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SUMMARY

Osteoarthritis (OA) is a degenerative joint dis-
ease that results from breakdown of joint carti-
lage and underlying bone. It is the most common
form of arthritis among elderly individuals. The
present study aimed to investigate the effect of
intra-articular injection of platelet-rich plasma
(PRP) and bone marrow mesenchymal stem cells
(BMSCs), both in combination and separately in
the treatment of monoiodoacetate (MIA) induced
OA in rats. Seventy adult male albino rats were
randomly divided into seven groups, 10 rats in
each (control, sham control, OA-induced, PRP,
BMSCs, PRP+BMSCs and recovery). Histologi-
cal examination was done using haematoxylin
and eosin, alcian blue and Masson’s trichrome
stains. Immunohistochemical staining for colla-
gen type II antigen and proliferating cell nuclear
antigen (PCNA) was carried out. Measurements
of serum interleukin 6 (IL-6) was performed us-
ing ELISA. Expression of ACAN gene was done
using real-time polymerase chain reaction (PCR)

and histomorphometric measurements were an-
alyzed. Radiographs were acquired from the knee
joint. Light microscopic examination of articular
cartilage (AC) from OA-induced group showed
disorganization of chondrocytes, loss of zona-
tion, pyknotic nuclei, empty lacunae and absent
tidemark. There was a significant decrease in AC
thickness, chondrocytes count, optical density of
collagen and proteoglycan content, area percent
of collagen II in the matrix in OA group compared
to control and sham groups. These degenerative
histomorphological alterations were associated
with significant increase in serum IL-6 and de-
crease in ACAN gene expression. Radiographs
showed narrowing of joint space and subchondral
sclerosis. Intraarticular injection of PRP, BMSCs
and PRP+BMSCs improved the previously men-
tioned alterations. Concomitant administration of
PRP+BMSCs showed better effect than using PRP
and BMSCs alone. In conclusion, PRP potentiated
the effects of BMSCs on the repair of MIA-induced
AC damage in rats. Injection of combination of
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PRP with BMSCs could be considered as a promis-
ing therapy for OA in patients.
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Monoiodoacetate — Platelet rich plasma — Bone
marrow mesenchymal stem cells

INTRODUCTION

Osteoarthritis (OA) is the most prevalent de-
generative joint disease, which mostly impairs
mobility and subsequent quality of life in elder
individuals (Mehranfar et al., 2019). It affects both
large and small joints of the body including the
hand, feet, back, but the most commonly affected
joints are hip and knee joints leading to disability
(Samsonraj et al., 2017). Monoiodoacetate (MIA)
is an inhibitor of glyceraldehyde-3-phosphate
dehydrogenase activity and an inhibitor of glycol-
ysis shown to induce chondrocyte death in vitro.
Intra-articular injection of MIA induces chondro-
cyte death in the articular cartilage (AC) of rodent
and non-rodent species (Pei et al., 2019).

Intra-articular injection of platelet rich plas-
ma (PRP) is one of the current options for treat-
ment of OA. The regenerative capacity of PRP is
attributed to its high content of growth factors,
which influence cartilage healing and regenera-
tion. They include platelet-derived growth factor,
transforming growth factor-[J, vascular endothe-
lial growth factor, epidermal growth factor and
insulin growth factor (Nabavizadeh et al., 2022).
The use of mesenchymal stem cells is another
propitious therapy of OA. The therapeutic use of
MSCs is related to their anti-inflammatory activity
and their capacity to differentiate into mesoder-
mal lineages like fat, bone and cartilage (Bastos et
al., 2020). Bone marrow mesenchymal stem cells
(BMSCs) are the most studied and used cells in
regenerative medicine (Samsonraj et al., 2017).
While cell-based therapy has been shown to be
hopeful for regeneration, there is a consideration
that BMSCs perform better in the presence of PRP
(Ahmad et al., 2020).

Although the effect of PRP and BMSCs on dam-
aged cartilage separately is well known in the re-
viewed literature, studies considering the effect
of their combined treatment were limited. There-

fore, the aim of the current study was to assess the
histological, histomorphometric and biochemical
changes in osteoarthritic cartilage of knee joint
and the possible ameliorative role of PRP, BMSCs
and combined PRP and BMSCs.

MATERIAL AND METHODS

Animals

Seventy adult male albino rats of 170-200gram
body weight with apparently healthy knee joints
(no swelling or limitation of movement) were ob-
tained from the Animal and Experimental House,
Faculty of Medicine, Cairo University following
the guidelines for the care and use of laboratory
animals (approval NO. CU-III-F-74-19). The an-
imals were housed in groups five per cage mea-
suring 41x28x19 cm and allowed to standardized
laboratory diet and water ad libitum throughout
the experiment.

Chemicals

Mono-iodoacetate: 1t was purchased from Sig-
ma-Aldrich Chemie GmbH (Sigma, St. Louis, MO,
USA; cat #12512) in the form of powder. A total
amount of 30 mg of MIA powder was dissolved in
15 ml phosphate buffered saline solution (Guz-
man et al., 2003).

Phosphate buffered saline (PBS): 1t is a water-based
salt solution containing disodium hydrogen,
phosphate, sodium chloride, potassium chloride
and potassium dihydrogen phosphate. It helps to
maintain a constant PH.

Platelet rich plasma: An autologous PRP was
freshly prepared and was injected within one
hour after preparation in the form of 30ul of PRP
dissolved in 20ul PBS intra-articular in the right
knee joints of rats (Mifune et al., 2013). They were
obtained from the Biochemistry Department,
Faculty of Medicine, Cairo University.

