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Abstract: Objectives: Osteoarthritis (OA) is a degenerative joint condition that is persistent. OA affects millions of
people throughout the world. Both people and society are heavily economically burdened by osteoarthritis. There
is currently no medication that can structurally alter the OA processes or stop the disease from progressing. Stem
cells have the potential to revolutionize medicine due to their capacity to differentiate into chondrocytes, capacity
to heal tissues and organs including osteoarthritic joints, and immunomodulatory capabilities. Therefore, the goal
of the current investigation was to determine how bone marrow-derived mesenchymal stem cells (BM-MSCs) and
chondrogenic differentiated mesenchymal stem cells (CD-MSCs) affected the treatment of OA in rats with mono-
sodium iodoacetate (MIA)-induced osteoarthritis. Methods: Male Wistar rats were injected three times with MIA (1
mg)/100 pL isotonic saline to induce osteoarthritis in the ankle joint of the right hind leg. Following the MIA injec-
tion, the osteoarthritic rats were given weekly treatments of 1 x 10 BM-MSCs and CD-MSCs into the tail vein for
three weeks. Results: The obtained results showed that in osteoarthritic rats, BM-MSCs and CD-MSCs dramatically
decreased ankle diameter measurements, decreased oxidized glutathione (GSSG) level, and boosted glutathione
peroxidase (GPx) and glutathione reductase (GR) activities. Additionally, in rats with MIA-induced OA, BM-MSCs and
CD-MSCs dramatically boosted interleukin-10 (IL-10) serum levels while considerably decreasing serum anticitrul-
linated protein antibodies (ACPA), tumour necrosis factor-a (TNF-ot), and interleukin-17 (IL-17) levels as well as ankle
transforming growth factor-B1 (TGF-B1) expression. Analysis of histology, immunohistochemistry, and western blots
in osteoarthritic joints showed that cartilage breakdown and joint inflammation gradually decreased over time.
Conclusions: It is possible to conclude from these results that BM-MSCs and CD-MSCs have anti-arthritic potential in
MIA-induced OA, which may be mediated via inhibitory effects on oxidative stress, MMPs and inflammation through
suppressing the NF-kB pathway. In osteoarthritis, using CD-MSCs as a treatment is more beneficial therapeutically
than using BM-MSCs.
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Introduction function of the synovial joints is impacted by

osteoarthritis [2]. Both people and society are
Osteoarthritis (OA) is a condition that affects heavily burdened financially by osteoarthritis
both young and old people’s musculoskeletal [3]. It is the most prevalent type of arthritis and
systems according to Liu et al. [1]. The normal one of the main factors contributing to the
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impairment of 303 million people worldwide
[2]. The physical and financial burden of OA is
enormous due to an ageing population and the
fact that it is one of the primary causes of dis-
ability in the elderly [1, 4].

Age, obesity, joint trauma, genetics, gender,
crystal deposition disorders-like gout, and met-
abolic/endocrine diseases like diabetes are the
most important risk factors for the onset of OA
[5]. The hallmarks of OA progression are inflam-
mation, chondrocyte apoptosis, and cartilage
extracellular matrix (ECM) loss, which cause
articular cartilage to degrade [6].

Currently, it is unclear how to pinpoint the exact
cause of OA in particular, and the probability
that OA will progress depends on a variety of
factors. It can be suggested that dysbiosis of
the gut microbiota, which results in obesity,
insulin resistance, and systemic inflammation,
predisposes people to the development of OA
[7]. The majority of therapy attempts, however,
have only been successful in symptom reduc-
tion (pain relief) [8].

Despite significant research, there is currently
no cure for OA or effective way to stop it from
progressing [9]. The monosodium iodoacetate
(MIA)-induced model of OA is an excellent
experimental model that, in contrast to surgical
models, is easy to construct and results in OA
alterations that are the same as those observed
in human beings [10]. As inflammatory cyto-
kines are raised and anti-inflammatory cyto-
kines are decreased, it mimics the inflamma-
tion process [11].

Mesenchymal stem cell (MSC) therapies have
attracted attention recently because they help
to protect, regenerate, and restore damaged
and degenerating arthritic joints [12-14].

For the development of cell-based therapeutic
strategies for tissue repair and regenerative
medicine, bone marrow-derived mesenchymal
stem cells (BM-MSCs) hold significant promise.
In several investigations, both in animal models
and even in clinical research, the impact of
mesenchymal stem/stromal cell-based therapy
on cartilage repair has been demonstrated [15,
16]. One of the first types of stem cells to be
used in the clinic are BM-MSCs because they
are simple to isolate, have the capacity to dif-
ferentiate into multiple lineages, and can multi-
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ply extensively in vitro [17]. Adult MSCs can dif-
ferentiate into cells of ectodermal (neurons),
endodermal, and mesodermal origins including
osteoblasts, chondrocytes, and adipocytes
[18]. An intra-articular injection of chondro-
cytes improves the condition of the damaged
cartilage, stops further cartilage degradation,
and prompts cartilage healing [19]. Because
they share traits with the host tissue, differenti-
ated MSCs are advantageous for replacing
damaged tissue. According to several research
reports, transplanting chondrogenic differenti-
ated MSCs (CD-MSCs) has beneficial results in
treating OA [20]. In order to cure OA, it may be
necessary to differentiate MSCs into certain
chondrogenic cells through their manipulation
for transplant into patients. The modification of
extracellular niches, which is typically mediated
by “cocktails” made up of growth factors, sig-
nalling molecules, and/or genetic manipula-
tions, is what causes stem cells to differenti-
ate. This process is regulated by intrinsic and
extrinsic regulators as well [21].

The aim of this work is to assess the in vivo
effects of undifferentiated BM-MSCs and CD-
MSCs in alleviating oxidative stress, joint degra-
dation, and inflammation caused by monosodi-
um iodoacetate (MIA)-induced ankle OA in the
rat model.

Materials and methods
Experimental animals

In the current study, 40 male Wistar rats
were employed. They were 6-7 weeks old and
weighed between 110 and 120 g. The Helwan
Farm, Holding Company for Biological Products
and Vaccines (VACSERA), Egypt, provided the
animals for this study. Prior to the start of the
investigation, animals were kept under obser-
vation for about 7 days to get monitor for any
diseases. The animals were kept in polypropyl-
ene cages with stainless steel ventilated cov-
ers in the Animal House of the Department
of Zoology, Faculty of Science, Beni-Suef Uni-
versity, Egypt, at a standard temperature (20-
25°C) and regular daily lighting cycle (10-12 h/
day), as well as with a balanced standard diet
and water readily available at all times. The
experimental study using Wistar rats was
approved by the ethics committee for the care
and use of animals, Faculty of Science, Beni-
Suef University, Egypt (Ethical approval num-
ber: 020-118).
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Induction of OA

The ankle joint of the right hind leg was injected
three times with 100 pL of physiological saline
containing 1 mg of MIA (Sigma-Aldrich, St.
Louis, MO) to cause OA [22].

