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SUMMARY: Six abomasums of yakBd@s grunnienswere studied with gross dissection and histological methods. It was found
that the mucosa of the yak abomasum was covered with simple columnar epithelium. There were lots of spt0)aldhé fundic
glandular area. The developed membrane of lamina propria was occupied by high density glands. According to the morphological
characteristics of the glands, the abomasum was divided into the cardiac, gastric and pyloric glands. Cardiac glandsl wérelaurve
glands with the intumescent bottom and small glandular cavity. Fundic glands were simple tubular glands or branchedndgular gla
where the chief, parietal and mucous neck cells can be observed clearly. Pyloric glands were curled tubular glandso tihe ceser
of the lamina propria, the more obvious the glands curl. Staining of glycoconjugate revealed that the mucosal epithetamiatthe
gastric and pyloric glands and gastric pits epithelium mainly secreted neutral glycoconjugate, but other portions ofccgediiccan
glands secreted mixed and acid glycoconjugate respectively. By Gordon-Sweet's reticular fiber staining, it was founduttaatshe m
neck cells possessed the characteristic of argyrophilic phenomenon. There was a large number of argyrophilic granplesiinctearsu
cytoplasm in contrast with the chief cells. Furthermore, there were isolated lymphoid nodules and diffuse lymphoid @ssheniratum
glands, especially in corpus abomasi. Grimelius silver staining showed that the argyrophil cells were located in thesgitimeliar
and lamina propria of glands, which can also be observed in connective tissue. These endocrine cells dispersed indipithedig} in
cells, occasionally in 3-5 cell groups. Therefore, the yaks were grazed throughout the year on diverse natural grasdlendlaed ha
morphological characteristics of the abomasum enabling them to consume a wide variety of plant species, thereby bettheadapting
to harsh plateau environment.
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INTRODUCTION

The yak Bos grunnieng as a year-round grazing The yak stomach consists of four parts, each with its
animal, is one of the unique livestocks in the world, livingwn morphological particularities, including rumen,
in the Qinghai-Tibetan Plateau. The various rangelands mefticulum and omasum, known as forestomach (Hofmann,
the plateau are characterized by their high altitude, shda®73). Although there has been considerable research into
growing season (from June to September) and great seastimalorganization of the stomach in cattle (Vat@l, 1990),
variation in feed supply (Lonet al, 2004, 2005). To adapt sheep (Wardrop, 1961; Franebal, 1992, 1993a, 1993b,
to the harsh conditions, the yaks have acquired many spedi@93c; Redondet al, 1997; Regodoet al, 1996), deer
morphological features in the long-term natural selectiofFrancoet al, 2004a, 2004b, 2011, 2012; Redomdal,
Many studies showed that the location of the cranial cen2005; 2011; Masait al, 2007a, 2007b), and goat (Molinari
cal ganglion in the yaks corresponded with that of othé Jorquera, 1988; Ramkirshna & Tiwari, 1979; Nwaogu &
domestic animals, whereas its shape was different (@zgeEzseaor, 2008; El-Gendy & Derbalah, 2010; Gaetial,
al., 2009; Kabak, 2007; Sha al, 2007). Shao (2010) 2012), itis that no reports describing the stomach in the yak
reported that the lingual prominence of yak tongue wémave been published previously, the aim of the present study
greater and more developed than in cattle (Bos taurus). was to describe the morphological and histological features
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of the yak abomasum and to provide a morphological basisted darkly stained cytoplasm, which showed eosinophilic

for further research on adaption for the balance of wholgranules. In addition, the nuclei was often pressed against

body energy homeostasis in poor grazing in the Qinghdhe basal cell when much of mucus existed. However, the

TibetanPlateau, China. basal region of cytoplasm with weakly basophilia was rather
small (Fig. 1A), and showed positive reaction to PAS.

MATERIAL AND METHOD The lamina propria was the thicker, in contrast to the
vela abomasica. Being rich in collagen fibers and reticular
fibers, the latter constituted stent for the lamina propria. And

Animals. All research protocols used in the currena large number of closely arranged glands were located here.

experiment were approved by Animal Ethics Committee athe shallow and deep gland cells of the lamina propria had

the Qinghai province, China. two types in shape. The former showed the branched tubular
glands arranged sparsely, with the shorter duct and smaller

The stomachs of 6 healthy yak (4 castrated, 2 malksnen. The bottom of duct was enlarged, and the more toward
3-6-yr-old) with a mean BW of 25520 kg were collected the lamina propria deeply, the more obvious the phenomenon
immediately after being slaughtered from Datong slaughtef enlargement was. Depending on the composition of cells,
house, Datong county (> 3,000 m above sea level), Qinghthie glands can be divided into serous and mucous glands,

