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THE MICROSCOPIC ANATOMY OF THE DIGESTIVE TRACT OF
SUS. SCROFA DOMESTICA '

A microscopic study of the complete digestive
tract with its® appendages, wés made on the piga

A ﬁarked resemblamee was noted between the
.digestive tract of the pigy and that of the human, A few
outsfanding differences were observed however,

The wall of the digestive tract was .composed of
the following layers:s a mucous membrane comprised of an
inner epithelisl 1lining; a tunica propria aﬁd a muscularis
mucosag a fairly thicﬁ submucbsa;.a laming muécularis coms
prised of an inner circulaer layer and an outer longitudinal
layer; and an outer adventitia or serosa,depending on the
organs' locatione |

Tﬁe epithelium of the mouth is thick stratifled
squémbus epitheliume The body of the tongue consists
entirely of striated muscles It is surrounded by a sub-
mucosa, aad the whole is éovered with a thick stratified
sguamous epitheliume Very few papilla were bbser#ed on the
tonguee All of the salivary glands were similarly construcs
tede The acini of thé submaxillary and sublingual glands
contained chiefly mucous-tgpe cells, while the parotid acini
' were entirely serous in natures

A muscularis mucosa was found throuout the length
of the oesophagus, although it ﬁas thinner in the upper
than in the mid and lower portionse’ Numerous mucous-type
glands were found in the submucosa of the oesophagus, but

cardiac or superficial glands could not be demonstratedse



20
The stratified squamous epithelium of the oesophw-

agus was continued for avshort distance into the oesophageal
portion of the stomach, but changed rather abruéfiy'tovsimble
columnar epithelium at the junctibn of the oesophageal aﬁd |
fundic portions of the stomach; end continued as4sﬁch as far
as the anuss . There were found to be three distincet gland«
ular regions in the stomachy and a small non«glandular portion

The small intestine was charaoterized by villi
and plica circularese Brunners glands were observed in the
" duodenum, and an extremely large’number of Peyers' patches
werevqbserved 1n the_ileume Goblet cells were obéerved in
the epithelial lining of both the large and small intestine,
and were most numerous in the colon anpd rectum,

The large intestine is characterized by having
no‘villio The muscularis mucosa is much thicker in the
large 1nt&stine'than in the small intestines

- The liver and péncreés were both similar in

stfucture to thosé of ﬁamﬁals; It is worthwhile noting
-howevery that in fhe liver of the very young pig the lobuies
are not completely separated by connective tissue septa,
.while in the liver of an older pig the lobdbules ére complete~

ly separated by fairly thick connective tissue septas



ACKNOWLEDGEMENT

The writer wishes to express his appreciation
‘to #ll the members of the Department of.Animal
iHusbandry and to those others whose assistance in
many ways contributed to the completion of this
work. |

Sincere gratitude is expressed to Professor.H.M.
King, to Dr. A. J. Wood, and particularly to Dr. S.N.
Wood at whose suggestién and under whose guidance
this study was attempted and carried out.

Appreﬁiatioh is also expressed to the B. C,
Research Council for ﬁse of photomicrographic
equipment and to Dr. S. E; Maddigan and Dr. Paul
Trussell whose kindneés in this regard made possible
the inclusion of the illgstrative material présented

with the thesis.



TABLE OF CONTENTS

Introduction...ceeesccccorccscossscesssccrsscrcnssacns
Review of Previgus Reaearch Investigations.ccceceecsos
Gross Anatomy.........;.....;.......................
Materials and MethodSseeseeosecceccservoesssseccvone

Resultso000.‘000o‘co.0000-...00.000000...0o-o.‘.oo'ooo.

Hal"d Palate....-..........-...........-......oo
The TONZUECesosceesosscssssssccsscssescsssosssoce
0eSNpPhagUSesevseescocecrssccacsscescssscsocsonscsas
The StomMAChe.ececessceccsscessossssccosccsnsasne
The Stomach (General)e.cececessecsccccsoscoccne
Oesophageal region of the Stomache.cecsccecccces
Cardiac region of the Stomache..ccesccccccecene
Fundic region of the Stomacheisseecececssnccscse
Pyloric region of the Stomscheeecvecesccecocsen

Intestines.o..o.oo..o..o.occo.o.c0000.000000000-

The Small Intestine (Gener8l).cecrecccsscccosses
The Duodenum."...Q.....I.....“........Q'..'.O’
dejunum. ..... ® 6 0 86 66 6 & 5 0 0 O O 6 O OO @ PO OO VOO DS e S se 0O
The Ileumo...........3..........;.,............
The Large Intestine (C0loDN)oeeecscocecccscccccas
Caecum..'....Ol....Q.....‘...I............'.O..

RectumCOOOoo.c000000-.'0000..0..‘0.00.0.0'.‘.0..

Submaxillary glanQececeescecssscsvsocscsssacssone
Sublingual gland.’..".'.."......D-....’."...
The Parotid salivaery gland.....ceeececeococcocs

The Liver..-..0000.0‘000;.0000000'0.'..0...0;00'

The Panc_reas.’0000.-..0.'..'.0'.ooo.o.l‘o‘.ooo'..
SumaryOQOOOOQOOOOnOQooo.o"UOQOOQQOOo.oot..o‘..ccu.

Glossary of Te‘rms....‘........‘.....‘..Ol.’...l.'»....

AppendiX Aceeeeceecscecserssosevrecsecssosscrcnsnscsssscse
I Killing the Animal.cccecccoceceoscassccsonsen
11 Fixation...............-..................ee
III ‘Nashing...'...‘.‘...‘.l000...0....00..0.".
IV Dehydration....»QO00..O.o.'..........‘..'....
V Clearingeececececceccecscsssesscssocsscsesccccsscs
VI Infiltration..........r....................o
VII Embeddingeeccecesccecsecccssscsscacsccccccs
VIIT Mounting Blocks on Microtome DisCe.c.ecses
IX Cutting SectionSeeceeccecccecescrocsncssccnne
X Affixing Sections to slideseciceeccecccccnen

(a) Mayer's albumin.ceeececececcocscnne
(b) Haupt's adhesivVee.cieessscscsescoss
XI Deparaffining, Hydrating and Stalning.......
XIT Differentiating....ccecceecccecccceoccccccs



, ‘ Pége

XITTI Counterstaining...ccecceecenscecsccsessccens 58
XIV- Final Dehydrating and Clearinge.ccccceecceos 58
References Cited.l...'...l".'....'...Q.......Q..... 59
Additional Re'ferences;..;......'.;'O.....0..."‘...0.. 65

Appendix B - The Physiology of Digestion in the
Pig‘ (58 pages)D’QCOOQOOOOQQ 66

Referel’]ces Citedooooooo..o.lQ.Q..oo..l.oo..'oo...‘.. 67

Plates (1-25)000o0looooooo.ooocclou‘ocooooooc-oo'cooov- 71



THE MICROSCOPIC ANATOMY OF THE DIGESTIVE-TRACT
OF SUS SCROFA DOMRSTICA

As far as can be determined, a study of the
microscopic anatomy of the entire digestive tract of Sus
scrofa domestica, or of any of our larger farm animals for
that matter, has never been undertaken. The writer has never
seen, but for .one exception (Calhoun 1933, on Gallus
Domestlcus) a related work fully illustrated with photo-
micrographs. It is hoped that this study may be useful as
a guide to'anyone undertaking the microscopic study pf any
part of the digestive tract of either Sus scrofa domestica,
or any other of our farm animals. It is hoped that it may
also gserve as a helpful source of refefence for the Anatomist,
the Physiologist and the Pathologist. ’

Since this was intended as a study of the micro-
scopic structure of the comflete digestive tract, only
representative samples of each part or organ could be
examined in the time allotted. A more detalled picture. of
each part of the digestive tract would require complete
serial sections of each anatomic part and would require much
more'time than was available for the present study.

REVIEW OF PREVIOUS RESEARCH INVESTIGATIONS

A careful searéh of the avallabhle literature
dealing with. the microscopic anatomy of the digestive system
of Sus scrofa ddmesfica; has been made. Unfortunately the
amount of materlal available on this ;ubject 1s extremely

limited. Reports on most of the early work appeared in
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German Publications (Ellenberger, W. and Baum, H. 1926; Oppel,
A.11897{ Moller, W. 1899; Heim, R. 1907; Schiefferdeqker, H.;
1884). The absence of most of these-publications from the
library files, together with the writerts limited ability'to
translate specialized reports of this kind, has preventéd a
more complete study of the German material.

The results where availgble,'of previous investi-
gators, will be compared in the discussion of the related
material covered in the present study. The limited nature
of the comparisons that are made 1s a result of ﬁhe combina-
tion of factors mentioned above.

The present study can serve only as a brbad prelim-
inary outline of a rather extensive field of iﬁ?estigation.

GROSS ANATOMY

The principle organs of prehension and mastication
‘are the.lips, tongue and teeth respecpiveiy. in the pig the’
lower 1ip is small and pointed ahd the upper one relatively
1nsignificant. The labilal glandé are few and small.

| The pig possesses a hard palate, which is long
and narrow aﬁd is marked by a median furrow,'on eéch side of
which are numerous ridges (20-50). On its anterior part
;there-is a long narrow prominence, the incisive papillla,
at the posterior part of which the inclsive or naso-palatine
. ducts open. |

The soft palate in the pig is very thick, its

length 1n‘a medium-sized animal being approximately 23". Its

directlon almost continues that of the hard palate, 1.é. it
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i1s nearly horizontal. It extends to the middle'qf the oral

‘surface of the epiglottis. The oral surface preséhts a

median furrow, on either side of which is an oval raised area,
marked by ﬁumerous crypts; these eievations teing the tonsils.

The tongue 1is long and narrow and the_abex is thin.
Two or three vallate paplillae zre present. The fungiform
papiilae are small and are most uniform laterally. The
filiform'papillae are soft and very small. dn the root there
arevsoft, lopg, pointed papillae, directed backward. Folilate
papillae are also present.

| The dental formula of the pig is 2(I3 Cc-Lp ";;—M%).

The parotid gland 1is not too large, and:is distinct-
ly triangular. It extends very little on to the masseter
muscle, and its upper angle doesn't quite reach the base of
the eér. It is pale in color. On its deep face are several
large subparofid lymph glands, some of which are only
partially covered by the parotid. The parotid duct enters
the mouth opposite the fourth or fifth upper cheek tooth
(Stensons! duct). Small accessory parotid glands may be
found along the courée of the duct.

The submaxillary gland 1is small, reddish in color,
and oval. in outline; it 1s covered by the parotid. Its
superficial face is convex, and is marked by rounded promin-
ences. From its deep face a narrow process extends forward
about two to three inches beneath the mylo-hyoideus muscle
along with the duct, which opens on the side of the root of

the tongue (Whartons' duct). °
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The sublingual gland consists of two parts. The
posterior part is reddish-yellow in color, and is about two
inches long and half an inph wide; 1ts posterioy end 1s in
felation to the submaxillary gland and its duct. The anterior
part is much larger, being two to three inches. long and‘about
twice the width and thickness of the posterior part. Numerous
excretory-dubts open close together on small papillae og the |
sublingual fold. | |
| The pharynx in its postérior part presents a cul-
.de-sac about 1% inches long, termed the diverticulum
‘pharyngeﬁm. The eqstachian tuSe, oesophagus, nasal openings -
and larynx all opén into:the pharynx.

The ogsdphagus is a short; narrow and nearly‘
gstraight membranous canal. It forms a tube, leading from the
pharynx t0‘£he stomach. It is easily dilated for the greater
part of 1ts extent. The canal begins at the pharynx and
communicates with it by means of the postérior opening sltua-
l ted above the glottis. It de;cends behind the trachea, to
the middle of the neck, deviates toward the left and-enters
the theracic cavity.- After passing through the thoracic -
cavity it penetrates the abdominal cavity and 1Mmediately
afterwards 1is inserted into the smaller curvature of the
~ stomach at the cardisa, which in the pig 1s near thg left
extremity. Theioesophagus has no serosa, but is uniﬁed,direct
ly with the surrounding tissue bj means of é rather dense
ad§ent1tia composed of fibrous connective tissue.

The stomach in the pig 1s large; 1ts average



. =5=
capacity being about 1% to two gallons. When full, its long
axis 1s transverse and 1ﬁs greater curvature extends back-
ward on the floor of the abdomen a 1little further than a point
midway'between the xiphoid cartilage and the umbiligus. The
left part of the stomach is large and rounded, while the
right pért'is small, and bends sharply upward to join the
~small intestine. The oesophagus opens into phe‘stomach by a
wide infundibulum, and the mucous”memﬁrane of this 1s\pro-
 longed over the gastric surface in a radius of from two to
three inches around the cardla. The cardiac opening 1s slite
~1ike and is bounded above and to the_ieft by a fold which con-
teins a thickening of the internal oblique layer of the
muscular coat. The opening into the diverticulum is situated
above and a 1ittle to the left of the cardia; it is trans-
versely oval, and is bounded (exéept laterally) by a thick '
fold which contains épiraliy arranged muscular fibers. The.
micous membrane presents four distinct regions; oesophageal,
cardiac¢, -fundic and pyloric. _

The entire intestinal canal of the pilg is about
fifteen times the body length. The small intestine 1is fifty
to sixty-five feet long. About the first two feet of the
small intestine 1s known as the duodenum. The right end of
the pancreas is attached to the first part of the duodenum
and here the pancreatic ducﬁ opens into the bowel, The
rémaining part of the smalluintgstine 1s known as the jejuno=-
Jleum. It has a mesentery about six to eight inches long,

‘which is thick and contains a quantity of fat, and numerous
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large 1ymph‘glandslat'its root. The opening.of the bile duct -
~ 1s about one to two inches from the pylorus, and that of the
pancreatic duct about six inches beyond 1it. M;ny Peyers!
patches are present and very distinct. " In a young énimal
they were found to numbef from forty to eighty in any cross
section of the inﬁestinal wall. These Peyers! patches com=
mence abouf elght to twenty inches from the pylorus, and the
last long one is continued a variable distance into the
caécum. |

The large intestine 1s about twelve to fifteen
feet long, and for the most part is much wider than the sméll
1ntestiﬁe% It is connected by a mesentery with the dorsal
abdominal wall between the kidneys. The large intestine
conmences by a vast reservoir in the form of aAcul-de-sac,

" named the caecum. ' It is continued by the colon whose poster-
ior extremity 1is succeeded by the rectum. It is separated
from the small intestine ﬁy the ileo~-caecal valve.

The caecum is cylindrical,»about eight to twelve
inches long, and three to four inches wide. It 1lies against
the upper and ahtérior part of the left flank and extends
ventrally, backward, and medlally behind the colled part of
the colon, so.thét its ventral blind end usually lies on the
floor of the abdomen, near the medlan plane, and at a
variable point between the umblilicus and the pelvic inlet.
Its dorsal end is directly continued by the colon. The ileum
joins the caecum obliquely, and projects considerably into 1t.

The caecum has three longitudinal muscular bands and three
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rows of sacculations,_which are continued a short distance on
the colon. |

At first the colon has about the same calibre as
‘the caecum, but becomes gradually smaller. It lies chieflj
.. %o the left of the median plane, behind the étomach. It 1s
arranged @n‘fhree, close, double spiral coils in the mesentery,
in relation with the floor of the gbdomen ventrally, the
- stomach and the liver in front, the caécum and small intestlne
behind, and the small intestine on thé right.

‘ The colon is continued at the pelvic-inlet by the
rectum. The rectum extends in a straight line, from the
entrance to the pelvic cavity to the posterior opening of
the digesfive cgnal, or anus. It differs from the colon, in
having no ridges, and in. its walls being thicker and more
dilatable, so that it can be distended into an elongated
pouch. The rectum 1is uéually surrounded.by a quantity of fat.

The anus, or posterior opening of the digestive
tube, is situated at the posterior extremity bf the rectum,
under the base of the tail.

The liver 1s relatively large, 1ts average welght
in the adult plg beilng about four pounds. It is divided by
three deep interlohar incisures into four prihcipal lobes =
right lateral, right central, left central, left lateral.

The last of these lobes 1slusually‘the largest. On the upper
paft of the right lateral lobe, 1s the caudate lobe, which is
clearly ﬁarked off by a fissure, and is bften partially sub-

divided by a secondary‘fissure. The fossa for the gall-
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bladdéf i1s mainly on the right central lobe, bhut also 1n part
on the adjacent surface of the left central lobe. Owing to
the large amount of interlobular tissue, in the adult at
least, the lobules are mapped out sharply. They are poly-
hedral in form and 1-2.5 mm. in diameter.

The gall vladder is attached in the fossa veslcae
felleae, its fundus not reaching to the ventral border. The
cystiec duect joins the hepatlic duct at an acute‘éngie immed-
iately after the emergence of the latter from the portal
fissure. The Bile duct - opens at the papilla duodeni, about
one to two inches from the pylorus.

Tﬁe pancreas has the greatest resemblance to the
salivary glands in its structure and physical properties
and for this reason it has been named the abdéminal salivary
gland. It is triangular-shaped and extends across the dorsal.
wall of the abdominal cavity behind the stomach. The right
extremity is attached to the first curve of the duodenum, and
it 1s here that the duct passes to the bowel. The pancreatic
duct passes from the right extremity diréctly through the
duodenal wall, opening about four to five incheé from the
pylorus. The interlobular tissue usually contalins a consider-
able amount of fat.