Bone-marrow derived Mesenchymal stem cells: 1so-
lation, culture and labeling of BMSCs were per-
formed in Molecular Biology Unit, Biochemistry
Department, Faculty of Medicine, Cairo Univer-
sity. According to Institutional Animal Care and
Use Committee guidelines, 12 weeks old rats were
sacrificed under chloroform anesthesia. The fe-



mur and tibia were removed under aseptic con-
ditions and cancellous bone was removed and
washed with PBS 4 or 5 times. Bone marrows were
cleaned out using Dulbecco’s Modified Eagle’s
media (DMEM) and media were changed every 3
to 4 days (Smajilagic¢ et al., 2013). When huge col-
onies formed, cultures were rinsed twice with PBS
and trypsin was added to cells (0.25% trypsin in
1ml Ethylene Diamine Tetra Acetate (EDTA)) for
5 minutes at 37°C. After centrifugation, cell pel-
lets were resuspended with serum-supplemented
medium and incubated in 25 cm3 culture flasks
(Alhadlag and Mao, 2004). The BMSCs in the cul-
ture were identified by their plastic adhesiveness
and fusiform shape (Aziz et al., 2007). To track the
migration and homing of BMSCs at the site of in-
traarticular injection, cultured cells were labeled
with fluorescent cell tracker PKH26 (Sigma, USA,
MINI26) according to manufacturer’s instructions
(Kyriak ou et al., 2008).

Experimental design

The animals were randomly divided into seven
groups (ten rats in each) according to lottery ran-
domization method (Singh and Masuku, 2014).
Seven cards were prepared with labels represent-
ing the different groups. The cards were placed
in a container and shuffled thoroughly. Each card
was drawn one by one blindly from the container
and each rat was assigned to the corresponding
group based on the label on the card. This process
was repeated until all rats had been assigned to
the groups.

Group I (Control group): The rats were housed
without any manipulation or medications. They
were then subdivided into two subgroups:

Subgroup Ia: Consisted of five rats. They were sac-
rificed after two weeks from the onset of the ex-
periment.

Subgroup Ib: Consisted of five rats. They were sac-
rificed after six weeks from the onset of the exper-
iment.

Group II (Sham control group): The animals were
injected intra-articular with a single dose of 0.5
ml of PBS through infrapatellar ligament of the
right knee joint. They were then subdivided into
two subgroups:

Subgroup Ila: Five rats were sacrificed after two
weeks from the onset of the experiment.

Subgroup IIb: Five rats were sacrificed after six
weeks from the onset of the experiment.

Group III (OA-induced group): The rats received
a single intra-articular injection of 1 mg of MIA
dissolved in 0.5 ml of PBS through infrapatellar
ligament of the right knee joint and sacrificed two
weeks after the injection (Guzman et al., 2003).

Group IV (PRP- treated group): They received
single intra-articular injection of 30ul of PRP dis-
solved in 20ul PBS through infrapatellar ligament
of the right knee joint two weeks after injection of
MIA. The animals were sacrificed four weeks later
(Mifune et al., 2013).

Group V (BMSCs- treated group): They received
single intra-articular injection of 5.0X105 BMSCs
resuspended in 50ul PBS through infrapatellar
ligament of the right knee joint two weeks after
injection of MIA, then were sacrificed four weeks
later (Mifune et al., 2013).

Group VI (PRP+BMSCs-treated group): The rats re-
ceived a single intra-articular injection of a com-
bination of 30ul PRP dissolved in 20ul PBS and 5.0
X105 BMSCs through infrapatellar ligament of the
right knee joint two weeks after injection of MIA.
They were sacrificed after four weeks (Mifune et
al., 2013).

Group VII (Recovery group): The rats received a
single intra-articular of 1 mg of MIA dissolved in
0.5 ml of PBS through infrapatellar ligament of
the right knee joint and were sacrificed six weeks
after the injection (Matsumoto et al., 2009).

The animals subjected for intra-articular in-
jection underwent general anesthesia by ether
inhalation. The area surrounding the knee joint
was trimmed and wiped with alcohol. The patellar
ligament was seen as white line below patella. The
knee joint was kept in a bent position and the drug
was injected in the gap below the patella at a 90°
angle using insulin syringe (Pitcher et al., 2016).

All animals were anesthetized by mild ether in-
halation at the allocated time of each group, then
sacrificed by intraperitoneal injection of pheno-
barbitone sodium (80ug/g). The femoral condyles
of the right knee joint were dissected and fixed in
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10% buffered formalin solution. The specimens
were decalcified using EDTA. After changing the
solution daily for six weeks, the specimens were
subjected to the following:

Histological study

The specimens were dehydrated in ascending
grades of alcohol, cleared in xylene, embedded in
paraffin and sagittal sections of 5 pym thickness
were cut and stained by:

e Haematoxylin and eosin (H&E): For routine
histological examination (Kiernan, 2001).

e Alcian blue: For detection of proteoglycan in
chondrocytes (Bancroft and Gamble, 2008).

«  Masson’s trichrome: For detection of collagen
content in the matrix (Bancroft & Gamble,
2008).

- Immunohistochemical staining for collagen type
II antigen (Bancroft & Gamble, 2008): Prima-
ry antibody: Collagen II Ab-3 (Clone 6B3): It
is a mouse monoclonal antibody (thermo-
scientifice, CA 94538, USA, catalogue num-
ber MS-306-R7) at dilution 1:200 for detec-
tion of type II collagen.

- Immunohistochemical staining for Proliferating
Cell Nuclear antigen (PCNA): Primary anti-
body: The PC10 monoclonal antibody (clone
PC10, M0879): It is a mouse monoclonal an-
tibody (Dako company, Cairo, Egypt, Catalog
No.IMG.144A) at a dilution 1:100 was used
for detection of cell proliferation.

Histomorphometric study

Five non-overlapping high power fields (x400)
from five sections (from each rat) of 10 rats per
group were randomly chosen. The measurements
were obtained using “Leica Qwin 500 C”image an-
alyzer computer system Ltd. (Cambridge, England).

The following parameters were measured:

« Articular cartilage thickness in H&E-stained
sections (um). Four measures were taken
and the average was calculated for each slide.

« Optical density of proteoglycan content of
chondrocytes in alcian blue stained sections.

«  Optical density of collagen content of cartilage
matrix in Masson'’s trichrome stained sections.

