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Abstract
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e Articular cartilage factor (G-CSF) mobilized endogenous stem cells in articular cartilage repair, pain and
e Bone marrow derived gait improvement in monoiodoacetat (MIA)-induced rat model of osteoarthritis. OA was
mesenchymal  stem induced by a single intra articular injection 1 mg MIA. BM-MSCs-treated and the
cells combined groups received a single intra-articular of injection of BM-MSCs. G-CSF-

e Granulocyte colony treated and the combined groups received subcutaneous injections of G-CSF. The
stimulating factor articular cartilage repair, total leucocytic count, nociception behavior and gait parameters

O ONemriin were assessed. The results revealed an increase in total leucocytic count on the 5™ day

after G-CSF injection and returned to normal on day 35. All treated groups showed
comparable improvement in nociception behavior and gait parameters. Histopathological
evaluation showed enhanced cartilage repair in the combined group compared to the two
other treated groups. In conclusion The concomitant application of BM-MSCs and G-
CSF have a promising comparable effect of exogenous and mobilized endogenous stem

cells on pain, gait and the structural improvements.
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INTRODUCTION

Osteoarthritis is a complex disease
affecting the whole joint as an organ (1). The
disease is initiated by micro and macro injury that
activates maladaptive repair response, and finally
lead to molecular derangement followed by
anatomic, and/or physiologic derangements (2). As
being a main weight bearing joint in the body,
knee OA accounts for 83% of the total burden of
the disease (3).

AC is avascular and aneuronal highly
specialized type of connective tissue that covers
the bony ends forming the joint; chondrocytes are
the unique cell type in the cartilage. Cartilage
damage is the hallmark of OA, because this alters
the homeostatic environment of the whole joint
).

Intra articular injection of MIA causes
inhibition of chondrocyte glycolysis, disturbance
of the chondrocyte homeostasis and induction of
chondrocyte death and matrix disruption with
subsequent degeneration of AC and formation of
subchondral bone lesions which mimic the
histopathological changes that develop in human
OA (5-7).

Till now, There is no approved curative
treatment for the disease (8). All the available
approaches cannot stop the progressive loss of
joint tissues which leads finally to the need of total
joint replacement (TJR) (9).

AC is a target for tissue engineering due
to its avascular nature and poor capacity to heal
spontaneously besides lacking a direct access to
reparative cells. (10-14). BM-MSCs have the
advantages of high chondrogenic and osteogenic
differentiation potential with high proliferative

activity (15,16).

Recently, peripheral blood (PB) became a
new candidate in cell based therapy research as it
could be enriched with a valuable number of
systemically mobilized precursor cells from the
bone marrow under the effect of certain cytokine.
G-CSF is a growth factor for hematopoietic stem
cells proliferation and differentiation, it promotes
the differentiation of cells into neutrophil lineage.
Several studies revealed that, G-CSF also has a
non-hematopoietic functions and promots MSCs
mobilization from bone marrow to peripheral
blood (17-19).

Therefore, this study was designed to investigate
the effect of MSCs, G-CSF each of them
individually as well as the combined effect of both

on OA improvement in a rat model.

Methods:

Study setting and ethical consideration:

This study was carried out in physiology
department and in the tissue culture unit, center of
excellence; Faculty of Medicine, Suez Canal
University. The protocol of this study was
approved by the Ethics Committee, Faculty of
Medicine; Suez Canal University, Egypt.

Animals:

Thirty adult male Albino rats weighing
200 £ 50 gm at the start of the experiment were
randomly and equally divided into five groups:
Group [: normal control group, Group II: OA
group. Group III: BM-MSCs treated group; OA
induction was followed by treatment with BM-
MSCs. Group IV: G-CSF treated group; OA
induction was followed by treatment with G-CSF
and, Group V: Combined treated group; OA
induction was followed by treatment with both G-

CSF and BM-MSCs. All groups were studied for 4
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weeks after the establishment of OA, then, were

sacrificed by decapitation on day 35.

