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Abstract
Background: Functional and developmental versatility of 
mesenchymal stem cells (MSCs) have generated great interest in 
their clinical application. Recently, it has been proposed that the 
non-adherent population of bone marrow cells can differentiate 
to MSCs in vitro. The present study aimed to compare the anti-
inflammatory potentials of adherent and non-adherent MSCs in 
an experimental model of ulcerative colitis (UC) in rats.
Methods: The present experimental study was conducted at 
the School of Veterinary Medicine, Urmia University (Urmia, 
Iran) during March-May 2018. UC was induced using acetic 
acid in three groups of male Wistar rats, namely the control 
colitis, adherent MSCs treated, and non-adherent MSCs treated 
groups. Adherent and non-adherent MSCs were collected, 
characterized, and proliferated. The isolated cells were 
injected into the peritoneum of the respective groups of colitis 
rats. After 10 days, the animals were evaluated for gross and 
microscopic pathology, production of inflammatory mediators, 
and stress oxidative profile in the gut tissue. The statistical 
analysis was performed using SPSS software (version 23.0). 
P<0.05 was considered statistically significant.
Results: The non-adherent MSCs had almost similar 
therapeutic potency compared to the adherent MSCs (P=0.12). 
They significantly reduced the level of inflammatory mediators 
and improved the oxidative stress profile in colonic tissue 
compared to the control colitis group (P=0.0001).
Conclusion: The molecular assays and histopathological 
assessment revealed that the non-adherent MSCs not only had 
anti-inflammatory and regulatory potency but also enhanced 
tissue regeneration in UC rats. Therefore, the non-adherent 
fraction of bone marrow-derived MSCs could be used as a 
complementary source of MSCs in stem cell therapies.
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What’s Known

•	 Bone marrow-derived mesenchymal 
stem cells (MSCs) are an ideal candidate 
for cell therapy in ulcerative colitis.
•	 MSC therapy enhances 
microcirculation and tissue regeneration 
in a murine model of inflammatory bowel 
disease.

What’s New

•	 Non-adherent bone marrow 
cell-derived MSCs regulate local 
inflammation and improve tissue 
regeneration in an animal model of 
ulcerative colitis.
•	 Non-adherent MSCs could be 
considered as a complementary source 
of MSCs in clinical applications.

Original Article

Introduction

Bone marrow-derived mesenchymal stem cells (MSCs) are 
considered a promising cell source for the treatment of a variety 
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of diseases associated with inflammation, tissue 
damage, and autoimmune diseases. The current 
enthusiasm around MSCs is due to some 
superior features of these cells, including anti-
inflammatory and immunoregulative capacities, 
ease of isolation, and rapid growth.1

Nearly half a century ago, Friedenstein and 
others described MSCs as precursor cells 
for multiple mesenchymal cell lineages in the 
bone marrow. In the following years, these 
cells were mainly characterized based on 
their properties in vitro and in vivo.2 The term 
colony-forming unit fibroblasts (CFU-Fs) was 
first used by Friedenstein to specify the isolated 
bone marrow cells, which were adherent, 
fibroblastic, and clonogenic in nature.3 In the 
ensuing decades, various studies precisely 
characterized CFU-Fs and demonstrated that 
under specific conditions a proportion of these 
cells could give rise to multiple mesenchymal 
tissues.4 Hereupon, the generic term MSC 
was used to refer to all bone marrow CFU-Fs. 
Several studies documented that adult bone 
marrow-derived MSCs could also differentiate 
into the cells of other developmental lineages, 
such as visceral mesoderm, neuroectoderm, 
and endoderm.5 

According to Friedenstein and others, 
MSCs are highly adherent fibroblast-like cells 
that attach to plastic plates within 24 hours 
after primary culture.6 This made scientists 
to exclusively consider MSCs as a highly 
adherent fibroblast-like cell population and 
thus, limiting subsequent studies into possible 
alternative phenotypes of MSCs in the bone 
marrow. Recently, several studies have 
indicated that the non-adherent population 
of bone marrow-derived mesenchymal cells 
(referred to as non-adherent MSCs) might be a 
complementary source for MSCs. This fraction 
can give rise to multiple mesenchymal lineages 
in vitro and form distinct mesenchymal tissue, 
such as skeletal muscle and bone in vivo after 
transplantation.7-9 Although bone marrow is 
considered the most abundant source of MSCs, 
the absolute number of MSCs remains low 
per aspiration, which is a limiting factor in its 
clinical application. Furthermore, even though 
the culture of adequate quantities of adherent 
MSCs for immunotherapy is time-consuming, 
a lion’s share of non-adherent MSCs or their 
precursors is discarded as waste during the 
medium exchange.10-12 