« Area percent of collagen IT immunopositive
matrix in collagen II-stained sections. Opti-
cal density of proteoglycan content of chon-
drocytes, collagen content of the matrix and
area percent of collagen II immunopositive
matrix were done by transforming the col-
ored images into grey images then masking
the positive areas by a red binary color us-
ing image analyzer software.

+ Chondrocytes count in PCNA stained-sec-
tions. It was done by using counting cells
tool in image analysis software.

Biochemical study

ELISA: Three ml blood was obtained from the
rat’s tail and collected in heparinized tubes for
biochemical determination of serum level of IL-6
by an ELISA kit as described in manufacturer’s in-
structions (R&D Systems, Inc., Minneapolis, MN).

Quantitative analysis of ACAN gene by real time
polymerase chain reaction (RT- PCR):

Total RNA extraction: Articular cartilage was
harvested and grounded by a mortar and pestle
in liquid nitrogen. Extraction of RNA was done
by homogenization in TRIzol reagent (Invitrogen,
Life Technologies, USA) according to the instruc-
tions of the manufacturer. The RNA concentra-
tions and purity were measured with an ultravio-
let spectrophotometer.

Complementary DNA (cDNA) synthesis: The cDNA
was synthesized from 1 ug RNA using Superscript
III First-Strand Synthesis; a system described in
the manufacturer’s protocol (Invitrogen, Life Tech-
nologies). One ug of total RNA was mixed with 50
UM oligo (DT) 20, 50 ng/uL. random primers, and
10 mM dNTP mix in a total volume of 10 uL. The
mixture was incubated at 56 °C for five minutes.
and then placed on ice for three minutes. The re-
verse transcriptase master mix containing 2 uL of
10x RT buffer, 4 uL. of 25 mM MgCl2, 2 uL. of 0.1 M
DTT, and 1 uL of SuperScript III RT (200 U/uL) was
added to the mixture and was incubated at 25 °C
for ten minutes followed by 50 minutes at 50 °C.

Real time quantitative PCR: The relative abun-
dance of mRNA species was assessed using the
SYBR Green method on an ABI prism 7500 se-



quence detector system (Applied Biosystems, Fos-
ter City, CA). Primers were designed with Gene Run-
ner Software (Hasting Software, Inc., Hasting, NY)
from RNA sequences from Gene Bank. Quantitative
RT-PCR was performed in a 25-ul reaction volume
consisting of 2X SYBR Green PCR. Master Mix (Ap-
plied Biosystems), 900 nM of each primer and 2-3
ul of cDNA. Amplification conditions were 2 min. at
50°,10 min. at 95° and 40 cycles of denaturation for
15 seconds and annealing/extension at 60° for 10
min. Data from real-time assays were calculated us-
ing the v1-7 Sequence Detection Software from PE
Biosystems (Foster City, CA). Relative expression of
studied gene mRNA was calculated using the com-
parative Ct method. All values were normalized to
the beta actin gene and reported as fold change.

The primer sequence of the ACAN was:
F: 5'- AGATGGCACCCTCCGATACC -3' R: 3'- GA-
CACACCTCGGAAGCAGAA -5'

Radiographic evaluation

The procedure was performed at Faculty of Vet-
erinary Medicine, Cairo University. It was carried
out immediately after euthanasia before rigor
mortis. A dental radiography periapical film unit
was used. Radiographs were made in dorsoplan-
tar position at full extension. The images were
analyzed by a radiologist without knowledge of
groups of animals evaluated (Morais et al., 2016).

Statistical analysis

The quantitative data were tabulated and sub-
jected to statistical analysis using SPSS (statistical
package for social science) version 21. The nu-
merical data was described as mean + standard
deviation (SD). The statistical significance of the
difference between all the obtained mean values
will be assessed using one way ANOVA test. The
Bonferroni post hoc test was applied to compare
different groups. The probability level (p-value) >
0.05 was considered significant.

RESULTS

Histological and histomorphometric results

Histological examination of AC sections from
control group (subgroup Ia and Ib) and sham

group (subgroup Ila and IIb) showed similar find-
ings, therefore, they were discussed together.

Haematoxylin and eosin-stained sections: Ex-
amination of H&E-stained sections from control
group (subgroup Ia and Ib) and sham group (sub-
group Ila and IIb) showed normal morphological
architecture with regular histological zones of AC.
The superficial zone exhibited flat chondrocytes
and the transitional zone was formed of rounded
chondrocytes with rounded nuclei inside lacuna
arranged in cell nests (composed of 2-4 chondro-
cytes). In the deep zone, chondrocytes were ar-
ranged in columns perpendicular to the surface
of the cartilage. The tidemark appeared as a ba-
sophilic line separating the deep zone from un-
derling calcified zone (Fig. 1a). On the other hand,
degenerative histomorphological alterations were
observed in OA-induced group in the form of loss
of zonation, faint or absent tidemark, disorienta-
tion of chondrocytes and presence of ghost cells.
Empty lacune with pyknotic nuclei were observed.
The articular surface showed exfoliation of super-
ficial zone (Fig. 1Db).

Histomorphological improvement was observed
in PRP-treated group. Regular articular surface,
flat chondrocytes and cell nests were seen in the
superficial zone and transitional zones respec-
tively. However, cell columns could not be de-
tected in the deep zone and tidemark was absent
(Fig.1c). In BMSCs-treated group, zonal organiza-
tion was detected apart from absent columns in
the deep zone. In addition to obvious tidemark
(Fig. 1d). In group VI, concomitant administration
of PRP+BMSCs significantly alleviated MIA-in-
duced AC alterations as evidenced by better zonal
organization with reappearance of columns in the
deep zone. However, the tidemark was faint (Fig.
1e). Moreover, there was no further improvement
in recovery group, which showed loss of zonation,
disorientation of chondrocytes, absent tidemark.
In addition to the presence of clefts and pyknotic
nuclei (Fig. 1f).

