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ABSTRACT
Background: Ulcerative colitis (UC) is a bowel inflammatory illness, which shows remission and deterioration episodes of 
abdominal pain and bloody diarrhea. Nowadays, treatment options are not satisfactory other than their various complications. 
Adipose tissue derived mesenchymal stem cell microvesicles (MSC-MVs) are considered an emerging promising alternative 
therapeutic agent.
Aim of the work: Evaluation of the therapeutic potential of MSC-MVs on acetic acid (AA) induced UC in addition to the 
potential role of its RNA content.
Materials and Methods: Forty adult male albino rats were equally divided to 4 groups: group I (control), group II (colitis), 
group III (MVs treated) and group IV (RNase-MVs treated). Colitis was induced by intracolonic AA enema for groups II, 
III and IV. On day three after enema a single intravenous injection with either PBS, MSC-MVs or RNase treated MSC-MVs 
was administered to groups II, III and IV, respectively. Seven days later, colon specimens were harvested and cut equally into 
two parts. The proximal parts were used for biochemical study to measure myeloperoxidase enzyme (MPO) levels. The distal 
parts were processed for H&E, Alcian blue, iNOS and COX-2 immunohistochemistry. Morphometric and statistical analysis 
were done.
Results: Group III showed improved histological features of UC and marked increase in the mean area percent and optical 
density of mucin. Also, it showed significant decrease in iNOS and COX-2 immunoreaction and MPO levels.
Conclusion: MSC-MVs administration improved UC features. RNA content of the vesicles proved to have a crucial role in 
such protective effects. Consequently, MSC-MVs could be a promising tool in UC treatment.
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INTRODUCTION                                                                     

Inflammatory bowel disease (IBD) is a persistent 
progressive disabling condition, encompassing both 
Crohn’s disease (CD) and ulcerative colitis (UC). Young 
persons are the mostly affected, with considerable 
consequences on social capability and life style[1 and 2]. 
Currently, the rates of IBD incidence and prevalence are 
rising by time all over the world, particularly the rate 
within aged patients[3].

Ulcerative colitis (UC) is a chronic relapsing disease 
in which gastrointestinal tract inflammation is implicated, 
affecting mainly colonic mucosa. Increased rate of bloody 
stools, pain and fever are devastating symptoms of UC. 
Frequently, symptoms begin at young age and remain all 
through life. One third of the patients may need surgical 
removal of the whole colon. Moreover, colorectal 
carcinoma development risk in UC patients is higher than 
the healthy population[4,5 and 6].

The etiology of UC is still uncertain. Inflammation 
and immunological dysfunction are implicated in the 
pathogenesis of UC. Ulcerative colitis has long been a 
difficult medical problem. Since its discovery and up 
till now, it is not well solved. Currently, the main stay 
drugs used in UC management are anti-inflammatory 
drugs (aminosalicylates and corticosteroids) and 
immunosuppressant. These therapies help only symptoms 
of the disease, but long-term relieve of patients cannot be 
sustained, as they have side effects with prolonged use. 
Hence, new remedial agents are urgently necessitated to 
overcome these drawbacks[7 and 8].

Mesenchymal stem cells (MSCs) are found within 
most organs and they possess a multilineage differentiation 
capability. The MSCs with their regenerative, 
immunomodulatory and anti-inflammatory properties are 
capable of repairing UC injured mucosa[9, 10 and 11].
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MSCs benefits do not count on their differentiation and 
capability of injured tissue replacement. Rather than, they 
are mainly mediated by their paracrine effects, involving 
discharge of factors such as extracellular vesicles (EVs)
which are comprised of microvesicles and exosomes[12].

Mesenchymal stem cells, similar to numerous other 
kinds of cells, have the ability to discharge extracellular 
vesicles (EVs) like microvesicles and exosomes to 
the extracellular enviroment. These vesicles can be 
uptaken and internalized by recipient cells. A variety of 
biologically active molecules are enclosed inside EVs 
including proteins and bioactive lipids. Also, they contain 
DNA and messenger RNA in addition to noncoding RNA 
e.g. microRNA and long noncoding RNA (lncRNA). 
Subsequent delivery of these contents to target cells can 
mediate functional effects[13 and 14].

This study was planned to detect the possible protective 
effect of microvesicles (MVs), released by adipose 
tissue derived mesenchymal stem cells (ADMSCs), on 
experimental ulcerative colitis. Furthermore, the role 
of RNA content of MVs in exerting such effect was 
investigated.

MATERIALS AND METHODS                                                  

Animals and experimental design

This study included 40 adult male albino rats, 180-
200 (184±1.35) gm body weight. Animals were housed 
in hygienic stainless steel cages and kept in clean well 
ventilated room. They were fed standard chow diet and 
allowed water ad libitum. All procedures were held in 
accordance with the guidelines of the Animal Ethical 
Committee of Kasr Alainy Faculty of Medicine, Cairo 
University.

Rats were divided into the following four groups

Group І (control group) (n=10): were subjected to 
intracolonic 0.9% saline enema. On day three following 
enema, they received single intravenous (IV) injection, 
through caudal vein, of 1ml PBS.