Induction of OA:

All rats, except rats in group I, received
MIA as follows: On day 0 (beginning of the
study), rats were anesthetized with ketamine
hydrochloride (50 mg/kg) and xylazine (10
mg/kg), to avoid pain sensation. The right knee
was shaved and disinfected with 70% ethanol. A
single dose of 50 ul normal physiological saline
containing 1 mg MIA (Sigma-Aldrich, St. Louis,
MO, USA) via a 27 gauge needle and a 1 ml
syringe was injected into the right knee joint
through the infrapatellar ligament (5,20,21). The
site of intra-articular injection was located by
feeling a depression between femur and tibia
where a fluctuating white glistening infrapatellar
ligament was felt. Then, both femur and tibia were
brought to an angle of 90° and MIA was injected
into the joint space of the right knee with the
needle of the syringe inserted for approximately 2
to 3 mm into the joint. For confirmation of proper
administration of MIA into the joint cavity, two
rats were used to induce osteoarthritis with MIA
prior to the study. To ascertain proper procedure of
intra-articular administration, blue dye was
injected in the joint cavity, and then the joint was
opened to ascertain its proper administration into
joint space in the same two rats (22). Group I
received an equivalent volume of normal

physiological saline.

Administration of G-CSF: After establishment of
osteoarthritis by MIA, group IV and V have
received a single subcutaneous injections of 100

pg/kg G-CSF (Filgrastim) (SEDICO

pharmaceutical co., 6 october city, Egypt) in 500
ul of normal physiological saline for 5 successive
days, This dose mirrors clinical use of G-CSF and
is commonly used within murine models to
promote the mobilization of stem cells into

peripheral blood (23).

TLC for assessment of bone marrow stimulation
by G-CSF: Peripheral blood samples were
obtained from retro-orbital sinus of each rat in all
study groups at Samples were obtained on day 0,
12 (5™ day from G-CSF administration), 35 of the
study, as on day 5 there is maximal increase of
TLC as reported by a previous study (24). TLC

was ssessed by automated cell counter.

Administration of BM-MSCs: After establishment
of osteoarthritis by MIA, group Il and V received
a single dose of 1 x 10° BM-MSCs in 50 pl of
normal physiological saline as a vehicle (25).
MSCs were administered intra articularly as

described above.

Collection, Preparation and labeling of BM-
MSCs: Three adult male albino rats, weighing
about 120 grams were used as a donor of bone
marrow cells. Stem cells were isolated from the rat
bone marrow under very restricted sterile
conditions. After bone marrow flushing, cells were
centrifuged at 1500 rpm, for 10 minutes and the
supernatant was removed by aspiration. Cells were
washed two times more by resuspending them into
PBS and centrifuging them. Cells were
resuspended in 10 ml complete medium composed
of Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin (PEN-STREP).
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The cells were seeded in a tissue culture dish
containing complete culture medium and were
incubated in a humidified atmosphere containing
5% CO2, at 37°C. Three days after seeding, the
non-adherent cells were removed and the medium
will be replaced with a fresh complete medium.
The culture was monitored daily and the medium
was changed every 3 days and cellular growth
assessed daily under an inverted microscope.
Within 7-10 days, the cells became confluent and
the colonies were evident (adherent with
fibroblastic morphology) when seen under inverted
microscope, cells were harvested using 0.25%
trypsin and 0.05 mmol/l EDTA (Ethylene-
Diamine-Tetra-Acetic Acid) and were counted

using a hemocytometer (26).

MSC labeling was done by addition of
superparamagnetic iron oxide (SPIO) contrast
agent Sacrofer (iron succrose) with iron
concentration 25pg Fe/ml. Then, they were
incubated in a humidified atmosphere containing
5% CO2, at 37°C for 24 hours to allow uptake of
ferumoxide by the cells. Following incubation and
prior to trypsinizaion, MSCs were washed three
times with PBS to remove any SPIO that had not
been incorporated into the cells. Labeling were
assessed histologically by Prussian blue staining

7).

Behavioral Assessment:

The following tests were done on days 0, 3, 7, 14,
21, 28 and 35 of the experiment. Testing were
performed blindly by the same experimenter. Rats
were acclimatized to the testing situation for at

least 1 week before the start of the experiment and

5 to 10 min before each testing until the

exploration activity ceased (22).