The foregoing gross anatomy deals more particularly
with the anatomy of an adult pig; insofar as. the measureménts.
of - the different énatomical parts are concerned. However the
description as to the position of differént parts of the

system in the animal body applies equally as well to a young
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‘'pig as 1t does to an adult pig. It should be mentioned that
the measurements of each part of the digestive tract are
those gilven by Sisson in, "The Anatomy of the Domestic
Animals", énd since they were taken following the death of
the animal they are in most cases greater than the measure-
ments for the corresponding parts in the living animal,

MATERTALS AND METHODS

Thd greatest bulk of specimen material was secured
from a five week o0ld Yorkshire gilt. Howevér some additiona;
material was needed, and this was secured from a sixteen weékv
- 0ld Yorkshire barrow. Both of these plgs were normal, healthy
individuals. The fdrsf_animal was anaesthetized prior to
removal of the specimen material (Appendix A, Sec.'I), while
the second animal was killed outright by cutting the jugular
vein and éllowing it to bleed to death, and the tissues
required were secured within ten minutes following death,

while they were still warm,
| The following methods were employed. Theltissﬁes
were fixed in Bouins'! solution (Appendix A, Sec. II); washed
in 70% alcohol (Appendix A, Sec. III); dehydrated in alcohols
of increasing strengths (Appendix A' Seé; IV); cleared in
toluene (Appendix A, Sec. V); 1nfiltrated in "Tissuemat"
(Appendix A, Sec. VI); embedded in "Tissuemat" (Appendix A,
Sec. VII); All sectlons were cut at 10 u. thickness
(Appendix 4, Séc. VIII and IX); Harris Haematoxylin and
Eosin (Appendix A, Sec. XI, XII, and XIII) was the only

staining method employed. Two different adhesives were
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employed in affixing Sections to slides, namely‘Mayers'
(Appendix A, Sec. X (a)) and Haupts!' (Appendix A, Sec. X (b)),
since Mayers' was not glving as good results as are usual. ,
The sections were finally mounted in Canada Balsam (Appendix
A, Sec. XIV), and examined microscoplcally.
RESULTS

Observations were made on the digestive tract from

the mouth to the anus, including all appendages.

HARD PALATE

In renoving part of the hard palate for fixation
.and later examination, only the outer layer was cut out, or
in other words oniy the epithelial covering along with a
slight amount of the under lying tissue.

A fairly thin macous membrane covers the hard
palate, and this is in close relationship with under-ljing
connective tissue and bone. The mucous coat consists of a
‘stratified squamous epithelium, (Plate I, Fig. A-l) which
rests on the tunica propria (Plate I, Fig. A-2)which is
omposed of very compact fibrous connectlve tissue. Proaec»
tions of the tunica propria (Plate I, Fig. A S)extended into
.:the basal layers of this epithelium and the epithelium eX-
tended down between these projections, thus ridges are formed
which are known as palatine ridges (Plate I, Fig. A<5). The
mucous membrane appears much thinnef in some parts than in
others. There is no distinct division between the tunica
propria (Plate I, Fig. A-3) and the submucosa (Plate I, Fig.

A-4), since there is no muscularis mucosa present here,
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THE TONGUE

The tongﬁe consists mainly of a mass of interlacing
bundles of muscles, which 1s entirely of the voluntary or
striated type (Plate I, Fig. B-4). Smooth muscle could not
be demonstrated. These muscle bundles run in different
planes, and cross one another at right angles. The muscle
bundles are separated from one another by thin sheets of
connective tigsue. (Plate I, Fig. B- 3)

The surface of the tongue 1s covered with a mucous
membrane. The epithelium of the mucosa is of the stratified
squamous type (Plate I, Fig. B=1 and Plate II, Fig. A-1). It
rests on a narrow tunica propria (Plate I, Fig. B-z), which
in turn rests on a tnick layer of collagenous and elastic
fivers (Plate I, Fig. B-5 and Plate II, Fig. A-3). A number
’of papillae were found to be pfeeent on the side of the
tongue (Plate II; Fig. A=2), but tery few were found on the
surface at the tip, which ls rather unusual, since they afe
eupposed to be quite numerous there. These papillae are
formed by upward projections of the denser layer of connective
tissue (Plate II, Fig.-A-s); that carry the covering of
stratified squamous epithelium with them.

Between the under-lying muscle layere and the outer
covering of epithelium, there is a somewhat denser region or
layer of connective tissue, from which finger-like projections
(Plate II, Fig. A-7) extena into the epithelial oovering.

A cross section of the tip of the tongue shows

medially, numerous mucous-type glands (Plate 1I, Fig. B-3)
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1mmediatély below the connective tissue layer on the under
surface. These have a corresponding position and structure
to the glands of "Nuhn", in the human. Serous type glands
are also present (Plate 11, Fig. B- 1), and are located in the
submucosa below the papillae and scattered throughout the
muscle bundles. They appear to be very numerous. These
correépond to "Von Ebners" glands 1n the human.

There are also numerous bundles of nerve fibehs
scattered fhroughOut the muscle of the tongue (Plate IIT,
Fig. 4=-2), and mahy blood fessels (Plate IIT, Fig.'Aes)vare
found distributed amongst the connective tissue septa.

OESOPHAGUS

According to Uppel (46), in the giraffe, elephant,
all rodents, cattle and»éheop; both layers of muscle are
striated down to within % inch from the cardia. 'In some
mammals striated fibers of the outér longitudinal layer have
been described as extending for a distance upon the cardia.

‘Hewlett (28) states, "that areas of superficial
oesophageal glands are found in upper and lower oesophagus of
humans. They are found superficial to the muscularis mucosa."
He further states, "that there are also typical mucous glands
found in the submucosa. -

McGill_(44) states that striated muscle develops
in the uppef.and mid-oesophagué, while smooth muscle develops
in the lower oesophagus.

Helm (28) has described typical demilunes present

in the oesophageal glands of dog and pig. He states, "that
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the sheep, ox and horse contain no giands in the oesophagus."
 Goetsch (27) found demilunes present also in the

oesophagesl glands, but ip smaller numbers than in any of the
other‘animéls, with the éxbeption_of man. They are apparently
by no means infrequent, but the complexes are smaller in size,
more compreésed, and more essily overlooked than in other
animals,

" In the pig, Goetsch (27) also found, "that the
epithelium of the oesophagus 1s thick, but the degree of
cbrnification is much less than in the sheep, the contrast
between stratum germinativum and stratum corneum less striking
and the transition less abrupt from one layer to another. We
‘do not see,‘in the‘oesophagus of the ﬁig, thé division of
stratum corneum into two layers, as in the sheep; and iIn the
pig the nuclei are more'numerous in the superflcial layers
and less degenerated." |

The oesophagus 13 lined with a thick layer of
stratified squamous epithelium (Plate III, Fig. B-1 and Plate
IV, Pig. A-1). It is divided into two more or less distinct
areas; stratum corneum, and stratum germinativum.

The epithelium'rests on quite a thin layer of
loosely intefwoven fibers of cdnnective tissue, called the
tunica propria (Plate III, Fig. B-2 and Plate IV, Fig. A-2).
Immedlately next to this funica propria, and separating 1t
from the submucosa, lies a thin laYer of smooth muscle fibers,
the muscularis mucosa (Plate III, Fig. B-3Z), In the upper |

part of'thé oesophagus the muscularis mucosa (Plate v, Fig.



-1l4-

A-3) consists of small scattered bundles of smooth muscle, but
in the mid and lower portioﬁs this layer increases somewhat
in thickness. Below the muscularis mucosa lies the submucosa
(Plate III, Fig. B;4 and Plate IV, Fig. A-4), which is a
fairly thiék layer in the‘upper’besbphagus but which thins
out toward the lower end of the oesophagus. 4+t is composed
of collagenous and elastic fibers and contains numeroﬁs blood
?esséls, lymphatics and bundles of nerve fibers.‘ The tunica
propria, muscularis mucosa and submucosa, are ralsed into a
series of longitudinal folds when the walls of the oesophagus
are relaxed, and the tissues of the mucqsa are carried over
the foldé. Exterior to the submucosa lie two bands of muscle
f}bers, an inner circular (Plate III, Fig. B-6 and'Plate Iv,
Fig. A-6) and an outer longltudinal layer (Plate ITI, Fig. B-7
and Plate.IV, Fig. A=7), both muséleAlajers»being chiefly
composed of muscle of the striated type. Thin septa of
connecti&e tissue separate the bundles of muscle fibers in
each of these bands, and a strongly devzloped conﬁective
‘tissue septa (Plate III, Fig. B-8 and Plate IV, Fig. A-8) sep-
arates these bands. The oesophégus 1s;connected directly
with the‘sufrounding tissue, and there 1s no serosa in
evidence.

' One or two snlitary lymph nodules were demonstrated.
They were located in the submucous tissue.

There are fairly numerous mucous-type glands in the

submucosa of the oesophagus (Plate III Fig. B-5 and Plate IV,

Fig. A-5). These are no doubt the deep oesophageal glands,
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and they appear to be féirly evenly distributed throughout the
.entire length of the oesophagus. The presence of cardiac or
Superficiai glands in fhe 6eSophagus could not be demohstrated,
nor cosuld the presence of demilunes on the mucous glands.

Two different groups of ganglion or nerve cells are
apparent. One group 1s located in the submucosa and 1s known
as Meissner's plexus, while the other group is located in the
connective tissup septum separating the two outer layers of
tqe muscularls, and is known as Auerbach's plexus (Plate III,
Fig. B-9). o .

THE STOMACH

' Klein (36) states "the chief cellS'in the fundﬁs
glands of the stomach of the pig are distinguished from the
parietal cells by their differént'shape and position, as well
és the chief cells being more transparent, and the parietal
cells containing numerous zymogen granules. There is
apparently a greatef network of FTibrils in the pafietal cells,
thus they appesr more granular.' The nuclei of pafi@tal cells
is very regular." He further states, "only mucous type cells
are found in the pyloric glands of the stomach, there being
no parietal cells present."

° Bensley (9) quotes Langley and SBewall as stating
"the chief cells of the fundus of the stomach are a highly
differentiated form of the pyloric gland cells." He further
states that, "Schisfferdecker (52) found fﬁat the pylori@v
gland cells of the cat and dog differed anatomlcally from those

of pig and man." Bensley also quoted Edelmann (1889) as



~16=

saying, "there exists in the cardiac region of the stomach of
‘many mammsls, a peculiar kind of glend, called by him the
cardisc glands, differing from both fundie and pyloric glands,
and concerning which we are in the dark." _Behsley himself
stated that, "the pyloric and cardiac glands are closély
allied." Apcordiné to Bensiey the pyloric gland cells, are

in most mammals closely allied to and in the cat, dog and

. rabbit identical with, certasin cells 1n-the neck pf tﬁe fundus
glands, which up to the present have been regarded és ordinary
chief cells. | _

Bensley (6) notes that Ellenberger (24) was the
first to recognize the importance of the cardiac glands as
indicated by their great extent in the pig, and the first to'
dissent from Cobelll's view fhat they are muéous glands. 1In
his work he expresses the opinion that they are serous glands
of a special kind, differing from bdfh the fundus and pyioric_
glands. Thils view 1s also shared by Edelmsnn (22)‘and Schaffer
(1897). Bensley, in his work, found that the cardiac glands |
reach their greatest extent 1in the pig, occupying fully one
third of the available surface 6f the mucous membrane, com-
prised in a triangular area at the left extremity of the
stomach. The mucous membrane of this area, he found, 1s only
a ffaction of the thickness of that of the middle or fundus
gland region, and contains throughout, glands cémposed of but
one kKind of cell. He states, "the mucous Secrétion nearly
'£i11s the cells of the surface'epithelium of.ﬁhe cardlac |

stomach and the nucleus is flattened into the base of the cell."
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Rensley further notes that the fundus glund zone of the pig
is of great Interest owing to the fact that the glands of a
very considerable portion of 1t may be reasonably regarded
as- intermediate between cardiac and true fundus glends. These
'fundue glands are unique among mammalian gastric glands in
the fact that the ferment forming chief cells may be relative-
ly reduced in numbers. “In this work Bensley states that, "as
regards the nature . of the cardiac glands his results are
directly opposed to those of Ellenberger, Edelmann, and
Schaffer; who concur 1n the conclusion that they are not
mucous glands." Bensley concludes thdt. (a) "The cardiac
glands are definitely mucous glands," (b) '"the cardlac-gland
cells are fundamentally different from the chief cells of the
body of the fundus glands," and (¢) "the cardiac gland cells
are closely related to the mucous chief cells of the neck of
the fundus glands and to the pyloric gland cells.” |

Ross (50) writes, "in the pig the cells lining
the stomach are so closely packed together that they appear to
be composed of several layers." His sections showed the
' epitheljum to be simple columnar, all the cells reaching the
surface as well as all resting on a basement membrane. The
nuclel of the surface eplthelium he found to be located
approximately in the centre of the cell.

Bensley (5) once more concludes that, "the cardisac
‘glands of the mammalian stomach are mucous glands. As in his
prevlous work, he again states, "the cardiac gland cells. are

~closely related to the mucous chief cells of the neck of the
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ﬂundus.glaﬁd and to the pyloricvgland cells." According to
Oppel (47) and'Bensley (5), the cardiac glands afe fetrogreSs-
ive structures derived from fundus giands by the,disappe§rance ’
of the most highly differentiated elements of the latter;-
‘namely, of the chief cells of the body and the parietal cells.
Bensleyvfound.that the cardiac.glandé aré tortuous, tubular

or tubulo-alveolar glands,/which 1ié without special grouping
in the lamina propria. Bensley also says, "from the pyloric
glands, with which they could be most easily confused, they
are clearly different. The pyloric glands form groups in the
gastric mucous membfane, exhibit the mucous reaétion, and

have a different form and course." He finally conéludes, "the
embryonlc cardiac glands of the pig contain parietal cells,
which later disappear.”

THE STOMACH (GENERAL)

The wall of the stomach conslists of a mucosa; sub-
muéosa, muscularis externa ahd serosa. The mucosa of the first
part, or oesophageal region of the stomach, appears to be
continuous with that of the lower end of the oesophagus, and
consists of a stratified squamous epithelium. (Plate V, Fig.
A-1). This stratified squamous eplithellum of the oesophagesl
region of the stomach undergoeslan abrupt change to a simple
columnar epithelium of the cardiac region (Plate V, Fig. Bl
and 2). The mucosa is quite thick, due to the presence of
tubular gastric glands, which are divided into three types:
cardiac, fundic and pyloric. -

The tunica propris of the stomach extends in between
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and around the secreting tubules of the gastric glands, (Plate
’vxi, Fig. B-2 and Plate VIII;’Fig. B-2) and the muscularis
mucosa lies just below the deepest ends of the secreting
. tubules (Plate VI, Fig. B-3 and Plate VII, Fig. B-3).
Scattered diffusely throughout the tunica propria ere lymph-
ocytes, butAin some‘regions large 3011tary lymph nodules occur
both in ﬁhe submucosa and tunica propria (Plate VIII, Fig. A=
5). The submucosa is compoéed of loosé fibroelastic connect-
ive tissue (Plate VI, Fig. B-4 and Plate VII, Fig. A-2).
The muscularis mucosa in some regions appears_to'be composed
of two or three layers, an inner obliéue, a-middle circular
and an outer longitudinal layer (Plate V1, Fig. B-3). The
advehtitia, or serosa, is quite a thick layer.and is composed
of a coat of loose fibroelastic connective tissue which is
enclosed by a single layer of mesothelium (Plate VIII, Fig.
A=9).

OESOPHAGEAL REGICN OF THE STOMACH

The oesophageal region of the stomach is 1inéd with
a very thick stratified squamous epithelium, which appears to
be a continuation from the epithelial lining of the oesophagus
(Elate V, Fig. A-1). It 1s also divided into tWo distinct
layeré, the stratum.corneum and the stratum germinétivium, as
was that of the oesdphagﬁs. The tuﬁica propria, although a
relatively thin layer, is composed of a dense connective t;ésue
containing many scattered lymphocyteé, (Plate V, Pig. A-2)
" which in plaées aré gathered together into fairlf lafge nodules.

These nodules are in most cases located between the muscularis
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mucosa and the‘epithelium, and the epithellal covering over .
these nodules 1s much reduced in thickness. The tunica
propria is observed to exfend up into the overlying epithelium
in long finger~like projections. The muscularis mucosa is
quite thick, and is composed of smooth muscle. The submucosa
is a fairly thick layer composed of loose fibroelastic
connective tissue, and contains a largé'number of both large
and small blood vessels (Plate V, Fig. A;S).' There were a
few small solitary lymph nodules observed iIn the submubosa.
Exteriof tQ the submucosa lie two muscle bands, an inner
circular (Plate V, Fig. A-4) and an outer longitudinal, both
composed 6f.smoofh muscle. Thesé were not too well defined in
the sections observed.” These ﬁuscle bands are separated from ‘
one another by a thick connective tissue septum, and the
muscle bundles composing each layer are also separated by thidk
cbnnectivé tiséue septa. A serosal covering could not be
demonstrated covering the oesophageal portion of the stomach,
this probably being due tb the angle at which the sections
were cut. There were no glands in evidencé in the oesophageal
portion of theiétomach.

'CARDIAC REGION OF THE STOMACH

The structure of this portion of the stomach 1s
essentially the same as has been described fof the oesophageal
region, except for the féct that the epithelium has changed
from the stratified squamous type to the tall columnar type
Plate VI, Fié. A-l). Also there'are”glands, known as the

cardiac glands, which are relatively short and are located in .
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the tunica propria of the cardiac region (Plate VI, Fig. A-2).
Theee glands‘appear to be composed entirely of mucous-type
cells (Plate VI, Fig. B-1). There ere still aggregations of
lymphoid tissue eccurring in the submucosa and in some cases
extending througb the muscularls mucosa into the tunica pro-
pria, and even up as far as the surface eplithelium. The sub-
mucosa contains numerous very large blood vessels (Plate VI,
'Fig. A-4 and Plete VI, Fig., B- 4) The two muscle layers are
more clear iy defnned here, there being an inner circular layer
and an outer longitudinal layer, (Plate VI, Fig. A-6 and 7 and
Fig. B=5 and 6) both layers being composed of smooth muscle
celis. Here again there i1s a large amount of connective tissue
'separating the two layers of muscle, as well as the individual
muscle bundles within each layer.t The serosa covering the
surface was in evidence hene, and was‘observed to contain
large accumulations of fat cells and blood vessels.

