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OPINIONS OF THE PRESS ON THE LITHOGRAPHED EDITION.

‘‘ They present a mass of condensed information on Anatomy and Physiology, which
will, we believe, be found very useful to students,””—Fridish Medical Fowrnal.

- ““We can heartily recommend the Tablets to medical students for refreshing the
memnriy on dry points of Anatomy and Physiology without the necessity of wading
throngh deseriptive text-books and wasting more than half the time expended on them
in picking out the salient points.”’—7%e London Students Gazette. =

“The ‘Tableta’ place the essentials before the learner in the clearest and most con.
cise manner, and we should adviee all students who am/praparing for the Primary at
the College to obtain them.' — ke Students’ Fournal and Hospital Gazette,

r"“;!'il‘;ﬂ do not hesitate for a moment to recommend the Tablets.”—Guy's Hospital
razette.




PREFACE.

—— A

Tae demand which has been made for these Tablets, even in the rough
lithographed form in which they were first seribbled out for Private Pupils,
has induced the Author to print and publish without further delay, the
Tablets on the Eye, the Ear, the Brain, the Cranial Nerves, the Perinzeum,
and the Surgical Anatomy of Inguinal and Crural Hernise, which Tablets
Students have more particularly asked for, and also those on Circulation,
Respiration, and Animal Heat. The publication of the other Tablets in the
printed form will have to be delayed for a while, as the Author cannot at
present find time to revise them.

In a Learner’s point of view Scientific facts may, the Author thinks,
be divided into those which are daily met with by the Student, and which
goon become familiar to him, and those which are learned with considerable
pains, and afterwards easily forgotten.

The Author has endeavoured to deal with the latter class of facts only.
W hat every one knows, who has at oll studied Medicine, he has purposely
left out. Greater condensation is thus obtained. To the non-medical
reader these Tablets may appear disconnected, and the deseriptions they
contain (if descriptions they may be called) may seem dry and naked. The
Author believes that the Student will easily supply the links, and give life
and shape to the skeleton sketches.

Order and method have been carefully studied in the topographical
arrangements of the headings, sub-heads, and main and minor facts,
Words unnecessary to the sense have been suppressed.—The words printed
in italics call attention to the salient pointa.

The Author is of opinion that Science can be studied to full advantage
: only in those larger and more comprehensive works, in which not only
' known facts are exposed, but also personal investigations and private
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opiniong are brought forward and discussed. He sincerely hopes that these
Tablets will be found not only to assist Students in passing their
Examinations, but also to encourage them to study substantial standard
works.

Gower StreEY, May, 1872,

The teaching power of the Tablets has now been tested for more than
a twelvemonth with the most favourable results by numerous Students
preparing for the primary M. & F.R.C.S., and for the first M.B.
examinations. The Author has therefore ventured to aim higher in his
later tablets than he did in his former ones: the Tablets on Cireulation
and Digestion are in some respects still incomplete ; those on Respiration,
Animal Heat, the Secretions, the Nervous System and Development are
more exhaustive, and the Author believes that they fully reflect the actual
state of Science,

The Author begs to thank Mr. T. Cattell Jones, who was instrumental
in making the lithographed Tablets known at Guy’s Hospital, and who has
kindly assisted him in correcting the proofs of the printed edition,

Wosurn Pracg, dprif, 1873.




ADVICE TO LFARNERS.

EPBEBE is an art of learning as well as an art of teaching.

The grand secrets of this art are to classify and to condense the facts that are to be
retained, and to proportion, according to their relative importance, the attention to
be given to them.

Classify.—** Similia similibus’’ is a favourite tutorial motio with the anthor.—Group

., things that are alike: by learning one you will then learn a dozen. Mix not up those
that are not alike, if you do not want to labour in vain,

Condense.—The more concise your wording is, the more facts you can learn in a
given time, and the better you can learn them. Large booksare not necessarily good
“books for study : they are intended principally for reference. A firm grasp of the facts

of your science is what you want first ; conrt erudition afterwards,
~ Proportion aceording to their relative importance the attention to be given to the
facts that are to be retained. Master the headings & sub.heads first; then, in
succession, the divisions, the sub.divisions, the principal points, the minor points,
. the noteworthy details, . . . . . . . theminntim. Begin, notat the periphery,
but in the centre ; then radiate as far as your strength will allow you. -

TTilis method is pre.eminently snited to the preparation for examinations:

Examiners are men of high scientific standing ; men whose time is valnable, and
who make the best use of it., Their questions, especially in the viva voce examinations,

‘are short & to the point; answers they want also short & to the point,.—Ex. :

.—What bone is this? A, —The right cuneiform.
Four words to the question, three to the answer. The test is, however, a searching one;
it shows whether the candidate recognises the cuneiform bone, and whether he is
eufliciently acquainted with ite surfaces, angles, borders, etc., to be able to disecri-
minate batween a right bone & a left one,

What are the branches of the femoral artery ? Of the internal maxillary ?
What are the ligaments of the knee.joint ?

What is the composition of bile, blood, urine ?

What are the ordinary inspiratory muscles? What the extraordinary ?

Now, if the studies have been conduected according to the rules above laid down, it is
precisely such guestions that the candidate is best prepared to answer.
! These * Tablets” are destined to assist students in carrying out these rules.

The grouping of things that are alike, and the condensing, are done by the Author.

For the Student, there only remains to proportion according to their relative im.
portance, the attention to be given to the facts that are to be retained. This, it is
hoped, he will naturally be induced to do by the very topography of the Tablets; the
Tablets, especially those on anatomy, show at a glance the general outline of the
subject they treat of. * Let the Student look first at all the headings & subheads of the
Tablet heis studying, and learn them well before going further. It is highly important,
in the Author’s opinion, to consider a subject as a whole, and to pass in review all its
parts at one and the same time. It is, in fact, to ineulecate this principle on the mind
of the learner that the Tablets are built up, so to speak, each one on ¢ie page.

Wosvry Prace, Apeil, 1873,

e —————— e r—— -—

* The lithographed Tablets strike the eye more for¢ibly than the printed ones ; they are, therefore,
in that respect praferable.
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'-'_lzysical Properties of the Blood.

‘The blood is a thick & heavy fluid of a bright scarlet colonr, when flowing from an
artery, and of a deep purple, or nearly black colour, when flowing from a vein.

Itz average temperature is about 100° or 1027, but is not the same all over the body,
for the blood is cooled when passing through the capillaries of the gkin and is
slightly warmed when passing throngh large & active glands such as the liver.

Its specific gravity varies from 1050 fo 1059, the average being 1055, the gravity of
water being reckoned at 1000.

The blood is slightly alkaline in all animals and under all ecircomstances. The

gnpposed exception in the case of menstrual bleod is due to the admixture of acid
mucus from the nterus and vagina.

The blood emits an odour similar to, but fainter than, that emitted by the animal
itself, This odour is principally due to a volatile fatty acid, and it may be set free,

5

even when the blood is dried up, by adding to it small quantities of a mixture of *

equal parts of enlphuric acid & water.

Quantity of Blood in the Body.

The whole of the blood weighs normally in man about 1-8th or 1.10th of the weight
of thebody. The quantity of the blood varies, however, congiderably according to
the amount of food & drink recently taken, and to the guantity of water given
off; it may be reduced to nearly half by long fasting.

The quantity of blood in the body cannot be ascertained with any degree of
precision by simply bleeding an animal to death and measwring the bood that
escapes, for on the one hand a large amount of blood would then remain in the
veesels, and, on the oth2r hand, if death ensue but slowly, large quantities of fluid
would be absorbed from the tissues to refill the empiying vessels, and wonld add
considerably to the apparent amount of the bloed that would be drawn.

Leaving aside the lengthy calenlations of Vierordt, based upon uncertain estimates
of the amount of blood expelled from the left ventricle at each beat of the heart,
& of the number of beats necessary to complete the round of the circulation,
there remain fwo principal methods of asceriaining the guantity of the blood in the

1. Welker bleeds an animal rapidly to death, and measures the blood which
escapes. He then washes ouf the vessels by abundant injections of water, and
calculates the additional guantity of blood which then flows out, mixed with

water, by comparing the colour of the mixtnre with that of other mixtures made
in known proportions ;

2, Valentin injects a knows quantity of water; Blake, a certain quantity of
some saline substonce, such as sulphate of alumininm, which is not found in
the blood, and which is of easy detection. The caleulation is then founded upoh
the diminution of the specific gravity of the blood, or upon the proportion of the
saline substance diffused in a measured guantity of the fluid. This latter method
may, however, be objected to, on the ground of the probably nnequal dilution
of the blood, or of the probably nnequal diffusion of the saline substance through
ite mass, unless a considerable time he allowed to elapse, between the injection
and the collecting of the samples of bloed, npon the modified condition of which
blood the ealenlation is to be based; but then the resnlt wonld likewise be
vitiated even to a greater extent, by the paseage into the tissues, of an nnascer-
tainable amount of the water or of the salt used in the experiment.

