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contractions of the stomach upon the food contained in its cavity is to sub-
ject it to a tolerably uniform pressure in the cardiac portion, the general
tendency of the movement being toward the pylorus, along the greater curva-
ture, and back from the pylorus toward the great pouch, along the lesser
curvature. At the constricted part which separates the cardiac from the
pyloric portion, there is an obstruction to the passage of the food until it has
been sufficiently acted upon by the secretions in the cardiac division to have
become reduced to a pultaceous consistence. The alimentary mass then
passes into the pyloric division, and by a more powerful contraction than
occurs in other parts of the stomach, it is passed into the small intestine.

The revolutions of the alimentary mass, thus accomplished, take place
slowly, by gentle and persistent contractions of the museular coat; the food
occupying two or three minutes in its passage entirely around the stomach.
Every time that a revolution is accomplished, the contents of the stomach
are somewhat diminished in quantity ; probably, in a slight degree, from ab-
sorption of digested matter by the stomach itself, but chiefly by the gradual
passage of the softened and disintegrated mass into the small intestine. This
process continues until the stomach is emptied, lasting between two and four
hours; after which, the movements of the stomach cease until food is again
introduced. '

Regurgitation of food by contractions of the muscular coats of the stom-
ach, eructation, or the expulsion of gas, and vomiting are not physiological
acts. It has been shown that vomiting is produced by contractions of the
abdominal muscles and the diaphragm, compressing the stomach, which is
passive, except that the pyloric opening is firmly closed, the cardiac opening
being relaxed. Eructation, although usually involuntary, is sometimes under
the control of the will. When it occurs, while it is difficult or impossible to
prevent the discharge of the gas, the accompanying sound may be readily
suppressed. Eructation frequently becomes a habit, which in many person.é
is so developed by practice that the act may be performed voluntarily at any
time. The gaseous contents of the stomach during digestion are composeﬁ
of oxygen, carbon dioxide, hydrogen and nitrogen, in proportions that are
very variable.
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TuE small intestine, extending from the pyloric extremity of the stomach
to the ileo-ccal valve, is loosely held to the spinal column by a double fold of
serous membrane, called the mesentery. As the peritoneum which lines the
cavity of the abdomen passes from either side to the spinal column, it comes
together in a double fold just in front of the great vessels along the spine, and
passing forward, it divides again into two layers, which become continuous
with each other and enclose the intestine, forming its external coat. The
width of the mesentery is usually three to four inches (7-62 to 1016 centi-
metres) ; but at the beginning and at the termination of the small intestine,
it suddenly becomes shorter, binding the duodenum and that portion of the
intestine which opens into the caput coli closely to the subjacent parts. The
mesentery thus keeps the intestine in place, but it allows a certain degree of
motion, so that the tube may become convoluted, accommodating itself to
the size and form of the abdominal cavity. The form of these convolutions
is irregular and is continually changing. The length of the small intestine,
according to Gray, is about twenty feet (6-1 metres); but the canal is very
distensible, and its dimensions are subject to frequent variations. Its average
diameter is about an inch and a quarter (3-18 centimetres).

The small intestine has been divided into three portions, which present
anatomical and physiological peculiarities, more or less marked. These are
the duodenum, the jejunum and the ileum. '

The duodenum has received its name from the fact that it is about the
length of the breadth of twelve fingers, or eight to ten inches (20:32 to 254
centimetres). This portion of the intestine is considerably wider than the
constricted pyloric end of the stomach, with which it is continuous, and is
also much wider than the jejunum.