All rats in groups ІI, IIІ and ІV were subjected to 
intracolonic acetic acid (AA) enema to induce experimental 
colitis. On day three following enema, animals in these 
groups received the following:

Group II (colitis group) (n=10): rats received single IV 
injection, through caudal vein, of 1ml PBS. 

Group III (MVs treated group) (n=10): rats received 
single IV injection, through caudal vein, of 200μg MVs 
diluted with 1ml PBS.

Group IV (RNase-MVs treated group) (n=10): rats 
received single IV injection, through caudal vein, of 200μg 
RNase treated MVs diluted with 1ml PBS.

Animals were sacrificed by cervical dislocation on day 
seven after caudal vein injections[15].

Laparotomy was done and colons were dissected. Distal 
10 cm segment of colon proximal to the anus were excised. 
This segment was divided into proximal and distal parts. 
The proximal part was utilized for biochemical analysis and 
the distal part was processed for histological examination. 
This is because histological changes in experimentally 
induced UC using AA enema, affects mainly the distal part 
of the colon[16 and 17]. 

Induction of experimental colitis

Each animal received 2ml of acetic acid (AA) (4% 
v/v in 0.9% saline, that was prepared at Biochemistry 
Department, Kasr Al-Ainy Medical School) through intra 
colonic enema in order to induce colitis. Rats had free 
access to water, however 12hrs of food restriction was 
followed. They underwent anesthesia with ketamine and 
xylazine (5 mg/kg each, i.p.). Then a soft 6F pediatric-
feeding catheter was inserted into the anus of each animal 
and the tip was advanced to 8 cm.  This was followed by 
administration of AA into the catheter. Before pulling out 
the catheter, 2ml of air were injected to make AA spread 
throughout the colon. The catheter was then withdrawn 
gradually to avoid any trauma. Afterward, animals were 
upturned by tail for 30 seconds to avoid any escape of the 
administered AA[18 and 19].

Preparation of mesenchymal stem cell derived 
microvesicles and RNase treated microvesicles

Adipose derived, PKH26 labeled, mesenchymal stem 
cell microvesicles (MSC-MVs) were purchased from 
Biochemistry Department, Kasr Al-Ainy Medical School. 
The protocol used for preparation of MVs was similar to 
that was previously used[20 and 21]. MVs were treated with 
RNase, in order to deplete its RNA content, according to a 
previously used method[22].  

Administration of MSC-MVs

On the third day after enema, group III and group IV 
received 200μg of labeled MSC-MVs and 200μg of RNase 
treated labeled MSC-MVs, respectively. MVs were diluted 
with 1 ml of PBS and injected through caudal vein in 
each animal. Rats were sacrificed on the seventh day after 
injection[23].

Biochemical study

Assessment of myeloperoxidase activity (MPO)
was done at the Biochemistry Department, Kasr Al-
Ainy Medical School. Rat myeloperoxidase ELISA kit 
(MyBioSource Inc., Cat.No: MBS046496) was used to 
measure MPO levels in colon homogenates in line with the 
manufacturer's method. 

MPO enzyme exists inside neutrophils' granules and 
its activity level reflects the grade of these cells tissue 
infiltration. MPO is released from neutrophils during 
inflammation. This leads to creation of free radicals, that 
aquire a strong bactericidal effects. However, these free 
radicals also result in host cells damage[24].
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Histological study

Colon samples dissected from all rats were subjected to 
fixation in 10% buffered formalin solution for 24-48 hours, 
dehydration in ascending grades of ethanol and embedding 
in paraffin. Six μm thickness serial sections were sliced and 
subjected to the followings:

1. Hematoxylin & eosin (H&E) stain to evaluate 
histological mucosal changes[25].

2. Alcian blue stain to detect mucin secreting cells[26].  

3. Immunohistochemical staining using the following 
primary antibodies:[27] 

1. Inducible nitric oxide synthase (iNOS): this 
generates nitric oxide (NO) via catalyzing the 
transformation of l-arginine into l-citrulline. It 
has an important role in intestinal inflammation 
pathogenesis. Colonic iNOS expression correlates 
with the activity of UC disease[28]. 

2. Cyclooxygenase enzyme-2 (COX-2): which is a 
proinflammatory mediator and its activity reflects 
the severity of colonic inflammation[29]. 

Sections were incubated with either anti iNOS antibody 
or anti COX-2 antibody. Both of them were a rabbit 
polyclonal antibody (Lab Vision Corporation Laboratories). 
The used technique was avidin-biotin peroxidase complex. 
The detection system histostain SP kit was used (LAB-
SA system, Zymed Laboratories Inc, SF, USA). Counter 
staining of nuclei was done using Mayer’s haematoxylin 
stain. Positive iNOS immunoreactivity appears as brown 
cytoplasmic deposits. Positive COX-2 immunoreactivity 
appears as brown cytoplasmic deposits and sometimes 
nuclear membrane brown discolouration.

4. Unstained sections were used to detect PKH26 
labeled MSC-MVs and RNase treated MSC-MVs 
using fluorescent microscopy (Olympus BX50F4, No. 
7M03285, Tokyo, Japan).