China. Four parts of the stomachs were fixed with 10%his part was classed as mucous gland. The mucous cells

Paraformaldehyde solution (PH 7.4) after observation emerged in the shape of tall columnar or cone with oval nuclei

gross anatomy. located in the basal region, and with abundant of cytoplasm
stained lightly. Occasionally, the apoptosis cells were observed

Sampling and methods Once the abomasum had beenvith shrinkage and chromatin condensation in the mucous

separated, small pieces of tissue were dissected for analyglands. A small amount of parietal and endocrine cells

Tissues for histological examination were fixed in 10%listributed among mucous cells. However, the deep gland

buffered formaldehyde for 24 hours, after the specimens waxgls of the lamina propria curled up into gathered package

dehydrated through a graded series of alcohol, cleared dightly (Fig. 1B), and gland cells consisted of parietal cells
embedded in paraffin wax, and sectioned at 5-7 mm. Secti@arl a small amount of chief cells. The larger parietal cells,
were stained with hematoxylin and eosin (HE), periodic acigvith small and round nuclei and eosinophilic cytoplasm,

Schiff (PAS) alcian blue (AB), AB pH 2.5, AB pH 2.5- PASdispersed in the mucous cells. The chief cells, with strong

(Pearseet al,, 1985; Grimelius, 1968), which displayed thebasophilic cytoplasm and round nuclei located in the basal

fanclus abomasi, corpus abomasi and pars pyloricaegion, were tapered or cylindrical in shape. More parietal

respectively. The slides were observed using brigleells were on the body of cardia glands. moreover, more chief
microscopy (BH-2, Olympus, Nagano, Japan). cells at the bottom. Further, fibroblast, plasma cells and
lymphocytes also scatter in the lamina propria. A small amount

Statistical analysis The results were shown as mea®E.  of smooth muscle fibers from mucosa muscularis extended

A post-hoc (Tukey) analysis was carried out to test fahe deep of the lamina propria. The mucosa muscularis was

significant differences in amounts of argyrophilic cellsnore significant than the vela abomasica. The submucosa was

between different positions of abomasum. A value of P<0.@dmposed of the loose connective tissue, which was rich in
was considered significant. arteries, veins and lymphatic vessels.

The muscularis included two layers of smooth muscle,
RESULTS the inner and the outer. The inner ring was about 410.9-676.8
mm in the thickness, of which the muscle bundle was the more
coarser than the outer. While the outside longitudinal muscle
The cardiac glands area (fanclus abomasiyhe surface was only about 175.8-277.0 mm (Fig. 1C).
cells of the mucosa were simple columnar epithelium cells
with oval nuclei located in the basal, which was stained The adventitia (serosa) was composed of loose
lightly in the cytoplasm. A large amount of mucinogerconnective tissue, with small collagen fibers, less blood
granules in the supranuclear region of cytoplasm was showssels and a small amount of fat cells.
by a strong positive reaction to PAS. The gastric pit
epithelium was also a simple columnar epithelium whiclithe gastric glands area (corpus abomasijhe mucosa
was shallower than the surface mucous cells. The top of cétssmed many folds lined with simple columnar epithelium.
was filled with lightly stained mucus, the nuclear around@here were oval nuclei located in the basal region and
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Fig. 1. Light microscopic view of the fanclus abomasi. (A) Gastric pit (a) and epithelium (arrow) of fanclus abomasi. 8tairAS w

X400. (B) Upper (a) and lower (b) cardiac gland, reticular fiber (c) and blood vessel (d) in lamina propria of fanclus ldEoxigX). (C)
Elastic fiber (a) in lamina propria, inner (b), outer (c) muscular layer and chorion (d) of fanclus abomasi. Stainedievithezl&s40.