For the most accurate eslimote we have of the total quantity of the blood in the
human body we are indebted to Weber & Lehman. They had the opportunity
of weighing, before & after decapitation, fwo criminals who had been condemmed
to death. The difference in the weight represented the weight of the blood that

had escaped. The quantity of blood remaining in the head & trunk was caleu.
lated by Welker's method,

=
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Structural Characters of the Blood.

'ﬁ

£

Structurally the blood consisté of a colourless Anid, liquor sanguwinis, or Ewiﬂ-i‘mﬁ, 0
Mood and lymph corpuseles, of more or less numerous albuminous granules & fotts
particles, similar to those found in the lymph and chyle ; also, during the height o
digestion, of a few exceedingly minufe oil globules, like those which constitute the
molecular base of the chyle.

Red Blood Corpuscles or Blood Cells.

Human red blood corpuscles as they circulate in the vessels are minute flattened
slightly concave dises ; but they swell out through endosmosis, & become convex wher
the blood is diluted with water, and shrink assnme varions irregular forme.
when sall, syrup, or any other substance is added which increases the density of the
blooid. They are elastic, and admit of compression & elongation, in adaptation to thel
emall diameter of the lesser capillaries. Their d:‘mger varies from 1.3000th to
1-40008h of an inch.

They are now belicved, however, to be homogenecous in structure, the only differen
between their several parts being, that their external layers are dense
firm, while their internal substance more or less approaches the fiuid state
They have wo nuclei; while they remain concave, however, the appearance of @
central spot, due to unequal refraction, is perceived in their thinner central portion,)

and is either brighter or darker than the border, according as it is viewed in or
out of focus,

A peculiar property manifested by the red blood corpuscles, is their tendency, when thel
wood is at rest, to adhere in the shape of rolls, colwinns, or rouleaus, like piles of coine,;
which latter soon join together & form a kind of network. Thistendency to adhere
ig increased in inflammatory diseases ; it partly explaing the formation of the buffy
coat, for the more the blood corpuscles are clustered together, the more rapidly
they sink to the bottom,

i
Chemically the red globules consist of a delicate colourless stroma very abun-
dantly infiltrated with a red colouring matter. The stroma consists of a
nitrogenous proximate principle, protagon, combined with a meodification of?
globulin termed paraglobulin or fibrino plastin (Hoppe-Seyler, C. Smidt). The
colouring matter is a nitrogenous crystalisable substance, heemoglobin Hoqp&-
Seyler) or cruorin (Btokes), capable of absorbing oxygen in the lungs and of!
readily giving it up in the capillaries. The red globules algo contain fatty§

’ matters, among which cholesterin, and salte, chiefly phosphates of potash, soda, |

k & lime—(Vide Tablets on Animal Chemistry).

; White Corpuscles

F Are gpheroidal nueleated cells, about 1.2500th of an inch in diameter, and of a greyish/|

pearly colonr, They present a ﬂnulg granulated swrface, granular contents, and a
gimple or compound #nwclens, which is elearly brought into view by the action of)
diiute acetic acid, the remainder of the cell then becoming transparent. It isi
| doubtful whether they are surrounded by any true cell-wall.

They are very similar in appearance to the corpuscles of the lymph or chyle ; but|
: they differ from them chemiecally, for the latter are but very slightly acted upon|
by acetie acid.

;A most remarkabla property which the white corpuscles have recently been shown
i to possess in common with the ameba (Von Ruklinghausen, Waller, Cohnheim),
is their capability of assuming, spontaneously, different forms, and of enclosing mi
globules, or particles of colowring matter or of carbon ; of sending out processes in
different directions and subsequently withdrawing thein ; of adhering fo the walls of
. the blood-vessels, pushing processes through them, and then following these processes|
¢ info the surrounding tissues, in which they aceumulate in great numbers, in any
- part of the body that has been irritated.

E The average proportion of the white corpuscles to the red ones is about 1 in 400 or 500;
. but the relative number of the white corpuscles is very variable, being much
increased after a meal and greatly diminished by fasting.

L -
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oagulation of the Blood.

®hen drawn from the body, and laft at rest, the blood coagulates in about 10 minwtes.

i} The clot gradually contracts and becomes firmer, while a transparent yellowigh fluid,

t}llﬂ aci*rum, oozes from its surfoce, and i soon abundant enough for the clot to float

therein.

pn examined with the microscope the clot is seen to consist of solidifisd fibrin, in

the shape of minute fibrille, between the meshes of which the red globules are joined

:i]::rtgﬁther in piles, columne, or * rouleanx ;' the white globules are scattered here and
erﬁl
e explanation given of the change, nntil lat.e‘lirt,ums this : the liquor sanguinis consists

of serwm holding fibrin in solufion ; the fibrin a pecwliar tendency to congulate when

at rest, & to contract ; while coagulating, it entangles in its meshes the blood & lymph

Wmm and the serum ; by its subsequent contraction the serum is pressed out of the

elot,

he foregoing explanation of the coagulation of the blood is, however, no longer received in

its integrity ; dindeed, the very existence of fuid fibrin in the blood iz now disbelieved in,

if not disproved. Schmidt & Dr. Buchanan, of Glasgow, have shown that the addition
of blood serum, or of red blood corpuscles to, or the contact of muscular or nervous
tizssne or of skin with, any serous effusion, or the admixtore of serons effnzions
from different parts of the body, gives rise gpeedily to the formation of a clot. Thus
fluids which have themselves little or no tendeney to coagulate, can be made to

raduce a clot apparently identical with the blood.clot, by the simple addition of

nids which will not themselves coagulate, or of golids which are not known to

contain fibrin. Bchmidt supposes that the formation of the fibrin of the clot is due to
the wnion during congulation, of two substances chemically very similar, which he
calls respectively the filrino.plastic & fibrinogenous, the former of which may be
obtained from almost all the tissues & flnids of the body, and is believed to be
identical with the globulin of the red corpuscles. The real cause of the coagulation
of the blood is still, however, 8 mystery.
b ninfammatory diseases & in low constitutional states, a layer of white clot, the “ buffy
coat,” forms on the top of the red clot and soon becomes concave or eupped on its
surface. The inflammatory clot also shrinks more than usnal and becomes very
firm and tough, which is due te its containing a large amount of fibrin ; in the case
of cachetic & ansmic persons the clot is large, loose, & soft.
he white clot is due to the partial sinking of the ved blood corpuscles before congulation
takes place, and to the inclusion in the nupper part of the clot of the white or lymph
eorpugcles only, which are much lighter than the red ones and incline to float,
This sinking of the red corpuscles occurs in inflammatory dizeases and in low
constitutional states, becanse the corpuscles then manifest an increased tendency
to coalesce in columns or “ rouleanx,” in which condition their rate of sinking
becomes greater ; in inflammatory diseases the blood also coagnlates less rapidly,
go that the corpuscles are allowed more time to subeide before they are arrested by
the formation of the clot. The absence of the red corpuseles from the upper layers of
the clot, eoplains both their pale yellmwish or greenish hue, and also their greafer
contraction & the concave or cupped shape of the surface of the elot. The greater or legs
amount of fibrin contained in the blood, or formed at the time of eoagulation,
explains the greater or less contraction of the mass of the clot and ite variable
consistency.

Coagulation is hakfened by rest, moderate warmth, the contact of foreign bodies or
rough surfaces, elight dilution with water, and by exposure to the air, as, for
instance, when the blood escapes slpwly from a small artery or vein and is collected
in a shallow vessel. It iz refarded by slight agitation, cold, contact with gmooth
gurfaces, the addition of ammonia, of alkaline or earthy saltg, or of the narcotic &
gedative alkaloids, the exclusion of air, as, for instance, when the blood escapes
yapidly from a large artery or vein and is collected in deep or closed vessels, or
when oil is poured on its surface; it is retarded also in all inflammmatory states of
the system.

he surﬁm, or that part of the blood which remaing fluid after the formation of the
clot, ig viscid, yellow, & alkaline, and contains all the constituents of the blood, except
the globules and the fibrin. [Iis abundance depends on the degree of contraction of the

il elof. Being very rich in albumen it coagulates, when heated, to such an extent that

i it is transformed almost entirely into a white jelly.like mass. The small portion of

'l the serum which then remains uncoagulated is termed ** serosity.”

T ek,
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Chemical Composition of the Blood.

The prineipal constituents of the blood are water, albumen, Jrin, red globules, fatty
and extractive matters, solts, & gases. The relative proportion of some of tha

constituents may vary considerably, but the average composition of the blood as
whole is pretty constant.

