysis of the gas-
tric fluid by Dr. Dunglison has been since named pepsine,
from its power in the process of digestion. It is an azotized
substance, the composition of which, according to Bidder and

e = e

* An excellent summary of our knowledge on this subject is given by
Dr. Brinton in his elaborate article on the Stomach and Intestines, in
Todd’s Cyelopaedia of Anatomy and Physiology, June, 1855; also in his
recent work on Food and its digestion, 1861.
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Schmidt (ceviii. p. 46), consists of CyyHg. N 7.4 and D355
Tt is best procured by digesting portions of the mucous
membrane of the stomach in cold water, after they have
been macerated for some time in water at a temperature
- between 80° and 100° F. The warm water dissolves various
substances as well as some of the pepsine, but the cold
water takes up little else than pepsine, which, on evapora-
ting the cold solution, is obtained in a greyish-brown viscid
fluid. The addition of alcohol throws down the pepsine in
greyish-white flocculi ; and one part of the principle thus
prepared, if dissolved in even 60,000 parts of water, will
digest meat and other alimentary substances.

The digestive power of the gastric fluid is manifested in its
softening, reducing into pulp, and partially or completely
dissolving various articles of food placed in it at a tempera-
ture of from 90° to 100°. This, its peculiar property, re-
quires the presence of both the pepsine and the acid;
neither of them can digest alone, and when they are mixed,
either the decomposition of the pepsine, or the neutraliza-
tion of the acid, at once destroys the digestive property of
the fluid. For the perfection of the process also, certain
conditions are required, which are all found in the
stomach ; namely, first, a temperature of about 100° F. ;
secondly, such movements as the food is subjected to by the
muscular actions of the stomach, which bring in succession
every part of it in contact with the mucous membrane,
whence the fresh gastric fluid is being secreted ; thirdly,
the constant removal of those portions of food which are
already digested, so that what remains undigested may be
brought more completely into contact with the solvent fluid;
and, fourthly, a state of softness and minute division, such
as that to which the food is reduced by mastication previous
to its introduction into the stomach.

The chief cirenmstances connected with the mode in which
the gastric fluid acts upon food during natural digestion,
have been determined by watching its operations on different
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alimentary substances, when removed from the stomach and
placed in conditions as nearly as possible like those under
which it acts while within that viscus. The fact that solid
food, immersed in gastric fluid out of the body, and kept at
a temperature of about 100° is gradually converted into a
thick fluid similar to chyme, was shewn by Spallanzani,
Dr. Stevens, Tiedemann and Gmelin, and others. They
used the gastric fluid of dogs,—obtained by causing the
animals to swallow small pieces of sponge, which were
subsequently withdrawn, soaked with the fluid,—and proved
nearly as much as the later experiments with the same kind
of gastric fluid by Blondlot, Bernard and others. But
these need not be particularly referred to, while we have
the more satisfactory and instructive observations which Dr.
Beaumont made with the fluid obtained from the stomach
of St. Martin. After the man had fasted seventeen hours,
Dr. Beaumont took one ounce of gastric fluid, put into it a
solid piece of boiled recently salted beef weighing three
drachms, and placed the vessel which contained them in a
water-bath heated to 100°. ¢ In forty minutes, digestion
had distinetly commenced over the surface of the meat; in
fifty minutes, the fluid had become guite opaque and cloudy,
the external texture began to separate and become loose ;
and in sixty minutes chyme began to form. At 1 p.m.”
(two hours after the commencement of the experiment)
““ the cellular texture seemed to be entirely destroyed,
leaving the muscular fibres loose and unconnected, floating
about in small fine shreds, very tender and soft” (exxxviii.
p-120). In six hours, they were nearly all digested—a
few fibres only remaining. After the lapse of ten hours,
every part of the meat was completely digested. The gas-
tric juice which was at first transparent, was now about the
colour of whey, and deposited a fine sediment of the colour
of meat. A similar piece of beef was, at the time of the
commencement of this experiment, suspended in the
stomach by means of a thread; at the expiration of the
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first hour it was changed in about the same degree as
the meat digested artificially ; but at the end of the second
hour, it was completely digested and gone.

In other experiments, Dr. Beaumont withdrew, through
the opening of the stomach, some of the food which had
been taken twenty minutes previously, and which was
completely mixed with the gastric juice. He continued
the digestion, which had already commenced, by means of
artificial heat in a water-bath. In a few hours, the food
thus treated was completely chymified; and the artificial
seemed in this, as in several other experiments, to be
exactly similar to, though a little slower than, the natural
digestion.

The apparent identity of the process in- and outside of
the stomach thus manifested, while it shews that we may
regard digestion as essentially a chemical process, when
once the gastric fluid is formed, justifies the belief that
Dr. Beaumont’s other experiments with the digestive fluid
may exactly represent the modifications to which, under
similar conditions, its action in the stomach would be liable.
He found that, if the mixture of food and gastric fluid were
exposed to a temperature of 34° F., the process of digestion
was completely arrested. Tn another experiment, a piece
of meat which had been macerated in water at the tem-
perature of 100° for several days, till it acquired a strong
putrid odour, lost, on the addition of some fresh gastric
Juice, all signs of putrefaction, and soon began to be
digested. TFrom other experiments, he obtained the data
for estimates of the degrees of digestibility of various
articles of food, and of the ways in which the digestion is
liable to be affected, to which reference will again be made.

