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Abstract 

Background: Ulcerative colitis (UC) is one of the inflammatory bowel 

diseases (IBD) that results in recurrent inflammation and ulcers of the 

colon and rectum. Aim: The aim of the study was to explore the 

possible therapeutic effect of bone marrow-derived mesenchymal stem 

cells (BM-MSCs) and vitamin E on experimentally induced UC in rats. 

Materials and methods: Sixty rats were divided into five main groups: 

group I (control group); group II (UC) consisted of 10 rats that received 

a single intrarectal injection of 2 ml of 3% acetic acid; group ΙIΙ (10 

rats) consisted of rats that received vitamin E three times in a week 

orally after induction of ulcerative colitis; group ΙV consisted of 10 rats 

that received a single injection of BM-MSCs after induction of 

ulcerative colitis ; and group V comprised 10 rats that received both 

vitamin E orally and BM-MSCs after induction of colitis. Colonic 

samples were examined using light and fluorescent microscopy. 

Results: Group ΙI showed ulceration, loss of surface columnar 

epithelium, disturbed crypts architecture with few goblet cells and many 

cellular infiltrations. Group III showed a picture that was nearly similar 

to UC group. Group IV showed improvement in colitis. Group V showed a histological picture that 

was nearly similar to the control group. Conclusions: BM-MSCs represent future therapeutic hopes 

for chronic intestinal inflammatory states through their regenerative and anti-inflammatory effects. 

The combination of vitamin E and BM-MSCs was more effective and produced an additive effect 

than using bone marrow derived MSCs alone. 
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Introduction 

Ulcerative colitis (UC) is one form of 

inflammatory bowel disease (IBD), 

characterized by being a chronic relapsing 

non-transmural inflammatory disease that is 

restricted to the colon resulting in colonic 

mucosal inflammation, ulceration, edema, and 

bleeding (1). It is a multifactorial intestinal 

disorder with high incidence and 

characterized by a pattern of mucosal 

inflammation that starts in the rectum and 

proceeds continuously from distal to proximal 

colon (2). UC is most commonly presented 

with abdominal pain, bloody diarrhea and 

mucus per rectum. According to numerous 

studies, UC is associated with genetic and 

environmental factors, immunological 

disorders, and the production of reactive 

oxygen species (ROS). However, the 

pathogenesis of IBD remains poorly 

understood (4). The colitis mouse model 

chemically induced by acetic acid has shown 

symptoms similar to UC in humans, including 

histopathological appearance, body weight 

loss, bloody diarrhea, and shortening of the 

colon (5). Several major causative factors in 

the initiation of human colitis such as 

enhanced vasopermeability, prolonged 

neutrophils infiltration and increased 

production of inflammatory mediators are 

involved in the 

induction of this animal acetic acid model (6). 

Although many treatments have been 

developed for patients with UC, there is still 

no widely accepted effective treatment for 

UC. Therefore, newly emerging therapies, 

especially mesenchymal stem cell (MSC) 

therapy, are being investigated as a treatment 

strategy for UC (7).  

MSCs can be isolated from various cell types, 

including adipose tissue, dental pulp, 

peripheral blood, placenta, and umbilical 

cord. Besides being multipotent cells 

characterized by the ability to differentiate 

into varying cell lines and to exert self-

renewal, they have the capability to secrete 

cytokines or chemokines to exert their 

different functions, as immunomodulatory, 

and anti-inflammatory effects in the 

gastrointestinal tract (8). Of all the adult stem 

cell types, MSCs are of considerable interest 

as they have no ethical concerns when 

compared with embryonic stem cells. These 

unique biological properties of cellular 

therapy have made it attractive for 

inflammatory and autoimmune diseases as the 

treatment must be multifocal and include the 

ability to dampen inflammation, minimize 

opportunistic infection and stimulate repair 

(9). Although MSCs are a good candidate for 

promising cell-based therapy against tissue 

injury, they are subject to limitations in 

replicative life span which is mainly 
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attributed to telomere shortening. MSCs are 

very sensitive to oxygen concentration and 

ROS accumulation in ischemic tissues or in 

culture, leading to reduced growth rate and 

capacity, as well as decreased potential for 

differentiation. Therefore, strategies for 

enhancing stem cell survival, proliferation, 

and differentiation have become one of the 

important topics. The application of an 

adjuvant antioxidant drug is a promising 

method to support stem cell therapy (10,11)  

 

Vitamin E is a natural antioxidant which 

quench ROS, therefore may prevent the 

increase of free radicals produced by 

oxidative damage of lipids and lipoproteins in 

cellular components and tissues (12). ROS 

can attack double bonds in polyunsaturated 

fatty acids in cellular components and thus 

induce lipid peroxidation, which may result in 

more oxidative damage. Increasing attention 

has been focused on the role of ROS 

produced by activated neutrophils during IBD 

(13). ROS molecules can highly attack cell 

components, causing further injury in colonic 

tissue (14)  

This study aimed to assess the possible 

therapeutic effect of BM-MSCs and vitamin E 

on experimentally induced UC in rats. 