FUNDIC REGIUN OF THE STOMACH

The epithelium of the fundic portion of the stomach
is also composed of tall columnar cells.

- The fundlc glands are branched tubular in form, and
have very much longer and thinner glandular portions than do
the cardiac glands (Plate VII, Fig. A-1). The glands are |
closely packed together, the reticular tissue of the tunica
- propria teing reduced to a thin layer between the glands. Two
different types ef cells appear to make un the fundic giands,
altnougn'these were not too well defined 1In the sections

observed, due probably to the angle at which the sections were
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cut. The two types of cells are known as the parietal and
chief cells. The chief cells are pyramidal in shape,-ccﬁfain
a spherical nucleus which is located toward the basal porfion
of fhe cell, andthelr cytoplasm appears to be filled ﬁith
nunierous smalimé;anﬁles (Appendix B, Fig. IV, A and B). The
" parietal cells appear triangular or spherical in shapé, ahd'
seem to be larger than the chief cells. They contain a fairly
. large spherical nucleus which is centrally located (Appendix
B, Fig. IV, A and B) |

The tunica propria is a thin layer composed of

léosely arranged fibroelastic connective tissué (Plate VII,;
Fig? B-2). There is ah extremely thick inner circular layef
of muscle, and a very thin outer longltudinal layer. -Both
layers are composed of smooth muscle and separated by means
of thick connective tissue septa. The outer serosa 1is quite
thick and in some place; cénfains small aggregations of.fat
cells. |

PYLORIC REGION OF THE STOMACH

The epithelium of the pyloric portion of the stomach
is of the talllcolumnar'type (Plate VIII, Fig. A-=1). The.
pyloric glands are about tihe séme length és‘the.cardiac'glands
and like them also .appear to contain only mucous-type cells
(Piate ViII,‘Fig. A-2.and”Plate VITI, Filg. B-1 and Appendix B,
Fig. V, A and B). The muscularié ﬁucosa here appears thicker
than in any othef portion of'the-stomaéh, énd a§ ment1oned
previnusly this 1s one place where 1t seems to be formed into

two or three very thin layers, running in different directions
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(Plate VIII, Fig. B-S), The submucosa is loosely arranged,
composed of fibroelastic connective tissue and contains
numeroué large lymph nodules (Plate VIII, Fig. A-5 and 6 and
Plate VIIT, Figs B=4). The two muscle layer§ are.quite
apparenﬁ here, althbugh the outervlongitudinal-layer appears
+t0 have increased considerably in size (Plate VIII,'Fig. A=7
~and 8). The serosa 1is observed to be quite thick and com-
posed of'a coat of loose fibroelastic connective tissue
"enclosed by a single layer of mesothelial cell§ (Plate VIII,
Fig. A-9). o

| INTESTINES

Klein (36) states, "the epitheliél cells of the
villl ére of fibrillar‘nature in the pig. 1In killed prepara-
tions the fibrils break up and give a uniform granular
appearance. Nuclel of epithelial cells of villl ars oﬁgl.
The epithelial cells lining the crypté-of'Liébérkuhn are
identical with those of the surface of the mucous membrane,
both as regards structure of cell substance and that of
nucleus. Differences are found only in size and shape of
nucleus." |

Comparing the epithellal lining of the crypts of
Lieberkuhn of the small intestine with that covering the
villi he states: | '

(a) "Epithelial cells of latter are longer (more
columnar)."

(b) "Nucleus of epithelial cells of villi is more
regularly elliptical than those in the crypts,
(they being circular)."
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Comparing the epithelial lining of the crypts of.
Lieberkuhn of the small intestine with those of large
/ intestine,he seys:

(a) "Epithelial cells are longer in latter than in
“former."

Klein further states, "the cells lining the glands
of Brunner resemble those of pyloric end of stomach¥ and
assumes that "there 1s a gradual transition of pyloric glands
into glands of Brunner in the duodenum."

BiZzozero In 1893, assumed that Paneth cells Were
young goblet cells.

- Moller (43) found that Paneth.cells occurred in
the intestinel glands of mouss, guinea—pig,.rabbit, 0x, sheep
and.horse. He found none in the pig, cat and dog, although
he regarded his failure to find them 1n the pig as due to a}
failure to fix the granules. He could find no transition
between Paneth cells and goblet cells. | |

Klein (37) stated that, "granule cells oceﬁpy the
deeper ends of the glands of Lieberkuhn." '

Bensley (10) discusses the question of similarity
of glands of Brunner and the pyloric glands from the stand-
polnt of the relative specialization of the stomach. He
points out, "this similarity was greatest In those animals,
"e.g. carnivora, Insectivora etc., in which the stomach 1is
primitive, and that speciallization of the stomach 1s accom-
panied by increase in the differences between the two groups

of glands."
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Florencev(24) found that in each species of
animal she.studied (pig énd calf), that thefe was a typical
- arrangement of the intestinal ljﬁphoid tissue, and in fhe
large intestine found glands in many instances associated
"'with the follicles. In the pig she found the follicles 1in
the colon to be solitary and scattered. They were found
to be more numerous 1n the_upper three quarters of the colon
than in the lowest one quafter. Glands were farely found to
be present in any of the follicles of the émall 1ntestine;'
The giands afe usually quite symmetrical in the solltary
follicles of the colon of the pig. The glands are qonspicuous
In the 1leocecal valve of bigs. This might suggesﬁ their
function to be the providing of an excess supply of mucous
where stoppage of the intestinal content is likély to occur.
THE SMALL INTESTINE (GENERAL)

The structure of the three main divisions of the
small intestine appeared to be quite similar. Tﬁere are
certain minor differences however, which will be discuésed
in detall. |

| Two structures which are characteristic of the
small intestine, the plica circulares (Plate X, Fig. A-l)A
and the villi (Plate IX, Fig. B-1l), were observed throughbut
its entire length. The»plica circulares»are permanent folds
formed hy elevations of the submucosa. They vary 1ﬁ height
;nd width in different pafts of the small intestine. The
villi are long, finger-like projections of the micous membrane,

and they vary in number and in height in different parts of
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the small intestine. They appear most numerous in the
duodenum (Appendix B, Fig. VI, A and B and Fig. VII, A ande).

Each villus consists of a supporting core, formed
by the upward extension of the tun*ca propria (Plate X, Fig.
B-4). Central vessels, or lacteals are observed in this
suppogting tissue. These lacteals have extremely thin walls,
and are of small dlameter. |

The epithelium forming the lining of the small
intestine, 1s composed of simple columnar cells, which rest
on a basement membrane formed of delicate fibers arising °
from the tissue of the tunica propria. (Plate X, Fig. B-1; and
Plate XI, Fig. B-1) |

There are a number of'cells in the epithelium of
the lin:ng of the small intestine which have a different
shape and staining reaction than do the eplthelial cells.
These are goblet cells, and are broad and oval-shaped, thein
mucous contents staining a defihite pink color. (Plate X, Fig.
B-3 and Plate XI1I, Fig. B-2)

One type of gland 1is general throughout the entire
leﬁgth of the intestine, namely the glands of Lieberkuhn.
(Plate IX, Fig. A-3 and Plate IX, Fig. B-2) Théy contain the
same typeé of cells throughout, exeept that goblet cells may
be more numerous in some places than 1n others. The glands
also ﬁary as to height and width, in different parts.ofithe

intestinal canal.



THE DUODENUM

The wall of the dusdenum 1is quite thick.

There abpeared to be very few plica eirculares in
the duodenum, and the few which were present were low and
broad. | |

The villil are extremely numerous in the duodenum,
and are broad and leaf-like. '(Plate IX, Fig. B)

The eplthellal covering islcompeeed of tall
columnar cells (Plate IX, Fig. A-1), among which are found
numerous goblst cells. These goblet cells were particularly
numerous over the tep of the villi, although they were also
observed in the sides of the crypts of Lisberkuhn.

There are two types of glands, the glands of
Lieberkuﬁn (Plate IX, Fig. A-3) and the glands of Brunner
(Plate IX, Fig. A-5). | H

The glands of Lidberkuhn are numerous. They extend
down only as far as the muscularis mucosa. .Paneth cells were
not observed. |

Brunners glands are also very numerous in the
duodenun, especially 1n the upper part. They are located in
the submucosa and are mucous-type glands. The glandular
tiséue is congregated.in large maeses throughout the submucosa.
The duets of these glands have -a wide lumen. ‘

The muscularis mucosa in the duodenum is very thin
and. is formed of a rather loose arrangement of smooth muscle
cells. (Plate IX, Fig. A- 4)

The submucosa is a thin layer of fibrous connective
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tiséue (Plate IX, Fig. A-5) which in most places is almost
obscured by the large congregations of Brunner's glands. A
number of very large blood vessels are supborted in the sub=~
mucoss (Plate IX, Fig. A-6). Meissner's plexus are observed
here.alsg.>. |

‘The muscularis Is composed of two layer§ of smooth
muscle, an inner circular (Plate IX, Fig. A-7) and an outer
longitudinal (Plate IX, Fig. A-8). The inner circular band
i3 approximately twice the width of the outer longitudinal.
They are separated by a thin connectlive tissue septa, 1n which
Auerbach's plexué occur (Plate IX,_Fig; A-9). These buhdleé
of nerve fibres appear very numerous. The outer longitudinal
layer of muscle is spirally arranged, so that it does not
present a true picture.of a cross section of longitudinal
muscle (Pléte IX, Fig. A-8).

There 1s a very thin serosa coveriné_the intestine
(Plate IX,.Fig. A-lO). It 1s composed of a layer of thin,
fiattened mesnthelial cells, under which is found a layer of
interwoven fibrous connective tissue, with numerous cellular
elements being present. There are numerous blood veésels
in this connective tissue.

| J EJ UNUM

The wall of the jejunum appears to be thinner than
that of the duodenum. From the inner mucosa to the outer
serosa each layer 1s very much reduced 1n slize. -

The plica circulares are still present, but are no

-more numerous here than they were in the dundenum. They are
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more fully developed however, being tallef and thinner in
structure (Plate XII, Fig. B).

The villi are very tall and finger-like (Plate XI,
Fig. B-2 and Plate XII, Fig. A-1), and in the upper part of
the jejunum are as numerous as they were in the duodenum.

There is only one type of gland in the jejunum,
the glands of Lieberkuhn (Plate XI, Fig. B-3). The crypts
are similar to those found in the duodenum, except that they
are much shorﬁer due to the reduction in the thickness of the
mucoéa. There are no_glénds in the submucosa.

Here, as 1in the auodenum, the muscularis mucosa 1s
extremely thin, and 1s composed of smooth muscle cells.
(Plate XIV, Fig. A-é) _

The submucosa gPlate XI? Fig. B=4 and Plate.XIII,'
Fig. A-4 and Plate XIV, Fig, AQS) is a very thin layer of
. fibrous connective'tissué which contains:many biood vessels
(Plate XI, Fig. B-7) as well as bundles of neéve tissue
(Meissner's pléxus).. There are patches of lymphoid tissue 1in
the submucosa, extending in some places into the over-lying
layers. of tissue almost to the surface of the epithelium.
(Plate XIII, Fig. A-2)

_ Thé mascularis 1is composed of two layers of smooth
muscle, an lnner circular (Plate XI, Fig. B-5 and Plate XIII,
Fig. A-5 and Plate XIV, Fig. A-4) ahd_an outer lbngitudinal
(Plate XI, Fig. B-6 and Plate XIII, Fig, A-6 and Plate XIV,
Fig. A-6) with the inner circular.étill belng approximately

twice the width of the outer longitudinal. The muscle layers
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are separated with a thin connective tissue septa (Plate XI,
Fig. B9 and Plate XIV, Fig. A- 5) containing nerve plexus.
(Auerbach's) (Plate XITI, Fig. A=7). Their distribution is
quite regular around the circumference of the Jnjunum.

. The serosa 1is similar to that covering the duodenum
(Plate X1, Fig. B-8 and Plate XIV, Fig. A-7),

THE ILEUM

The ileum presents the saue structure throughout
‘as the jejunum, although in the ileum the various layers
‘appear about as thick as the corresponding ones in the
‘euodenum. The major difference is in the amount of lymphoid
tissue present. The plica circulares in the ileum are terj
tall and thin (Plate XVI, Pig. A-2).

The lymph tissue present 1s gathered together into
lymph nodules which are known as Pejer's patches (Plate XV,
:Fig. B-1, and Plate XIV, Fig. B-9 and Appendix B, Fig. VIII).
They are large, oval-=shaped and exceedingly numerous, as many
as efghty of these individual nodules having been counted in
. one cross section. They are more numerous toward the lower
part of the ileum. They are found packed closely together
just below the muscularis mucosa. Fach nodule 1s enveloped
with a capsulerof fibrous connective tissue, which appears
to be merely a thickening of the connective tissue composing
the submucose (Plate-XV, Fig. B-2 and Plate XIV, Fig. B-10).
The submucosa lies directly beneath the nodules and comes in
intimate contact with them (Plate XV, Fig. B-3). The sub-

mucosa contains an unusually large number of blond vessels of
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all sizes (Plate XV, Pig. B-4 and Plate XVI, Fig. A=-3). TQére
is a congiderable amount of diffuse lymphoid tissue found in
and around these nodules, especlally in the mucoSa_and in and
around the cells of the epifhellum (Plate XIV, Fig. B-11).
Some of the patches extend up intoAthe over-lying mucosa,
and in some cases obliterate the epilthellal cells. The |
nodules only occupy about three quarters of the circumference
of the intestinal wall. The remaining one quarter, which
contéins no nodules at all, 1s the part of thé intestine to

which the mesentery is not attached.

THE LARGE INTESTINE (COLONY

The colon is of'large diameter and the walls aré
‘quite thick.

There are no villi present in the large intestine.
(Plate XVII, Fig. A and Appendix B, Fig. IX, A and B)

Ths 2spithelisal covering is of simple coiumnar
cells resting on a thick layer of réticular tissue which
compriées the tunica propria.

There are glanas of Lieberkuhn present which are
larger than thosg of the small intestlne and do not appear
to bs as closely packed (Plate XVII, Fig. A-1). Goblet cells
can be detected in the wails of the giands toward the upper
end,nand there appears to be only very few among the cells of
the surface eplithellium.

. The muscularis mucosa is more fully developed here
than it is in the small intestine (Plate XVII, Fig. B-3 and

Plate XVIII, Fig. A-4)..
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The submucosa is a fairly thin layer composed of
fivrous connective tissue, ahd is similsr to that described
for other parts of the alimentary canal (Plate XVII; Fig.
A-4 and Plate XVIII, Fig. A-5). |

The lamina muscularis is composed of the same two
lsyers, an inuer cifcular (Plate XVII, Fig. A-5 and Plate
XVII, Fig. B-2) and an outer longitudinal (Plate XVII, Fig.
A-6 and Plate XVIT, Fig. B-S). The circular layer is ﬁell
develop=ed and.aé in the small intestine there is a connective
tissue septa separating the two bands, in which Aﬁerbach's
plexus is evident. (Plate XVIiI, Fig. A=9Q)

- ‘The outer longitudinal muscle layer is not uniform
arnund the entire circumfersince of thé intestine,.but is
gathsred together into three bands, known as the Taenia Coli.
(Plate XVII,iFig. A-6 and Plate XVII, Fig., B-3) The long-

ﬂitudinal muscle fibers between the taenia sre reduced to a
thin layer. The three bands of muscle cause the submucosa
to be thrown into a number of folds resembling the plica
circulares; but these are called plilca semilungres.

There are large aggregations of fat cells found
between the serosa and the taenia coli (Plate XVII, Fige 4-7
and Plste XVII, Fig. B-5), 1In association with these areas
of fatty tissue, are large groups of blood vessels and nerves.
(Plate XVIT, Fig. B-4)
CAECUM
The caecum has the same genersal structure as the

colon, except for,6the fact that a few Peyer's patches were
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observed in the submucosa; especlally that part closest to
the i1leo-cecal junction. |
RECTUM

The walls of the rectum are quite thick in compar-
ison with the walls of the rest of the alimentary canal.
(Plate XVIII, Fig. B).:

There are no villl present, but thefe are still a
few invaginations of the submucosa making up 10ngitudinal
- folds. _
" In the upper part of the rectum the epithellal
covefing i1s composed of simple columnar cells while towards
the anus this gradually changes to a stratified squamous type.

_ The tubular-shaped glands in fhe mucosa (Plate XVIII

- Fig. R-1 énd Plate XIX, Fig. A-2) are shorter and broader
than those in the colon, and contain a large number of goblet
Acells up and down their length. -

The muscularis mucosa ié.fairly evident here agaip,
(Plete XVIII, Fig. B-2) forming a comparatively wide band of
'smooth muscle fibers. )

The submucosa is ‘thin, rather loosely érranggd and
supports numerous blood vessels, nerves and also the odd
| solitary lymph node. (Plate XVIII, Fig. B-3 and Plate XIX,
Flg. A-1) |

The eircular muscle layef is approximately of the
same thickness as in the other part of the alimentary canal
(Plate XVIII, Fig. B-4), and here the.longitudinai muscle has

increased in size until it is as thick as the circular layer
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adjoining 1t (Plate XVIII, Fig. B-5). There 1s.a thicker
septa of connective tissue separating thése mugcle layers
(Plate XVIII, Pig. B-6), and 1ﬁ is continued around the
bundles of longitudinal muscle fibers. The longitudinal
muscle fibers form a continuous layer about the wall of the
fectum.

There is a thick, but loose connective tissue
sheath exterior to the iamina muscularis, and this sheath
cdntains numeroﬁs large blood vesselé, as well as numerous

aggregations of fat cells. (Plate XVIII, Fig. B-7)

SUBMAXILLARY GLAND

The gland 1s covered by a capsule @f dense fibrous
connective tissue (Plate XX, Fig. A-7). It is divided into
pnumerous lobes which are supported by én 1nterlobulér fibrqus
connectlve tissue arising from the connective tissue capsule
cbvering the gland (Plate XX, Fig. A-8). in this connective
tissue are found the different excretory ducts.

