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The current study aimed to assess the antiulcerogenic impact of mesenchymal bone marrow stem cells
(BMMSCs) against gastric ulcer induced by the use of piroxicam in rats and to compare this effect with
the antiulcer drug ‘‘Pantoloc �” proton pump inhibitors. The study included histological, histochemical,
immunohistochemical and ultrastructural examination in stomach of rats in different study groups. In
the ulcerated group, the glandular region of the stomach displayed clear mucosal lesions occurring as
perforations along the stomach axis. In addition, stomach displayed degeneration of surface mucous cells
accompanied by pyknosis, vacuolation among parietal cells in ishmus region, basal region with vacuo-
lated chief cells and karyolitic nucleus of parietal cells. Moreover, Stomach sections of ulcer model rats
showed intensive immunoreactivity to cytokeratin 20, Cox 2 and PCNA. Findings of the present study
have shown that BMMSCs have an ameliorative effect against piroxicam-induced gastric ulcer in rats.
Collectively, the proposed work has shown that BMMSCs have a curative capacity as an antiulcer due
to their high antioxidant activity. Further studies are required in molecular levels to understand the
mechanism of action during treatment.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Peptic ulcer disease (PUD) is among the most severe gastroin-
testinal ulcers. It is mucosal erosions caused by many factors such
as drugs, stress and alcohol, due to the disturbance between the
aggressive acid- pepsin secretion and defensive mucosal factors
like mucin secretion and cell shedding. Long-term use of non-
steroidal anti-inflammatory drugs (NSAIDs) may cause distur-
bances of the gastric mucosa, associated with toxicity, which
may eventually cause ulceration at very high morbidity and mor-
tality levels. (Al-Asmari et al., 2015).

Various medications such as prostaglandin analogs, histamine
receptor antagonists, proton pump inhibitors, and cytoprotective
agents are commonly used in the treatment of peptic ulcers.
Recently, due to several adverse effects and toxicity of chemical
drugs, natural medications are generally used in treatment (Al-
Hussaini, 2014).

Pantoloc � (pentaprazole, a proton pump inhibitor), works by
irreversibly suppressing the enzyme mechanism of hydrogen H+/
potassium K + adenosine tri-phosphatase (H+/K + ATPase), the pro-
ton pump of the parietal gastric cells. The proton pump is the final
step in the secretion of gastric acid, which is primarily responsible
for the secretion of hydrogen ions into the gastric lumen, thereby
becoming an optimal target for decreasing acid secretion. Target-
ing the final stage in acid formation and its irresponsibility in inhi-
bition makes this class of drugs more effective than H2 antagonists
and decreases the secretion of gastric acid by almost 99%. Declining
stomach acid can improve the healing of peptic ulcers and decrease
indigestion pain (Ransburg and Cheer, 2012).

The proton pump inhibitors (PPIs) are in-active type, which is
neutrally charged because it is lipophilic and can traverse the cell
membranes as the parietal cell canaliculus in acidic conditions into
the intracellular compartments. In this acid environment, the in-
active form of the drug is then rearranged in its active form. There-
fore, the active form also will bind to the gastric proton pump by
covalent and irreversible bond, leading to its deactivation (Sachar
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et al., 2014). All PPIs give excellent healing of peptic ulcers and pro-
duce good results in reflux esophagitis. Gastric acids, however, are
naturally required to digest proteins, absorb vitamin B12, calcium,
and other nutrients and can induce hypochlorhydria when the acid
decreases (Sakai et al., 2016).

Hoping to make significant medical breakthroughs, stem cell
research is being pursued. Scientists are trying to develop therapies
that regenerate or substitute tumor cells with tissues grown from
stem cells and provide hope for people with cancer, diabetes,
spinal cord injuries and several other ailments. The adult and
embryonic stem cells could provide scientists with a route to
developing useful new drug development and research methods
(El-Azab et al., 2018).