Ulcerative colitis (UC) is an idiopathic form 
of inflammatory bowel disease that affects 
the colonic and ileal mucosa.13 Although the 
principal etiology of the disease is unknown, 
the spate of ailments predominantly relies on 

a disrupted response of the immune system to 
gut microbiome, due to enhanced inflammatory 
signaling pathways, leading to continuous 
inflammation.14 As a result of advancements in 
stem cell-based therapy, bone marrow MSCs 
have been considered a potential candidate 
for cell therapy in chronic inflammatory 
diseases such as UC.15, 16 It has been reported 
that adherent MSCs can improve the clinical 
manifestation of UC. Yet, it is unclear whether 
non-adherent MSCs possess the same 
potential. Based on the findings of previous 
studies, we hypothesized that non-adherent 
MSCs can modulate inflammation just as their 
adherent peers can. To this end, we developed 
an animal model of UC to determine whether 
non-adherent bone marrow-derived MSCs can 
equally quench the flame of inflammation.

Materials and Methods

Reagents 
The total protein assay kit was purchased 

from Zist Chemi Co. (Tehran, Iran). Fetal 
calf serum and Dulbecco’s modified Eagle’s 
medium (DMEM) were purchased from GIBCO, 
Life Technologies Inc. (Gaithersburg, Maryland, 
USA). The enzyme-linked immunosorbent 
assay (ELISA) kits were purchased from 
Peprotech (UK). Other reagents were acquired 
from Sigma-Aldrich (St. Louis, Missouri, USA). 

Animals
A total of 50 male Wistar albino rats, aged 6 

weeks and weighing 200-250 g, were obtained 
from the experimental animal care center of 
Urmia University, Urmia, Iran. The animals 
were housed under controlled environmental 
conditions (25 °C and 12-hour light: dark cycle) 
in plastic boxes lined with wood shavings 
and received food and water ad libitum. All 
procedures were carried out according to the 
animal care code of practice of Veterinary 
Medicine School, Urmia University, Urmia, 
Iran, (ethical code: IR-UU-AEC-1116/AD3). Ten 
rats were sacrificed to collect bone marrow 
MSCs and 30 rats were prepared as models of 
UC for in vivo experiments. The remaining 10 
rats were used as the control group.

Colitis Induction and Experimental Groups 
Acute colitis was induced as described in 

a previous study.17 In brief, all rats fasted for 
36 hours before the induction of colitis. Under 
light ether anesthesia, a pediatric catheter was 
inserted into the colon such that its tip was 8 cm 
proximal to the anus. Thereafter, 4 ml diluted 
acetic acid (4%) solution was administered by 
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an intracolonic enema. The control rats were 
also subjected to intracolonic administration of 
4 ml normal saline 0.9%. Finally, the animals 
were held in a vertical head-down position for 
1 minute to prevent acetic acid leakage. 

Thirty colitis rats were randomly assigned 
into three groups (10 rats per group), namely 
colitis control, adherent MSCs treated, and 
non-adherent MSCs treated groups. The 
colitis control group intraperitoneally received 
only phosphate-buffered saline (PBS). Both 
the adherent and non-adherent MSCs treated 
groups intraperitoneally received 2×106 cells. 
The animals were housed in plastic cages 
with a maximum of 5 rats per cage. On day 10 
after MSC transplantation, the animals were 
sacrificed and gut tissues were harvested for 
further analysis.

