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ABSTRACT
Background: Inflammatory bowel disease (IBD), including Crohn’s disease (CD), is a chronic complex immune-inflammatory 
disorder with increasing prevalence and inadequate conventional treatment.
Aim of work: Evaluating the therapeutic effect of adipose-derived mesenchymal stem cells (ADSCs) versus ADSC-
conditioned medium (CM) in a rat model of enteritis (CD).
Materials and Methods: Fifty-six female albino rats were used, 16 rats served as control (group I). In the remaining 40 rats, 
enteritis was induced by SC injection of 2 doses of indomethacin 7.5 mg/kg, on days 0 and1 of the experiment. After 10 days, 
rats were divided equally into 5 groups:  Groups II and III received no further treatment and sacrificed at days 10 and 24 
respectively. Groups IV,VandVI with ADSCs (1×106 cells, IV single dose ), ADSC-CM (0.5mlintraperitoneal (IP), 5 doses) 
and DMEM (0.5ml IP, 5 doses) respectively; they were all sacrificed at day 24.  Ileum specimens were stained with HandE, 
Masson's trichromeandAlcian blue/ PAS stains as well as MMP1 and PCNA immunostains.Morphometric measurements of 
area % of collagen and MMP1, number of goblet cells and PCNA positive cells as well as optical density of Alcian blue/ PAS 
reaction were taken and statistically analyzed.
Results: Groups II, III and VI revealed obvious damage of villi and crypts, desquamation of epithelium, oedema and obvious 
mononuclear cellular infiltration together with significant decrease in number of goblet cells and PCNA +ve cells as well as 
in the optical density of Alcian blue/ PAS reaction and significant increase in the area % of collagen (in groups IIIandVI) and 
MMP1 as compared to control. Groups IV and V nearly regained the normal histological structure of villi and crypts.
Conclusion: ADSC-CM was as effective as ADSCs in reducing tissue fibrosis and in enhancing proliferation and mucosal 
regeneration in a rat model of enteritis (CD).
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INTRODUCTION                                                                         

Inflammatory bowel disease is a chronic complex 
pathological immuno-inflammatory response with 
increasing prevalence. It is a consequence of the improper 
and continuous activation of the mucosal immune system 
sustained by physiological flora[1]. CD is a major type of 
IBD that affects any part of the gastrointestinal tract (GIT), 
especially the terminal ileum.  It has chronic progressive 
course which may lead to stricturing and bowel fistula 
with frequent terminal need for intestinal resection[2].
The current guidelines for conventional IBD therapy 
recommend the use of aminosalicylates, corticosteroids, or 
immunosuppressive drugs to treat symptoms and to prevent 
relapses[3]. However, these therapies exhibit inadequacies 

in efficacy and have many side effects, especially with 
the use of immunosuppressants[4].Accumulating evidence 
in animal and human studies has demonstrated that 
Mesenchymal stem cells (MSCs) may be used for the IBD 
treatmentdue to itsimmunomodulatory properties[5,6].

Applicationof ADSCs is a novel approach for enhancing 
regeneration or repair of damaged tissues particularly in an 
environment which is unfavorable for wound healing as 
Crohn's-related rectovaginalor perianal fistula. It has been 
hypothesized that the therapeutic effect of ADSCs may 
be due to their immunoregulatory and anti-inflammatory 
properties, which may work together to accelerate 
healing[7].Although application of MSCs has shown 
beneficial effects in the therapy of autoimmune and chronic 
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inflammatory diseases, the clinical application of stem cells 
still raises numerous ethical and safety concernswiththe 
ability to promote tumor growth and metastasis and 
overestimated therapeutic potential of MSCs. Thus, there 
is a strong need for more safe approaches to be used in the 
disease management[8]. MSCs can modulate inflammation 
and promote the regeneration of injured tissues through 
the secretion of factors that is called CM rather than by 
direct engraftment and differentiation[9]. The Mesenchymal 
stem cell-conditioned medium (MSC-CM) contains 
different kinds of cytokines and growth factors that have 
anti-inflammatory, immune regulation and stimulating 
regeneration effects.  Thus, it may be a promising 
alternative to the direct administration of MSCs[10]. The 
aim of this study was to develop an experimental model 
of enteritis (Crohn’s disease) using indomethacin in adult 
female albino rat. On such model, the possible therapeutic 
regenerative effect of both ADSCs and their conditioned 
mediumwas evaluated and compared. This was achieved 
by histological, immunohistochemicaland morphometric 
studies.

MATERIALS AND METHODS                                         

I) Animals:
Fifty six female albino rats (190- 200 gm) were treated 

according to Cairo University Animal Use Committee 
guidelines. They were housed at the animal house, Faculty 
of Medicine, bred in wire mesh cages at and normal light/
dark cycle and provided with ordinary rat chow with free 
water and food access. The start of the study was designed 
as day 0.

II)  Experimental design:

The rats were divided into 5 groups: 
Group I (control group, 16 rats): received SC injection 

of 0.06ml of saline on two consecutive days 24h apart 
(days 0 and 1) and left till day 10. The rats were divided 
into 4 subgroups(4 rats each):

Subgroup IA: served as control for group II. Rats were 
sacrificed at day 10.

Subgroup IB: served as control for group III, were left 
without further treatment.They were sacrificed at day 24. 

Subgroup IC: served as control for group IV, were 
injected at day 10 with 0.1ml PBS via the tail vein. They 
weresacrificed at day 24.

Subgroup ID: served as control for groups V and VI, 
were injected IP with 0.5ml Dulbecco’s modified Eagle’s 
medium (DMEM) for 5 consecutive days (days 10-14). 
They weresacrificed at day 24.

Induction of enteritis model: 
Forty rats were injected SC with indomethacin 

(Liometacin; in the form of powder 50 mg dissolved in 
2ml saline) at a dose of 7.5 mg/kg (i.e 1.5mg indomethacin 
dissolved in 0.06ml saline/rat), two doses 24h apart        

(days 0 and 1)[11].  They werethen left for 10 days and at 
day 10 they were divided into5 groups: 

Group II (Indomethacin induced enteritis, 8 rats):  
sacrificed at day10.