 

 

Materials and methods: 

Reagents 

Acetic acid was obtained by El-Gomhoria 

Company for Trading Pharmaceuticals 

Chemicals and Medical Appliances, Egypt. 

Vitamin E was produced by PHARCO 

corporation (Egypt) in the form of soft gelatin 

capsules.  capsule contains 400mg vitamin E. 

Each capsule was emptied and dissolved in 16 

ml of sunflower oil and were given three 

times in a week in a dose (100 mg/kg/day) 

orally through a gastric tube (15). 

 PKH26 labelled BM-MSCs were obtained 

from the Biochemistry Department, Faculty 

of Medicine, Kasr El-Eini Hospital. The 

BMSCs were injected intravenously into the 

tail vein of each rat at a single dose of 5×105 

cells/150μl in Phosphate Buffered Saline 

(PBS) (7). 

  Animals: 

Sixty healthy adult male albino rats weighing 

from 150 to 200 g each. Animal care was 

provided by Laboratory Animal House of 

Kasr El-Eini Hospital, where rats were fed a 

balanced diet and had free access to water. 

The study was approved by the Ethical 

scientific committee of Benha University and 

took place on November 2017 for 8 days. 
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 All animal procedures were performed 

according to approved protocols and in 

accordance with the recommendations for the 

proper care and use of laboratory animals. 

They were kept under observation for 1 week 

before the beginning of the experiment to 

acclimatize to their environment. 

Type of the study is Case / Control study. 

Experimental procedure: 

The animals were divided into five main 

groups: (1) Group I (the control group): 20 

rats were subdivided equally into four groups: 

(a) Subgroup A: the rats in this group were 

kept without treatment for the same periods as 

experimental animals.  

(b) Subgroup B: the rats in this group 

received once intra-rectal injection of 2 ml 

physiologic saline.  

(c) Subgroup C: the animals in this group 

received 1 ml sunflower oil (the dissolving 

vehicle for vitamin E) three times in a week 

through gastric gavage.  

(d) Subgroup D: the animals in this group 

received a single injection of phosphate buffer 

saline (PBS) intravenously (i.v.) via tail vein. 

The rats were sacrificed on 8th day of 

experiment. 

 (2) Group ΙΙ (UC group): 10 rats received a 

single intra-rectal injection of 2 ml of 3% 

acetic acid and sacrificed on 8th day of 

experiment. 

 (3) Group ΙIΙ (vitamin E group): 10 rats 

received vitamin E orally after a single intra-

rectal injection of 2 ml of 3% acetic acid for 

induction of ulcerative colitis. Vitamin E was 

given three times in a week in a dose (100 

mg/kg body weight) by gastric gavage and 

rats were sacrificed on 8th day of experiment. 

 (4) Group ΙV (BM-MSC group): 10 rats 

received a single injection of (BM-MSCs) 

5×105 cells/150 μl in Phosphate buffered 

saline via tail vein after induction of UC, then 

2 rats were sacrificed after 3 days of stem cell 

injection for detection of homing and the 

remaining 8 rats were sacrificed on 8th day of 

experiment 

(5) Group V (vitamin E & BM-MSC group): 

10 rats received both vitamin E orally (in a 

dose 100 mg/kg body weight) three times in a 

week and BM-MSCs 5×105 cells/150 μl in 

Phosphate buffered saline via tail vein 24 

hours after induction of UC, then sacrificed 

on 8th day of experiment . 

Induction of ulcerative colitis 

Ulcerative colitis was induced in rats by 

slightly anaesthetizing rats with ether 

inhalation following 24 hours fasting, and 

then 6 cm of soft pediatric catheter size 6F 

was lubricated with gel then inserted into the 

anus and the tip was advanced to 8 cm 
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proximal to the anus verge. 2 ml of acetic acid 

(3% v/v in 0.9% saline) was instilled into the 

colon through the catheter; each rat remained 

suspended in a head down vertical position 

for one minute to prevent leakage of the 

intracolonic instillation (16,17). 