Stem cell therapy is any procedure that makes use of stem cells
or activates them. It is typically to help replace or restore damaged
cells or tissues, but may also be used mainly to prevent damage.
Stem cell therapy might either involve transplanting stem cells
or giving drugs that target stem cells already in the body (Rashed
et al., 2016). This research was planned to evaluate the beneficial
regenerative effects of MSCs on gastric ulcers caused by the use
of piroxicam.
2. Materials and methods

2.1. Animals

Fifty healthy adult female albino rats weighting about 160–165
gm, were purchased from the animal facility of the Egyptian Orga-
nization of Biological Products and Vaccines (Vacsera �, Cairo,
Egypt).Rats were kept under ideal hygienic conditions. They were
fed at libitum and allowed free water supply and standard chow
pellets. All experimental animals following the National Institutes
of health guide for the care and use of laboratory animals (NIH
publications No. 8023, revised 1985), and the experimental design
was approved by Helwan University Research Ethics Committee.

2.2. Induction of gastric ulcer model

In this study rats were fasted overnight but had free water sup-
ply until 4 h before administration of brexin (Chiesi Company for
pharmaceuticals and chemical industries, Cairo, Egypt). Gastric
mucosal injury was caused by a single oral dose of brexin (piroxi-
cam, 5 mg/kg body weight), then animals were killed after 3 h
according to the procedure mentioned in Avila et al. (1996).

2.3. Experimental design

The animals were classified into four groups. Group I received
saline solution as a negative control group. Group II received a sin-
gle dose of brexin (piroxicam, 5 mg/kg) after fasting overnight
which served as ulcer induced group (Avila et al., 1996). Group
III received 20 mg/kg Pantoloc� (Medical union pharmaceuticals,
Cairo, Egypt) as daily dosage for 2 weeks after induction of peptic
ulcer (Talaat et al., 2014). Group IV received 106 cells of Bone mar-
row derived Mesenchymal Stem cells (BMMSCs) for each rat given
by direct intravenous injection at the rat tail vein after induction of
peptic ulcer (Rashed et al., 2016). BMMSCs extract was purchased
from the stem cells research unit at Biochemistry Department, Fac-
ulty of Medicine, Cairo University. Animals of groups II and IV were
killed after 2 weeks.

All animals were killed by decapitation twenty-four hours after
the last dose and then, stomachs were dissected and opened
around the greater curvature, then gently washed with saline solu-
tion to eliminate any debris or blood clots. As the gastric mucosal
surface turned upward, tissues were bound to wax paper. Digital
3457
photographs have been taken for classification of gross pathology.
Stomachs were cut and processed for histological, ultrastructural,
and histochemical evaluations.

2.4. Histopathological assessment of gastric damage

Sections of the gastric glandular region were fixed in bouin
solution for about 24 h, then dehydrated and impregnated in para-
blast for blocking, 5 mm thick sections were prepared, and then
stained by hematoxylin and eosin (H&E) for microscopic examina-
tion of gastric injury and any regenerative process and stained with
periodic acid Schiff’s (PAS) to evaluate mucosal glycoprotein pro-
duction (Bancroft et al., 2018). Sections were photographed using
a LEICA� microscope (Wetzlar, Germany).

For immunohistochemical examination, sections of stomach
were fixed in bouin fixative and then immune-stained using cytok-
eratine 20, Cox2 and PCNA antibody (Labvision, Neomarkers, USA)
for 90 min. And then followed by the secondary antibody applica-
tion using immune-peroxidase technique (Vectastain ABC kit; Vec-
tor Laboratories, Burlingame, CA) (Bancroft et al., 2018).

2.5. Electron microscopic studies

For transmission electron microscopy (TEM), small pieces of
stomach (about 1 mm) were immediately fixed in 2.5% 0.1 M
phosphate- buffered gluteraldehyde, and then specimens were
embedded in epoxy resin mixture. Semi- thin sections (1micron
thick) were cut and stained with toluidine blue (TB), then exam-
ined with the light microscope. After the proper areas were
selected, ultrathin sections (60–90 nm) and finally stained sections
were examined with a JEOL 1010 Transmission Electron Micro-
scope (Tokio, Japan) (Bancroft et al., 2018).