Isolation and culture of BM-MSCs

The technique for isolating and cultivating
BM-MSCs is based on ideas from Pittenger et
al.[23], Aggarwal and Pittenger [24], Chaudhary
and Rath [25], as well as our earlier works [12,
26].

Isolation of BM-MSCs: The techniques of
Pittenger et al. [23] and Aggarwal and Pittenger
[24] were used to isolate stem cells. Ten mL of
finely prepared marrow was carefully placed
over 1 mL of Ficoll-Hyopaque solution (1.077 g/
cm?3; Sigma, St. Louis, Missouri, USA) in sterile
centrifuge tubes. The mixture was centrifuged
for 20 minutes at 22°C at a speed of 1500-
1800 rpm. The supernatant was carefully aspi-
rated and discarded after centrifugation to
avoid disrupting the cell suspension-Ficoll
interface. A sterile pipette was used to transfer
the concentrated marrow aspirate into another
sterile tube. A final suspension was created by
adding phosphate buffered saline to the cell
suspension in a 15-mL conical tube and thor-
oughly washing the mixture by centrifuging for
10 minutes at 1500-1800 rpm and 4°C. The
supernatant was decanted and the process
was repeated several times.

Culture of BM-MSCs: The cell pellet was quickly
washed in phosphate buffer saline (PBS) after
the supernatant had been decanted, and it
was then suspended in full DMEM (DMEM
supplemented with 15% FBS, 0.36% sodium
hydrogen carbonate, and 1% penicillin-strepto-
mycin solution). The number of living and dead
cells was counted using a hemocytometer at a
100x magnification after the cells were stained
with trypan blue solution (0.2%) to measure the
viability of the cells (the number of viable cells
relative to the total number of cells). In sterile
T-25 cm? Greiner cell culture flasks with canted
necks, 25 x 10° cells were seeded at a density
of 1 x 10° cells/cm? area, and they were then
placed in a 37°C, 5% CO,-humidifed incubator
(Biobase, Model: BJPX-C50; South Gongye
Road, Jinan, Shandong Province, China). Each
incubation took place for 4 days, during which
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dead, floating, and non-adherent cells were
removed until the cells had reached 70 to 80%
confluence. Following this, adherent cells were
treated with two sterile PBS washes (pre-
warmed at 37°C) and trypsinized for two to
three minutes every seven to ten days of cul-
ture using 1 to 2 mL of trypsin (0.25%)/EDTA (1
mM) (pre-warmed at 37°C). Using an inverted
biological microscope, cells were checked to
ensure that adhering cells had detached (Novel,
Model: NIB-100; Jiangsu, China). The addition
of 3-5 mL of full DMEM stopped the action of
trypsin. Cells were then gathered and centri-
fuged for 5 minutes at 3000 rpm. After decant-
ing the produced supernatant, DMEM was
added, and centrifugation was used to wash
the cell pellet. The cell pellet was resuspended
in full media and divided into 1:2 and 1:3 ratios
for the first, second, and subsequent passes.
Osteoarthritic rats were quickly injected with 1
x 10° cells/rat in an incomplete DMEM at a
viability level of greater than 95% in the lateral
tail vein.

Chondrogenic differentiation of BM-MSCs

We followed existing techniques to carry out in
vitro chondrogenesis [27]. Trypsinization, wash-
ing, and the transfer of 7.5 x 10° cells into fresh
T75 flasks were performed on expanded MSC.
Treatment with STEMPROTM Chondrogenesis
Differentiation medium (Thermo Fisher Scien-
tific, MA, USA) resulted in the induction of chon-
drogenic differentiation [28]. Three times a
week, differentiation medium was changed
throughout the incubation of monolayers at
37°Cand 5% CO,,. To confirm chondrocyte mor-
phology after 7 days, the monolayer was exam-
ined under a microscope. The transition of a
fibroblastic, spindle-shaped MSC to a rounded,
polygonal morphology resembling chondrocyte
monolayers was deemed to be > 90% differen-
tiating. Chondro-MSCs were not cultivated
beyond the first passage in order to prevent
dedifferentiation. After being visually verified,
chondro-MSCs were trypsinized, washed, and
counted.

Experimental design

Wistar rats were divided into four groups with
ten animals, as shown below: 1) Normal Group:
Each normal rat received injections of equiva-
lent volume of isotonic sterile saline in which
the treatments were dissolved into the tail vein
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at days 7, 14, and 21. 2) Osteoarthritic control
group (OA control) received injections of 1 mg
MIA over the course of three days in the ankle
joint of the right hind leg. In addition, the rats in
this group received injections of equivalent
volume of isotonic sterile saline in which the
treatments were dissolved into the tail vein at
days 7, 14, and 21 following MIA injection. 3)
Osteoarthritic treated with BM-MSCs Group
(OA+BM-MSCs); rats in this osteoarthritic group
received MIA injections into the ankle joint of
the right hind leg over the course of three days,
as well as BM-MSC injections (1 x 10° cells/rat)
into the tail vein 7, 14, and 21 days later [29]. 4)
Osteoarthritic treated with CD-MSCs Group
(OA+CD-MSCs); rats in this osteoarthritis group
received injections of MIA in the ankle joint of
the right hind leg on three consecutive days, as
well as CD-MSCs (1 x 10° cells/rat) into the tail
vein at the 7, 14, and 21 days following the
injection of MIA [29].

Blood and organ sampling

We collected blood samples from the jugular
vein at the end of the trial under diethyl ether
anaesthesia. Anticoagulant-free blood was col-
lected into tubes, allowed to clot, and then cen-
trifuged for 15 minutes at 3000 rpm. In a hurry,
the clear supernatant sera were gathered,
divided into three portions for each individual
animal, and kept at -20°C until required.
Postmortem, the hind leg ankles were removed
and kept at -70°C for protein analysis in
Western blots.