The coats of the duodenum, like those of the other divisions of the
intestinal tube, are three in number. The external is the serous, or peri-
toneal coat, which has already been described. The middle, or muscular
coat is composed of non-striated muscular fibres, such as exist in the stomach,
arranged in two layers. The external, longitudinal layer is not very thick, and
the direction of its fibres can be made out easily only at the outer portions
of the tube, opposite the attachment of the mesentery. Near the mesenteric
border the outlines of the fibres are very faint. This is true throughout the
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whole of the small intestine; although the fibres are most abundant in the

duodenum. The internal layer of fibres is considerably thicker than the
longitudinal layer. These
fibres encircle the tube,
running generally at right
anglesto the external layer,
but some of them having
rather an oblique direction.
The circular layer is thick-
est in the duodenum, di-
minishing gradually in
thickness to the middle of
the jejunum, but afterward
maintaining a nearly uni-
form thickness throughout
the canal, to the ileo-cacal
valve.

The jejunum, the sec-
ond division of the small
intestine, is continuous
with the duodenum. It
presents no well marked
line of separation from the
third division, but is gen-
erally considered as in-
cluding the upper two-
fifths of the small intes-
tine, the lower three-fifths
being called the ileum. It

Fic. 66.—Stomach, liver, small intestine efc. (Sappey).

: as receiv i € je-
1, inferior surface of the liver ; 2, round ligament of the lLiver ! 3, -l_mb received the n LIt
gall-bladder ; 4, superior surface of the right lobe of the liver ; junum from the fact that

5, diaphragm ; 6, lower portion of the cesophagus ; 7, stomach ; ? .

8. gastro-hepatic omentum ; 9, spleen ; 10, gastro-splenicomen- 1t 18 almost alwavs found

tum ; 11, duodenum ; 12, 12, small intestine ; 13, cecuin ; 14, =

appendix vermiformis, 15, 15, transverse colon ; 16, sigmoid enlpt\-' a.f'ter death.

JRlexure of the colon ; 17, urinary bladder. o : :

The ileum is some-
what narrower and thinner than the jejunum, otherwise possessing no
marked peculiarities except in its mucous membrane. This division of the
intestine opens into the colon.

Mucous Membrane of the Small Intestine—The mucous coat of the small
intestine is somewhat thinner than the lining membrane of the stomach.
It is thickest in the duodenum and gradually becomes thinner toward the
lleum. It is highly vascular, presenting, like the mucons membrane of the
stomach, a great increase in the quantity of blood during digestion. It has a
peculiar soft and velvety appearance, and during digestion it is of a vivid-
red color, being pale pink during the intervals. It presents for anatomical
description the following parts: 1, folds of the membrane, called valvule
conniventes; 2, duodenal racemose glands, or glands of Brunner; 3, intestinal
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tubules, or follicles of Lieberkithn; 4, intestinal villi; 5, solitary glands, or
follicles; 6, agminated glands, or patches of Peyer.

The valvule conniventes, simple transverse duplicatures of the mucous
membrane of the intestine, are particularly well marked in man, although
they are found in some of the inferior animals belonging to the class of mam-
mals, as the elephant and the camel. They render the extent of the mucous
membrane much greater than that of the other coats of the intestine. Be-
ginning at about the middle of the duodenum, they extend, with no diminu- &
tion in number, thronghout the jejunum. In the ileum they progressively
diminish in number, until they are lost at about its lower third. There are
about six hundred of these folds in the first half of the small intestine and
two hundred to two hundred and fifty in the lower half (Sappey). In those
portions of intestine where they are most abundant, they increase the length
of the mucous membrane to about double that of the tube itself; but in the
ileum they do not increase the length more than one-sixth. The folds are
always transverse and occupy usually one-third to one-half of the circumfer-
ence of the tube, although a few may extend entirely around it. The great-
est width of each fold is at its centre, where it measures a quarter to half an
inch (64 to 127 mm.). From this point the width gradually diminishes
until the folds are lost in the membrane as it is attached to the muscular
coat. Between the folds are found fibres of connective tissue similar to those
which attach the membrane throughout the whole of the alimentary tract.
This, though loose, is constant, and it prevents the folds from being effaced,
even when the intestine is distended to its utmost. Between the folds are
also found blood-vessels, nerves and lymphatics.