mucinogen granules at the top of cells with stained lightlyarietal cells in the body and the bottom of gland. The former
or not. Gastric pits arranged densely, which were more deepets the most dense, lined up outside of the main and mucous
than cardia gland. Mucus at the top of gastric pit cells wagck cells. A portion of some glands was mainly covered
stained lightly, where the oval nuclei often was squeezeth parietal cells, which decreased gradually at the bottom,
into platykurtic in shape, and showed positive reaction #Whereas, it significantly reduced in the blind end.
sugar conjugate (Fig. 2A). Approaching isthmus in the neck of the gland, a small amount
of parietal cells on the glandular epithelium was able to be
The lamina propria was quite thick, filled with gastricobserved.
glands. It contained two types of long and straight glands, a
single tubular and branch tubular glands arranged densely.  The chief cells mainly distributed at the body and
And the glands were companied with lots of capillaries (Fighe bottom of gland, with low columnar or cubic in shape,
2B). Reticular fibers constituted the gland bracket in the larhich located between the parietal cells. There were
mina propria, and were often distributed along the basemepherical or oval nuclei located in the base of the cells. Visi-
of membrane (Fig. 2C), where many small arteries wetge basophilic granules to HE presented in the cytoplasm
found as well. And compared with reticular fibers, there wei@ig. 3A).
less collagen and elastic fibers, where mast cells and
lymphocytes were able to be observed (Fig. 2D). A few of the endocrine cells distributed in the gastric
glands, with round, conical or triangular in shape, which
The gland tube of the gastric glands had small cavityere mainly embedded in the chief cells. The cytoplasm of
and was very thin and long, which arranged tightly. Thihe endocrine cells were filled with tiny argyrophilic granules
closer to the cardia, the shorter the tube was (Fig. 2E). Tee that we could observe at the neck and body of glands
results of conventional staining and special staining indicatedth Gordon-Sweet's staining.
that the yak gastric glands were also composed of mucous
neck, parietal, chief and endocrine cells. The muscularis mucosa, with only continuous layer,
was very thin.
The mucous neck cells distributed in the neck of
glands. Due to the extrusion of the parietal cells, they were The submucosa was composed of loose connective
usually irregular in shape, with oval or flat round nucleiissue with varying thickness. There were lots of veins,
located in the base of cell. Gordon-Sweet's staining showerteries, fibroblasts, mast cells, macrophages and
that the cytoplasm of mucous neck cells were filled wittymphocytes, and with the coarser diameter of vein and artery
argyrophilic granules (Fig. 2F). and the finer collagen fibers. Nearby the muscularis, the fat
cells were observed as well.
The parietal cells, with large volume, were oval or
round. Abundant cytoplasm, which was stained strongly to The muscularis was divided into two layers
HE, was filled with dense eosinophilic granules. They hacbntaining the inner ring muscle and outer longitudinal
two small and round nucleus located in the center of tmeuscle. The thickness of the inner smooth muscle was about
cells generally, but three occasionally. There were mofeur times larger than the outer longitudinal muscle. Besides,

766



WANG, J.; ZHANG, R.; ZHANG, L.; WANG, C.; SHAO, B. & WANG, J. Histomorphometric adaptation of ya&ds grunniensabomasum to the Qinghai-Tibetan Plateau environment.
Int. J. Morphol., 33(2)764-776, 2015.

Fig. 2. Light microscopic view of the corpus abomasi. (A) Epithelium (a) gastric pit
(b) and gland (c) of corpus abomasi. Stained with PAS X100. (B) Epithelium (a)
gastric pit (arrow) fundic gland (b) blood vessel (c) and lamina muscularis mucosa (d)
of corpus abomasi. HE X100. (C) Reticular fiber (arrow) in lamina propria of corpus
abomasi. Stained with Gordon Sweet X400. (D) Aorta (a), vein (b) and elastic fiber
(c) in tunica submucosa of corpus abomasi. Stained with elastic fiber X40. (E) Gastric
pit (arrow) and fundic gland (a) in lamina propria of corpus abomasi. HE X400. (F)
Mucous neck cells (arrow) of corpus abomasi. Stained with Gordon Sweet X400. (G)
Lymphatic nodule (arrow) in lamina propria of corpus abomasi. HE X100. (H) Bottle-
shaped lymphatic nodule (arrow) of corpus abomasi. HE X100. (I) Lymphatic nodule
(a) and diffuse lymphoid nodule (b) of corpus abomasi. HE X 100.
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Fig. 3. Light microscopic view of the fundic glandular region. (A) Chief cells (arrow) parietal cells (a) and mucous nébk aklls

fundic glandular region. HE X400. (B) Epithelium (arrow), gastric pit (a) and fundic gland (b) in fundic glandular regneu Bit
AB-PAS X400. (C) Epithelium (arrow), gastric pit (a) and fundic gland (b) in fundic glandular region. Stained with AB X100.