Morphometric analysis

This was carried out using Leica Qwin 500 LTD image 
analyzer (Leica, Cambridge, UK). All measurements were 
taken in five sections from each animal. The mean area 
percent and optical density of mucin were measured in 10 
random non overlapping fields per section using binary 
mode with ×10 objective lens. The mean area percent of 
iNOS and COX2 immunoreactivity were measured using 
×40 objective lens. 

Statistical analysis

All measurements were demonstrated as mean ±SD. 
Calculations were done using SPSS software version 
16 (Chicago, USA). Differences between groups were 
evaluated by Analysis of Variance test (ANOVA) and after 
that post hoc test. A statistical significance was indicated 
when P<0.05[30].

RESULTS                                                                                 

Biochemical results

Myeloperoxidase (MPO) enzyme activity levels

Measurements of MPO level in colon specimens of 
both group II and group IV revealed significantly increased 
values (p<0.05) versus control. A statistically significant 
decrease (p<0.05) in MPO level activity of group III in 
comparison with both group II and group IV was detected 
(Table 1).

Histological results

Confirmation of homing of MSC-MVs into the colon

Detection of PKH26 labeled MSC-MVs was done 
using fluorescent microscopy in unstained colonic sections. 
Sections in the colon of both groups III and IV showed the 
prescence of PKH26 labeled MSC-MVs. It was detected 
within the connective tissue lamina propria and epithelium 
of the mucosa (Figure 1). MSC-MVs exhibited strong red 
autofluorescence (red fluorescent dots), confirming that 
these vesicles migrated to colonic tissues.

Haematoxylin and eosin stained sections

Colon sections in the control group illustrated normal 
histological architecture of the mucosa layer demonstrating 
numerous, regularly arranged, evenly spaced and tightly 
packed crypts. They occupy the whole thickness of the 
mucosa resting on the muscularis mucosa. The surface 
epithelium and crypt lining are formed mainly of simple 
columnar absorptive cells and goblet cells. The simple 
columnar absorptive cells become fewer as we go deeper 
in the crypt, while goblet cells become more numerous. 
Connective tissue lamina propria houses normally resident 
immune cells mainly lymphocytes (Figure 2).

Examination of colon sections of group II showed 
many features of mucosa affection in UC in the form 
of complete destruction of crypts architecture with the 
appearance of dilated irregular crypts. Accumulation of 
inflammatory cells inside crypt was also noted. Loss of 
surface epithelium was detected. Very few number or 
complete absence of goblet cells was also seen. The lamina 
propria was massively infiltrated with inflammatory cells 
which are mainly lymphocytes. In addition,  eosinophil and 
polymorph nuclear leukocyte was observed (Figure 3).

Sections in the colon of group III showed apparently 
normal histological architecture. Mucosa exhibited 
preserved crypts with intact continuous surface epithelium 
and numerous goblet cells (Figure 4).

On examination of colon mucosal sections of group 
IV, similar morphological alterations to group II were 
observed. Moreover, widening of the spaces between 
crypts indicating crypt loss was observed. Accumulation 
of inflammatory cells including polymorph nuclear 
leukocytes inside crypt lumen was noted (Figure 5).
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Alcian blue stained sections

Examinations of sections of group I showed 
numerous deeply stained goblet cells in the crypts lining                                   
(Figure 6A). Sections in mucosa of group II showed 
apparently few goblet cells, in addition to reduction in 
the intensity of alcian blue staining (Figure 6B). Sections 
in mucosa of group III exhibited marked increase in both 
goblet cells number and mucin staining intensity in relation 
to groups II and IV (Figure 6C). Similar findings to group 
II were detected on examination of sections in the mucosa 
of group IV (Figure 6D).

Immunohistochemical results

iNOS immunostained sections

Sections in the colon of group I showed very scanty 
brown cytoplasmic positive immunoreactivity in the 
epithelium and few cells in the connective tissue lamina 
propria of mucosa (Figure 7A). Examination of sections 
of group II exhibited marked increase in iNOS positive 
immunoreactivity in both epithelial and lamina propria 
cells in relation to control (Figure 7B). Sections in mucosa 
of group III demonstrated remarkable decrease in positive 
immunoreactivity compared to both groups II and IV 
(Figure7C). Sections of group IV exhibited comparable 
positive immunoreactivity to group II (Figure 7D). 

COX-2 immunostained sections

Examination of sections in the colon of group I showed 

weak brown cytoplasmic positive immunoreaction in 
the surface epithelium and few connective tissue lamina 
propria cells (Figure 8A). Sections of group II demonstrated 
marked increase in COX-2 positive immunoreaction 
in both epithelial and lamina propria cells in relation 
to control. COX-2 positive immunoreactivity was up 
regulated in both the cytoplasm and the nuclear membrane                                                                                                     
(Figure 8B). Sections in mucosa of group III exhibited 
marked decline in COX-2 immunopositive cells in 
comparison to both groups II and IV (Figure 8C). 
Examination of sections of group IV showed same positive 
immunoreactivity compared to group II (Figure 8D).