The position and arrangement of the valvule conniventes are such that

they move freely in bhoth directions and may be applied to the inner surface
of the intestine either above or
below their lines of afttachment.
It is evident that the food, as it
passes along in obedience to the
peristaltic movements, must, by
insinuating itself beneath the
folds and passing over them, be
exposed to a greater extent of
mucous membrane than if these
valves did not exist. This is
about the only definite use that
can be assigned to them.

Thickly set beneath the mu-
cous membrane in the first half e
of the duodennm, and scattered — Fie. 67.—Gland of 'I”"”fiit‘,g’}':}.f””” the human subject
here and there throughout the
rest of its extent, are the duodenal racemose glands, or the glands of Brun-
ner. These are not found in other parts of the intestinal canal. In their
structure they closely resemble the racemose glands of the msophagus. On
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dissecting the muscular coat from the mucous membrane, they may be seen
with the naked eye, in the areolar tissue, in the form of little, rounded bod-
ies, about one-tenth of an inch (2:5 mm.) in diameter. Examined micro-
scopically, these bodies are found to consist of a large number of rounded
follicles held together by a few fibres of connective tissue. They have blood-
vessels ramifying on their exterior and are lined with glandular epithelium.
They communicate with an excretory duct which penetrates the mncous mem-
Jbrane and opens into the intestinal cavity. When these structures are ex-
amined in a perfectly fresh preparation, the excretory duct is frequently
found to contain a clear, viseid mucus, of an alkaline reaction. This secre-
tion has never been obtained in quantity sufficient to admit of the determi-
nation of its chemical or physiological properties. Its quantity must be very
small, compared with the secretion produced by the follicles of Lieberkiihn.
The intestinal tubules, or follicles of Lieberkithn, the most important
glandular structures in the intestinal mucous membrane, are found through-

Fie. 68.—Intestinal tubules; magnified 100 diameters (Sappey).
: Frr;mithe dog. 1, excretory canal; 2, 2, primary branches; 3, 3, secondary branches ; 4, 4, terminal
Cuis-ae-sdc.

. From the ox. 1, exeretory canal ; 2, principal branch dividing into two ; 3, branch undivided ; 4, 4,
terminal culs-de-sac. 7 '

. From the sheep. 1, trunk; 2, 2, branches.
. Single tube, from the pig.

. From the rabbit and hare. 1, simple gland ; £, 8, 4, bifid glands ; 5, compound gland from the
duodenum. X

out the whole of the small and large intestines. In examining a thin section
of the mucous membrane, these little tubes are seen closely packed together,
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occupying nearly the whole of its structure. Between the tubules, are blood-
vessels, embedded in a dense stroma of fibrous tissue with non-striated mus-
cular fibres. In vertical sections of the mucous membrane, the only situa-
tions where the tubules are not seen are in that portion of the duodenum
occupied by the ducts of the glands of Brunmner and immediately over the
centre of the larger solitary glands and some of the closed follicles which
are collected to form the patches of Peyer. The tubes are not entirely absent
in the patches of Peyer, but are here collected in rings, twenty or thirty tubes
deep, which surround each of the closed follicles. Microscopical examination
of the surface of the mucous membrane by reflected light shows that the
openings of the tubules are between the villi.

The tubules usually are simple, though sometimes bifurcated, are com-
posed externally of a structureless basement-membrane, and are lined with a
layer of cylindrical epithelinm like the cells which cover the villi, the only
difference being that in the tubes the cells are shorter. These cells never
contain fatty granules, even during the digestion of fat. The central cavity
which the cells enclose, which is about one-fourth of the diameter of the
tube, is filled with a clear, viscid fluid, which is the most important constitu-
ent of the intestinal juice. The length of the tubules is equal to the thick-
ness of the muccus membrane and is about % of an inch (0-33 mm.). Their
diameter is about x5 of an inch (007 mm.). In man they are cylindrical,
terminating in a single, rounded, blind extremity, which frequently is a little
larger than the rest of the tube. These tubules are the chief agents concerned
in the production of the fluid known as the intestinal juice.

