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Abstract: 

Introduction: One of the widely used gastro protective agents 

are H2 receptor antagonists (H2RAs). But these drugs may 

induce several adverse effects. Recent studies have shown that 

mesenchymal stem cells (MSCs) play an important role in the 

healing of gut injuries.  Aim of the work: To evaluate the role of 

bone marrow- mesenchymal stem cells (BM- MSCs) in the 

treatment of gastric ulcer, and to compare their efficacy with 

H2RAs therapy.  Methods: 10 out of the 50 adult albino rats 

used in this study served as donors for stem cells and the other 

40 rats were divided into four groups: Group I (control group). 

Group II (Gastric ulcer group), rats received 200mg /kg 

ibuprofen suspended in CMC-Na 1% given orally by gastric 

tube. Group III (Nizatidine treated group), rats with gastric ulcer 

were treated with 31.25 mg/kg nizatidine, given orally by gastric 

tube. Group IV (BM-MSCs treated group), rats with gastric 

ulcer were injected with BMMSCs in the rat tail vein.  Results: 

MSCs-treated group revealed improvement of histological 

structure and restoration of the normal architecture of the gastric 

mucosa. Nizatidine-treated group demonstrated nearly similar results to that of MSCs treated 

group. A significant decrease of tumor necrosis factor α (TNF-α) expression was observed in 

MSCs-treated group as well as nizatidine-treated group when compared to ulcer group 

(P<0.01).  Conclusion: MSCs could be a safer alternative therapy than H2RAs, with the 

benefit of avoiding the side effects of these drugs. 
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Introduction: 

Peptic ulcer represents a serious medical 

problem because of its frequency among 

different socioeconomic classes. It affects 

around 10% of the world's population [1]. 

Ibuprofen, a strong analgesic and anti-

inflammatory drug, is used as the first line 

of treatment for rheumatoid arthritis and 

osteoarthritis. But similar to other non-

steroidal anti-inflammatory drugs 

(NSAIDS), the long term treatment of 

ibuprofen can lead to severe gastrointestinal 

side effects especially ulceration [2]. 

One of the most important factors in gastric 

damage induced by NSAIDS is suppression 

of prostaglandin (PG) production caused by 

inhibition of cox1 and cox2 [3]. Diminished 

mucosal blood flow is also believed to be a 

major factor underlying the mechanism of 

NSAIDS induced gastric damage [4]. 

 

Several products have been introduced for 

treatment of peptic ulcer disease such as H2 

receptor antagonists (H2 RAs) and proton 

pump inhibitors (PPIs) , but they aren't 

completely effective and produce many 

adverse effects [5,6,7]. 

 

Mesenchymal stem cells (MSCs) provide a 

promising alternative approach for treating 

human diseases. They present in several 

types of tissues and organs as bone marrow, 

fat, muscles, lungs, liver, pancreas, and 

synovial membrane [8]. 

 

 

The interest in the stem cell based therapy 

for GIT injury has been growing recently. 

Several reports have indicated that bone 

marrow mesenchymal stem cells (BM-

MSCS) contribute to the formation of GIT 

tissues and play an important role in the 

healing of gut injuries [9]. 

Materials and methods 

This experimental study  was conducted on 

50 adult  albino rats of average weight 

200gm - 250 gm, taken from and housed at 

the experimental animal unit of Kasr Al-

Ainy Faculty of Medicine, Cairo University 

during a period of three months (from 

March 2019 to May 2019). All ethical rules 

for animal management were monitored. 

The experimental protocol was advised by 

the Institutional Animal Care Committee. 

Isolation and Labeling of MSCs:  

Bone marrow was collected by flushing 

femurs and tibiae of adult albino rats. 

Nucleated cells were isolated and suspended 

in complete culture medium supplemented 

with 1% penicillin streptomycin. Cells were 

incubated at 37Cº in 5% humidified CO2 for 

12-14 days as primary culture or upon 

formation of large colonies. Culture was 

washed twice with phosphate buffered 

saline (PBS) and cells were trypsinized with 

0.25% trypsin in 1m M EDTA for 5 min at 

37Cº .After centrifugation ,cells were 
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suspended with serum supplemented 

medium and incubated in a 50 cm2 culture 

flask .The resulting cultures were referred as 

first passage cultures [10]. MSCs were 

labelled with the PKH26 fluorescent dye 

according to manufacturer protocol (Sigma 

Company, Saint Louis, Missouri USA), 

permitting tracing of the cells in tissues 

using fluorescence inverted microscope 

[11].  