Isolation and Proliferation of Adherent and Non-
Adherent MSCs

Bone marrow-derived MSCs were isolated 
as described in a previous study.18 In brief, 
under deep anesthesia, the bone marrow of 
the rats’ tibias and femurs was flushed out. 
The obtained marrow was rinsed twice by 
centrifugation at 250 g for 5 minutes in PBS. The 
cells were plated in 75 cm2 tissue culture flasks 
at concentrations of 0.3×106 to 0.4×106 cells/
cm2 in DMEM media, added with 15% fetal calf 
serum. The isolated cells were then incubated 
at 37 °C with 5% CO2 in a humidified incubator. 
Four days ensuing the culture initiation, the cell 
culture mediums were collected, centrifuged, 
and then seeded in a 75 cm2 flask. Upon 
70% confluence, cells were trypsinized using 
trypsin-ethylenediaminetetraacetic acid (EDTA), 
counted, and passed in a 1:3 ratio (about 1.5×106 
cells per 75 cm2 flask). The culture media were 
replenished every 3 days for 21 days. The cell 
suspension of the third generational passage 
was collected for administration. 

To obtain non-adherent MSCs, the 
suspended cells in the primary culture were 
exploited. Four days after the primary culture, 
the supernatant of non-adherent cells was 
removed, rinsed, centrifuged at 250 ×g for 10 
minutes, and transferred to another 75 cm2 flask. 
Moreover, non-adherent cells of the second and 
third media exchange were also removed and 
seeded in two distinct 25 cm2 flasks.19

Characterization of MSCs
In accordance with a previous study,1 the 

isolated MSCs in the third subculture and non-
adherent MSCs were used for morphological 
identification by flow cytometry. In brief, the 
fluorescent-conjugated monoclonal antibodies 

(PE-labeled anti-CD29, FITC-labeled 
anti-CD45, and PCY5-labeled anti-CD90) 
were exploited for MSC markers staining. The 
cell fluorescence was immediately measured 
by a DAKO flow cytometer (Partec, Germany). 
The cells (5×105 in 100 μL PBS, 0.5% bovine 
serum albumin (BSA), and 2 mmol EDTA) were 
blended with 10 μL of the fluorescently labeled 
monoclonal antibody (anti-rat CD29 [Integrin b 
chain, Ha2/5, FITC], CD45-FITC, and CD90-
PCY5 [Thy-1/Thy-1.1-FITC]) and incubated in 
the dark for 30 minutes at 4 °C. The stained 
cells were rinsed twice with PBS (containing 
2% BSA) and the pellet was re-suspended in 
PBS. Immediately, the cell fluorescence was 
analyzed using a DAKO flow cytometer. 

To ensure the obtained cells were MSCs, 
their immunosuppressive effect on polyclonal 
T-cell proliferation in vitro after isolation was 
exploited.20 In brief, splenocytes were aseptically 
removed from three rats. Then, 1×106 cells/
mL were stimulated with phytohemagglutinin 
(PHA) at a final concentration of 5 µg/ml or 
culture medium alone and incubated in the 
presence (1×105 cells/ml) or absence of MSCs 
for 5 days. Then, the 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 
solution (20 μL, final concentration: 5 mg/mL) 
was added to the culture. Four hours later, 150 
ml Dimethyl sulfoxide (DMSO) was added and 
the solution was shaken vigorously. Finally, the 
optical density (OD) at 492 nm was noted using 
a microplate reader (Dynatech, Denkendorf, 
Germany). The experiments were performed 
in triplicate. The results were reported as the 
proliferation index (PI) of the MTT assay and 
calculated according to the ratio of OD550 
of pulsed cells with PHA to non-pulsed 
splenocytes.

Macroscopic and Microscopic Disease Severity 
Score

Rectal bleeding, stool blood, and stool 
consistency were monitored daily. The disease 
severity score was estimated as the sum of 
the scores of the parameters (table 1). Colon 
tissues were removed and fixed in a 10% 
neutral buffered formaldehyde solution for 
24 hours. Each sample was embedded in a 
paraffin block and stained with hematoxylin 
and eosin for light microscopy. Afterward, 
four samples were examined by a pathologist 
blinded to the study. The scoring system 
was based on the following criteria: intact 
epithelium, no leucocyte or hemorrhage (score 
0); <25% disrupted epithelium, focal leucocyte 
infiltrates, and focal hemorrhage (score 1); 25% 
disrupted epithelium, focal leucocyte infiltrates, 
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and focal hemorrhage (score 2); 50% disrupted 
epithelium, widespread leucocytes, and 
hemorrhage (score 3); and >50% disrupted 
epithelium, extensive leucocyte infiltration, 
and hemorrhage (score 4).21 The histological 
sections were assessed by two researchers 
blinded to the treatment groups.

