ANADOLU UNIVERSITESI BILIM VE TEKNOLOJI DERGISI -C

Yasam Bilimleri ve Biyoteknoloji

ANADOLU UNIVERSITY JOURNAL OF SCIENCE AND TECHNOLOGY —C

Life Sciences and Biotechnology

Cilt/Vol.: 2-Say1/No: 2 : 75-87 (2012)

ARASTIRMA MAKALESI /RESEARCH ARTICLE

EFFECT OF PANTOPRAZOL A PROTON PUMP INHIBITOR ON SMALL
INTESTINAL PANETH CELLS

Orhan OZATIK ', Firdevs GURER %, Eser VARDARELI *

ABSTRACT

In previous studies of proton pump inhibitors may have effects on systems other than the stomach
has not been investigated sufficiently. Especially in patients treated in intensive care conditions and
the resulting use of the mucosal immune system may be very important complication of a defect or
failure might be the result does not have any work was done. Therefore, in our study, the mucosal
immune system, which is one of the components of the cells on primarily paneth, proton pump
inhibitors was to investigate the possible effects. For this purpose, 42 Wistar Albino rats, separated
into six different groups. In addition, each H2 receptor blocker and proton pump inhibitor groups, with
antibiotics given; the existence of bacteria in the environment and between paneth cells release
antimicrobial agent relationship has been planned to be exposed. As a result of the histological
examination with light microscope, pantoprazol to be effective on the small bowel paneth cells and
thus a component of the mucosal immune system, antibiotic peptides that block degranulation was
found. This effect, the close enteroendocrine cells, mast cells and leukocytes of lamina propria of
ileum also directly or indirectly affect.

Our findings generally common knowledge, pantoprazol outside gastric parietal cell proton pump
containing cells was also thought to influence. In conclusion our study results show that paneth cell
secretion activities in both groups were not needed are corroborative with the fact that mucosal
immunity potential can only be induced by microbial environment.

Keywords: Pantoprazole, Mucosal immunity, Paneth cells, Enterochromaffin cells, Mast cells,
Globule and polymorphous leukocyte.
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BiR PROTON POMPASI iNHIiBITORU OLAN PANTOPRAZOLUN INCE BARSAK
PANETH HUCRELERI UZERINE ETKIiSi

0z

Mide hastaliklarinin tedavisinde kullanimi en yayginlarindan proton pompast inhibitérlerinin, mi-
dedeki pariyetal hiicreler lizerine oldukca spesifik oldugu ve diger dokulardaki proton pompalar: tize-
rine etkilerinin olmadig ileri siiriilmektedir. Ozellikle yogun bakim sartlarinda tedavi edilen hastalarda
kullanilmasi ile ortaya ¢ikan ¢ok 6nemli komplikasyonlarin, mide pH sinin yiikselmesi ile sekonder
gelisen bakteri kolonizasyonundaki artmaya bagli olabilecegi one siiriilmiistiir. Ancak bu komplikas-
yonlarin mukozal immiin sistemde olabilecek bir defekt veya yetmezlik sonucu olabilecegine dair
yapilmis herhangi bir ¢alisma bulunmamaktadir. Bu nedenle ¢alismamizda, mukozal immiin sistemin
komponentlerinden biri olan paneth hiicreleri iizerine, proton pompasi inhibitorlerinin olasi etkilerinin
arastirilmasi amaclandi. Ayrica, antibiyotik uygulamalari ile ortamda bakterilerin bulunmasi ve paneth
hiicrelerinden antimikrobiyal madde salinimi arasinda iliskinin ortaya konmasi planlandi. Bu amagla
42 adet Wistar Albino sican, alt1 ayr1 gruba ayrilarak; ayri gruplarda H, reseptor blokeri, proton pom-
past inhibitorii ve bu gruplardan her birinde, antibiyotik ile birlikte verildi. Isik mikroskop ile yapilan
histolojik incelemeler sonucunda, pantoprazoliin ince barsak paneth hiicreleri lizerine etkili oldugu ve
bdylece mukozal immiin sistemin bir komponenti olan antibiyotik peptitlerin degrantilasyonunu engel-
ledigi saptandi. Mukozal direnci diisiirecek bu etkinin; yakin konumlu enterokromafin hiicreler, mast
hiicreleri ve ileum lamina propriasi 16kositlerini de dolayli veya dogrudan etkiledigi bulundu.