Water.—From 700 to 800 parts in 1000.—Its deficiency is indicated by a sensati
of thirst, which becomes more & more nurgent ag the deficiency increases. Wher
it is in exvess, it i8 rapidly eccreted in the shape of sweat & uvine, Thus, uniformit
is maintained in the density of the blood, and in the fulness or tension of th
vessels, and, consequently, in the rate of exudation from the vessels into thel
tissues, & in the rate of absorption from the tissnes into the blood.

Albumen.—From 60 fo 70 parts én 100).—Is probably in a state of combina

tion with soda, or with the tribasie phosphate of seda, which assist in keep
it dissolved.

Fibrin.—From 2 fo 8 parts in 1000.—The proportion cannot, however, be vers
accurately ascertained, as in analyses fibrin cannot be separated from the whit
globules. Is much increased in inflammatery diseases, but, as in such cases, th

white globules are much inereased also, it is (Pruha.hle that the apparent incre
of the fibrin is partly due to its being weighed along with the white globules.

Red Glﬂbﬂl&ﬂ, containing Protagon, Paraglobulin or Fibrino.plastin, He
globin er Cruorin, and algo falfy matfers & Salts.—180 parts (dried) in 1000.—Th
quantity of red globules i8 increased in plethora and much diminished in anemia <
chlorosis, in which latter state the globules have been found reduced to the pr
portion of 60, 50, or even 27 parts in a 1000 (Andral & Gavarret).

Fﬂ.tt:jf M&ttﬁl‘&.—dmmgu proportion, 1% parts in 1000—Coneist of cholesteri
cerebrin, serolin, the phosphorised fat of the brain, margarie, and oleic acids, an
of a volatile fatty acid, to which the odour of the blood is mainly due. They arf
subject to great variations in quantity, their proportion being mauch increase
after meals, when the fatty particles of the chyle are added to the blood.,

Extractive Matters.—avout 6 parts in 1000.—The most important ar
kreatin, kreatinin, sugar, lactic acid, casein, wrea, wric aeid, ammonia, an
colouring & odoriferons matters.

Salts.—6 parts in 1000.—The salt found in the bleod in by far the largest propory

tion is the chloride of sodium. Among the salts of special interest are th
carbonate and plosphate and the fribasic phosphate of , which give rise to thf
alkalinity of the blood and preserve the flwidity or its albumen. These salts have th
property of absorbing large quantities of carbonic acid gas, and of readily giving it o
when agitated in atmospheric air, and it is believed by Liebig that the ecarboni
acid gas of the blood is principally combined with them.

Gra8e8.,—100 vwolumes of blood confain, collectively, from 40 fo 50 volumes of oxyge:
carbonic acid, and nitrogen, the mean relative proportions of which are aborfl
as 4, 12, and 1. Arterial blood contains, however, more oxygen & less carbon:
acid than venous bleod. The carbonic acid & the oxygen are partly free and part
in a state of weak chemical combination, the carbonic acid being combined wii
the carbonate & phosphate and the tribasic phosphate of soda, the owygen bein

. chiefly absorbed by the ved glolules, and being combined with the cruorin, whic
has been shown by Professor Etokes to exist in two states of oxidation corres
ponding to the scarlet & purple tints of arterial & venous blood,
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"he Action of the Heart.

Thuhwhuie heart i8 relaxed & passive immediately after its beatf against the side of the

cheat.

During the period of repose or **pause,’’ the aunricles gradually fill, and a portion
of the bl passes through them into the ventricles.

When the auricles are distended they contract, propelling nearly the whole of their
blood into the ventricles.

The contraction, or sysfole, of the auricles 18 of very short duration ; it commences at
the orifices of the great veins, and is propageted towards the awriculo-ventricular
openings, the anricnlar appendices being the last to contract. Thereflax of the
blood into the veins is thus checked, as it is algo by the simultaneons contraction
of the muscnlar coats of the veins, and, with regard to the right side of the heart,
by the Enstachian & Thebesian valves, & by the valves near the point of junction
ngtha internal jugular & subclavian veins ; a small guantity of blood does, how.
ever, ragurgitate.

The wventricles, on being distended, immediatdly confract, go immediately, indeed,
that no interval can be perceived between their contraction and that of the
?ﬁgclea,}thﬁ two concurring *"in sach wise that but one motion is apparent”

rvey).

The wventricles contract slowly, and empty themselves cumpletely. During their
contraction they rotate screw-wise to the right on account of the spiral arrangement
of their superficial fibres, bulge out, and tilt forwards the apex & lower part of the
anterior surface of the heart, producing the well.known impulse of the latter
against the side of the chest.—The force with which the blood is8 propelled into
the aorta by the left ventricle is ealeulated to be equal to abont 4 1bs., and the
force with which it is propelled into the pulmonary artery by the right ventricle,
ia caleulated to be equal to about 21bs. The force of the aurienlar contractions
cannot be measared.

The pause or the period of relaxation, during which the cavities of the heart are
again filling, recommences for the awricles, during the contraction of the ventricles, and
Jor the whole of the heart, immediately after such condraction. The cavities of the
heart are now no longer believed to dilate actively ; theirdiastole, though taking
place spontaneously, is nevertheless a mere passive phenomenon, due simply to
the relaxation of the previously contracted muscular valves,

Action of the Valves of the Heart.

The mitral and tricuspid valves close the anrieulo.ventricular openings during the
contraction of the ventricles, and prevent regurgitation from the ventricles into
the auricles & great veins. The gemilunar valves close immediately after such
contraction and prevent regurgitation from the arteries into the ventricles.

The closure af the tricuspid valve i8 said, however, to be imperfect, and to allow of a
certain degree of regurgitation during violent exercise, and also when the cireuladion
through the lungs is impeded, a pulsation synchronous with the beat of the heart
being then observable in the jugnlar veins. Ouver distention of the cavitics of the
heart & of the capillaries of the lungs is prevented by this ** safefy valve aclion*® as it is
gometimes called.

The auriculo.ventricular valves are closed by the pressure of the blood in the
contracting ventricles, their elevation being aided by the action of the elastic
tissues which they contain. The eversion of these valves is prevented by the cherde
tendinece, which are kept tense by the contraction of the musculi papillares, which
contraction takea place simultaneonsly with that of the walls of the ventricles.

The semilunar valves are thrust asunder by the imgﬂtua of the blood outflowing from
the ventricles.—The lateral pressure of the blood propelled into the arteries
distends their elastic walls, but it does not distend, or at least it doesnot distend in
an equal degree, the nnyielding valves and the rings to which they are attached.
Three pouches, the sinuses of Valsalva, are thus formed belind the valves, while the valves
themselves are drawn inwards towards the centre of the artery, and are thus favour.
ably digposed to be pressed down and clozed, as soon as the ventricles cease to
contract and the dilated arteries are able to recoil, The presswre of the Wlood in fhe
recoiling arteries, a8 has been shown by Mr. Bavory, is not sustained by the valves
alone, but also by the thick wpper edge of the ventricles, upon which the pounches of the
distended artery & the onter part of the semilunar valves repose. The margins
of the valves meet in three converging lines, along which they eome in contact with
each other, not only by their edges but also by the venfricwlar surfoce of the lunule,

The corpora Arantii aect in the centre of the artery & probably assist in the closure
of the valves,
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Sounds of the Heart

Are two in number, follow in quick succession, and are succeeded by o porse.

1st. Sound.—TIs deep, dull, prolonged, coincides withthe impulse of

heari, & just precedes the pulse.  Is best heard in the 5th intercostal spg
two inches below & one to the inner side of the nipple.

2nd. Sound.—Is shorter, sharper, higher in tone, and hag a somewhat flapp?
character. It immediately follows the pulse, and is best heard at the up)
border of the 3rd costal cartilage of the left side, close to the sternum.

The two sounds & the pause correspond in point of bime as follows :—
1st. Sound—with:

A. The contraction of the ventricles, the closure of the anriculo.ventricu!
valves, the opening of the semilunar valves, & the projection of the bld
into the arteries.

B. The first part of the dilatation of the auricles.

2nd. Sound—with:

A. The cessation of the contraction of the ventricles, the recoiling of the arteri
& the closure of the gemilunar valves.
B. The continued dilatation of the auricles, the opening of the anricnlo.v:
tricular valves, & the commencing dilatation of the ventricles,

The pause—with:
A. The distention and subsequent contraction of the auricles,

B. The distention of the venfricles.—During the panse the semilunar vall
are closed and the auriculo-ventricular valves are open.