Preparation of Colonic Homogenate
Approximately 10 cm of the distal colonic 

tissue was cut, opened, and washed with 
PBS. The same amount of the tissue was 
homogenized in 10 volumes of ice-cold 
physiological saline and then centrifuged at 
10,000 ×g at 4 °C for 10 minutes.22

Assessment of Myeloperoxidase Activity in the 
Colonic Homogenate

Myeloperoxidase (MPO) has mainly 
been used as a biochemical indicator of 
granulocyte, particularly neutrophil infiltration 
into gastrointestinal tissues. The MPO activity 
level was examined in accordance with a 
method described earlier. In brief, 10 µL of the 
homogenized sample was mixed with 80 µL of 
0.75 mM H2O2 and 110 µL tetramethylbenzidine 
(TMB) solution (2.9 mM TMB in 14.5% DMSO 
plus 150 mM sodium phosphate buffer at 
pH 5.4). The absorbance was immediately 
assessed at 450 nm (reference: 620 nm) on 
a microplate reader. The samples were then 
incubated at 37 °C for 15 minutes. In order 
to cease the reaction, 50 µL of 2M H2SO4 
was added and the absorbance was read 
spectrophotometrically at 450 nm. For the 
assay, 10 µL of horseradish peroxidase (HRP), 
2.5 and 25 mU/ml HRP were used. Finally, 
MPO activity was computed as the difference 
of absorbance relating to the standard curve 
of HRP. Data were presented as milliunits per 
milliliter (mU/mL).23

Determination of Nitric Oxide Concentration in 
the Colonic Homogenate

Griess reagent, a widely accepted 
colorimetric method for measuring nitric oxide 
(NO) concentration, was used to detect NO in 
colonic tissues. In brief, 50 µL of Griess reagent 
(0.1% sulfanilamide, 3% phosphoric acid, and 
0.1% naphthyl ethylenediamine) were coupled 

with 50 µL of homogenized colonic tissue and 
kept in the dark at 25 °C for 10 minutes. Then, 
the absorbance was measured at 540 nm on a 
microplate reader. The nitrite level was controlled 
in accordance with the standard curve.24

Malondialdehyde Determination in the Colonic 
Homogenate

Malondialdehyde (MDA) is one of the most 
prevalent byproducts of lipid peroxidation 
during oxidative stress. MDA assessment was 
performed in accordance with the procedure 
described in a previous study.25 According to 
the protocol, 2.5 ml reaction buffer (0.37% 
thiobarbituric acid, 0.25 M HCl, and 15% 
trichloroacetic acid, 1:1:1 ratio) was added to 
100 μL of colon homogenate and heated at 95 °C  
for an hour. After warming down, the mixture 
was centrifuged at 3,500 ×g for 10 minutes. 
Finally, the absorbance of the supernatant was 
counted at 540 nm on a microplate reader. Data 
were expressed as nM of MDA/mg protein.

Assessment of Inflammatory Cytokines in 
Colonic Homogenate

The levels of tumor necrosis factor-alpha 
(TNF-α), interleukin 1-beta (IL-1β), and 
interleukin-6 (IL-6) in the colon samples were 
measured using a commercially available 
enzyme-linked immunosorbent assay (ELISA) 
kit according to the manufacturer’s instructions 
(PeproTech, UK).26

Assessment of Total Protein Concentration in 
the Colonic Homogenate

Assaying the level of proteins using the dye-
binding method has a high level of accuracy 
and sensitivity. In the present study, the protein 
concentration was determined using pyrogallol 
red-molybdate assay. After the preparation of 
homogenized colon tissue, the total protein 
concentration was measured and quantified 
according to the manufacturer’s instructions 
(Zist Chemi Co, Iran).27 The increase in 
absorbance at 600 nm was directly proportional 
to the protein concentration in the sample.