A

were fewer small veins,
capillaries, lymphatic capillaries
and fat cells and more g
lymphocytes, plasma cells, and
fibroblasts. ;
The pyloric glands area (pars
pylorica). The thickness of !
mucosal layer in pyloric glands .IL
were similar as in cardiac glands,
which were thicker (367.2—461.5 g™
mm) than in gastric glands. ThereP s
were intensive gastric pits with L} .
deep pleated mucosa (Fig. 4A).H
Mucosal epithelium was a simple g
columnar epithelium (Fig. 4B), k
which packed tightly, with oval [
nuclei located at the base of thelli e,
cell. Both the basal and
supranuclear region had smallg
amount of cytoplasm, which were ; =T, : :
basophilic and eosinophilic, ' £ o
respectively. There was lightly ; ‘_

stained or non-colored ml_JCUS_ a Fig. 4. Light microscopic view of the pars pylorica. (A) Gastric pit (arrow) lymphocyte (a)

the top of cell. The gastric pits pyjoric gland (b) and muscular mucosa (c) of pars pylorica. HE X100. (B) Simple columnar

were very deep, with the lower epithelium (arrow) of pars pylorica. HE X400. (C) Glandulae mucosa (a) and collagen fiber

epithelial cells, which also showed (arrow) in base lamina propria of pars pylorica. HE X400. (D) Macrophage cell (arrow), fibroblast

a strong positive reaction to PAS.(2), plasma cell§), aorta (a) and vein (b) in tunica submucosa of pars pylorica. HE X400. (E)
Inner (a) and outer (b) muscular layer of pars pylorica. HE X40. (F) Diffuse lymphoid tissue
(arrow) of pars pylorica. HE X100.

768



WANG, J.; ZHANG, R.; ZHANG, L.; WANG, C.; SHAO, B. & WANG, J. Histomorphometric adaptation of ya&ds grunniensabomasum to the Qinghai-Tibetan Plateau environment.
Int. J. Morphol., 33(2)764-776, 2015.

Fig. 5. Adipose tissue (arrow) in

The lamina propria were rich in pyloric glands. There
were a small amount of tubular glands in the shallow layer,
where connective tissue was very abundant. However, due
to a large number of branched tubular glands in the deep
layer, the component of connective tissue was relatively
small. The pyloric glands were divided into multi-branched
tubular gland and curled tubular gland, but was usually
shorter. The morphology of the glands gradually changed
with undulating folds, the closer to the depth of lamina
propria, the more obvious the glands curl. The glandular
epithelium was a simple columnar epithelium, with spherical
or flat nuclei located in the base of the cell, which was more

nodule (arrow) in lamina propria of fanclus abomasi. HE X100.

tunica serosa of adventitia. HE X100.

dwarf than gastric pit. Meanwhile, nucleolus
could be observed in the closely arranged nucleus.

. The supranuclear region was filled with small

eosinophilic granules within mucus, which

~, stained lightly to HE. Like the mucous neck and

duodenal cells, the most cytoplasm in the pyloric
gland epithelium in the deep layer is pale, with
round nuclei located in the base of the cell (Fig.
4C). In addition, less parietal cells, more
capillaries and argyrophil cells could also be
observed, especially lymph nodes. The bracket
of glands was constituted with collagen fibers and
reticular fibers. Due to muscularis mucosa
embedding into the lamina propria, we could see
more smooth muscle fibers at the bottom of glands
in the lamina propria.

The muscularis mucosa was a thin layer,
in which there were small arteries and veins.

The submucosa was composed of thin
loose connective tissue (Fig. 5D), which had
many varieties of cells, such as fibroblasts,
macrophages, lymphocytes and plasma cells. In
addition, abundant of small veins, very thin
arteries and capillaries were observed, and small
lymphatic vessels occasionally.

The muscularis was more muscular than the
pyloric glands, which composed of the outer and
inner layers of muscle (Fig. 4E). The muscle
bundles of inner layer were less loose and thin than
the outer layer. Meanwhile, two layers of muscle
bundles were separated by connectissue.
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ght microscopic view of the pyloric gland region. (A) Solitary lymphoid nodule (arrow) of pyloric gland regionl®{E ¢B)
Epithelium (arrow), gastric pit (a) and pyloric gland (b) in pyloric gland region. Stained with PAS X 100. (C) Epitheliw), (mastric
pit (a) and pyloric gland (b) in pyloric gland region. Stained with AB-PAS X 100.