Isolation of BM-derived MSCs from 

rats: 

Bone marrow was harvested by flushing the 

tibiae and femurs of five 6 weeks old male 

white albino rats with Dulbecco’s modified 

Eagle’s medium (DMEM, GIBCO/BRL) 

supplemented with 10% fetal bovine medium 

(GIBCO/ BRL). Nucleated cells were isolated 

with a density gradient [Ficoll/Paque 

(Pharmacia)] and resuspended in complete 

culture medium supplemented with 1% 

penicillin-streptomycin (GIBCO/BRL). Cells 

were incubated at 37
O
C in 5% humidified 

Co2 for 12-14 days as primary culture or 

upon formation of large colonies.  When large 

colonies developed (80-90% confluence), 

cultures were washed twice with phosphate 

buffer saline (PBS) and cells were trypsinized 

with 0.25% trypsin in 1 mM EDTA 

(GIBCO/BRL) for 5 minutes at 37
O
C. After 

centrifugation (at 2400 rpm for 20 minutes), 

cells were resuspended with serum-

supplemented medium and incubated in 50 

cm 2 culture flask Falcon). The resulting 

cultures were referred to as first-passage 

cultures (18). BM-MSCs in culture were 

characterized by their adhesiveness and 

fusiform shape attached to the floor of flask. 

(19).  

Labeling of stem cells with PKH26 

dye: 

 MSCs cells were harvested during the 4th 

passage and were labeled with PKH26 

fluorescent linker dye. PKH26 is a red 

fluorochrome, has excitation (551 nm) and 

emission (567 nm). The linkers are 

physiologically stable and show little to no 

toxic side-effects on cell systems. Labeled 

cells retain both biological and proliferating 

activity, and are ideal for in vitro cell 

labeling, in vitro proliferation studies and 

long term, in vivo cell tracking (20). 

Histological study:  

The rats were anesthetized with ether and the 

abdominal walls was opened exposing the 

viscera. The abdominal wall was retracted, 

and the colon was removed rapidly (21). The 

colon was dissected and the distal 3 cm of the 

colon of each rat was taken immediately and 

divided into two specimens, one was fixed in 

10% formol saline solution and  was 

processed to get paraffin sections of 5 

microns thickness, and mounted and 

subjected to the following stains: H&E (22), 

periodic acid Schiff reaction (PAS) (23), 

immunohistochemical staining for: 
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1- Proliferating cellular nuclear antigen 

(PCNA) (catalogue number: MS106P) 

whose level correlates directly with rates 

of cellular proliferation and DNA 

synthesis (24). The primary antibody was 

monoclonal antibody (Lab. Vision 

Corporation Laboratories) diluted by 

1:25. The sections were examined with 

light microscope and Negative controls 

were prepared by omitting the primary 

antibody. Positive tissue control was 

performed by applying the previous 

technique in the same way on human 

tonsil specimen (www. novusbio.com). 

2- Cyclooxygenase 2 (COX-2) (catalogue 

number: MAD-000335Q-3) which 

associated with the mediation of 

inflammation (25). The primary antibody 

was obtained from Master Diagnostica 

diluted by 1:50. Positive tissue control 

was performed by applying the previous 

technique in the same way on human lung 

cancer specimen (www.ptglab.com). 

3-  Factor VIII (catalogue number: MS-722-

RQ) (26) which is a marker to identify 

endothelial cells. The primary antibody 

was obtained from Lab. Vision 

Corporation Laboratories diluted by 

1:50. Positive tissue control was 

performed by applying the previous 

technique in the same way on human 

Tonsil specimen (www.mybiosource.com). 

 

 

 

positive control section from 

human tonsil showing +ve 

immunostaining for PCNA  

                                                          

(PCNA immunostaining x 400)          

positive control section from 

human lung cancer showing +ve 

immunostaining for COX-2  

                                                     (COX-

2 immunostaining x 400) 

positive control section from 

human Tonsil showing +ve 

immunostaining for factor VIII 

                                                (factor 

VIII immunostaining x400) 

Morphometric study: 

Using Leica Qwin 500C image analysis, 

assessment of the mean number of goblet 

cells in PAS stained sections, mean number of 

positive immunoreactive PCNA cells, mean 

area% of positive immunoreactivity for  

 

COX2 were performed. The measurements 

were done in 10 nonoverlapping high power 

fields (HPF) in control and experimental 

groups. The mean vascular density for factor 

299 



  Benha medical journal vol. 38,  issue 1, 2021      

VIII positive endothelial cells was performed 

by selecting three hot spots for each group. 