 Group III (Recovery group, 8 rats):rats were left 
without further treatment, the rats were sacrificed at day 24. 

Group IV (Stem cell-treated group, 8 rats): rats were 
injected at day 10 with 1×106 cells/0.5 ml PBS (PBS, 
GIBCO, NY, USA) IV via the tail vein[12]. The rats were 
sacrificed at day 24[13].

Group V (ADSC-CM-treated group, 8 rats): rats were 
injected IP with 0.5ml of "culture CM afterinterferon 
gamma (IFNᵧ) stimulation"/ day for five consecutive days 
(days 10-14)[14].The rats were sacrificed at day 24. 

Group VI (DMEM treated group):  rats were injected IP 
with 0.5ml of DMEM/day for five consecutive days (days 
10-14). The rats were sacrificed at day 24.

Body weight of the rats was recorded at days 0, 10 and 
24.The change in stool consistency, presence of blood in 
stool and increase the frequency (as determined by the 
need to change the animal cage) were observed.

At the end of experiment, the rats were sacrificedunder 
anaesthesiabyIP injection of ketamine (90 mg/kg)/xylazine 
(15 mg/kg)[15]. A midline abdominal incision was made 
and the abdomen was opened. The small intestine was 
dissected and the ileum (a segment about 1.5cm proximal 
to the cecum) was excised. The specimens were fixed in 
10% buffered formalin solution for 24 hours, dehydrated 
in ascending grades of ethanol and embedded in paraffin. 
Serial sections of 7 µm thickness were cut and subjected to 
the followings:

1. Fluorescent microscope for detection of PKH26-
labeled ADSCs in unstained sections[16]

2. Hematoxylinand eosin (HandE) stain[17]

3. Masson's trichromestain for demonstration of 
collagen fibres[18]

4. Alcian blue / Periodic acid Schiff's (PAS) stainfor 
demonstration of mucus in gobletcells[17]

5. Immunohistochemichal staining[19] for matrix 
metalloproteinase 1(MMP1). (Rabbit monoclonal 
primary antibody Novusbiologicals Corporation, 
CA, USA, Catalog Number: 110-57211)It is one 
of intestinal proteases that indicates excessive 
degradation of extracellular matrix (ECM)[20]

6. Immunohistochemical staining [19] forproliferating 
cell nuclear antigen (PCNA) (Mouse monoclonal 
antibody IHC WorldCorporation,CA, USA, 
Catalog  Number:SC-56) as a marker of cell 
proliferation[21]

The sections for immunohistochemical stains were 
boiled for 10 min in 10 mM citrate buffer (AP9003) at pH 6 
for antigen retrieval then incubated for 1h with the primary 
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antibodies. Ultravision detection system (TP-015-HD) was 
used to complete immunostaining and Mayer'shematoxylin 
(TA-060-MH) was used for counterstaining. Citrate buffer, 
Ultravision detection system and Mayer's hematoxylin 
were purchased from Labvision Thermo Scientific, 
Fremont, California, USA.

Negative controls were done by applying same steps 
but omitting the step of adding the primary antibodies

Positive reaction appears as brown deposits in the 
extracellular matrix and in the cytoplasm for(MMPI) and 
as brown nuclear reaction for(PCNA).

III)  ADSCs isolation and culture:[22]

Isolation ofADSCs from rat abdominal subcutaneous 
fat and their culture and labeling with PKH26 and 
preparation of ADSC-CM, were performed at the Unit 
of Biochemistry and Molecular Biology at Medical 
Biochemistry Department, Faculty of Medicine, Cairo 
University, Egypt.

Abdominal subcutaneous fat were collected and 
transferred into tube with PBS. The tissue was minced 
into small pieces.  The extracellular matrix was digested 
by adding collagenase solution then incubation at 37 °C 
for 40min was done. Collagenase was inactivated by 
adding DMEM into the 50 ml tube then centrifugation was 
done. The cell pellet was visible at the bottom of the tube. 
The supernatant   was aspirated and the cell pellet was 
resuspendedin 20 ml DMEM after centrifugation. The cell 
suspension was filtered and centrifugation was done. The 
cell pellet containing ADSCs was resuspended in 10 ml 
DMEM, transferred onto cell culture flask and incubated 
at 37 °C/5% CO2 for 24 h. After that,the adherent cells 
(ADSCs) were washed with PBS and were cultured in fresh 
proliferation medium until 70% confluence. Subculture 
of ADSCs were done till the third passage to expand cell 
population. After several days of culture, ADSCs showed a 
typical fibroblastic-like morphology. 

Cell surface markers staining and flow cytometry:[22]

Isolated rat ADSCs were analyzed using the 
fluorescence activated cell sorter(FACS) hardware and 
software packages for data acquisition. Typically it was 
found that more than 98% of the isolated ADSCs express 
MSC markers, including CD90, CD44, CD29, CD73 and 
CD105. However, less than 1% of the isolated ADSCs 
express cell surface markers for hematopoietic cells (CD34, 
CD14, CD11b, and CD45) and markers for endothelial 
cells (CD31 and CD106).

ADSCs cells were harvested during the 3rd passage and 
were labeled with PKH26 fluorescent linker dye. according 
to Sigma protocol steps. After labeling with PKH26, 
undifferentiated ADSCs were injected intravenously into 
rat tail vein. 

VI)Adipose Stem Cell Conditioned Medium (ADSC-CM):
Rat ADSCs were seeded, and when they reached 

confluence 70%, the medium was changed to a DMEM 
serum-free medium. The cells were exposed to 100 ng/mL 
rat IFNᵧ for a continuous 24 h to provide preconditioning 
of ADSCs for production of cytokines. After that, ADSCs 
were washed with PBS and were further incubated in 
serum free DMEM for 24 h. The conditioned media, which 
was designated as "culture CM after IFNᵧ stimulation" 
were collected, centrifuged at 3000g for 5 min, and finally 
filtered then further concentration was done[14].