Statistical Analysis
Statistical analysis was performed using 

SPSS software, version 23.0 (SPSS Inc., 

Table 1: Disease severity scoring system
Score Rectal bleeding Stool consistency Blood
0 None Normal Normal
1 Red Soft Red
2 Dark red Very soft Dark red
3 Gross bleeding Diarrhea Black
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Chicago, IL, USA). In the case of non-parametric 
values (discontinuous ranks related to the severity 
of the disease), the Kruskal-Wallis test followed 
by the Mann-Whitney U test with Bonferroni 
were applied to compare score differences 
between the groups. For continuous data, after 
confirming their normal distribution with the 
Kolmogorov-Smirnov test, these parametric data 
were assessed using the one-way analysis of 
variance (ANOVA) and Dunnett’s post hoc test. 
Data were expressed as mean±SD. P<0.05 was 
considered statistically significant.

Results

Characterization of MSCs
Adherent MSCs and non-adherent bone 

marrow cell-derived MSCs were characterized 
by commonly used MSCs markers (figure 1A).  
Flow cytometry analysis showed that neither 
adherent nor non-adherent MSCs expressed 
CD45, whereas both CD29 and CD90 
(common markers for MSCs in rats) were 
clearly expressed in both cells (table 2). 
Besides, the result of MTT assay showed that 
adherent and non-adherent MSCs in co-culture 
with activated T-cells significantly suppressed 
T-cell proliferation (figure 1B). 

Macroscopic and Microscopic Assessments of 
Colonic Tissue

Notable manifestations of colitis were severe 

bloody stool and diarrhea, particularly during 
the first few days. However, stool consistency 
was improved on day 5 in both the adherent and 
non-adherent MSCs treated groups. Towards 
the end of the experiment, no gross bleeding 
or bloody stool was observed in either group. 
As a direct result, the severity disease score 
was improved in both the adherent and non-
adherent MSCs groups after 10 days (figure 2).

A comparison was made between the 
treated groups and the colitis group based 
on the mucosal architectural abnormalities 
(lamina propria cellularity, neutrophil 
infiltration, and epithelial abnormality). To 
get a better understanding of the difference 
between the samples, normal colon tissue was 
initially examined using a light microscope. 
Extensive mucosal damage was generally 
accompanied by sub-mucosal edema, 
hemorrhage, and inflammatory cell infiltration 
after acid acetic induction. As indicated by 
regenerated epithelium and decreased number 
of inflammatory cells in lamina propria, the 
extent of pathological changes was significantly 
improved in both the adherent and non-
adherent MSCs groups (figures 3 and 4). 

The Condition of Inflammatory Mediators in 
Colonic Tissue

The level of MPO was significantly reduced 
in both the adherent and non-adherent MSCs 
groups compared with the control group 

Figure 1: Isolated mesenchymal stem cells were characterized by flow cytometry assay and their immunosuppressive features. 
(A) Immunophenotypic characterization of isolated mesenchymal stem cells. mesenchymal stem cells expressed CD54 and CD90 
but not CD45. (B) The co-culture of mesenchymal stem cells T-cells (*P<0.01 versus T-cells without mesenchymal stem cells).

Table 2: Immunophenotypic characterization of isolated adherent and non-adherent MSCs. The result of the t test indicated 
no difference between the groups
Marker Adherent MSCs 

(mean±SD)
Non-adherent MSCs 
(mean±SD)

P value

CD29 96.52±1.13 94.34±1.41 0.15
CD45 1.13±0.14 1.42±0.35 0.27
CD90 98.09±0.75 96.49±1.7 0.09
Data are expressed as mean±SD; MSCs: Mesenchymal stem cells
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(figure 5A). However, no significant regression 
was observed in the MPO activity between 
the treated groups. Similarly, the NO tissue 
concentration was significantly decreased in 
the treated groups compared with the control 
group (P<0.001); although the decrease in the 
adherent MSCs group was higher than in the 
non-adherent MSCs group (figure 5B). After 
cell therapy, the level of MDA in the colonic 
homogenate was equally reduced in both the 
adherent and non-adherent MSCs groups 
(figure 5C). In addition, the total concentration 
of tissue protein was significantly elevated in 
both treated groups compared with the control 
group (figure 5D).

Inflammatory Cytokines Changes in the Colonic 
Tissue 

As expected, the levels of TNF-a, IL-1β, and 
IL-6 were noticeably elevated in the colon tissue 

Figure 2: Both the adherent and non-adherent mesenchymal 
stem cells ameliorated the clinical scores of ulcerative colotis 
in the same manner as in the control colitis group (*P<0.001 
versus control positive rats).

