www.als-journal.com/ ISSN 2310-5380/ February 2025

Full Length Research Article

Advancements in Life Sciences — International Quarterly Journal of Biological Sciences

ARTICLE INFO

Date Received:
05/02/2024;

Date Revised:
28/09/2024;
Available Online:
31/12/2024;

Author’s Affiliation:

1. Department of Biological
Sciences, Faculty of Science, King
Abdulaziz University, Jeddah -
Saudi Arabia

2. Department of Clinical
Anatomy, Faculty of Medicine,
King Abdulaziz University Jeddah
- Saudi Arabia

3. Stem Cell Research Unit, King
Fahd Medical Research Center,
King Abdulaziz University, Jeddah,
- Saudi Arabia

*Corresponding Author:
Wafaa Saadeldin Ramadhan
Email:
wramadhan@kau.edu.sa

How to Cite:

Ramadhan WS (2025). Bone
marrow-derived
mesenchymal stem cells: a
potential therapy in an
autoimmune hepatitis rat
model. Adv. Life Sci. 12(1):
105-113.

Keywords:

Liver; Autoimmunity; MSCs;
Inflammatory cytokines;
CD68; CD44; Histopathology

Editorial Note:

Readers may please see
figures with higher DPI given
at the end of Results section
in the HTML version.

Bone marrow-derived mesenchymal stem cells: a pdtential
therapy in an autoimmune hepatitis rat model

Nagia Sultan?!, Wafaa Saadeldin Ramadhan*2 3 Saleh Alkarim?3

PK]) INDEXED IN
e JOAJ

Abstract

ackground: Autoimmune hepatitis (AIH) is becoming more common worldwide. The therapy choices

for ATH are still limited, with unfavorable side effects resulting in patients with a low quality of life.

This study aims to study the therapeutic role of bone marrow-derived mesenchymal stem cells (MSCs)
on AIH in the rat model.

Methods: Twenty-nine white Wistar rats were used for a total of 53 days. Four groups were set up; Group I (5
rats) was used as the negative control (CON). Group II (24 rats) was administered Concanavalin A (Con A) 20
mg/kg ip once a week for five consecutive weeks. Sixteen rats from group II were divided among groups III
and IV after stoppage of Con A and injected with 2 x10® BM-MSCs via tail vein. Group III (TTT-12) rats were
sacrificed after 12 days and Group IV (TTT-18) after 18 days. Morphological, biochemical, histopathological,
and immunohistochemical studies were conducted.

Results: The administration of BM-MSCs lowered elevated serum levels of AST by 47% after 12 days and 19%
after 18 days whereas the level of ALT decreased by 13% and 20.8%in group Con A. Serum inflammatory
cytokines IL-10 and tumor necrosis factor alpha (TNF-o) increased in the Con A group were decreased in
treated groups by 27% and 23% in TTT-12 and 22.8% and 1.8% in TTT-18. In group TTT-12, the area of
Kupffer cells immunostained with CD68 was significantly reduced by 72%, whereas the BM-MSCs
immunostained with CD44 were more intense by increasing by 257%. The therapeutic effect of BM-MSCs in
group TTT-12 exceeded that in TTT-18 decreasing liver enzymes, inflammation and fibrosis, and restoring
liver structure.

Conclusions: BM-MSCs achieved a considerable short-term improvement in the AIH model; however,
repeated injections were necessary to achieve a sustained therapeutic effect.
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Introduction

Autoimmune hepatitis (AIH) is a sustained
inflammatory disease among various age groups
worldwide. Although autoimmunity diseases are
infrequent, it is increasingly identified globally [1]. ATH
incident rate strikingly increased in the period (2014-
2016), relative to the preceding years (2008-2010) [2].
AIH has a wide clinical spectrum, ranging from
symptom -free presentation [3] to an acute severe
disease [4]. The progression of AIH can pass unnoticed
and consequently untreated resulting in chronic
hepatitis in 70%-80% of the cases and 33% with
cirrhosis by the time it is recognized [5, 6] Portal
hypertension, liver failure, and hepatocellular
carcinoma are common consequences of cirrhosis of
the liver [7]. The underlying causes of AIH are still
obscure; however, environmental factors, epigenetic
changes, and gut microbiome have been correlated
with its development [8].