Experimental design: 

 Fifty adult albino rats were used in this 

study, 10 out of these rats served as donors 

for stem cells and the other 40 rats were 

divided into four groups. Each group 

consisted of 10 rats: 

1) Group I (control group): subdivided 

into:  

-Subgroup Ia (negative control group): no 

drugs received. 

- Subgroup Ib (positive control group): 

They received sodium carboxy methyl 

cellulose 1% (CMC-NA 1%) solution by 

gastric tube for 6 days, then they were 

sacrificed.          

2) Group II (gastric ulcer group): They 

fasted for 24 hours then induction of gastric 

ulcer was done by oral administration of 

200mg/kg/day ibuprofen (from Kahira 

pharmaceutical & Chemical Company) by 

gastric tube [12]. After 6 consecutive days 

of treatment, rats were sacrificed. 

3) Group III (Nizatidine treated group): 

Rats were subjected to gastric ulceration as 

in group III, then they were treated with 

31.25 mg/kg nizatidine (from Marcyrl 

chemical company), given orally by gastric 

tube once daily [2]. After 6 consecutive 

days of treatment, rats were sacrificed. 

4) Group IV (BMMSCS treated group): 

After ulcer induction, these rats were 

injected with single dose of (3x 10
(6)

 cells of 

BMMSCs) per rat by intravenous infusion at 

the rat tail vein [13]. One week after 

injection of MSCs, rats were sacrificed. 

 At the time of scarification, all rats 

were anesthetized, then the abdomen was 

opened by midline incision and the stomach 

was removed, examined  macroscopically 

for mucosal lesions (ulcer index) then, the 

specimens were taken from the fundic 

stomach and prepared for histological and 

immunohistochemical staining. 

Assessment of gastric mucosal lesion 

(ulcer index): 

 The gastric mucosal lesions were 

expressed in the term of ( ulcer index) 

which depends on the calculation of lesion 

index using a 0-3 scoring system based on 

the severity of each lesion . Severity factor 

0= no lesion, 1=lesion < 1 mm in length, 

2=lesion 2-4 mm in length and 3=lesion 

>4mm in length [14]. The length of gastric 

ulcer was measured with a vernier caliper. 

The lesions score for each rat was calculated 
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as number of lesions in the rat multiplied by 

their respective severity factor. 

Light microscopic studies  

Stomach specimens were fixed in 10% 

formalin 48 hours. Paraffin sections (5-μm-

thick) were prepared, processed and stained 

with hematoxylin & eosin (H&E) to verify 

histological details [15]. 

Immunohistochemical studies 

Immunohistochemical staining for detection 

of tumor necrosis factor alpha (TNF-α), was 

done. The primary monoclonal antibodies 

used were the mouse anti-TNF-α (Santa 

Cruz Biotechnology, Santa Cruz, California, 

USA) (1:300 with PBS).The cellular site of 

the reaction was the cytoplasm which 

appeared brown in color [16].  

 Immunohistochemical study was conducted 

using the avidin– biotin peroxidase method, 

followed by diaminobenzidine (DAB) 

(Dakopatts, Glostrup, Denmark) was added 

to slides as a chromogen. Thereafter, the 

slides were washed with distilled water. 

Later, the sections were counterstained with 

hematoxylin. For the negative control the 

specific primary antibody was substitute by 

phosphate buffered saline [17]. 

Morphometric analysis: 

An image analyzer computer system was 

used to measure the area percentage of 

positive immunoreactivity for TNF-α (In 

immunolabeled sections) in 10 different non 

overlapping fields for each slide at ×200 

magnification [18, 16].Counting and image 

analysis were carried out in the Pathology 

department, Faculty of Medicine, Benha 

University using Leica Qwin 500 image 

analysis computer system (Leica 

Microsystems Ltd, Cambridge, UK). 

Statistical analysis  

Data were analyzed using IBM SPSS 

Statistics software for Windows, Version 20 

(IBM Corp., Armonk, NY, USA).Student 

test was used  to compare differences 

between each 2 groups. The data was 

evident as the mean (M) value ± standard 

deviation (SD). 