When natural gastric juice cannot be obtained, many
of these experiments may be performed with an arfificial
digestive fluid, the action of which, probably, very closely
resembles that of the fluid secreted by the stomach. It is
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made by macerating in water portions of fresh or recently-
dried mucous membrane of the stomach of a pig# or other
omnivorous animal, -or of the fourth stomach of the calf,
and adding to the infusion a few drops of hydrochloric acid—
about 3:3 grains to half an ounce of the mixture, according
to Schwann. Portions of food placed in such fluid, and
maintained with it at a temperature of about 100° are, in
an hour or more, according to the toughness of the sub-
stance, softened and changed in just the same manner as
they would be in the stomach.

" The nature of the action by which the mucous mem-
brane of the stomach and its seeretion, work these changes
in organic matter, is exceedingly obscure. The action of
the pepsine may be compared with that of a ferment,
which at the same time that it undergoes change itself,
induces certain changes also in the organic matters with
which it is in contact. Or its mode of action may belong
to that class of chemical processes termed ¢ catalytic,” in
which a substance excites, by its mere presence, and with-
out itself undergoing change as ordinary ferments do,
some chemical action in the substances with which it is in
contact. So, for example, spongy platinum, or charcoal,
placed in a mixture, however voluminous, of oxygen and
hydrogen, makes them combine to form water; and
diastase makes the starch in grains undergo transformation,
and sugar is produced. And that pepsine acts in some such
manner appears probable from the very minute quantity
capable of exerting the peculiar digestive action on alarge
quantity of food, and apparently with little diminution in
its active power. The process differs from ordinary fer-
mentation in being unattended with the formation of
carbonic acid, in not requiring the presence of oxygen, and

* The best portion of the stomach of the pig for this purpose is that
between the cardiac and pyloric orifices; the cardiac portion appears to
furnish the least active digestive fluid.
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in being unaccompanied by the production of new
quantities of the active principle, or ferment. It agrees
with the processes of hoth fermentation and organic
catalysis, in that whatever alters the composition of the
pepsine (such as heat above 100° strong alcohol, or strong
acids), destroys the digestive power of the fluid.

Changes of the Food tn the Stomach.

The general effect of digestion in the stomach is the con-
version of the food into ¢hyme, a substance of various com-
position according to the nature of the food, yet always
presenting a characteristic thick, pultaceous, grumous con-
sistence, with the undigested portions of the food mixed in
a more fluid substance, and a strong disagreeable acid
odour and taste. Its colour depends on the nature of the
food, or on mixtures of yellow or green bile which may,
apparently even in health, pass into the stomach.

Reduced into such a substance, all the various materials
of a meal may be mingled together, and near the end of
the digestive process hardly admit of recognition ; but the
experiments of artificial digestion, and the examination of
stomachs with fistule, have illustrated many of the changes
through which the chief alimentary principles pass, and
the times and modes in which they are severally disposed
of. These must now be traced.

The readiness with which the gastric fluid acts on the
several articles of food is, in some measure, determined by
the state of divizsion, and the tenderness and moisture of
the substance presented to it. By minute division of the
food, the extent of surface with which the digestive fluid
can come in contact is increased, and its action proportion-
ably accelerated. Tender and moist substances offer less
resistance to the action of the gastrie juice than tough,
hard, and dry ones do, because they may be thoroughly
penetrated with it, and thus be attacked by it, not only at
the surface, but at every part at once. The readiness
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with which a substance is acted upon by the gastric fluid
does mot, however, necessarily imply the degree of its.
nutritive property ; for a substance may be nutritious, yet,
on account of its toughness and other qualities, hard to
digest; and many soft, easily-digested substances contain
comparatively a small amount of nutriment. But for a
substance to be nutritive, it must be capable of being
assimilated to the blood; and to find its way into the
blood, it must, if insoluble, be digestible by the gastrie
fluid or some other secretion in the intestinal canal. There
is, therefore, thus far, a necessary connection between the
digestibility of a substance and its power of affording
nutriment,.

Those portions of food which are liquid when taken into
the stomach, or which are easily soluble in the fluids
therein, are probably at once absorbed by the blood-
vessels in the mucous membrane of the stomach. Magendie’s
experiments, and better still, those of Dr. Beaumont, have
proved this quick absorption of water, wine, weak saline
solutions, and the like; that they are absorbed without
manifest change by the digestive fluid ; and that, generally,
the water of such liquid food as soups is absorbed at once,
go that the substances suspended in it are concentrated
into a thicker material, like the chyme from solid food,
before the digestive fluid acts upon them.

The action of the gastric fluid on the several kinds of solid
food has been studied in various ways. In the earliest
experiments, perforated metallic and glass tubes, filled
with the alimentary substances, were introduced into the
stomachs of animals, and after the lapse of a certain time
withdrawn, to observe the condition of the contained sub-
stances; but such experiments are fallacious, because
gastrie fluid has not ready access to the food. A better
method was practised in a series of experiments by Tiede-
mann and Gmelin, who fed dogs with different substances,
and killed them in a certain number of hours afterwards.
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But the results they obtained are of less interest than
those of the experiments of Dr. Beaumont, on his patient,
St. Martin, and of Dr. Gosse (exxxvii.) who had the
power of vomiting at will.

Dr. Beaumont’s observations shew, that the process of
digestion in the stomach, during health, takes place so
rapidly, that a full meal, consisting of animal and vege-
table substances, may nearly all be converted into chyme
in about an hour, and the stomach left empty in two
hours and a half. The detfails of two days’ experiments
will be sufficient examples :—

Exp. 42. April 7th, 8 A.n.  St. Martin breakfasted on
three hard-boiled eggs, pancalkes, and coffee. At half-past
eight o'clock, Dr. Beaumont examined the stomach, and
found a heterogeneous mixture of the several articles
slightly digested . . .. At a quarter past ten, no part of
the breakfast remained in the stomach.

Exp. 43.—At eleven o'clock the same day, he ate two
roasted eggs and three ripe apples. In half an hour they
were in an incipient state of digestion; and a quarter past
twelve no vestige of them remained.