1) Pain assessment:

a. Knee bend test: is used as an indicator of
the animal nociception. It was carried out to
evaluate the sensitivity of the normal range of
movement and the movement-induced pain caused
by MIA in the right knee. Starting with the knee
in resting position (slightly flexed). The thigh was
held and the knee was flexed and extended (within
the physiological limits of knee flexion/extension).
The test might cause some anxiety and pain in the
rats and they would limit this by a response
(struggle or squeak reaction). The number of
squeaks (vocalizations) and/or struggle reactions in
response to five alternate flexions and extensions
of the knee joint for each rat was counted. The
score of the test was determined as (0- no
responses, 0.5- struggle to maximal flexion/
extension, 1- Struggle to moderate
flexion/extension or vocalizations to maximal
flexion/extension, 2- vocalizations to moderate
flexion/extensions). The sum of the animal’s
reactions, giving maximal values of 20. A maximal
extension corresponds to placing the knee joint in
an 180° angle; a moderate extension corresponds
to an angle between 120° and 150°, approximately;
a moderate flexion corresponds to an angle
between 45° and 75°, approximately; a maximal
flexion corresponds to totally bending the knee
joint (corresponding approximately to an angle of
30°)

b. Hot plate test: Used to detect thermal
hyperalgesia and response of the injected knee to
exposure to thermal stimulus. Rats were placed on

the hotplate at 50 = 1 °C one at a time. The latency
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period for hind limb response (e.g., shaking,
licking of the hind paw, or jumping off the plate in
order to avoid the thermal stimulus) was recorded
as response time. A latency period of 90 s was
defined as complete analgesia and used as the cut-
off time for rats that did not respond. Rats were
removed from the hotplate immediately after a

response observed (28).

2) Gait analysis:

Used for the detection of the functional
assessment of the joint mobility, for evaluation of
the consequences of OA in patients and in
preclinical models. The paws of the rats were
brushed with ink, Front paws and hind paws were
colored with ink of different color. Immediately
after ink application, rats were allowed to run on
a 100 cm long, 20 cm wide Plexiglas track with
white paper on the bottom with dark chamber
present in the end of the track to entice the rats
leaving their paw prints on blotting paper. From
these paw prints, 5 parameters were measured:
(Limb rotation: determined by the rotation angle
between two consecutive paw prints; defined by a
line through the incision of the paw print and the
third phalanx. Step width: determined by the
distance between a print from the left paw and a
consecutive print from the right paw and vice
versa (left— right or right-left-distance,
respectively). Right stride length: determined by
the distance between two constitutive right paw
prints. Right step length: determined by the
distance between constitutive right and left hind
paw prints. Left step length: determined by the
distance between constitutive left and right hind
paw prints). For each animal and testing day, at

least five artifact-free gait cycles (four

consecutive prints) were analyzed and means of

these values were used for further analysis (29).

Histological Assessment:

Animals were euthanized and the right
knee joints were dissected and processed for
further histological evaluation. Samples were fixed
in buffered formalin for 2 days then in 10% EDTA
solution for two weeks. The solution was changed
every three days until softening of the samples is
obtained. Samples were embedded in paraffin. For
each block, a minimum of ten slides with at least
three samples of tissue per slide was obtained to
minimize sampling errors. Samples were obtained
from the center of the medial condyle as being the
mechanical weight bearing area. Prior to staining
the paraffin was removed by immersing the slides
for two minutes in xylene and ethanol solutions.
Slides were divided equally for staining
Haematoxylin-eosin (H&E) for assessment of
cellular architecture and, Toluidine blue (T.B) for
assessment of AC thickness. Histological
assessment was carried out by two independent
observers who were blinded to the study groups. A
qualitative histological assessment under light
microscopy was done using 5-pum thick sagittal
sections assessing surface irregularity,
Chondrocytes and detection of newly formed
hyaline like fibers. Quantitative assessment was
done on 7um thick toluidine blue stained sections
using image J-based analysis system to assess the
thickness of the cartilage.

Statistical analysis:

Data were analyzed using Statistical Package
for Social Science (SPSS) for WINDOWS
software, version 24. Data were presented as mean

+ SD. One way analysis of variance (ANOVA)
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was used for comparing means of a variable in all
groups to determine if there is significant
difference among several groups and tukey post-
hock test was used to compare groups using one of
them as a control. P value < 0.05 was considered
statistically significant.