The two sounds are defermined as folloes :—

1st. Sound.—By several coincident canses, the principal of which is
vibration of the awriculo-ventriculnr valves at the moment of their closy)
and also, perhapsthe vibration of the walls of the ventricles, aorta, :
almonary artery. That such is the grand eause of the first sound of |
eart is rendered more than probable, if it is not absolutely proved, by |
following experiment of Valentin :—Valentin filled with a moderate quan;
of water withont any admixture of air a poriion of a horse’s intestine tiec
at hoth ends ; tlhe stethoscope being applied to one of the ends, towards w
end the water is propelled by sndden pressure at the other, a gound is h
very similar to the fivst sonnd of the heart ; this sound is evidently produ
by the vibration of the walls of the intestine. It iz admitted, however, t
other canses assist in producing the first gound; among these secon
causes the most efficient are probably the contraction of the muscular fi
the ventricles, the shoek of the heart against the walls of the chest, & the vibre
of the blood itself when suddenly compressed and ejected into the arterie

2nd. Sound.—By the vibration of the semilunar valves at the momen:

their closure. This is proved by another of Valentin’s experime:
Valentin passed curved needles through the walls of the arteries &
semilunar valves, thus rendering these immovable, and stopping t

action ; after the operation the second sound was no longer heard.
The contraction of the awricles i8 inaudible through the walls of the chest, but when
heart is exposed & the stethoscope is applied to it, a slight sound is heard preced
& being continued into, the londer gound of the ventricular contraction.

Impulse of the Heart against the walls of the Chest

Is felt most distinetly befween the 5th o 6th Ieft ribs, one or fwo inches from
sternuim.

It iz determined by the bulging out of the heart during the ventricular contract
& also by the tilfing forwards of ifs epex in a serew.like manner, doe to the BE
amrangement of the superficial fibres of the ventricles. The tendeney of the
to etraighten itself, when distended by the action of the ventricles is, perh
another cause of the impulse of the heart, but only a very secondary one, for
same tilting forwards ocenrs when the apex of the heart is cut off and the cav
of the ventricles are laid open.
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1 Structure of the Arteries

resents for examination three conts, the vase vaiorum, & nerees,

&

e

| .I ,'.“ or, SETGHE or Epit'hEIial CDE.t—[:mmists of two eszentiol strictures
between which, in the large arteries, a third structure is interposed.—The two
Jeéssential structures are :—

5 1. A single layer of pavement epithelium, the cells of which are slightly
elongated, and present very distinet nuclei.

. 2. An ¢astic layer which may be either, as it usually is, a delicate reticu.
dated membrane perforated herve & there, the striated or fenestratod coat of Henle,
or a mere network of anastomosing fibres of elastic tissu> longitudinally
flieposed ; orthe two forms of elastic tissne may coexiss, the former internally,
the latter externally.—The intermediate structure observable in the large arteries
is a longitudinal stratum (striated layer of Kolliker) of ill-developed elastic &
econnective tissue fibres, which stratum is often nearly homogeneous in
I appearance,

- Thiscoat isa thin, brittle, colourless membrane, remarkable for the smoothness
of its inwner surfuce, It can easily be separated from the middle coat by mace-

ration,
-

2
,‘Iddlﬂ or Circular Coat—~Consists of alternate layers of circulur

muscular fibres and of circwlar fibres of yellow elastic & white fibrous tissues. The
ative proportion of these different elements varies according tothe size of the

1, the muscular fibres being most abundand in the small arterics, and forming
o8t exclusively the middle coat of the smallest ones, the elastic o white filirows
ues being predominant in the larger vessels, and existing almost exclusively in
main trunks.

' This coat is relatively wery thick, and i the prineipal canse of the great
'} thickness of the walls of the arteries, 1t is elastic, but britile, of a yellowish or

| #awny colour in large arteries, redder in the smaller ones. It is easily separable
| from the outer coat.

i
5

Xternal or Cellular Coat, or Tunica Adventitia—Consists
By of conncetive tissue longitudinally or obliquely disposed, and containing, exceps in
the smallest arteries, elastic fibres and elongated nuclei. In the larger arteries
the inner layers of this coat are formed of elastic tissue only, while the white
fibrons tizsue predominates in the outer layers.

2 This coat is proportionately thickest in the small arteries, It forms a tough
investment, continueus externally with the sheath, by means of locse areolar
_ﬂ&m;?. I is in this coat that the vasa vasorum & nerves are principally seén to
ramify.

' I- utrient Arteries or Vasa Vasorum—aArise from the neighbouring
‘I branches, break up in the loose cellular tissue within the sheath, ramify in the
exterinal coat, and give off a few twigs to the middle coat, The corresponding venules
)pen into the veins which accompany the artery.

Ves—Are derived principally from the sympathetic, but, also from the
ebro.spinal system. They form plexuses on the large trunks; small bundles
fibres run along the smaller arteries, single fibres along the smallest. These
}enetrate into the middle coat, to which they are principally distributed.
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Arterial Circulation.

The two properties by which the arteries influence the circulation are
elasticity & their conlractility.

Elasticity of the Arteries.

The contents of the ventricles are foreed into the arteries more rapidly than
can be discharged. The elasticity of the arteries therefore :—

1. Prevents the arteries from bursting.—The elﬂst-icii-;l;' is most developed
large arteries, especially in those near the heart, in which the variatie
internal pressure are the greatest. The degeneration of the walls
arteries is the principal cause of aneurism & apoplexy.

2, Equalises the circulation by maintaining pressure on the blood duri
intervale of the ventricular contractions ; the jetting stream is thus con
into the continunons and equable current observable in the capillaries.

3. Tends with the contractility to maintain uniformity in the fulness & tens
and clﬂnsequantly in the rate of exudation from, and of absorption in
vessels,

Contractility of the Arteries

Is most developed in the smeall and in the middle-sized arteries.—The contracti
the middle-sized arteries bhecomes evident to the naked eye when the
dennded and exposed to the air, or when they are cut throngh; in the latie
it tends to stay the hemorrhage, esl[lJﬂciﬂ.lly when cold or any irritating sube
is a%:tplied. The contractility of the very small arteries 1s rendered stil
evident by the microscopical examination of the mesentery of the frog &
small animals when either cold or heabt, or mechanical, chemical, or el
gtimuli are applied. It may last as long as 48 hours after death,

It is governed by the vaso.motor nerves, and is called into play by reflex actic
regulates, according to the requirements of the moment, the quantity of
that each part is to receive. It co-operates with the elasticity in adapti]
calibre of the vessels to the tofal mass of the blood, and in maintaining uniform
the tension or tone of the blood.vessels,

Force of the Blood in the Arteries.

The onward force of the blood in the arteries has been measared by Poisen
means of the hemadynamometer, and more recently by several experim
by means of the kjg'mn?-m shion.

It was said by Poiseunille fo be the same in all the arteries, & to be eap
supporting, while the ventricles are contracting, a column of mercury
siz inches or a column of water about seven feet in height. It is now, he
known to vary considerably in the different parts of the arterial e
It is increased by the injection of water or blood into the veins, and di
by bleeding. It was said to be increased during expiration, and dimi
during inspiration; the action of the respiratory movements appears, ho
to be rather complex, the arterial pressure usually increasing, acc
te Dr. Burdon Sanderson, during inspiration and the commeénceme
expiration, and diminishing towards the end of the expiratory movem
during the period of repose of the thorax.

The force with which the blood is propelled inte the aorta by the left ventricle
culated to be equal to about 4 EE&., & the force with which it is propelle
the pulmonary artery by the right ventricle to be equal to about 2 lbs,

Veloeity of the Blood in the Arteries.

Volkmann has shown with the hemadrometer that the velocity of the hlood is
greater in the arteries than in the capillaries, and also considerably greate
in the veinz: that it is greatest near the heart o during the venfriculor contre
and least during the ventricular diastole £ in parts distant from the heart,
oxtremes being respectively about 10 & about 2 inches per second. The velo
the blood is alao slightly increased during expiration, and diminished
inspiration.



Pulse.

ithe jetting movement of tha blood dilates the arteries in all directions, incroasing
their diamefer and their length. The lateral dilatation of the arteries is only
t 1.15th ( Vierordt) or 1-22ndth (Poigenille) of their diameter. The elongation
hich has not been accurately measured) produces cwrvalure or increases the
thural curves, and causes a much greater displacement of the arterial walls,

g pulse may be defined as the beat of the arteries produced by their sudden dilafation

and displacement, the latter due to the curvature produced by elongation, which
lilatation & displacement are rapidly propagated in o wave-like manner from the
gart immediately after each ventricular contraction,

Ve nearer an artery is to the heart, the sooner after the ventricular contraction is
pl the pulse perceplible in it ; thus the pulse in the carotid precedes that in the
g radial, which in its turn precedes that in the dorsal artery of the foot. The

ay of the pulsation in the distant arteries never exceeds, however, 1.6th or

ithe improved sphygmograph & the beautiful investigations of Mr, Marey have
naugurated a new period in the Ig:mgresﬂ- of our knowledge of the pheno.