Statistically significant decrease in the mean
AC thickness was observed in OA- induced group
compared to control (p<.001%) and sham groups
(p<.001%). Meanwhile, PRP, MSCs and concom-
itant PRP+MSCs groups showed a significant in-
crease in the mean AC thickness compared to
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Fig. 1.- H&E-stained sections from rat AC of different groups (x400): (a) Sham control group shows normal architecture, elongated
flat chondrocytes (red arrow) are shown in the superficial zone (S). The transitional zone (T) reveals rounded chondrocytes in cell
nests (yellow arrow). The deep zone (D) displays chondrocytes arranged in columns (green arrow). The tidemark (*) is illustrated.
(b) Section from OA-induced group demonstrates degenerative histomorphological alterations with loss of zonation, abnormal dis-
tribution of cells (arrowheads), exfoliation (curved arrow) in the superficial zone (S) and absent tidemark. Note presence of ghost
cell (G). Empty lacuna with pyknotic eccentric nucleus is illustrated (arrow). (c) In PRP-treated group, flat chondrocytes (red arrow)
and cell nests (yellow arrow) are shown in the superficial (S) and transitional (T) zones respectively. Cell columns and tidemark are
absent. (d) BMSCs-treated group displays flat chondrocytes (red arrow) in the superficial zone (S) and cell nests (yellow arrow) in the
transitional zone (T). Cell columns are absent. The tidemark (¥) is shown. (e) In group VI, concomitant administration of PRP+BMSCs
demonstrates regular articular surface. Flat chondrocytes (red arrow), cell nests (yellow arrow) and cell columns (green arrow) are
illustrated in the superficial (S), transitional (T) and deep (D) zones respectivly.5 Faint tidemark (*) is shown. (f) Loss of zonation, dis-
orientation of chondrocytes, clefts (arrows) and pyknotic nuclei (arrowheads) are illustrated in recovery group. The tidemark is ab-
sent. (g) Mean AC thickness in different groups: * (p<.05) vs control group, # (p<.05) vs OA, ** (p< .05) vs recovery. Scale bars: 50 pum.

OA-induced group (p=.041% .008* and <.001* re-
spectively). However, the difference in the mean
AC thickness between PRP, MSCs and concomi-
tant PRP+MSCs groups was statistically non-sig-
nificant. Regarding recovery group, a statistically
significant decrease in AC thickness was found
compared to OA (p<.001*), PRP (p=.041%), MSCs
(p<.001%) and concomitant PRP+MSCs (p<.001%)
treated groups (Fig. 1g) (Table 1).

In alcian blue-
chondrocytes were deeply

Alcian blue-stained sections:
stained sections,

stained in control group (subgroup Ia and Ib) and
sham group (subgroup Ila and IIb) (Fig. 2a). How-
ever, most of chondrocytes exhibited faint alcian
blue staining in OA-induced group (Fig. 2b). Im-
provement was detected in PRP, BMSCs, as well as
PRP+BMSCs-treated groups as most of chondro-
cytes were moderately stained by alcian blue (Figs.
2¢, d, E). Faint alcian blue staining was observed in
AC sections from recovery group (Fig. 2f).

Regarding the mean optical density of proteogly-
can content in alcian blue-stained sections, there



Fig. 2.- Alcian blue-stained sections from rat AC of different groups (x400): (a) Deep blue stained chondrocytes are shown in sham
group (arrows). (b) OA-induced group reveals light blue stained chondrocytes (arrows). (c, d, €) Moderately stained chondrocytes
are illustrated in PRP, BMSCs and concomitant PRP+BMSCs treated groups (arrows). (f) In recovery group, light blue stained chon-
drocytes are demonstrated (arrows). (g) Mean optical density of proteoglycan content of chondrocytes in AC in different groups:
*(p<.05) vs control group, # (p< .05) vs OA, ** (p< .05) vs recovery, ## (p< .05) vs PRP group and BMSCs group. Scale bars: 50 pm.

was significant decrease in OA-induced group
compared to control (p<.001*) and sham groups
(p<.001%). A statistically significant increase in
the mean optical density in PRP (p<.001*), MSCs
(p<.001%) and concomitant PRP+MSCs (p<.001%)
groups was found compared to OA-induced group.
Moreover, there was significant increase in the
optical density in concomitant PRP+MSCs group
compared to PRP (p<.001%) and MSCs (p<.001%)
groups indicating better response. Regarding re-
covery group, the mean optical density showed a
significant decrease compared to OA (p<.001%),
PRP (p<.001%), MSCs (p<.001%) and concomitant
PRP+MSCs (p<.001%) groups (Fig. 2g) (Table 1).

Masson’s trichrome-stained sections: Regarding
control group (subgroup Ia and Ib) and sham group
(subgroup IlIa and IIb), examination of Masson’s tri-
chrome-stained sections exhibited deeply stained
basophilic matrix by large amount of collagen (Fig.
3a). Decreased collagen was observed in OA-in-
duced groupin the form of areas of mild to moderate
basophilic staining (Fig. 3b). In PRP-treated group,
the matrix showed moderate basophilic staining
(Fig. 3c), while in BMSCs-treated group, moderate
to deep basophilic staining of matrix was detected
(Fig. d). Combined PRP+BMSCs treated group ex-
hibited deeply stained basophilic matrix indicating
increased collagen (Fig. €). Examination of sections
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Fig. 3.- Masson’s trichrome-stained sections from rat AC of different groups (x400): (@) Sham control group shows deeply stained
basophilic matrix between chondrocytes. (arrows). (b) Mild to moderate basophilic staining of matrix is demonstrated in OA-in-
duced group (arrows). (¢) Matrix shows moderate basophilic staining in PRP-treated group (arrows). (d) In BMSCs-treated group,
moderate to deep basophilic staining of matrix is illustrated (arrows). (e) PRP+BMSCs cotreatment group displays deeply stained
basophilic matrix (arrows). (f) Mildly stained basophilic matrix is shown in recovery group (arrows). (g) Mean optical density of
collagen content in the matrix of AC in different groups: * (<.05) vs control group, # (p< .05) vs OA, ** (p< .05) vs recovery, ## (p<
.05) vs PRP group and BMSCs group. Scale bars: 50 pm.