Statistical analysis  

Quantitative data were summarized as means 

and standard deviations and compared using 

one-way analysis-of-variance (ANOVA). p-

values＜0.05 was considered statistically 

significant. Calculations were made on SPSS 

software (27). 

Results 

Detection of PKH26 labeled mesenchymal 

stem cells by fluorescent microscope in 

unstained colonic sections: 

Detection of the BM-MSCs homing in colon 

after its labelling with PKH26 dye was done 

by fluorescent microscope in department of 

histology and cell biology, faculty of 

medicine, Tanta university. Two rats from 

BM-MSC group were sacrificed after 3days 

of BM-MSC injection. The red fluorescence 

of PKH26 was detected to ensure homing and 

to trace the injected BM-MSCs in the colon 

tissue (fig.1,2). 

 

Hematoxylin and Eosin (H&E) stained 

sections: 

All control subgroups showed the same 

histological picture. They revealed intact 

mucosal architecture. This intact mucosa 

exhibited regularly arranged, closely related 

crypts. Simple columnar cells and many 

goblet cells lined the mucosa and the crypts. 

Between the crypts, in the lamina propria, 

minute blood capillaries were seen (Fig. 3). 

UC group revealed a focal area of loss of 

surface columnar epithelial lining and 

disturbed crypt architecture with depletion of 

goblet cells. Inflammatory cellular infiltration 

was observed replacing the crypts with dilated 

congested blood capillaries with extravasated 

RBCs. (Fig. 4). Vitamin E group revealed loss 

of surface columnar epithelial lining. The 

mucosa contained congested blood vessels 

with extravasated RBCs. Cellular infiltration 

was observed in replacing the crypts (Fig. 5). 

BM-MSC group showed apparently normal 

intact surface columnar cells. Some mucosal 

crypts were apparently intact and were spaced 

by little inflammatory cell infiltration (Fig. 6). 

BM-MSC and vitamin E group colon sections 

showed apparently intact mucosal lining and 

crypts. The crypts were lined mainly by 

goblet cells and were spaced by apparently 

normal looking lamina propria (Fig. 7).  

Periodic Acid Schiff Reaction (PAS) 

stained sections: 

The control group showed colonic mucosa 

with apparent strong PAS +ve reaction 

indicating the mucin secreting goblet cells 

lining the crypts (Fig.8). UC Group showed 

apparent weakly PAS +ve stained mucin 

secreting goblet cells (Fig.9). Group vitamin 

E showed apparent weakly positive PAS 
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stained goblet cells (Fig.10). BM-MSC group 

showed variable degrees of PAS reaction. 

Examination of PAS stained sections of the 

colon showed increase in mucin secreting 

cells with apparent increase in the intensity of 

PAS +ve reaction (Fig. 11). BM-MSC and 

vitamin E group colon sections showed 

apparent increase in mucin secreting cells that 

lined the surface mucosa and apparent strong 

PAS +ve reaction, similar to control group 

(Fig. 12). 

PCNA immunohistochemical results 

Control group (group І) showed positive 

brownish, nuclear PCNA immune reaction 

distributed in lower part of the crypts. 

(fig.13). Both UC group (group II) (fig.14) 

and vitamin E group (group III) (fig.15) 

showed an apparent decrease in PCNA 

immunoreactive cells appeared in crypts. On 

the other hand, BM-MSC group (group IV) 

showed apparent increase in PCNA immune 

reaction (fig.16) as well as BM-MSC and 

vitamin E group (group V) (fig.17). 

COX-2 immunohistochemical results: 

COX-2 immunohistochemistry exhibited 

apparent weak expression in Control group 

(Group І) (fig.18), while both UC group 

(Group II) (fig.19) and vitamin E group 

(Group III) showed an apparent strong 

positive cytoplasmic reaction to COX-2 

(fig.20). However, examination of BM-MSC 

group (Group IV) showed apparent decrease 

in COX-2 expression (fig.21). on the other 

hand, BM-MSC and vitamin E group: (Group 

V) revealed an apparent weak immune 

reaction to COX-2 (fig.22). 

Factor VIII immunohistochemical results: 

Examination of control group (group І) 

showed few positive brownish 

immunostained blood vessels to factor VIII, 

which is an endothelial cell marker (fig.23). 

on the other hand, examination of both colitis 

group (group II) (fig.24) and vitamin E group 

(group III) (fig.25) revealed an increase in 

number of blood vessels with +ve 

immunostaining to factor VIII in the 

endothelium of the capillaries. However, 

MSC group (group IV) (fig.26) and MSC and 

vitamin E group (group V) (fig.27) showed a 

few +ve brownish immunostained blood 

vessels to factor VIII. 