Exp. 44.—At two o’clock p.a. the same day, he dined on
roasted pig and vegetables. At three o’clock they were
half chymified, and at half-past four nothing remained but
a very little gastric juice.

Again, Exp. 46. April 9th. At three o’clock p.a. he
dined on boiled dried codfish, potatoes, parsnips, bread,
and drawn butter. At half-past three o’clock examined,
and took out a portion about half digested; the potatoes
the least so. The fish was broken down into small fila-
ments; the bread and parsnips were not to be distin-
guished. At four o’clock, examined another portion.
Very few particles of fish remained entire. Some of the
few potatoes were distinetly to be seen. At half-past four
o’clock, he took out and examined another portion; all com-
pletely chymified. At five o’clock, stomach empty (p. 158).
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Many circumstances besides the nature of the food are
apt to influence the process of chymification. Among them
are, the quantity of food taken; the stomach should be
fairly filled, not distended: the time that has elapsed since
the last meal, which should be at least enough for the
stomach to be quite clear of food : the amount of exercise
previous and subsequent to the meal, gentle exercise being
favourable, over-exertion injurious to digestion ; the state
of mind, tranquillity of temper being apparently essential
to a quick and due digestion : the bodily health: the state
of the weather. DBut under ordinary circumstances, from
three to four hours may be taken as the average time
occupied by the complete digestion of a meal.

Dr. Beaumont constructed a table shewing the times
required for the digestion of all usual articles of food in
St. Martin's stomach, and in his gastric fluid taken from
the stomach. Among the substances most quickly digested
were rice and tripe, both of which were chymified in an
hour; eggs, salmon, trout, apples, and venison, were
digested in an hour and a half; tapioca, barley, milk,
liver, fish, in two hours; turkey, lamb, potatoes, pig, in
two hours and a half; beef and mutton required from
three hours to three and a half, and both were more
digestible than weal; fowls were like mutton in their
degree of digestibility. Animal substances were, in general,
converted into chyme more rapidly than vegetables.

Dr. Beaumont’s experiments were all made on ordinary
articles of food. A minuter examination of the changes
produced by gastric digestion on various tissues has been
made by Dr. Rawitz (xxvi.), who examined microscopically
the products of the artificial digestion of different kinds of
food, and the contents of the freces after eating the same
kinds of food. The general results of his examinations,
as regards animal food, shews that muscular tissue breaks
up into its constituent fasciculi, and that these again are
divided transversely; gradually the transverse strim become




CHANGES OF FOOD IN THE STOMACH. 241

indistinet, and then disappear; and finally, the sarcolemma
seems to be dissolved, and no trace of the tissue can be
found in the chyme, except a few fragments of fibres.
These changes ensue most rapidly in the flesh of fish and
hares, less rapidly in that of poultry and other animals.
The fragments of muscular tissue which remain after the
continued action of the digestive fluid, do not, according to
Rawitz, undergo any alteration in their passage through
the rest of the intestinal canal; for he found similar frag-
ments in feeces even twenty-four hours after the introduction
of the meat into the stomach. Bidder and Schmidt, how-
ever, have shewn clearly that muscular fibres may be
completely digested in the intestines. The cells of cartilage
and fibro-cartilage, except those of fish, pass unchanged
through the stomach and intestines, and may be found in
the freces. The interstitial tissues of these structures are
converted into pulpy textureless substances in the artificial
digestive fluid, and are mnot discoverable in the fieces.
Elastic fibres are unchanged in the digestive fluid. Fatty
matters also are unchanged ; fat-cells are sometimes found
quite unaltered in the fieces: and erystals of cholestearine
may usually be obtained from fmces, especially after the
use of pork-fat.

As regards vegetable substances, Dr. Rawitz states, that
he frequently found large quantities of cell-membranes
unchanged in the fweces; also starch-cells, commonly de-
prived of only part of their contents. The green colouring
principle, chlorophyll, was usually unchanged. The walls
of the sap-vessels and spiral-vessels were quite unaltered
by the digestive fluid, and were usually found in large
quantities in the freces; their contents, probably, were
removed.

From these experiments, we may understand the structural
changes which the chief alimentary substances undergo in
their conversion into chyme; and the proportions of each
which are not reducible to chyme, nor capable of any fur-
R
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ther act of digestion. The ekemical changes undergone in
and by the proximate principles are less easily traced.

Of the albuminous principles, the caseine of milk, and,
according to Dr. Beaumont, fluid albumen, are coagulated
by the acid of the gastric fluid; and thus, before they are
digested, come into the condition of the other solid prin-
ciples of the food. These, including solid albumen and
fibrine, in the same proportion as they are broken up and
anatomically disorganized by the gastric fluid, appear to
be reduced or lowered in their ehemical composition (see
Prout, xxi. p. 463). This chemical change is probably pro-
duced, assuggested by Dr. Prout, by the principles entering
into combination with water. It is sufficient to conceal
nearly all their characteristic properties; the albumen is
rendered scarcely coagulable by heat; the gelatine, even
when its solution is evaporated, does not congeal in cooling ;
the fibrine and caseine cannot be found by their charac-
teristic tests. It would seem, indeed, that all these various
substances are converted into one and the same principle,
a low form of albumen, not precipitable by nitric acid or
heat, and now generally termed albuminose or peptone, from
which, after being absorbed, they are again raised, in the
elaboration of the blood, to which they are ultimately
assimilated.