Table 1. Mean values of AC thickness, optical density of proteoglycan content, optical density of collagen content, area percent of
collagen I and chondrocytes count in all rat groups.

Optical density = Optical density Area percent of

e i}?é‘i‘ﬁﬁiﬁi’si‘ ofproteoglycan  of collagen  collagen gV
e (Meant SD) (Meant SD) (Meant SD) Ll

Ia (Control group) 152.7+8.6 0.71 +.05 0.61 +.02 58.6+2.3 50.2+ 1.9

Ib (Control group) 153.1+54 0.72 £.03 0.60 £.03 57.5+1.9 50.6+3

[Ia (Sham control group) 155.7 +5.7 0.71 +.02 0.59 +.02 56.4+1.2 47.8+1.4
IIb (Sham control group) 154.2+5.2 0.72 £.03 0.60 .02 56.9+1.4 49.6 +2.7
I1I (OA-induced group) 110.2+14.2 0.39+.02 0.23 +.019 28.1+1.8 23+2.7

IV (PRP-treated group) 1281 +2.9 0.563 £.02 0.44 + .03 34.8+1.0 36.2+3.3

V (MSCs-Treated group) 130.9+4.5 0.53+.019 0.42 +.03 41.02 £0.9 38+1.8

VI (PRP+BMSCs-treated group)  140.2 +2.7 0.68 +.018 0.52+.018 48.6 £ 2.6 442 +1.9
VII (Recovery group) 84.6+12.6 0.28 £.02 0.22 +£.016 18+0.8 13.2+1.6

SD: Standard deviation, OA: Osteoarthritis, PRP: Platelet rich plasma, BMSCs: Bone marrow mesenchymal stem cells



from recovery group revealed mild staining of ma-
trix reflecting decreased collagen (Fig. 3f).

The mean optical density of collagen content in
the matrix of AC in OA-induced group showed sig-
nificant decrease compared to control (p<.001%)
and sham groups (p<.001%). Regarding PRP, MSCs
and PRP+BMSCs treated groups, a statistically
significant increase of the optical density was rec-
ognized compared to OA-induced group (p<.001*
in the three groups). Further improvement was
found in PRP+BMSCs treated group as evident
by the significant increase in the optical density
compared to PRP (p<.001*) and MSCs (p<.001%)
treated groups (Fig. 3g). Furthermore, a statisti-
cally significant decrease in the optical density
was detected in recovery group compared to OA
(p<.001%), PRP (p<.001*), MSCs (p<.001*) and
PRP+BMSCs (p<.001%) treated groups (Fig. 3g)
(Table 1).

Collagen II immune-stained sections: Exam-
ination of collagen Il-stained sections of control
group (subgroup Ia and Ib) and sham group (sub-
group Ila and IIb) showed strong extracellular im-
munoreactivity in the superficial zone, moderate
immunoreactivity in the transitional zone and
mild to moderate immunoreactivity of the deep
zone. Collagen bundles were seen (Fig. 4a). In
OA-induced group, weak extracellular immuno-
reactivity with patchy appearance was observed
(Fig. 4b). Examination of sections from PRP and
BMSCs treated groups exhibited strong immu-
nostaining in the superficial zone and moderate
staining in the transitional zone. Patches of colla-
gen fibers were detected in the deep zone (Figs.
4¢, d). In group VI (PRP+BMSCs concomitant ad-
ministration), there was an increase in collagen
[T immunoreactivity with strong immunostaining
in the superficial zone, moderate staining in the
transitional zone and mild staining of deep zone.
Moreover, collagen bundles were observed in this
group (Fig. 4e). Sections of group VII (recovery
group) revealed weak extracellular immunoreac-
tivity of collagen II (Fig. 4f).

The mean area percent of collagen II revealed
a significant decrease in OA-induced group in
comparison to control (p<.001*) and sham groups
(p<.001¥) (Fig. 4g). In PRP, MSCS and PRP+BMSCs
treated groups, a statistically significant increase

in the mean area percent was found compared to
OA-induced group (p<.001* in the three groups)
(Fig. 4g). Also, concomitant PRP+BMSCs adminis-
tration showed a significant increase in the mean
area percent compared to PRP (p<.001*) and
MSCs (p<.001%*) groups (Fig. 4g). When comparing
recovery group to OA, PRP, MSCs and PRP+BM-
SCs treated groups, a significant decrease in the
mean area percent was found (p<.001* in the four
groups) (Fig. 4¢g) (Table 1).

PCNA-immunostained sections: Abundant pro-
liferating chondrocytes were detected in PC-
NA-stained sections from control group (subgroup
Ia and Ib) as well as sham group (subgroup IIa and
IIb) (Fig. 5a). On the other hand, few chondrocytes
were detected in OA- induced group (Fig. 5b).
Abundant proliferating chondrocytes were de-
tected in PRP, BMSCs and concomitant PRP+BM-
SCs treated groups (Figs. 5¢, d, e). Sections of AC
from recovery group showed few chondrocytes
(Fig. 5f).

Regarding chondrocytes count, there was a
significant decrease in OA-induced group com-
pared to control (p<.001*) and sham (p<.001%)
groups. While in PRP, MSCS and PRP+BMSCs
treated groups, a statistically significant increase
was found compared to the OA-induced group
(p<.001*in the three groups). Moreover, there was
a statistically significant increase in the chon-
drocyte count in PRP+BMSCs treated group com-
pared to PRP and MSCs groups (p<.001%, <.008*
respectively) indicating further improvement.
When comparing recovery group to OA, PRP,
MSCs and PRP+BMSCs treated groups, a statisti-
cally significant decrease in chondrocytes count
was observed (p<.001* in the four groups) (Fig.
5g) (Table 1).