According to the method mentioned in Bancroft et al. (2018),
tissue are washed in phosphate buffer saline (PBS) and then fixed
in 1 ml of 2.5% glutaraldehyde in PBS or cacodylate and processed
for scanning electron microscopy (SEM). Examination was per-
formed with a Jeol 840A or a Jeol JM6700 F scanning microscope
(Tokio, Japan) (Bancroft et al., 2018).

2.6. Morphometrical analysis

Data were expressed as mean ± SD. Significant differences were
determined by using ANOVA and post-hoc tests for multiple com-
parisons using GraphPad Prism (version 5.0) computer Software.
Results were considered significant at P < 0.05 (Dawson and
Trapp, 2001).
3. Results

Gross examination of the open stomachs of negative control
rats showed that the mucosa of the fore stomach were whitish in
color, while the glandular part appeared pink to reddish in color
(Fig. 1A). In the ulcerated group, the glandular region of the
stomach displayed clear mucosal lesions occurring as perforations
along the stomach axis (Fig. 1B), while in the group treated with
Pantoloc �, the glandular portion of the stomach showed small
lesions relative to the group associated with ulcer (Fig. 1C). The
stomachs of the treated stem cell group eventually displayed the
same gross appearance as in the negative control group (Fig. 1D).

Examination of H&E-stained control rats revealed typical histo-
logical structures (Fig. 2A). Ulcer model rat group showed a degen-
eration of surface mucous cells accompanied by pyknosis,
vacuolation among parietal cells in ishmus region, basal region
with vacuolated chief cells and karyolitic nucleus of parietal cells
(Fig. 2b). Pantoloc� treated rat appeared with degenerated surface



Fig. 1. Photographs showing different gross morphology of different groups. (A) Negative control group showing no injury in gastric mucosa. (B) Ulcer model group showing a
lot of mucosal lesions (arrows). (C) Pantoloc� treated group showing a slight improvement of the gastric mucosa with little gastric lesions (arrows). (D) Treated group with
stem cells showing noticeable improvement with no mucosal lesions.

Fig. 2. Photomicrograph showing the gastric mucosal layer in stomach of different groups (H&E stain). (A and D) stomachs of negative control group and stem cell treated
group showing normal architecture in the gastric mucosa. (B) ulcer model group showing degeneration of the gastric mucosal layer. (C) Pantoloc� treated group showing less
degree of degeneration among gastric mucosa. Magnification 400�.
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mucous cells, pyknotic, karyolitic parietal cells and chief cells in
the base region (Fig. 2C). Stem cells treated rats had almost
regular stomach mucosal architecture and natural presence of
the stomach glandular cells, main, parietal and surface mucous
cells (Fig. 2D).

Fig. 3 showed sections of the stomach stained with PAS. In the
negative control group, the surface epithelial cells and gastric
glands showed a strong PAS reaction indicating the presence of a
thick layer of mucosa (Fig. 3A). Stomach sections of ulcer induced
group showed weak PAS reaction (Fig. 3B). The Pantoloc � treated
rats showed moderate PAS reactions (Fig. 3C), while the treated
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stem cell group showed a strong PAS response in the gastric muco-
sal cells similar to the control group (Fig. 3D).

Through the examination of semi-thin sections (Fig. 4) and TEM
(Fig. 5), we found that control rat ’s stomach stained with toluidine
blue showed normal cell appearance (Fig. 4A, B). The ultrastructure
examinations of gastric gland revealed normal structure of differ-
ent cells covering the gastric mucosa and lining the glands. The
chief cells showing regular, intact nucleus, normal mitochondria,
free ribosomes, intact rough endoplasmic reticulum and apical
zymogenic secretory granules (Fig. 5A). Semi-thin section of an
ulcer model rat’s gastric mucosa showed mild degeneration in



Fig. 3. Photomicrographs showing different reactions among mucosa layer in stomach sections in different groups (PAS stain). (A and D) control negative group and stem cell
treated group showing strong reaction among surface mucous and neck cells (arrows). (B) Ulcer model group showing erosions of the surface epithelial cells and faint PAS
reaction (arrows). (C) Pantoloc� treated group showing moderate PAS reaction (arrows). Magnification 400�.

