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THE STRUCTURE OF A RED CORPUSCLE, 79

‘When they absorb carbonic acid gas the cells are said
to become rounder and larger, and their walls thinner,
more transparent, and darker.

159. The Form and Size of the Red Corpuscles varies
in different animals. They are circular and biconcave
in nearly all the mammalia, being smallest in the deer
tribe,—are oval in birds, reptiles, and fishes, being
largest 1n the reptiles. The following diagram (fig. 39)
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aives their shape, also their longest diameters in fractions
of an inch,

160. The Structure of a Red Corpuscle is not even yet
positively determined. It is usually described as consist-
ing of an interior semi-fluid, or even quite fluid substance,
surrounded by an oufer substance of gradually increasing
density, forming a not very definite or distinctly marked
cell wall. Some physiologists still describe the red
corpuscle as a homogeneous structureless mass,







































G9 ANIMATL PHYSIOLOGY.,

the stomach, liver, spleen, pancreas, and the intestines,
1s collected by
the vena porta,
and distribut-
ed through the
substance of
the liver, on
1ts way to the
inferior wvena
cave which it
reaches by the
hepatic veins.

The ‘leart,
the  arteries,
the veins, and
the capillaries
constitute the
chief organs
of ecirculation,
and are de-
signated the
“circulatory
system.”

192. Position
and Size of the
Heart.—The
heart is situ-
ated in the
mediastinuwm

Fig, 40, Theoretic Circulation, or central part
of the cavity of the thorax, immediately under the
lower two-thirds of the sternum or breast-bone. It
is almost entirely surrounded by the two lungs. Its .
base is directed backwards and upwards, being sup-
ported chiefly by the great blood-vessels. Its apex,
or lower end, is turned jforwards and downwards,
peinting to, obtruding upon, and to a cerfain extent
displacing the left lung; its apex being placed nearly
opposite the interval between the 5th and 6th ribs, may




THE HEART. 03

ba felt by the hand striking against the walls of the
chest during the beating of the heart. (See figs. 2, 3,
and 41 and 43.)

The heart is about 5 inches long, 34 inches broad, and

21 inches thick. Its average weu‘fht in the male 1s ten
ne b
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Fig. 41. Lungs and Heart.
Top of Trachea. P, Left Cavolid Arfers. e, Teft Juralar Vein. 4, Arvch of Aovin,
£, Puhlmunry Artery. f, Brum_h{ and Blood-vessels, g, Left Lung. &, Right Ventricle. 4, Rizht

Anrviele. j. Third Lebe of Right Lung. &, Superior Vena Cavi. E Lig ght Subelavian Vein,
m, Right Jugulay Vein, n, nght Carotid Artery.

to twelve uunu&s in the female eight to ten ounces.
It forms about 3+ of the weight of the whole body of
the male, and uf that of the female. -

193. The Hm which is a kind of force-pump, is the
principal. organ of circulation. From .it the blood
acquires the propulsive force by which it performs the
various movements just descnbe-d

The heart is a hollow, conical, fleshy bag, about the
size of a man’s fist, It consists of involuntary but






THE AURICLES. 05

s |
194, The Auricles, or upper chambers of the heart, are
separated from, and open into, the ventricles by means
of transverse constrictions, each of which is strengthened,

Rlght Carotid Left Carotld
Artery. Artery.
.r"': L - ’
Right Snbelavian.. _______ mr =
A.I.'t-L:I‘_T. 5 =
= —===Lelt Suliclavian
ATLETY-
Buperior

Venn Cava.
k- - == Arch of Aorta
. _ _ Pulmonnry Ariery.

Bammilonar Valves of
, Pulmonary Artery.

Tricwspid Yulve wilh
Clivrda: Teundiuese,

Coronnry ,r' A
Valve.

Hepatic qum-Tur Venn
Yeils. Cava.

L. : [}
Columnme Outside of Apex
Carnems. of Veutricie,

Tig. 43. Right Side of Heart,

by a fibrous ring, termed the zona annularis: these form
the auriculo-ventricular openings, to the edges of which
the valves of the heart, the mutral and the #ricuspid
valves, which close or open these cavities, are attached.

195. The walls of the auricles are comparatively t/4n ;
the passage of the blood into the yventricles depending












VALVES OF THE HEART. 99

the venw cavee—insert a glass tube into the other—inject
water into the
heart through
the tube, it
will flow out
of the pulmon-
ary  arleries
and will not
reach the Zeft ||
side of the
heart,

Repeat the
experiment by
injecting wa-
ter  through
one of the pul-
Mmonary veins
(the others be-
ing tied) the
waterwill flow
out of +the
aorta, and not
through = the

right 51{16 of Fig. 44, Diagram of the Circulation through the
the heart. Heart, (after Dalton.)