Results 

-Gastric ulcer index (UI): 

In table 1 and graph 1, the UI was 

highly significantly increased in ulcer 

group compared to the control group 

(P<0.01) .It was highly significantly 

decreased in Nizatidine group and in 

BM-MSC treated group compared to 

gastric ulcer group (P <0.01). While the 

mean UI was significantly decreased in 

BM-MSC treated group compared to 

nizatidine treated group(P< 0.05) . 

- Histological study 

Haematoxylin and eosin (H&E) staining: 

Control group : Sections of the control 

rats showed normal architecture of the 

gastric fundic  mucosa. It was 
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composed of surface epithelium with 

gastric pits, lamina propria and 

muscularis mucosa. The gastric glands 

were divided into three regions: 

Isthmus, neck and the basal regions. 

Gastric glands lined with Parietal cells 

which appeared large spherical with 

central nucleus, mucous neck cells with 

foamy cytoplasm and Chief cells 

appeared as small cuboidal with basal 

basophilic cytoplasm (Figure 1). 

Gastric ulcer group: This group showed 

various histological changes such as deep 

erosion in the gastric mucosa and marked 

damage of most of the cells. There were 

some exfoliated dead cells appearing in the 

lumen. The gastric gland cells showed 

marked vacuolation, degeneration.  Infiltration 

of inflammatory cells and congested blood 

capillaries were observed. (Figure 2). 

 

Nizatidine treated group: This group 

revealed improvement of histological 

structure and restoration of the normal 

architecture of the gastric mucosa. The 

surface epithelium restored its continuity 

with occasional shedded epithelium and 

mild focal areas of degeneration. Many 

gastric gland cells were intact, while others 

were vacuolated and degenerated. 

Diminished inflammatory cellular infiltrate 

was observed (Figure 3). 

  

BM-MSCs treated group: Sections of this 

group showed cellular proliferation 

followed by complete restoration of surface 

epithelium of gastric mucosa with normal 

gastric pits. The gastric glands lined by 

intact parietal cells and chief cells. Reduced 

inflammatory cellular infiltrate and less 

congested blood capillaries were observed 

(Figure 4). 

-Immunohistochemical study  

Immunohistochemical staining of TNF-α: 

Positive TNF-α immunohistochemical 

staining was demonstrated as brown 

cytoplasmic reaction (index for 

inflammation). The control groups showed 

very weak TNF-α immune expression. Ulcer 

Group showed highly positive expression of 

TNF-α. Moderate expression of TNF-α was 

found in Nizatidine treated group, while 

there was weak expression of TNF-α in 

BMMSCs treated group (Figure 5).   

Morphometric results 

As shown in table 2 and graph 2 : The mean 

area percentage of TNF-α immunostaining 

was highly significantly increased in ulcer 

group compared to control  group (P< 0.01). 

On the other hand, it was highly 

significantly decreased in Nizatidine treated 

group and BMMSCs treated group 

compared to ulcer group (P<0.01). While 

there was a significant decrease in the mean 

area percentage in BM-MSC treated group 

compared to nizatidine treated group (P 

<0.05). 
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Table (1): showing the mean values of gastric ulcer index ±SD with comparison between all groups.  

Group 
Mean±SD Comparison Sig(p) 

Control  group 0.0±0.0 Control group 

Gastric ulcer(ibuprofen) 0.000** 

Nizatidine 0.000** 

BM-MSCs treated 0.000** 

Gastric ulcer  (ibuprofen) group 14.2±1.8 
Gastric ulcer 

(ibuprofen)group 

Control 0.000** 

Nizatidine 0.000** 

BM-MSCs treated 0.000** 

Nizatidine treated group 5.4±1.5 Nizatidine group 

Control 0.000** 

Gastric ulcer(ibuprofen) 0.000** 

BM-MSCs treated 0.037* 

BM-MSCs treated group 4.2±0.78 
BM-MSCs treated 

group 

Control 0.000** 

Gastric ulcer(ibuprofen) 0.000** 

Nizatidine 0.037* 

 

  P value ≥ 0.05 means ( non- significant ) 

 P value < 0.05 means ( significant )* 

 P value < 0.01 means  ( highly significant ) ** 

 