Fig. 7. Li

The serosa composed of loose connective tissuglso different. Reticular fibers in the lymphoid nodules
550.2-595.7mm in thickness, which contains a lot of fat cellgainly distributed in the periphery, as well as fewer germinal
toward muscular layer (Fig. 5). centers, while the distribution of reticular fibers in the den-

se lymphoid tissue was uniform.
Distribution and composition of the mucosa-associated
lymphoid tissue The distribution and composition of mu- Few lymphocytes presented in the mucosal
cosa-associated lymphoid tissue was basically same asfithelium in the fanclus abomasi, corpus abomasi and pars
the fanclus abomasi, the corpus abomasi and pars pylorigglorica. In the fanclus abomasi, there were diffuse lymphoid
which was concentrated in the lamina propria and had twigsues and isolate lymphoid nodules in the lamina propria.
forms, isolate lymphoid nodule and diffuse lymphoid tissuerhe former composed of dense lymphoid tissues and even
The former mainly distributed in the fanclus abomasi, th@iore developed (Fig. 6A and B). In the corpus abomasi,
corpus abomasi and pars pylorica, especially more to tigere were large number of lymphoid nodules distributing
corpus abomasi. Further, it generally located in the de@fensively in the lamina propria, especially in the deep of
layers of the lamina propria, occasionally, some lymphoidmina propria nearby the muscularis mucosa (Fig. 3G, H
nodules occupying the entire lamina propria. The structugéd I). There were diffuse lymphoid tissue-dense lymphoid
of isolate lymphoid nodule was basically same as th&sue in the pars pylorica. Moreover, lymphoid nodules can
lymphoid nodule of lymph node, which were mainlybe observed in the shallow and deep of lamina propria (Figs.
constituted by large and medium-sized lymphocytes angF and 7A).
peripheral lymphocytes, sometime, mast cells visibly. In

addition, both had germinal center, but not more developerhe results of glycoconjugates staining in glandular mu-
which was stained lightly. cosa

There were two forms of diffuse lymphoid tissueCardiac glandular area. The result of PAS reaction in
the loose and dense lymphoid tissues. The lymphocytesrdiac glandular area of the abomasum (Table I) was that
sparsely arranged and scattered in the loose. The arrangerigsturface of mucosal epithelium showed a positive reaction
density of lymphocytes in the superficial lamina propria wag PAS. All gastric pit epithelium cells reacted strongly with
greater than the deep layer. Reticular fibers formed the stepd\S, filled with red granules in the supranuclear cytoplasm.
where small lymphocytes were even more, following tha small amount of positive granules at the top of gastric pit
plasma cells with varied shapes and typical structures. Tégithelium cells can also be found. There was a narrow
dense lymphoid tissue, where irregular lymphocytes gatheredgative area between the gastric pits and glands. The
together intensively, had no germinal centers. There wasactions to PAS was positive at the neck and bottom of

obvious boundary between dense lymphoid tissue and iflgnds epithelium, but the body of glands epithelium
surrounding tissue, because the former mainly constitutadgative.

of small lymphocytes. Comparing with isolate lymphoid
nodules, the difference in dense lymphoid tissue was except ~ The AB staining results showed that the mucosal
no germinal centers, the distribution of reticular fibers waspithelial exhibited negative reaction, while the gastric pits
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epithelium was purple and red, respectively. The entire glands
were purple, including its isthmus, neck, body and bottom.

Moreover, the surface of mucosal epithelial and gastric pit

epithelium mainly secreted neutral glycoconjugates, but

glands secreted mixed glycoconjugates.

Fundic glandular area. As we know from Table | that the
reactions to PAS were positive in the mucosal epithelial and
gastric pit in the fundic glandular area, and more strongly
positive in the gastric pit. The body of gland epithelium
showed a strong positive reaction to PAS, while its bottom a
negative reaction.

The AB staining showed that the mucosal epithelial
was not stained. All gastric pit epithelium cells showed a
positive reaction to AB, which there were nuclei stained
weakly red and blue granules in the cytoplasm. The isthmus
_of gland epithelium exhibited a slightly positive reaction to
AB, and the neck and body of gland epithelium reacted
strongly with AB, but the bottom showed a negative reaction
to AB (Fig. 3B).
showed positive redion. There were blue particles
distributing densely in the supranuclear region and a small  The AB-PAS staining showed that the mucosal
amount of blue particles in the top region, with nucleus stainegithelial was stained lightly red. The gastric pit epithelium
red. As same as PAS reaction, a narrow negative area waas red, including litter cells with visible purple granules.
revealed between the gastric pits and glands. The neckTdfe isthmus and body of glands both were red, and the neck
glands showed a strong positive reaction to AB, then reactioniglands were blue, accompanying with some visible purple
to AB were weakly positive at the bottom, but glands at thgranulosa cells. But the bottom of glands exhibited a negative
bottom of the lamina propria was negative (Fig. 8). reaction (Fig. 3C). Moreover, the surface of mucosal and

gastric pit epitheliums mainly secreted neutral

The AB-PAS staining results showed that the mucosglycoconjugates, while the glands secreted acidic

epithelial was stained blue. The upper and lower gastric gilycoconjugates.