In genetically predisposed individuals, AIH is mostly
triggered by infections [9]. Viral infections reveal a
process of molecular pathogenesis simulation. This
occurs when the immune response is directed towards
self-antigens rather than the real pathogen due to
structure similarity initiating AIH. Proteins of the
hepatitis C virus have shared amino acid sequences
with autoantigen CYP2D6 resulting in AIH-2 [10,11].
AIH typically exhibits pathological picture of fierce
hepatitis, evident by the presence of lymphocytes,
macrophages, and plasma cells [12]. AIH is essentially
known as a T-cell-driven disorder, with B-cell
activation dependent on T-cell involvement [13].
Immunosuppressive drugs are the common therapeutic
measure for AIH. Still, liver cell failure results when
patients do not respond to such drugs [14].

The marked side effects accompanied with the
corticosteroids therapy can be accompanied by
impaired quality of life [15]. Clinically, the
complications developing from AIH often hinder its
improvement, increasing the mortality rate [16].The
global spread of AIH focuses attention on the prompt
need for new therapeutic strategies [17]. Recent
research revealed significant advancements in stem cell
therapy [18]. MSCs, pluripotent stem cells, can migrate
to injured areas and apply their therapeutic effect [19].
The source of MSCs markedly affects its potential role
in differentiation and proliferation [20]. This was
related to the various microenvironments in which the
MSCs are present [21]. The sources of MSCs have been
previously documented to include bone marrow, fetal
membranes such as placenta, umbilical cord, and
amnion [22], as well as adipose tissue [23]. Clinically,
the bone marrow-derived MSCs are the most
considered [24]. MSC-based therapy is becoming a
prominent measure in treating a wide range of liver
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pathology due to its capabilities in immunomodulation,
anti-fibrotic  effects, and differentiation into
hepatocyte [25]. Not long past, the therapeutic
advantages of MSCs were investigated clinically in
cases of stroke, multi-system atrophy, multiple
sclerosis, Parkinson’s disease, Alzheimer’s disease,
chronic spinal cord injury, and cardiovascular disease
[26]. It is established that preclinical studies in animal
models proved successful, especially when studying the
development of new therapeutic measures. The AIH
animal model proved a good simulation for the
pathology of AIH in humans [27]. Administration of
Concanavalin A (Con A) to animals induced liver injury
associated with a marked increase of interleukin 2 (IL-
2), IL-4, and interferon-gamma (IFN-y) preceded with T
helper cells activation [28].

Hence the present work aimed to assess the early
and late therapeutic role of BM-MSCs in AIH rat model
induced by Con A.

Methods

Drug and chemicals

Concanavalin A (ConA) was purchased from (Nanjing
duly biotech Co. Ltd (Xinjiang, China). CD44
antibody was obtained from (Solarbio Science &
Technology Co., Ltd., Beijing, China). Dulbecco & 39;s
modified eagle medium low glucose (DMEM-LG), with
10% fetal calf serum,1%glutamine (Gibco, USA) and 1%
penicillin/streptomycin (Sigma-Aldrich, USA ).

Animals

29 male Wister albino rats 10-12 weeks old, weighing
-192-215g, were obtained from the animal house in the
Faculty of Pharmacy, Jeddah, Saudi Arabia. 5 male mice
8-10 weeks, weighing 25-27g, were used for isolation of
MSCs. All animals were housed in plastic cages
following guidelines of the National Institutes of
Health for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978). Their
environment was pathogen-free, maintained at a
constant temperature of 22 °C, and on a 12:12 h light-
dark cycle. Rats were provided with unrestricted
standard food and water. All experimental procedures
were performed according to the animal ethical
regulation of the Faculty of Pharmacy and approved by
the Ethics Committee (No “PH-1443-19”), following
the NIH guidelines.