Results:

On day 0 (before MIA injection), there
were no significant differences in parameters of
pain behavior, gait parameters and TLC among
different study groups.

Behavioral assessment:

1) Pain assessment:

Table (1): Knee Bend Score Throughout the Study

Knee bend test:

On day 3 and up to day 7, the score was
significantly higher in all groups (P value = 0.000)
compared to the normal group. In O.A group, the
score remained significantly higher till day 35 (P
value = 0.000) compared to the normal group. The
score of BM-MSCs treated group remained
significantly lower than that of the OA group (P
value = 0.007) till day 35. The score of G-CSF
treated group was significantly higher than that of
the normal group (P value = 0.04) till day 35. The
score of the combined group remained
significantly higher than that of the normal group

(P value = 0.002) till day 28; Table (1).

Day zero Day 3 Day 7 Day 14 Day 21 Day 28 Day 35
Group I 1.75 + 0.17 0.17 + 0.17 +
o 0334041 | 0 0174026 | ')/ 02 02 033+ 041
Growpll | o o[ 1192+ 1183+ 1075+ | 9.08+ |65+ 6.67 %
(O.A) AR08 1 59 xx | 206 # LI3 %% | 3.62%% |3.02%F | 3.66**
Growpll | o [1375+ [1175+ 473+ 367+ | 192+ | 208+
BM-MSCs) | 20T g0 o211 |15t | 258% | L11# 111 #
Group IV 1382 | 1008+ | 675+ | 408+ |410+ .
(G-CSF) 0332041 | 3 43as | 2765 1.60 %5 | 198 | 0.84* 3.92+1.50
Group V 1233« |9.00= 617+ | 433+ |508+
(Combined) | 042030 | 509 wx | [ g5%s 3200 %4 | 2.00%# | 2.89 * 375+ 225

Values are expressed as mean = SD. * significant P value < 0.05 compared to the normal group. ** highly significant P
value <0.001 compared to the normal group. # significant P value < 0.05 compared to O.A group. ## highly significant P
value < 0.001 compared to O.A group. O.A=Osteoarthritis; BM-MSCs=Bone Marrow Mesenchymal Stem Cells; G-

CSF=Granulocyte Colony Stimulating Factor.

Hot plate test:

At day 3, the WL increased significantly
in all groups compared to normal, except for the
G-CSF. This significant increase lasted generally
till day 14 (P value < 0.05). At day 14, The BM-
MSCs- & G-CSF- treated groups and the

combined group showed lower scores in the

latency compared to the OA group (P value <
0.05). Yet, the G-CSF- treated group showed
lower scores. By day 21, the combined group
showed a lower score compared to the OA & G-
CSF group. By day 35, the BM-MSCs score was
higher compared to that of OA & G-CSF groups;
Table (2).
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Table (2): Hind Paw Withdrawal Latency (WL) Values (seconds) throughout the study

Day Zero Day 3 Day 7 Day 14 Day 21 Day 28 Day 35
Gund[swaors [rwsras [ge[3me Jome Jons o
R I e i e [ R e
oI [onsoa [isnsanse [§5 (ol [0 [ [ons
GtV suiiw [sasosiom V00 [0 |10 [iee [ae
(Combineay | 386092 [ 1679509 | o' | V30w | oases |oooss | oods

Values are expressed as mean = SD. * significant P value < 0.05 compared to the normal group. ** highly significant P
value < 0.001 compared to the normal group. # significant P value < 0.05 compared to O.A group. ## highly significant P
value < 0.001 compared to O.A group. $ significant P value < 0.05 compared to G-CSF group. O.A=Osteoarthritis; BM-

MSCs=Bone Marrow Mesenchymal Stem Cells; G-CSF=Granulocyte Colony Stimulating Factor.

2) Gait analysis:
Limb rotation:

On day 7, the angles were significantly
higher in BM-MSCs treated group, combined
group (P value < 0.05), in OA group and G-CSF
treated group (P value < 0.001) compared to the
normal group. By day 35, the angle significantly
decreased in G-CSF treated group (P value <
0.001) and in BM-MSCs treated and combined
group (P value < 0.05) compared to OA group,
of the OA

while angles remained

group
significantly higher than that of the normal group
(P value <0.001) (Fig. 1).
Step width:

On day 7, there was a significant increase
in the step width in BM-MSCs treated group (P
value < 0.001), in O.A group, G-CSF treated group
and combined group (P value < 0.05) compared
with normal group. By day 35, step width
significantly decreased in BM-MSCs treated group

and combined group (P value < 0.05) compared to

the OA group (Fig. 2).