cardiac glandular area. Stained with AB X 100

Fig. 9. Endocrlne cells stained with Grimelius. (A) Endocrine cells (arrow) |n connective tissue. Stained with
Grimelius X 100. (B) Endocrine cells (arrow) in glandular epithelium. Stained with Grimelius X 100.
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Pyloric glandular area (Table I). The reactions to PAS were identification of the amine precursor uptake and the
weakly positive in the surface mucosal epithelial, and moexgyrophilic of decarboxylation cells. We can investigate
strongly positive in gastric pit epithelium. There was a narroendocrine cells varying in shape in the fanclus abomasi
negative zone between the gastric pits and isthmus in glanaisd corpus abomasi and pars pylorica, such as tapered,
From the neck of glands, the strength of positive reactiosound, fusiform, irregular, etc. (Fig. 9A). Secretory granules
was gradually increasing, until the bottom of the gland wad endocrine cells were different in argyrophilic. Portion
most strongly positive (Fig. 7B). of large cells were stained dark brown, with strong
argyrophilic granules located in the basal region. In addition
In the AB staining, the mucosal epithelial showedo non-colored nuclei and brown yellow background, it is
weak positive reaction. All gastric pit epithelium cellseasily recognizable. Another portion of small cells was
showed a moderate positive reaction, there were nucktained weak pale brown so that its contrast was less
stained weakly red and positive granules in the cytoplaswbvious. The statistical results demonstrated that a large
A negative zone to AB can be observed between the gas&imount of endocrine cells were observed in the pyloric
pits and isthmus in glands. The result of positive reactiaggland area (Table Il). Following the fundic gland area, the
was gradually strengthened from the neck to the bottom @énsity of the endocrine cells was the least in the cardiac
the glands, and the bottom showed a strongly positiggands area Endocrine cells individually dispersed among
reaction with lots of positive granules. gland epithelial cells, occasionally in groups of 3-5. There
were filled with argyrophilic granules in the cytoplasm and
In the AB-PAS staining, the mucosal epithelialcell protrusions, where some granules can also be found
showed lightly red. The upper and lower gastric piin the extracellular. Most of endocrine cells were tapered,
epithelium was red and purple, respectively. The isthmuse smaller tip-shape toward the luminal or mucosal
neck and body of mucosal epithelial were all stained redpithelium, the larger base containing argyrophilic
and the upper and lower at bottom of mucosal epithelial wgsanules. And some branches in the base of the cells, which
red and purple, respectively (Fig. 7C). Moreover, the surfapass through the basement membrane, were close to
of mucosal epithelial and gastric pit epithelium in pyloricapillaries in surrounding tissue. More argyrophilic
gland mainly secreted neutral glycoconjugates, including tigganules sometimes can be observed in glandular cavity
glands. or near the mucosal epithelium, which was the extracellular
secretion phenomenon. Moreover, the argyrophil cells were
The results of silver staining in endocrine cells scattered in connective tissue in the lamina propria,
Grimelius silver staining was widely used in thesspecially near the epithelium or glands (Fig. 9B).

Table I. Results of histochemical staining of epithelium cells in the yak abomasum glands.

Section Cell type PAS AB pH2.5 A[?I-IIZ,I.;S
Cardiac glandular area Surface mucosal epithelium 2R 0 2BP
Gastric pit epithelium 3R 2B 3BP
The sthmus of glandular epithelium 0 0 1BP
The neck of glandular epithelium 2R 1B 2BP
The body of glandular epithelium 0 2B 1BP
The bottom of glandular epithelium 2R 1B 2BP
Fundic glandular area Surface mucosal epithelium IR 0 1BP
Gastric pit epithelium 2R 2B 2BP
The isthmus of glandular epithelium IR 1B 1BP
The neck of glandular epithelium 2R 3B 2BP
The body of glandular epithelium 3R 3B 1BP
The bottom of glandular epithelium 0 0 0
Pyloric glandular area Surface mucosal epithelium IR 1B 1BP
Gastric pit epithelium 3R 2B 2BP
The isthmus of glandular epithelium 0 0 1BP
The neck of glandular epithelium 2R 1B 2BP
The body of glandular epithelium 2R 2B 2BP
The bottom of glandular epithelium 3R 3B 3BP

Intensity of staining reaction: 0, no staining; 1-3, weak to very strong staining. Colour of reaction: R, red; B, blushBRrple.
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Tabla Il. The different amounts of argyrophilic cells in the yak abomasum (n= 10).