Figure 3: The histological features of colon tissue from mice treated with non-adherent mesenchymal stem cells demonstrated 
a remarkable recovery of intestinal epithelial integrity. (A) Acetic acid control: Severe necrosis, hemorrhage, calcification with 
severe neutrophilic infiltration in lamina propria, and submucosa. H&E stain ×400. (B) Control rat: Colon with normal architecture. 
H&E stain ×400. (C) Non-adherent mesenchymal stem cells: Significant improvement of the histological alterations is shown by 
partial remission. Nevertheless, the focal surface epithelial destruction can be observed. H&E stain 400×. (D) Adherent MSCs: 
Regenerated epithelium with ameliorated looking gland architecture, decreased the number of inflammatory cells in lamina 
propria, and decreased hemorrhage. H&E stain 400×.
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of the colitis rats. However, after the treatment, 
their levels were significantly reduced in rats 
treated with both adherent and non-adherent 
MSCs. There was no significant increase in 
these cytokines in the specimens of the control 
rats (figure 6).

Discussion

UC is a chronic, disabling, and progressive 
disorder characterized by a lifelong treatment 
and has a detrimental influence on the quality 
of life of patients. For several decades, anti-
inflammatory drugs such as 5-aminosalicylic 
acid and glucocorticoids have been used 
to treat UC. However, as a result of a better 
understanding of the exact pathological 
mechanisms of UC, different therapies such 
as stem cell therapy have been proposed.28 
Several studies have reported the regenerative 
and immunomodulatory properties of MSCs 
in UC models.29-31 In the present study, we 
sought to determine whether the non-adherent 
fraction of MSCs could control inflammation in 
UC. We found that non-adherent MSCs had 
an almost similar therapeutic potency as the 
adherent MSCs.

The results showed an increase in the 
activity level of NO and MPO in the colonic 
homogenate of rats with colitis compared 
with the control rats. The acetic acid-induced 

Figure 4: Both the adherent and non-adherent mesenchymal 
stem cells significantly improved histopathological scores of 
colitis in rats (*P<0.001 versus control positive rats).

Figure 5: Evaluation of biochemical changes in colon tissues is shown in this figure. (A) Myeloperoxidase activity was reduced 
after cell injection. Both the adherent and non-adherent mesenchymal stem cells down-regulated myeloperoxidase activity in 
a significant manner compared with the control colitis group. (B) The levels of nitric oxide activity were down-regulated in the 
gut tissue of the treatment groups. There was no significant regression between the groups with adherent and non-adherent 
mesenchymal stem cells. (C) Administration of adherent mesenchymal stem cells and non-adherent mesenchymal stem cells 
markedly reduced the elevated lipid peroxidation. (D) The total protein concentration in colonic tissues differed in the treated 
groups. There was a significant difference between the adherent and non-adherent mesenchymal stem cells groups; nevertheless, 
both markedly increased the protein level compared with the control colitis group (*P<0.001 versus control positive rats).



Mashhouri S, Abtahi Froushani SM, Tehrani AA

348� Iran J Med Sci September 2020; Vol 45 No 5

colitis is a reliable experimental model to 
mimic UC pathogenesis in animal models.32 
Luminal administration of the acetic acid into 
the colon leads to acute local inflammation, 
extending into the lamina propria submucosa 
and external muscle layers.33 According to 
the disease pathogenesis, neutrophils are the 
major immune cells that migrate into the colonic 
tissue after luminal instillation of acetic acid and 
cause inflammatory injuries by uncontrolled 
production of oxygen and nitrogen species. A 
previous study demonstrated that the insertion 
of MSCs into the inflamed tissue would reduce 
local inflammation by suppressing MPO and 
NO production and promote tissue healing 
by reducing lipid peroxidation.34 Our results 
showed that both the adherent and non-
adherent MSCs could suppress the levels of 
oxygen and nitrogen reactive substances in 
the colitis rats. Due to the involvement of free 
radicals in the pathogenesis of UC, it is a useful 
strategy for eliminating these molecules. 