Morphometric study
Ten non-overlapping fields from different sections of 

each ratof

each group were used to measure:

• Area percent of collagen (x400) .

• Number of goblet cells(x400)

• Optical density of alcian blue/PAS +ve 
reaction(x400)

• Area percent of MMP1(x400)

• Number of PCNA-positive cells. (x400)

Measurements were taken using "Leica Qwin 500 
C" image analyzer computer system Ltd. (Cambridge, 
England). (Histology Department, Faculty of Medicine, 
Cairo University).

Statistical analysis:
Quantitative data were summarized as means and 

standard deviations (SD) and compared using one-way 
analysis-of-variance (ANOVA)and followed by post hoc 
Tukey test. P-values <0.05 were considered statistically 
significant. Calculations were made on SPSS software 
version 21[23].  

RESULTS:                                                                                         

General observations:
No deaths were recorded in all rats during the 

experiment.

All control subgroups showed similar histological 
results so, they were collectively named control group.

On day 10, animals in group I (control group) showed 
increased body weight. While animals in groups II, III, 
IV, V and VI showed significant loss of body weight as 
compared to control group. On day 24, animals treated 
with ADSCs in group IV and ADSC-CM in group V 
showed significant increase in body weight compared to 
group III (recovery group) and VI (DMEM treated group) 
and non significant difference as compared to each other.           
(Table 1 and Histogram 1)

In experimental groups starting from day 6, the color of 
stools changed to black (indicating presence of blood). The 
stool frequency also increased from this time. In groups III 
and VI slight decrease in the stool frequency with minimal 
improvement of its color was noted by day 22. On the other 
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hand, animals of groups IV and V showed remarkable 
decrease in the stool frequency with obvious improvement 
in its color by day 17. 

Histological results:
• Fluorescence detection of PKH26 labeled ADSCs 

by fluorescent microscope: 

Examination of PKH26-labelled ADSCs in unstained 
ileum sections revealed yellow fluorescence distributed 
within the villi (in the regenerated surface epithelium and 
CT corium), crypts as well as in the submucosa

• Hematoxylin and eosin stain: (Figs 1 and 2)

Examination of ileum sections from group I showed 
normal organization of villi and crypts, The epithelium 
covering the villi and lining the crypts was intact showing 
predominance of enterocytes with goblet cells scattered 
among them. The enterocytes appeared with its normal 
brush border.  Continuous layer of muscularis mucosa with 
normal cellularity of the submucosa were also observed. 
Musculosa and adventitia appeared intact  ( Fig. 1 A)

Sections from group II revealed obvious disorganization 
and damage of some villi and crypts together with 
desquamation of the epithelium covering the villi. 
Obvious mononuclear cellular infiltration in mucosa and 
submucosa was also observed. Wide spaces in villus core 
were noted in certain areas. Widening of the crypts with 
distortion of the cells lining the crypts were frequently seen                         
(Figs. 1 B and C).

Groups III and VI revealed comparable results, ileum 
sections showed severe desquamation and damage of the 
epithelium covering the villi and severe destruction of the 
cells lining the crypts. Mononuclear cellular infiltration in 
both groups(Figs. 1dandf ).Mast cells in group III were 
detected in the villi core (Fig. 1E).

Meanwhile, groups IV and V showed remarkable 
improvement as most villi (Fig. 2 A and C)and crypts 
(Fig. 2 B and D)restored their architecture with normal 
distribution of enterocytes and goblet cells. However, mild 
mononuclear cellular infiltration of the lamina propria and 
wide spaces in the submucosa and in the CT core of few 
villi were still observed in group IV(Fig. 2 B).

• Masson’s trichrome stain:(Fig. 3)

Examination of  Masson’strichrome stained sections 
from group I showed fine collagen fibers in the CT core of 
villi and between the crypts. (Fig 3 A).

In group II, fine collagen fibers were seen in the 
lamina propriaof the disrupted villi and in between the 
disorganized crypts (Fig. 3 B).

However, in groups III andVI obvious deposition 
of collagen in the lamina propria of the villi, in 
between the crypts and in thesubmucosa was detected                                              
(Fig 3 C and D). On the other hand, groups IV and V 
showed scattered collagen fibers in the lamina propriaof 

the villi core and in between the crypts(Fig. 3 E and F).

• alcain blue /PAS stain:(Fig. 4)

Control group showed strong intensity of alcain blue 
/PASreaction in the goblet cells and in the brush border 
of enterocytes(Fig 4 A).Groups II, III and VI showed few 
goblet cells withapparent weak intensity of the purple color 
of alcain blue/PASstain in most of the fields. Lost brush 
border of most enterocytes was seen(Fig 4 B, C and D). On 
the other hand, groups IV and V showed numerous goblet 
cells with apparent strong intensity of purple color. The 
brush border of most enterocytes in villi and crypts was 
preserved and well-stained (Figs 4 E and F).

• MMP1 immunohistochemicalstain:(Fig. 5)

Control group, The CT core of the villus showed 
localized faint brown positive extracellular reaction. 
Positive intracellular reaction was also seen(Fig 5 
A).Groups II, III and VI showed widespread dense 
positive MMP1 expression in the extracellular matrix in 
wide areas of the mucosa together with strong positive 
cytoplasmic reaction in some enterocytes (Fig. 5 B, C and 
D). Meanwhile, groups IV and V showed localized weak 
positive MMP1 expression in the extracellular matrix of the 
mucosa and in the cytoplasm of some enterocytes and CT 
cells.                (Fig 5 E and F).

• PCNA immunohistochemicalstain: (Fig. 6)

Control group, showed positive nuclear 
immunoreactivity for PCNA in the villi core. Few 
enterocytes with positive immunoreactivity was also seen 
(Fig. 6 A). Groups II, III and VI revealed few PCNA +ve 
cells in the villi core (Fig 6 B, C and D) and in crypts 
lining epithelium (Fig 6 D). On the other hand, groups 
IV and V showed numerous PCNA +ve cells in the CT 
corium of the villi. Some enterocytes also showed positive 
immunoreactvity (Fig. 6 E and F).