& mena of the arterial circulation. The sphygmograph itself cannot be described
. here, nor can any but the most prominent results of the investigations of Mr.

&

4 Marey and others:

1. The distention of all the arteries begins.af fthe same moment & coincides
rith, or instantaneously follows, the contraction of the ventricles; it is only the
imum of dilatation and displhicement which maximum alone is perceptible

the finger, that is afteined almost instanfaneously in the prozimate arteries, and
htly delayed in the distant ones.

2. The delay is thus accounted for: the blood propelled by the ventricle
@t: the aorta meets the blood already contained in that vessel, and is impeded by

in its conrse. This causes a part of the force, communicated to the blood by the

tricular contraction, to be cxpended laterally in the dilatation of the first part of

the aorta, and gives rise to the formation of @ wave, It is this wave, which, advancing

at the rate of about 30 feet per second, dilates in succession the different parts of the
artery as it passes rapidly through them.

3. The passage of each snccessive wave through an artery, or each pulsation,
! i8 marked in the pulse-tracing by an upstroke ; a ﬁaumatmke marks the intervals
| of the pulsations, The upsiroks ought not to be too vertical, for deficiency of tone in
| the arteries is thus indicated. The downstroke always presents a slight re-ascent,
which is probably due to the momentary rebound throughout the arterial system,
Y oecasioned by the closure of the aortic valves, which closure suddenly stops the
lineipient regurgitation of the blood into the ventricles. When there is much loss
of tone, as in low fevers and after great loss of blood, this re.ascent is ecaggerated
and can be perceived by the finger; the pulse is then said to be dicrofous,

|'he frequency of the Pulse.

8 pretty uniform relafize average observed in health, between the number of the
beats of the heart & the number of the respirations, is about 4 or 5 to 1.

fn mumi numbers the average frequency of the pulse is :—

Before hirth 150 beats per minute.
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The Structure of the Veins

Differs more than that of the arteries according to size and situati
In mast veing three coats can be recognised ; they are, however, m
thinner than those of the arteries.

Veins immediately above the Capillaries—cConsist siny
of a layer of pavement epithelium, supported on a stratum
nucleated fibrous tisswe, longitudinally disposed, and genera
divisible into two layers.

Middle-sized Veins — Present :

IxxER Coar.—Formed from within outwards by a layer of pavem
epithelivm, one or more layers of wucleated filvous tissue lc
gitudinally disposed, and a longitudinal layer of reticula
yellow elastic fibrous tissue.

MioprLe Coar.—Formed of alternating longitudinal & circular lay
the former consisting of white & reticulated yellow el
fibrous tissues, the latter of the same tissues with ecircn
inuseular fibres.—The muscular fibres are most developed in 1
splenie & portal veins,

Ouvrer Coar,—Consists of connective tissue longitudinally or obligu
disposed.

Larger Veins—Have a thick middle eoat, in which, however, 1
muscular tissue is but scanty.

Very Large Veins—Have a remarkably thick oufer coat, whi
especially in the large veins of the abdomen, contains a consid
able number of longitudinal muscular fibres (Remak).—The v
cavie & pulmonary veins present near their termination a layer
striated muscular fibres continued upon them from the auricles.

Plain muscular fibres are abundant in the veins of the gravid ufer
They are, on the contrary, wanting in the veins of the mater
part of the placenta, in most of the cerebral veins, the sinuses
the dura mater, the veins of the cancellous tissue of bone, and
the venous spaces of the corpora cavernosa.

The volves of the veins are formed by a reduplication of the inne
middle coats.

The coats of the veins, as well as those of the arteries, are suppl
with nutrient vessels, the vase vasorum. Small nerves have
been traced on some of the larger veins of the abdomen.
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enous Circulation

[§ cquable, slower than the arterial, but much guicker than the capillary.
Its average velocily is about 1-3rd of that of the avterial in the corresponding peripheral
véins, the aggréegate capacity of which is aldont three times that of the arieries,
This velocity inereases, however, as the blood advances fowards the heart, in
proportion as the aggregate capacity of the veins diminishes, and in the venae
cava it approximates that of the blood in the aorta. The motion of the blood in
the veins 18 subjected, however, to many disturbing causes, such as the inter-
mittent effects of museular pressure, and the opposite influences of expiration &
| ingpiration.
Tlie qreasurc or giaeard force of the blood in the peripheral veins varies from 1.108k
to 1.20th (Poiseuille), or is about 1.12th (Valentin) of that of the blood in the
corresponding arteries.  Neosr the heart it diminishes still more, and in the upper
part of the vena cava scarcely any pressure can be detected ; but then it must be
remembered that the auricles dilate spontaneously, if indeed, they do not assist,
the flow of the blood towards the heart.
The venous circulation is aided by the action of the valves of the veing, and by the
& respiratory movements.

Phe Valves—Are found in all the veins subject to pressure from the surrounding
| muscles, and also in the superficial veing, and are most abundant in the extremities,
' particularly in the lower ones. They are absent in the veins of less than a line in
& dinmeter, in the veins within the craniwm, spinal canal, & abdomen, in the
| pulmonary & umbilical veins, the veins of the cancellous tissue of bone. A
|  few valves exist, however, in the spermatic wveins, and one is found at their
‘respective points of junction with the inferior vena cava & the left renal vein.
ey are semilunar in form. Their free concave margin is directed towards the
heart ; they are attached by their convex margin to the wall of the vein, which
is dilated immediately above them. They generally lie in pairs.
" They are formed by a reduplication of the fwe inner coads of the veins, and congist of
| ¥ connective tissue and elastic fibres covered with & layer of pavement epithelium.
d&ﬁign of the valves iz twofold .
| 1. They divide the column of blood and save the walls of the veins from the
| = entire pressuve af the whole coluwnn ; they are, therefore, en the latter account
| most needed in the unsupported superficial veins, where they are also most
s numerous. It is, however, inaccurate to say that they are intended to do away
with the obstacle presented by gravitation to the venous circulation; this
~ ohstacle haz no real existence, since the eolumn of blood in the veins is supported
" by the equal weight of the column of blood in the arteries,
2. In the deep veins their action, combined with that of the surrounding
museles, is a powerful assistant to the venous circulation. When a vein is com.
ressed by an adjeining muscle in a state of contraction, the fivst pair of valvea
in the direction of the capillaries closes immediately ; the blood is then foreibly
driven in the direction of the heart. It will easily be seen that it is the rapid
euccession of muscular contractions, and not their duration, that assists the
venons circulation ; were it not for the anastomoses of the veins the prolonged
duration of the muscular contractions would even have a contrary effect.

e Respiratory Movements.

Inspiration. —It was Sir I. Barry who firet showed the aspiration or suction
of the blood dintoe the thoraz duwring énspiration, by the experiment of & bent glass
tube introduced at one extremity into the jugular vein of a horse, & immersed at
the other extremity in some coloured fluid: the fluid was drawn up into the
tube during each inspiration. It is, however, only in the veins of the {J}am af the
neck, the walls of which are more or less attached to bones and are supported by
ﬁﬂ# deep cervical fascia, that the influence of inspiration exfends fo any distance
out of the thorax ; the opening of any such veins often gives rise to the now well.
known phenomenon of the aspiration of air into the circulatory system.

1]

_ Expiration.—Favours the arterial cireulation by increasing the pressure in
“the arteries; its effeef on the venous circulafion must be the reverse, The action of
‘the wvalves prevents, however, any rapid erpirafory movement from seriounsly
;;miﬁd ;ﬂ{.’ t-]iﬂ cireulalion ; prolonged expirations rapidly produce congestion of the
Te neck.

g
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The Capillaries

Form a microscopical network, which is everywhere interposed betwe
the arteries & the veins, except between some of the arteries an
veins of the erectile structures and of the spleen & maternal part o

the placenta.

This network is much more uniform in the size & shape of ifs meshe
than that which is formed by the anastomoses between the sma
arteries & the veins; the vessels which form it maintain the sam
diameter throughout. In form it presents three principal vorietie
the meshes being either rounded, as they commonly are, or elongate
as they are in the muscles and nerves, or arranged én loops, as the
are in the papillae of the tongue & skin.