Experimental plan
Rats were randomly organized into four distinct
groups:

- Group I (CON): (N= Five) served as negative
control. Animals were given physiological
saline at the same dose of Con A ip for the
same period.
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- Group II (Con A): (N= Twenty four) served as
an AIH model. Rats were administered with
Con A (20 mg/kg) ip once every seven days for
five successive weeks [29, 30]. Sixteen rats
from group Con A were separated and equally
divided into the following groups for
treatment.

- Group III (TTT-12): Consisted of 8 rats that
received Con A in group II. After Con A was
discontinued, 0.2 ml of DMEM solution
containing BM-MSCs 2 x10°was injected into
the rat tail vein. Animals in this group were
sacrificed 12 days after the administration of
BM-MSCs [31, 32, 33].

- Group IV (TTT-18): Eight rats from group II,
received Con A, were administered BM-MSCs
suspension (2 x10°¢ in 0.2 ml of DMEM) via the
same route after the stoppage of Con A.
Animals in this group were sacrificed 18 days
after the administration of BM-MSCs [34].

The injection into the rat tail vein was done using a 26-
gauge Kovax syringe (Koreavaccine, Gyeonggi,

Isolation and expansion of MSCs

Five male SWR/] mice, 8-10 weeks old, were used to
extract MSCs from bone marrow following a previous
established protocol [35]. After sacrification by cervical
dislocation, femurs and tibiae were extracted, cleaned
and tip removed before centrifugation at 10,000 x g for
15s. The bone marrow cells were filtered through a 70-
mm nylon mesh filter (BD,Falcon, USA). Cells were
harvested into a 6-well plastic culture plate with
(DMEM-LG), 10% fetal calf serum, 1%glutamine, and
1% penicillin/streptomycin. Trypsinization was done,
after the primary culture reached 90% confluence. The
collected cells were cultured and the medium refreshed
every three days. The cells from the third passage were
used after checking their viability and counting them
using a hemocytometer. [36]. The cells became
attached, long, spindle shaped with thin cell body as
typically described previously [37].

Biochemical analysis

Blood was drawn from the retro-orbital plexus of veins
under light ether anaesthesia, 24 hours after the last
Con A dosage, and at the time of sacrifice [38]. The
serum was separated by centrifugation at 1300 rpm for
10 minutes. Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels were measured
both before and after MSC transplantation [39]. Tumor
Necrosis Factor Alpha (TNF-a) levels and Interleukin 10
(IL-10) were measured using an ELISA kit. (My
BioSource, San Diego, California, USA).
ELISA testing was performed using a DSX system
(Dynex Technologies-Technogenetics-Germany) in
accordance with the manufacturer's instructions.

Bone marrow-derived mesenchymal stem cells: a potential therapy in an autoimmune hepatitis rat model

Histological and immunohistochemical analyses
Histopathological Study

The rats were anesthetized by sodium pentobarbital
diluted in saline (80 mg/kg /ip) [40] followed by cervical
dislocation. The abdomen was dissected, and the livers
were removed, washed and fixed in10% buffered
formalin, dehydrated in graded alcohol and embedded
in paraffin. Sections 4-um thick were cut and processed
for staining with hematoxylin and eosin to assess the
general structure of the liver and Masson's trichrome
stain to evaluate liver collagen [41]. Sections were
examined under light microscope (Olympus BX51TF)
and photographed by camera DP72 color.

Immunohistochemical Study

4-um-thick cut sections from previously prepared
paraffin blocks were deparaffinized, rehydrated,
subjected to antigen retrieval in a microwave and had
endogenous peroxidase blocked with 3% hydrogen
peroxide. The slides were treated with CD44 and CD68
antibodies (Solarbio Science &amp; Technology Co.,
Ltd.) (Beijing, China), at 4°C overnight. The
horseradish peroxidase/Fab polymer conjugate was
used after a wash with PBS. Diaminobenzidine 1:20
dilution; Zymed Laboratories was utilized for cell
identification [42].