Morphometric and statistical results (Table 2 and 
Histograms 2- 6):

There was significant increase in the mean area % of 
collagen in groups III and VI compared to control group 
or to group II. On the other hand, groups IV and V showed 
significant reduction in the mean area percent of collagen 
when compared to groups III and VI and non significant 
difference when compared to each other.

There was significant decrease in the mean number 
of goblet cells and in the optical density of the mucus in 
groups II, III and VI compared to control group. On the 
other hand, groups IV and V showed significant increase 
as compared to groups II, III and VI andnon significant 
difference when compared to each other or with the control 
group.

A significant increasein the mean area percent of 
MMP1 in groups II, III and VI was detected as compared 
to control group. However there was significant reduction 
in groups III and VI as compared to groups II. Also there 
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was significant reduction in groups IV and V as compared 
to groups II, III and VI andnon significant difference when 
compared to each other.

The mean number of PCNA +ve cells in groups II, III 

and VI showed significant reductionas compared to control 
group. On the other hand, groups IV and V showed significant 
increase as compared to groups II, III and VI. While group V 
showed significant increase as compared to group IV.

Table 1: The mean body weight in grams (± SD) of rats in the studied groups as recorded on day 0, 10 and 24

Group Day 0 Day  10 Day 24

Group I (control group    192.0± 1.0 215.3± 0.44 251.6± 2.2

Group II(Indomethacin induced enteritis) 192.0± 1.0 194.7± 0.74* -

Group III  (recovery group) 192.0± 1.0 194.7± 0.74* 168.5± 0.57Ω

Group IV (stem cell treated     group) 192.0± 1.0 194.7± 0.74* 214.4± 1.5# Ω

Group  V  (ADSC-CM-teated group) 192.0± 1.0 194.7± 0.74* 216.8± 1.8# Ω

Group VI (DMEM-treated group) 192.0± 1.0 194.7± 0.74* 166.7± 1.2 Ω

*significant as compared to group I on day 10  (p<0.05).                                                                 Ω significant as compared to group I on day 24 (p<0.05).

Histogram 1: Mean body weight in grams of rats in the studied groups as recorded on day 0, 10 and 24.
*significant as compared to group I on day 10  (p<0.05).                                                                 Ω significant as compared to group I on day 24 (p<0.05).

Table 2: Morphometric results

Group I (control 
group)

Group 
II(indomthacin 

induced enteritis)

Group III 
(recovery group)

Group IV (stem 
cell treated group)

Group V(ADSC-
CM-treated group)

Group VI  (DMEM 
treated group)

Mean area % 
of collagen 0.08 ± 0.02 0.07 ± 0.01 1.70 ± 0.41*∆ 0.1± 0.03# 0.09 ± 0.02# 1.38 ± 0.46*∆

Mean number 
of goblet cells/

HPF(± SD)
46.10 ± 9.39 8.00± 2.00* 14.50± 3.62* 44.30± 13.07∆# 42.20± 8.63∆# 13.90± 3.84*

Mean optical 
density of alcian 
blue /PAS +ve 
reaction(± SD)

0.89 ± 0.05 0.72± 0.05* 0.70± 0.05* 0.85± 0.03∆# 0.83± 0.04∆# 0.67± 0.03*

Mean area % of 
MMP1(± SD) 0.29 ± 0.08 10.33 ± 1.63* 8.41 ± 0.75*∆ 0.84 ± 0.20∆# 0.62 ± 0.11∆# 7.96 ± 1.25*∆

Mean number of 
PCNA +ve cells/

HPF (± SD)
36.4 ±8.83 11.50 ±3.02* 14.70 ±4.42* 52.60 ±10.84*∆# 79.80 ±17.86*∆#¥ 14.40 ±4.35*

* significant as compared to group I (p<0.05).                                                                                                    ∆significant as compared to group II (p<0.05).
#significant as compared to group III andVI (p<0.05)                                                                          ¥ significant  increase as compared to group IV (p<0.05)
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Histogram 2: Mean area percent of collagen in the studied groups.

* significant as compared to group I (p<0.05)

∆ significant as compared to group II (p<0.05)

#significant as compared to group III andVI (p<0.05)

Histogram 3: Mean number of goblet cells/HPF in the studied groups

* significant as compared to group I (p<0.05)

∆ significant as compared to group II (p<0.05)

#significant as compared to group III andVI (p<0.05)

Histogram 4: Mean optical density of alcian blue/PAS +ve reaction in 
the studied groups

* significant as compared to group I (p<0.05)

∆ significant as compared to group II (p<0.05)

# significant as compared to group III and VI (p<0.05)

Histogram 5: Mean area percent of MMP1 in the studied groups

* significant as compared to group I (p<0.05)

∆significant as compared to group II (p<0.05)

#significant as compared to group III andVI (p<0.05)

Histogram 6: Mean number of PCNA positive cells/HPF in the studied groups

* significant as compared to group I (p<0.05)                                                                                                       ∆significant as compared to group II (p<0.05)

#significant as compared to group III andVI (p<0.05)                                                                            ¥ significant  increase as compared to group IV (p<0.05)
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Fig. 1: A Photomicrograph of a section in the ileum of a rat stained with HandE(1A):control group showing normal villi (arrows) and crypts(C) with normal 
enterocytes (arrowhead) and goblet cells (G).Other layers appear normal (x200).(1B):group II showing disrupted villiwith desquamation of the epithelial 
covering (doubled arrows). The crypts(C) showed widening and destruction of the cell lining.Mononuclear cellular infiltration (I) in mucosa and submucosa 
(x200). (1C): group II showing mononuclear cellular infiltration (I).Wide spaces in the core of the villi (stars) (x400). (1D):group III showing disrupted villi 
with desquamation of the epithelium covering (doubled arrows) with disorganized crypts (C) and mononuclear cellular infiltration (I) (x200). (1E):group 
IIIshowing many mast cells (wavy arrows) (x1000).(1F):groupVIshowing severe destruction of the villi (green arrows) with desquamation of their covering 
epithelium (doubled arrow). The crypts (C) are deformed (x200).