Fig. 4. Semi-thin section of the gastric mucosa stained with Toluidine blue. Control negative group (A and B) and stem cell treated group (G and H) showing normal
histological appearance of the surface mucous cells (Sm), neck mucous cells (Nm), parietal cells and chief cells in the glandular region. (C,D) ulcer model group showing
degenerated surface mucous epithelial cells with abnormal histological appearance of parietal and chief cells (arrows and arrowhead). (E,F) Pantoloc� treated group showing
slight improvement of the surface mucous cells (Sm) and normal histological appearance of chief cells (cc). Magnification 400�.
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surface mucous cells, nearly normal appearance of neck mucous
cells with mucous granules at their apex, and isthmus parietal cells
are also seen with karyolitic nuclei and karyohexis among some
other parietal cells (Fig. 4C, D). The ultrastructure examinations
of gastric glands revealed slight degeneration in surface mucous
cells with irregular picnotic nucleus, fragmented rough endoplas-
mic reticulum, and mitochondria (Fig. 5B). Semi-thin section of
the gastric mucosa of a Pantoloc� drug treated rats showed more
or less improvement in the surface mucous cells with gastric pits
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in between and approximately normal neck mucous cells with
mucus granules at the apical region and chief cells appeared with
zymogen granules at the apex (Fig. 4E, F). The ultrastructure exam-
ination of gastric gland revealed more or less normal chief cells
with regular, rounded, intact nucleus, numerous apical zymogen
granules and well developed rough endoplasmic reticulum is also
shown (Fig. 5C). Semi-thin section of the stomach mucosa of rats
treated with stem cells revealed normal appearance and intact sur-
face mucosal cells with stomach pits in between and intact parietal



Fig. 5. Electron micrograph of gastric mucosa. (A) A magnified part of the chief cell of the gastric mucosa of control negative rat group showing regular, intact nucleus (N),
mitochondria (M), free ribosomes (R) and intact rough endoplasmic reticulum (rER). (B) An electron miocrograph of surface mucous cell (Sm) of the gastric mucosa of ulcer
model rat showing irregular picknotic nucleus (N), fragmented rough endoplasmic reticulum (rER), and mitochondria (M). (C) An electron micrograph of chief cell (cc) of the
gastric mucosa of a Pantoloc� treated rat showing regular, rounded, intact nucleus (N), numerous apical zymogen granules (z), well developed rough endoplasmic reticulum
(rER) and lumen of the gastric gland are obviously shown (L). (D) An electron micrograph of the surface mucous cell of the gastric mucosa of a stem cell treated rat showing
normal intact nucleus (N) and numerous mucous granules at its apical part (Mg).
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cells in the isthmus area (Fig. 4G, H). The ultrastructure examina-
tions of gastric glands revealed intact surface mucous cells with
oval nucleus and intensive mucous granules at the apical part
(Fig. 5D).

Scanning examination of control rats showed normal folds of
gastric glandular region with normal gastric pits (Fig. 6A). The
examination of ulcer model rats revealed degeneration of the sur-
face of the ‘‘gastric ulcer” gastric mucosa (Fig. 6B). There was an
improvement at the glandular surface in the Pantoloc� treated
group (Fig. 6C). Also, a marked improvement among glandular sur-
face was noticed in stem cell treated group similar to control neg-
ative group (Fig. 6D).