T'he more active the functions of an organ or tissue are the more numerous al
its capillaries. In the lungs, the liver, & the choroid coaf of the eye, 1
which the capillary network is closer than in any other structa
the interspaces between the capillaries are smaller than the capillari
themuslelwﬁ; ligaiments, tendons and allied structures are but slight
vascular, ;

The wsual diometer of the ecapillaries is about 1-3000fh of an ine
Among the largest capillaries rank those of the skin, and those
the marrow of the bones, which are sometimes 1-1200th of an ineh:
diameter ; among the smallest are those of the brain & of the muco
membrane of the small intestine, the diameter of which sometimes do
not exceed 1-4500th. The so-called serous wessels, which W
described in the cornea, and which were said to be too small
transmit tie red globules of the blood, are now not generallf

believed to exist.

The walls of the capillaries have until lately been believed to cons:
simply of a transparent structwreless membrane, formed of a sing
layer of flattened nucleated cells, which dre s0 perfectly joi
together that their nuclei alone can be distinguished like so mal
sminute oval corpuscles, imbedded at intervals in the otherwise ho
geneous wall. Euxternally fo this membrane there is now belicved
exist another homogeneous structure, cn the inner surface of which t
epithelial scales are laid down, -

Two varieties of large capillaries, or vessels of transilion between 1
ordinary capillaries and the arteries & veins, are described by so
authors. On the smaller of the two a thin layer of circular musecu:
fibres can be seen ; on the larger variety an additional covering
connective tissue begins to appear.
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léircul&tion in the Capillaries

:;iﬂan easily be observed with the microscope in all thin, transparent parts,
~ such as the web of a frog’s foot, the tail and gills of tadpoles or
small fishes, or the mesentery of small quadrupeds.

| Is remavkably slow ; and it is uniform, at least in the strong and healthy
i adult.

| % Its velocity is gireatest in the centre of the stream, which is occupied by the
red globules. At the sides is a “still layer” of liguor samguinis,
apparently motionless, in which lymph corpuscles may sometimes be

seen Imﬂving slowly along, or even adhering to the walls of the
| Yessel.

In very young animals, and also in adults when much blood has been
lost, or when the heart’s action is weak, the motion of the blood in
the capillaries, on account of the incomplete distension and im-
perfect elastic recoil of the arterial walls, becomes pulsatory, and

| even intermilfent when the degree of exhaustion is very great. The

|~ red globules are even seen occasionally to recede a little during the

i intervals of the arterial pulsations.

|

- The rate of the capillary circulation in the frog is about 1 inch per
minute, or 1-60th of an inch per second, in the systemic capillaries, and
about five times as great in the pulmonic capillaries. It is estimated
that the velocity of the capillary ecirculation in man aend in warm-
blooded animals is about two or thiree times as great,

The slow course of the blood in its passage through the capillaries is
confined to a very short space, for the whole length of the capillary
vessels through which in any one part of the body the blood has to pass
before reaching the veins, does not exceed 1-80th of an inch; the time
during which the blood is detained in the capillaries does not therefore
exceed one second.

# o R

The slowness of the capillary ecirculation is due fo the widening of the
stream of blood in the capillaries, the aggregate sectional area of
which is much greater than that of the arteries or veins, and also
to the greatly increased resistance avising from friction.

‘When cold or any irritating substance is applied to a part, the capillaries
are seen to diminish in size. They, however, properly speaking, cannot
be considered to contract. It is the arteries alone that contract;
less blood then passing through the capillaries, the elasticity of the
latter causes them momentarily to shrink. The capillaries do not,
therefore, appear to exert any direct mechanical influence over the
movement of the blood. It is probable that it is some increased
tendency of the globules to adhere to each other & to the walls of
the capillaries that causes the partial or total arrest of the circula-
tion in inflamed parts, & also in the lungs during asphyxia.

It is in the capillaries that the blood comes in closest contact with the
tissues, that those interchanges principally take place which ensue
. in the processes of nutrition & secretion.

Y
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Allantoid or Placental Foetal Circulation.

(Taken from among the Tablets on Development,)*

The arterial blood retnrns from the placenta through the winbilical vein, which vein
in the longitudinal fissure of the liver :—

A, gives off a few small branches to the lobus quadratns & the lobus Spigelii of the
liver, and a few small branches and one large one to the left lobe (which
latter large branch becomes after birth the left branch of the vena porte) ;

E, divides into {wo terminal branches, of which

Une, the larger, joins the upper pari of the fietal perfal vein (which upper
part subseguently becomes the righi branch of the portal vein of the
adult)—while :

The other, the smaller, termed the duectus venosus, joins the left hepatic
vein at the point of junction of the latter with the inferior vena cava.

All the blood from the nmbilical vein passes therefore into the inferior vena cava,
cither dircetly or indivectly.

The blood passes from the inferior vena cava into the right guric/e and is gunided
from thence by the Eustachian valve and the foramen ovale into the Ieft auricle,
from which latter cavity it descends into the left ventricle.

It is propelled by the left ventricle into the arch of the aorta, from whenes it ascends
almost entirely to the head, neck, and upper extremities, a very small guantity
passing down the descending aorta to the remainder of the body.

From the head, neck, and upper extremities the blood refurns by the superior vena
e fo the right awricle.

This time it passes into the right veniricle,

From the right ventricle it is propelled into the pulmonary artery.—Very little
blood goes to the lungs, which are almost impervious ; nearly all passes through
the ductus arferiosus into the descending aerte, by which it iz conveved to the
trunk and lower cxtremities, a part refurning fo the placente by the hypogastrie
arferies, and their continuation, the wmbilical,

In this course the arterial blood is scveral times admized with venous blood, no part of
::'I]\e Iimd , except a small portion of the liver receiving absolutely pure arterial
dood ; thns - —

O entering the liver the principal current of arterial blood is mixed with the
blood of the portal vein ;

(¢ entering the inferior vena cava the mass of the arterial blood is mixed with the
blood returning from the lower extremities ;

When traversing for the first time the vight auricle, the arterial blood probably
bears away with it a part of the blood returning to the heart by the superior
vena cava.

It is this*‘ arterial® blood thre: times admized with venous blood, relatively pure,
however, that passes up to the head, neck, and wpper extremities, hence the relatively
g,freater development of these parts.—It is only affer this blood has cireulafed

lerough the .Fwa{E neck, and upper extremitics fhat it is returned to the heart, and is
thence dirvected, after having veceived but fwo slight additions r:?:){i;mrer blood in the
right auricle and from the arch of the aorta, tewards the trunk and lower extremities ;
hence the lesser development of the latter.

At birth an inereased amount of blood passes from the pulmonary artery fo the lungs; as
this blood refurns aerafed to the left auricle by the pulmonary veins, an increased
supply of pure blood is veceived by the left side of the heart ; the closure of the foramen
ovale soon sfops the arrival of the mived bleod, which previously distended that
cavity.—The pure arterial blood is soon propelled eqgually info the arteries of the
head, neck, and upper extremitics and into the descending aorta, for the closure of the
duetusarteriosns stops the arrival into the latter vessel of the current of mixed blood
from the right gide of the heart, which current had hitherto impeded the descent
towards the lower extremities of the blood propelled by the left wentricle. All
the parts of the body then receive equally pure blood.—The placental cirenlation
ceasing, the wmbilical arferies & veins and the ductus venosus become obliterated
and trangformed info filrous cords, the arteriesremaining pervions, however, under
the name of superior vesical, as far as the bladder, the upper part of which they

supply.

* Vide among Tablets on Development * Fivst on Vifelline Circulation,' and ““1st Tablef on
wecond Fetal Circulabion,”
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echanism of Respiration.

The air is alternately drawn into and expelled from the lungs by the two

successive movements of inspivation & expiration, which movements are separated
from each other by a pawse or period of repose of the thorax.

Iﬂspil’&tiﬂn—ﬂnnaistﬂ in the dilatation of the thorax by museular action, and

in the consequent distention or inflation of the lungs, by the air rushing in through
the windpipe to fill up the threatened vacuum.

In inspiration, the thorax is enlarged in each of its three diameters :—

The enlargement in the vertical direction 1z always the greafest, especially in the
young, and is due to the descent of the disphragm during its contraction.

The enlargement in the two horizontal diameters, viz., the antero-posterior
and the transverse, i8 most marked at the lower part of the thorax in the male, and
at the upper part in the fomale, the difference constituting the two grand types of
:}*EE}JHRHUH. the abdominal or inferior costal and the superior costal or pectoral, It
is due to the elevation of the ribs and consequent elevation & projection forwards of
the sternum, and algo to the rofation of the ribs wpwards round an avis passing

through their anterior and posterior extremitics somewhat after the fashion in which
the bandle of a bucket iz raised. :

The principal inspiratory muscle is therefore the diaphragm.
The auziliary inspivatory muscles are the museles that raise the ribs,—They may be

divided into three groups, which are respectively called into play: in ordinary
tranguil breathing, in deep inspirations only, and in extreme emergencies only.
These groups are :

1. The external intercostals, with perhaps the part of the internal intercostals,
comprised between the cartilages of the ribs, and the levatores costarum, It was
supposed at one time that the internal intereostals conld not raize the ribs nnless
the uppermost rib were first fixed by the scaleni (and also that the internal
intercostals could not depress the ribs unless the lower ones were maintained by
the abdominal musecles), but this has been shown to be inaccurate both theoreti.
cally and by observations on living animals, 3

2. The anterior & posterior sealeni, the eervicalis ascendenies, the posterior
superior serrati ; and alzo the pectorales major & minor, serratus magnus, latissimns
dorsi, & subclavius, when the scapula & clavicle, and congeguently the humerus,
are fixed by the trapezius, eterno.mastoid, levator anguli scapule, & rhomboidei.