Biochemical results

Determination of serum level of IL-6: The level
of the proinflammatory cytokine interleukin IL-6
was measured in the serum of rats from different
groups. A significant increase in the mean serum
IL6 level was found in OA-induced group in com-
parison to control (p<.001*) and sham (p<.001%)
groups. Treatment with PRP, MSCs as well as PRP
and BMSCs concomitantly resulted in a significant
reduction in IL-6 levels compared to OA- induced
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Fig. 4.- Anti collagen Il immunostained sections from rat AC of different groups (x400): (a) Sham control group shows strong extra-
cellular immunoreactivity in the superficial zone (S), moderate immunoreactivity in the transitional zone (T) and mild to moderate
immunoreactivity in deep zone (D). Collagen bundles (arrows) are shown. (b) Weak extracellular immunoreactivity of collagen
II with patchy appearance is detected in OA-induced group (arrows). (c) Strong immunoreactivity in the superficial zone (S) and
moderate staining of the transitional zone (T) are demonstrated in PRP-treated group. (d) BMSCs-treated group exhibits strong
immunoreactivity in the superficial zone (S) and moderate staining in the transitional zone (T). Patches of collagen fibers (arrows)
are shown in the deep zone (D). (e) Concomitant administration of PRP+BMSCs in group VI displays strong immunoreactivity in
the superficial zone (S), moderate staining in the transitional zone (T) and mild staining in the deep zone (D). Collagen bundles are
shown (arrows). (f) In recovery group, weak extracellular immunoreactivity of collagen II is demonstrated (arrows). (g) Mean area
percent of collagen II content of cartilage matrix in different groups: * (<.05) vs control group, # (p<.05) vs OA, ** (p< .05) vs recov-
ery, ## (p<.05) vs PRP group and BMSCs group. Scale bars: 50 pm.

198

group (p<.001* in the three groups). Moreover, bet-
ter therapeutic effect was found with PRP and BM-
SCs coadministration as a significant decrease in
IL6 level was found in this group compared to PRP
(p<.001*) and MSCs groups (p<.001%). Considering
recovery group, a significant increase in the level of
IL6 was observed in comparison with OA (p<.001%),
PRP (p<.001%), MSCs (p<.001*) and PRP+BMSCs
(p<.001*) treated groups (Fig. 6) (Table 2).

ExpressionofACANgeneintheAC: When compared
with control and sham groups, MIA administration
in OA-induced group resulted in a significant de-

crease in ACAN gene expression (p<.001%). In PRP,
MSCs and PRP+BMSCs treated groups, there was a
statistically significant increase in ACAN gene ex-
pression compared to OA-induced group (p<.001*
in the three groups). Concomitant administration
of PRP and BMSCs in group VI resulted in a con-
siderable upregulation in the expression of ACAN
gene when compared to PRP (p<.001*) and MSCs
(p<.001%) groups. Recovery from MIA resulted in
a statistical drop in the expression of ACAN gene
when compared to OA (p<.001%), PRP (p<.001%),
MSCs (p<.001*) and PRP+BMSCs (p<.001*) treated
groups (Fig. 7) (Table 2).
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Fig. 5.- PCNA immunostained sections from rat AC of different groups (x400): (a) Abundant proliferating chondrocytes are illus-
trated in control group (arrows). (b) OA-induced group exhibits few proliferating chondrocytes (arrows). (c, d, €) Abundant chon-
drocytes are demonstrated in PRP, BMSCs and concomitant PRP+BMSCs treated groups (arrows). (f) Recovery group shows few
chondrocytes (arrows). (g) Mean chondrocytes count in AC in all groups: * (p<.05) vs control group, # (p< .05) vs OA, ** (p< .05) vs
recovery, ## (p<.05) vs PRP group and BMSCs group. Scale bars: 50 um.

Table 2. Mean values of inflammatory marker IL-6 (pg/ml) in serum and ACAN gene expression articular cartilage tissue in all rat

groups.

Groups IL6 (pg/ml) (Meanz* SD) ACAN gene expression (Meanz+ SD)
Ia (Control group) 33.6+1.3 1.05+.03
Ib (Control group) 33.3+1.2 1.06 +£.02
[Ia (Sham control group) 33.1+2.2 1.08 £.06
IIb (Sham control group) 33.5+2.6 1.06 +.08
I1I (OA-induced group) 96.2 £1.5 .3+.04
IV (PRP-treated group) 71.9+3.5 .7 +.03

V (MSCs-Treated group) 50.7+1.6 .7+.03
VI (PRP+BMSCs-treated group) 41.6 1.6 9+.02
VII (Recovery group) 124.5+4.5 2+.04

SD: Standard deviation, OA: Osteoarthritis, PRP: Platelet rich plasma, BMSCs: Bone marrow mesenchymal stem cells
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Fig. 6.- Mean level of serum IL-6 in different groups: * (<.05) vs control group, # (p<.05) vs OA, ** (p< .05) vs recovery, ## (p<.05)

vs PRP group and BMSCs group.

Fig. 7.- Mean level of ACAN gene expression in different groups: * (p<.05) vs control group, # (p<.05) vs OA, ** (p< .05) vs recovery,

## (p< .05) vs PRP group and BMSCs group.

Radiographic results

Radiographs of the knee joint from control and
sham groups demonstrated a regular articular
surface with normal tibiofibular joint space. No
osteophytes were detected (Fig. 8a). On the other
hand, X-rays of the knee joint from OA-induced

groups showed narrowed tibiofibular joint space
compartment, irregular tibial articular surface,
subchondral sclerosis and minute marginal os-
teophytes (Fig. 8b). Improvement of joint space
was observed in radiographs from PRP, BMSCs
and concomitant treatment groups with no mar-



Fig. 8.- Radiographs of the rat right knee joint from different groups: (a) Control group shows normal tibiofibular joint space (yellow
arrow). (b) Joint space narrowing (yellow arrow), minute marginal osteophytes (red arrow), irregular tibial articular surface and
subchondral sclerosis (blue arrow) are illustrated in OA-induced group. (c, d, €) In PRP, BMSCs and concomitant PRP+BMSCs treat-
ed groups, there is apparent improvement of joint space (blue arrows) with absence of marginal osteophytes. (f) Recovery from MIA
reveals narrowing of joint space (yellow arrow), irregular tibial articular surface and subchondral sclerosis (blue arrow).

ginal osteophytes (Figs. 8c, d, e). Recovery from
MIA revealed narrowing of the joint space, irreg-
ular tibial articular surface and subchondral scle-
rosis (Fig. 8f).