‘Whatever be the mode in which the gastric secretion
affects these principles, it, or something like it, appears
essential, in order that they may be assimilated to the
blood and tissues. TFor, when Bernard and Barreswil in-
jected albumen dissolved in water into the jugular veins
of dogs, they always, in about three hours after, found it
in the urine. But if, previous to injection, it was mixed
with gastric fluid, no trace of it could be detected in the
urine. The influence of the liver seems to be almost as
efficacious as that of the gastric fluid, in rendering albu-
men assimilable ; for Bernard found that, if diluted egg-
albumen, unmixed with gastric fluid, is injected into the
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portal vein, it no longer makes its appearance in the urine,
and is, therefore, no doubt, assimilated by the blood (xix.
1850, p. 889).

Probably, most of the albuminose, with other soluble
and fluid materials, are absorbed directly from the stomach
by the minute blood-vessels with which the mucous mem-
brane is so abundantly supplied.

The saccharine including the amylaceous principles are at
first, probably, only mechanically separated from the vege-
table substances within which they are contained, by the
action of the gastric fluid. The soluble portions, viz.,
dextrine, and sugar, are probably at once absorbed.
The insoluble ones, viz., starch and lignine (or some parts
of it) are rendered soluble and capable of absorption, by
being converted into dextrine or grape-sugar. It is probable
that this change is carried on to some extent in the stomach;
the recent experiments of Bardeleben and Brown-Séquard
may be especially referred to, in confirmation of this view
(lix. 1859, p. 37; and ccxviii. 1858). This conversion of
starch into sugar is probably effected, however, not by the
gastric fluid, but by the saliva introduced with the food, or
subsequently swallowed; for Frerichs found that it was
arrested if, by tying the cesophagus, the continued intro-
duction of salivary secretion into the stomach was prevented
(xv. Bd. 3, Art. Verdauung); and, even in those cases in
which it is said to go on, when the access of saliva is pre-
vented, it may, as Valentin suggests (lix. 1859, p. 37),
be perhaps ascribed to some of the secretion of Brunn’s
glands, or of the pancreas, having entered the stomach.
The transformation of starch is continued in the intestinal
canal, probably, as will be shewn, by the secretion of the
pancreas, and perhaps by that of the intestinal glands and
mucous membrane. The power of digesting uncooked starch
18 probably very limited in man and Carnivora, for when
starch has been taken raw, as in corn and rice, large quan-
tities of the granules are passed unaltered with the excre-
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ments. Cooking, by expanding or bursting the envelopes
of the granules, renders their interior more amenable to
the action of the digestive organs; and the abundant
nutriment furnished by bread, and the large proportion
that is absorbed of the weight of it consumed, afford proof
of the completeness of their power to make its starch solu-
ble and prepare it for absorption. According to Blondlot,
component particles of starch-grains are held together by
an azotized substance analogous to gelatine; he believes,
that the gastrie fluid dissolves this substance, and that the
liberated minute particles of starch are not further che-
mically acted upon in the alimentary canal, but, with the
fatty, albuminous, and other molecules of chyle, are taken
up by the intestinal villi (lix.1856, p. 172).

Of the oleaginous principles, as to their changes in the
gtomach, no more can be said, than that they appear to be
reduced to minute particles, and pass into the intestines
mingled with the other constituents of the chyme. DBeing
further changed in the intestinal canal, they are rendered
capable of absorption by the lacteals.

Movements of the Stomach.

It has been already said, that the gastricfluid is assisted
towards accomplishing its share in digestion by the move-
ments of the stomach. In granivorous birds, for example,
the contraction of the strong muscular gizzard affords a
necessary aid to digestion by grinding and triturating the
hard seeds which constitute part of the food. But in the
stomachs of man and Mammalia the motions of the muscu-
lar coat are too feeble to exercise any such mechanical
force on the food ; neither are they needed, for mastication
has already done the mechanical work of a gizzard ; and
the experiments of Reaumur and Spallanzani have demon-
strated that substances enclosed in perforated tubes, and
consequently protected from mechanical influence, are yet
digested.
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The normal actions of the muscular fibres of the human
stomach appear to have a three-fold purpose; first, to
adapt the stomach to the quantity of food in it, so that its
walls may be in contact with the food on all sides, and, at
the same time, may exercise a certain amount of com-
pression upon it; secondly, to keep the orifices of the sto-
- mach closed until the food is digested; and, thirdly, to
: perform certain peristaltic movements, whereby the food,
as it becomes chymified, is gradually propelled towards, and
ultimately through, the pylorus. In accomplishing this
latter end, the movements will, no doubt, materially con-
tribute towards effecting a thorough intermingling of the
food and the gastric fluid.

‘When digestion is not going on, the stomach is uniformly
contracted, its orifices not more firmly than the rest of its
walls; but, if examined shortly after the introduction of
food, it is found closely encircling its contents, and its ori-
fices are firmly closed like sphincters. The cardiac orifice,
every time food is swallowed, opens to admit its passage to
the stomach, and immediately again closes. The pylorie
orifice, during the first part of gastric digestion, s usually
so completely closed, that even when the stomach is sepa-
rated from the intestines, none of its contents escape. But
towards the termination of the digestive process, the pylorus
seems to offer less resistance to the passage of substances
from the stomach ; first it yields to allow the successively
digested portions to go through it; and then it allows the
transit of even undigested substances.