Right stride length:

On day 35, the length was significantly
lower in the OA group (P value < 0.05) when
compared to the normal group, and significantly
higher in all treated groups (P value < 0.05) when
compared with the OA group (Fig. 3).

Right step length:

On day 7, there was a significant
decrease in the length in OA group, BM-MSCs
group, combined group (P value < 0.05) and G-
CSF group (P value < 0.001) compared to the
normal group. On day 35, the length of all treated
groups showed a significant increase (P value <

0.001) compared to O.A group (Fig. 4).

Left step length:

The left step length showed non-significant
increase in some groups over the study duration
compared to the normal control group (Fig. 5).

A) TLC:
The TLC was significantly higher on the 5" day
of G-CSF administration in G-CSF treated group

and in the combined group compared to the normal
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group (P value < 0.02, 0.03; respectively). TLC in normal group on day 35 (P value <

these groups returned to the normal on day 35. shown in (Fig. 6)

TLC in OA group was significantly lower than the

Limb rotation

BM-MSCs

Study groups

mday zero mday 7 mday 35

G-CSF

40
= 30
B
@ 20
[

10

Combined

Figure (1): Limb rotation (°) at three different time points throughout the study.

sdayzero mday7 mday

G-CSF

35

Combined

Step width
6
izt
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£
o
B
n 1
0
Normal BM-MSCs
Study groups

Figure (2): Step width (cm) at three different time points throughout the study

m day zero mday 7 =day 35

G-CSF

Combined

Right stride length
20
g
— 15
=
510
2
3 s
L0
BM-MSCs
Study groups

Figure (3): Right stride length (cm) at three different time points throughout the study
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Right step length
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Normal BM-MSCs G-CSF Combined
Study groups
® day zero ®mday 7 ®=day 35

Figure (4): Right step (cm) at three different time points throughout the study
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Figure (5):

The change in left step length (cm) among study groups over the study duration.

Total Leucocytic Co

TLC (cell/100 pl)

Normal

BM-MSi
Study groups

mdayzao mday5 mday 35

unt (TLC)
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Figure (6): Chart shows peripheral blood TLC at three different time points of the study.

B) Histopathological examination:

Knee joints were examined histologically
to assess the interrelation between joint pathology
and the degree of nociception, and to evaluate the
effect of the different administered treatments on
restoration of the structural integrity of the affected
joint. Control group; showed normal joint space

and AC structure with homogenous and diffuse

distribution of collagen fibers. There was a normal
distribution and orientation of the four zones of the
AC (Fig. 7).
induced degradation of the AC with loss of its

OA control group; revealed MIA

structural integrity. These alterations in the AC
surface caused a great narrowing of the joint space
up to its obliteration in some sections (Fig. 7).

BM-MSCs group; showed a reduction in the
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degenerative changes with the appearance of few
regenerative signs in the AC as reflected by
improvement in the surface irregularity with
decreased fibrillations and erosions when
compared to OA group (Fig. 8). G-CSF group;
revealed a reduction in the degenerative changes as
in BM-MSCs-treated group with formation of
larger much more number of chondrocytes. The

AC changes were incompletely reversed with

presence of few erosions and cracks in comparison
to the normal control group (Fig. 8). Combined
group; showed a good healing features in most of
the specimens. The AC regained its smooth
surface with no observed fibrillations or erosions.
The surface lesions were replaced with hyaline or
hyaline-like tissue with a good integration within

the surface (Fig. 8).

Figure (7): Photomicrographs of knee joint (Normal and OA groups)
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Figure (8): Photomicrographs of knee joint (BM-MSCs-treated group, G-CSF-treated group and combined groups)

Discussion:

In this study, we aimed at comparing the
impacts of the sole and the combined use of BM-
MSCs and G-CSF on articular cartilage repair and
behavioral improvement in MIA-induced rat
model of OA. In this study, treatment with either
BM-MSCs or G-CSF ameliorated the regenerative
capacity of the AC and improved OA pain and gait

behavior. Moreover, G-CSF administration has
potentiated the effect of BM-MSCs with a better
effect on structural and behavioral aspects.