Genel yaygin bilgiye karsin, pantoprazoliin mide pariyetal hiicreleri disindaki proton pompasi
iceren hiicrelere de etkiyebilecegi diislintildii. Paneth hiicrelerinde gozlenen etkinin, gerek barsak ve
diger mukozal savunma sistemlerine olasi etkilerinin gerekse sistemik etkilerinin incelenebilmesi
yolunda ileri ¢aligmalara onciiliik edebilecegi 6ngoriildii.

Anahtar Kelimeler: Pantoprazol, Mukozal immiinite, Paneth hiicreleri, Enterokromafin hiicreler,
Mast hiicreleri, Polimorf niikleer ve globiil 16kositler.

1. INTRODUCTION pump inhibitors are claimed to specifically
inhibit the secretion of acid from the parietal
Nowadays, the most common gastro- cells. However, side effects such as diarrhea,

headache, dizziness, pruritis and skin eruption
can also be encountered during the use of these
medications (Fitton A, and Wiseman L. 1996).

intestinal diseases are the gastric pathology. The
cause of pathology in stomach diseases occur-
ring due to various factors are mostly associated

with the increase in stomach acid secretion
(Peterson W.L., 1995). Excessive acid secretion
from the stomach causes the most important
predisposing factor of diseases that occur in the
stomach such as ulcer and gastritis (Peterson
W.L., 1995). The acid secretion in the stomach
is provided by a proton pump from the parietal
cells (Sachs G, et al. 1995).

Proton pump inhibitors are known to be
quite effective for the control of gastric acid
hyper secretion (Tang SJ., et al. 2002). Proton

These systemic side effects have led to specula-
tions on the specific ness of the medications.

The proton pumps are not only special to
cells that are in the gastrointestinal system.
Despite existing to a high degree in parietal cells
in the stomach, this system exists in nearly all
the cells in our body. When the side effects of
the medication are examined, it is suggested that
it can have effects on other systems (Blandizzi
C,, et al. 2000, Bliesath H, 1994, Fitton A, and
Wiseman L. 1996). There are many defense
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mechanisms in our body. One of these defense
mechanisms is mucosal immune system. The
paneth cells residing in the small intestine are
also a part of this mucosal immune system. The
paneth cells are located in the small intestine
cryptal. A recent hypothesis claims that the anti-
biotic peptides are one of the components of
mucosal immunity (Ouellette A.J. 1999).

As is known in enteroendocrine intestinal
cells, gastrin, somatostatin, secreted peptides
such as enteroglucagon and generally includes
Lieberkiihn crypts (Ozbek E,and Esrefoglu M.
1999). Enterochromaffin-like cell and entero-
chromaffin cells (EC cells) are also considered
enteroendocrine cells. Enterochromaffin-like
cells or ECL cells are a type of neuroendocrine
cells found in the gastric glands. Embryologi-
cally, the EC cells are derived from the neural
crest, a group of migratory cells derived from
the ectoderm. Group of basal granular cells of
the gut whose granules stain readily with silver
and chromium salts. In the past, not stained with
haematoxylin and eosin method of Lieberkiihn
crypts, but especially in the bottom section of
paneth cells scattered among the individual,
light-colored cytoplasm, large, rotund or oval-
shaped cells that enteroendocrine cells were
confirmed by silver stain, has been reported
(Ozbek E., and Esrefoglu M. 1999).

The cells secrete serotonin, substance p, and
enkephalins. There are three types: gastric
(antral mucosa), duodenal, and intestinal. Its lo-
cation within glands at the base of intestinal
crypts and its basal extensions projecting into
adjacent glands attest to its local regulatory role.
For example, Serotonin [5-hydroxytryptamine
(5-HT)] is synthesized in the ileal EC cells
(Kidd M., et al. 2006). The other cells responsi-
ble for mucosal immunity in the intestine are
globule and polymorphonuclear leukocytes.

This study was planned to determine the
possible effects of proton pump inhibitors on
primarily to paneth cells, enterochromaffin cells
(EC cells), mast cells, globule and polymor-
phous leukocyte.

MATERIALS AND METHODS

42 Wistar Albino rats were used in the
study. The rats were divided into 6 separate
groups and in each group 7 rats were included in

the experiment. H2 receptor blocker and proton
pump inhibitor was administered in separate
groups to rats contained in the experiment
groups. Sub-groups to which antibiotics were
administered were also formed under each of
these groups. The aim of administering the anti-
biotics was to determine the association between
the existence of bacteria in the medium and sec-
retion of antimicrobial substance from the pan-
eth cells. The administration of H2 receptor
blocker was due to the absence of any effect on
sepsis related death incidence as a result of us-
age on intensive care patients and because it
basic environment acidity. Moreover, compari-
son of it with proton pump inhibitors was aimed.