The cells of the gastric mucosa of negative control rats illustrate
the normal immunoreactivity of cytokeratin 20 filaments as brown
colour filaments stained with avidin–biotin immune-peroxidase
Fig. 6. Scanning electron microscopic examination. (A and D) scanning electron microgra
folds, surface epithelial cell lining (SE) and gastric pits (GP). (B) Ulcer model rat show
Pantoloc� treated group showing improvement among surface epithelial cell lining (SE)
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technique and using the monoclonal antibody against cytokeratin
20. The cytokeratin 20 filaments are more evident at the luminal
surface and lateral borders of the cells. The basal glandular cells
showed weak immunoreactivity (Fig. 7A). Stomach sections of
ulcer model rat showed intensive immunoreactivity to cytokeratin
20 (Fig. 7B). The Pantoloc � -treated rat cells in the glandular area
displayed mild immunoreactivity to cytokeratin 20 (Fig. 7C). How-
ever, the cells of the glandular region of the stem cell gastric
mucosa treated rat showed a mild immunoreactivity to cytokeratin
20 approximately close to the control rat group (Fig. 7D).

With typical Cox 2 filaments immunoreactivity, the cells of the
gastric mucosa of control rats appeared as brown colored filaments
stained with avidin–biotin immunoperoxidase technique and the
use of monoclonal antibodies against Cox 2. The Cox 2 filaments
are more evident at the apical part and lateral borders of the cells.
ph of a control negative group and stem cell treated group stomach, showing normal
ing the surface of the gastric mucosa (arrow head) and gastric ulcer (arrows). (C)
and gastric pits (GP).



Fig. 7. Cross section of the gastric mucosa showing immunohistochemical reaction among different groups for anticytokeratin antibody in the glandular cells. (A) Control
negative group showing weak reaction. (B) Ulcer model group showing intensive reaction. (C) Pantoloc� treated group showing moderate reaction. (D) Stem cell treated
group showing weak to mild reaction. Magnification 400�.
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The surface glandular cells showed weak to mild immunoreactivity
(Fig. 8A), stomach sections of the gastric mucosa of ulcer model rat
showed intensive immunoreactivity to Cox 2 (Fig. 8B). While stom-
ach sections of Pantoloc� treated rat group showed moderate
immunoreactivity to Cox 2 (Fig. 8C). Stomach sections of the gas-
tric mucosa of the rat treated with stem cells displayed low to
moderate immunoreactivity to Cox2 relatively close to the control
group of negative rats (Fig. 8D).

The cells of the gastric mucosa of control rats illustrates the nor-
mal PCNA filaments immunoreactivity as brown colour filaments
stained with avidin–biotin immunoperoxidase technique and
using monoclonal antibody against PCNA. The PCNA are more evi-
dent at the nuclear level. The glandular cells showed moderate
immunoreactivity in specific layer at the neck region of gastric
mucosa (Fig. 9A). While the cells of the glandular region of the gas-
tric mucosa of ulcer model rat showed intensiveimmunoreactivity
to PCNA (Fig. 9B). The cells of the glandular region of the gastric
mucosa of Pantoloc� drug treated rat showed moderate
immunoreactivity to PCNA(Fig. 9C). On the other hand gastric
mucosa of stem cell treated rat showed mild to moderate
immunoreactivity to PCNA (Fig. 9D).

Fig. 10 represents a quantitative analysis of PAS satiability and
the expression of cytokeratin 20, Cox-2 and PCNA in the gastric
mucosa of rats. For the ulcer model group, we recorded the highest
immune-reactivity to carbohydrates, cytokeratin 20, Cox2 and
PCNA (Fig. 10) while after treatment with stem cells, stomachs
showed less immunnoreactivity toward carbohydrates, cytokeratin
20, Cox2 and PCNA (Fig. 10).
Fig. 8. Cross section of the gastric mucosa showing immunohistochemical reaction amon
group showing week to mild immunohistochemical reaction. (B) Ulcer model group show
Stem cell treated group showing weak to mild reaction. Magnification 400�.
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4. Discussion