The MIA model used in this study is a
good one for evaluating OA pain , because it
produce pain behavior comparable to that observed
in OA patients (30) and also induce abnormal

weight bearing and gait abnormalities like that



Exogenous versus Endogenous Stem Cells Impacts on Osteoarthritis 147

observed in OA patients (31,32). MIA starts to
induce chondrocyte degeneration with necrosis and
collapse of the articular cartilage layer as early as 1
day after its intra articular injection, this explains
the early pain behavior that observed in this model
(3).

In this study, a significant increase in TLC
occurred in the 5™ day of G-CSF injection and
TLC returned to normal on day 35. Similarly,
Okano et al., (33) used G-CSF in an experimental
osteochondral rat model to amplify the number of
PB cells during the repair process and has found
that TLC began to increase gradually from day 2
and this increase has returned to its original level
after day 7. Sasaki et al., and Fu et al., (34,35)
reported that, the systemic administration of G-
CSF cause bone marrow stimulation and
proliferation of the MSCs with detectable increase
of MSCs in PB.

In this study, a microscopic examination
of the knee joints revealed that MIA injection
induce AC degeneration with a highly significant
recession in AC thickness compared to the normal
control group. These histopathological findings
were in harmony with previous studies where they
found a significant decrease in histopathological
scores after MIA administration at different time
points (32,36,37).

In our work; we found that -either
treatment with BM-MSCs or G-CSF caused
improvement of OA at the histopathological level
as all observed findings occurred due to MIA
injection were reversed with variable degrees in
the study groups. Our results are in agreement with
Sasaki et al., (34) who investigated the effect of
low and high dose of G-CSF on repair of

osteochondral defect in a rabbit model and they

have reported an improvement in the
histopathological score with formation of a thin
layer of hyaline cartilage over the surface of the
defect after 4 weeks. They related the
improvement to the synergistic effect of bone
marrow stimulation with G-CSF administration
which induce MSC mobilization and migration to
the site of injury with their proliferation and
chondrogenic differentiation which was confirmed
also in vitro. Fu et al., (35) reported that treatment
with either G-CSF mobilized peripheral blood
cells or BM-MSCs cause growth of transparent
thin tissue in osteochondral defect in a rat model.

The effect of BM-MSCs on AC repair was
examined previously in multiple studies on
different OA models with a very promising
outcome in AC regeneration (25,38). Gupta et al.,
(39) found that intra-articular BM-MSCs causes
regeneration of the cartilage with repair of OA
changes in concomitant with reduction in OA pain.
BM-MSCs possibly play a key role diminishing
the pain induced by inflammation via secretion of
numerous  analgesic  peptides and  anti-
inflammatory cytokines with the effect of other
bioactive factors that cause both decrease in
inflammation and initiate AC regeneration through
a paracrine mechanism (40,41). Van Buul et al.,
(42) have reported that BM-MSCs reduce OA pain
but without a significant effect on the structural
degenerative changes, this difference with the
current study results may be attributed to the large
dose of MIA that was used to induce OA in their
study.

It is to be noted that, we observed that the
histopathological improvement was superior in G-
CSF treated group than BM-MSCs treated group

but with no significant difference between the two
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groups. The concomitant administration of G-CSF
with BM-MSCs in the combined group showed a
highly significant increase in the thickness of AC
in comparison to OA group, almost equal to the
normal control group, indicating increased matrix
density and healthy chondrocyte population on
their way to complete recovery from OA injury.
The best observed signs of AC regeneration and
absence of cellular apoptosis was obious also in
the combined group with an almost normal AC
appearance in some sections.

The current study showed that, before
MIA injection there were no signs of nociceptor
behavior in all groups. MIA caused a highly
significant increase in the knee bend scores. These
findings are in agreement with previous studies
(43,44). In the present study, we found that
treatment with BM-MSCs, G-CSF or their
combined administration caused improvement in
the movement-induced nociceptive behavior and
mechanical sensitivity indicated by a decrease in
the knee bend scores when compared to OA group
at different time points. This improvement in the
deep joint pain in affected knee joints mirrors
cessation of OA progression with evolving
recovery. Treatment with BM-MSCs caused more
decrease in the knee bend score than the two other
groups from day 14 till the end of the study.