Fig. 2: A Photomicrograph of a section in the ileum of a rat stained withHandE (2A): groupIV,the villi (arrows) show normal architecture with normal 
distribution of enterocytes (arrowheads) and goblet cells (G) (x200). (2B): groupIV,the villi (arrows) show normal architecture with normal distribution of 
enterocytes (arrowheads) and goblet cells (G).Well organized crypts (C) are also seen. Cellular infiltration (I)and some wide spaces (stars) are noted in the core 
of villi (x400).(2C):groupV,the villi (arrows) show normal architecture with normal distribution of enterocytes (arrowheads) and goblet cells (G) and normal 
CT cellularity (square)(x200). (2D):groupV,well organized crypts (C) with normal cell lining, goblet cells (G) and enterocytes (arrow head) (x400).
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Fig. 3: A Photomicrograph of a section in the ileum of a rat stained with Masson's trichrome(3A): control group showing fine green stained collagen fibers in 
thevillus core (arrow) and in between the crypts (wavy arrow). More dense collagen fibers are seen in submucosa (star)(x200).(3B):group IIshowing fine green 
stained collagen fibers in the lamina propria of disrupted villi (arrows) and in between the crypts (wavy arrows).More dense collagen fibers are seen in the 
submucosa (star) (x200). (3C):group III showing widespread green-stained dense thick collagen fibers in the lamina propriaof the villi (arrow) and in between 
the crypts (wavy arrows). Obvious deposition of collagen is seen in thesubmucosa (star)(x200).(3D):groupVIshowing dense green-stained collagen bundles in 
the lamina propria of the villus core (arrow) and in between the crypts (wavy arrows). Deposition of collagen is seen in the submucosa (star)(x200).(3E):group 
IVshowing scattered green-stained collagen fibers in the lamina propriaof the villi core (arrows) and in between the crypts (wavy arrow)More dense collagen 
is seen in the submucosa (star)(x200).(3F):group V,scattered green-stained collagen fibers in the lamina propriaof the villus core (arrow) and in between the 
crypts (wavy arrow). Note collagen fibers in the submucosa (star)(x200).

Fig. 4: A Photomicrograph of a section in the ileum of a ratstained withAlcain blue /PAS(4A):control group showing strong intensity of alcain blue /PAS 
reaction in the goblet cells (arrows) and in the brush border of enterocytes (arrowhead)(x200).(4B): group IIshowing apparently few goblet cells with apparent 
weak intensity of alcain blue /PAS stain (arrows). Lost brush border of most enterocytes (wavy arrows) but preserved well-stained brush border in few 
enterocytes are seen (arrowhead)(x200).(4C): group III,apparently few goblet cells in villi and crypts with apparent weak intensity of alcain blue/PAS stain 
(arrows). Brush borders of most enterocytes are lost (wavy arrow). Preserved well-stained brush borders are seen in few enterocytes (arrowhead)(x200).(4D): 
groupVI,apparently few goblet cells; most of them exhibit apparent weak intensity of alcain blue/PAS stain (arrows). Only few enterocytes with preserved 
well-stained brush border are seen (arrowhead)(x200).(4E): group IVshowing numerous goblet cells with an apparent strong  intensityof alcain blue/PAS stain 
(arrows). The brush borders of most enterocytes are preserved and well-stained (arrowheads)(x200).(4F):groupV, numerous goblet cells with apparent strong 
intensity of alcain blue/PAS stain(arrows). The brush border of most enterocytes is preserved and well-stained (arrowhead)(x200).
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Fig. 5: A Photomicrograph of a section in the ileum of a ratstained with MMP1 immunostaining(5A): control group, The CT core of the villus shows localized 
faint brown positive extracellular reaction (arrow). Positive intracellular reaction can also be seen (arrowheads) (x400).(5B): groupIIshowing widespread dense 
positive immunoreactivity for MMP1 in the extracellular matrix of the villi (arrows). Strong positive cytoplasmic reaction is also seen in some enterocytes 
(arrowhead)(x400).(5C): group III,The CT core of the villus shows widespread positive immunoreactivity for MMP1 in the extracellular matrix (arrows). 
Strong positive cytoplasmic reaction (arrowheads) is also detected in both enterocytes and CT cells (x400). (5D):groupVI, disrupted villus with widespread 
positive immunoreactivity for MMP1 in the extracellular matrix (arrows) with some positive intracellular cytoplasmic reaction (arrowhead)(x400).(5E):group 
IVshowing localized weak positive immunoreactivity for MMP1 in the extracellular matrix (arrow). Weak positive cytoplasmic reaction (arrowheads) in few 
enterocytes and CT cells is seen (x400).(5F):groupV localized faint positive immunoreactivity for MMP1 in the extracellular matrix (arrow). Weak positive 
cytoplasmic reaction (arrowheads) is also seen in few enterocytes and CT cells(x400).

Fig. 6: A Photomicrograph of a section in the ileum of a rat stained with PCNA immunostaining(6A): control group,showing positive nuclear immunoreactivity 
for PCNA in the villi core (arrows). Few enterocytes with positive immunoreactivity are also seen (arrowhead)(x400).(6B)group IIshowing few cells with 
positive nuclear immunoreactivity for PCNA in a villus core (arrows)(x400).(6C): group III,the villus core show few cells with positive nuclear immunoreactivity 
for PCNA (arrows)(x400). (6D): group VI showing few cells with positive nuclear immunoreactivity for PCNA in the core of a disrupted villus (arrow) and 
in epithelial cells of the crypt (wavy arrow)(x400).(6E):group IVshowing numerous cells in the villus core with positive nuclear immunoreactivity for PCNA 
(arrows). Some enterocytes with positive immunoreactivity are seen (arrowheads)(x400). (6F):groupV numerous cells in the CT corium of a villus with 
positive nuclear immunoreactivity for PCNA (arrows). Some enterocytes with positive immunoreactvity are also seen (arrowheads)(x400).
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DISCUSSION                                                                       

Crohn’s disease is a debilitating lifelong IBD with 
significant health and economic costs[24]. The complications 
of this disease, such as stricturing and bowel fistula, account 
for substantial morbidity and health-care costs. Moreover, 
the validated models to predict complications and to 
evaluate the effect of the treatment are not available[25].