Morphometric results: 

The statistical analysis was carried out using 

one- way ANOVA analysis of variance for 

comparison between the different groups, 

using SPSS (version 16; SPSS Inc., Chicago, 

Illinois, USA). P values of 0.05 or less were 

accepted as statistically significant. 

The mean number of goblet cells in 

PAS stained sections, mean number of 

positive immunoreactive cells for PCNA, 

mean area% of positive immunoreactivity for 
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COX2, and mean vascular density for factor 

VIII positive endothelial cells for all groups is 

presented in Tables 1, 2, 3 and 4 and in 

Histograms 1, 2, 3 and 4. Statistical analysis 

by ANOVA test demonstrated a significant 

increase in mean number of both PAS-

positive goblet cells and PCNA 

immunoreactive cells, a significant decrease 

in both mean area% of positive 

immunoreactivity for COX2 expression and 

in number of blood vessels with +ve 

immunostaining to factor VIII (P<0.05) in 

groups IV, and V compared with group II, but 

these parameters were nonsignificant in group 

III. 

 

 

Fig. (1): Homing of injected PKH26 labeled BM-MSCs (arrows) in rat colon tissue between and at the base of the 

crypts.  (PKH26 labeled BM-MSCs immunofluorescence x 400) 

 

 

Fig. (2): Homing of injected PKH26 labeled BM-MSCs (arrows) in rat colon within and around the blood vessel in the 

submucosa were noted. (PKH26 labeled BM-MSCs immunofluorescence x 400) 
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Fig. (3): A photomicrograph of a section in the rat colon of control group (group І) showing intact mucosal architecture 

of the colon with regularly arranged closely related crypts (C).(Hx & E., x 200) 

 

Fig. (4): A photomicrograph of a section in the rat colon of colitis group (group II) demonstrating an area of loss of 

surface epithelial lining (arrowhead). Cellular infiltration (star) in between crypts (C) and in mucosa and dilated 

congested blood capillaries (arrows) with extravasated RBCs were also seen. (Hx & E., x 200) 

 

 

Fig. (5): A photomicrograph of a section in the rat colon of vitamin E group (group III) illustrating cellular infiltration 

(star) replacing the crypts (C).(Hx & E., 200) 
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Fig. (6): A photomicrograph of a section in the rat colon of MSC group (group IV) demonstrating apparently intact 

mucosal architecture with regular crypts (C) spaced by cellular infiltration (star). Mucosa is lined by a continuous layer 

of epithelium (arrow).(Hx & E., x 200) 

 

Fig. (7): A photomicrograph of a section in the rat colon of MSC and vitamin E group (group V) illustrating continuous 

surface columnar epithelium with goblet cells (arrow) and regularly arranged colonic crypts (C).(Hx & E., x 200) 
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Fig. (8): A Photomicrograph of PAS stained section of rat colonic tissues of control group (group I) showing goblet 

cells with strong +ve PAS reaction (arrow).(PAS x 200) 

 

 

Fig.  (9): A Photomicrograph of PAS stained sections of rat colonic tissues of colitis group (group II) showing apparent 

weakly positive PAS stained goblet cells (arrow).(PAS x 200) 

 

 

Fig. (10): A Photomicrograph of PAS stained sections of rat colonic tissues of vitamin E group (group III) illustrate 

apparent weakly positive PAS stained goblet cells (arrow).(PAS x 200) 
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Fig. (11): A Photomicrograph of PAS stained sections of rat colonic tissues of MSC group (group IV) revealed apparent 

increase in mucin secreting cells that lined the surface mucosa and the crypts with apparent increase in the intensity of 

PAS +ve reaction (arrow).(PAS x 200) 

 

Fig. (12): A Photomicrograph of PAS stained sections of rat colonic tissues of MSC and vitamin E group (group V) 

revealed apparent increase in mucin secreting cells that lined the surface mucosa and the crypts with apparent increase 

in the intensity of PAS +ve reaction (arrow).  (PAS x 200) 

 

Fig. (13): A Photomicrograph of a section in the rat colon of control group (group I) showing positive brownish, nuclear 

PCNA immune reaction distributed in lower part of the crypts (arrow). (PCNA immunostaining x 400) 
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Fig. (14): A Photomicrograph of a section in the rat colon of colitis group (group II) showing apparent decrease in the 

number of PCNA immunoreactive cells in widespread areas. (PCNA immunostaining x 400) 
 

 