The hallmark of lipid peroxidation by oxygen 
and nitrogen species is the production of reactive 
aldehydes, such as malondialdehyde.34 One of 
the most important findings of our study was 
an increase in the level of MDA in the colonic 
homogenates in rats with colitis and the ability 
of MSCs to reduce its level. In this regard, a 
previous study demonstrated that MSCs 
increased the antioxidant capacity of small 
bowel tissue following an intestinal ischemia-
reperfusion injury.35 We demonstrated that 
after the migration of MSCs into the reperfused 
small intestine, these cells reduced oxidative 
stress as a result of the effects of superoxide 
dismutase, catalase, and glutathione 
peroxidase, as well as reducing the MDA level. 
Moreover, the level of MDA was decreased in 

both the adherent and non-adherent MSCs 
treated groups. Therefore, we believe that 
some of the beneficial effects reported in the 
current study stem from the potent antioxidant 
properties of non-adherent MSCs. 

It was also found that colitis reduced the 
total protein content of colonic homogenate. 
Intra-rectal administration of acetic acid 
solution caused a diffuse inflammation in the 
colon, which finally led to severe ulcerations 
and epithelium disruption. Free oxygen and 
nitrogen radicals, produced in the injured tissue, 
destroyed cellular integrity through nitrosation, 
oxidation, and chlorination of macromolecules 
like proteins.36 Although we observed a 
significant decrease in the level of total protein 
in colon tissue, non-adherent MSCs increased 
the total protein content compared with the 
control colitis group. Recently, it has been 
reported that irradiated mice treated with MSCs 
had a better outcome compared with untreated 
mice. Additionally, the irradiated mice that 
received MSCs showed less intestinal injury 
and a significant increase in the number of 
regenerating crypts by amplifying activation of 
Wnt/β-catenin signaling in the small intestines.37 
Furthermore, reduction of the disease severity 
score alongside improved tissue integrity 
indicated that non-adherent MSCs could not 
only regulate inflammatory responses but also 
enhanced tissue healing and regeneration. 

An increase in the level of inflammatory 
cytokines in rats with colitis was one of the 
expected findings of the present study. The 
inflammatory cytokines (IL-6, IL-1β, and TNF-
α) promoted and propagated the inflammatory 
reaction and injurious in inflammatory bowel 
disease.38 The results showed that the levels of 
these cytokines were down-regulated in the gut 
homogenate of the non-adherent MSCs treated 
group similar to that of the group treated with 
adherent MSCs. These cytokines were the 
key pathophysiologic elements that governed 
the initiation and evolution of UC. Thus, the 
reduction of pro-inflammatory cytokines could 
be a beneficial approach to control disease 
manifestation. It is evident that MSCs secreted 
anti-inflammatory molecules, which directly 
or indirectly suppressed the production of 
inflammatory cytokines.39 

Clinical application of culture-expanded 
bone marrow MSCs in autoimmune and 
autoinflammatory diseases has become widely 
accepted. However, obtaining a sufficient 
number of MSCs in a short time limits its wide 
clinical usage. There are different methods 
to expedite MSCs proliferation, such as 
growth factor supplements, anabolic drugs, 

Figure 6: The levels of T tumor necrosis factor-alpha, 
interleukin 1-beta, and interleukin-6   were significantly 
elevated in the colon samples of rats treated with the adherent 
or non-adherent mesenchymal stem cells (*P<0.001 versus 
control positive rats).
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or autologous serum. However, they might 
affect cell differentiation and functions after 
in vivo expansion and increase the risk of 
contamination. Therefore, isolation and culture 
of non-adherent MSCs allow us to increase the 
total number of MSCs in a short period of time. 

The main limitation of the present study was 
the short duration (10 days) of the experimental 
study. It is recommended to use a UC model 
over a long period to achieve a higher level of 
data reliability.

Conclusion

The results showed that non-adherent bone 
marrow-derived MSCs possess favorable 
anti-inflammatory characteristics. They can 
proliferate and differentiate into the specific cells 
of the target tissue, and thus play a pivotal role 
in the tissue regeneration after administration. 
We also demonstrated that by collecting non-
adherent MSCs, the absolute number of MSCs 
would increase in a short time. They may serve 
as a complementary source of MSCs in bone 
marrow, facilitating the clinical application of 
MSCs in the treatment of inflammatory diseases. 
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