The present work aimed to develop an experimental 
model of enteritis (Crohn’s disease) using indomethacin in 
adult female albino rat. Female rats were used in this study 
as the small intestine of rat is more or less similar to that of 
human from histological point of view and the incidence of 
CD in the females is 1.5 times higher than males[26].

In this study, ileum was chosen as it is the most common 
area of GIT affected in CD[27]. In addition, indomethacin 
was chosen for induction of a model of CD as it induced 
morphological and functional alterations in the small 
intestine similar to CD[28].

In the current study, ADSCs were used,as these cells 
have the ability to differentiate into both mesodermal and 
non mesodermal lineages, similar to bone marrow-derived 
MSCs (BMSCs). However,ADSCs could be collected 
in large quantity with minimal morbidity. Moreover, the 
derivation of ADSCs is easier and less invasive and much 
more efficient than that of BMSCs. Thus, they are attractive 
stem cells for regenerative application[29,30]. 

In the present work, the effect of ADSCs were evaluated 
after 2 weeks of administration according to a previous 
study which found that MSCs can colonize in the injured 
intestine and directly differentiate into mucosal epithelium 
cells after 14 days[13].

It was mentioned that indomethacin was used to develop 
a model of enteritis. This model bear close resemblance 
to CD in terms of clinical and histopathological feature[31]

and carried in part, comparable pathogenesis[32,33]. This was 
obvious on examining the results of group II together with 
the possible explanations that correlate such model with CD.

In group II (indomethacin induced enteritis), HandE 
stained ileum sections showed findings that could be 
attributed to mucosal damage and to the inflammatory 
reaction following intake of indomethacin[34,35].  Similar 
histopathological features were described in CD[31].

Tumor necrosis factor (TNF-α) is a pro-inflammatory 
cytokine capable of upregulating its own expression 
as well as the expressions of other genes pivotal to the 
inflammatory response. Thus TNF-α plays a key role in 
the in the pathogenesis of indomethacin induced small 
intestinal injury[36] and the development and progression of 
IBD[33].

HandE results of group III and group VI were 
comparable with each other. The findings of recovery group 
indicated progressive destruction of the intestinal mucosa 
with no spontaneous recovery till day 24 of the experiment. 
Also, the pathology in VI group was still present with no 

noticeable improvement indicating that DMEM was a non 
effective treatment[37].

The presence of many mast cells in the villus core of 
group III could be considered as a part of the inflammatory 
process that accompanied indomethacin treatment.It might 
induce prostaglandin deficiency that promotes the mucosal 
dysfunction and accumulation of inflammatory cells as 
neutrophils and mast cells, which express chymase enzyme 
and exacerbate inflammation[38].

In the present work, examined ileum sections in all 
groups including the control group revealed positive 
cytoplasmic expression of MMP1.It was mentioned 
that MMP1has low basal expression in most tissues and 
can be dynamicalley upregulated  in response to cell 
activation[39]. In the current study groups II, III and VI 
showed significant increase in mean area % of MMP1 
compared to control group.It was reported that the protein 
level of MMP1 was upregulated in IBD mucosa and in CD 
and its proteolytic activity was increased in the cells of 
inflamed epithelium. This elevation might be consideredas 
response to pro-inflammatory cytokines, such as IL-17A, 
IL-17F and IL-21 which cause upregulation of MMP1 
in intestinal fibroblasts[40]. However, in the present work 
groups III and VI showed  significant reduction in mean 
area % of MMP1 compared togroup II .This might be due 
to fibrosis formed during  the two weeks longer duration. 
Reduction in MMP1and increase in tissue inhibitor of 
metalloproteinase-1 (TIMP-1) was previously detected in 
fibrosed areas of CD[41].

In the current work,group II showed non significant 
decrease in the mean area % of collagen when compared 
to control group. This could be explained by loss of 
normally present collagen fibers with mucosal destruction. 
While there was significant increase in the mean area % 
of collagen in group III and VI when compared to group 
II.Indomethacin might induce fibrosis, as these groups 
were left for another two weeks or as an end stage of 
chronic inflammation[42]. Indomethacin could induce 
achronic model of CDthat associated with fibrosis,in 
such areas the TIMP-1 level was increased[43] and its  
expression was inversely correlated with inflammatory 
cytokine production and  mucosal injury[41,44]. In the same 
consequence, increased expression of tissue transforming 
growth factor beta (TGF-β) in the inflamed intestine,led to 
increased TIMP-I and decrease MMPI. TGF-β activation is 
a central mediator of fibrosis[45].

Groups II, III and VI, revealed significant reduction in 
the mean number of PCNA +ve cells compared to control 
group. This reduction could be explained by ulceration and 
loss of epithelial cells with destruction of villi and crypts. 
Similar decrease in PCNA positive cells and proliferative 
index was found in non-steroidal anti-inflammatory drugs 
(NSAIDs) induced enteritis model[46]. NSAIDs inhibits 
COX-2 and PGE2 production. This in turn decreases 
β-catenin protein signaling and decreasing transcription of 
proliferation genes in the intestines[47].



513

                 Abdel Mohsen et al.

In groups II, III and VI, there was significant reduction 
in the mean number of goblet cells compared to control 
group. This could be explained by ulceration of the mucosa 
and destruction of both villi and crypts by indomethacin. 
This finding was in accordance, with other authors who 
attributed this to enterobacterial invasion, upregulation 
ofinducible nitric oxide synthase (iNOS) expression and 
overproduction of  nitric oxide (NO) in the mucosa[48,49]. 
In addition, the present work revealed significant decrease 
in the mean optical density of the mucus in group II, III 
and VI compared to control group.  This could be due to 
the altered mucus barrier and the increased expression of 
mucin 2 (MUC2), one of mucin family .This MUC2 has 
reduced oligosaccharide chain length by about 50% which 
lead to abnormal function of mucous barrier and  play a 
role in the persistence of IBD[50].