Morphometric results

Morphometric results of groups II and IV demonstrated 
significantly decreased values (p<0.05) for the mean area 
% and optical density of mucin versus control. Conversely, 
group III revealed a significant increase in the mean area 
% and optical density of mucin in comparison with groups 
II and IV (Table 2). Regarding mean area% of iNOS 
positive immunoreactivity, both groups II and IV exhibited 
statistically significant increase (P<0.05) when compared 
with control. Statistically significant decrease (P<0.05) 
was reported in group III versus groups II and IV (Table 2). 
Mean area % of COX-2 immunoreactivity in both group 
II and group IV illustrared a significant increase (p<0.05)
when in comparison with control. Group III revealed 
statistically significant decrease (P<0.05) in comparison 
with groups II and IV (Table 2).

Fig. 1: Photomicrograph of a section in the colon of:

 A: MVs treated group illustrating the presence of PKH26 labeled MVs (arrows) in the mucosa. B: RNase-MVs treated group showing the presence of PKH26 
labeled MVs (arrows) in the mucosa.                                                                                                                             (Fluorescent microscopy image: A and B x200)
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Fig. 2: Photomicrograph of a section in the colon of control group demonstrating normal histological architecture of mucosa of the colon. Mucosa is formed of 
regularly arranged, evenly spaced and tightly packed crypts (C) occupying the whole thickness of the mucosa resting on the muscularis mucosa (MM). Intact 
surface epithelium and crypt lining formed mainly of simple columnar absorptive cells (arrowheads) and goblet cells (curved arrows). Numerous immune 
cells mainly lymphocytes are detected in the lamina propria (star).                                                                                                                              (H&E, x200)

Fig. 3: Photomicrograph of a section in the colon of colitis group expressing; A: Complete destruction (C) of crypts architecture. Loss of surface epithelium is 
noted (arrowheads). Absence of goblet cells is also seen. B: Massive infiltration with inflammatory cells (I) mainly lymphocytes is clearly noted in the lamina 
propria. Very few goblet cells can be seen (curved arrows). C: Destruction of crypt architecture (C) is noticed. Heavy infilteration of the lamina propria with 
inflammatory cells is clearly seen (I). Dilated irregular crypts (D) are also detected. Accumulation of inflammatory cells inside crypt can be noted (wavy arrow). 
D: Note the presence of polymorph nuclear leukocyte (PMNL) (arrow) and eosinophil (bifid arrow) in the lamina propria.    (H&E: A, B and C x200; Dx1000)
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Fig. 4: Photomicrograph of a section in the colon of MVs treated group  demonstrating mucosa with preserved crypts architecture (C) and numerous goblet 
cells (curved arrows). Intact continuous surface epithelium (arrowhead) is also noted.                                                                                                       (H&E, x200)

Fig. 5: Photomicrograph of a section in the colon of RNase-MVs treated group revealing; A: loss of surface columnar epithelial lining (arrowheads) in some 
areas. Disturbed crypts architecture is noted (C). Loss of goblet cells is also observed. B: Widening of the spaces between crypts (lines) can be seen. C: Loss 
of surface epithelial lining is detected (arrowheads). Heavy inflammatory cells infiltration (I) mainly lymphocytes can be detected in the lamina propria. 
Accumulation of inflammatory cells inside the crypt can be also seen (wavy arrow). D: Note the appearance of PMNL (arrow) inside lumen of the crypt. 
                                                                                                                                                                                                       (H&E: A, B &C x200; D x1000)
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Fig. 6: Photomicrograph of a section in the colon of:
 A: Control group illustrating numerous alcian blue stained goblet cells (curved arrows). B: Colitis group demonstrating apparently few goblet cells (curved 
arrows) with reduction in the intensity of alcian blue staining. C: MVs treated group revealing numerous goblet cells (curved arrows). D: RNase-MVs treated 
group exhibiting apparently few goblet cells (curved arrows) with decline in the intensity of alcian blue +ve mucin staining.         (Alcian blue: A,B,C & D x200)

Fig. 7: Photomicrograph of a section in the colon of: 
A: Control group illustrating very scanty brown cytoplasmic positive immunoreactivity in epithelial cells and few cells (arrows) in the connective tissue lamina 
propria of the mucosa. B: Colitis group demonstrating apparent marked increase in positive immunoreactivity in both epithelial and connective tissue lamina 
propria cells (arrows) of the mucosa. C: MVs treated group exhibiting apparent decrease in positive immunoreactivity in both epithelial and connective tissue 
lamina propria cells (arrows) of mucosa. D: RNase-MVs treated group demonstrating apparent marked increase in positive immunoreactivity in both epithelial 
and connective tissue lamina propria cells (arrows) of mucosa.                                                                                                              (iNOS: A,B,C & D x400)
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Table 1: Myeloperoxidase enzyme levels mean values (±SD) in 
the studied groups

Groups Mean Values ±SD of Myeloperoxidase levels

Group I 24.57±0.74

Group II 68.08±1.15*

Group III 25.45±0.87#

Group IV 67.73±0.88*
* A statistical significance versus to control at P<0.05.
# A statistical significance versus to groups II and IV at P<0.05.