The gland appears to cOnsisf'almost entirely of
mucousétype cells (Plate Xi, Fig. A-1 and B-1), although a
few serous type cells are In evidence (Plate XX, Fig. A-2).
The mucous cells are arranged in small groups about a émall
opening or lumen, are pyramidal in shape, and have flattened
basal nuclel. The serous cells are sometimes iﬁ small groups,
and sometimes arranged in small demilunes around a group of”
mucous cells. They are oval in shape, have deep stasining,

central rounded nucleil, and appear to contain granules in the

. cytoplasm.
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The large branches of the excretory ducts are
. lined with columnar epithelium. (Plate XX, F1g. A-3 and B-3)

The interlobar ducts, lécated in the broader |
connective tissue septa between the lobes, are lined by
stratified columnar epithelium. (Plate XX, Fig. A-4)

The interlobular ducts, located in the connéctive
tissue septs between the lobules, are lined b& simple
columnar epithelium. (Plate XX, Fig. A-5 and B=4)

| The intralobular ducts, located within»the lobules,
~are lined 5y & low columnar or cuboldal epithelium. (Plate XX,
Fig. A-6 and B-2)
SUBLINGUAL GLAND

As in the submaxillary gland, the sublingual is
covered by quite a thick capsule of dense fibrous connective
tissue. (Plate XXI, Fig. A-5)

The glaﬁd is also divided into numerous lobes,
which are supported by fibrous connectlive tissue arising
from the cohnéctive~tissue capsule, and in this gland this
connective tissue septa dividing the glands-into lobes is
fairly dense. (Plate XXI, Fig. A-3)

This gland, like the submaxillary, 1is also composed
chiefly of mucous acini (Plate XXI, Fig. A-1 and B-1), but
there are quite a few more serous cells present as well. Thé
demilunes of serous c¢ells in association with mucous cells-
were much more evident here than in the submaxillary gland.
(Plate XXI, Fig.‘A-Z and B-é)

There do not appear to be any internediate ducts,
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but numeroﬁs intralobular ducts exist and these are lined
with a low columnar or cuboidal epithelium. (Plate XXI, Fig.
A-4 and B-=3) | |

THE PAROTID SALIVARY GLAND

The parotid gland is also covered by a very thilck
capsule of dense fibrous connective tissue (Plate XXII, Fig.
A=1). It appears to-be of about the same thickness as the
capsule covering both the sublingual and submaxillary glands.
The body of the glaﬁd is divided 1nto numerous lobes and lob-
ules, and these are supported by a dense interlobular fibro-
elastic connective tissue, which again appears to arise from
'the connective tissue capsule coyering the_gland. (Plate
XXII, Fig. A-2) 1In these sépta of connective tissue are
located numerous excretory ducts. (Pléte XXII,; Fig. A-4)

This gland appears to consist entirely-of serous
acini (Platé XXII, Pig. A-3), no mucous. cells having been
observed. The cells composing the acini are arranged
similarly to thése.composing the acini invthe other two
salivary glands. Howeverithe cells differ, in,ﬁhat they are
large and ovél-shaped, with centrally located nucleil and
contain granule§ in their cytoplasm. Thesse cells are arrangéd
around extremely small lumen, which can only be obsefved in a
very féw cases, due to thelr minute size.

The largest.ducts found in the gland are lined with
stratified columnar epithelium. (Plate XXII, Fig. A-4) |

The interlobar ducts are lined With simple colﬁmnar

cells.
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Sedretory ducts, which are observed occurring with-
in ﬁhe loﬁuiés, are also lined with columnar epithelial cells.

‘'Very small intercala'ted ducts, which are divisions
of the secretory ducts, appear to be composed of cuboidal
cells. ‘

ﬁ The whole field présents a uniform appearance as
regards the secreting cells, a condition which is not apparent
in either of the other two salivary glands.

| THE LIVER

| According to Mall (42) Wepfer, in 1664, was the
first to describe lobules in the 1iver of the plg and two
years later they were described by.Maipighi who gave them
. their name. Mall also stated that Kiernan in 1844 maintained
that the ;onnective tissue coverirg the 1iver forms a distinct
capsule.

Johnson (33) studied the microscopic structure of
the pig's liver extensively, and arrived at numerbus con=-
clusions. He stated that, "up until late fetal 1ife the
lobules of the pig's liver are fused, and form a continuous
' mass of 15ver cells. Tt 1s 1n stages just prior to birth that
any evidence of a segmentation of the liver parenchyha
becomes apparent, and the completion of the formation of
connective tissue septa is not fullj aééomplished until
several months after birth. There appears to be an increase
in the number of lobules in the pig's liver even after the
connective tissue septa are formed, larée 1obﬁ1es splitting

up to give additiohal lobules. In sections one finds evidence
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of this in’incomplete septa." He also states that, "in size,
the lobules present great variations within the same liver,
soime being five to six times as large as others."

Johnson (35) states that in 1842 Weber called~
attention to the fact that the lobules ofAthe human liver were
not separated, as are those of the pig. Johnson says, "thev
form of liver lobules 1is variable. In general they are
irregular polyhedrous of a varying number of sides, borders
‘and,angleé. The bhorders may be.either sharply marked or
rounded; while the gngles formed by thé union of the bordsrs
may vary from sharpely acute to greatly obtuse."

Johnson further séys, "the lobules 1n young stages
of the pig, amongst them.sﬁages in which the lobules are just
beginning to be marked off.frém one another, likewise show
but ‘very few regularly-sﬁaped lobules. The sfatement that
the lobules of the big's liver are completely separated from
one another by connectlve tissue sepﬁa is ﬁrﬁe of the majority .
of lobules, ‘but will not hold for a large number. Septa do
not grow completely across lobules in the developlng liver,
The size and number of lobules varies greatly."

Johnson (32) states, "the pig's liver does not
show indications of dividing septa until about birth, and
the connective tissue septa are not definite until about the
second month o;»postnatal 1ife. The multiplicabion of lqbules
continues iong after birth. 1In é pig of four days the llver
shows cells baing coarsely granular and sfaining deeply. The

lobules are in most places marked out by the afrangement of

-
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their border célls. Radial arrangement of liver cells 1is not.
itoo we}l marked at four days,'but becomes increasingly more
definite in livers of plgs of one, two and threé weeks of age.
After birth Glisson's capsule becomes thicker and continueé
to augment.in étrehghh until the adult stage. There are
numerous compound lbbules in the pig's liver. The connective
tissue septa play no active part in the formgtion of lobules.”
The liver is covered with a fairly thick membrane

composed éf connective tissue fibers this covering being known
as Glissop's capsule (Plate XXIV, Fig. B=-7). This sheath of
connective tissﬁe runs into thé body of the liver and sep-
arates it into lobules. (Plate XXIII, Fig. B=3 and Plate
XXIV, mga B-6) | |

_The liver cells are large polyhedral cells having
no definite cell walls, and possessing a central rounded
nucleus. The cells are arranged in branching and anastamosing
rows or cords radiating from a central veiln, to the periphery
of the lobule (Plate XXIII, Fig. A-1 and 2 and Plate XXIV, Fig,
A-1 énd 3). There are spaces between the cords known as
hepatic sinusoids which are comnected with the central velns
of the lobules (Plate XXITII, Fig. A-3 and Bfﬁ end Plate XXIV,
" Fig. A-4 and B-4). Two different types of endothelal cells
were observéd 11ning the hepatic sinusoilds. One type is thin
and flat, witﬁ a flattened deeply staining nucleus and the
other type have a larger more oval-shaped nucleus and do not
appear as numerous as the first type cell. The second type

cells correspond to the cells of von Kupfer in the human, and
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are thought to have a bacteria; arresting action, and thus be
phagocytic in nature. These enégfhelial cells do not form a
cbntinuous layer 1in the sirusoldal walls, but are separated
from one another._- | |

A very noticeable point régarding the livér was
the amount“bf connective tissue dividing it into lobules. 1In
the liver of the five week old pig very little comnnective
“tissue was found separating the hody of the liver Into lobules
(Plate XXITII, Fig. A and Plate XXIV, Fig. A), while in the
liver of the'sixteen week 0ld pig this connective tissue »
formed a very definité capsule around each lobule (Plate XXIII,
Fig. B-3 and Plate XXIV, Fig. B-6). Also the lobules of the
liver of the sixteen week 0ld pig were somewhat more regular
in size and shape than were those 1n the liver of the five
week 0l1d pig. (Plate XXIII, Figs. A and B)

PANCREAS

Gibbhes (27) found accumulations of cells between
alveoli which were distinct from élveolar cells in dog, cat,
guinea-pig,and ape. He found them to be amongst the alveoli
in contact with them, but not to be mixed iIndiscriminately
with them. in some parts, he réports, "there 1s a trace of
fine connective tissue on their periphery, but nothing like a
distinct capsule separating them from the surrounding alveoli."
"Bach accumulaﬁion," he states, "consists of a number of poly-
hedral cells, each cell ha%ing a distinct nucleus, this
nucleus being of irregular shape and staining ﬁery deeplj."

He found the different'alvedli to be separated by fibrous
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trabeculae, cbntinuous with the outer sheath.

In the hﬁman, Opie (48), states, "the islands are
composed of polygonal cells arrangéd in irregular columns.
The cells are of epithelial type and have the same origin as
those of the ducts and secretling acini with which, at an
early perind of development the cell columns are in continuity.!
He found that the lumen of the ducts does not penetrate among
the cells of the islands, which is then, he conciﬁded, "not
concerned with the elaboration of the pancreatic juice."

Dale (19), in the historical description in his
paper stated that, "Langerhans 1ﬁ 1869 first deécribed in the
pancreas of the rabbit, certain roundish areas of tissue,
regularly distributed among the Qrdinary alveoll, coﬁsisting
of small cells, polygonal in outline, with homogeneous cell
substance and round nucleil without nucleoli."

Dale (19) stated that "Von Ebner cbuld find no
trace of lumen 1n the islets.” Hé:fufthef states, "as a rulé,
but.especially‘in man, the islénds are surrounded by a
connective'tissue sheath, which may be interrupted in places
so that 1sland cells and acinal cells are in immediate con-

tact." | | |

Some early investigators (Lewaschew, Dogiel,
Pischinger, Mankowsky, Statkewitsch) beiieved the 1slet cells
to be alveolar cells which had been altered by fatigue, and
supposed they were reconverted into a;veolivduring rest.

‘In his work with the rabbit, cat and dog Dale (19),

found that among the deeply stalned alveolil of the pancreas
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the islets stand out cléarly, relatively pale. He also statés
that, "the 1islands consist of irregular polygonal cells
(pale, with purple nucleil and nucleoli)." A few nuclei he
found to be 1rfegular, shrunken and deeply stained. He
found the islets to be most abundant in the.rébbit and least
~abundant in the cat. - ' ’

In the'vertebrates,fDewitt (20),.stétes that,
"island celié are polyéonél-éhaped, the nuclei being ellipsoi-
. del and shﬁ@ing a fine chromatin network and nucleoll which ,
are never so large as those of the glandular cells." She
states, "that in genersl, areaé of Langerhans of'very similar
structure occurred in all species of vertebrates examined."
In all species they consiéted of cords or masses of eplithelial
cells. |

Lane (40) described two types of cells making'up
the 1slands of Langerhans in the guinea-pig, both types
containing a granular substance which was precipitated in
Qifferent ways. Also he reports the fixation of both these
types of cells to be poor, if saturated picric acid is used,
He describes ﬁhe "A" cells as being large, with an ellibtical
nucleus, élthbugh frequently circular. It 1is vesicular, large
‘and the chromatin content is very small. The "B" cells appear
smaller and more numerous, containing many granules. The
nucleus in thése is centrally placed, smalier than those in
_"A", circular; less vésicular, and contains a large amount
of chromatin. 1In conclusion he states that "A" and "B" cells,l

may be two different phases of the same'typé-céll.
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In his work on the pancreas of the pig, Corner (15)
reports, "éhe fresh pancreas of the‘pig-presents an 1rreguiar
surface which gives at first thg 1mpré§siop of belng divided
into lobes," In a sectioned lobule he noticed that it was
divided off into smaller divisions by fine septa of areolar
tissue. "The islands of Langerhans," he states, gre
surrounded Sy a slightly condensed stroma;v In the pancreas
of the pig he found the number »of islands in one unit to vary
(none, one, two, three, or more). ' '

A O'Leéry (46) reports that, "in mice the islets are
composed of spherical or ovoid masses of closelyvpaéked cells."
In Tiving preparations he found columnar cells predominating,
alth5ﬁgh'pol§hedral cells are. frequently found. Roughly
polyhedral or columnar cells were found to 5e by no means
unusual. The round or slightly oval nucleus was reported as
being eccentrically placed in the cytoplasm,

This gland 1s covered with a layer of loosely
arranged céhnectiQe tissue. The fibers of this tissue appear
to form quite a definite capsule around the gland. Connective
tiséue septae, or. trabeculae, extend down into the body of the
gland from this outer connective tissue covering. These
trabeculae appear quite broad, and the connective tissue con=-
posing them is loosely arranged. (Plate XXV, Fig. A-4)

The cells making up the acini of the pancreas are
of the low columnar type, having deeply staining, rounded
nuclei. The pancreas greatly resembles the sallvary glands

in general.strdcture, except that the septae are broader and
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the connective tissue of which they are composed, is more
1oosely arranged, than in the.salivary glands.

There are areas of lighter staining cells 1nvthe

pancreas found both 1in the substance of the gland as well as
in the connéctive tiséue of the septa,”and these.are the
islands of Langerhans (Plate XXV, Fig, A-3). The 1slands vary
greatly in size,ithe smallest consisting of only a few cells,
the largest being easily visible,\oﬁgpg to the large numpért
of cells of which théy are composed;‘ There do not appear to
be any ducts in the islands. There 13 a very thin layer of
connective tissue surrounding the islands' and this tissue
gseems to separate the islands from the pancreatic tissue proper
in some blaces, while 1n other places the cells of the pancreas
appear to come in direct contact with the island cells.
(Plate XXV, Fig. A-2)
. .At least two different types of cells are easily
distinguiQhed in thedislands; Ohe type have a very large
round and light staining nucleus, which in most cases contains
more than one nucleolus. Cells of this type appear fewer in
number than cells of the second type.

| The second type of islet cell differs from type one
by qontaining a much smaller and deeper staining nucleus.
These are more numerous than the first type of cell.

| An additional t&pe of cell was observed 1in one or
two 1sland§, and these contained a much flattened, dark-
staining nucleus. Whether these cells are distinct'types, or

~ whether they are merely different stages of one or both of the
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other two types, cpuld not be determined.

The pancreas 1s richly supplied with both Blood
vessels and nerves.
| SUMMARY =

A microscopic study of the digestive tract with
1ts appendages was made on the pig.

The wall of the digestive tract was composed of the
follbwing layers: a mucous membrane comprised of an inner
epithelial 1lining, & tunica propria and a mﬁscularis mucosa;

a falrly thick submucosa; a lamina mugcularis composed of an
Inner circular layer and an outer longlitudinal layer; and an
outer adventitia or serosa depending on the organ's location.

The epithelium of ﬁhe mouth is thick stratified
- squamous eplithelium. The body of the tonguelconsists entlrely
of striated muscle, which is surrounded by a submucosa, the
whole being covered with a thick stratified squamous epith-
elium. There were very few papillae observed on the tongue.
All of the salivary glands were similarly construcped, wlth
the acinl of the subﬁaxillafy-and sublingual glands contalning
-chiefly mucous-type cells, while the barotid acinl were
entirely serous in nature. |

A muscularis mucosa was found to be present through-
lvout the entife oesophagus, although it was much thinnper in the
upper than in the mid and 16wer portions of the oesophagus.
Numerous mucous-type glands wereifound in the submucosa.of the
oesophagus, but cafdiac’or superficial glands could not be

demonstrated.
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The stratified squamous epithelium of the oesophagus
-was continued into the oesophageal portion of the stomach but
then changed into simple columnar epithelium at the junctim
of the oesophageal and fundic portion of the stomach. The
epithelium then continues as simple columnar as far as the
anus. Three gland regions were .demonstrated in the stoﬁach.
The carﬁiac and pyloric gland regions of the stomach con-
tained one type of cell onlj, while the fundic gland region
contalined two different types of cells. A serosa forms the
outer covering of the digestive tract, from the stomach to the
anus. |

The small intestine was characterized by villi and
plica éirculares. Brunners glands were observed in the
duodenum, and an extremely large'ﬁumber of Peyer's patches
were observed in the'ileum. Numerous gohblet cells were
observed in the epithelial lining of both the large and small
intestines. These goblet cells were most numerous in the
'cnlén and rectum. The inner c¢ircular muscle layer of the.
lamina muscularis is approximately twice the thickness of
the outer longitudinal muscle layer from the duodenum to the
rectum and here the outer longitudinal muscle layer has
increased in size until it 1is aimost the same thickness as the
inner circular layer.

The large Intestine is characterized by having né
villi, but there are still a few invaginations of the sub-
mucosa making up longitudinal folds. The muscularis mucosa

is much thicker in the large intestine than in the small
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‘intestine. -
The liver and pancreas were both similar in
'1structure to those of mammals. It is worthwhile to note
however that in the liver of a very young pig the lobules are
not completely séparated by connective tissue septa, while
in the liver of an older pig the lobules are completely

separated by fairly thick connective tissue septa.
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GLOSSARY OF TERMS

Adventitia - The outermost covering of any oargan or structure

which 1s properly derived from without and does not form an-
integral part of such organ sr structure.

Collggen - An albuminoid present Iin connective tissue, boﬁe
and cartilage; on boiling with water it 1s converted into .
gelatine. |

Cornificati5n - Conversisn into horn or a horny substance or

tissue.
Demilune - A crescentic cell.
" Follicle - A minute circumscribed mass of lymphoid cells in

the mucous membrane.