The intestinal villi, though chiefly concerned in absorption, are most con-
veniently considered in this connection. These exist throughout the whole
of the small intestine, but are not found beyond the ileo-cacal valve, although
they cover that portion of the valve which looks toward the ilenm. Their
number is very great, and they give to the membrane its peculiar and char-
acteristic velvety appearance. They are found on the valvulz conniventes as
well as on the general surface of the mucous membrane. They are most
abundant in the duodenum and jejunum. Sappey estimated, as an average,
about 6,450 to the square inch (1,000 in a square centimetre) and more than
ten millions (10,125,000) throughout the whole of the small intestine. In
the human subject the villi are flattened cylinders or cones, In the duode-
num, where they resemble somewhat the elevations found in the pyloric por-
tion of the stomach, they are shorter and broader than in other situations
and are more like flattened, conical folds. In the jejunum and ilenm they
are in the form of long, flattened cones and cylinders. As a rule the cylin-
drical form predominates in the lower portion of the intestine. In the jeju-
num they attain their greatest length, measuring here J1; to j&: of an inch
(0-83 to 1-25 mm.) in length by -A; to 15 of an inch (0-36 to 0-21 mm.)
in breadth at their base.

The structure of the villi shows them to be simple elevations of the
mucous membrane, provided with blood-vessels and with lacteals, or intestinal
lymphatics. Externally is found a single layer of long, eylindrical epithelial

¥
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cells, resting on a structureless basement-membrane. These cells, though
closely adherent to the subjacent parts during life, are easily detached after
death and are almost always
destroyed and removed in
injected preparations. They
adhere firmly to each other
and are isolated with diffi-
culty in mieroscopical prep-
arations. The borders of
the free surfaces of these
cells are thickened and fine-
ly striated, forming, as it
were, a special membrane
covering the villus and ex-
ternal to the cells. Between
the cylindrical cells are a
few of the so-called goblet-
cells similar to those found

on the mucous membrane of

the stomach (see Fig. 60,
F16. 69.—Intestinal villus (Ley-

dig), Fia. Tﬂ.fACr:pr'Uru‘yrrft-w‘ur}r page 214).

a.a, o, epithelial covering : b, b, of an intestinal villus The substance of the

capillary net-work ; ¢, ¢, longi- (Frey). SaiEE s :

tudinal “muscular fibres ; d, @, venous trunk ; b, arterial Villus 18 L’()lTLIJOS(Ed of amor-

gL g phous matter, in which are
embedded nuclei and a few fibres, fibro-plastic cells and non-striated mus-
cular fibres. The blood-vessels are very abundant ; four or five, and some-
times as many as twelve or fifteen arterioles entering at the base, rami-
fying through the substance of the vil-
lus, but not branching or anastomosing
or even diminishing in caliber until, by
a slightly wavy turn or loop, they com-
municate with the venous radicles, each
of which is somewhat larger than the
arterioles. The veins all converge to
two or three branches, finally emptying
into a large trunk situated nearly in
the long axis of the villus.

The muscular fibres of the villi are
longitudinal, forming a thin layer sur-
rounding the villus, about half-way be-
tween the periphery and the centre,
and continuous with the muscular coat TFie. 71.—Epithelium of the small intestine of
: the rabbit (Funke).
of the intestine.
In the central portion of each villus, is a small lacteal, one of the vessels of

origin of the lacteal system, with an extremely delicate wall composed of
endothelial cells with frequent stomata, or small openings, between their
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borders. This vessel is probably in the form of a single tube, either simple
or presenting a few short, rounded diverticula.