In the present work, animals treated with ADSCs in 
group IV and ADSCs-CM in group V showed significant 
increase in body weight on day 24 compared to group III and 
VI. Also stool frequency showed remarkable decrease with 
obvious improvement in its color on day 17. This difference 
could be attributed to the therapeutic effect of ADSCs and 
their conditioned medium respectively.In accordance with 
this findings, significant decrease in diarrhea and weight 
loss was recorded afterintravenous injection of ADSCs for 
treatment of 2, 4, 6-Trinitrobenzene sulfonic acid (TNBS)-
induced colitis in a murine experimental model of CD[51]

and afterintraperitoneal administrationof BMSC-CM. for 
treatment of TNBS-induced colitis model[14] 

Groups IV and V showed remarkable improvement as 
most villi and crypts restored their architecture with normal 
distribution of enterocytes and goblet cells. This could be 
attributed to the therapeutic effect of ADSCs that homed 
to the injured intestinal areas as detected by fluorescent 
microscope.  Similarly, PKH26-labeledBMSCs relocated 
to and exhibited local proliferation and transdifferentiation 
into injured intestinal mucosal cells in a rat model of IBD[52]. 
Also local application of ADSCs resulted inperanal fistula 
closure rate in an animal model of CD[53]. MSCs could 
produce wound healing in TNBS induced colitis rat model 
through their production of a variety of humoral factors. 
Prostaglandin E2 (PGE2) is one of the humoral factor 
secreted from MSCs,It can repolarize pro-inflammatory 
M1 macrophages into anti-inflammatory M2 macrophages 
which become involved in inflammation resolution[54]. The 
efficacy of ADSCshas been recently reported in the small 
intestine of animal models of CD induced by TNBS[55].

It was demonstrated that intraperitoneal administration 
of amniotic fluid MSC-CM ameliorated dextran sodium 
sulphate (DSS)-induced colitis in immunodeficient 
colitis mouse model[56]. The anti-inflammatory 
capacities of ADSC-CM was attributed to the presence 
of Extracellular vesicles (EVs) which could balance 
macrophage polarization toward the anti-inflammatory 
profile[57]. Recently, it was found that MSC-CM with its 
immunomodulatory properties has the potential to reduce 
inflammatory responses in a mouse model of IBD[6].

Further enforcement came from PCNA immunostaining 
results of group IV which showed significant increase 
in the mean number of PCNA +ve cells when compared 
to control group, group II and recovery group. It was 
clarified that the transplanted PKH26-labeled BMSCs in 
rats subjected to experimental IBD showed a considerable 
extent of colocalization with PCNA, implicating that 
they undergo in situ proliferation in the gut[52]. However, 
other author attributed the increase in PCNA +ve cells to 
intestinal SCs homing to the injured intestinal areas as a 
response to factors produced in the inflamed tissues and its 
differentiation into epithelial and immune cells[58].

Meanwhile, group V (ADSC-CM-treated group)
showed numerous PCNA +ve cells in the villi and crypts 
with significant increase when compared to control 
group, group II and recovery group. In agreement with  
this  result,it was  found that the number of PCNA +ve 
cells was increased at 2 weeks, indicating that MSC-CM 
maintained a higher cellular activity and enhance early 
bone regeneration in rabbit model.[59]

On comparing both groups IV and V, group V showed 
significant increase in the number of PCNA +ve cells. This 
was explained bythe presence of various growth factors 
like colony stimulating factors (CSF), such as granulocyte 
colony stimulating factor (GCSF) granulocyte macrophage 
CSF(GM-CSF) which may recruit various resident stem 
cells including endothelial progenitors to  the site of 
injury[60].

The meannumber of goblet cells and the mean optical 
density of mucus in groups IV and V exhibited significant 
increase when compared to groups II, III and VI.  This 
could be attributed to ADSCs and their CM that improved 
the mucosal regeneration and reepitheliization and in turn 
improve goblet cell regeneration as a part of intestinal 
epithelium. The improvement of goblet cells might be 
due  tovarious factors present in CM such as  keratinocyte 
growth factor (KGF) that  inhibits oxidative stress induced 
epithelial cell death[61].

Significant decrease in the mean area % of MMP1 in 
groups IV and V when compared to groups II, III and VI.In 
ultra violet-irradiated human dermal fibroblasts,ADSCs 
reduced MMP1 expression leading to therapeutic 
benefit in the injured skin[62]. Also the reduction in 
MMP1wasreferredto TIMP-1 present in MSC-CM 
stimulated with inflammatory cytokines[63]. Interestingly, 
the reduction in MMP1 in group V was comparable with 
that in group IV with no significant difference.

Groups IV and V showed significant decrease in the 
mean area % of collagen when compared to group III and 
non significant change when compared to control group. 
This could be referred to the anti-inflammatory ability of 
both ADSCs and their CM and to the restoration of the 
balance between MMP1and TIMP-1. In the same concern, 
local injection of ADSCs in a rat model of TGF-β1 induced 
urethral fibrosis resulted in significant decrease in collagen 
type I and III[64]. Also, ADSCs had a favorable effect on 
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ECM regulation through suppression of TGF-β1 signaling 
in vocal fold fibroblasts during the co-culture of these cells 
with ADSCs[65]. The efficacy of MSCs in reducing the 
fibrosis might be secondary to reducing tissue damage[66].
The antifibrotic effect of ADSC-CM detected in the current 
work was in accordance with other study. In such study 
reduced scar formation was   noticed  after administration 
of amniotic MSC-CM.This occurred in bleomycin induced 
lung fibrosis animal model[67]. However, they didn’t identify 
certain factors involved in the reduction of fibrosis. Later, 
the cytokine array of ADSC-CM was identified , including 
the presence of chemokines and growth factors (C-X-C) 
ligand 1 (CXCL1), chemokine ligand 3 (CCL3), TIMP-1 
and Vascular endothelial growth factor (VEGF)), which 
promote chemotaxis and angiogenesis[68].

Group V showed non significant difference in the mean 
area % of collagen when compared to group IV.Similarlynon 
significant difference in fibrosis score between the CM-
treated group and the MSC-treated groupwas found  ina rat 
model ofCisplatin-induced kidney injury[69].