Ankle measurement

We noticed changes in the anteroposterior
diameters (cm) of the osteoarthritic and normal
ankles. A micrometer was used to measure the
diameter of the ankles [30]. On days O, 7, 14,
and 21 following OA induction, measurements
were taken. Additionally, a camera took pic-
tures of the right leg.

Detection of serum cytokine levels

The level of tumour necrosis factor-& (TNF-¢) in
serum was determined. By using an ELISA kit
(Catalog Number: 438204) bought from Bio-
Legend (San Diego, California) in accordance
with the instructions of the manufacturer.
The interleukin-10 (IL-10) level in serum was
determined by using an ELISA kit (Catalog
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Number: PR1000) acquired from PharmPak
(R&D Systems, Minneapolis, MN, USA) and fol-
lowing the instructions of the manufacturer.
The levels of interleukin-17 (IL-17) and Anti-
citrullinated protein antibodies (ACPA) in serum
were measured using ELISA (enzyme-linked
immunosorbent assay) kits (Catalog Number:
EROO035 for IL-17 and ER1453 for ACPA, respec-
tively) bought from Wuhan Fine Biotech
Company (China) in accordance with the manu-
facturer’s recommendations.

Estimation of serum oxidative stress and anti-
oxidant defense biomarkers

Utilizing specialized ELISA kits purchased from
BioVision (CA, USA) in accordance with the
manufacturer’s instructions, we were able to
identify the activities of oxidised glutathione
(GSSG), glutathione peroxidase (GPx), and glu-
tathione reductase (GR) in serum. The ELISA
plate reader was used to measure each ELISA
kit (Stat Fax 2200, Awareness Technologies,
Florida, USA).

Western blot analysis

Using Western blot analysis, the ankle joint
tissue was found to contain the following
proteins: matrix metalloproteinase-3 (MMP-3),
matrix metalloproteinase-9 (MMP-9), inducible
nitric oxide synthase (iNOS), tumour necrosis
factor receptor (TNFR), nuclear factor-kB (NF-
kB) p50, NF-kB p65, and IkB (nuclear factor of
kappa light polypeptide). Identical amounts of
protein (30 g) were extracted and run on 10%
sodium dodecyl sulfate-polyacrylamide gels
(SDSPAGE). Additionally, proteins were moved
to polyvinylidene fluoride (PVDF) membranes,
and blocking was done overnight using 5%
skim milk in TBS with Tween 20. The primary
TNFR, NF-kB p50, NF-kB p65, 1kB, MMP-3,
MMP-9, and iNOS antibodies were applied to
the membranes at 4°C for 40 minutes. Follow-
ing TBST washing, exposure to the appropriate
secondary antibodies, and development with a
kit that produces enhanced chemilumines-
cence, membranes were used (BioRad, Oregon,
USA). The produced blots were finally scanned,
and Image) software (NIH, USA) was used to
measure the band intensity.

Histopathological and immunohistochemical
examination

The right ankle joint of the hind leg was removed
and saline-washed following sacrifice (21 days
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after MIA injection). In 10% neutral buffered
formalin, ankle joints were fixed for 48 hours.
The fixed tissues were delivered to the pathol-
ogy section of the National Cancer Institute at
Cairo University, Egypt, for processing, blocking
in paraffin wax, sectioning, and staining with
hematoxylin and eosin (H&E) for ankle joint.
Using paraffin blocks containing 10% formic
acid and replacing them twice weekly for
two weeks, the right hind leg ankle joint was
decalcified. Using a surgical blade, the end
point of decalcification was physically evaluat-
ed. Following thorough decalcification, the sam-
ples underwent phosphate buffer solution
(PBS) washing, ethanol dilution, and paraffin
wax embedding. Finally, to assess the histo-
pathological alterations and severity of arthri-
tis, 5 ym thick cross sections of these blocks
were stained with hematoxylin-eosin (H&E) [31]
and viewed using a light microscope. A patholo-
gist performed an unbiased histopathological
investigation of bone, cartilage, and synovial
inflammation. For immunohistochemical inves-
tigation, the ankle joint samples that were
embedded in paraffin were cut into sections
that were 5 um thick. These sections were
then placed on slides with a positive charge
(Thermo Fisher Scientific, Pittsburgh, PA, USA)
and subjected to immunostaining. In overall,
after deparaffinization, rehydration, antigen
retrieval, and sealing, the sections were incu-
bated in a 3% H,0, solution for 15 minutes.
Subsequently after blocking, the tissue sec-
tions were incubated with transforming growth
factor-f1 (TGF-B1) antibody (Santa Cruz Bio-
technology, Santa Cruz, CA, USA) at a dilution of
1:200, and kept at a temperature of 4°C over-
night. Following the washing step with phos-
phate-buffered saline, the sections treated
with the peroxidase-labeled secondary anti-
body (diluted 1:200) were left to incubate for a
duration of 30 minutes. The reaction with the
3,3-diaminobenzidine (DAB) substrate allowed
for the visualization of the bound antibody com-
plex, and hematoxylin was used to counterstain
the slides (ABclonal Inc., China). The immuno-
histochemically stained sections were subse-
quently examined at low power (x100) and high
power (x400) using light microscopy. A brown
color indicated a positive reaction. We used
Image) (1.51d), a free software program, to
assess the integrated positive reaction intensi-
ties to measure the intensity of the TGF-31 pos-
itive reaction.
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Data statistical analysis

The data were presented as mean + standard
error of mean (SEM). The statistical investiga-
tion was carried out using the Statistical
Package of Social Sciences (SPSS) program
version 22 (SPSS, Cary, NC, USA), which includ-
ed a one-way analysis of variance (ANOVA) and
a Duncan’s multiple range test [32]. A differ-
ence between groups was considered as sig-
nificant when it reached P < 0.05.

Results
Effect on right ankle anteroposterior diameter

With the exception of time zero, osteoarthritic
rats displayed a marked increase in the right
ankle anteroposterior diameter as compared to
healthy control rats at each checkpoint (Figure
1). On the other hand, at all check timepoints
following MIA injection, the right ankle antero-
posterior diameter was noticeably reduced in
the osteoarthritic rats treated with BM-MSCs
and CD-MSCs. The use of BM-MSCs and CD-
MSCs in the first, second, and third weeks of
treatment of the arthritic rats led to a signifi-
cant decrease in the elevated values of right
ankle anteroposterior diameter as compared to
the osteoarthritic control rats (Figure 1).