From the observations of Dr. Beaumont on the man St.
Martin, it appears that food, so soon as it enters the sto-
mach, is subjected to a kind of peristaltic action of the
muscular coat, whereby the digested portions are gradually
approximated towards the pylorus. The movements were
observed to increase in rapidity as the process of chymifi-
cation advanced, and were continued until it was com-

pleted.
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The contraction of the fibres situated towards the pyloric
end of the stomach, seems to be more energetic and more
decidedly peristaltic than those of the cardiac portion.
Thus, Dr. Beaumont found that when the bulb of the
thermometer was placed about three inches from the pylo-
rus, it was tightly embraced from time to time and drawn
towards the pyloric orifice for a distance of three or four -
inches. The object of this movement appears to be, as
just said, to carry the food towards the pylorus as fast as
it is formed into chyme, and to propel the chyme into the
duodenum ; the undigested portions of food being kept
back until they also are reduced into chyme, or until all
that is digestible has passed out. The action of these fibres
is often seen in the contracted state of the pylorie portion
of the stomach after death, when it alone is contracted
and firm, while the cardiac portion forms a dilated sac.
Sometimes, by a predominant action of strong circular
fibres placed between the cardia and pylorus, the two
portions, or ends as they are called, of the stomach, are
separated from each other by a kind of hour-glass con-
traction. *

The interesting researches of Dr. Brinton have clearly
established that, by means of this peristaltic action of the
muscular coats of the stomach, not merely is chymified food
gradually propelled through the pylorus, but that a kind
of double current is thereby continually kept up among
the contents of the stomach, the circumferential parts of the
mass being gradually moved onward towards the pylorus by
the peristaltic contraction of the muscular fibres, while the
central portions are propelled in the opposite direction,
namely towards the cardiac orifice : in this way is kept up
a constant circulation of the contents of the viscus, highly
conducive to their free mixture with the gastric fluid and
to their ready digestion. (lxxi. 1849 : and ccl. p. 100).

These actions of the stomach are peculiar to it and inde-
pendent. But it is, also, adapted to aet in concert with the
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abdominal muscles, in certain circumstances which can
hardly be called abnormal, as in vomiting and eructation.
Tt has indeed been frequently stated that the stomach itself
is quite passive during vomiting, and that the expulsion of
its contents is effected solely by the pressure exerted upon
it when the capacity of the abdomen is diminished by the
contraction of the diaphragm and abdominal muscles: and
this opinion has been especially supported by M. Magendie
(xxxii. p. 554). After having injected tartar emetic into
the veins of dogs, and in other instances given it by the
mouth, he states that he never saw the stomach itself con-
tract; and that if in such cases he drew the stomach out
of the abdominal cavity, vomiting was prevented until he
returned the viscus to its natural situation, when vomiting
immediately ensued. M. Lépine, too, mentions a case in
which a patient’s abdomen was torn open by a horn, and
the stomach wholly protruded: no movements of the ex-
posed organ ensued, and no vomiting until the stomach
was returned into the abdominal cavity (1v. vol. ix. p. 147).
Magendie also found that pressure with the hand had the
same influence as the abdominal muscles; and even the
action of the diaphragm alone, pressing against the linea
alba, was sufficient to produce vomiting when the abdomi-
nal muscles had been cut away. When the stomach was
removed, and a pig’s bladder was connected with the aso-
phagus in its stead, vomiting was produced in the same
way as when the stomach itself remained uninjured. The
latter observation, however, only proves, that the pressure
exerted by the contracting abdominal muscles upon an
unresisting bag, is sufficient to expel its contents. And
the others do not shew more than that a considerable
share in the act of vomiting is exercised by the abdominal
muscles,

On the other hand, there is reason to believe that the
stomach takes some part in the expulsion of its own
contents. Facts are wanting to demonstrate this with
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certainty, though some of the cases of fistulous opening
into the stomach seem to support such a view.* More-
over, during vomiting, the.contraction of the stomach can
usually be distinctly felt by the patient; though, at least
in animals, it appears to be often so slight and quick, that
even when the stomach is exposed, its occurrence may be
overlooked.

Besides the influence which it may thus have by its con-
traction, the stomach also essentially contributes to the act of
vomiting, by the relaxation of the oblique fibres around
the cardiac orifice, coincidently with the contraction of the
abdominal muscles and of the rest of its own fibres. For,
until the relaxation of these fibres, no vomiting can ensue;
when contracted, they can as well resist all the force of the
contracting abdominal and other muscles, as the muscles
by which the glottis is closed can resist the same force in
the act of straining. Doubtless we may refer many of the
acts of retching and ineffectual attempts to vomit to the
want of concord between the relaxation of these muscles
and the contraction of the rest.

The muscles with which the stomach co-operates in con-
traction during vomiting, are chiefly and primarily those
of the abdomen ; the diaphragm also acts, but not as the
muscles of the abdominal walls do. They contract and
compress the stomach more and more towards the back
and upper parts of the diaphragm ; and the diaphragm
(which is usually drawn down in the deep inspiration that
precedes each act of vomiting) holds itself fixed in contrac-
tion, and presents an unyielding surface against which
the stomach may be pressed. It is emabled to act thus,
and probably only thus, because the inspiration which
precedes the act of vomiting, is terminated by closure of

* A colleetion of cases of fistulous communication with the stomach
through the abdominal parietes, has been given by Dr. Murchison in
the 41st volume of the Medico-Chirurgical Transactions.
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the glottis ; after which the diaphragm can neither descend
further, except by expanding the air in the lungs; nor,
except by compressing the air, ascend again until, the act
of vomiting having ceased, the glottis is opened again.
Some persons possess the power of vomiting at will,
without applying any undue irritation to the stomach, but
simply by a voluntary effort. It seems also, that this
power may be acquired by those who do not naturally
possess it, and by continual practice may become a habit.
(lases are also of mo rare occurrence in which persons
habitually swallow their food hastily, and nearly unmas-
ticated ; and then, at their leisure, regurgitate it, piece by
piece, into their mouth, remasticate, and again swallow it,
exactly as is done by the ruminant order of Mammalia.

Influence of the Nervous System on Gastrie Digestion.

This influence is manifold ; and is evidenced, 1st, in the
sensations which induce to the taking of food ; 2nd, in the
secretion of the gastric fluid ; 3rd, in the movements of the
food in and from the stomach.