. Goblet Cell - An epithelial cell which has been distended
with mucin. | &

Lacteal - One of the lymphatic vedsels in the mesentery,
coﬁveying chyle from the intestine. |

Lamina - A thin plate or flat layer.

Lymphoid Tissue - A tissue composéd of a connective tissue

framework containing lymphoid cells in its meshes.
Mucosa - Mucous membrane.

Mucous glands - Glands secreting the clear viscid secretion,

muacous.

Mucous Membrane - A membrane secreting mucous, which lines
passages and cavities communicating with the exterior.

Muscularis Mucssa - A layer of unstriped muscular t1ssue

in mucous membrane.

Papilla - Any small nipple-like process.
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‘Plica = One of severallanatomical structures in which there

is a folding over of the parts.

Plica Circularis - (Valvulae Conniventes) Une of numerous

folds of the mucous membrane of the small intestine, running

transversely for about two-thirds of ‘the circumference of

“the gut.

Plica Semilunares « QOne of the folds found in the mucous

membrane of the large intestine corresponding to plica
circuleres in the small intestine.

Septum - A thin wall dividing two cavities or masses of

'softer tissue.

Serosa = Serous membrane, especially the serous or peritonesal

) coat of the intestines.

54

Serous glands -« Glands secreting the clear watery fiuigd,
serum.

Stratum Corneum - Horny layer, the outer layer of- the

epidermis, consisting of several layers of flst keratﬁnized

non-nucleated cells.,

Stratum Germinativum - Germinative or malplighlan layer.
Stristed - Striped or marked by strise. A
Squamous - Squamate, sduamosal, scale=-l1ike, scaly; relating
to or covered with scales.

Submucosa - A layer of tissue beneath a mucous membrane.
Taenla - Any anatomical band=11ike structure.

Taenia Coll = Une of the three bands in which the longitudinal.

muscle fibers of the large intestline, except the rectum, are

collecfed.
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Tunica.~ A coat or tunic; one of the enveloping layers of a
part, especially one of the coats of a blood vessel or other
tubular structure.

Tunica Propria - The speéial envelope »f a part as

distinguished froﬁ the peritoneal or other Investment common
to several parts.
Villus - A minute projection from the surface, especlally of

a mucous membhrane.
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APPENDICES

APPENDIX A

I KILLING THE ANIMAL

The removal of small pieces of tissue from the
different regions of the digestive tract of the five week o0ld
pig was attempted'while the animal was under a general anaese
thetic. As an anaesthetic a chloral hydrate solution was
used, and was injected intravenously. However durihg the
removal of certain of the tissues, a 1arge‘ar§ery was severed,
ahd/the pieces of tissue which had not yet been secured were
removed as rapidly as possible following death. No alteratioh
of any cells, in the tissues examined, were obéerved, so it
was presumed that autolysis had not set in. |
I1 FIXATION

Immediately on removal of the small plieces of N
| tissue, they were put into 20-3C times théir'voluwé of fixing |
fluid. | |

Bouins' solution was used, and coﬁsists 6f the
following:

Saturated aqueous solution of pilcric acid 75 parté

Formaldehyde E 26 "

Glacial acetic acid _ 5 "

The pleces of material reﬁained in this solution
for 18 hours only.

ITIT WASHING
Washing is the name applied to th;t process of

removing from a plece of tissue excess chemicals retained from
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the fixing fluid, in this c;se picric acid. The tilssues were
washed in 70% alcohol, until most of the yellow color of the
picric acid had disappeared.

IV DEHYDRATION

The purposes of dehydratlon are,Afirst, to freé
the tissue of water as completely as possible by replacing it
with a medium that 1s miscible with the clearing agent and,
second,vto continue the process of hardening to the proper
consistencyAfor section cuttling, -

" The tissue'blocks wére passed through a series
of alcohbls of increasing strengths: 30, 50, 75, 95, (2
changes). Since the sizes of the blocks of tissue were a
little larger than 1s recommended for most Histologlcal
work, they were left 1in each‘of thé abdve‘étrengths of
alcohols for 24 hours, in order to insure complete dehydra-
' tion. The extent of dehydration increases as the strength
of alcohol incréasés. The absolute alcohol is mliscible with
the clearing agent, in this casse Toluol., .
‘V CLEARING ‘

The blocks of tissue were transferred from absolute
alcohol to toluene (2 changes) untll they become semi-
trahsparent. The purpose of this clearing is to replace the
absolute alcohdl with a medium that is perfectly miscible
with the melted imbedding medium, in thié case "Tissuemat“..
If left too long in toluene however, they will become brittle.

VI INFILTRATION

The jérs of toluene containing the tlssue blocks,



“53=
were placed in an embedding dven-for'a short time (15 mins.),
In order to warm the tlssues prior to their being placed in
melted "Tissuemat" (a substance very similar to paraffin,
used for infiltration and embedding). The pleces of tissue
were then transferred to melted "Tissuemat" in the embedding
oven, which was regulated to maintain a temperature of 57
degrees C., since the "Tissuemat" had a melting point of 52-
54 degrees C. The tissue blocks remained in thils melted
"Pigsuemat" in the.embedding oven for 6-8 hours,
VII EMBEDDING

. In order to embed tissues 1t is helpful to have a
) metal plate and two lead L's, to make up the bottom and sides
of the embedding box.

"Enough melted "Tissuemat" to considerably more
than cover the block of tissue is poured into the boat. With
-warmed forceps, the tissue is rapldly transferred from the
iast "Tissuemat" bath to the boat, and oriented as desired.
The boat 1s then immediately lowered into very cold or ice-
water until the water-line is very close to the top. It is
held there steadily until there 1is formed o?er the cooling
"Tissuemat" a surface film that is tough enough to resist
erupting of the still melted "Pissuemat" in. the interior of
the block. The boat 1is then completely immersed in the water
and left for an hour or so to permit the "Tissuemat" to
completely solidify.

| The blocks of tissue are now ready for immedlate

use, or they may be kept for an indefinlite period of time, if
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stored at the proper tempefature to prevent the "Tissuemat"
from melting (50 degrees C. or below).
VIII MOUNTING BLOCKS ON MICROTOME DISC

The top of the "Tissuemat" block is trimmed neatly
in fectangular form, with enough "Tissuemat" left around the
tissue to form a frame for the section of tissue after
cutting. |

The metal microtome disc 1s warmed slightly and
the base of the block is applied to this warm surface, until
the block adheres. The block and disc are then either
- plunged into cold water or put in a'refrigerator for a few
minutes. |

IX CUTTING SECTIONS

The disc is placed in the microtome so that the
broader edge of the block 1is ﬁarallel to the knife edge. The
knife 1is set at an angle sufficient to permit cleafaﬁca for
- the block after the section 1s cut. The _screws holding the
object disc and 1ts!' mounting are now tightened and the
féed regulator is set for the desired thickness of sections
in microns (10 u.). |

When cutting 1s begun 1t will be noted that each
gsection remains in contact with the knife-edge, and that
successive sections adhere to form a continuous ribbon. A
camels' hair brush, or some such suitable object, is used to
guide the ribbon away from the knife,

All sections for this study were cut at a setting

of 10 u.
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X AFFIXING SECTIONS TO SLIDES

Slides should be thoroughly cleaned before use by
'using a -standard cleaning solution, washing in tap water,.then
‘distilled water and finally rinsing in~95% alcohol and drying
in air. | . |

Two different affixative's were used, namely Mayers'
albumin and Haupts! adhesive. These solutlions are prepéred
and used as follows: -

(a) Mayers' Albumin

The white of an‘egg is beaten 1lightly and poufed
into-a graduate. After a few hours the foam 1s skimmed off
and the remainder is filtered by suction. An equal volume
of'glycerin 1s added to the filtrate and mixed thoroughly.

A crystél of thymol is added as & preservative., This
solution 13 used as follows:-

A very minute quantity.is applied to a clean slide
ahd‘spread evenly over the slide with a clean finger. Then
several drops of distilled water are placed on the slide and
the sections are floated on this, smooth side down. The
slide is then warmed gently to flatten the sections,.after

which the excess water 1s removed and}the»slides placed in
a drying ovem with the temperature regulated at 37 degrees

C., for 12-16 hours.

(b) Haupts'! Adhesive
' Dissolve 1 gr. plain Knox gelatin (pure, finely
divided) in 100 cc. distilled water at 30 degrees C. When

completely dissolved add 2 gr. phenol crystals ahd 15 cc. C.P.
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glycerin. Stir well and filter. A 3-4% aqueous solution

of formalin 1s used in conjunction with this. This solution

is used as fol1ows. | |
The procedure is the same. as with Mayers', except

the sections are floated on the 3-4% solution of formalin in

place of diétilled water. The mounted slides ére placed 1in

a drjiné ovén together wilth a watch glass or two of full

strength formalin. The fumes of the formalin assist in

coagulating the gelatin.

XI DEPARAFFINING, HYDRATING AND STAINING

Ten slides were handled at one time during this
process. . | |

The paraffin is dissolved from the sections by
1mmersing the slides in Toluene for about one minute, and
then in a mixture of toluene-phenol (1/5 by volume phenol)
for one minute. The slides are withdrawn and held so that
their lower ends fouch a blotter of some sort to absorb excess
fluid. It will not be mentloned hereafter, but the‘following
points are 1mportant° (a) The slides should be drained of
excess fluid,. as described above, after withdrawal from sach
'reégent, and (b) neither here, nor at any place in the
entire remaining procedufe, should the tissue be permitted to
dary.

The slides are then passed "down" through the
alcohols, consisting of 95%, 95%, 70%, 50%, 30%, then into
distilled water, and should remain in each of these solutioné

for two minutes. The last step above of placing the slides in
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distilled water prior to staining'with Haematoxylin, need not
necegsarily be employed.

The slides ars now tfansferred to Harris' Haema-
toxylin and‘remain in this stain from 3-5 minutes, depehding
on its' strength. ' \‘ |
Stock mixture of thls stailn 1s prepared as follows:
- Dissolve 20 grams of»ammonium or potassium alum in 200 c.c.
~of distilled water, by heat. Add a solution of one gr.
haematoxylin dissolved in 10 c.c. alcohol. Bring the mixture
to a boll as quickly as possible and then add % gr. HgO. The
solution becomes dark purple. A$ soon a8 thils occurs,

. remove the'vegsel containing the stain from the flame; and
cool by plunging in cold water. Filter and use as snon as
cold or when desired. This solution "ripens"‘with age. The
. above solutlon can elther be used full Strength, or dliluted

to £ strength with distilled water.

XITI DIFFERENTIATING

The slides are removed from the Harris'! Haematoxy-
1in and washed in tap wéter for a few minutes. It is now
necessary to extract_some\of tﬁe Haematdxylin stgin from the.
cytoplasm, in order ﬁo enable one to distinguish cytoplasm
- from nucleus,.éince the cytoplasm has taken ﬁp<so.much of the
Haematoxylin, that differentiafion at this/point is difficult.‘

This 1s accomplished by immersing the slides in
ecid alcohol (70% alcohol, 300 c.c.; HC1l 1 c.c.) for about

one minute, or untll the instant the color of the tissue

changés-from bluish to reddish.
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Then destaining a;tion of the acid alcohol 1s
stopped and»the bluish_tint restored by immersing the slides
in alkali alcohol (70% alcohol plus a few drops of .1% Na Co )
in water for about one minute. After ea;h of the above
procedures {(acid and alkali alcohols), the slides may be
rinsedlin 70% alcohol,

XITI COUNTERSTAINING

In order to imﬁrove the contrast between nucleus
"and cytoplasm, the latter 13 stained witﬁ an acid dye of a N
differeht color, in this case.Eosin. The slides, after being
differentiated, are now placed in kosin for one minute, very
seldom for any longer. This stain 1s made up by dissolving

L gram of yellowish Eosin in 100 c.c. of 90% alcohol.

XIV FINAL DEHYDRATING AND CLEARING

The slides are now passed through two changes of
95% alcohol, remaining for two minutes in each change, toluene
phenol for 30 seconds, and finally toluene for 30 seconds.
After this they are immediately covéred witq pure Canada
Balsam and examined to ascertain whether or not they areA
suitable to keeb for examination purposeé. Cover slips are

then applied to those slides deemed suitable.
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THE PHYSIOLOGY .OF DIGESTION IN THE PIG

INTRODUCTION:

The digestive system consists of the organg directly
concerned in the reception and digestion of food, its' passage
.through the body, and expulsisn of the unabsorbed portion.
Thesé organs are grduped under two headings, (a) the alimentary
canal, and (b) the accessory organs.

(a) The alimentary canal 1s a tube extendiﬁg from the
lips to the anus, and 1t consists of the following segments:‘
(1) Mouth (2) rharynx (3) Oesophagus (4) Stomach (5) Sméll
Intestine (6) Large Intestine (7) Rectum (8) Anuse.

(b) The accessory organs consist of: (1) The Teeth
(2) Tongue (3) Salivary Glands (4) Liver (5) Fancreas.

PART I

THE MeCHANICS OF DIGESTION

It is evident that movements must of-necessity
4occur in the walls of the alimentary canal to cbany the food
from one éart to-another, and mix it with the various digest-
ive juices. |

The Prehension of Food.

The term prehension 1t§elf, meanswthe convejing
of food to the mouth. Methods by which animals convey food
to the mouth differ according to the specigs. The lips,
teeth, and tongue are the principle organs of prehenslon.

In the pig the lower li§ is pointed, and the upper
one insignificant. Prehension is accomplished in the pig by

the teeth, tongue, and charscteristic sharp backward and



-2-

forward movements of the head. Actually the food is thrown
back into the mouth by these sharp movements.  Under natural
conditions, plgs carry on a search for food by means of their

. characteristic rooting habits.

Drinking, or the Prehenslion of Liquids

In the pig, sucking, which isbsimilar to dninking;
i1s produced by the animal creating a vaccuum in the mouth by
closing the 1ips, decreasing the size of the tongue in front
and increasing it behind, the dorsum being applied to the
roof of the mouth. This creates a negative pressure in the
mouth, and liquid is forced into the mouth, since the“pressufe
there is lower than.that of the atmospheres |

Mastication

This is the mechanical reduction of food that takes
place in the mouth. It 1s performed between the molar teeth.
The movements which the jaws undergo to carry this out, depend
again on the class of animal. _

In the pig the jaws undergo very little lateral
movement, but extensive protraction and retractiong Tﬁe
molar teeth of pigs are very similar to those of humans. Pilgs
chop their food, in direct céntrast to cows, which grind
" theirs. The dental formula of the pig is 2(I C P M) 44,

Mastication 1s important for two reasons: (a)
finely divided food'bresents a greater surface areé fqr the
action of digestive julces, (D) fgod’well mixed with saliva

i1s more readily -swallowed.



Deglutition or Swallowing

This usually occurs in three stages.

In the first stage, the food is carried back to the
base of the tongue, and compressed against the soft palate.

The second stage is a complex one, due to the fact
that the food has to cross the sir passage and must be pree
vented from falling into the nasal chambers, or going down the
trachea. To accomplish this the soft palate is réiéed, and
so closes the nasal chambers, the tongue at the same time 1is
carried backwardé, and the lafynx and pharynx are advanced.
This causes the base nf the tongue to press on the epiglottis
and close the larynx. The food now passes to the pharynx,
and is then pressed into the oesophagus.

In the third stage the food 1s carried down the
oesophagus by a continuous wave of contraction, which starts
at the pharynx and ends at the stomach,

- As stated previously, the whole process of deglutiw
tion 1is voluntary; bﬁt the remaining processes are involun- |
tary. o

- PART I;

THE DIGESTIVE ORGANS

Structure of the Qesophagus

In the pig, as in all animals, the wall of the
nesophagus is made up of four layers: a fibrous cosat,
muscularis mucnsa, submucosa, and mucous.membrane; (See fig.
T and II). Thé kind of muscle found in the muscular coat

varies in different specles. .
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In the pilg, striated or voluntary muscle 1s found
throughout the oesophagus and it 1is more numerous in the
upper and lower pﬁrtions than in the middle.

The Cardia

The opening of the oesophagus Into the stomach,
the cardia, 1s closed by a sphinbter of smooth muscle known
as the cardiac sphincter. Its degfee of developement varies
in different animals, end its function Is to prevent the
passage of food from the stomach to nesophagus. Ip the pig
the cardiac sphincter 1s not. too welI‘developed, since vomition
can occur quite eaéily. |

The Salivary Glands and thelr Secretion

The term salivary glandé refers to the three main
salivary glands, all of which are paired, as well as numerous
‘small glands found in the mucous membrane of the mouth;

The three maln salivary glands are the-pargtid,
submaxillary, and sublingual. The parntid is located near
the base of each external ear, and 1s the largest of the
salivary glands. Their ducts commﬁnicate with the buccal
cavity just opposite the upper molar teeth on éach side
(Stenson's duct). The submaxillary are found lying in the
lower jaw on each side. Their secfetion is carried into the
bucecal cavity by excretory ducts which open on the side of
the root of the tongue (Whartonfs duct). TheeSublingual
glands are placed underneath the tongue in the floor of the
mouth. Numerous excretory ducts open close together on small

papillae on the sublingual fold,
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The mixed seéretion of all of these glands 1s
known as salivaﬂ
Glands 1n general can be divided into sernus,
mucous ofﬁmixed tyées. Serous glands secrete a thin watery
fluid, containing protein but no mucin. Mucous glands
producé a secretion containing mucin. Mixed glands secrete
both.
' All of the salivary glands belong to the class
known as compound tubular. Of all the domestic animals.the
pig has the best developed parotid system. In the pig the
parotid gland is serous in nature, the submaxillary gland
1s mixed, both serous and mucous; and thé sublingual is also
a mixed gland. |
Serous cells frequently aléo produce enzymes.
Zymogen granules, thought to be the precursers of enzyme,
are found stored in serous.cells. Mucous cells do not pronduce
enzymes.