Only intra peritoneal normal saline was ap-
plied to the rats in the Ist group for duration of
seven days and they were sacrificed by ether
anesthesia at the end of the 7th day. Since there
was a direct proportion between the bacterial
agents present in the medium and the secretion
from paneth cells, feces culture was obtained
from all the rats in all of the groups as well as
the control group.

5 mg/kg dose of H2 receptor blocker
(Ulcuran®) was administered intra peritoneal for
seven days to the rats in the 2nd group and their
feces culture was obtained after they were sacri-
ficed.

Proton pump inhibitor (Pantoprazol-
Pantpas®) at a dose of 1 mg/kg was adminis-
tered intra peritoneal for seven days to the rats in
the 3rd group. Their feces culture was obtained
after they were sacrificed.

Ciprofloxacin (Cipro®) at a dose of
30mg/kg administered intra peritoneal for seven
days to the rats in the 4th group. The intestine
flora was attempted to be eliminated through the
administration of antibiotics. Their feces culture
was obtained after they were sacrificed.

H2 receptor blocker (Ulcuran®) at a dose of
5 mg/kg and Ciprofloxacin (Cipro®) at a dose of
30mg/kg was administered intra peritoneal for
seven days to the rats in the 5th group. Their
feces culture was obtained after they were sacri-
ficed.

Proton pump inhibitor (Pantoprazol-
Pantpas®) at a dose of 1 mg/kg and Ciprofloxa-
cin (CiproR) at a dose of 30mg/kg was adminis-
tered intra peritoneal for seven days to the rats in
the 6th group. Their feces culture was obtained
after they were sacrificed. One centimeter away
to ceacum from the distal ileum tissues was fix-
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ating using 10% formalin solution. The 3um
paraffin sections were stained with Haematoxy-
lin and Eosin, Grimelius silver staining, Masson
Trichrome with Aniline blue, May Grunwald
Giemsa and Gram staining techniques. Olympus
BH 2 models light microscope was used for ex-
aminations and micrographs.

Control and experimental group and the ap-
plications are as outlined in Table 1.

Examining the morphological characteris-
tics of cells of Paneth cells, consider whether,
from base amount that they contain granules.
They or their secretion granules have reduced
the number of granules identified; irregular and
short paneth cells were evaluated as degranulat-
ed. Completely filled with granular cytoplasm,
uniform pyramidal shaped and basal nuclei were
evaluated as granule cells paneth. Amount of
paneth cells were determined contained a num-
ber in one crypt and rates were determined ac-
cordingly. Enterochromaffin cells counts and
evaluation was defined, semi-quantitative num-
ber and content of enterochromaffin granule
cells compared to control group as normal or
increased/decreased in crypts. Polymorphonu-
clear and globule leukocyte increased in num-
ber or as a normal course were held to assess.
Mast cells are granulated and the control group
was evaluated according to the number semi-
quantitative. Cocci and bacilli found in the crypt
lumen, crypt lumens were evaluated according
to the intensity.

RESULTS

Since the mucosal immune system has a
fairly complex structure consisting of elements
which operate in cooperation with each other, in
our study in which EC cells, mast cells and pol-
ymorphonuclear and globule leukocyte as well
as paneth cells were examined, histological sig-
nificant differences were determined during the
examination of histologic sections belonging to
control group and experiment groups. This pur-
pose the secretory cells of distal ileum glands of
rat were compared, using Haematoxylin-Eosin
and Aniline Blue, Masson Trichrome, May
Grunwald Giemsa and Gram stain techniques
staining techniques. Enterochromaffin cells (EC
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cells) were stained chromaffin-like in histologic
sections, which are characterized by Grimelius
silver staining. Feces cultures from all of the rats
were obtained in addition to histological exami-
nations and as a result of the performed cultures
E.coli was determined not to reproduce in any of
the groups to which antibiotics were adminis-
tered. It was found that in all of the other groups
100% E.coli reproduced.

As a result of histological examinations car-
ried out on the distal ileum of control group
(Group 1) rats, it was observed that nearly all of
the paneth cells were found completely full with
granules (Figure 1). The ratio of granulated
cells over total cells was around 75%. The
degranulated cells were determined to be around
25%. The coccus and bacilluses observed in
crypt lumen were determined as +. 100% E.Coli
reproduced in cultures that were obtained from
the feces (Table 2).