In this study, Examination of the animal
response to the noxious thermal stimuli revealed
an increase in hind paw WL after MIA injection
with progressive decrease in latency times till the
end of the study in all groups including the
untreated OA group with no observed thermal
hyperalgesia. Numerous previous studies, on the
other hand revealed controversial findings as they

reported  thermal hyperalgesia after MIA

administration. Rahman and Dickenson, (45)
have suggested that thermal hyperalgesia observed
in MIA model of OA is due to the functional
alteration in the peripheral nociceptors voltage-
gated  sodium  channels which  mediate
neuroplasticity in OA pain. In agreement with our
results, Ruan et al, (46) have declared a
significantly delayed response time to thermal
stimuli in a cruciate ligament transection mice
model of OA compared to sham group. They
postulated that their findings are due to either a
decrease in the pain sensitivity levels or a motor
dysfunction component which may delay an
impeding animal response. They also noticed that
mice placed more pressure on the toes to decrease
the pressure on the hind paw which decrease the
contact area between hind paw and the hot plate,
an observation that could explain the increase
latency time. Another study tested the electro-
physiological and behavioral characterization
during OA in mice also reported absence of
thermal hypersensitivity throughout their study
(47). This controversy among our study findings
and other studies may be attributed to one of the
previously mentioned justifications in other studies
in harmony with ours. It could be also due to the
short duration of our study and perhaps the
response may be detected late by day 28 or 35
after MIA injection as reported by other authors
(44.,48).

Regarding this study, MIA caused
increased step width and excess hind limb rotation
during walking by day 7 post injection. Treatment
with BM-MSCs, G-CSF or their combined
administration caused a progressive decline in the
step width with the loss of the excess limb rotation

when compared to the normal group. All the
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treated groups showed a significantly higher stride
length when compared with OA group. These
findings indicate altered gait pattern with OA. Gait
asymmetry in OA is mainly due to the unilateral
compensatory shifting of the applied load over the
injured joint to the other unaffected limb aiming to
avoid the loading and movement related pain in
the affected joint with locking in the range of
flexion and extension during walking. These
results of disturbed gait in OA are in agreement
with previous studies using MIA model of OA
(31,49,50). Lakes and Allen, (32) carried out a
quadrupedal gait assessment and observed an early
antalgic gait pattern and a shifting toward shuffle-
stepping gait over time which was indicated by a
decreased stride length with wider step width.
These findings reveal that in OA the animals are
walking with shorter steps with broadening their
base of support to keep their stability during
walking. They also found that forelimbs play a
minimal role in compensation during hind limb
injury. Concerning the current research, results of
the pain analysis and the consequent gait changes,
after treatment of OA with exogenous or
endogenously mobilized stem cells are all in
agreement of previous studies. This is reflected by
improvement in weight bearing and distribution
over the affected limb after treatment (25,42),
increase in the pain threshold with improved
sensitivity to pain (39).

A limitation of this study is that, the
dynamics of in vivo stem cell proliferation and
mobilization were not tested. In addition, the
chondrogenic differentiation of stem cells was not
confirmed ex vivo. Although the exact mechanism
of anti-nociceptive effect of BM-MSCs is not
exactly identified, it may be explained by AC

regeneration occurred and the regain of structural
integrity of the joint which combat a chief source
of pain in OA. This may be also related to stem
cell well-known anti-inflammatory and anti-
apoptotic effects. The effect of G-CSF is believed
to be mediated by an increase in the TLC, which
reflect endogenous stem cell mobilization that
shared in the healing of the injured tissue.
Collectively, our work sheds light on the
promising effect of the mobilized endogenous
cells. In addition, the combined effects of
endogenous host stem cells and the exogenous
cells seems to potentiate the effect of each other
and work in a synergistic manner, showing better
results than the sole use of each source in the
structural recovery, pain sensation and gait
improvement. The deep understanding of the
underlying mechanisms regarding improvement of
the studied parameters remains to be elucidated in

future works.
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