DISCUSSION

Osteoarthritis is the most common form of ar-
thritis and one of the leading causes of disability.
The knee joint is the most affected joint (Mora et
al., 2018). The present study aimed to determine
whether PRP can improve the beneficial effect
produced by BMSCs for AC repair after OA induc-
tion by comparing the therapeutic effect of com-
bined BMSCs and PRP treatment with the PRP and
BMSCs alone.

In the current study, examination of rat AC from
OA-induced group showed disorganization of
chondrocytes, loss of zonation, pyknotic nuclei
and empty lacunae. There was a significant de-
crease in AC thickness compared to control and
sham groups. These findings were consistent
with Gamal et al. (2019), who induced OA surgi-
cally through cartilaginous defect in the rat knee
joint. The decrease in AC thickness could be at-
tributed to chondrocyte death and loss of matrix,
as suggested by Guzman et al. (2003). Another

pathological alteration in the AC from OA-induced
group was the significant decrease in chondro-
cytes count with subsequent diminution of pro-
teoglycan production. This was confirmed by the
significant decrease in the optical density of pro-
teoglycan content compared to control and sham
groups. Similar findings were reported by Zare et
al. (2020), who studied the proteoglycan content
in chondrocytes using toluidine blue stain after
induction of OA by intraarticular injection of col-
lagenase type II.

The significant decrease in chondrocytes count
and proteoglycan in OA-treated group in the cur-
rent work was associated with downregulation
in ACAN gene expression. In agreement with
this result, Dranitsina et al. (2019) reported that
ACAN gene expression level decreased two times
against control after intra-articular injection of
MIA. It was reported that ACAN gene provides in-
structions for making aggrecan, which is a type of
proteoglycan that binds collagen II fibrils and re-
tains water, providing osmosis necessary for the
normal function of cartilage (Stéve et al., 2001).
Largo et al. (2010) suggested that in OA, oxida-
tive stress leads to chondrocytes death with sub-
sequent decrease in ACAN gene expression and
proteoglycan.
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The matrix of AC in OA-induced group in the
present work showed mild to moderate basophil-
ic staining by Masson’s trichrome indicating de-
creased collagen. This result was consistent with
Marino-Martinez et al. (2019), who suggested that
necrosis of cartilage cells by OA leads to collagen
decrease from the matrix. Furthermore, a signif-
icant decrease in the mean area percent of colla-
gen I was found in OA-induced group in this study
compared to control and sham groups. A similar
finding was mentioned by Zhou et al. (2019) in
their study on surgically induced rat knee OA.

Recent research by Ahmad et al. (2020) has
shown the important role of inflammation in the
pathogenesis of OA. The authors hypothesized
that IL-6 is a crucial inflammatory mediator that
modulates metalloproteinase activity with subse-
quent destruction of cartilage in OA. In the pres-
ent work, degenerative changes in OA-induced
group were associated with a significant increase
in serum IL-6 level compared to control and sham
groups. Similar results were reported by Bastos et
al. (2020), who found an increase in the level of
IL-6 in the serum of patients with OA.

In the present work, histomorphological im-
provement was observed in AC from PRP-treated
group, apart from disorganization of chondro-
cytes in the deep zone and absent tidemark. In
contrast, Gamal et al. (2019) reported complete
zonal organization with clearly seen tidemark.
The improvement found in PRP-treated group
in this study was associated with a significant
increase in chondrocytes count and cartilage
height. This was in accordance with Asjid et al.
(2019), who proposed that the increase in chon-
drocyte count was due to the inhibitory effect of
PRP on chondrocytes apoptosis.

In addition, a significant increase in the mean
optical density of proteoglycan content with in-
crease in ACAN gene expression was observed af-
ter PRP administration in the present work com-
pared to OA-induced group. Similarly, Gamal et
al. (2019), examined proteoglycan content using
toluidine blue stain and found significant increase
after adding PRP to osteoarthritic rat knee joint.

It was reported that PRP has anti-inflammatory
properties, as it decreases inflammation and ac-

celerates the healing process (Ameer et al., 2018).
This was evident in the current study by the sig-
nificant decrease in serum IL-6 level in PRP-treat-
ed group compared to OA-induced group. Similar-
ly, Moussa et al. (2017) used human osteoarthritic
chondrocytes, which were co-cultured with an in-
creasing concentration of PRP, and reported sig-
nificant decrease in IL-6 expression in PRP-treat-
ed chondrocytes in a dose dependent manner.
The potential therapeutic effect of PRP was also
attributed to its ability to inhibit the catabolic ef-
fect of MIA or stimulate the anabolic response of
the damaged cartilage (Dhillon et al., 2014).

Regarding BMSCs-treated group in the current
study, well organized chondrocytes with clearly
demarcated tidemark were observed, aside from
absent columns in the deep zone of AC. A signifi-
cantincreasein AC thickness was found compared
to OA-treated group. In agreement with these find-
ings, Zhou et al. (2019) reported that AC thickness
increased significantly, and cartilage degradation
apparently decreased after MSCs administration
in surgically induced rat knee OA. Moreover, the
proteoglycan content and ACAN gene expression
level in BMSCs-treated group in the present work
increased significantly compared to OA-treated
group, which agreed with Latief et al. (2016) and
Chen et al. (2019). Those authors used Safranin
O stain to detect proteoglycan content of chon-
drocytes in their studies on animal models of
OA. Compared to OA-induced group, treatment
by BMSCs in the present study showed a signifi-
cant increase in the mean optical density of col-
lagen and collagen II in Masson’s trichrome and
collagen II-stained sections respectively. Similar
observations were reported by Zhou et al. (2019)
and Kim et al. (2021).