It was observed from the examination car-
ried out on the histologic sections obtained from
the rats included in the group to which H2 re-
ceptor blocker (Group 2) was administered that
paneth cells discharged their granules signifi-
cantly; even more, there was no granule left
within the paneth cells in some crypts and those
cells were completely degranulated (Figure 2).
Morphological differences in accordance with
secreting cell characteristics were also observed.
In mast cells and polymorphonuclear leukocytes
a different feature has not been determined as
compared with the control group. However, the
number of EC cells and globule leukocytes of
increasing the number of granules was seen.
Abundant globule leucocytes and extra cellular
granules were also seen in addition to intracellu-
lar granules. The coccus and bacillus amount
found in the crypt is more when compared to the
control group. 100% E.coli reproduced in cul-
tures obtained from the feces (Table 2).
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Table 1. Control and experimental groups and the applications.
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GROUPS MEDICATION USED | STAIN APPLIED FECES CULTURE
Group 1 control Intra peritoneal normal H&E, May Grunwald Done
saline Giemsa, MT, Gram,
Grimelius
Group 2 Intra peritoneal H2 re- H&E, May Grunwald Done
ceptor blocker Giemsa, MT, Gram,
Grimelius
Group 3 Intra peritoneal proton H&E, May Grunwald Done
pump inhibitor Giemsa, MT, Gram,
Grimelius
Group 4 Intra peritoneal ciprof- H&E, May Grunwald Done
loxacin Giemsa, MT, Gram,
Grimelius
Group 5 Intra peritoneal H2 rec. H&E, May Grunwald Done
bl.+ ciproflox Giemsa, MT, Gram,
Grimelius
Group 6 Intra peritoneal PPI + | H&E, May Grunwald Done
ciprofloxacin Giemsa, MT, Gram,
Grimelius

PPI: proton pump inhibitor H&E: Haematoxylin Eosin MT: Masson Trichrome
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Table 2. Microbiological and histological findings according to the experimental group.
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Blocker

+Antibiotics

Experiment Paneth Charac- | Feces Cul- | Coccus and | PMNL ECC Mast Cell

Group teristic ture Bacillus Charac- | Charac- Characte
teristic teristic ristic

Groupl: Con- | %75 Granulated E. Coli + + ++ +

trol group

Group 2: Degranulated E. Coli ++ + +++ +

H2Receptor

Blocker

Group 3: Granulated E. Coli +++ + +++ +

PPI

Group4: Anti- | Granulated No Repro- | None + + +

biotics duction

Group 5: Granulated No Repro- | None ++ + +

PPI+ Antibiot- duction

ics

Group 6: Granulated No Repro- | None + +/++ +

H2  Receptor duction

+:low ++:average +++:high PPI:Proton Pump Inhibitor
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Figure 1. Light microscopic micrograph of control group showing the Paneth cells were stained a dark
purple and nearly all granulated in this group. Masson Trichrome with Aniline blue staining.
Original magnification X 500.

Figure 2. This light microscopic micrograph shows the Paneth cells release induced by H2 receptor
blocker. The Paneth cells discharged their granules significantly; even more, there was no
granule left within the paneth cells in some crypts and those cells were completely degranu-
lated. Abundant globule leucocytes and extra cellular granules (arrows) were also seen in
addition to intracellular granules. The coccus and bacillus amount found in the crypt (*) is
more when compared to the control group. May Grunwald Giemsa. Original magnification
X 500.
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Nearly all of the paneth cells were deter-
mined to be full of granules (Figure 3) at the
histological examination of histologic sections
obtained from the rats included in the group to
which proton pump inhibitor (Group 3) was ad-
ministered. In the proton pump inhibitor group,
globule leukocytes were found abundant than
H2 receptor blocker group. The number of EC
cells and granule content, and also extracelluler
exocytose were found increased (Figure 4). The
coccus and bacilluses observed in the crypt were
considered to increase quite a lot when com-
pared to the group to which H2 receptor blocker
was administered (Figure 2 and 3). 100% E.coli
reproduced in cultures obtained from the feces
of the rats (Table 2).