The sensation of hunger is manifested in consequence of
deficiency of food in the system. The mind refers the
sensation to the stomach ; yet since the sensation is relieved
by the introduction of food either into the stomach .itself,
or into the blood through other channels than the stomach,
it would appear not to depend on the state of the stomach
alone. This view is confirmed by the fact, that the divi-
sion of both pneumogastric nerves, which are the principal
channels by which the mind is cognisant of the condition
of the stomach, does not appear to allay the sensations of
hunger (Reid, lxxiii. wvol. iii. p. 899; Bernard . cexiv.
July 7, 1860 ; and Ravitsch eexl. 1861. p. 770.)

But that the stomach has some share in this sensation is
proved by the relief afforded, though only temporarily, by
the introduction of even non-alimentary substances into
this organ. It may, therefore, be said that the sensation
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of hunger is derived from the system generally, but chiefly
from the condition of the stomach; the nerves of which,
we may suppose, are more affected by the state of the
insufficiently replenished blood than those of other organs
are.

The sensation of thirsf, indicating the want of fluid, is
referred to the fauces, although, as in hunger, this is merely
the local declaration of a general condition existing in the
system. For thirst is relieved for only a very short time
by washing the dry fauces ; butmay be relieved completely
by the introduction of liquids into the blood, either through
the stomach, or by injections into the blood-vessels, or by
absorption from the surface of the skin, or the intestines.
The sensation of thirst is perceived most naturally when-
ever there is a disproportionately small quantity of water
in the blood: as well, therefore, when water has been
abstracted from the blood, as when saline, or.any solid
matters have been abundantly added to it. We can ex-
pressthefact (even if it be not an explanation of it), by saying
that the nerves of the mouth and fauces, through which
the sense of thirst is chiefly derived, are more sensitive
to this condition of the blood than other nerves are. And
the cases of hunger and thirst are not the only ones in
which the mind derives, from certain organs, a peculiar
predominant sensation of some condition affecting the
whole body. Thus, the sensation of the ¢ mnecessity of
breathing,” is referred especially to the lungs: but as
Volkmann’s experiments show, it depends on the condition
of the blood which circulates everywhere, and is felt even
after the lungs of animals are removed; for they continue,
even then, to gasp and manifest the sensation of want of
breath. So perhaps, it may be added, the disordered
blood in fever, and in other affections of the blood, ecir-
culates everywhere, but produces peculiar sensations in
only certain parts. And, as with respiration when the
lungs are removed, the mind may still feel the body’s want
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of breath: so in hunger and thirst, even when the stomach
has been filled with innutritious substances, or the pneu-
mogastric nerves have been divided, and the mouth and
fauces are kept moist, the mind is still aware, by the more
obscure sensations in other parts, of the whole body’s need
of food and water.

The influence of the nervous system on the secretion of gastrie
Auwid, is shown plainly enough in the influence of the mind
upon digestion in the stomach ; and is, in this regard, well
illustrated by several of Dr. Beaumont's observations.
M. Bernard also, watching the act of gastric digestion in
dogs which had fistulous openings into their stomachs, saw
that on the instant of dividing their pnemogastric nerves,
the process of digestion was stopped, and the mucous mem-
brane of the stomach, previously turgid with blood, became
pale, and ceased to secrete. These, however, and the like
experiments showing the instant effect of division of the
pneumogastric nerves, may prove no more than the effect
of a severe shock, and the fact that influences affecting
digestion may be conveyed to the stomach through those
nerves. From other experiments it may be gathered, that
although, as in M. Bernard’s, the division of both pneumo-
gastric nerves always temporarily suspends the secretion
of gastric fluid, and so arrests the process of digestion,
and is occasionally followed by death from inanition ; yet
the digestive powers of the stomach may be completely
restored after the operation, and the formation of chyme
and the nufrition of the animal may be carried on almost
as perfectly as in health (Reid, lxxiii. vol. iii. p. 900,
Hiibbenet, cxciv. and Ravitsch cexl. 1861, p. 770).

It has been said, that after the division of the pneumo-
gastric nerves, the absorption of poisons by the stomach
does not take place, or is more slowly effected. But in
thirty experiments on Mammalia, which M., Wernscheidt
performed under Miiller's direction not the least difference
could be perceived in the action of narcotic poisons intro-
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duced into the stomach, whether the pneumogastric had
been divided on both sides or not, provided the animals
were of the same species and size. It appears, however,
that such poisons as are capable of being rendered inert by
the action of the gastric fluid, may, if taken into the
stomach shortly after division of both pneumogastric nerves,
produce their poisonous effects ; in consequence, apparently,
of the temporary suspension of the secretion of gastric fluid.
Thus, in one of his experiments, M. Bernard gave to each
of two dogs, in one of which he had divided the pneumo-
gastric nerves, a dose of emulsine, and half an hour after-
wards a dose of amygdaline, substances which are
innocent alone, but when mixed produce hydrocyanic acid.
The dog whose nerves were cut, died in a quarter of an
hour, the substances being absorbed unaltered and mixing
in the blood ; in the other, the emulsine was decomposed
bythe gastric fluid before the amygdaline was administered;
therefore, hydrocyanic acid was not formed in the blood,
and the dog survived. The results of these experiments
have been confirmed by Frerichs (xv. art. Ferdauung).

The influence of the pneumogastric merves over the
secretion of gastric fluid has been of late even more de-
cidedly shewn by M. Bernard, who found that galvanic
stimulus of these nerves excited an active secretion of the
fluid, while a like stimulus applied to the sympathetic
nerves issuing from the semilunar ganglia, caused a dimi-
nution and even complete arrest of the secretion (cexiv.,
August, 1860).