Image analysis

Immunohistochemically and Masson’s trichrome
stained slides were examined and photographed. Five
non overlapping images for each slide were examined
and analyzed for area percent of cells
immunohistochemically stained with CD44 and CDé8,
or blue colored stained collagen in Masson’s trichrome-
stained slides using image Pro software, version 7.

Statistical analysis

The sample size was calculated following the equation
E = (number of animals in each group x number of
groups) — number of groups. The sample size was then
corrected following the equation:

Corrected sample size = Sample size/ (1- [%
attrition/100]) [43].

In this experiment, the attrition percent was 20%.
Statistical analyses were carried out using SPSS
(version: 20). The mean * SD was employed to
represent the results. The comparison between groups
was illustrated using the One-way ANOVA. In all
analyses, statistical significance was stated at p < 0.05.

Results

Morphological results

The general condition of rats was traced. Rats of the
AIH group did not show any abnormal behavior or
alteration in the amount of food and water consumed,
yet on dissection, bleeding on the surface of the liver
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was detected in 2 rats. The administration of Con A did
not precipitate any mortality among the rats. Three out
of the 16 rats administered BM-MSCs had diarrhea for
10 days, but no mortality cases were encountered. The
gross morphology of the livers of the four groups did
not show any difference. However, the ratio of liver
weight to body weight % of rats revealed a significant
difference. As the liver weight in the Con A group
increased, the resulting ratio also increased compared
to other groups.

Following the administration of MCSs in groups TTT-
12 and TTT-18, the relative liver-to-body weight was
decreased compared to that of the Con A group due to a
decrease in liver weight (Figure 1 A& B). This may be
attributed to the marked congestion accompanying the
inflammatory process in the livers of the Con A group,
which decreased during treatment with MCSs.
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Figure 1: (A) Photomacrographs of livers of all groups. (B) Bar
graph showing the liver weight/body weight ratio % of all
groups. (CON) is the negative control, (Con A) administered
Concanavalin A (TTT-12) injected with BM-MSCs after 12 days
and (TTT-18) after 18 days. The (LSD) t-test was applied when
equal variance could be assumed. Data are presented as means *
(SD).

(*) significantly different from the control, P < 0.05

(**) significantly different from Con A group at P < 0.05

Biochemical results

The liver function tests revealed a marked increase of
AST and ALT (triple upper limit of normal) in the sera
of the ATH model group (CON A). Groups III and IV
treated with MSCs revealed a significant decrease in
the liver AST and ALT compared to group II; AST
dropped by 47% after 12 days and 19% after 18 days.
ALT decreased by 13% in group (TTT-12) and 20.8%
(TTT-18) (Figure 2 A& B). There was a significant
increase of serum inflammatory cytokine (TNF-alpha)
in rats of group CON A, but administration of BM-MSC
decreased level by 23% in Group III and by 1.8% in
Group IV.

Similarly, the sera level of Interleukin-10 (IL-10)
revealed marked increase in the AIH model compared
to treated rats in groups III and IV. The decrease in IL-
10 levels was 26.3% and 22.8% in rats of groups III and
IV, respectively (Figure 2 C& D).
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Figure 2: Bar graph showing serum analysis of (A) aspartate
aminotransferase (AST) and (B) Alanine aminotransferase (ALT),
levels of inflammatory cytokines, (C) Tumor necrosis factor
(TNF-a), (D) Interleukin 10 (IL-10). (CON) is the negative
control, (Con A) administered Concanavalin A (TTT-12) injected
with BM-MSCs after 12 days and (TTT-18) after 18 days. The
(LSD) t-test was applied when equal variance could be assumed.
Data are presented as means * (SD).