The stomata of the lacteal vessel are thought to communicate with
lymph-spaces or canals in the substance of the villus. Owing to the ex-
cessive tenunity of the walls of the lacteals in the villi, it has been found
impossible to fill these vessels with an artificial injection, although the
lymphatics subjacent to them may be easily distended and studied in this
way. N

No satisfactory account has ever been given of nerves in the intestinal
villi. If any exist in these structures, they probably are derived from the
sympathetic system.

The solitary glands, or follicles, and the patches of Peyer, or agminated
glands, have one and the same structure, the only difference being that those
called solitary are scattered singly in very variable numbers throughout the
small and large intestine, while the agminated glands consist of these folli-
cles collected into patches of different sizes. These patches are generally
found in the ilenm. The number of the solitary glands is very variable, and
they are sometimes absent. The patches of Peyer are always situated in
that portion of the intestine opposite the attachment of the mesentery.
They are likewise variable in number and are irregular in size. They usu-
ally are irregularly oval in form, and measure half an inch to an inch and
a half (12-7-to 381 mm.), in length by three-fourths of an inch (19-1 mm.)
in breadth. Sometimes they are three to four inches (7'6 to 10-1 centi-
metres) long, but the largest are always found in the lower part of the -
ilenm. Their number is about.twenty, and they are generally confined to
the ileum ; but when they are very abundant—for they sometimes exist to
the number of sixty or eighty—they may be found in the jejunum or even
in the duodenum.

T'wo varieties of the patches of Peyer have been described by anatomists.
In one of these varieties, the patch is quite prominent, its surface being
slightly raised above the general mucous surface ; in the other, the surface is
smooth, and the patch is distingunished at first with some difficulty. The
more prominent patches are covered with mucous membrane arranged in
folds something like the convolutions on the surface of the brain. The
valvulee conniventes cease at or very near their borders. These are the only
patches which are generally described as the glands of Peyer, the others,
which may be called the smooth patches, being frequently overlooked. The
latter are covered with a smooth, thin, and closely adherent mucous mem-
brane. Their follicles are small and abundant. The borders of these patehes
are much less strongly marked than in those of the first variety. As they are
evident only upon close examination and as they are the only patches present
in certain individuals, it is said that sometimes the patches of Peyer are
wanting. They are usually in less number than the first variety.

The villi are very large and prominent on the mucous membrane cover-
ing the first variety of Peyer’s patches, especially at the summit of the folds.
In the second variety the villi are the same as over other parts of the mu-




240 INTESTINAL DIGESTION.

cous membrane, except that they are placed more irregularly and are not so

abundant.

The follicles which form the patches of Peyer are completely closed and
are somewhat pear-shaped, with their pointed projections directed toward
the cavity of ‘the intestine. Just above the fol-

licle, there generally is a small opening in the

mucous membrane, surrounded by a ring of in-

testinal tubules, and leading to a cavity, the base

of which is convex and is formed by the coni-

_cal projection of the follicle. The diameter of

the follicles is - to 5 or 4% of an inch (0-34 to

1or 2 mm.) The small follicles generally are
covered by mucous membrane and have no open-
ing leading to them. Each follicle consists of

a rather strong capsule composed of an almost

homogeneous or slightly fibrous membrane, en-

closing a semi-fluid, grayish substance, cells,
blood - vessels and possibly lymphatics. The
semi-fluid matter is of an albuminoid character

T, 72.—Patch of Peyer (Sappey). v = e : 2 .