In the present study intragastric administration of piroxicam, an
enolic acid- derived NSAID, revealed different changes in the gas-
tric glandular cells, degeneration of surface mucous cells and
pyknosis, vacuolation among parietal cells in ishmus region, basal
region with vacuolated chief cells and karyolitic nucleus of parietal
cells, this results is consisted with previous studies (Avila et al.,
1996; Sabiua et al., 2015; Kotob et al., 2018). The mechanism
underlying for these adverse effects are related to the ability of
NSAIDs to inhibit gastric prostaglandin synthesis and this inhibi-
tion contributes to increased acid production and decreased cyto-
protective mucus formation, which are essential events in
mucosal ulceration etiology. In a study reported that indomethacin
has caused alterations in the gastric secretions of rats (Bech et al.,
2000; Biplab et al., 2011; Muhammed et al., 2012). Indomethacin
has also been reported to decrease the function of antioxidant
enzymes and induce lipid peroxidation which is a significant event
in NSAID’s toxicity process resulting in stomach oxidative injury
(Halici et al., 2005).

Gastric damage exerted by NSAIDs may be initiated on mito-
chondria. Indeed, NSAIDs can dissipate mitochondrial transmem-
brane potential with subsequent increase in membrane
permeability and liberation of cytochrome C from intermembra-
nous space to cytosol. The cytochrome C then releases reactive
oxygen species (ROS), activating caspase-9 and caspase-3, and cel-
lular lipid peroxidation, leading to cellular apoptosis (Nagano et al.,
2005).
g different groups for antiCox 2 antibody in the glandular cells. (A) Control negative
ing intensive reaction. (C) Pantoloc� treated group showing moderate reaction. (D)



Fig. 9. Cross section of the gastric mucosa showing immunohistochemical reaction among different groups for PCNA antibody in the glandular cells. (A) Control negative
group showing moderate immunohistochemical reaction. (B) Ulcer model group showing intensive reaction. (C) Pantoloc� treated group showing mild reaction. (D) Stem cell
treated group showing mild to moderate reaction. Magnification 400�.

Fig. 10. Quantitative analysis of PAS satiability and the expression of cytokeratin 20, Cox-2 and PCNA in the gastric mucosa of rats. Values are mean ± SD. *, significance
against control group at p � 0.05.
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Shoen and Vender (1989) and Avila et al. (1996) explained the
instant effect of piroxicam on the surface glandular mucus secret-
ing cells as it diffuse across the mucosa and damage the gastric
mucosal barrier by altering cell membrane permeability and
physicochemical characteristics of the gastric mucus allowing back
diffusion of hydrogen ion, while chief cell was observed to enclose
apical zymogen granules, intact nucleus, degenerated mitochon-
dria with degenerated cristea and microvilli on its apical surface,
while parietal cell showed rounded intact nucleus and numerous
mitochondria in its cytoplasm, this revealed that not all the muco-
sal layer is affected by sudden erosion reason not a long term caus-
ing factor as stress.

Our scanning electron microscope results of the ulcer model
rats showed degeneration of the gastric mucosa in concordance
with the study of Halter et al. (2001) which reported that the acute
mucosal damage caused by aspirin in humans happened within
60 min and is visualised as severe intramucosal petechial haemor-
rhage and erosions.

Our histochemical results of ulcer model rats group showed
negative or weak distribution of polysaccharides at the surface,
isthmus, neck and base regions and this also supported by the mor-
phometric analysis to the gastric ulcer slides, this results is con-
sisted with Mahmoud and Abd El-Ghffar (2019), who
investigated the ulcerative effect of aspirin on gastric mucosa his-
tochemically and evidenced that aspirin as NSAIDs drug cause
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noticeable decrease in the mucus polysaccharide secretion at the
mucosal lining of mice model.

In our present study the immunohistochemical results revealed
intensive immunoreactivity toward cytokeratin 20 in ulcer model
rats group, in concordance to Vera et al. (2006). Masato et al.
(2005) reported that the cytokeratin 20 positivity reflects epithelial
genomic damage and repairing processes through increasing
inflammatory factors and oxidative stress promoting cytoskeleton
damage and epithelial differentiation.