(*) significantly different from the control, P < 0.05

(**) significantly different from Con A group at P < 0.05

Histological study

Liver sections stained with H&E revealed normal
structured framework of pericentral and periportal
areas of livers of the CON group. In (Con A) group, the
livers manifested a distorted structure with apoptotic
hepatocytes having deep eosinophilic cytoplasm and
pyknotic nuclei around a congested central vein. In the
periportal area, the mononuclear inflammatory cells
embraced the congested portal vein and hepatic
arteries. Numerous hepatocytes had pyknotic nuclei.

In animals administered BM-MSCs, the livers of
group (TTT-12) showed repaired hepatic structure with
minimal pericentral and periportal mononuclear
inflammatory cell infiltration. In group (TTT-18), the
pericentral area showed a congested central vein and
hepatocytes with profoundly eosinophilic cytoplasm
and pyknotic nuclei. Persistent pathological hepatic
changes were still evident with the portal tract showing
distorted structure and congested hepatic artery.
Masson’s trichrome -stained liver sections of the (Con
A) group showed profound fibrosis in periportal field
than in the pericentral zone. Livers of rats in group
(TTT-12) revealed a significant decrease in the mean
area per cent of Masson trichrome-stained collagen
fibers as compared to AIH model (Con A) and group
(TTT-18) (P < 0.05). The potential therapeutic efficacy
of BM-MSCs was found to be more effective when
administered early rather than late. (Figure 4 A & B).
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CON

Con A

Figure 3: Photomicrograph of sections of the liver from all
groups of periportal (A) and Pericentral (B) areas; Livers of CON
group showing well organized structure of the liver. In group
(Con A), congestion portal vein (PV) and hepatic artery (HA),
mononuclear inflammatory cells dispersion (arrow). Congestion
of the central vein, and hepatocytes with pyknotic nuclei and
deep eosinophilic cytoplasm (dashed arrow). Liver of TTT-12
shows the normal hepatic structure. In (TTT-18) group livers
still show congestion of (PV) and (CV) with prevalence of
inflammatory cells. (H&E x 200)

Figure 4: (A)Photomicrographs of sections of livers stained with
Masson'’s trichrome in all groups. (Magnification x 100) (B) Bar
graph showing area % of blue- colored collagen in sections of all
groups. (CON) is the negative control, (Con A) administered
Concanavalin A, (TTT-12) injected with BM-MSCs after 12 days
and (TTT-18) after 18 days. The (LSD) t-test was applied when
equal variance could be assumed. Data are presented as means +
(SD).

(*) significantly different from the control, P < 0.05

(**) significantly different from Con A group at P < 0.05

Immunohistochemistry

The CD68 immunostained Kupffer cells illustrated the
inflammatory areas in liver sections and were
quantified as area percent. Sections of the (Con A)
group revealed an immense increase (8.11. *0.48)
which was markedly reduced by 73.6% in the group

Bone marrow-derived mesenchymal stem cells: a potential therapy in an autoimmune hepatitis rat model

(TTT-12) and by 26% in the group (TTT-18) (Figure 5
A&B). The area percent of BM-MSC immunostained
with CD44 was extensive in sections of livers of the
group (TTT-12), which was higher by 46% than in the
group (TTT-18). On the other hand, the untreated (Con
A) group revealed a significant decrease compared to
the groups administered BM-MSCs (Figure 5 C&D).

AL —
Figure 5: (A) Photomicrographs of immunostained kupffer cells
with CD68 in livers of all groups. (Magnification x 200) (B) Bar
graph showing area % of Kupffer cells immunostained with CD68
which appear decreased in livers of group TTT-12. (C)
immunostained BM-MCSs with CD 44 (Magnification x 200). (D)
Bar graph showing area % of immunostained BM-MCSs with CD
44 in all groups. CON) is the negative control, (Con A)
administered Concanavalin A, (TTT-12) injected with BM-MSCs
after 12 days and (TTT-18) after 18 days. The (LSD) t-test was
applied when equal variance could be assumed. Data are
presented as means * (SD).
(*) significantly different from the control, P < 0.05
(**) significantly different from Con A group at P < 0.05

Discussion

The liver has a distinguished immune pattern to
actively avoid needless immune responses to food
antigens and toxins of the alimentary tract reaching
the liver [44]. However, in AIH, abundant inflammatory
responses to self-antigens are not competently
dominated by the liver’s tolerogenic mediators [45].
Thus, AIH is regarded as an immune-mediated
inflammatory liver disease with a rising incidence and
fatality rate [46].