T ol e n '1?10 cells are very 51115111, rounded, and mingled
seen on thesurface ; 3,3, grooves with small, free nuclei. The blood-vessels have
between the folds: 4, 4, es % 2 7 i T

d rather a peculiar arrangement. In the first place
5,5, 5, 5, valvule connive SRRz i e S
6,6, 6, 6. solitary glands: 7. they are distributed between the follicles, so as
7,7, 7. smaller solitary glands; =~ : :
8,8, solitary glands upon the val- to form g rich net-work surrounding each one.
vulze conniventes. S . ;

Capillary branches are sent from these vessels
into the interior of the follicle, returning in the form of loops. Lymphatic
vessels have not been distinctly shown within the investing membrane.
They have been demonstrated surrounding the follicles, but it is still doubt-
ful whether they exist in their interior. All
that is known is that during digestion, the
number of lacteals coming from the Peyerian
patches is greater than in other parts of the

mucous membrane; but vessels containing a
milky fluid are never seen within the follicles.
The description of the follicles which com-
pose the patches of Peyer answers, in general
terms, for the solitary glands, except that the
latter are found in both the small and large
intestines. :

INTESTINAL JUICE.

Of the three fluids with which the food is

brought in contact in the intestinal canal, Fro. 78._Patch of Peyer, seen from its
i S : attached surface (Sappey).
namely, the bile, the pancreatic juice and the 1, 1, serous coat of the intestine ; 2,2 2,
: : Tt f > J 2, s t 2d to show the
intestinal juice, the last, the secretion of the  [utch’: 3,3, fibrous coat of the in-
. . p: b, b, b, 5,5,5, b,
mucous membrane of the small intestine, pre-  Sine: 1 4 pateh:5,5,5,5,5.5.5
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sents the greatest difficulties in the investigation of its properties and uses.
If it be admissible to reason from the known mechanism of secretion in other
parts, it is fair to suppose that the normal secretion of the glands in the
mucous membrane of the small intestine can take place only under the
stimulus of food. The same cause excites the secretion of the pancreatie
juice and increases the flow of bile; and the food, as it passes from the
stomach into the duodenum, is to a great extent disintegrated and is min-
gled with the secretions from both the mouth and the stomach. Under these*
circumstances, 1t is evidently impossible to collect the intestinal juice under
perfectly physiological conditions, in a state of purity guffieient to admit of
extended experiments regarding its composition, properties, and action in
digestion.

The experiments of Bidder and Schmidt, Thiry, Colin, Meade Smith and
others have given but little positive information with regard to the general prop-
erties, even, of the intestinal juice, to say nothing of its digestive action. It may
be stated in general terms, that the physiologists just mentioned have attempted
to obtain the pure secretion of the follicles of Lieberkiihn by isolating portions
of the intestine and either taking the secretion as it formed spontaneously or
exciting the action of the glands by various means. When it is remembered
how different the secretion of the stomach, under the natural stimulus of food,
is from the fluid produced during the intervals of digestion, it is evident that
little reliance is to be placed upon the experiments that have thus far been
made upon the lower animals. Nearly all observers agree, however, that the
intestinal juice which they have been able to collect is yellow, thin and
strongly alkaline. Some have found it thin and opalescent, while others
state that it is viscid and clear. According to Colin the closed follicles of the
intestine produce a viscid fluid, which probably exudes through their walls:
Colin came to this conclusion from observations upon a large, ribbon-shaped
agminate gland, about six feet (183 centimetres) in length, which exists in
the small intestine of the pig. In a casé of fistula into the upper third of
the intestine in the human subject, produced by a penetrating wound of the
abdomen—which will be referred to again—Busch found a fluid that was
white or of a pale rose-color, rather viscid and always strongly alkaline. The
maximum proportion of solid matter which it contained was 7-4 and the
minimum, 3.87 per cent. The secretion apparently could not be obtained in
sufficient quantity for ultimate analysis. No better opportunity than this
has been presented for studying the intestinal juice in its pure state. The
nature of the case made it impossible that there should be any admixture of
food, pancreatic juice, bile or the secretion of the duodenal glands; and
during the process of digestion, the lower part of the intestine undoubtedly
produced a perfectly normal fluid.

From what has been ascertained by experiments upon the lower animals
and observations on the human subject, the intestinal juice has been shown
to possess the following characters:

Its quantity in any portion of the mucous membrane which can be ex-
amined is small ; but when the extent of the canal is considered, it is evident