 
Graph (1): showing the mean values of gastric ulcer index (UI). 
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Fig. (1): A light photomicrograph of an adult control rat stomach showing : A- Normal gastric mucosa with the parts of the gastric 

glands: isthmus (I), neck (N),and base (B). There are intact surface mucous cells (arrow head) .B-showing: Intact gastric glands (*) 
which are lined by  large polyhedral parietal cells (P) and mucous neck cells  (arrow head) while their bases are lined mainly with 

small cuboidal chief cells (C). Notice, lamina propria (Lp), the submucosa (Su), the lumen of the stomach (L), muscularis mucosa 

(Mm) .(H&E x 200) 

 
Fig. (2):A light photomicrograph of an adult rat stomach treated with ibuprofen : A- showing erosion in gastric 

mucosa (arrow heads) with presence of exfoliated dead cells (arrows) in the lumen of the stomach (L) . There is focal 

areas of degeneration (D) in gastric mucosa  and congested blood capillary (Bc) in the submucosa (Su).(H &E 100) 

.B- showing presence of necrotic debris (arrow heads) in the lumen of the stomach (L) .There is degeneration of 

gastric glands (D) and vacuolation of parietal cells (V). There is infiltration of inflammatory cells (If) in the 

submucosa (Su) .Notice, some intact parietal cells (arrows) (H & E x200) 
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Fig. (3: A light photomicrograph of an adult rat stomach treated with   nizatidine after ibuprofen :A- showing 

Improvement of the histological structure of the gastric mucosa (M). The surface epithelium shows occasional 

shedded epithelium (arrow) in the lumen of the stomach (L). Reduced inflammatory cellular infiltrate (arrow head) is 

observed in submucosa (Su) (H&E x100) .B- showing higher magnification of the same section with few areas of 

degeneration (arrow head) , most of parietal cells are intact (p) ,while other cells are degenerated ( arrows) (H&E 

200). 
 

 
Fig. (4) : A light  photomicrograph of an adult  rat fundic stomach  treated with BM-MSC after ibuprofen : A- 

showing : complete restoration of gastric mucosa (M) with almost normal surface  mucous cells (arrows ) and gastric 

pits (GP). Notice: lumen of the stomach (L) , submucosa (Su) and muscle layer (R) (H&E x100) . B- showing: Intact 

gastric glands (*) which are lined with  large intact  parietal cells ,while  glands occupy the lamina propria (Lp) are 

lined mainly by chief cells  .There is few distorted gastric glands (D).Intact blood capillaries  (arrows) and reduced 

inflammatory cellular infiltrate are seen  in submucosa (Su)   (H&E x200) .  
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Fig. (5): A light photomicrograph of fundic mucosa: A-Group I: showing very weak TNF-α immunoreaction (brown 

cytoplasmic reaction of few parietal cells) (arrows) in the gastric mucosa (M) .B- Group II: showing highly positive 

TNF-α immunoreaction (arrows) with interruption of gastric mucosa (arrow heads). C- Group III: showing Moderate 

TNF-α immune expression (arrows) .D- Group IV: showing weak TNF-α immunoreaction (arrows) in gastric mucosa 

(M).  Notice: the lumen of the stomach (L). (TNF- α x 200) 

 

Table (2) : Showing the mean values of the area % of TNF α immunoreactivity ±SD with comparison between all groups  

Group Mean±SD Comparison Sig(p) 

Control  group 1.99±0.69 Control group 

Gastric ulcer(ibuprofen) 0.000** 

Nizatidine 0.000** 

BM-MSCs treated 0.000** 

Gastric ulcer (ibuprofen) group 18.53±1.8 
Gastric ulcer 

(ibuprofen)group 

Control 0.000** 

Nizatidine 0.000** 

BM-MSCs treated 0.000** 

Nizatidine treated group 
7.5±1.1 

 
Nizatidine group 

Control 0.000** 

Gastric ulcer(ibuprofen) 0.000** 

BM-MSCs treated 0.024* 

BM-MSCs treated group 6.29±1.1 
BM-MSCs treated 

group 

Control 0.000** 

Gastric ulcer(ibuprofen) 0.000** 

Nizatidine 0.024* 
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Graph (2): showing the mean values of the area % of TNF α immunoreactivity. 