Table 2: Morphometric results mean values (±SD) in the studied 
groups

Groups

Mean Area 
% ±SD of 

Alcian blue 
+ve reaction

Optical 
Denisty 
±SD of 
Alcian 

blue +ve 
reaction

Mean Area 
% ±SD 
of iNOS 

immunoreactivity

Mean Area 
% ±SD of 

COX-2 
immunoreactivity

Group I 25.01±3.12 0.75±0.05 2.07±0.74 6.70±1.71

Group II 5.95±1.25* 0.25±0.03* 12.87±1.11* 20.09±2.23*

Group III 22.67±2.12# 0.72± 0.04# 3.27±1.18# 7.19±2.45#

Group IV 6.55±1.69* 0.27±0.04* 12.99±1.13* 19.54±2.20*
* Statistically significant in comparison with control at P<0.05.
# Statistically significant in comparison with groups II and IV at P<0.05.

DISCUSSION                                                                             

Ulcerative colitis (UC) is considered an idiopathic 
inflammatory bowel disease (IBD) with recurrent 
massive inflammatory changes of the rectum and colon 

mucosa. Episodes of acute inflammation, ulceration and 
bleeding of colonic mucosa, are features of this disease. 
While numerous studies on UC pathogenesis have been 
conducted, therapies that are capable to cure it are not 
available. As a result the effective and full management of 
UC is still not achieved[31].

Several induction models for UC in animals are 
present. Acetic acid (AA) induced colitis is a commonly 
used model which is easy to induce. Rectal administration 
of AA mimics the conditions that occurs in human UC 
and is useful for testing the effectiveness of remedies. It is 
characterized by its close similarity to UC in human beings 
as regards pathogenesis, histopathological features and 
inflammatory mediators[32 and 15].

The MSCs release large amounts of EVs that are 
considered fundamental effectors of MSCs paracrine 
actions. Recent reports have elucidated that the main 
beneficial actions of stem cells are dedicated to their 
paracrine effects. They are not due to the ability of 
engraftment and differentiation at the injury site. 
Resembling their parent cells, MSC-EVs home to the 
inflammatory sites. Besides, they induce anti-inflammatory, 
immunoregulatory and regenerative effects. The exact 
mechanisms underlying these properties of MSC-EVs are 
still unexplained entirely[33,34,35 and 36].

Extracellular vesicles are membrane-bounded structures 
which are secreted via approximately all cell kinds toward 

Fig. 8: Photomicrograph of a section in the colon of: 
A: Control group revealing scarce positive immunoreaction in the surface epithelium and few connective tissue lamina propria cells (arrows) of the mucosa. 
B: Colitis group exhibiting markedly positive immunoreaction for COX-2 in both epithelial cells and connective tissue lamina propria cells (arrows) of the 
mucosa. C: MVs treated group demonstrating positive immunoreaction for COX-2 in some cells in lamina propria and epithelial cells (arrows). D: RNase-MVs 
treated group illustrating marked positive immunoreactivity for COX-2 in epithelial cells and lamina propria cells (arrows).           (COX-2: A,B,C and D x400)
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the extracellular milieu. The most important types of EVs 
are microvesicles and exosomes. Microvesicles are bud 
offs of the plasmalemma and of 100-1000 nm diameter. 
Exosomes are late endosomal compartment derivatives 
and of 70-150 nm diameter. According to the type of the 
cell, the previously mentioned types of EVs are assembled 
along with specific protocols. Consequently, they contain 
particular mixtures of components such as RNA, lipids, 
cell adhesion molecules, cytokines and other proteins[37].

These MSC-EVs are more handy and safe than MSCs. 
Also, on the contrary to cells, they do not have any 
probable tumorigenicity. Moreover, they can be safely 
stored without function loss[38 and 33].

Exosomes and microvesicles are discrete sorts of 
vesicles, however their diameter and morphology are not 
sufficient to discriminate between them.  It is important to 
note that the size of MVs could overlap with the exosomes 
size range. Moreover, lack of specific markers make 
differentiation between different subtypes of vesicles very 
difficult. Thus, the Extracellular Vesicles International 
Society proposed that, it is preferred to utilize the 
expression EVs when describing preparations of vesicles 
from tissue cultures. Also, there are literatures which 
referred to exosomes and MVs more broadly as EV[39,40 and 

35].

In the present study, morphological alterations in 
colonic mucosa after induction of UC were in the form of 
destruction of crypts architecture, dilated irregular crypts, 
loss of surface epithelium and loss of goblet cells. Massive 
infiltration of the mucosa with inflammatory cells mainly 
lymphocytes was observed. In addition, eosinophils 
and neutrophils were detected. Also, accumulation of 
inflammatory cells inside crypts including neutrophils 
was seen. Besides, widening of the spaces between crypts 
denoting crypt loss was detected.

These findings were the same as those described by 
Sen et al. (2017)[41], who stated that, massive damage of 
epithelial tissue and crypts, besides severe infiltration with 
inflammatory cells was observed in AA induced colitis 
group. Also, Niu et al. (2013)[42] and de Santana Souza 
et al. (2017)[43] reported the same findings in addition 
to depletion of goblet cells. Langner et al. (2014)[44] 

demonstrated invasion of neutrophils, that reflect disease 
activity, within the lamina propria and/or crypt lumina 
(crypt abscess). Besides, dilated crypts was detected in UC. 
In addition, Geboes et al. (2014)[45] reported that crypt loss 
was demonstrated by increased space in between crypts 
when compared to normal. Also, eosinophils infiltration in 
UC was reported by Zucker et al. (2015)[28].