Fanclus abomasi (I) Corpus abomasi (II) Pars pylorica (III)
X+SD 3.64+2.45 5.5843.22 10.59+45.63

lvs. Il, P>0.05; | vs. lll, P<0.05; Il vs. lll, P<0.05, respectively.

DISCUSSION

According to the distribution of the glands in thecan also be found at the body of the glands. Yet the mucous
abomasum (Eerdunchaokt al, 1999), the yak’s neck cell was not observed at the bottom of the gland. The
abomasum also contained cardiac, gastric and pyloriesult of glycoconjugate staining showed that the mucous
glands. The mucosa epithelium was simple columnageck cells can secrete not only neutral glycoconjugate but
epithelium. The cardiac glands, which were curved branethso acid glycoconjugate, the latter being the main
tubular glands, as same as other ruminants, belongedngredients. It was consistent with that of the Bactrian
mucous glands that mainly secrete mucus. The surfacecaimel and dromedary (Eerdunchaetual).
the mucosa was covered with mucus, except for lubricating
effect, which can also protect mucosa from mechanical In the yak, parietal cell was as same as other
damage, like rough food, etc. It had been known that theminants. The larger parietal cells with small and round
cardiac glands contained mucous and endocrine celfgiclei, which distributed in the fundic glands, were filled
except for mucous and endocrine cells, the parietal amith strong eosinophilic granules in the cytoplasm.
chief cells were also observed in the deep of lamina propfccasionally, two-nuclei also can be observed clearly.
of the yaks. Parietal cell, also known as oxyntic cell, helpgnlike the pig with clustering distribution, the yak’s parietal
to digest rough, hard and indigestible ingredientsells were neatly arranged in the outside of chief and
Compared to humans, the yak’s endocrine cells wepeucous neck cells. Previous reports showed that the
provided with more complex function. It was, thereforedistribution of parietal cells in plateau animals was the
believed that the digestive capacity of the yak had besame, such as yak, Bactrian camel and Mongolian gazelle.
strengthened from the cardia, which was the main featutdewever, it was different from some animals, such as mice,
of the cardiac glands area. rats, hamsters, gerbils, guinea and rabbits, the parietal cells

mainly distributed in the 1/2 -1/3 of the fundic gland and

The yak fundic glandular area had well-developeextended toward the neck and spread in mucous neck cells,
mucosal folds and thick mucous layer. Lamina propria wacasionally in chief cells (Imait al, 1990; Ghoshal &
filled with long and straight simple tubular glands oBal, 1989). According to published data, PAS-positive
branched tubular glands, which was similar to the fundjgarietal cells can be seen in dromedary, cat, rhesus monkeys
glandular area of other ruminants (Kitametal, 1986). and baboons (Sheahan & Jervis, 1976).

However, the number of parietal and chief cells was
abundant. Therefore, it was suggested that the yak had  According to the result of glycoconjugate staining,
strong ability of secretion for hydrochloric acid andhe pylorus gland belonging to mixed glands in the yak
pepsinogen. The bracket, constituted by reticular fibesecreted not only neutral glycoconjugate but also acid
closely, was distributed along the basement membramgdycoconjugate. The acid glycoconjugate was a main
Developed muscularis mucosa, especially the outeenstituent, which was the same as pigs and cats. But
mucosal muscle formed the coarse longitudinal bundle fryloric gland mainly secreted acid glycoconjugate in the
the pleats, which was beneficial to the movement of tigactrian camel, dromedarys and rabbits, while it only
developed mucosal pleats and the secretion of glands.secreted neutral glycoconjugates in dogs. Both the surface
mucosal and gastric pit epithelium were mixed gland,