Fig. (15): A Photomicrograph of a section in the rat colon of vitamin E group (group III) showing apparent decrease in 

the number of PCNA immunoreactive cells in colon sections. (PCNA immunostaining x 400) 

 

 

Fig. (16): A Photomicrograph of a section in the rat colon of MSC group (group IV) showing an apparent increase in 

PCNA immune reaction. (PCNA immunostaining x 400) 

 

307 



 
 

 

Fig. (17): A Photomicrograph of MSC and vitamin E group (group V) showing an apparent increase in PCNA immune 

reaction. (PCNA immunostaining x 400) 

 

 

Fig. (18): A Photomicrograph of a section in the rat colon of control group (group I) showing apparent very faint COX-

2 positive immunoreaction in both columnar epithelial cells and goblet cells. (COX-2 immunostaining x 1000) 

 

Fig. (19): A Photomicrograph of a section in the rat colon of colitis group (group II) showing colonic glands with strong 

COX-2 positive immunoreaction. (COX-2 immunostaining x 1000) 
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Fig. (20): A Photomicrograph of a section in the rat colon of vitamin E group (group II) showing apparent strong COX-

2 positive immunoreaction in both columnar epithelial cells and goblet cells. (COX-2 immunostaining x 1000) 

 

Fig. (21): A Photomicrograph of a section in the rat colon of MSC group (group IV) showing areas of apparent decrease 

in COX-2 expression in relation to colitis group. (COX-2 immunostaining x 1000) 

 

Fig. (22): A Photomicrograph of a section in the rat colon of MSC and vitamin E group (group V) showing apparent 

weak COX-2 positive immunoreaction in both columnar epithelial cells and goblet cells. (COX-2 immunostaining x 

1000) 
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Fig. (23): A Photomicrograph of a section in the rat colon of control group (group I) showing apparent few positive 

brownish immunostained blood vessels to factor VIII (arrow). (factor VIII immunostaining x 200) 

 

Fig. (24): A Photomicrograph of a section in the rat colon of colitis group (group II) showing increase in number of 

blood vessels with +ve immunostaining to factor VIII in colon sections, together with dilated congested blood vessels 

(arrow). (factor VIII immunostaining x 200) 
 

 

Fig. (25): A Photomicrograph of a section in the rat colon of vitamin E group (group III) showing apparent increase in 

number of blood vessels with +ve immunostaining of factor VIII.  (arrow). (factor VIII immunostaining x 200) 
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Fig. (26): A Photomicrograph of a section in the rat colon of MSC group (group IV) showing less +ve immunostained 

blood vessels to factor VIII in relation to colitis group (arrow). (factor VIII immunostaining x 200) 

 

 

Fig. (27): A Photomicrograph of a section in the rat colon of MSC and vitamin E group (group V) showing a few +ve 

brownish immunostained blood vessels to factor VIII in relation to colitis group (arrow). (factor VIII immunostaining x 

200) 

 

Table (1): The mean number of goblet cells in PAS stained sections in different studied groups. 

 

Groups Mean SD Sig. 

Group I 61.2000 5.59285 II, III 

Group II 12.6600 2.10671 I, IV, V 

Group III 17.8550 2.85004 I, IV, V 

Group IV 58.1380 4.26407 II, III 

Group V 60.4480 5.53613 II, III 

SD = standard deviation    

Sig. = significant 
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Histogram (1): The mean number of goblet cells in PAS stained sections in different studied groups. 

 

       Table (2): The mean number of positive immunoreactive cells for PCNA in different studied groups. 
 

Groups Mean SD Sig. 

Group I 67.20 5.116 II, IV, V 

Group II 52.60 8.540 I, IV, V 

Group III 53.40 8.922 I, IV, V 

Group IV 125.80 11.193 I, II, III 

Group V 136.10 12.810 I, II, III 

 

 

Histogram (2): The mean number of positive immunoreactive cells for PCNA in different studied groups. 
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                   Table (3): The mean area% of positive immunoreactivity for COX2 in different studied groups. 

Groups Mean SD Sig. 

Group I 7.7880 1.05987 II, III 

Group II 37.2460 3.66776 I, IV, V 

Group III 35.8020 3.97675 I, IV, V 

Group IV 10.1140 .78469 II, III 

Group V 
8.7140 .86754 

II, III 

 

 

Histogram (V-3): The mean area% of positive immunoreactivity for COX2in different studied groups. 
 

               Table (4): The mean vascular density for factor VIII positive endothelial cells in different studied groups. 

 

Groups Mean SD Sig. 