The immunohistochemical result showed intense immunoreac-
tivity to Cox 2 in the ulcer-induced model group, this finding is
consistent with Mahmoud and Abd El-Ghffar (2019) and can be
attributed to the fact that prostaglandin (PG) inhibition is caused
by NSAIDs. PGs are a major player in the protection of gastric
mucosal integrity by local promoting blood flow and increasing
synthesis and secretion of mucus and bicarbonate (Byron and
Kenneth 2014), while the bicarbonate helps protection by decreas-
ing the acidity of the gastric lumen, the mucus layer acts as a bar-
rier to protect against the effect of pepsin and HCL (Nurhidayah
et al., 2014).

Chan and Leung (2002) and Talaat et al. (2014) reported that Cox
2 is rapidly induced at sites of inflammation, Cox 2 has been local-
ized to the surface epithelium, lamina propria and endothelium.

We have shown that the glandular area of ulcer model rat gas-
tric mucosa displayed intense immunoreactivity to PCNA dis-
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tributed among all gastric glandular cells. Throughout the investi-
gation into the impact of stress on gastric mucosa, Wael et al.
(2018) reported similar findings, which can be explained as PCNA
is an significant marker of tissue proliferation, increased PCNA
reactivity accompanied by increased cell proliferation, which is
evidence of ulcer re-epithelialization (Polo et al., 2012). Gastric
mucosa can be repaired after mucosal injury by mucosal restitu-
tion and re-epithelisation by sloughing off the damaged cells. This
is achieved by rapid migration of viable stem cells to the injured
site to replace the dead cells during ulcer healing (Coskun et al.,
2004).

Our histological examination revealed that Pantoloc� treated
rats showed degenerated surface mucous cells, pyknotic, karyolitic
parietal cells and karyohexis nuclei among chief cells in the basal
region, this result is consisted with Abid et al. (2012) who reported
that omeprazole treated ulcer group showed less severe mucosal
necrosis and hemorrhage than that occur in induced group. Also,
Mahmood et al. (2017) who investigated the effect of rabeprazole
for treatment of ulcer and they concluded that parietal cells regen-
erated and have purple cytoplasm as a result of decreasing secre-
tion of HCL.

Our results of semi-thin section of the gastric mucosa of a Pan-
toloc� treated rats agreed with our ultrastructural results including
improvement in the surface mucous cells, approximately normal
neck mucous cells and chief cells appeared with zymogen granules
at the apex, the ultrastructure results of gastric glands supported
the semi thin section results chief cells with regular, rounded,
intact nucleus, numerous apical zymogen granules and well devel-
oped rough endoplasmic reticulum, these results can be explained
as PPIs administration allow the damaged tissue to heal and
regenerate.

A number of evidence suggests that the effectiveness of PPIs
depends on their ability to inhibit the secretion of gastric acid
(Goldstein et al., 2006). Reducing acid secretion is thus the main
function of the defensive activities carried out by PPIs and that
acid-independent mechanisms can make a significant contribution
to their therapeutic effects (Suzuki and Hibi, 2005).

The present scanning results of a Pantoloc� treated rats showed
noticed improvement as mucus covers the surface mucosal linning
and this can be explained as PPIs cause decrease in the gastric HCL
and increase mucus secretion to allow the gastric tissue to heal and
this is in consistent with Kotob et al. (2018) who reported that his-
tochemical examination of stomach of rat treated with omeprazole
showed an increase in the polysaccharides at the surface epithe-
lium and mucous neck cells of the gastric mucosa. Our histochem-
ical results supported the scanning results which showed
moderate distribution of polysaccharides among isthmus region
and weak reaction at surface cells.

Our immunohistochemical results of Pantoloc� treated rats
showed moderate immunoreactivity to cytokeratin 20 and Cox 2.
This can be illustrated as the cytokeratin 20 is upregulated in the
site of inflammation and explained by the fact that Cox 2 expres-
sion increased as an infilammatory mediator to let re-
epithelialisation and proliferation to occur.