The Stomach

Domestic animals fall into two general classes as
regards stomach structure and function, ruminants and non-'
ruminants. Non-ruminant stomachs consist of only one
compartmené, while ruminant stomachs consiast of four com-
partments only one of which secretes gastric juice.

In the stomach, food 1s submitted to digestive
processes of hoth a chemical and mechénical nature, and this
constitutes gastric digestion. The stomach 1tself may be

‘described as the dilated portion of the alimentary canal at
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the posterior end of the oesophagus. It acts partly as a
storehouse for food, but is also an important digestive organ
in wh'ich the food 1s acted on by the gastric juice, which |
is secreted by the glands in its' eplthellal 1lining. The
volume. of the pigs stamacé is about fourteen pints.

The stomach of the plg is intermediate in
qharacter between that of the carnivorous simple stomach,
‘énd ﬁhe herbivorous rather complex one.

As can be seen from figure III, the_mucous membrane
.of the pigs' stomach is divided into four distinct zones,
most of which-contaﬁn glands. There are actually three gland
zones - cardiac,'fundic, and pyloric, while there is also a
glandless oesophageal-region} |

In the pig the oesophageal region~is limited to a
small area arnund the cardia. The cardiac gland zone is very
extensive, occupyling the left extremity of the stomach.' The
transition between the glandless oesophageal region andathe
cardiac gland zone 1is quite abrupt. The fundus gland zone
is quite large, occupying.a large part of the right extfemity
or fundus. The pyloric gland zone occupies the remainder of
the mﬁcous membrane, and extends to the pylorus;

- The Gastric Glands

The gastric glands are numerous, and small. ‘The
mucous membrane contains these glands, which open on its!
surface by numerous orifices. They are tubular, or branched
tubular in type. As mentioned previously thefe are three

‘main classes of gastric glénds (a) cardiac (b) fundic and
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(¢) pyloric. See fig. IV A & B and fig. V A & B,

(a) Cardiac glands"

The narrow, yellowish-gray region next to the non-
glandular oesophageal region of the pigs! stomach contains
the short, tubular cardiac glands. In the plg these glands
are thought by some td be_qnly a mucous secreting}typ¢ of
gland, and therefore do not produce any enzymes. Other
_ workers seem to think that the‘glands in this zone were
derived from tﬁe fundic gland zone, and will ultimately
disappear. Twn workers have repofted that the cardlac glands
of the pig do not secrete an amylase,

(b) Fundic giands

These are considered to be the proper gastric
glands. The fundic gland region is readilyAdistinguished by
i1ts' thickness, and 1ts' brownish-red mottled appearance. The
gland cells themselves are of three main kinds: hody chief
cells, neck chief cells, and parietal cells. The body chlef
cells are supposedly the enzyme producers. The neck chief
cells liné the gastric glands in thelr upper part, and are
believed to be mucous secreting cells. The parietai or
border cells produce the HCl of the gastric juice.

(c) Pyloric glands:

These glands are found in the reddish-gray, much
- folded portion of the mucous membrane of the stomach foilowing‘

the fundic area. Parietal cells are lacking here. The

secretion of these glands contalns mucous and a small amount

of proteonlytic enzyme,
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The Pylorous, and its' control

The pylorus 1is guarded by a band of circular smooth
muscle known as the pyloric éphincter, the purpose of this
“being to prevent the stomach contents from entering the
intestine in too lérge amounts. The correct explanation as
to just how the pylorus 1is controlled is still not quite
~clear. An acid theory of pylorus control was advanced,tbut
in later years this theory has been criticized, and considéred
by many to be inadequate.

Movements of the stomach

Durlng gastric digestlon the astomach wall undergoes
important muscular movements, whose purpnse is to more or less
pulverize the food, mix 1t With gastric juice, and at inter-
vals to pass it on into the duodenum. The most important
‘stomach movement is a peristaltic wave beginning near the
middle of the body of the stomach, and running towards the
" pylorus.. Perindically the pylorus is relaxed to allow
ingesta from the stomach (chyme) to be forced, by these afore-
mentioned peristaltic contractions, into the first pért of the
small intestine (duodenum). In the pig during the time that
chyme 1is not entering the duodenum, the pylorus 1s closed.
vThe frequency of the peristaltic waves is about four to six
per minute. As fhe‘lower part of;khe body of the stomach
emptlies its' contents into the duodenum, the characteriatic
peristaltic 6ontractions force new materlal into the lower
part of the stomach. The cardiac end of the stomach

apparently takes no part in the peristaltic movements. It
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1; well to notice that the pylorus does not open for the
passage of chyme with every contraction wave which passes
over the stomach. ‘

The Small Tntestine, and the glands communicating wjth it

In the pig the intestines are approximately fifteen
times the length of the body (50-65'). The volums of the
intestinal canal in the pig being ahout 34 pints.

The small 1ntestine is divided'into dundenum,
jejunum and ileum. (See fig. VI A & B and fig VIT A & B}.
There are numerous very vasculér villi making up the mucous
membrane.

There are two kinds of glands 1n.the small
intestine, the crypts of Lieberkuhn, and Brunners! gléndso
Brunners'! glands aré restricted to the duodenﬁm,‘not being
frund 3in the jejuno-ileum. The duoaenal giands are tubulo-
alveﬁlar in type, and the secreting portion is priﬁcipally
_found in the submucosa, althougﬁ it may occur in the deeper
parts of the ﬁucous\membrane. We alsn find a tremendous
number »f aggregations of lymphoid tissue in the mucous coat
nf the small intestine, chiefly in the jejuno-ileum, and these
are called Pnyer's patches. (See fig. VIIT)

(l) The Liver

This_organ, the largést gland in the body,
communic;tes with the dundenum by means of the bile duct,
which has its' opening abﬁut one to two inches from the
pylorus. In the pig the average weight of the liver is four

pounds. It is divided by three deep interlobar incisures
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into four principal lobes named right lateral, right central,
left central, and left lateral. On the upper part of thé
right lateral lobe, is the caudate lobe. | -

o The lobules of the 1ivef are separated by coﬁnect~
ive ti#sue, and in-the adult pig this separation 1s complete,
~but in man, and many animals is incomplete. The liver has
" a number of very important functions. It stores up carbo-
hydrate material.ih'the form of glycogen, and réleasgs it into
the blood as sugar, the percentage of which is theregy kept
constanf. It makes uréa, and uric acid, which are discharged
as waste products by the kidneys. It also manufactures bile,
which 1n the pig is stored in the gall bladder until it 1is
required for digestive purposes, and then is popred into the
small intestine by way of the bile duct.

(2) The Pancreas

The pancreés lies in the loop of the dubdenum,
and communicates with 1t by means of the ‘pancreatic duct,
which opens into the duodenum about 4-6".from the pylorus.
The secreting alveoll of the pancreas are gr;qped into
lobules and these are grouped into lohes. In structure, the
pancreas 1s very much like the salivary glands, but it
conﬁains certain cells having a different staining reaction,
and these constitute the isléts_of Langérhans, which are
thought to be the centers éf insulin secretion in the body.
The pancreas then can be regarded physiologically as two
oréaps 1n one. The alveonlar cells produce the digestive

luice, while the islet cells produce the internal secretion

'
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insulin.

Thé La%ge intestine

| In the pig the iarge intestine is approximaﬁely 12
to 15';in length, and 1s for the most pasrt wider than the
small intestine; The large intestliues composé the. colon,
cagcum; and rectum. The crypts of Lieberkuhn are still
present here, but there are no Brunner's glands, and no villi.
'(See fig. IX A & B) The last Peyer's pastch of the small
intestine is cbntinued a small distance into the caecum, and
sometimes patches are found in the first part of the colon.

" The caecum is cylindrical, about 8-12" long,

and 3-4" wide. The ileum joins the caecum obliquely, and
projects into the latter.

| The colon has at first abhout the same caliber as
the caecum, but gradually becomes smaller. In the plg the

colon 1s of relatively small 1mpoftance in digestion.

" The rectum 1is usually surrounded by a great deal.:

of fat.
PART ITI
~ THE DIGHSTION AND ABSURPTIUN UF F0OD
TINTRODUCTION |

During its' passage thirough the alimentary canal
the fo&d comes into intimate contact with several digestive
julces. In the mouth it i1s thoroughly mixed with saliva,
in the stomach it meets the gastric juices, énd in the
intestines it becomes mixed with bile, panéreatic juice,'and

the intestinal juices. The function of all of these julces
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is to convert protein, fat, and carbohydrate of the food
into forms suitable for absorption by the walls of the
alimentary canal. This preparation for absorption is achieved
by the action of enzymes present in the digestive juilces.
The enzymes which take part in the digestive processes may be

grouped together as follows:

(Refer to following page)



Enzyme

Ptyalin
(Salivary Amylase)

Pepsin
(Gastric Protease)

Rennin

Gastric Lipsase
Trypsin -
Amylopsin

(Pancreatic Amylase)

Steapsin or
(Pancreatic Lipase

Erepsin
Invertase
Maltase

Lactase

Origin

Salivary Sec.

. Gastric Juice

Gastric Julce

Gastric Juice

Pancreatic "

" Se

" Jui

Intestinal "
Intestinal "

Intestinal "

Ce.

ce

Intestinal "

b=t
V)

A

wm

Class

Amylolytic

Proteolytic
Casein coagulant

Lipolytic

Protenlytic

Amylolytic
Lipolytic

Proteolytic

. Amylolytic

Amylolytic
Amylolytic

" Function
Converts starch to maltose

Converts proteins to pep= -
tones and proteoses
Converts casein to para=-
caseln
Converts fats to higher
fatty acids and gly-
cerol
Converts proteins to poly-
peptides and amino
acids

Converts starch to maltose

Converts fats to fatty
acids and glycerol

‘Converts peptones to

amino acids
Converts sucrose to

glucose and fructose
Converts maltose to glucose

Converts lactose to glucose
and galactose



I Digestion in the Mouth

Digestion in the mouth is commenced by the-action
of saliva which 1s secreted by the three pairs of salivary
glands. Mixed saliva, i.e. the fluld from all of the
sallvary glands, 1s a colorless, viscid, easily frothing,
slightly opalescent liquid. In the domestic animals the
reaction of saliva is slightly‘alkaline, except in the ox,
where it is definitely alkaline. The accepted pH value for
saliva in the pilg is approximately 7.35. The water content
of saliva is very high, thus the'specific gravity is only
slightly greater than 1.0. The amounﬁ of saliva secreted
depends a good deal on tﬁe degree of dryness in the food.

(a) The Composition and Action of Saliva

The composition of saliva varies. The 1norganic
constituents are water to the amount of 99%, and phosphates,
chlorides and sulphates of Na, K, Ca, Mg. The organic
constituents are mucin, and the enzyme ptyalin., The water
and salts are derived directly from the blood, while the
mucin and ptyalin sre manufactured by the gland cells,

Saliva functions mainly in a physical way, that
i1s as a watery secretion. In some animals it has fhe
additional function of converting starch to sugar, due to
its! enzyme content. The salivé of the pig contains the
amylolytic enzyme ptyalin, or Salivafy diastase, so the
digestion of sfarch'is-commenced in the mouth. Mucin,-a
glycoprotein 1s the chief so0lld constituent of sallva, and is

present in fairly large amounts in the saliva of the pig.
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Its' chief purpose is to lubricate the food for swallbwing.
Ptyalin acts on starch, dextrin, and other carbohydrates,
converting them through a series of dextrins tn maltose,
probably aeccording to the followlng steps:
Starch
Soluble Starch

Erythrodextrin Maltose

[/ .
Achroodextrins Maltose
Maltose

The action of ptyalin 1s permanently destroyed
by a high temperature (over 60'C), but like other enzymes it
1s not destroyed or used up 1n producing its! reaction, unless
of course it is heated to the above temperaturé. The action
of ptyalin is also inhibited by a low temperature. It 1s also
partly inhibited by weak acids or-alkalies, and destroyed
completely by strong acids. Thus 1in the presence of the free
HCl of the stomach, ptyalin rapidly loses its! activity. Food
does not remain long enoughAin the mouth to permit much starch
hydrolysis.

The chief part »f salivury digestion actually
occurs in the stomach, despite the HC1l of the gastrié juice,
since the foond mass on entering the stomach does not at once
. mix with the gastric julce; consequently salivary digestion
1s able to go on for snme time in the cardlac end of the
stomach. This 1s apparently due to the low motility of the

cardiac end of the stomach, which prevents the food from
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mixing with the HCl. Some of the undigested starch, and a
considerable amount of dextrin pass from the stomach into the
Intestine to be attacked there by pancreatic amylase.

JI Digestion In the Simple Stomach

The stomach i3 considered to be the chief ofgan
of digestion. Strictly speaking, gastric juice i1s the
secretion of the fundus glands. However often the term
includes also the secretion of the pyloric and cardiac glands.

Pure gastric julce 1s a clear, colorless, watery
secretion of a distinctly acid reaction and taste. It con-
sists of water, organic subétances, inorganic salts, and
HC1l. Making up part of the organic matter of gastric juice
are at least three enzymes: pepsin, rennin, and gastric
lipase. Fresh gastric julce also contains much mucin, but
this substance is of no real importance in digestion. The
gastric juice of the pig contains for the first hour or two
of diéestibn lactic, and afterwards HCl. 1In the pig, the
process of digestion is not the same in all regions of the
viscus: one may contain HC1l, another lactic: one may be
abundant In sugar, while this may be absent elsewhere. Lactlc
acid 1s present in the cardia, and both lactic and HCl in the
fundus. The chief digestive actisn of gastric juice is on
proteins, and 1s reslly a pepsin-HCl digestion, this combine
ation being essential. | |

The first stage of digestion is starch conversion;
the second is the same, only more advanced; the third stage

is starch and protein conversion, both processes occuring at
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the cardia, but 6nly protein conversion taking place at the
fundus. In the fourth stage starch conversion is nearly com-
plete, while HC1l predominates in all the regions, and protein
conversion 1is general.

(a) The Enzymes present in Gastric Juilce

(1) Pepsin:
This 1s a proteolytic enzyme which is formed

in the body chief cells of the fundic glands. It is found
in thelétomach of all vertebrates. It is secreted in an
inactive or’iymogen form (pepsinogen), and before it can
produce 1ts! action of hydrolyzing protein, 1t must be
activated. This is accomplished in the stomach by the HC1l.
there, which converts pepsinogen to pepsin. Pepsin, in a
favorable acid medium, converts proteins into simpler products
in the foilowing ménner:
Protein
Acld metaprotein
Primary proteoses
Secon?ary proteoses
Peptone
Proteoses and peptone reguire hydrolysis to
amino acids before absorption of them can tske place. This,
hoWever, i3 not accomplished in the stomach, but is
accomplished by certain enzymes in the intestilne.
(2) Rennin: .
This 1s a milk-coaguléting product of the

fundic gland region, and is found in the gastric juice of all
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mammals . It also is secreted In an inactive or zymogen form,
and 1s activated by the HCl. As far as 1s known, the action
of renhinlis confined to milk. Rennin dnes not appear to
havé any proteolytic action on milk, it simply coagulates it
by hydrolytic alteration of the protein casein. Rennin
changes the.soluble protein casein of milk to a solid form
by two distinct steps. First the rennin acts on the casein
of the milk convarting it to paracasein (soluble). The
paracasein then reacts with the Ca salts, forming an insoluble
pfotein calcium paracaseinate (coagulum). Probably the only
adventage in dlgestion of having milk coagulate in the stomach
is to prevent 1ts too rapid passage through the stomach. In '
this way the action of pepsin on the proteins in milk would
be prolongede

(3) Gastric Lipase:

This enzyme occurs in very small amounts in
pure gastric juice. Its' action 1s.t§ hydrolyze fats into
their constituent fatty aclids and glycerol. The optimﬁm pH
for the action of gastric lipase in the pig, is.approximately
7.1,
(b) The Acids of the Stomach ’

HCl1 and Lactic Acids

| Both lactic and HCl inhibit the growth of all
kinds of bacterias, so act as antiseptics, and pfevent
excessive fermentation and putrefaction. HC1l, like pepsin,
is present in the gastric juice of all vertebrates. It 1s

produced by the parietal cells of the fundic glands, but the
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manner Iin which this is accomplished is uncertain. The
concentration of HCl in the stomach contents apparently varies
with the nature of the food, stage of digestion, amount of
saliva to be neutrallzed, etc. When protein predominates in
the stomach, HC1l accumulétes more slowly, because the first
acld secreted combines wlth protein. OUn a ration of starchy
food the lactic acid always exceeds the HCl, suggesting that
it may be formed by the fermentation of carbohydrates. The
functions of HC1l may bg summariéed as follows: (1) It
activates pepsin and rennin, (2) It co-op=srates with pepsin

in the digestion of protein, (3) It may bring about a slight
hydrolysis of sucrose, (4) It acts as a stomach antiseptic,

Other Blochemical processes in the Stcmach

Certain digestive changes are brought abhout in
the stomach by agents that are not a part of gastric juice.
In the stomach of man, salivary digestion of starch is
continued for 15-30 minutes or more, and is finally stopped
by HCl. Somewhat similar conditions no doubt occur in the
stoméch of the pig, though the amylolytic power of pigs!
galiva 1s much weaker than that of human saliva.

ITII Digestion In the Small Intestine

It might be well t» mention first that in the pig,
intestinal digestion is said to be éf very short duration and
absorptioh very rapid. The food material leaving the stomach
and entering the intestine 13 known as chyme. It 1s fluid
or semi fluid, and has an acid reagtion. It is composed of

water, HCl, a large variety of inorganic salts, and many
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organic substances such as acld metaprotein, proteonses, pep-
.t9ne, starch, dextrins and'maltoée, gums, cellulose and
related compounds, liquefied fats, and many other substances
dependiné on the diet and feeding habits of the animal. The
water content of ingesta in the small intestine is high,,
varying frbm 60 to 95% in different épecies.