Group I 6.0000 1.00000 II, III 

Group II 19.0000 1.00000 I, IV, V 

Group III 18.3333 1.15470 I, IV, V 

Group IV 7.6667 1.52753 II, III 

Group V 6.6667 1.52753 II, III 

[ 

 

Histogram (4): The mean vascular density for factor VIII positive endothelial cells in different studied groups. 
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Discussion 

UC is a chronic immune-mediated disease, 

characterized by being chronic relapsing 

non-transmural and restricted to the colon. 

It is of multifactorial etiology influenced by 

genetic and environmental factors. 

However, the pathogenesis of IBD remains 

poorly understood (28). Although several 

experimental treatments, including 

aminosalicylic acids, corticosteroids, 

thiopurines and anti-tumor necrosis factor 

(TNF)-α treatment, have been developed for 

patients with UC, there is still no widely 

accepted effective treatment for UC. 

Clearly, new therapies are needed to treat 

this condition (30). Acetic acid was used in 

the present study to induce UC as it is a 

widely used experimental model for 

studying UC (16,30,31). 

In the present study, the UC group (group 

II) showed areas of ulceration of surface 

columnar epithelial lining, disturbed crypt 

architecture with reduced intensity of PAS-

positive reaction for goblet cells and dilated 

congested blood capillaries with 

extravasated RBCs. The lamina propria 

showed infiltration by many inflammatory 

cells. Marked reduction in PCNA 

immunoreactive cells, marked increase in 

both COX2 immunoreactivity expression 

and number of blood vessels with +ve 

immunostaining to factor VIII. These 

findings are in agreement with those of 

many other studies [32,33], which reported 

that this could be attributed to the direct 

toxic effect of the acetic acid, which is an 

aggressor agent, on intestinal epithelial cells 

resulting in epithelial mucosal damage. 

Oxidative stress has been implicated in the 

pathogenesis of UC in experimental animals 

and infiltration of neutrophils, 

macrophages, lymphocytes and mast cells 

and release of high amounts of ROS 

eventually contribute to the intestinal injury 

(33,34).  

The inflammation caused by AA might be 

due to entry of soluble protonated form of 

the acid into the epithelium leading to 

liberation of protons, which leads to 

epithelial destruction, increase the influx of 

bacterial into the lamina propria and 

stimulate the activated enterocytes to 

produce a variety of cytokines. Moreover, 

uncontrolled release of pro-inflammatory 

cytokines, which may overpower the 

endogenous antioxidant defense system, is a 

fundamental characteristic in IBD 

development  The very few PAS +ve goblet 

cells in UC group, which was confirmed 

morphometrically,  was explained by 

researchers (38) who found that the total 

level of expression and glycosylation of 

mucins was low in patients with UC which 
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indicates significant decrease in secretory 

activity of the colon mucosa reducing its 

protective function. Furthermore, the 

defective differentiation of goblet cells from 

intestinal stem cells leads to goblet cell 

depletion and mucin induction deficiency in 

active UC. The defective mucus barrier in 

UC, may result in a collapse of the physical 

barrier, which enables the luminal microbes 

to invade the mucosa and trigger 

inflammation (39).  

The weak PCNA expression was supported 

by a study (40) that reported a decreased 

proliferative index in dextran sulfate sodium 

(DSS) -induced UC in mice. PCNA positive 

cells are in the S phase of the cell cycle, so 

this antigen may be used as a marker for 

proliferating cells. In the colon, the number 

of crypt cells is strictly regulated, and the 

balance between cell proliferation and cell 

death is required to maintain homeostasis. 

However, cell proliferation in experimental 

colitis models is controversial (41). The 

increased COX-2 expression in UC group 

was confirmed by the study (42) that stated 

that increased COX-2, a cyclooxygenase 

enzyme involved in the conversion of 

arachidonic acid to prostaglandins (PGs), 

accelerates damage of genetic material in 

IBD through increased production of 

malondialdehyde, a by-product of COX-

mediated PG synthesis and lipid 

peroxidation.  

The increased number of blood vessels seen 

with factor VIII immunostaining in UC 

group could be correlated with the disease 

activity and expression of vascular 

endothelial growth factor (VEGF), as 

angiogenesis is an important part of the 

pathogenesis of IBD (43). 