The loss of goblet cells was confirmed by morphometric 
measurements. Statistically significant reduction in the 
mean area percent and optical density of mucin secreting 
goblet cells in alcian blue stained sections was noted. This 
was consistent with findings of Rodriguez-Canales et al. 
(2016)[46] and Zhang et al. (2017)[47], who reported depletion 
of goblet cells in induced UC in alcian blue stained sections. 

Depletion of goblet cells can be explained by being part 
of tissue destruction that occurs during the inflammatory 
process. Similarly, Kasinathan et al. (2018)[48] stated that 
one of the key features of the acute inflammation during 
UC was the decreased number of mucus containing goblet 
cells. This inflammatory process also explains the findings 
detected in UC.

The etiology of UC is still not well known. One of 
the hallmarks of UC is inflammation. This uncontrolled 
inflammation is possibly the consequence of the 
interplay among many factors including; gene tendency, 
modifications and exaggerated response in the innate 
adaptive immunity. The intestinal damage induced by AA 
could explain the aforementioned findings.  Colonic barrier 
damage followed by bacterial invasion most likely leads 
to inflammation. Inflammation leads to overproduction of 
inflammatory cytokines. Oxidative damage is also related 
to UC by the increase in reactive oxygen species (ROS)
and nitric oxide synthase (NOS), with generation of free 
radicals. These factors lead to indiscriminate tissue damage 
and destruction of the colonic mucosa[49 and 50].

In accordance with eosinophil biology, allergic-
mediated inflammation could be implicated in the 
pathogenesis of UC.  Eosinophils are normally found in 
the mucosa of intestine. They have a key function in host 
defense. However, eosinophils increased numbers have 
been demonstrated in UC. Inflammation is promoted by 
eosinophils through secretion of granule's toxic proteins, 
free radicals and proinflammatory mediators[51-52]. 

Polymorph nuclear leukocytes [PMNLs] have a major 
role in mucosal damage in UC as stated by Gupta et al. 
(2015)[53]. Normally these cells are not found outside the 
lumen of capillaries in the lamina propria. Furthermore, 
more than three neutrophils outside capillaries would be 
considered abnormal. They are the first cells which migrate 
from capillaries to the damage site. Also, they are considered 
a distinctive feature of the inflammatory process[45]. In 
the present work, the presence of neutrophils in inflamed 
colonic tissues was observed in H&E stained histological 
sections. Myeloperoxidase (MPO) is the predominant 
enzyme inside neutrophils' azurophilic granules. MPO 
levels in colon specimens are regarded as a quantitative 
and sensitive tool to detect acute inflammation in intestine. 
Consequently, it has been documented that increased MPO 
activity is considered an index of tissue infiltration with 
neutrophils and inflammatory reaction[54 and 48].

Therefore, in this study, further confirmation of 
neutrophils accumulation was done by biochemical 
measurement of MPO amount in colon homogenates. 
A significant increase in colonic tissues MPO level was 
detected in rats of group II when compared to control. 
This was consistent with Dinc et al. (2015)[55] results, who 
reported that the amount of MPO showed significant rise in 
AA induced colitis rats in relation to control. 

In the current work, iNOS and COX-2 immunostaining 
were used to estimate the extent of inflammatory process 
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in colitic rats. Morphometric measurements documented 
a statistically significant rise in the mean area% of both 
iNOS and COX-2 immunostained sections of group II 
when compared to control. This was in accordance with 
Sakthivel and Guruvayoorappan, (2014)[56] and Barbosa 
Bezerra et al. (2017)[18]. They reported that iNOS and 
COX-2 over expression was noted in AA induced colitis. 
Moreover, Pastrelo et al. (2017)[57] stated that, inflammatory 
mediators such as iNOS and COX-2 upregulation in colon 
specimens during UC was associated with exacerbation, 
amplification and perpetuation of the inflammation. 

Suluvoy et al. (2017)[58] reported that enzymes like 
iNOS and COX-2 are the major enzymes upregulated 
or overexpressed during inflammation. They added that 
these inflammatory mediators reveal a defense mechanism 
against infection, damage and inflammatory process during 
pathologic state. The expression of iNOS in normal states 
could be detected in neutrophils, smooth muscle and sparse 
distribution within epithelial cells. The COX-2 expression 
in normal animals could be seen in the epithelium surface 
and lamina propria mononuclear cells.

iNOS is implicated in the pathogenesis of colitis. iNOS 
has the ability to synthesize large levels of NO that could 
interact with free radicals forming more toxic compounds. 
This induces detrimental modifications in the structure 
and function of DNA, proteins and lipids, triggering tissue 
damage[59,53 and 60].

Cyclooxygenase (COX) enzyme catalyzes the 
formation of prostaglandins from arachidonic acid. COX-1 
is responsible for the synthesis of prostaglandins, that have 
a role in physiological functions, such as maintaing the 
colon mucosa. On the other hand, COX-2 is involved in 
causing inflammation, apoptosis, cancer cell growth and 
angiogenesis[59 and 61].