When the histologic sections that were ob-
tained from the rats in the group to which ciprof-
loxacin group antibiotics (Group 4) have been
administered were examined, it was determined
that paneth cells completely granulated. There
was no coccus or bacillus in the crypt lumen
(Figure 5). E.Coli did not reproduce in cultures
obtained from the feces of the rats (Table 2).

As a result of examination of the histologic
sections which were obtained from the rats in
the group that proton pump inhibitor and antibi-
otics (Group 5) were administered to, it was de-
termined that the morphological structure and
granules of paneth cells carried nearly the same
characteristics of those in the group that only
proton pump inhibitor was given and in the
group that only antibiotics were administered.
Approximately 20% ratio of degranulated pan-
eth cells were found only in the histologic sec-
tions which was obtained from the 2nd animal
of this group. It was observed that paneth cells
have been completely granulated in the histolog-
ic sections which were obtained from other ani-
mals. Coccus and bacillus images were not
found in the crypts. E.coli did not reproduce in
the feces cultures that were performed (Table 2).

As a result of the examination of the histo-
logic sections which were obtained from the rats
in the group that antibiotics were given in addi-
tion to H2 receptor blocker (Group 6), paneth
cells was seen to have a granulated structure.
Coccus or bacillus was not seen in the crypt. E.
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coli did not reproduce in the feces cultures that
were tested (Table 2).

The similar numbers mast cells and granu-
lated feature were found in PPI, H2 and antibi-
otic groups with control group (Figure 6a-b).

DISCUSSION

Proton pump inhibitors which are the one of
the most important medicines that are used in
the treatment of gastrointestinal diseases, have
made a significant progress in the last 20 years
and quite a lot of its different molecular forms
have been released to the market. Its effect
mechanism is based on the inhibition of the pro-
ton pumps on parietal cells in the stomach and
prevention of acid secretion.

As it is known, most of the cells in body
function and maintain their lives through the
proton pumps on cell membranes. Many secre-
tion functions are also performed by this way.
There are defense systems in all creatures in or-
der to protect body from pathogen factors that
might come from outside. These defense sys-
tems consist of a lot of components. Mucosal
immune system is the one of these important
defense systems. Paneth cells residing in small
intestine are important components of mucosal
immunity as well.

In the treatment of gastric disease, the acid
secretion from parietal cells revealed that the
pathological problems that eliminate the use of
the most common ones, are proton pump inhibi-
tors. For this reason, proton pump inhibitor in
the experimental group, which is one of three
groups Pantoprazole, was used in our study.
Control purposes in the Group two and Group
six was working with the H2 receptor blocker.
Our findings from control group had shown that
paneth cells contribute to mucosal immunity by
giving their granules into crypt. This is also in
compliance with previous studies.

Paneth cells in the proton pump inhibitor
group they are filled with granules were detect-
ed. Globule leukocytes were found abundant
than H2 receptor blocker group. The number of
EC cells and granule content, and also extracel-
luler exocytose were found increased.
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Figure 3. Light microscopic micrograph showing six Paneth cells and one globular leukocyte (arrow)
in the proton pump inhibitor group. The Paneth cells were stained pink and nearly all granu-
lated in this group were determined to be full of granules. The coccus and bacilluses
observed in the crypt were considered to increase (*) quite a lot when compared to the group
to which H2 receptor blocker. Haematoxylin and Eosin. Original magnification X 500.

Cocci and bacilli observed in the crypt of the
control group and the H2 receptor blocker
groups compared to the increased amounts were
considered to be quite a lot. Received a 100%
cultures of rat feces E. coli was produced.

In order for the paneth cells residing in
small intestine releasing their granules to the
environment, there must be a microbial stimula-
tor. This information is verified by determining
that the inside of the paneth cells are full of
granules when an environment without flora is
provided and intra peritoneal was applied as an-
tibiotics in the study. Besides, no reproduction
of E.coli in cultures that were performed shows
the effectiveness of the process carried out. Our
findings regarding no discharge of granules into
crypt lumen by the paneth cells in the group that
proton pump inhibitor was administered. The
amount of coccus and bacillus in the crypt lu-

men was also observed to increase, support the-
se data.

Observing no histological difference in the
comparison of the group to which antibiotics in
addition to H2 receptor blocker were adminis-
tered to the group to which antibiotics in addi-
tion to proton pump inhibitors were given ap-
pears to be dependent on the elimination of the
environment which would require the mucosal
immune system to work more actively by the
antibiotic which has been administered. The
study results which show that paneth cell secre-
tion activities in both groups were not needed
are corroborative with the fact that mucosal im-
munity potential can only be induced by micro-
bial environment.