Vitamin E group (Group III) revealed 

histological changes in colonic mucosa 

nearly similar to that of the UC group as 

longer time might be needed for vitamin E 

therapy to regenerate the lost cells in AA-

induced UC. There was decrease in PAS-

positive reaction for goblet cells and 

number of PCNA immunoreactive cells, A 

significant increase in both the COX-2 

expression and number of blood vessels 

with +ve immunostaining to factor VIII 

versus the control group. These results were 

in agreement with those of some authors 

(44), who reported that supplementation of 

vitamin E alone was effective in reducing 

the levels of malondialdehyde and Protein 

carbonyl (which are used in assessment of 

oxidative stress) but did not cause any 

improvement in histopathological colonic 

lesions. Moreover, vitamin E exerted 

protective effects on moderate but not 

severe colitis and its promoted 

tumorigenesis, this indicates that 
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inflammation severity should be considered 

in evaluating effectiveness of vitamin E 

(45). 

Another study reported that vitamin E 

protected rats against TNBS-induced UC by 

reducing tissue damage, lipid peroxidation, 

and proinflammatory cytokines but on the 

other hand, neutrophil recruitment was not 

affected by vitamin E, therefore the 

necessity of defined studies using 

combinations of micronutrients that have 

the potential of ameliorating not only one 

but various classical IBD features such as 

oxidative stress, production of 

proinflammatory cytokines, neutrophil 

infiltration, and epithelial dysfunction (45) 

In the current study, in group IV (BM-MSC 

group), the morphological changes in 

colonic mucosa observed in the previous 

two groups exhibited improvement in the 

form of apparently normal intact surface 

columnar cells. Some mucosal crypts were 

apparently intact and were spaced by little 

inflammatory cell infiltration. The mucosa 

and the crypts were lined by numerous 

mucin secreting cells confirmed with a 

significant increase in the mean number of 

PAS +ve goblet cells compared to UC 

group. The immunohistochemical studies 

revealed significant increase in the number 

of PCNA immunoreactive cells, significant 

decrease in both the COX-2 expression and 

number of blood vessels with +ve 

immunostaining to factor VIII versus UC 

group . 

In agreement with these findings some 

authors [46] reported that have shown that 

transplanted MSCs accumulate in inflamed 

regions of the colon and contribute to tissue 

repair by a differentiation into intestinal 

epithelial cells and matrix cells, so it could 

be an effective method for colon repair. 

However, the strong immunosuppressive 

effect on IBD was largely owing to 

paracrine function because of the poor 

transitory persistence and survival ability of 

MSCs. MSCs exert a paracrine function by 

secreting immunosuppressive agents which 

inhibit granulocyte infiltration such as T 

cells, B cells, NK cells, and antigen 

presenting cells to exert immunosuppressive 

function through different pathways 

(47,48). The increased PCNA 

immunoreactive cells seen in this study 

could be attributed to the ability of stem 

cells to divide and replace the damaged 

epithelial cells. as this reflects an intense 

driving force of epithelial cell proliferation 

(49).  

Comparing Group V (BM-MSC and 

vitamin E group) with the previous groups, 

there was more pronounced improvement 

with a histological picture nearly similar to 

that of the control group. The crypts were 
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lined mainly by goblet cells and a strong 

PAS +ve reaction, similar to control group, 

that was confirmed statistically by the 

significant increase in mean number of 

goblet cells and PCNA immunoreactive 

cells in comparison to UC group. There was 

a significant decrease in the COX-2 

expression and number of blood vessels 

with +ve immunostaining to factor VIII 

when compared to UC group . 

Recent studies [50–51] reported that 

antioxidants like vitamin C could induce 

functional MSC sheets, and therefore 

improve tissue regeneration. They claimed 

this because of the ability of antioxidants to 

delay premature cell aging and inactivity, in 

addition to inhibiting and repairing 

oxidative DNA damage, and preventing 

low-density lipoprotein oxidation by 

scavenging the reactive free 

radicals/oxidative species generated by 

various biological processes.  lee et al. (52) 

revealed that combination of antioxidant 

and stem cells therapy was more effective 

and produced an additive effect than using 

each single agent alone. Lower efficacy of 

stem cell therapy alone could be attributed 

to the unsuitable pathological 

microenvironment at the injured sites as 

oxidative stress, inflammation which could 

lead to cellular apoptosis. Therefore, using 

antioxidants result in an increase in stem 

cell survival and efficacy after 

transplantation (53) 

Conclusion 

In conclusion, the current study highlights 

evidences for the promising therapeutic 

effect of systemic infusion of BM- MSCs 

on acetic acid induced UC in rats through 

their anti-inflammatory effects and 

regenerative capacity, so using bone 

marrow-derived MSCs to treat IBD is 

possible. Added to that, the combination of 

the antioxidant vitamin E and BM- MSCs 

was more effective and produced an 

additive effect than using bone marrow 

derived MSCs alone. 
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