In the present study, Con A was adopted to induce
immune-mediated hepatitis in a rat model of liver
injury due to its similarity to AIH in humans [47].

The challenges in managing AIH are significant.
Corticosteroids are the primary choice in treating AIH,
and in cases of remission, which occurs in 80% of
patients, immunosuppressive therapy is added [48].
Hazards of immunosuppressive drugs include increased
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risk for some malignancies. Moreover, predominant
infections are revealed both early after transplantation
(bacterial and fungal) or later as viral fulminating in
the long term [49].

The present study aimed to evaluate the therapeutic
effect of bone marrow-derived MSCs in cases of AIH.
MSCs were selected because they can be sorted from
various types of tissues, including tonsils, amniotic
fluid, and placenta [50, 51]. From a therapeutic
standpoint, the preference for MSCs over other types of
stem cells, such as embryonic and induced pluripotent
stem cells, is due to their therapeutic privileges. MSCs
modulate immune function, move to the injured site,
withstand immunological reactivity, and have no
ethical violations [52]. In the present work, MSCs
derived from mice bone marrow were administered into
the AIH rat model. Other researchers have recorded
this interspecies transfer of cells previously [53]. The
authors successfully transplanted islet cells from mice
pancreas into rats genetically deficient in the
pancreas. This was followed by the isolation of islets
from rat pancreas, which initially developed from mice,
and their transplantation into diabetic mice induced by
streptozotocin. Interestingly, the blood sugar of
diabetic mice was regulated. Similarly, BM-MSCs from
Pcrx2K-/acZ  transgenic mice were subretinally
transplanted in rats to investigate if MSCs can enhance
the existence of photoreceptor cells in vivo. The results
revealed MSC culture-induced proliferation of
photoreceptor cells [54]. MSC proved its potential
therapeutic effect in other hepatic lesions. MSCs-
exosomes proved to have an inhibitory effect on the
Diethylnitrosamine-induced HCC rat model [55]. In a
clinical trial, autologous MSC proved an effective
short-term therapy for hepatitis B virus-induced liver
failure [56]. Moreover, BM-MSC enhanced liver
regeneration in alcoholic liver disease mainly by
interfering with the inflammatory response [57].

In the present study, there were no mortality cases
among rats of all groups. Actually, the detailed amount
of food and water intake was not measured, as the
focus was not on the metabolic activity of the rats, and
the general condition was stable. This could also
explain why the morphologic changes of livers in the
present study revealed that the relative liver weight to
body weight was consistent with previous findings,
showing a significant increase in the Con A group [58].
The present results revealed a marked increase in the
levels of ALT and AST of the Con A group compared to
the control group. This was in agreement with the
previous results [59]. Similarly, administration of MSCs
in patients diagnosed with alcoholic hepatitis restored
levels of ALT and AST to normal [60]. Administration of
MSCs dramatically improved overall liver function. The
results exhibited a significant decrease in AST and ALT
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on the 12*" and 18™ days, exhibiting therapeutic
efficacy on MSCs.