Therefore, the present work revealed that ADSCs 
and their CM are apparently equal in their efficacy. 
Similarly,MSC-CM was sufficient to improve multiple 
biomarkers of pathophysiology and to be as effective as 
transplantation of the corresponding MSCs in a long list of 
animal models[70].

However, in the applied regenerative medicine, MSC-
CM could be superior and more promising than MSCs. 
It has several advantages including, higher biosafety as 
its administration has fewer risks of tumor formation. In 
addition, it has immediate availability as it can be stored, 
while living cells require extensive time for expansion. 
Also, it has easier, safer handling and requires less 
complex medical facilities. Finally, it has lower production 
costs, since the MSC secretome can be produced in large 
quantities[71].

CONCLUSION                                                                        

1. Two SC doses of indomethacin was effective to 
induce a rat model of chronic enteritis (Crohn’s 
disease). 

2. The ADSCs could reduce tissue damage and 
fibrosis and enhance proliferation in the intestinal 
tissues in a rat model of enteritis. 

3. The ADSC-CM was as effective as the 
transplantation of its corresponding ADSCs in 
mucosal regeneration, this might provide a hope 
for cell free therapy in degenerative diseases as a 
new therapeutic strategy.
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الملخص العربى

دراسة هستولوجية مقارنة علي تأثير الخاليا الجذعية المستخلصه من النسيج الدهني مقابل الوسط 
المكيف لها في التهاب األمعاء الدقيقه المستحث تجريبيا باإلندوميثاسين في إناث الجرذان البيضاء 

البالغه

عبير فؤاد عبد المحسن1, نجالء محمد سالمه1, ليلي احمد راشد2,  ايمان عباس فرج1,             
اسماء محمد عبد الحميد1

1 قسم الهسولوجيا, 2 قسم الكيمياء الحيويه,كليه الطب,جامعه القاهره,مصر.

الخلفية: مرض التهاب األمعاء ، بما في ذلك مرض كرون هو التهاب مناعي مزمن  مركب ذوانتشار متزايد وعدم كفاية العالج 
التقليدي.

الهدف من العمل: تقييم التأثير العالجي للخاليا الجذعية المستخلصه من النسيج الدهني مقابل الوسط المكيف لها في نموذج التهاب 
األمعاء الدقيقه في الجرذ.

المواد والطرق: تم استخدام ست وخمسين أنثى من الجرذان البيضاء ، 16 منها استخدموا كمجموعة ضابطة (المجموعة األولى).  
والجرذان األربعين المتبقية  تم حقنها بجرعتين من اإلندوميتاسين 7.5 مجم / كجم تحت الجلد ، في األيام 0 و 1 من التجربة. 
وبعد 10 أيام  تم تقسيم الفئران بالتساوي إلى 5 مجموعات: لم تحصل المجموعة الثانية والثالثة على أي عالج إضافي وتمت 
التضحية في األيام 10 و 24 على التوالي.  في حين  تم حقن المجموعةالرابعه والسادسه بمليون من الخاليا الجذعيه المستخلصه 
من النسيج الدهني ، جرعة واحدة في الوريد والوسط المكيف للخاليا بعد إثارتها بالجاما انترفيرون بمقدار 0.5 مل داخل الغشاء 
البريتوني5 جرعات و دولبيكو المعدل لوسط ايجل بمقدار 0.5 مل5 جرعات على التوالي. تم التضحية بجميع الجرذان في اليوم 
الرابع والعشرين. تم صبغ  عينات اللفائفي باستخدام صبغه الهيماتوكسيلين وااليوسين و صبغه ماسون ثالثي األلوانو صبغه 
ألشيان األزرق / حمض شيف األيودي وكذلك صبغه هستوكيميائية مناعية لالنزيم المحلل للميتالوبروتين 1 والمستضد النووي 
لتكاثر الخاليا. تم اخذ القياسات المورفومترية للنسبه المئوية لمساحة الكوالجين، وعدد الخاليا الكأسيه والكثافة البصرية لتفاعل 
ألشيان األزرق / حمض شيف األيودي والنسبة المئوية لمساحة التفاعل المناعي لالنزيم المحلل للميتالوبروتين 1 وعدد الخاليا 

اإليجابية للتفاعل المناعي للمستضد النووي لتكاثر الخاليا وقد تم تحليل البيانات  إحصائيا.
الغشاء  مع سقوط  واألخاديد  الخمالت  في  وتلف  واضح  والسادسة عن اضطراب  والثالثة  الثانية  المجموعات  كشفت  النتائج: 
المخاطي المغطي للخمالت أيضا تسلل خاليا أحادية النواة في الغشاء المخاطي والتحت المخاطي جنبا إلى جنب مع انخفاض 
كبير ذو دالله احصائيه في عدد الخاليا الكأسيه و الخاليا اإليجابية للمستضد النووي لتكاثر الخاليا وكذلك في الكثافة البصرية 
الثالثة والسادسة) و االنزيم  للمخاط وزيادة كبيرة ذات دالله احصائيه في النسبة المئوية لمساحة الكوالجين (في المجموعتين 
المكسر للميتالوبروتين 1  بالمقارنة مع المجموعه الضابطه. استعادت المجموعتان الرابعة والخامسة تقريبا التركيب النسيجي 

الطبيعي للخمالت واألخاديد.
الخالصة: لقد كان استخدام الوسط المكيف للخاليا الجذعيه المستخلصه من النسيج الدهني فعاال مثل استخدام الخاليا الجذعيه 
التهاب  نموذج  في  المخاطي  الغشاء  وتجديد  االنتشار  تعزيز  وفي  األنسجة  تليف  من  الحد  في  الدهني  النسيج  من  المستخلصه 

األمعاءالدقيقه (مرض كرون).
الكلمات الدالة:اإلندوميتاسين ، التهاب األمعاءالدقيقه ، مرض كرون ، الخاليا الجذعيه المستخلصه من النسيج الدهني،الوسط 

المكيف