Effect on ACPA level

The serum ACPA level significantly increased
(+267.83%) when MIA-induced osteoarthritic
rats were compared to healthy control rats (P <
0.05). The treatment of MIA-induced osteoar-
thritic rats with BM-MSCs caused a substantial
(P < 0.05) decrease in the elevated ACPA; the
measured percentage change was -50.35% in
comparison to the osteoarthritic control. The
treatment of MIA-induced osteoarthritic rats
with CD-MSCs caused a substantial (P < 0.05)
decrease in the elevated ACPA; the measured
percentage change was -53.43% in compari-
son to the osteoarthritic control. CD-MSC treat-
ment is the most effective in reduction of the
elevated ACPA level in arthritic rats (Figure 2).

Effect on serum TNF-a (Th1 cytokine) level
Rats with MIA-induced osteoarthritis had sig-
nificantly (P < 0.05) higher serum levels of

TNF-a (Th1 Cytokine), with a percentage change
of +697.17% in comparison to healthy control
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Figure 1. Ankle anteroposterior diameter in normal control, osteoarthritic,
and osteoarthritic-treated groups. The means, each of which has a unique
symbol (letter), differ significantly from one another at P < 0.05 for each pe-
riod. OA: osteoarthritis; BM-MSCs: bone marrow-derived mesenchymal stem
cells; CD-MSCs: chondrogenic differentiated MSCs.
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Figure 2. Effect of treatment with BM-MSCs and CD-MSCs on serum ACPA
level in in MIA-induced osteoarthritic rats. The means, each of which has a
unique symbol (letter), differ significantly from one another at P < 0.05 for
each period. OA: osteoarthritis; BM-MSCs: bone marrow-derived mesenchy-
mal stem cells; CD-MSCs: chondrogenic differentiated MSCs; ACPA: Antic-
itrullinated protein antibodies.

rats. A significant (P < 0.05) reduction in the
increased TNF-a was observed in the MIA-
induced osteoarthritic rats treated with BM-
MSCs and CD-MSCs; the documented percent-
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age changes were -73.28%
and -74.05%, respectively, in
contrast to the osteoarthritic
control. Significant (P < 0.05)
reductions in the increased
TNF-a level were seen in rats
treated with CD-MSCs for
osteoarthritis (Figure 3).

Effect on serum IL-17 (Th17
cytokine), and IL-10 levels

When compared to normal
control rats, MIA-induced os-
teoarthritic rats had signifi-
cantly (P < 0.05) higher blood
IL-17 levels, with a percentage
change of +291.36%. In con-
trast to IL-17, MIA-induced
osteoarthritic rats had signifi-
cantly lower serum levels of
IL10 (-73.9%) (P < 0.05).
When MIA-induced osteoar-
thritic rats were treated with
BM-MSCs and CD-MSCs, the
elevated IL-17 level was signif-
icantly (P < 0.05) reduced; the
reported percentage changes
were, respectively, -56.04%
and -60.36% in comparison to
the osteoarthritic control.

Contrary to IL-17, the lowered
IL-10 level was significantly
improved (P < 0.05) in osteo-
arthritic rats treated with BM-
MSCs and CD-MSCs; the ass-
essed percentage changes
were +206.2% and +228.6%,
respectively. The most effec-
tive method for treating 1L-10
and IL-17 levels in osteoar-
thritic rats was to provide CD-
MSCs (Figure 3).

Effect on serum oxidative
stress and antioxidant de-
fense system

Effect on serum GSSG con-
tent: The serum GSSG level

significantly increased (P < 0.05) in the MIA-
induced osteoarthritic rats; the reported per-
centage change was +421.88% in comparison
to the healthy controls. In rats treated with
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Figure 3. Effect of treatment with BM-MSCs and CD-MSCs on serum TNF-q, IL-17, and IL-10 levels in MIA-induced
osteoarthritic rats. The means, each of which has a unique symbol (letter), differ significantly from one another at
P < 0.05 for each period. OA: osteoarthritis; BM-MSCs: bone marrow-derived mesenchymal stem cells; CD-MSCs:
chondrogenic differentiated MSCs; TNF-a: tumour necrosis factor-o; IL-17: interleukin-17; IL-10: interleukin-10.

BM-MSCs and CD-MSCs for MIA-induced osteo-
arthritis, the raised GSSG level was significant-
ly (P < 0.05) decreased; the reported percent-
age changes were -63.47% and -64.67%, res-
pectively, in contrast to the osteoarthritic con-
trols. The use of BM-MSCs and CD-MSCs has
the same positive impact on serum GSSG con-
tent (Figure 4).

Effect on serum GPx and GR activities: MIA-
induced osteoarthritic rats exhibited reduced
blood GPx and GR activities when compared to
the healthy control group, with percentage
reductions of -82.34% and -78.31%, respec-
tively. The decreased GPx and GR activities in
the MIA-induced osteoarthritic rats were signifi-
cantly improved (P < 0.05) by the administra-
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tion of BM-MSCs and CD-MSCs, with percent-
age changes of +457.92% and +286.11% for
BM-MSCs and +326.71% and +319.44 % for
CD-MSCs, respectively. The BM-MSCs impact
on boosting GPx activity was the strongest,
with a percentage change of +457.92%. The
most significant change in GR activity was
caused by CD-MSCs, with a percentage change
of +319.44% (Figure 4).

Effects on ankle tissue protein expression

Effect on TNFR and iNOS protein expression: In
comparison to the normal control group, MIA-
induced osteoarthritic rats showed a significant
(P < 0.05) increase in the expression of the pro-
teins TNFR (+272%) and iNOS (+223.81%) in
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Figure 4. Effect of treatment with BM-MSCs and CD-MSCs on serum GSSG level and serum activities of GPx and GR
in MIA-induced OA rats. The means, each of which has a unique symbol (letter), differ significantly from one another
at P < 0.05 for each period. OA: osteoarthritis; BM-MSCs: bone marrow-derived mesenchymal stem cells; CD-MSCs:
chondrogenic differentiated MSCs; GSSG: oxidised glutathione; GPx: glutathione peroxidase; GR: glutathione reduc-

tase.

the ankle tissue. The administration of BM-
MSCs and CD-MSCs to MIA-induced osteoar-
thritic rats potentially reduced (P < 0.05) the
changed protein expression of TNFR and iNOS;
the corresponding percentage changes were
-50.27% and -30.29% for BM-MSCs and
-62.37% and -60.59% for CD-MSCs, respec-
tively. The most effective treatment for reduc-
ing TNFR and iNOS protein expressions seemed
to be CD-MSCs (Figure 5).