3. Nearly oll the muscies of the body may assist in viclent inspivatory efforts by
removing from the thorax, and fixing at a distance, the points of origin of the
foregoing muscles, and thus rendering their action more efficient : the head is
thrown back and the arms are frequently uplifted in fits of dyspneea.

Expif&ﬂﬂn——ﬂnnﬂista in the elastic reenil of the whole vespiratory apparatus,

which recoil may be aided, either to a slight or to a considerable extent, by the
compression of the thorax by muscular aclion,

The ordinary expiratory muscles are the infernal intercostals (with the exception,

perhaps, of their fore part comprised between the costal cartilages), to which
may be added the infracostales, the triangularis sterni.

The auriliary musclez of expiration, which are ecalled into play in voluntary

expiratory efforis, as in speaking, singing, blowing, ete., or in dyspnoea, are ail
the other mmscles that depress the ribs, such as the abdominal muscles, external &
internal obligue, transvergales, recti, pyramidales, & guadrati lnmborum, the
posterior inferior serrati, the ervectores sping, and, when the scapula is fixed, the
upper part of the serratus magnus,  Nearly all the muscles of the body may, however,
aesist in violent expiratory eflorts.

Influence of the Nervous System over the Respiratory

Movements.,—Vide Physiology of the Medulla Oblongata & of the Pneamo.
gastric Nerves.
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Changes of the Blood in Respiration

Are the changes in colour & temperature, and in the proportions of the
Jibrin, & of the gases.

Colour.—It has been shown by Hoppe-Seyler & Professor Stokes, by
means of the spectrum analysis, that the change of colour,
which takes place in the lungs, from the dark purple of venous
blood to the bright scarlet of arterial blood, and the reverse
change, which takes place in the capillaries, are due respectively
to the owidation & deowidation of the hwemoglobin or cruorin :—Dilute
solutions of blood when examined with the spectroscope give rise to
two dark lines or absorption bands, situated in the green and yellow
of the spectrum between the D and E lines of Frauenhifer.
When a reagent capable of abstracting oxygen, such as protosul-
phate of iron or protochloride of tin, is added, the solution becomes
darker in colour, and the two dark lines disappear in the spectrum,
and are replaced by a single broader band oceupying an intermediate
position between them. On exposing the deoxidised solution to
the air it again brightens in colour, while, in the spectrum, the
two first lines reappear; the alternate change may be repeated
several times. The hwmoglobin or cruorin exists, therefore, in
two states of owidation, forming in the one case the “purple
hemoglobin or eruorin,’ In the other the ¢ scarlet eruorin or owy-
haemoglobin.”  Arterial blood containg more of the scarlet eruorin and
less of the purple than venous blood ; both kinds of blood, however,
contain normally more of the former than of the latter, for they both
give rise to the two dark lines in the spectrum.

Temperature.,— The blood in the left side of the hewt was long
believed to be warmer by 1° or 2° than that in the right ; it is now
known to be about Lth of a degree cooler,

The Fibrin-—1Is increased in quantity in arterial blood, which, there-
fore, yields a firmer clot than the venous, The normal proportion
of fibrin may be doubled in rabbits by causing them to breathe
pure oxygen. :

The Gases.—Venous blood contains, according to Magnus, but 3 as
much oaygen as, and 4 or } more carbonie acid than, the arterial.
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sphyxia.—Death by Drowning.

A-SPh}FEiE..—TIm essential symptomatic characters of asphyxia are the Joss of

miuscular power and conscionsness, and the cessation of the respivatory movements &
of the frlsations of the heard. Its essential pathological character is the accasmn-
lation of davk blood in the right side of the keart and in the venous system genevally,
which blood remains fluid for a long time.

The mode in which death oceurs, though remaining essentially the same, differs

slightly in the rapid and slower forms. In both cases the @rsé morbid process is
the stagnation of the blood in the capillaries,
. In the slewer jforms, this stagnation #»s¢ takes place in, or first shows
itaelf 7x, the sysftemic capillaries. The arteries and the leff side of the heart
then become distended, and the heart beats with greater power and frequency to
overcome the resistance.

In the »apid forse the stagnation #rs? takes place in, or first shows itself in,
the fungs. The heart then receives but ittle arterial blood and goon ne arterial
blood af all, :

Then, on the one hand, tie pulmonary artery, the »ight side of the heart and
the wenows system generally, become gorged with dark venous blood ; and on the
other hand, the merve.centres, the wmuscular systere generally, and the kearé ifself,
no longer veceive their due supply of arvierial blood, and they gradually cease fo
Pevform thelr functions,

_ Finally the arferies, and the left side of the heart, empty themselves indo thoe
vetns and into the »ight side.

In cases of recovery from asphyxia #ie process just described is reversed: On the
introduetion of air into the lungs oxygen is onee more absorbed and carbonie
acid given off. The flow of blood through the capillaries of the lungs is then
resumaed under the infloence of the pressure of the blood in the pulmonary
artery and in the right side of the heart. Thus while the right side of the heart
1s unloaded and relieved the left side again receives its proper stimulus, The
heart then resumes its action. The nerve.centres and the muscular syetem are
restored. Respiratory efforts are now resumed, and consciousness and motor

power reappear,

Drﬂwniﬂg—]:ﬂ asplyxia with an additional obstacle to recovery, viz., the partial

Jilling up of the atr passages with water, which obstacle prevents the reintroduc-
tion of air into the lungs when the body is brought to shore.—Animals. ofe mench
sooner from drotoning than from simple apnea. In the experiments recently made
by the Committee of the Royal Medico-Chirurgical SBociety it was found that the
average duration of the respiratory efforts after simply plugging the trachen was
about 4 minutes in dogs and 3 in rabbits, and that recovery might take place
after deprivation of air for 3 minutes 50 seconds; immersion in water, however,
for 11 minntes was usually fatal.

Ordinary cases of submeersion in man are nearly always fatal afterd oy b minuites,
and freguently after scarcely | minute, Recoveries have, fowever, taken place after
} of an frowr, and, it is gaid, even after 3 an hour; but in such cases it is probable
that syrcepe took place upon falling into the water. Man would then be assimi.
lated, with respect to drowning, to a hybernating mammal or to a cold-blooded
animal, in both of which, the nutritive functions being less active, respiration
may bae suppressed without inconvenience for a considerable time; complete
intoxication might prodvoce the same effect. .Animals wunder the nfluence of
cltloroform, and unable to make any violent inspiratory efforts, can resist submer.
gion for a considerable time : s0 can, also, newdy dorn animals, animals whose
temperature has heen lowered by several degrees, and animals in which tho
trachesa has been plugged before they have been immersed.

Numerous experiments have been made with a view to ascertain the dest mode of
freatment in the case of drowned and asphyxiated persons : inflation of the lungs
with hot air, oxygen, or ozone, injection of arterial blood, hot water, or vapour
into the veins, galvanism, ete., may temporarily excite the action of the heart &
of the respiratory muscles, but they all fail to restore life when the circulation
through t.!:u lnngs has been totally arrested. The redes of the Roval Huwiane
Saciety very justly »ecommnend, as the first means to be employed, the performance
of artificial vespivation by Dy, Sylvester’s method, that ie to say, by alternately
pressing the arms against the sides of the chest and then raising them gently abozve
the fread fTitven fimes frer mitnicde, while the patient is lying on Lis baclk,

C
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Animal Heat.

The production of animal heat is a universel function thronghont the entire animal |
kingdom, and animals have been divided according to their nsnal temperature
into awarpe-dlooded—mommalia & birds; and ecold.blooded—figshes, amphibia,
reptiles, and the invertebrata.

The femperatuve of warm-blooded animals 18 relatively kigk, and, thongh different
in the various species, i8 very wneardy the same in cach species under all normal
conditions of (/e 1t being almost independent, within the limits of the climateric
variations, of the temperature of the surrounding medium.

The temperature of cold-blooded animals is relatively e, and vasries wwifk, and
nearly to the same extent as, fhat of the survoding medinm, being, however,
in all nsnal circumstances, higher than that of the medinm by a certain number
of degrees, which number is the same in all animals of the same species.