The cells of the glandular region of the gastric mucosa of Pan-
toloc� treated rats showed moderate immunoreactivity to PCNA
as there are still proliferations occurring in attempting to restore
normal proliferation level. This was agreed with Shen-Yung et al.
(2015) who stated that 3-day pantoprazole administration
(15 lmol/kg/day) induced a further increase in PCNA expression,
either alone or in combination with indomethacin. Moreover,
Barkun et al. (2012) reported that Pantoprazole� and famotidine�,
when administered with equivalent acid-inhibiting doses, can pro-
mote the healing of chronic gastric ulcers with the same efficacy,
suggesting that the inhibition of acid secretion have a major role
in the repair of ulcerative lesions.
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The PPIs (e.g. omeprazole, pantoprazole, esomeprazole, and lan-
soprazole) are replaced benzimidazole drugs targeting the final
common pathway of acid production. The PPIs are found to be
more significantly effective than H2RAs in elevating gastric pH
and preventing and healing of the acid-related tissue injury
(Maity et al., 2008).

Stem cell treated rats in our study restored the normal architec-
ture of the gastric mucosa and the glandular cells; chief, parietal
and surface mucous cells and these results is in agreement with
El-Azab et al. (2018) where their histological examination of stem
cell treated ulcerated gastric tissue showed restoration of surface
epithelium of gastric mucosa with almost normal mucous cells
and gastric pits.

In the current study semi-thin section of the gastric mucosa of
stem cell treated group showed normal appearance and intact sur-
face mucous cells with gastric pits, in addition to the ultrastructure
examinations in our study revealed intact surface mucous cells
with oval nucleus and intensive mucus granules at the apical part
and these results reflect the complete restoration of the normal
gastric mucosal integrity and this is explained by Sayed and
Rashed (2016), they reported that MSCs can migrate in to damaged
tissues and organs, differentiate into their corresponding cells.

The scanning electron microscope results of a stem cell treated
rats showed a marked improvement as undulating pattern of sur-
face epithelial lining with mucus patches and regular gastric pits
more or less similar to normal organization of gastric mucosal sur-
face lining, these results support our results of ultrastructural
examination of complete restoration of MSCs to mucosal integrity.
Our histochemical results of the stem cell treated group showed
intensive polysaccharides distribution among glandular cells and
these is consisted with results documented by El-Azab et al.
(2018). Furthermore, Lin et al. (2015) stated that MSCs had a spe-
cial effectiveness in treating gastric ulcer as a result of increasing
growth factor secretion, which caused angiogenesis and main-
tained the vascular permeability.

Our immunohistochemical results of stem cell treated rats
showedmild immunoreactivity to cytokeratin 20 similar to normal
result, these is illustrated as the cytokeratin expression back to its
normal level production after complete restoration of mucosal
integrity. Also, there was a mild immunoreactivity to Cox 2
approximately similar to the control negative group and this came
in agreement with Rashed et al. (2016) stated that one of the func-
tions of MSCs is to act as guardians against excessive inflammatory
responses. As MSCs create a negative feedback loop through its
activation to secrete PGE2 whereby lipopolysaccharide, TNF-a,
nitric oxide and other damage-associated molecular patterns
(DAMPs) from injured tissues and macrophages initiate this
activation.

There were mild to moderate immunoreactivity in neck region
to PCNA approximately similar to the control negative group and
this is as a result of the ability of MSCs to regenerate damaged tis-
sue and normalize the proliferation process after re-
epithelialisation, differentionand success in gastric ulcer healing
and this came in agreement with Salem et al. (2015).

MSCs labeled with PKH26 fluorescent dye have been observed
in the gastric tissues confirming that these cells are homed into
the gastric tissue and this finding is confirmed by Rashed and
Fayez (2015) and Rashed et al. (2016).

5. Conclusion

From the present results, it can be concluded that the NSAID
drugs causing gastric ulcer play a role in the induction of many his-
tological, ultrastructural, histochemical and immunohistochemical
alterations in the stomach. Ulcer has harmful effects on the
stomach, and stem cell therapy has a clear recurrence of ulcers.
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Therefore, it is recommended that stem cell therapy can be used as
a curative remedy. Further studies are required in molecular levels
to understand the mechanism of action during treatment.
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