Effect on NF-kB P50, NF-kB P65, and IkB pro-
tein expression: MIA-induced osteoarthritic
rats showed a significant (P < 0.05) increase in
the expression of the proteins NF-kB P50
(+260.53%), NF-kB P65 (+309.09%), and IkB
(+192.08%) in the ankle tissue in contrast to
the normal control group. In MIA-induced osteo-
arthritic rats, the administration of BM-MSCs
and CD-MSCs significantly decreased (P <
0.05) the changed protein expression of NF-kB
P50, NF-kB P65, and IkB; the recorded percent-
age changes were -60.83%, -51.85%, and
-36.95% as a consequence of BM-MSCs, and
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-64.48%, -63.21%, and -48.47% as a conse-
quence of CD-MSCs. The most effective treat-
ment for reducing NF-kB P65 and IkB protein
expression seemed to be CD-MSCs. Further-
more, there was no discernible difference
between BM-MSCs and CD-MSCs in how they
affected NF-kB P50 protein expression (Figure
6).

Effect on MMP-3 and MMP-9 protein expres-
sion: In MIA-induced osteoarthritic rats, ankle
tissue MMP-3 and MMP-9 protein expression
significantly (P < 0.05) increased, with percent-
age changes of +298.9% and +314.42%, re-
spectively, compared to the normal control
group. The administration of BM-MSCs and
CD-MSCs to MIA-induced osteoarthritic rats
potentially reduced (P < 0.05) the changed pro-
tein expression of MMP-3 and MMP-9; the cor-
responding percentage changes were -57.95%
and -64.97% for BM-MSCs and -69.54% and
-66.59% for CD-MSCs, respectively. The most
effective treatment for reducing MMP-3 protein
expression seemed to be CD-MSCs. Moreover,
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Figure 5. Effect of BM-MSCs and CD-MSCs on ankle tissue TNFR and iNOS protein expressions in MIA-induced
osteoarthritic rats. A: Immunoblots of TNFR and iNOS protein expressions; B: Statistical analysis result of TNFR
protein expression; C: Statistical analysis result of iINOS protein expression. The means, each of which has a unique
symbol (letter), differ significantly from one another at P < 0.05 for each period. OA: osteoarthritis; BM-MSCs: bone
marrow-derived mesenchymal stem cells; CD-MSCs: chondrogenic differentiated MSCs; TNFR: tumour necrosis fac-

tor receptor; iNOS: inducible nitric oxide synthase.

there was no significant difference between the
effects of BM-MSCs and CD-MSCs on MMP-9
activity (Figure 7).

Histological and immunohistochemical chang-
es of joint

The histological findings in ankle joint sections
from the four experimental groups are depicted
in Figure 8. Normal control rats (NC) had nor-
mal bone, cartilage, and fibrous joint capsule
histological structure and no inflammation
when examined in hematoxylin and eosin stain-
ed sections of the ankle joints (Figure 8A and
8B). However, stained sections of osteoarthritic
control rats revealed synovial hyperplasia with
infiltration of numerous inflammatory cells (lym-
phocytes, macrophages, and occasionally plas-
ma cells), substantial pannus development,
and severe cartilage and bone degradation as
the major histopathological alterations (Figure
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8C and 8D). Contrarily, moderate (++) osteoar-
thritis pathology was present in osteoarthritic
rats treated with BM-MSCs (Figure 8E and 8F)
and CD-MSCs (Figure 8G and 8H).

Immunostaining of sections of the cartilage,
synovial membrane of the ankle joint of OA rats
with anti-TGF-B1 showed strong expression of
brown color density (Figure 9C; x100 and 9D;
x400) as compared with the normal control
(Figure 9A; x100 and 9B; x400), while it
showed weak expression of brown color density
in cells obtained from OA rats treated with
BM-MSCs (Figure 9E; x100 and 9F; x400) and
CD-MSCs (Figure 9G; x100 and 9H; x400) in
comparison with cells of OA rats (Figure 9C;
x100 and 9D; x400). The image analysis of the
intensity of brown colour indicated a significant
increase (P < 0.05) in OA rats in comparison
with the normal control and a significant
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Figure 6. Effect of BM-MSCs and CD-MSCs on ankle tissue NF-kB P50, NF-kB P65, and IkB protein expressions in
MIA-induced osteoarthritic rats. A: Immunoblots of NF-kB P50, NF-kB P65, and IkB protein expressions; B: Statisti-
cal analysis result of NF-kB P50 protein expression; C: Statistical analysis result of NF-kB P65 protein expression;
D: Statistical analysis result of IkB protein expression. The means, each of which has a unique symbol (letter), differ
significantly from one another at P < 0.05 for each period. OA: osteoarthritis; BM-MSCs: bone marrow-derived mes-
enchymal stem cells; CD-MSCs: chondrogenic differentiated MSCs; NF-kB P50: nuclear factor-kB p50; NF-kB P65:
nuclear factor-kB p65; IkB: nuclear factor of kappa light polypeptide.

decrease (P < 0.05) in OA rats treated with
BM-MSCs and CD-MSCs compared to OA con-
trols (Figure 10).

Discussion

In the current investigation, MIA was injected
intra-articularily to create an osteoarthritis
model [30]. A common experimental model for
preclinical studies is OA brought on by MIA. This
model is frequently used to evaluate curative
agents since testing is quick, it's easy to use,
and it’s similar to both animal and human OA
[33]. The inhibitory effect of MIA on glyceralde-
hydes-3 phosphate dehydrogenase activity in
chondrocytes disrupts glycolysis, decreases
the production of proteoglycans, and ultimately
results in cell death [34].
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Here, the anterioposterior diameter of the right
hind ankle was measured once a week for three
weeks as a measure of joint swelling, allowing
for the monitoring of both the progression of
the disease and the effects of the tested medi-
cations. By the third week of the experiment,
the arthritic control rats had anteroposterior
diameters that were significantly larger than
those of the normal rats at all points of obser-
vation. These results concur with those of
Jimbo et al. [22], Cottom and Maker [35], Jimbo
et al. [30], and Ahmed et al. [13]. However, the
elevated values in the arthritic control rats
were effectively lessened in the BM-MSCs and
CD-MSCs-treated rats, and they were close to
normal ranges. This research supports the find-
ings of Ahmed et al. [13]. In our opinion, a sig-
nificant decline of the right ankle anteroposte-
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Figure 7. Effect of BM-MSCs and CD-MSCs on ankle tissue MMP-3 and MMP-9 protein expressions in MIA-induced
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rior diameter of the OA treated rats in contrast
to the arthritic rats is attributed to the BM-MSCs
and CD-MSCs anti-inflammatory effects, which
was evidenced by the present study.