In the current work, homing of microvesicles to the 
inflamed colons was confirmed. Examination of unstained 
sections using fluorescent microscopy revealed PKH26 
labeled microvesicles. They appeared like strong red 
fluorescent dots. This was in agreement with Wang et al. 
(2018)[62], who used fluorescent microscopy to trace the 
PKH26 labeled MSC-exosomes, that appeaed as red dots 
in the site of lesion.

In the present study, the rats which received MSCs-
MVs therapy after colitis induction demonstrated 
improvement in histological architecture of colon 
specimens. Morphometric analysis proved a statistically 
significant rise in the mean area percent as well as optical 
density of mucin in alcian blue stained sections. Similar 
findings were demonstrated by Yang et al. (2015)[23] and 
Mao et al. (2017)[63]. They revealed that, attenuation of 
experimentally induced colitis was observed upon stem 
cells derived extracellular vesicles administration. 

As mentioned previously, inflammation has a crucial 
role in UC pathogenesis. The present study assumed that 
the protecting effects of MSC-MVs could be owed to their 

anti-inflammatory, immunomodulatory and regenerative 
criteria exerted after homing to inflamed colons. Thus, 
down regulation of inflammatory mediators expression, 
in addition to reduction in inflammatory cells infiltration 
within colitic tissues could explain the marked attenuation 
in UC manifestations.

Going parallel with the aforementioned assumption, 
in the current work, biochemical assessment of MPO 
activity within colonic tissues exhibited marked decrease 
in this group in comparison with groups II and IV. This is 
in accordance with Li et al. (2016)[64] who demonstrated 
that MSCs derived vesicles administration significantly 
reduced the number of MPO immunopositive neutrophils 
in relation to the skin burn induced inflammation group.

Moreover, our findings demonstrated significant 
decline in the mean area% of both iNOS and COX-2 
immunostained sections of group III when compared 
to groups II and IV. This was consistent with Chen 
et al. (2016)[65] who reported that, ADMSC-derived 
exosome treatment significantly suppressed iNOS 
expression in a model of acute ischemic stroke. Also,                                                                                                                      
Vonk et al. (2018)[66] reported that BM-MSC derived 
extracellular vesicles therapy significantly down 
regulated expression of COX-2 in osteoarthritis cartilage 
inflammation.

In the current work, it was hypothesized that shuttling 
of various types of RNAs into target cells, triggers 
various genes expression encoding and controlling 
different pathways inside cells. This could explain the 
underlying mechanisms of such anti-inflammatory, 
immunomodulatory and reparative capabilities of MSC-
MVs. In order to elucidate the pivotal role of the RNAs 
content of MVs, the enclosed RNAs was depleted and the 
therapeutic potential of RNAs depleted MVs was tested in 
group IV.

This concept was consistent with                                                                                                         
Eirin et al. (2014)[67], who concluded that specific 
combinations of mRNAs and microRNAs (miRNAs) are 
included inside MSC-EVs. These contents have the ability 
to regulate transcription of genetic information, thus 
controlling adipogenesis, angiogenesis and other pathways 
in target cells.

In addition, Chen et al. (2015)[68] reported that, MVs 
serve as a means of transportation to transfer mRNA and 
miRNA into remote cells, thus modifying expression of 
the gene and participating in genetic material exchange 
between cells. Alteration of the expression of gene products 
in neighboring cells can be achieved by transferring 
miRNAs within MVs, as these miRNAs can naturally 
regulate translation of protein.

In the current study, homing of RNase treated 
MVs was confirmed by examination of unstained 
sections by fluorescent microscopy. PKH26 labeled 
vesicles demonstrated as strong red fluorescent dots 
within colon tissues. It is of note to postulate that,                                                               
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Gatti et al. (2011)[69] reported no change in the expression of 
surface adhesion molecules of  MVs that was treated with 
RNase. Furthermore, RNase treated MVs internalization 
into target cells was the same as untreated MVs.

In the present work, histological examination of colon 
sections of group IV revealed persistence of features of 
UC. Also, morphometric measurements of the mean area% 
and optical density of alcian blue stained sections showed 
statistically significant decrease in relation to control. 
Furthurmore, MPO activity was markedly elevated in 
colonic tissues of rats in group IV when compared to 
control.

This was in accordance with                                                                                   
Ranghino et al. (2017)[70] who reported that, ribonuclease 
(RNase) treatment of EV degraded vesicle-associated 
RNA. Besides, RNase-treated EVs were useless in 
amelioration of histological recovery of the kidney 
after ischemia-reperfusion injury (IRI). Similarly,                                                                                
Cheng et al. (2017)[71] stated that, down regulation of 
exosomal RNA levels strikingly concealed their positive 
effects on reducing apoptosis of the cells of nucleus 
pulposus and degeneration of intervertebral disc. 

Also, morphometric analysis of the mean area% 
of iNOS and COX-2 stained sections of this group, 
demonstrated a statistically significant elevation versus 
control. This was consistent with Collino et al. (2015)[72]. 
They declared that, EVs therapy restored the upregulation 
of inflammatory genes to normal. Downregulation of 
RNAs in EVs abolished this effect. 