In this work, the similar numbers mast cells
and granulated feature were found in PPI, H2
and antibiotic groups with control group.
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Figure 4. This silver stain micrograph demonstrates the effect of administrated Proton pump inhibitor
on the enterochromaffin cells (EC cells) secretion (probably serotonin) which basal granules
and apical exocytose granules stain readily with silver. EC cells which are located in the
lower portions of ileal Lieberkiihn crypts and have a broad base and a basal concentration of
secretory granules. With sufficient resolution, these cells can sometimes be recognized in
routine light microscopic preparations by their relatively pale cytoplasm with a broad base
and a basal concentration of secretory vesicles. Grimelius silver staining. Original magnifi-

cation X 500.

However, the ileal EC cells have increased the
number and granule content, and also extracel-
luler exocytose made found in PPI group. At
the same time the number of globule leukocytes
has increased and the granule content is also an
interesting in PPl group. On the one hand,
recent data indicate that ileal enterochromaffin
cells are the main source of serotonin (5-
hydroxytryptamine) (Kidd M., et al. 2006,
Schworer H., et al.1992). As is known that,
serotonin secretion of the ileal EC cell is a key
regulator of intestinal secretion and motility.
Serotonin increases suggest that it may be of
clinical relevance in a number of gastrointestinal
problems including diarrhea, motility abnormali-
ties, and irritable bowel syndrome ( Kidd M. Et
al. 20006).

On the other hand, visceral hypersensitivity
in the gastrointestinal system, intestinal mucosa,
and altered receptor sensitivity in plexus
myentericus may occur through, with mucosal
inflammation, enteric nerves near degranulation
of mast cells or increased serotonin activity may
be possible, and probably with of the environ-
ment or the change in bacterial infection with
increases. (Drossman DA., 2006).

In our present study, we present that PPI
treatment may increased the release of serotonin,
indicating a spontaneous neuronal excitatory
input to the enterochromaffin cells. It is possible
that proton pump inhibitors cause side effects
such as diarrhea etc. (Drossman DA.,2006,
Fitton A,and Wiseman L. 1996).
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Figure 5. Light microscopic micrograph of the ileal Lieberkiihn crypt from the rats in the ciprofloxacin

group antibiotic showing four Paneth cells and one globular leukocyte (arrow).

The Paneth

cells completely granulated and located at the ends of ileal Lieberkiihn crypt. There was no
coccus or bacillus in the crypt lumen (*). Haematoxylin and Eosin. Original magnification X

500.

In addition, our results provide an opportunity to
assess the potential role of the EC cells in dis-
eases of unsolved mechanism well such as irri-
table bowel syndrome (Kidd M. Et al.2006).

Especially in patients treated in intensive
care conditions and use of important complica-
tions may be the result might be a defect or fail-
ure in mucosal immune system which is possible
effects of proton pump inhibitors also to all the
other cells in the organism besides parietal cells,
as it is seen in paneth cells and enterochromaffin
cells. Since such compensations result from the
paneth cell inhibitions, each factor which can
affect the functions of paneth cells might consti-
tute a predisposition for bad prognosis instances,
primarily for endotoxic chocks. Proton pump
inhibitors which we observed to inhibit paneth
cell function would play a role in this predispo-
sition. In addition, the serious complications
which occur with the use of proton pump inhibi-
tors in intensive care patients might not be only
related to pH that increases in the gastroentero-
logical system.

Consequently in this study which examines
effects of proton pump inhibitors on small intes-

tine paneth cells and other mucosal immune sys-
tem cells, we have concluded that; paneth cells
contribute mucosal immunity by giving their
granules into the crypt and microbial stimulator
is required for paneth cells to release their gran-
ules. On the other hand, the inhibitions in paneth
cell defense system are compensated via stimu-
lating other mucosal immunity elements which
are EC cells, mast cells, globule and polymor-
phous leukocyte. Polymorphous nuclear leuko-
cyte with antimicrobial peptide content and rat
globule leukocyte that we believe to correspond
to NK mononuclear leukocyte in humans as per
the findings of our study function in small intes-
tine lamina propria in this compensation.
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Figure 6 a-b. Light microscopic micrographs of mast cells with its typical granules. The similar
numbers mast cells and granulated feature were found in all groups. a) May Grunwald
Giemsa staining. Original magnification X 500. b) Gram staining. Original

magnification X 500.
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