Edema, which results from fluid leaking from
blood vessel endothelial cells into the inflamed
synovium, is what causes joint swelling, which
is common in many types of arthritis [36]. The
raised values of the diameter after MIA admin-
istration were significantly reduced as a result
of the intra-injection of BM-MSCs. Similar to
this, BM-MSC therapy reduced knee swelling,
according to a study by Kehoe et al. [37]. This
effect was attributed to changes in the synovial
endothelial cells’ permeability to soluble MSCs-
produced substances.

According to recent research, when compared
to the healthy control rats, the osteoarthritic
group had significantly higher serum levels of
ACPA. These findings are in line with those of
Ahmed et al. [13], who showed that sera from
arthritic control rats had noticeably higher
ACPA levels than those from the normal group.
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However, BM-MSCs or CD-MSCs treatment for
OA rats resulted in a considerable drop in
serum ACPA levels compared to the OA control
group. These findings are consistent with
Ahmed et al. [13]. These outcomes are in line
with those reported by ElBatsh et al. [19], who
claimed that microscopic analysis of joints
injected with differentiated MSCs revealed rea-
sonable cartilage surface. The surface area
was smooth, showing no signs of inflammation,
and had cartilage that was essentially identical
in thickness to that of a normal ankle. These
alterations take place as a result of differenti-
ated MSCs that produce an abundance of
extracellular matrix made up of molecules spe-
cific to cartilage, including aggrecan, type Il col-
lagen, and cartilage oligomeric matrix protein
(PGs), which are essential components of carti-
lage tissue [38]. We believe that CD-MSCs have
an anti-inflammatory impact since the rats sup-
plemented with CD-MSCs showed a consider-
able reduction in the level of ACPA in their
serum when compared to the arthritic rats
(Figure 11).
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Figure 8. Photomicrographs of normal control rats (A, B), osteoarthritic rats
(C, D), osteoarthritic rats plus BM-MSCs rats (E, F), and osteoarthritic rats
plus CD-MSCs rats (G, H) show sections of the hind right leg ankle stained
with H&E (x100). The photomicrographs of the hind ankle joints of the rats
treated with BM-MSCs and CD-MSCs (C and D) showed moderate arthritic
pathology. BM-MSCs: bone marrow-derived mesenchymal stem cells; CD-
MSCs: chondrogenic differentiated MSCs; Ca: cartilage; CE: cartilage ero-
sion; SB: sponge bone; Pa: pannus; IF: inflammatory cells; SF: synovial fluid;

SM: synovial membrane.

The pathophysiological mechanisms of arthritis
are significantly influenced by TNF-a, a pro-
inflammatory Tha cytokine [39, 40]. Osteoclast
differentiation and activation may be amplified
by TNF-a and IL-17, which could lead to synovial
hyperplasia, angiogenesis, cartilage degrada-
tion, and bone injury (Figure 11) [40]. The anti-
inflammatory properties of Th2 cytokines, such
as IL-4 and IL-10, on the other hand, lead to an
improvement in arthritis and inflammation
when their levels are raised [12, 13].
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The osteoarthritic group in the
current study displayed a pro-
nounced increase in blood
levels of TNF-a and IL-17 and
a significant decrease in ser-
um levels of IL-10, indicating
the development of inflamma-
tion in the rat joints. The
results of Li et al. [41] and
Abo-Aziza et al. [42] are all in
agreement with this research.
These elevated levels of pro-
infammatory cytokines may
reflect their pivotal function in
the pathophysiology of arthri-
tis progression in animal mod-
els [43]. The MIA injection
increases  pro-inflammatory
cytokines while decreasing
anti-inflammatory cytokines,
which supports the growth of
the inflammatory response.
The creation and release of
growth factors (GFs), such as
transforming growth factor
(TGF), may also be inhibited
by the inflammatory environ-
ment and the elevated levels
of TNF-at and IL-17. This could
reduce chondrogenesis and
the development of chond-
rocytes from mesenchymal
stem cells (Figure 11) [44].

Contrarily, when compared to
the elevated levels of the
osteoarthritic control animals,
OA rats treated with BM-MSCs
and CD-MSCs showed a sig-
nificant reduction in serum
TNF-a0 and IL-17 levels while
exhibiting a significant eleva-
tion in the reduced serum
IL-10 level. These results support those of
Ragab et al. [45]. Strong agreement exists
between the results of the current investigation
and those reported by Abo-Aziza et al. [42], who
found a significant drop in serum TNF-a levels
at weeks 2 and 4, respectively, of BM-MSC
therapy. In contrast, the level of IL-10 didn’t
start to rise considerably until week 4 after
transplantation. These findings support Li et al.
[41], who reported that MSCs have been shown
to inhibit the development of immature CD4+ T
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Figure 9. Photomicrographs of normal control rats (A, B), osteoarthritic rats
(C, D), osteoarthritic rats plus BM-MSCs rats (E, F), and osteoarthritic rats
plus CD-MSCs rats (G, H) show sections of the hind right leg ankle stained
immunohistochemically. The photomicrographs of normal ankle (A; x100
and B; x400) exhibited weak expression of TGF-B1. The photomicrographs
of the hind ankle joints of the rats treated with BM-MSCs (E; x100 and F;
x400) and CD-MSCs (G; x100 and H; x400) showing the lower amount of
TGF-B1 (arrow; brownish yellow color) in the cytoplasm and nuclei of cells
than in arthritic rats (C; x100 and D; x400). BM-MSCs: bone marrow-derived
mesenchymal stem cells; CD-MSCs: chondrogenic differentiated MSCs.

cells into Th17 cells in vitro. In addition, they
might lessen the production of IL-17 and the
activation of Th17 cells. These outcomes are
also consistent with Chang et al. [46], who
found that MSC-differentiated chondrocytes
reduced many inflammatory markers like TNF-&
(Figure 11).

According to the results of the current study,

arthritic rats’ ankle joints express considerably
more TNFR than normal rats do. TNF-a stimu-
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[47, 48].

As opposed to the osteoar-
thritic control group, the oste-
oarthritic rats treated with
BM-MSCs or CD-MSCs show-
ed a significantly lower level of
TNFR expression in the tis-
sues of the ankle joint.