Likewize, de Almeida et al. (2017)[73] reported that, 
administration of MVs pretreated with RNases eliminated 
the reduction in the amount of serum inflammatory 
cytokines. Moreover, pretreatments of MVs with DNases 
and proteases did not affect the therapeutic capability of 
MVs.

Altogether, the aforementioned data suggest that 
depletion of vesicles RNA content inhibited their beneficial 
effects. Owing to this, the mechanism of action of MVs 
depends mainly on the different types of RNA present 
inside these vesicles. 

In conclusion, MSC-MVs were capable of repairing the 
histological architecture of colitic mucosa. Inflammatory 
mediators expression and inflammatory cells infiltration 
was suppressed after application of MVs. Being feasible 
and safe, MVs have been proposed as an alternative 
curative tool for MSCs.  Eventually, MSC-MVs could 
be considered a promising therapeutic agent in UC 
management. Moreover, elimination of vesicular RNA 
content significantly deteriorated the beneficial effects 
of MVs. Further investigations are recommended to 
determine the role of other substances enclosed within 
the vesicles. Also, future studies should be done to detect 
the specific types of vesicular RNA implicated in such 

reparative effects in UC.
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الملخص العربى

دراسه هستولوجيه عن تأثير الحويصلات الدقيقه المشتقه من الخلايا 
الجذعيه الوسطيه الدهنيه و محتواها من الحمض النووى الريبى على 

إلتهاب القولون التقرحى المحدث تجريبيا فى الجرذان البيضاء

منال على عبدالمحسن، مروه محمد صبرى

قسم علم الأنسجه - كلية الطب - جامعة القاهره

الخلفية: التهاب القولون التقرحي هو  التهاب يصيب الأمعاء، والذي يتميزبنوبات من آلام في البطن والإسهال الدموي. 

حتي الان، خيارات العلاج ليست مرضية بالاضافه الي مضاعفاتها المختلفة. لذلك تعتبر الحويصلات الدقيقه المشتقه 

من الخليه الجذعيه الوسطيه المشتقه من النسيج الدهنى من العوامل العلاجية البديلة الواعدة الناشئة.

الهدف من العمل: تقييم الإمكانات العلاجية للحويصلات الدقيقه المشتقه من الخليه الجذعيه الوسطيه على التهاب القولون 

التقرحي  المحدث بحامض الخليك، بالإضافة إلى الدور المحتمل لمحتوى الحمض النووى الريبى الخاص به. 

مواد وطرق البحث: تم تقسيم أربعين من ذكور الجرذان البيضاء إلى أربع مجموعات: المجموعة الأولى (المجموعة 

الدقيقة)  بالحويصلات  المعالجة  القولون  (التهاب  الثالثة  المجموعة  القولون)،  (التهاب  الثانية  المجموعة  الضابطة)، 

تم احداث  الريبى).   النووى  الحمض  الخاليه من  الدقيقة  بالحويصلات  المعالجة  القولون  (التهاب  الرابعة  والمجموعة 

التهاب القولون عن طريق حقن الجرذان البيضاء بحامض الخليك من خلال حقنه شرجية في المجموعات الثانية والثالثة 

والرابعة. و في اليوم الثالث بعد الحقنة الشرجية تم حقن المجموعه الثانيه وريديا بمحلول ملحي معالج بالفوسفات و 

الدقيقة المستمدة من الخلايا الجذعية الوسطيه و تم حقن  المجموعه  الثالثه وريديا بالحويصلات  تم حقن  المجموعه 

الرابعة وريديا بالحويصلات الدقيقة المستمدة من الخلايا الجذعية الوسطيه والخاليه من الحمض النووى الريبى. وبعد  

لقياس  البيوكيميائيه  للدراسه  القريبه  القولون وقسمت الى جزئين. تم إستخدام الأجزاء  أيام، تم جمع عينات من  سبعة 

مستويات إنزيم الميلوبيروكسيديز. تم تجهيز الأجزاء البعيده للهيماتوكسيلين والإيوسين, الالشيان الأزرق  و الصبغة 

الهستوكيميائية المناعية ضد مصنع اكسيد النيترات المستحث وانزيم الأكسده الحلقيه2.  تم إجراء تحليل مورفومترى 

وإحصائي.

التقرحي و زيادة ملحوظة في  القولون  النسيجية لالتهاب  الخصائص  الثالثة  تحسن في  المجموعة  أظهرت  النتائج:   

متوسط  نسبة المساحة والكثافة البصرية للميوسين. كما أظهرت انخفاضًا ملحوظا في التفاعل المناعى لمصنع اكسيد 

النيترات المستحث وانزيم الأكسده الحلقيه2 و مستويات انزيم الميلوبيروكسيديز.

القولون  التهاب  تحسين  الى  يؤدى  الوسطيه  الجذعية  الخلايا  من  المشتقه  الدقيقة  الحويصلات  استخدام  الاستنتاج:   

التقرحي.  وقد تم اثبات ان محتوى هذه الحويصلات من الحمض النووي الريبي  له دور حاسم في مثل هذه الآثار 

الوقائية. وبالتالي، يمكن أن تكون الحويصلات الدقيقة المشتقه من الخلايا الجذعية الوسطيه أداة واعدة في علاج التهاب 

القولون التقرحي.
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