Mucous neck cells generally distributed in the neckhich was as same as Bactrian camels, cats and dogs. Yet
of the glands, occasionally single neck mucous cell at thige surface mucosal and gastric pit epithelium of pigs,
bottom and body of the glands. But the mucous neck cetlbbits and humans only secreted neutral glycoconjugate
distributed in all of the glands in the pig, especially at th@>ougbad & Berg, 1981; Sheahanal).
bottom of glands (Agungpriyonet al, 2000). In the yak,
the distribution area of the mucous neck cell was the neck  Inthe yak, the mucosa-associated lymphoid tissues
of glands, of course, a small amount of mucous neck celgere concentrated in the gastric glands in the abomasum.
which were white vacuoles in shape and stained lightlgenerally speaking, where there was gastric gland, there
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was lymphoid tissue, which indicated that the larger glarile pylorus were the most, followed by gastric glands. In
stores more lymphoid tissue. However, the yak abomasuaaidition, the number of endocrine cells in the mucosal glan-
in which the surface area of mucosa was broadened dueltbar epithelium was significantly higher than the surface
a large number of pleats, was greater and more developgithelium. Although there has been much research on the
than that of the cé and other animals. So there was a largdistribution of gastrointestinal endocrine cells in other
amount of lymphoid tissues in the abomasum in the yalinimals (Kitamurat al, 1984), few reported in ruminants,
Aggregated lymphoid nodule, which lies in intestinal tract iespecially plateau ruminants. In this study, it was found
other animals and humans, was the key transferred posititrat the distribution of endocrine cells was the most in the
that the lymphoid tissue executed immune respongglorus gland, the more in the fundic gland, and the less in
(Voutilainenet al, 2002). It is noteworthy that there werethe cardiac glands. So the pyloric gland may be a key
aggregated lymphoid nodules in both gastric glands amasition existing a variety of endocrine cells, including
pylorus in the yak. It was, therefore, believed that the yal&C cells.
grazed throughout the year on diverse natural grasslands had
evolved morphological characteristics in intestinal tract In conclusion, it was suggested that the histology
enabling them to adapt harsh plateau environment. features of the yak abomasum enhanced the function of
digestion and absorption that enabled them to adapt to the
In vivo, neuroendocrine forms a completelyhighland of the Qinghai-Tibetan Plateau environment, Chi-
integrated regulating network, which plays an importamta. Further research regarding stomach of this species is
role in the organism’s health and defense capability foreeded. These findings may also improve our
animals (Calingasarat al, 1984). In contrast, the yak understanding of metabolism-related diseases, thereby
gastric mucosa is an ideal organ to study neuroendocritenefiting human health.
immune network due to containing a large number of
lymphocytes and a variety of endocrine cells. So it may B&C KNOWLEDGEMENTS
a good prospect for drug development, especially new
vaccines or oral medicines.
This work was financially supported by the
It was suggested that the gastrointestinal was tihaternational Cooperation Program of Gansu province, China
largest and most complex endocrine origarivo (Sjolund  (N0.1011WCGA161) and National Natural Science
et al, 1983). In the yak, the number of endocrine cells iRoundation of China (39300097).
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RESUMEN: Seis abomaso yaB¢s grunniensfueron estudiados con disecciéon y métodos histologicos. Se encontrd que la
mucosa del abomaso yak estaba cubierta de epitelio columnar simple. Se observaron pliegues et®spirda (zona glandular
findica. La membrana desarrollada de la lamina propia contenia glandulas de alta densidad. De acuerdo con las camarttddgiteas m
de las glandulas, el abomaso se dividi6 en las glandulas cardiacas, gastricas y pildrica. Las glandulas cardiacas gémndmas en
tubulares con la parte inferior intumescente y una pequefia cavidad glandular. Las glandulas findicas eran glandulasplbslares s
glandulas tubulares ramificadas, donde se pueden observar con claridad las células principales, parietales y mucosdsadel cuello
glandulas pildricas fueron glandulas tubulares curvadas, cuanto mas cercanas a la lamina propia, més evidente fue dadaria ondu
tincion glucoconjugada revel6 que el epitelio de la mucosa de las glandulas géstricas cardiacas, piloricas y el epifebagle las
gastricas secretaron principalmente un glucoconjugado neutro, pero otras porciones cardicas y de las glandulas gastricasmsecret
glucoconjugado mixto y &cido, respectivamente. A la tincion de fibras reticulares, se encontrd que las células mucdsgsodeianel
caracteristicas argirofilas. Se observé un gran nimero de granulos en el citoplasma supranuclear en contraste conifegedddas p
Ademas, no fueron aislados los nédulos linfoides y presentaba tejido linfoide difuso en las glandulas de abomaso, espeahlmente
cuerpo del abomaso. La tincion Gordon Sweet indic6 que las células argirofilicas se localizaron en el epitelio y langtendrdpia
lo que también se observo en el tejido conectivo. Estas células endocrinas se dispersan individualmente en las céadadepéelia
en cuando en grupos celulares de 3-5. De esta forma, los yak pastorean durante todo el afio, en diversos pastizalebaraturales, y
evolucionado sus caracteristicas morfoloégicas que les permiten consumir una amplia variedad de especies de plantasecon lo que
adaptan mejor a las condiciones inhdspitas.

PALABRAS CLAVE: Yak; Abomaso; Adaptacion histomorfométrica; Meseta Tibetana Qinghai.
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