When compared to the normal
control rats in the current
investigation, the serum GPx
and GR activities in the MIA-
induced osteoarthritic rats
were dramatically reduced,
while the serum GSSG level
was noticeably raised. These
findings also agree with those
of Ahmed et al. [12] and Ragab
et al. [45]. According to Lepe-
tsos and Papavassiliou [49],
ROS inhibits the production of
ATP and mitochondrial oxida-
tive phosphorylation in cultur-
ed chondrocytes, which ulti-
mately reduces the produc-
tion of collagen and proteogly-
cans and causes cartilage
breakdown.

o
x

Contrarily, intravenous treat-
ment of BM-MSCs and CD-
MSCs to MIA-induced osteoar-
thritic rats resulted in a con-
siderable decrease in the
blood GSSG level while a
marked increase in the GPx
and GR activity. It has been
shown that MSCs promote
chondrogenesis by regenerat-
ing the ECM of articular cartilage [50]. Injections
of BM-MSC reduced the loss of collagen type I
in OA joints. Ahmed et al. [12] postulated that
BM-MSCs would boost the antioxidant defense
system at the expense of oxidative stress in tis-
sues, preventing the subsequent inflammatory
process (Figure 11). This outcome is consistent
with studies by Chang et al. [51] who discov-
ered that MSC therapy raised the GPx expres-
sion in diseases such Friedreich’'s ataxia,
severe acute pancreatitis, and small intestinal
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Figure 10. Effect of treatment with BM-MSCs and CD-MSCs on intensity of
the TGF-B1 positive reaction in MIA-induced osteoarthritic rats. The means,
each of which has a unique symbol (letter), differ significantly from one an-
other at P < 0.05 for each period. OA: osteoarthritis; BM-MSCs: bone mar-
row-derived mesenchymal stem cells; CD-MSCs: chondrogenic differentiated

MSCs; TGF-B1: transforming growth factor-beta 1.

ischemia/reperfusion (I/R) injury. The signifi-
cantly greater GPx and GR activity in the treat-
ed rats’ serum when compared to the arthritic
rats supports our hypothesis that CD-MSCs
have an anti-oxidative effect (Figure 11).

The secretome, a collection of paracrine mole-
cules released by MSCs, contains a wide range
of proteins with a variety of biological proper-
ties, such as immunological modulation, anti-
apoptotic effects, and antioxidative properties.
The ability of MSCs and their secretome to
scavenge free radicals, activate the antioxidant
defense system, and change cellular bioener-
getics is what is thought to be responsible for
their antioxidative actions [52]. Additionally,
ROS generation can be inhibited and oxidative
stress decreased by MSC immunosuppressive
abilities. In recent studies, BM-MSCs improv-
ed antioxidant activity and reduced oxidative
stress in rats with severe acute pancreatitis by
causing nuclear translocation of Nrf-2, a newly
discovered regulator of cellular resistance to
oxidants, via the PIBK/AKT signalling pathway
[53].

The NF-kB pathway plays a critical role in carti-
lage breakdown, MMP modulation, and inflam-
mation associated with chondrocytes [54].
Many inflammatory signalling pathways, such
as nuclear factor-kappa B (NF-kB), have been
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phosphorylate and degrade
IB. Next, NF-kB p65 and NF-
kB p50 protein are liberated
and moved from the cyto-
plasm to the nucleus [57]. A
variety of inflammation-relat-
ed substances, such as induc-
ible nitric oxide synthase
(iNOS), matrix metalloprotein-
ase proteins, IL-6, IL-1B3, and TNF-a, are then
produced by activated chondrocytes and syn-
oviocytes, and these cytokines further activate
the signalling cascade [58] (Figure 11).
According to our findings, NF-kB p50 and NF-«kB
p65 were strongly inhibited by BM-MSCs and
CD-MSCs in OA rats. These results are in line
with those of Wang et al. [59] and Mancuso et
al. [60]. These findings support a study by
Murakami et al. [61] who found MSCs reduced
the expression of NF-kB p65 in activated mac-
rophages and chondrocytes, which in turn
reduced the release of inflammatory cytokines.
In a study published in 2018, Wang et al. [62]
proposed that MSC injection could reduce
excessive TNF-a, an NF-kB activator, and pre-
vent the phosphorylation of the NF-kB p65 sub-
unit in spinal cord injury.

Our data from the current study showed that
the IkB protein level was much lower in osteoar-
thritic rats than in normal rats. These findings
concur with those of Murakami et al. [61]. The
IkKB protein level increased noticeably in the
osteoarthritic rats treated with BM-MSCs and
CD-MSCs in contrast to the untreated osteoar-
thritic rats. These findings support the findings
of Murakami et al. [61], who found that MSCs
increased the expression of IkBa in activated
macrophages and chondrocytes, which in turn
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Figure 11. Schematic figure illustrating how BM-MSCs and CD-MSCs work in rats with osteoarthritis. MIA: monoiodo-
acetate; BM-MSCs: Bone marrow-derived mesenchymal stem cells; CD-MSCs: Chondrogenic differentiated mesen-
chymal stem cells; TNF-o:: tumour necrosis factor-a; IL-10: interleukin-10; IL-17: interleukin-17; ROS: Reactive oxygen
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factor receptor; NF-kB: nuclear factor-kB; IkB: nuclear factor of kappa light polypeptide; ACPA: Anticitrullinated pro-

tein antibodies; NO: nitric oxide.

reduced the production of the inflammatory
cytokine IL-1B.

MMP-3, MMP-9, and MMP-13 are members of
the family of inflammatory mediators known as
matrix metalloproteinases (MMPs), which pro-
mote cartilage injury and ECM breakdown [63].
Our findings showed that the levels of the pro-
teins MMP-3 and MMP-9 were much higher in
the ankle joint tissues of osteoarthritic rats
than in normal rats. These findings concur with
Li et al. [64], who reported that MMP-9 was
shown to be considerably elevated in OA, as
well as with WANG and CAl [65] and Ahmed et
al. [13]. Additionally, some investigations have
shown that the presence of TNF-a reduced the
expression of type Il collagen and aggrecan in
chondrocytes, which in turn stimulated the
release of MMP-3 [66]. According to Liacini et
al. [67] and Vincenti and Brinckerhoff [68],
NF-kB and MAP kinases are involved in the
induction of MMP-1, MMP-3, and MMP-13 RNA

2807

and protein expression by TNF-a or IL-1[3 (Figure
11). ROS may also have more indirect effects
on the degradation of the extracellular matrix
(ECM), such as increasing the expression of
genes encoding metalloproteinases (MMPs),
while NO controls the activation of metal-
dependent proteases in articular chondrocytes
and cartilage [69]. As opposed to the osteoar-
thritic rats, those treated with BM-MSCs and
CD-MSCs showed a significant reduction in the
levels of the MMP-3 and MMP-9 proteins. Our
findings concur with those of Ahmed et al. [13],
who demonstrated that BM-MSCs were suc-
cessful in reducing MMP-9 expression. These
findings concur with Chang et al. [46] who
revealed that the injection of stromal cells and
chondrocytes in the KOA model resulted in
lower expressions of inflammatory and cata-
bolic markers.