Discussion 

Gastric ulcer is the most widespread 

gastrointestinal tract disorders and gastric 

mucosa is recurrently exposed to several 

destructive and injurious factors [19]. 

In our work, the histological examination of 

H&E stained sections of group II revealed 

various histological changes as focal areas of 

degeneration and other areas of deep erosion 

in the gastric mucosa that may reach the 

muscularis mucosae and there were some 

exfoliated dead cells appearing in the lumen 

of the stomach. These results were in 

agreement with some researchers [2] who 

stated serious ulcers developed on the gastric 

mucosal surface after administration of 

ibuprofen. It is now well recognized that 

mucosal pro‐inflammatory mediators such as 

tumor necrosis factor (TNF‐α), interleukin‐

1β (IL‐1β) and platelet activating factor 

(PAF) are upregulated following NSAIDs 

(including ibuprofen) and are key mediators  

 

 

of the gastric injury. TNF-α stimulates 

caspase-3 in epithelial and endothelial cells 

of gastric mucosa and thus contributes to 

apoptosis and subsequent damage [20]. 

 

In the present study, immunohistochemical 

examination of group II showed highly 

positive expression of TNF-α in most of 

gastric gland cells. These findings were in 

harmony with some researchers [21] who 

stated that the level of TNF-α in gastric ulcer 

group was significantly increased compared 

to normal control group (p<0.05). 

 

Previous researchers [2] reported that 

scavenging effects of H2RAs on reactive 

oxygen species (ROS) through improving 

antioxidant enzyme activity which were 

important in protecting gastric ulcers 

induced by ibuprofen. Moreover, H2RAs 

were shown to reduce the bad effect of 

ibuprofen on gastric mucosa by reducing the 

HCL secretion, improve gastric blood flow 
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and increase the synthesis of bicarbonate and 

cytoprotective prostaglandin [22].  

 

According to our work results, nizatidine 

treated sections showed restoration of 

surface epithelium and glandular 

architecture .Parietal cells and chief cells 

revealed partial regeneration .These findings 

were in line with results published by some 

authors [23] who found that ulcerative 

stomach treated with H2RAs showing intact 

and healed gastric ulcer with no edema and 

mild leucocytes infiltration of the 

submucosal layer. 

 

The mean area percentage of TNF-α 

immunostaining was statistically 

significantly decreased in nizatidine treated 

group compared with gastric ulcer group 

(P<0.05). 

 

While other investigators [24] reported 

statistical non-significant decrease in the 

level of TNF-α in H2RAS treated group 

compared to ethanol induced gastric ulcer 

group. 

 

MSCs accelerate the healing of gastric ulcers 

by decreasing inflammation phase and 

stimulating of proliferative-reparation phase 

of the regeneration process. Moreover, 

MSCs reduced the liberation of 

inflammatory mediators and cytokines 

which minimized the damaging effect of 

inflammation [25, 26]. 

Our results revealed that BM-MSCs 

stimulate ulcer healing which was observed 

in the form of improvement of histological 

structure and restoration of the normal 

architecture of the gastric mucosa with 

almost normal gastric pits, intact mucous 

neck cells, the gastric glands lined by intact 

parietal cells and chief cells. These results 

were in line with some researchers [27, 28] 

who stated that BM-MSC treated rats 

showed minimal shedded epithelium with 

restoration of the normal architecture of the 

gastric mucosa. 

 

In the present work, the histological 

examination of BM-MSC treated sections 

showed also reduced inflammatory cellular 

infiltrate and reduced congested blood 

capillaries. These findings were supported 

by weak TNF-α immunoreaction. The mean 

area percentage of TNF-α immunostaining 

was highly significantly decreased  in  BM-

MSC treated  group  compared with gastric 

ulcer  group  (P<0.01).  Similar findings 

were observed by other investigator [21].  

 

So, our work results demonstrated that the 

role of stem cells is not restricted on 

migration to the site of gastric injury 

replacing the damaged one , but also their 

ability to decrease inflammatory mediators 

make them to have  an evident efficacy in 

treating gastric ulcers. 
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Conclusion 

MSCs can ameliorate experimentally-

induced gastric ulcer in rats. Thus, they 

could be a safer alternative therapy than 

H2RAs. 
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