Moreover, the deformed histological structure of
livers of the Con A group elucidates a fall in liver
function. These results are in line with earlier research
[61, 62]. In rats of the Con A group, the marked
congestion of portal and central veins with infiltration
of mononuclear inflammatory cells was alleviated by
the administration of BM-MSCs. The improvement of
liver structure after 18 days was less evident than in the
12-day  treatment group. Other researchers
observed liver fibrosis was alleviated after MSCs
treatment in rats and humans. They claimed that MSCs
inactivated stellate cells for 14 days after the
transplantation [63]. The process by which Con A-
induced liver damage was induced by the activated
Kupffer cells to secrete a variety of proinflammatory
cytokines and induced liver tissue inflammation were
critical factors in developing Con A liver injury [64].
The area percent of the hepatic Kupffer cells
immunostained with CD68 in the livers of the Con A
group was significantly higher than in the CON group.
However, following BM-MSCs administration, a
significant reduction of 73.6% after 12 days (TTT-12)
and 26% after 18 days (TTT-18) was documented,
demonstrating an anti-inflammatory effect of the MSCs
therapy. Moreover, the inflamed intrahepatic
microenvironment is fortified with proinflammatory
cytokines, such as IL-6, IL-12, IFNy, and TNFa [65].
They play a significant role in immune cells'
mobilization, differentiation, existence, and
proliferation. The subjection to proinflammatory
signals leads to a decrease in the effectiveness of
regulatory T cells (Treg) or resistance of T effector cells
to Treg cell suppression [66]. Such findings explain the
increase in IL-10 and TNF-a in the rats of the Con A
group in the present study. Previous research confirms
that serum TNF-a and IL-10 are major factors in
initiating and establishing AIH [65,67].

The present results revealed the diminution of sera
IL-10 and TNF-o in Con A under the effect of
MSC. This could be verified by the immune regulation
exerted by the MSCs in the liver, which was found to be
via cell-cell interaction or secretion of anti-
inflammatory elements. They also decrease the
proinflammatory cytokines by hindering the activation
of the natural killer cells [68, 69]. The active substances
secreted by MSCs have angiogenic and antiapoptotic
properties that ameliorate the injury of tissues at the
affected sites and restore blood supply [70]. The
mechanisms by which MSCs participate in liver
regeneration were attributed to enhancing liver cell
recovery by secreting cytokines, sustaining the stellate
cell function, and inducing the proliferation of the
primary liver stem cells [68].
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The segregated BM-MSCs successfully expressed
recognized MSCs surface markers, CD44, consistent
with a prior study [70]. In group TTT-12, the BM-MSCs
immunostained with CD 44 area was more intense than
in group TTT-18. Previous research claimed that MSCs
have low engraftment due to their short life
[71]. MSCs have been characterized before by positive
cell surface markers, CD90, CD105, CD44, CD73,
CD166, and CD140b, and being negative to CD45,
CD34, CD31, and the macrophage marker CD11b as
there are no standard phenotypic markers to cover the
MSC [70]. The delivery method is vital to MSC
transplantation and its therapeutic effect. A successful
delivery method will achieve safe arrival at the
intended damaged area and high regenerative power
with minor ill undesirable effects. The most convenient
mode of MSC transplantation is the intravenous route.
This route has proved the efficient distribution of
MSCs, mainly in various body organs [72]. Previous
experiments have proved the accumulation of MSC in
injured organs such as myocardial infarction and
injured lung tissue [73, 74]. This migration was
described as the active phase following the passive
phase in which MSC resided in the lung first, a
phenomenon described as homing [75]. It is assumed
that the injured liver may produce cytokines to enroll
BM-MSCs in the affected areas [76]. This explains the
migration of MSCs from the injection site to distant
regions of injury. In the present study, the area percent
of CD44 immunostained MSCs was significantly higher
in sections of rats in group TTT-12 than in group TTT-
18.

In the present study, although tracing of the
intravenously injected BM-MSC was lacking, detailed
recognition of the cells in the target organ, the liver,
was achieved. Further research is also needed to
elucidate the secretory function of BM-MSC in the
target organ and to study the long-term efficacy of BM-
MSC in vivo. The results of this study assist the
therapeutic potential of BM-MSCs in AIH. Biochemical
analysis and histopathological study of livers revealed
that BM-MSC administration ameliorated liver
function, lowered liver enzymes, decreased
inflammatory process in the liver, and restored its
structure. The administration of 2x10° MSCs efficiently
lowered Con A-induced hepatitis after 12 days, but the
effect was insignificant after18 days. This may be
attributed to either the need for higher cell counts or
administration of a second dose of BM-MSCs.
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