NF-kB signalling has also been connected to
the expression of OA mediators that promote
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inflammation and damage, such as the iNOS
gene [70]. Nitric oxide (NO) is thought to be pro-
duced by an enzyme known as iNOS. By alter-
ing ECM homeostasis and cytokine expression,
excessive NO generation by iNOS is thought to
contribute to the pathogenesis of OA [52]. This
leads to oxidative damage and chondrocyte
death.

In our research, the injection of BM-MSCs and
CD-MSCs dramatically decreased the expres-
sion of inducible INOS in the osteoarthritic
joints. According to Hamilton et al. [71], intra-
articular injection of MSC may prevent the
development of M1 macrophages by downregu-
lating the amount of iINOS in macrophages.

Rats in the osteoarthritic control group showed
significant histopathological changes three
weeks after MIA administration, including
severe cartilage and bone damage along with
synovial hyperplasia, widespread pannus devel-
opment, and infiltration of many inflammatory
cells (lymphocytes, macrophages, and plasma
cells) in H&E stained ankle joint tissue. These
results corroborate those of Mogbel et al. [72],
who reported erosion, loss of cartilage matrix,
and synovium hyperplasia in the cartilage of
the OA group. In earlier investigations, same
behaviours were also demonstrated [46, 73].

The damaging effects of an inflammatory syno-
vial pannus were hypothesized to be the cause
of cartilage damage in the osteoarthritic group.
The regions of contact with pannus tissue,
which breaks down cartilage by enhancing pro-
teolytic activity, are where cartilage erosion
typically begins. Additionally, synovial fibro-
blasts have the potential to enter the articular
cartilage of the affected joint or release damag-
ing enzymes into the synovial fluid [74]. When
mononuclear cells infiltrate the subintima of
the synovium, they release substances like
TNF-a, IL-1, and IL-6 that bind to the receptors
on chondrocytes and cause the release of
MMPs that can break down every component
of the extracellular matrix as well as inhibit the
production of type Il collagen, which acceler-
ates cartilage breakdown [75]. However, the
previously stated histological lesions of arthri-
tis were only moderately present in the rats
from both treated osteoarthritic groups (BM-
MSCs and CD-MSCs).

Other studies [19, 76] also noted the striking
improvement in cartilage and synovium struc-
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ture after MSCs treatment. This effect may
result from the differentiation of stem cells into
tissue cells, restoring lost morphology and
function, or from the secretion of a variety of
bioactive growth factors, including FGF, EGF,
PDGF, and VEGF, which promote the growth of
endothelial progenitor cells and create a repair
environment with anti-apoptotic effects [77]. In
our judgement, the treated rats’ joint tissue
was better in the CD-MSC-supplemented rats
than it was in the arthritic rats.

TGF-B1 is a component of the transforming
growth factor-B (TGF-B) superfamily of cyto-
kines contributing to various cellular respons-
es, such as apoptosis, proliferation, differentia-
tion, and extracellular matrix production [78].
TGF-B1 is essential for the induction of arthritis
related fibrosis [79].

Even though TGF-B signaling has a principal
role in cartilage development and in maintain-
ing articular chondrocyte homeostasis in syno-
vial joints, in the present study, TGF-f is poten-
tially involved in joint degeneration. The pres-
ent immunohistochemical stained sections
indicated that TGF-B potentially increased in
the arthritic rats as compared to normal con-
trol. Similarly, a study by Dranitsina et al. [80]
revealed that MIA-OA causes an increase in the
expression of TGF-B1 genes in rat cartilage
cells. Our results, in contrast to Halfaya et al.
[81], indicated a significant rise in the level of
TGF-B in OA rat joints compared with that of
the control group [82]. Van der Kraan [83] pos-
tulated that an elevation of the TGF-B level
could activate inflammation that may be
involved in OA pathogenesis by altering cellular
differentiation and causing joint deterioration.
Additionally, studies have reported that TGF-
B signaling mediated by Smad2/3 may be
involved in OA progression by inducing the
recruitment of MSCs and osteoprogenitors to
the subchondral bone, ending with aberrant
bone remodeling that initiates and worsens
osteoarthritis. Nevertheless, the activation and
catabolic role of TGF-B in OA requires further
investigation [84].

Additionally, our outcomes are consistent with
Wei et al. [85] and Ahmed et al. [13] who
revealed that BM-MSCs successfully lowered
the expression level of TGF-B1 as compared to
arthritic rats. On the contrary, a compensatory
anti-inflammatory response is observed in
synovial membranes [13].
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Our results suggest that BM-MSC and CD-MSC
therapy regulates and decreases OA-induced
inflammation, delays cartilage degeneration,
and improves cartilage regeneration through
paracrine activity. This is based on biochemi-
cal, molecular, histological, and immunohisto-
chemical outcomes [86]. Despite the fact that
the study’s objectives were met, there were
some possible drawbacks, including the fact
that the relevant mechanism underlying the
effects of BM-MSCs and CD-MSCs on OA has
not yet been further confirmed because of an
insufficiency of data and inability to predict the
pathway and safety in clinical studies.

Overall, the underlying mechanisms of BM-
MSCs and CD-MSCs as a treatment for carti-
lage degeneration in an MIA-induced OA rat
model were illustrated and summarized in
Figure 11.

Conclusion

The findings of the current study demonstrated
that over a three-week period, intravenous
injections of BM-MSCs and CD-MSCs dramati-
cally improved the biochemical, molecular, and
histological outcomes of rats with OA caused
by MIA. However, the process of cartilage
regeneration likely takes long time to develop.
The impact of BM-MSCs and CD-MSCs on the
development of OA should therefore be investi-
gated over a long period of time.
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