If the fops of the ventricles be cut off and the ven-
tricles filled with water, the aorta and pulmonary
veins being tied, the thin membranous valves will be
pressed upwards, becoming tightly stretched, and the
whole action of the valves clearly visible.

203. Valves of the Heart (from Lat. walve, folding
doors).—The valves are tough, flexible, membranous
structures, which are attached to the fibrous borders of
the openings into the heart, and befween its upper and
lower chambers. (See Figs. 43 to 45.)

They are so arranged as only to permit of the passage of
fluid in one direction, any attempt at reflux causing the
blood to get behind the flaps or segments of the valves,
and thus force them tightly against the openings, so as
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100 ANIMAL PHYSIOLOGY,

tissues of the system it is gener: - e
blood. T E} ; 10 18 ._them]l_-,r termed arterial
0od. 18 putmonary arteries, on the {:Dlltral‘y, con-

------------------- Temporal Arlery.

Vertehral At __

e e TN A AT EETY.

Eubelavian Art.

Axillary Art, s=e==-- - f gL . 0 e
Bracliial Art. e
Celne Axip ===

5 YEEEEE Renal Artery,

- LA Tliac Artery

Radial Avters

ORI i) e— || N ... Anterior Tibial
Artery. Artery.

Feroneal Artery

B e L T TS

----+ Tarsal Artery,

Ilig. 46. Showing Arterial System of Man,
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THE VEINS. 111

The red corpuscles are too large to admit of their
passage into the smaller capillaries. The capillaries are
the chief agents of nuérition, the liguor sangwinis or

Pulmonary
Capil.aries.

e . Sniall Pulmonary
ATtory.

Fig, 47. Showing the Capillaries and small Arteries of the Air-
Cells of the Lungs.
blood-plasma exuding or passing by exosmosis through
their walls, and thus nourishing the adjacent tissues.

The sectional area of the capillaries has been esti-
mated at about 400 times that of the arteries. It has
also been estimated that the blood moves 400 to 500
times more slowly in the capillaries than in the larger
arfertes. In the capillaries it moves at the rate of
about 1} inches per minute. _

227. The Veins are the blood-vessels which »eturn the
blood from the capillaries to the heart. They commence
in a large number of yery minute vessels, continuous
with the capillaries, and, after uniting together as the
small twigs of a tree unite to form larger ones, ulti-
mately form into two large #runk-veins—the superior
and inferior vene cavee—by which the blood is poured
back into the heart.

The deep veins in general accompany the arteries,
usually running side by side with them; these are
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160 ANIMAL PHYSIOLOGY.

T i . 1y
When they pass out of the basis of the willi,
they unite in the submucous tissue beneath, to form
larger and larger vessels, which anastomose and ramify

Lavmmhiakics aod A ¢ L) -
Lvicpnatie Glandds  of i ® & TV f , Lymphaties and
lend nad neek, vight, Lympliatic Glas ds
of Dead sod Jll.'\."n,
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Tig. 63. Showing the Principal Lymphatics of the Human Body.
The small nodular bodies are the Lymphatic Glands.

with each other like the veins and arteries ; their walls

also have a similar structure to those of the blood-

vessels ; but they have a knotted or beaded appearance,

because of their greater number of valves.
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TIIE SALIVARY GLANDS. 173

digestion of the futs, and is now supposed to act on the
pmtead’s, converting them into peptones.

385. The Eah?ﬂl‘y Glands.—The minute structure of
the salivary glands consists of minute roundish or oval
sacs or vesicles (acini), about ;1 of an inch in diameter,
clustered into grape- -like bunchea or lobules (see fig. {}b).
These rounded maicroscopre sacs, which consist of an
outer wall of fine basement membrane, lined on 1its

Yealeular or Racemosa
Structure uf Glond

Eallvary Duct

Fig, 68. Showing Minute Structure of Salivary (Parotid) Glanas,

interior by a layer of epithelial cells, open out into
minute ducts, which unite together to form larger ones—
the salivary duwcts—by which the salive 1s discharged
into the mouth (see 303). The grape-like wvesicles
are surrounded by a nctwork of minute capillaries.
The lobules, held together by the ducts, blood-vessels,
and matriz of connective tissue, form numerous lobes,
each end of which is more or less enclosed by its own
membrane. They are termed racemose glands (from
Lat. racemus, a bunch of grapes). (See section 357.) °
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