The influence of the nervous system on the movements of the
stomach has been often seen in the retardation or arrest of
these movements after division of the pneumogastric nerves.
The results of irritating the same nerves were ambiguous;
but the experiments of Longet (exxxvi. vol. 1. p. 323) and
Bischoff, (lxxx. 1848, Jalresbericht, p. clv.) have shewn that

the different results depended on whether the stomach were
~ digesting or not at the time of the experiment. In the act
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of digestion, the nervous system of the stomach appears to
participate in the excitement which prevails through the
rest of its organization, and a stimulus applied to the
pneumogastric nerves is felt intensely, and active move-
ments of the muscular fibres of the stomach follow ; but in
the inaction of fasﬁng', the same stimulus produces no
effect. So, while the stomach is digesting, the pylorus is
too irritable to allow anything but chyme to pass; but
when digestion is ended, the undigested parts of the food,
and even large bodies, coins, and the like, may pass
through it. Ravitsch is of opinion that the pneumo-
gastric nerves are the only motor nerves of the stomach
(ccxl. 1861. p. 770).

CHANGES OF FOOD IN THE INTESTINES,

In the intestines, the passage of the chyme into which
has been just described, the food, thus far acted on and
digested, is exposed to the influence of the bile, the pan-
creatic fluid, and the secretions of the several glands
imbedded in, and forming, the intestinal mucous mem-
brane. By the action of these various secretions, the
chyme undergoes further changes; after which, being more
perfectly separated from the innutritious parts of the food,
it is absorbed by the blood-vessels and lacteals; the rest
of the food, with portions of the above-named secretions,
is ejected in fwces.

Structure and Seeretions of the Intestines,

The intestinal canal is divided into two chief portions
named, from their differences in diameter, the small and
the large intestine, and separated fromi each other by a
muscular valvular structure, the ileo-cecal valve. This
distinction is much less marked in Carnivora than in Her-
bivora; the large intestine in the latter class of animals
being very wide and long. The small intestine, for con-
venience of description, has been further divided into three
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portions, viz., the dusdenum, which extends for eight or ten
mches beyond the pylorus; the jejunum, which occupies
two-fifths, and the ¢/eum, which occupies three-fifths of
the rest of this portion of the canal. The large intestine
also, is subdivided into three portions, viz., the cecum, a
short, wide pouch, separated from the small intestines by
the tleo-cecal valve; the colon, which occupies the principal
part of the large intestine, and is divided into an ascend-
ing, transverse, and descending portion; and the rectun,
which terminates at the anus. The cecum is said to be
absent in all animals which hybernate: it is small in
Carnivora, and very large and long in the Solidungula,
Ruminantia, and Rodentia, in which there is reason to
believe that it takes an especially active part in the
digestion of the food which has not been perfectly trans-
formed in the stomach.

The intestines, like the stomach, are constructed of three
principal coats, viz., the serous, muscular, and mucous.
The fibres of the muscular coat of the small intestine, are
arranged into two layers; those of the outer layer being
disposed longitudinally; those of the inmer layer trans-
versely, or in portions of circles encompassing the canal.
In the eeecum and colon, besides those longitudinal fibres,
which, as in the small intestines, are thinly disposed on
all parts of the walls, others are collected into three strong
bands, which are so connected with the other coats of
the intestine, especially with the peritoneal coats, that they
hold the canal in folds bounding intermediate sacculi.
At the rectum, the fasciculi of these longitudinal bands, or
ligaments of the colon as they are called, spread out and
mingle with the ‘other longitudinal fibres, forming with
them a thicker layer of longitudinal fibres than exists on
any other part of the intestinal canal.

The maucous membrane of the small intestine has its sur-
face greatly extended by being formed in transverse folds,
termed valvule conniventes. These commence in the duode-
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num, are largely developed therein directly beyond the
orifice of the bile-duct, and, retaining the same large size
and closely placed, are continued through the whole of the
jejunum, and then, gradually diminishing in size and close-
ness of juxtaposition, they cease near the middle of the
ileum. No similar folds exist in any part of the large
intestine.

Between the mucous and muscular coats, there occurs
a layer of submucous tissue, in which numerous blood-
vessels and a rich plexus of nerves and ganglia are im-
bedded (Meissner, xxxiii. 2nd Ser. vol. 8).

In the substance of the mucous membrane, numerous
glands are imbedded ; its surface is studded with minute
processes termed villi ; and it is covered throughout with
cylindrical epithelivm.

The glands of the small intestine ave of three principal
kinds, named, after their describers, the glands of Lieber.
kithn (lxxv.) of Peyer (Ixxvi.) and of Brunn (Ixxvii.). The

Fig.23. 9lands or follicles of Lieberkiln are simple tubu-
lar depressions of the intestinal mucous mem-
&/ brane, thickly distributed over the whole sur-
face both of the large and small intestines.*
In the small intestine, these are visible only
with the aid of a lens; and their orifices
appear as minute dots scattered between the
villi. They are larger in the large intestine,
and increase in size the nearer they approach
the anal end of the intestinal tube; and in the
rectum their orifices may be wvisible to the
naked eye. Each tubule or follicle is con-
structed of the same essential parts as the
intestinal mucous membrane, viz., a fine struc-

- * Lieberkiithn only described them as existing in the small intestine;
Boehm (Ixxvii.) first pointed out their existence over the whole extent
of the large intestine also.