The second of the two correlative terms above nsed—* warm-blooded? & * cold-
blooded"—is, therefore, in one sense incorrect. So is also, in another sense, the
gecond of the two designations more recently proposed by Bergman, viz.,
“animals of constant femperature’” & *f animals of variable temperature;” for
though the temperature of the latter varies absolutely, its surplus over and
above that of the surrounding medium, which surplus is due to individual pro.
duction of heat, is relatively invariable. 'The two correlative terms the Anther
would propose are those of ** Animals ofhigh & completely individial temperature’®
and ““ Animals of incompletely individual & usually low temperature,”

Average Animal Temperatures.

Temperature of Warm-blooded Animals, or Animals of Constant
Temperature, or of High & Completely Individual Temperaturea,
Birds .. .. 100° to 108%, or even 111° in the small species ;
Mammalia 87° to 104°.

Surplus of Temperature over & above that of the surrounding medinm in

Cold-blooded Animals, or Animals of Variable Temperature, or of
Incompletely Individual & usually Low 1emperature,

BReptiles .. 7°tol15°:
Amphibia .. 2° to 14° in summer, and 2° to 3° in winter:
Fishes usually 3° to 19, sometimes 2° to 3°, in the tunny & bonito, 182,

Average Temperature of the Different Paris of the
Human Body.

AVERAGE TEMPERATURE OF THE BLGGD, 100% to 102°.—In the peripheral parts of
the body the dood in the veins 18 cooler than that in the arteries by 1° in e deep
veins, by several degrees in the superficial ones ; in the deep or central parts of
the body the difference is usually but slight. The blood in the renal veins is,
however, considerably warmer than that in the renal arteries, and the blood in
the kepatic veins is mot only zwarmer than that in the portal vein, but it is
warmer by 19 th an that in the aorta (Bernard); the blood in the »ight side of
thee Seeart 18 1.584° warmer than that in the left.

AVERAGE TEMPERATURE OF THE OnrGANs & TIsSUES, 98¢ to100°, Tt is always
lower than that of the bleed, and varies according to vascularity, distance
from central parts, proximity to surface, and degree of exposure :

Temperature of the Abdomen (takenin the bladder) 102°;
{ BRather lower on acconnt of

m
THOPBE. wur ine v lwin 4ol a 1 the heat lost by expired air,

e R S R S i e [
Mouth (under the tongue) ... 98°;
-'l.'l--:‘:.l-llu' maa s maw T T man 1]ﬁﬂ "

Hande & foot,.. ... ... 20°,
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Conditions which modify the tempera-
ture of the Body.

- The temperature of the body ig, within very narrow limits however,
& Elevated by external heat, exercise & good living ;
. Depressed by cold, inaction, & bad fare;

’, Variously influenced by time of day, age, sex, & disease.

%Emmﬂl temperature.—The cotreme climateric variations, though they

range from —70° in the arctic to 41307 in the tropical regions, ado net influence tie
Femperatire of wan fo e extent of move than 3° or 42, provided he have, on the
one hand, command over food & raiment, and provided he can, on the other hand,
protect himself against the Yireet rays of the sun. This stability of the bodily
temperature is dwe, in the one case, fo the power of producing a greater amonnt of
Aeat by an increased activity of the respiratory functions, and by a greater
consumption of calovifacient food, and, in the other, to the loss of a greal avount
of keat by the continual cvaporation of the profuse perspiration, with which, in hot
climates, the skin is constantly moistened. All warm.blooded animals alzo
possess, but to & less and variable extent, the power of maintaining their normal
temperature in very different latitudes and under great variations of external
temperature,
| ‘& This pewer of maintaining a wniform temperature kas, however, its Ifmits, and
~  the experiments of Magendie & others have shown that awimals die rapidly when
 submitted to degrees of heal ov cold capable of raising their femperatuve about 9° or
10°, o of lowering it abont 20°.—Large bodies of troops, and even whole armies
have thus been ‘‘frozen to death,”” especially when overcome by fatigue, or when
ill.-fed, ill.clad & ill.protected.—The contact of excessively kot dry air can howoever
de bore by man jfor short periods: Bir Ch. Blagden & others have supported for a
fow minutes temperatnres of 1989, Z11°, 260°, 284°, and a man named Chabert has
penetrated into ovens heated to from 400° to 600° ; when however the air is moist,
80 as to prevent evaporation from the surface of the gkin, a temperature of 120°
very soon becomes unbearable,

o

£

TR DL s s

H.iEEEI'GiEE.-——Pmlﬂngeﬂ musenlar action elevates by one or two degrees the tem-

perature of the contracting muscle. Exercise, however, elevafes tut slightiy the
general temperatiore of the body, but it may by quickening the circulation, raize by
several degrees, the lowered temperature of the extremities,.—Inaction produces
the contrary effect, and during sicep the feniperature falis 1° or 2°,

Food.—coed Hving keeps up a Fiok bodily temperature, but the immediate effect of

a full meal iz to lower the temperature a little.—Stimulants produce a slight
immediate rise in the temperature.—FBad fare depresses the temperature, and
diminishes the power of resisting cold.

Time of Day.—The tenperature is highest in the morning, varies slightly dur-
ing the day, falls in the evening, and i8 Jewest fowards meidnieht,

.ﬂ.g&—-—;‘lfmﬁﬁm Hhe femperalure bul slightly; the temperature of children is, how.
ever, about 1° higher, and that of the aged a trifle lower, than that of the adult.

But the power of the very young and of the aged to resist the action of cold is
much less than that of the adult. - '

Sex.—Its influence 18 very frifiing indeed, and it has frequently been denied. It

18 believed, however, that the average temperature of the female is a trifle lower
- than that of the male.

Disease—Influences the temperature of the body more than any other cause:

 the temperature vises considerably v all febrile affections, and often reaches 106

© or 107° in scarlatina & typlus, & sometimes 111°. It 18 Fefeessed #n cases of
spncope & apparent death, in the morbus ceraiens or blue diseage, and in ckoleva, in
the stage of collapse of which latter disease it ig often lowered to 77° or 799
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Influence of the Nervous System _ ver
the production of Animal Heat,

The influence of the nervous system over the production of animal heat he
Sreatly exagperaled.,

Though in abnormal states of nervous excitement, heat may perhaps be evol
the nervoue substance itzelf, owing to the rapid metamorphoses to which th
is liable, and though some eminent authorities still hold that heat may oceagio

%&nlly'lm produced by some transformation of the ordinary nervous ar,t"_-
heat-producing process, it nevertheless appears to be more than probable tha
action of the nervous system with regard to the %ﬁoducti{-n of heat is
under ordinary circumstances to the governing inffuence it exerts sver the
of the heart, and over the arterial cireulation by vaso.motor reflex action, an
consequent indivect influence over the chemical processes of uutrition, 3

That the vase motor nerves of the sympathetic system govern the arterial cireul
and, among other processes, the keat-producing process, is superabundantly prey
by the results of the dévision of the cord of the sympathetic in the #eck, or those g
removal of the superior cevvical ganglion : the corresponding side of the face
becomes greatly congested, and its temperature rises by several degrees ; irritagi
of the peripheral portion of the sympathetic canses the part to resume its NOTIR
appearance & temperature (Bernard). .

That suckh influcnce is exerted by reflex action, and also that such reflox action ha
especial bilateral eharacter, is proved by the following facts—viz., when a free
meixture 18 applicd to the ulnar nerve at the elbozo, the temperature of the two i
fingers, which momentarily falls, subsequently rises by several degrees ; &
hand, or the extremity of the wing of a bat, be tinmersed in the same wiixiuve
temperature of the other hand, or of the corresponding point of the other
will be lowered at the same time as that of the immerged part, no change of |
perature taking place elsewhere (Brown.Sequard).

The femperature of a iimb falls thevefore after the division of ils nerves, or of the
terior voots af the samee, on account, probably, of the then euppressed cent il
conveyance of the sensory impressions by which dilatation of the arteries is
called for : paralysed limbs are known to he cold. '

Division of the nevves of a limb close fo their exit Srome the intervertebral foras
produces, however, the contrary effect, on account of the simultaneons di-n".

the sympathetie fibres, which have just joined the nerve from the neighbon
ganglion (Bernard).

The administration of narcotics, shock, seveve injury to the nerve-centres, occasionp
general fall of the temperature of the body on aceount of the above BENSOTY iMpIes
gions being no longer perceived by the nerve.centres & on account of their he
no longer reflected upon the vaso.motor NErves.—Severe infury to, or divisio
the spinal cord appears kewever to produce a femporary elevation of the temperal

of the parts below ; 8o does also the section of the anterior roots of the spinall
nerves (Bernard), :