Bastos et al. (2020) attributed the therapeutic
effect of MSCs to both their anti- inflammatory
activity and the multilineage differentiation. This
was confirmed in the present study by the sig-
nificant decrease in IL-6 in the serum of rats in
BMSCs-treated group compared to OA-induced
group. In agreement to these findings, a signifi-
cant decrease in IL-6 after treatment of OA model
by MSCs was reported by Zhou et al. (2019).

It was reported that combinational therapy in
OA is becoming a popular method for cartilage



repair (Ahmad et al., 2020). In the present work,
concomitant PRP+BMSCs administration showed
better AC surface continuity and integrity with
well-organized three zones of AC. A significant
increase in chondrocytes count and proteogly-
can content was found in this group compared
to either PRP or BMSCs treated group alone. Sim-
ilar findings were observed by Nabavizadeh et
al. (2022), who hypothesized that PRP reinforces
the beneficial impacts of MSCs. The significant
increase in proteoglycan content in combined
group in this study was accompanied by upregu-
lation in ACAN gene level compared to PRP and
BMSCs treated groups, which agreed with Ahmad
et al. (2020). It was suggested that adding PRP to
MSCs decreases cartilage degradation and accel-
erates OA repair through the release of pro-angio-
genic factors, which mobilize the circulation and
improve the subchondral bone vasculature (Fahy
et al., 2018). In addition, Li et al. (2016) reported
that PRP forms a gel, which acts as a scaffold to
hold stem cells and helps in the sustained release
of growth factors.

The collagen content of the matrix in combined
PRP+ BMSCS treated group in the current work
showed a significant increase in the optical den-
sity of Masson trichrome stained and collagen II-
stained sections in comparison to PRP and BMSCs
groups. Similar results were reported by Ahmad
et al. (2020), who used PRP and adipose-derived
MSCs, both in combination and separately in the
treatment of surgically induced OA in rats. Anoth-
er study by Nabavizadeh et al. (2022) revealed a
significant increase in collagen II after adding PRP
to the used MSCs. Mifune et al. (2013) found a sig-
nificant increase in collagen II immunostaining
in MSCs+PRP compared to PRP treated groups.
However, the difference between MSCs+PRP and
MSCs groups was non-significant. This might
be attributed to the type of stem cells they used
in their research (mesenchymal stem cells), al-
though they used the same dose and duration as
the present study.

Chen et al. (2014) proposed that adding PRP to
MSCs induces chondrogenesis by inhibition of
inflammation. The current study revealed that
concomitant PRP+BMSCs administration was su-
perior to either PRP or BMSCs treatment alone in

reducing IL-6 level indicating better anti-inflam-
matory effect of combined therapy. These results
were in accordance with Ahmad et al. (2020). In
a contradicting study, Bastos et al. (2020) report-
ed a non-significant difference in human IL-6
level between MSCs, MSCs+PRP and corticoste-
roid-treated groups. The authors attributed the
lack of statistical significance to small sample size
and heterogeneity in cytokine levels among do-
nors.

In the present study, worsening of osteoarthrit-
ic changes was observed in MIA- recovery group
after longer duration without treatment as irreg-
ular eroded surface, degenerated chondrocytes
and several clefts. Similar results were found
by Al-Saffar et al. (2009), who reported that the
effect of MIA was a time and dose dependent in
which changes have been progressed with more
prolonged duration of OA induction. The deterio-
ration in the recovery group in the current work
was confirmed by the significant decrease in AC
thickness, chondrocytes count, optical density of
collagen and proteoglycan content in the matrix
compared to OA and treated groups. Similarly,
Guzman et al. (2003), observed decreased thick-
ness of the AC 14 days after intra articular injec-
tion of MIA. The authors found that this decrease
was more evident on day 21 after MIA injection.
Furthermore, progression of inflammation in
the recovery group in the current work was con-
firmed by the significant increase of serum IL-6
level compared to other groups. Moreover, a sig-
nificant decrease in ACAN gene expression was
found in this group compared to OA and treat-
ment groups. This result coincided with Zhong
et al. (2016), who mentioned that ACAN gene ex-
pression showed gradually downregulation with
increased severity of OA.

In the current work, radiographs from OA-in-
duced group showed narrowing of joint space,
subchondral sclerosis and minute marginal os-
teophytes. It was reported that reduction of colla-
gen II in OA results in increase of water content
and subsequent swelling of AC (Poole, 1993). This
might explain narrowing of joint space, which
was observed in the radiographs of osteoarthrit-
ic rats in the current study. On the other hand,
X-rays from PRP, BMSCs and combined treatment
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groups revealed improvement of joint space, ab-
sence of subchondral sclerosis and absence of os-
teophytes. These results were in accordance with
Nabavizadeh et al. (2022), who reported improve-
ment in the joint space and absence of subchon-
dral sclerosis with concomitant administration of
MSCs+PRP. However, those authors reported the
presence of osteophytes in this group.

CONCLUSION

It could be concluded that concomitant therapy
of PRP and BMSCs ameliorated the deleterious
effects of MIA on the rat knee joint. This was evi-
dent by the improved histology, AC thickness, en-
hanced collagen and proteoglycan contents, along
with decreased serum IL-6 as well as increased
ACAN gene expression in AC. Cotreatment with
PRP and BMSCs showed much better results than
using PRP and BMSCs alone, therefore it might be
a promising option for repair of cartilage in OA.

Limitations of the study: Collagen type I might pro-
liferate because of trauma caused by the manipulation
and degeneration of the cartilage. Therefore, evaluation
of collagen type I in rat articular cartilage after manipu-
lative procedures could be done in future study.
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