In the intestine the chyme undsrgoes important
changes, which constitute intestinal aigestion.

In the small intestine the agencles of digestion
are pancreatic juice, bile, and intestinal juice, as well as
certain movements of the intestinal wall,

(1) Pancreatic Julce

Pancreatic juice is a clear, distinctly
alkaline liquid (due to sndium carbonate), which coagulates
on heating. The amount of pancreatic juice secreted per
kilogram of body welght per day in the pig, is 7.2 grams.
The important constituents of pancreatlic juice are three
enzymes: trypsin, steapsin, and amylopsin. Other enzymes

are sometimes present, but in very small amounts.

(a) Enzymes Present in Pancreatic Juice
(1) Trypsin |
This is a proteolytic enzyme, and the most
important pancreatic enzyme. Of the three ferments secreted
by the pancreas, trypsin is the only one which is secreted
in an inactive condition. It is secreted in the pro-enzyme
form as trypsinogen, but is at once activated by

enterokinase of the intestinal julce. Trypsin acts best in
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a slightly alkaline medium (aboﬁt ph 8). It acts on proteins
that escape the influence of the pepsin in the stomach and
splkits them into protenses, peptones and many other com-
paratively simple products of protein digestion. The end
products are amino acids: althdugh much of the hydrolysis
of peptones and especlally peptides 1s accomplished by pro-
teolytic enzymes in ths wall of the intestine and in
intestinal juice. |

(2) Steapsin (Pancreatic Lipase)

This lipolytic enzyme has the power of hydrolyz-
ing fats to fatty acids and glycerol. The amount of fat
digestion in the stomach we know 1is very slight. Liquefied
fat on entering the intestlne encounters alkaline juices, and
any free fatty acid in the fat 1is converted to soép. As the
fatty acids are released by hydrolysis, they combine with
alkall in the intestinal julces to form soaps, which assist in
emulsifying the remaining faﬁ. Steapsin i3 activated by the
bile salts (Na glycoéholate and Na taurocholate) and several
other substances. Steapsin then is much more active inAthe
presence of biie. In the form of fatty acids, soaps, and
glycerol, fats are absorbed.

(3) .Amzlopsin'(Pancreatio amylase)

This diastatic enzyme is present in the pancreas,
- and the pancreatic juice of all vertebrates. Amylopsin acts
on the starchy constituents of the food in much the same
way as does the ptyalin of the saliva, and hydrolyzes starch

and the various dextrins to maltose. Some workers clalilm that



-22
amylopsin consists of more than one enzyme: an amylase proper,
which hydrolyzes starch to dextrin, and one or more dextrin-
ases, which hydroiyze dextrins to maltose. All_sfarchy food
which has escaped conversion in the mouth and stomach is
acted nn in the intestines by maltase_and converted to dext-
rose. 'Aﬁylopsin, besideé converting starch to sugar,‘also
helpslto neutralize the HCl of the acid chyme. Apparently
the optimum hydrogen lon conéentration for the action of
amylase from the pigs' pancreas is pH 5.5 to 6.0.

(2) The Liver and Its' secretion - Bile

In consldering the function of the liver it 1is
necessary to keep in mind its' peculiar blood supply. Most
glands of the body which produce a secretion are furnished
only with arterial blood, but the liver is an exception to
this. The entire venous blood from the splanchnic area con-
gtitutes the material with which the liver is flooded. Blood
from such a peculiar and 1afge area must be very mixed in
composition, and full of many different products. It is
with this blood that the liver performs its! varibus functions,
which may be‘summarized as follows: (1) the secretion of
bile, (2) the formation and storage of glycogen and the
regulation of the glucose content of the systemic clirculation,
(3) the deamination of amino acids, and the formation of
urea, (4) the destruction of uric acid, (5) the desaturation
of fatty acids subsequent to their utilizatlon by the tissues,
(6) the detoxicatiosn of poisonous substanceé brought to 1t

'by the blood, (7) the aiding in the destruction of
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erythroc&tes. One of the most evident functions of the liyen
althﬁugh by no means its' most important function in the
higher animals, 1is the secretinon of bile.

The'secretion of bile is indirectly stimulated
to production by the presence’ of the acid chyme in the
intestine. This substance acts on a product of the epithelial
cells of the dundenum, known as prosecretin, changing it to
secregtin. When secretin is absorbed by the blood and reaches
the liver, it stimulates this glandi to secrete biie. Bile
is partly a digestive secretipn ahd partly an excretion
‘carrying away waste products of metaholism. ‘When associatéd
with pancreatic juicé, bile is'very important in thelprocess
of fat digestion. It 3185 promotes intestinal peristalsis.

Bile 1is an'alkaline fluid, of a slimy consistency,
with a bitter téste, and 1in the pig 13 reddish-brown in color.
In the pig the bile is conveyed by means of the cystic duect
into the gall bladder, where it is concentrated and stored,
until required. The secretion of bile‘by the liver cells 1is
continuous, élthough the rate variss with a number of con-
ditions. In the pig, anywhere from 62-150 grams are secreted
hourly. Bile contains no protein. The composition of bile
in the plg is roughly as follows: water, 88.8%, solids‘ll.z%,
bile acids, bile~pigments, fat, mucin, 10.1%, salts 1.1%.
Bile pigments, bile acids and cholesterol aré apparently the
most important constituents of hile.

(a) .Bile Pigments

These are bilirubin and its' oxidation product,
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biliverdin. Bilirubin 1s present In the bile of all Qerte-
brates. Both coloring matters of the bile behave 1ike i
acids, forming soluble compounds with metals of the potassium
group, insoluble nnes with those of the caleclium group. It is
thought the haemoglobin is the source of the pigment bilirubin.
One of the Intermediate products in the formation of bilirubin
is haematin. The stages 1n the formation of bilirubin from
haemnglobin howevér are not well understoond. There.are‘
apparently three main sites of bilirubin formation - liver,
spleén and bone marrow. Of these the bone marrow. is the most
important. |

As far as i3 known, the bile pigments are waste
products of the metabolism of héemoglobih, and are withbut
- further use to the body. They énter the intestine as part of
the h»ile, and are mixed with the ingesta. During passage along
the bowel they are reduced by bacterial action, and appéar in
ﬁhe faeces in the form of stercobilin. The brown color of
fasces 1s due prinéipally to this subhstance.

(b) Bile acids or bile salts

These terms are applied to two complex organic
acids, glycocholic and taurocholic, found in the bile in the
form of their sodium salts. In the pig, glycocholic acid
is présent almost exclusively. ‘

| Glycocholic acid (C ﬁ NO ) 1is a compound of
glycine and cholic acid. Taurocholic acid (C H NSO )
is a compound of taurine and cholic acid. Glycine and tsasurine

are of protein origin. Glycine, the simplest of the amino
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acids, is widely present in the proteins of the foods anq
tissues, and can be'synthesized by the body. Taurine, a
sulphur containing, nitrogenous substance, 1is derived from ‘the
amino acid cystine. Cholic acid (C H O ) is of ﬁnknoWn
origin, but is believed by some to be deriyed‘from choiesteroL
since it chemically resembles the latter. The bile acids are
 formed by the liver cells. |

It is chiefly because of the presence of bile galts
that bile 1s able to function as a digestive secretion as well
as an excretinn. Blile, hylreason of 1ts! bile salts, is of
use in digéstion in the following ways: (1) blle activates
pancreatic lipase, (2) bile slightly accelerates the action |
of pancreatic amylase, (3) bile plays an 1ﬁportantlpart in fat
emulsificatisn, (4) bile increases the solubility of the
higher fatty acids (and their soaps) in water. This 1is
important in fat absorption; for a substandé;]ih“orderbto be
absorbed, must bg water soluble. During‘fat ahsorption there
also occurs an absdrption of the bile acids,_ﬁhich appear to
act as vehicles for transpoft of fat, across the intestinal
- lining.

(¢) Cholesterol

This substance, occuring iﬁ significant amounts
in the bile of practically all animals, belongs to the group
of 1ipiaa known as sterols. Cholésterol 13 also found in blood
and many othef body liquids. It 1s closely related to
ergosterol, the precurser of vitamin D. it is not knownx

A

whether the cholesternl of bile is formed in the liver or is'
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merely 5rought to 1;Aby the blood for elimination. Cholesterd
originates in the animal body and does not occur in plants.

' Cholesterol 1is prdbably to be regarded as a
waste'product, for if it plays any role in digestion or is
otherwise of use to the organism, 1t 1s not known. Cholesterol
occurs in the faecés as a reduced substance known as
stercorin. Cholesterol is often the chief constituent of gall
stoneé. Cholesterol would be insoluble in bile iIf 1t were

not for the bile salts.

- The use of Bile

| From a digestive point of view the use of bile is
disappointing, since it does not digest in the same sense
that pepsin and trypsin do. The bile and pancreatic fluid
are connected closely in function, for which reason the two
secretions are poured out iﬁto the bowellof the pilg very close
éogether. The blle, being alkaline, ité‘ first action on the
chyme is to neutralize the gasfric Juice, and ﬁg precipitate
the albumoses and peptones. One direct effect of this is to
delay the progress of the chyme along the bowel, by which
means absorption is assisted.

Bile haé a solvent and emulsifying effect on fats,
being more active iIn the presence than in the absence of
'panéreatic julce, as stated above. Bille cannot split up fats
into fatty acids and glycerol, hut Its' presence greatly
Increases the action of pancféatic fluid. The solvent action
of bile on fat is the chief digestive function of this fluid.

Bile has no action on protein. The bile nf the plg as far as
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We know, 1s unable to convert starch to sugar,, or at least
only to a very limited extentes Bile is also said to have an
antiseptic influence on the 1ntestinal contents. Bile acts
as a natural purgative, and keeps up intestinal perlstalsis;
by doing this 1t hurries the food residues out of the system
before they can undergo éxcessive putrefactive decomposition.

(d) Glycogen

| The liver, as well aé-secreting a fluid of com=
'paritively unimportant digestive powqg, manufactures and
stores up in its' cells a peéuiiar sugstance known as glycogen,
or animal starch. In animals the starch must be fifst con- ‘
verted into sugar, before the hlood vessels of thé bowel can
take 1t up. The‘sugar formed from starch in the bowel 1is
maltose, whiie that formed in the liver from giycogen is

dextrose.

(3) Intestinal Juice or Succus Entericus

The Glands of the Intestines

' The intestine of the pig, like that of all
animals, shows the presence of two types of glands, intestinal
and duodénal. |

. The intestinal glands (crypts of Lieberkuhn) are
simple tubular glands found throughout the small and lérge
intestine. They are limited to the muéoushmembrane, and do
not extend iInto the submucosa, They show the presence of
many goblet cells. The secretion of these glands is known
&8s intestinai julce, or succus entericus.

Thé-duodenal glands (Bruhners) do not occur
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throughout the entire intestine, but are limited to the firsf
part of the small intestine. In all‘aﬁimals.they begin‘at the
pylorus, but their backward extent varies greatiy in different
species. The glands of Brunner are tubulo-alveolar in type,
and the secreting portion is found principally in the sub-
mucosa. The secretion of the duodenal glands is known as
duodenal juice. it has been impossible to secure duodenal
juice in pure form to date.

The succﬁs entericus is actually composed of two
kinds of julce, namely intestinal and duodenél, derived from
the above mentioned gland.

(a) Intestinal Jduice: Is a light yellow fluid of

~alkaline or slightly acid reaction and a speqific gravity of
about 1.01. It contains several very important enzymes.

(1) Enterokinase

This substance, probably not an enzyme.converts
the trypsinogen, the mother éubstaﬁce of the pancreatic
proteplytic enzyme, into trypsin. Activation 1s accomplished
‘by chemicsl union between trypsin and enterokinase.

(2) Erepsin |

Is a proteolytic enzyme, present in the mucoué
membrane and the.juice of the intestine. It converts
peptones and peptides to amino acids. Recent work has shown
that so-called erepsin 1s composed of two prbteolytic enzymes;

a polypeptidase and a di-peptidase.
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(3) .Inverting ferments

These convert double sugars, which cannot be
utilized hy the tissues, Into single sugars, which can.

(a) Maltase: Converts maltose to glucose.

(b) Sucrase: (Invertase) Hydrolyzes

' v sucrose to glucose and
fructose,

(c) Lactase: Splits lactose into glucose
and galactose. It may be
lacking in a mature hog,
recelving no milk in its!
diet, '

(a) -Amzlase:' Is an amylolytic enzyme, and
is found in significant
amounts in intestinal juice.

Fats are the only food which do not require
the aid of the intestinal juice for their complete digestion.
In‘the small intestine a major part of the process of digestion
is carried out, and mnst of the protéins, carbohydratés and
fats are put in finai form for absorption.

(b) Duondenal duice

As has been stated previously, the secretion
of the duodenal glands has never heen obtained in pure form.
Extracté of the submucosa in the duodenal gland zone of the
pig-shows the preéence of an amylase. The duodenal'juice‘
is viscous and sticky, apparently due to the presence of
mucihs or pseudo-mucins. The specific_gravity of the pigs!
duodenal juice 1s 1.007. The juice is distinctly alkéline,
having a pH of 8.4 to 8.9. The duodenal-gland, containing
part of the intestine 1s the only bart which gives an abundant

secretion. The duodenal glands are the source of the mucin



of intestimal julice, as well as heing the source of the falrly
large amount of alkali found to be present in the julce.

Bacterlal processes in the Small Intestine

The influence of pancreatic julce, intestinal
juice and bile, In digestlion in the small intestine has been
consldered ‘in some détail. In addition to these agencies
however, pacterial processes'in the small intestine especially
of swine, are very important. These processes comprehend
carbohydrate fermentation and non-putrefactive protein
decomposition. In the small intestine fermentation of some
portion of the carbohydrates takes place, giving rise to a
number of.organic acids such as lactic, and acetic and géses

such as methane and hydrogen.

(4) Digestion in the Large Intestine

Materjal that escapes absorption in the small
‘intestiﬁe is gradually propelled through the ileocecal opening
into the large'ihtestine. From the standboint of digestion
and absorption, the large intestine of hefbivores is very
important. ~

The caecum and colon of the simple-stomached
pig are relatively very large and are sacculated. Glands ére
present throughout the large Intestine, and villl are absent.

It has not as yet been definitely determined
whether the glands of the large intestine produce any enzymes
of much consequence 1in digestion. The secretion probably has

mostly a physical function.
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(a) Digestive Processes

A considerable portion of the pigs food reaching .
the large 1ntéstihe 1s in a form which 1is not yet ready for
absorption. PFurther digestive changes of a chemical nature
are brought about In this materlal by ehzymes carried
back from the small 1ntestihe, by bacterisa, andipossibly‘by
protozoa. The enzymes carried back with the food are derived
in part from the digestive glands, and in part from the
food itself. They produce, 1ﬁ the large intestine, similar
changes as they do.elsewhere.

(b) Bacterial Action

This is of boﬁh a fermentative and putrefactive
nature. The food substance most important from the stand-
point of fermentative cleavage, 1is cellulose, which is not
attacked by any enzyme produced in the body of the pig, or of
any of the‘higher animals fof that matter. The end—products
-of bacterial attack on cellulose are probébly fatty acilds
of the lower order (acetic and butyric) and gases (carbon
dloxide and meéhane). The acids are neutralized, absorbed
and used for -energy purposes, or are stdred as fat. The
gases are in part at least expelled through the anus,_ana
in part absorbed into the blood and eliminated through ﬁhe
lungs.

The Feces

The term actually refers to the waste matter ﬁoided

from the bowel through the anus by the-act‘of defecétiono

The feces are composed of water; indigestible and
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undigested food residues; remains of digespive secretions
such‘as bile acids, bile pigments, and mucin; desquamaﬁed
epithellal cells, derived from the digestive tract; numerous
dead and some living bacteria; inorganic salts In great var-
iety; indol and skatol, which give the feces their character-
iistic odour, and a few other less important substances.

The approximate composiﬁion of the feces of the pig 1s as

follows:
- Water _ "80.0%
Organic Matter 17.0%
Mineral Matter - 3.0%

In swine the feces contain fairly large amounts
of food residues and relatively smaller amounts of
excfetory prodﬁcts, this being due to their omnivorous
‘characteristics. The explanation for this probably lies in
the fact that the food of the swine contains a much higher
crude fiber content than does that of most of the other
farm animals. The feces of the pig resemble human feces and
are very offensive., |

Amount of Feces

The amount of feces produced in 24 hours’naturally
will vary with the quantity and nature,of the food consumed,
and is relatively much greéter in herbivores than in
carnivores. The plg produces about .5 to 2.5 kilograms per

day, about 4 pounds, depending on feeding practices.



PART IV

THE ABSORPTION OF FGOD

INtHU DUCTION

Absorption, or resorption, is the'process whereby
foods, properly prepared by ﬁhe organs of digestion are
transferred from the lumen of the intéstine to the blood or
1ymph. By means of the blood the absorbed foods are trans-
ported to the tissues for utilization or for storagé.

(1) The Place of Absorption

‘No food absorption takes place in the mouth or

esophagus of the pig. Also, absorption is extremely limited
in the stomach, since on the whole; the food substances
here are not yet ready for absorption. It is very Interesting
to note however,vthat certain drugs are absorbhed very rapildly
from the stomachvof the pig.

| The small intestine 1s the chief seat of absorption
in omnivores. The large intestine as an organ of aﬁsorption
is of less importance.

(2) Absorption Surfaces

The mucous membrane of the whole of the small
intestine is characterized by,indreased abéorptive space;
'consisting of special folds which are called valvulae
conniventes (or plica circulares). Then;the whole of thé
.surface of these folds 1is thrown up into numerous tiny finger-
like projections kpown as villi. The vilii in the duodenum
are fairly long, and leaf-like. Those In the }jejunum are

very long and finger-like, and those in the 1leum are
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scattered, flat, and feet-like. The villi throughout the
entire small intestine are shorter in‘swine than in any
of the other énimals.