mee e S S
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tureless membrana propria, or basement membrane, a layer
of cylindrical epithelium lining it (fig. 23), and capillary
blood-vessels covering its exterior. Their contents appear
to vary, even in health; the varieties being dependent,
probably on the period of time in relation to digestion at
which they are examined. At the bottom of the follicle
the contents usually consist of a granular material, in
which a few cytoblasts or nuclei are imbedded : these cyto-
blasts, as they ascend towards the surface, are supposed to
be gradually developed into nucleated cells, some of which
are discharged into the intestinal cavity. The purpose
served by the material secreted by these glands is still
doubtful. Their large number and the extent of surface
occupied by them, seem, however, to indicate that they are
concerned in other and higher offices than the mere pro-
duction of fluid to moisten the surface of the mucous
membrane. Bidder and Schmidt believe, that the secretion
of these glands exercises a powerful solvent power over the
albuminous principles of food which have escaped gastric
digestion. The observations of Lehmann and Frerichs
yield opposite results, and seem to shew that the fluid has
no solvent property whatever on albuminous substances.
Brinton takes the same view, and thinks the error may be
explained by the passage of some of the gastric fluid with
some of the undigested food from the stomach, and its
continued action-upon it in the intestine (ccl. p. 150).

The glands of Peyer oceur exclusively in the small intes-
tine. They are found in greater abundance the nearer to
the ileo-ceecal valve. They are met with in two conditions,
viz., either scattered singly, in which case they are termed
glandule solitarie, or aggregated in groups of various sizes,
chiefly of an oval form, and situated opposite the attach-
ment of the mesentery. In this state, they are named
glandule agminate, the groups being commonly called
Peyer’s patehes. In structure, and probably in function,
there is no essential difference between the solitary glands
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and the individual bodies of which each group or patch is
made up; but the surface of the solitary glands (fig. 24)
is beset with villi, from which those forming the agminate

Fig. 25.4
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patches (fig. 25) are usually free. In the condition in
which they have been most commonly examined, each
gland appears as a circular, opaque-white sacculus, from
half a line to a line in diameter and, according to the
degree in which it is developed, either sunk beneath, or
more or less prominently raised on, the surface of a depres-
sion or fossa in the mucous membrane. Each gland is sur-
rounded by openings like those of Lieberkiihn's follicles
(see fig. 25), except that they are more elongated ; and the
direction of the long diameter of each opening is such, that
the whole produce a radiated appearance around the white
sacculus. These openings appear to belong to tubules
like Lieberkiihn's follicles: they have no communication
with the sacculus, and none of its contents escape through

* Fig. 24. Solitary gland of small intestine, after Boehm.

t Fig. 25. Part of a patch of the so-called Peyer's glands magnified
shewing the various forms of the sacculi, with their zone of foramina
The rest of the membrane marked with Lieberkithn's follicles, and
sprinkled with villi. After Boehm.

8
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them on pressure. Neither can any permanent opening
be detected in the sacculus or Peyer's gland itself (see
fig. 26.)

Fig. 26.* Bach gland is a closed
sac or follicle formed of a
tolerably firm membranous
capsule, imbedded in a
rich plexus of minute blood-
vessels, manyfine branches
from which pass through
the capsule and enter the
interior of the follicle. The
contents of each sac amid
which these minute vessels
are distributed, consist of
a pale greyish opalescent
pulp, formed of albuminous and fatty matter, and a mul-
titude of nucleated cells of various sizes, many of which,
according to Kolliker, exhibit well-marked endogenous
cell-multiplication.

The real office of these Peyerian glands or follicles is
still unknown. It was formerly believed that each follicle
is a kind of secreting cell, which, when its contents are
fully matured, forms a communication with the cavity of
the intestine by the absorption or bursting of its own cell-
wall, and of the portion of mucous membrane over it, and
thus discharges its secretion into the intestinal canal. A
small shallow cavity or space was thought to remain, for a
time, after this absorption or dehiscence, but shortly to dis-
appear, together with all trace of the previous gland.

* Fig. 26. Side-view of a portion of intestinal mucous membrane of
a cat, shewing a Peyer's gland (a): it is imbedded in the submucous
tissue (), the line of separation between which and the mucous mem-
brane passes across the gland: b, one of the tubular follicles, the orifices
of which form the zone of openings around the gland: ¢, the fossa in
the mucous membrane: d, villi: g, follicles of Lieberkiihn, After Bendz

(lxxix.).
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More recent acquaintance with the real structure of these
bodies seems, however, to prove that they are not mere
temporary gland-cells which thus discharge their elaborated
contents into the intestine and then disappear, but that
they are rather to be regarded as structures analogous to
lymphatic or absorbent glands, and that their office is to
take up certain materials from the chyle, elaborate and
subsequently discharge them into the lacteals, with which
vessels they appear to be closely connected. ~ Kolliker, for
example, observed that the number of chyle-vessels coming
from the Peyerian patches during the period of digestion
is greater than those at other parts of the intestine,
although the villi found upon them are fewer and less
developed (cexviil. p. 334, 1860). Bricke, too, is stated to
have been able to inject the Peyerian glands through the
Iymphatic vessels : while the still more recent and important
investigation of His (cexl. Bd. 11, 1862, p. 416) and Reck-
linghausen (lix. 1863, p. 77), appear to have demonstrated
a set of canals or spaces in the connective tissue beneath
the glands, filled with similar granular and cellular
material, and apparently communicating on the one hand
with the interior of the sacculi and on the other with the
lacteals. These facts, together with the observations of
Virchow (cexxxiii. p. 173) Heidenheim, Frey (ccli. 1863,
p- 344) and others, confirm the view that Peyer’s glands are
thus associated with lacteal absorption, and the elaboration
of chyle, and not engaged, as formerly believed, in the
preparation of a secretion to be poured into the intestinal
canal.

Moreover it has been lately suggested that since the
molecular and cellular contents of the glands are so
abundantly traversed by minute blood-vessels, important
changes may mutually take place between these contents
and the blood in the vessels, material being abstracted
from the lat