A‘single villus is composed of a projé;;ing~core
of tunica propria doﬁeréd with a mucous secreting columnar
. eplthelium, which lines the entire intestine. Near the
‘axis of the villus is found a large lymph capillary known
as a lacteal. It begins near the tip of the villus and
entérs a plexus of lymph vessels lying just on the inner side
of the musculéris mucoss. At their origin the lacteals are
often found to be branched. The villus also possesses a
~rich network of blond capillaries. Smooth muscle fibres
from the muscularis mucnsa enter the villus, to whose
basement membrane many are attached. The villi become fewer
~and fewer toward the end of the ileum until we come to tﬁei
large intestine{ where there are none at all.

In the pig the-size of the absorbing surface,
exclusive of the villi, is 2.8 square meters. The villi in
the intestine of the pig increase the absorptive surface from
10 to 20 ‘times. |

(3) Routes for Absorbed Foodstuffs

There are two routes by which absorﬁed foodstuffs
may enter the general circulation: the lymph, and the blood
of the Porftal system.

(a) Lymph Route

The lymph capillaries of the mucous membrane of

the intestine; including the lacteals of the villi, drain
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into the larger lymph vessels of the submucnsa. These
penetrate the muscular coat of the bowel, and'empty into the
lacteal vessels of the mesentery, which have intimate
connections with the mesenteric lymph nodes. The lacteal
vessels of the mesentery go to the cysterna chyli,linto
‘which they empty. The latter.vessel goes forwérd as the
thoracic duct, which enters into ﬁhe venous system anterior
to the heart. .Fats are absorbed by the lymph.

(v) Blood Route

The blood capillaries of the mucous membrane of
the intestine, including those of thevilli, unite to forh
venules and veins, which drain into fhe portal velin. The
portal vein enters the liver, where 1ts' blood is mixed
with that of the hepatic artery. The hepatic velns then 
convey the blond of the liver to the posterior vena cava;
.Protein and carbohydrate digestion products, water and
inorganic salts are absorbed largely by the blood.

(4) Fat Absorption

As stated previously, fats undérgo hydrolysis in
the intestine to fatty acids and glycerol, and are 1argel§
absorbed in this form. They may also be absorbed to a
slight extent in the form of soaps. Fatty acids and glycerol,
and ény soaps formed from the fatty acids, are water
soluble in the presence of bile. Thus bile in the intestine
1s very necessary for fat absorption. In the absence of
bile, most of the fat appears in ‘the feces in the form of

fatty acids, so that the disturbance must has one of absorptibn
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and not one of splitting.

The fatty acids and the glycerol penetrate
the epithelial cells of the intestinal lining and enter
:their interior. During fat absorption numerous fat droplets
are found in the cytoplasm of the epithelial cells; andjit
1s generally belleved that they arise by means of Synthesis
of the-fatty aclds and glycerol to neutral fat. As the fat
" globules approach the basal ends of the cells, the globules
decrease in size. They then enter the tissue spaces of the
lamina bropria and pass frbm there to thé lymph capillaries
of the villi. The lymph current then removés them to the
meéenteric lymphatus and the thoracic duct, which enters the
venous'system anterilor t5 the heart. The ahsorbed fat is
-now in the form of an emulsion and gives a milky appearance
to the lymph, which during fat absorption is termed "chyle".
The amount of fat in chyle during absorption may be as muéh.
as 3-4%. The fat particles are anywhere from .5-1 u. in
diametef. |

During fat absorption leucocytes accumulate in
the mucous membrane in great numbers. They accumulate not
only in the iymphoid_tissue of ﬁhe villi but also in the
laéteals near their blind ends, and they are belileved to
be'of.prime importance in fat transport from the epithellal
cells to the lacteals. |

Fat 1s absorbed in a hydrolyzéd form in the
bowel. However there also occurs the possibi;ity that some

unhydrolyzed fat is absorbed in the form of ultramicroscopic



.37
particles.

.The absorption of cholesterol apparently requires
the presence of bile salts as well as the simultaneous
absorption of fat. A good deal nof cholesterol is converted

into esters during absorption.

(5) Protein Absorption

' Many enzymes, such as pepsin, trypin, erepsin, are
provided for protein digestion. As we know the end products
of protein digestibn are amino acids, ahd it is in this
form that proteins are absorbed. The'amino acids, in‘soiution,
enter the epithellal cells of the mucous membfane andlfrom |
there pass to the tlssue spaces 6f the lamina propria, from
which they afe removed by the blood. Absoyption of amino
~acids by the lymph 15 not helieved to occur to any significant
extent.

(6) Carhohydrate Absorption

The digestion of carbohydrates by enzymes results
in the formation of monosaccharides. These monosaccharides
are absorbed for the most part, Into the portal blood and
carried to the liver. It has been shown however that the
lymph streah 13 also capable of removing some sugar from the
alimeptary cahal.

The monosaccharides in the portal blood reach the
liVer, where to a considerable extent they are stored in thé
form of glycogen. Other tissues, especlally the skeletal

muscles, also have the power to form and store glycogen.



Digestion and Absorption bf‘Minerals

' Solublelinorganic salts when ingésted, are aﬁsorbed
without change. All soluble salts are not absorbed with the |
same amount of ease. Chlorides are taken up without
diff iculty, whereas sulfates‘are absorbed with difficulty.
Fe 1s taken up, but Mn 1g absofbed only with difficulty. It
is thought that the reason for this can be attributed to
the selective action of the intestinal epithelium.

Such minérals as Ca, P, Mg, and Fe, which are

widely present im foods, are set free during_digestion in the

-form of inorganic salts.
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Fig. A

Fig. B

Plate I

Hard Palate. Haematoxylin-Hosin x

100

1 Stratified squamous epithelium

2 . Tunica propria
3 Submucosa

4 Palatine ridges

Cross section of Tongue near tip.

Haem,~ensin x 50

Epithelium of dorsal surface
Tunica propria

Connective tissue

Striated muscle

Collagenous and elastic fibers
Epithelium of ventral surface
Serous glands
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Fig. A

Fig. B

Plate IT

Sectisn through side of tongue (mid-portion) x 100

SRR LR L T

Stratifis=d squamous epithelium

Papilla

Submucosa

Striated muscle _

Upward projection of connective tissue layer
Finger-like projectisn of connective tissue layer
Connective tissue enveloping muscle bundles

Cross sectisn of Tongue near tip showlng mucous

o DN

glands x 100

Epithelium of ventral surface

Submucosa

Mucous type glands

Connective tﬁssue enveloping glands and
muscle bundle

- Muscle . -
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Fig. A

Figo B

Plate III-

Sectiosn through side »f tongue mid-portion,

showing glands. Haem.-eo0sin. x 100

LN I NI Ol

Serous type glands
Nerves '

Blood vessels
Connective tlssue
Muscle

Excretory ducts

Cross sectisn of wall »f oesophagus (near cardia)

X 50

1 Epithelium

2 Tunlica propria

3 Muscularis mucosa

4 Submucosa

5 Oesophageal glands

6 Inner circular layer of lamina muscularis

7 Outer longitudinal layser of lamina muscularis
8 Connective tissue septa
9 Auerbach's plexus
10 Adventitia
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Plate IV

Fig. A -~ Cross section of wall of oesophagus (upper end)
' Haem.~-808in. x 50

Epithelium
Tunica propria
Muscularis mucosa
Submucosa
Oesnphageal glands
Inner circular layer of lamina muscularis
Outer longitudinal layer of lamina muscularis
Connective tissue separating the two layers
of the muscularis

. Adventitla
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Fig. B Oesophageal glands Haem.-eosin x 430

Oesophageal glands

Tunica propria

Muscularis mucosa

‘Inner circular layer of lamina muscularis.
Large excretory duct

G+
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Plate V

Fig. A Oesophageal Stomach (Long. Sec.) Haem.-Fosin x 50

Thick layer of stratified squamous epithellum
Tunica propria

Submucosa

Inner circular layer of lamina muscularis

QN

Fig. B Muconga at junctlon of eosophageal and cardiac
stomach., Haem.-¥o0sln x 50

Stratified squamous epithelium of oesophageal
stomach

Glands of cardiac portisn »f stomach

Tunica propria

Submucosa

Lymph nodule:
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Fig. A

Fig. B

Plate VI

Cardiac Stomach (Long. Sec.) Haem.-Rosin x 50

Epithelium

Cardiac glands

Muscularis mucosa

Blood vessels in submucosa

Submucosa ‘

Inner circular layer of lamina muscularis
Quter longitudinal layer of lamina muscularis

OO RO

Cardiac glands. Haem.~Eosin x 100

Cardiac glands
Tunlca propria
Muscularis mucosa
. Submucosa containing hlood vessels
Inner circular layer of lamina muscularis
Outer longitudinal layer of lamina muscularis
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Fig. A

Fig. B

Plate VII

Mucosa of Fundic Stomach - generai structure
(Long. Sec.) Haem.,-Kosin x 50

1 Fundic glands
2 Submucosa containing blood vessels

SRR

Fundic glands (Long. Sezc.) Haem;-Eosin x 100

. Fundic glands
Tunica propria containing small blood vessels
Muscularis mucosa
Submucosa containing large bloond vessels
Inner circular layer of lamina muscularis
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Fig. A

Fig. B

Plate VIII
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Pyloric Stomach (Long. Sec.) Haem-Eosin x 50

fpithelium

Pyloric glands

Tunica propria

Muscularis mucosa

Lymphoid tissue in submucosa

Submucosa : ‘

Inner circular layer of lamina muscularis
Outer longitudinal layer of lamina muscularis
Serosa '

Pyloric glénds. Haem.-Eosin x 100

Pyloric glands

Tunica propria

Muscularils mucosa

Suhmucosa

Blood vessel in tunica propria
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Plate IX.

Fig. A Cross section of wall of Duondenum. Haem.,-eo0sin % 50
1 Epithellal covering of villi
2 villi
3 Tunica propria containing glands of Lieberkuhn
4 Muscularis mucosa
5 Submucosa containing Brunner's glands
6 Blood vessels
7 Inner circular layer of lamina muscularis
8 Outer longitudinal layer of lamina muscularis
9 Auerbach's plexus in c¢onnective tissue septa
10 Serosa

Fig. B Types of Duodenal villi. Haem.-eosin x 100
1 Villl

2 (Glands of Lisbherkuhn
3 Crypts of Lisherkuhn
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Plate X

Fig. A Plica circulares in the Duodenum. Haem.-eosin x 100

Plica circulares

Tunica proprisa

-Muscularis mucosa

Large blood vessel

Brunner's glands

Subnucosa

Circular layer of lamina muscularis-
Longitudinal layer of lamina muscularis
Serosa

OO0 U RO

"Fig. B Dundenal villi. Cross section x 430

Epithelium o ‘
Villus i
Gobhlet cells :
Tunica propria

Basement membrane

U RO
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Plate XI

Fig. A Dundenum (Cross Section) Haems-Fosin x 430
1 Glands of Lieberkuhn
2 +#uscularis muconsa
3 3ubmucosa containing large blood vessel
4 Circular layzsr of lamina muscularis
5 Large Blond vessel

Fig. B Cross sectisn of wall of Jejupum. Haem.-Xosin x 50
1 Bpithelium of villi
2 Villi
3 Tunica propria with glands of Lieberkuhn
4. Suhmucosa
5 ‘Inner circular layer of lumina muscularis
6 Outer loongitudinal layesr of lamina muscularis
7 Blood vesssls in submucosa ' :
8 Serosa ' . '
9 Connective tissue septum containing Auerbach's

plexus ;
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Plate XII

Types »f Jejunal villi, Haem.-eosin x 100

1 Villi
2 Tall columnar epithelium

Plica circulares in the jsjunum. Haeme-e93in x 100-

Plica :
Blood vessels
Circular layer of lamina muscularis

- Connective tissue septa containing Auerbach's
plexus o .
Longitudinal layer of lamina muscularis
Serosa :

~Glands of Lieherkuhn
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Fig. A

‘Pig. B

Plate XIII

Lymphoid tissue in the jejunum. Hasme.-e0sin x 50

Vilii

Solitary lymph nodules

Tunica propria

Submucosa :

Inner circular layer of lamina muscularis
vuter longitudinal layar »f lamina muscularis
Connective tissus sgepta containing Ausrbach's
plexus : ' -

Serosa ’

@ 30 O DO

Jejunal vill! Cross Sectinn Haem.-%03in x 430

kpithellum
8noblet cells
Muscularis muconsa
Submucosa

NSRS
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Fige A

Fig. B

~3 O OV > Q1 2O

Flate XIV

Jejunum- Cross Sectisn. Haem.-%nsin x 430

Tunica propria -

Muscularis mucnsa

Submucosa _ ) ,

Inner circular ldyer of - lamins muscularis :
Connective tissue containing Auerbach's plexus
Outer longitudinal layer of 1am1na muscularis
Serosa _ :

Cross section of wall of Tleum. Hasm.-%o0sin x 50

HO® ~AOUBGNH

Epithelium
viiiy
Tunica propria containing glands of. LieberLuhn
_ Surmucosa contsining blond vessels -
Inner circular layer of lamina muscularis
- Quter longitudinal layer of lamina muscnlaris
Conrnective tissue septum containing Auerbach's
plexus ‘ : : ‘
Serosa .

Peyer's patches
0. Connective tissue capsule surround*ng Peyer's
patch

il Lymphoid tissue extending into npwtnelium
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Pl z.«te XV

Fig. A Types of villi in 1leum. Haem.-enzin x 10C
1 Villi |
2 Tunica propria with crypts »f Lieherkuhn
3 Submucosa
4 Blood vessel

Flg. B Peyer's patches inp ileum. Haem.-eosin x 50
1 Peyer's patches ,
2 Connective tissue enveloping FPeyer's. patches
3 Submucosa
4 TBlood vessels
5 Inner circular layer of lamins muscularis






Plate XVI

Plica circulsres in Ileum. Haem.-eonsin x 100

o3l OO

Villus

Plica circulares

Subrucosa

81954 vessel :

Inner circular layer of lamina muscularis
Connective tissue septum containing Auerbach's
plexus

Outer longitudinal layer of lamina muscularis
Seross .
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Plate XVII

Fig. A Cross section-of wall of colon. Haem.-eo0sin x 50
1 Glands of Lieherkuhn
2  Krypts »f Lieberkuhn
3 DMuscularis mucosa
4 Submucnsa containing blood vessels
5" Inner circular layer of lamina muscularis
6 Outer long*tudinal layer of lamina muscularis
7 Fat
8 Serosa
9 .

Auerbach's plexus in cnunect ‘ve tissue septum

Fig. B Cross section of wall of colon tn shaw blood
vVes321ls8 exterior tn lamina musculsaris Haem.-eosin x 10

Submucosa

Circular layer of lamins muscularis
Taenia coll

Aggregation of blood vesselsi’

Fat

G b o th e






Pig. A

Fig. B

Plate XVIII

Colon erss Section Haem.-e0sin x 430

Krypts of Lieberkuhn

Glends of Lieberkuhn.

Tunica propria

Muscularis mucosa

oubmucosa

Inner circular layer of lamina muscularis
Outer longitudinal layer of lamina muscularis
Connective tissue septum

Crnss section of wall nf rectum. Haem;-eosin x 50

NG [

Glands of Liesberkuhn containing numerous
goblet cells

Muscularis mucosa

Submucosa

Inner circular layer of lamina muscularis
Outer longitudinal layer of lamina muscularis
Connective tissue septum

Serosa
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Plate XIX

Fig. A . Rectum to show branching plica clrculares
Haem.-eosin x 100

1 Branching plica circulares
2 Glands of Lieberkuhn
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Plate XX

Fig. A ~ Submaxillary salivary glund. Section through
o Haeme.-e0sin x 100 )

Acini of mucous cells

Serous cells

Large branch of excretory duct
Interlobar duct

Intarlobuler duct

Intralobular duct

‘Capsule of connective tissue
Connective tissue separating lobes

O~JOU» WO+

| Fig.'Bv Submax*llary;salivary gland. Section througg
- . " Haem.-ensin x 430

Mucnus acini

Intralobular duct

Large branch of excretory duct
Interlobular duct

Connective tissue

SN N AV
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Fig. A

Fig. B

Plaute XXI

Sublingual saljvary giand. Section through

Haem.-e03in x 100

Mucous acini

Serous acini

Connective tissue septum

Intralobhular ducts

Capsule nof dense connective tigsue- containing
blood vessels

T 0.

Sublingual salivary gland. Section through

Haem,=-e0sin x 430

1 Mﬁcous abini
2 Sernus acini
3 Excretory ducts
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Plete XXII.

Fig. A Parotid sallvary gland. Section through
Haem.=-eo0sin x 100

Capsule of comnnective tissue
Connective tissue trabeculae
Serous acini

Excretory ducts
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Fig. A

Fig. B

Plate XXITI

Section through liver of five week old pig

Haem.,=-e0sin x 100

1 Central veins-
2 Cords of liver cells
3 Sinusoids

Section through liver of sixteen week 0ld pig
Haem.,-eosin x 100 .

Central vein
Cords of liver cells
Heavy connective tissue trabecula separating
lobes
. Sinusonids

> (VAR o
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Plate XXIV

Fig. A ~ 3ection through liver of five week 0l1d pig
to show hepatic lobes. Haem.-eo0sin x 100

1 Central veins of hepatic lobes
2 1Interlobular veins
3 Cords of liver cells
4 Sinusoids
Flg. B Section through liver of sixteen week 01d pig

to show hepatic lobes. Haem.-eosin x 100

Connective tlssue septae séparating'lobes
Connective tissue capsule

1 Central velns of hepatic lobes
2 Interlobular veins

3 Cords of liver cells

4 Sinusolids

5 Artefact .

6

7
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‘Fig. A

~Plate XXV

"Séction through pancress showing island of

Langerhans. Haem.-hosin x 430

. Pancreatic acini

Connective tissue capsule around islet
Island of Langerhan

Connective tissue trabecula

S AV
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