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Summary

Objectives: To investigate the pathway for disea-
se modifying effect of the PRP in osteoarthritis of
knee.
Design: Two experimental models (group I and II)
of Twelve Dunkin-Hartley guinea pigs each were
enrolled as a part of a prospective controlled ex-
perimental study. One knee was enrolled for inter-
vention and the other knee of the same animal
used as control, the intervention being three in-
tra-articular allogenic PRP injections given at a
weekly interval. Equal volume of isotonic saline
injection were given simultaneously in the control
knees. Six animals from each model (subgroup
IA, IIA) were euthanized at three months and the
remaining six (subgroup IB, IIB) at six months po-
st intervention. Samples of synovial fluid were
collected from each knee joint for COMP level
analysis by ELISA and bilateral knee joints were
harvested for histopathological assessment of ar-
ticular cartilage and synovium at the time of
euthanasia.
Results: Mean synovial fluid COMP concentration
was significantly lower in PRP treated knees
(p<0.05) at three months. On histological exami-
nation mean synovitis scores and synovial vascu-
larity were significantly lower in PRP treated
knees as compared to controls at both three and
six months (p < 0.05). Additionally mean articular

cartilage degeneration was significantly lower in
PRP treated knees in group 1 only (p<0.05).
Conclusion: Our preliminary data from the study
has shown some evidence of positive influence of
PRP in knee OA, possibly due to its anti-inflam-
matory effect and disease modifying effect,
shown by short-term chondro-protective effect in
PRP injected knees. 
Level of evidence: V.

KEY WORDS: osteoarthritis, synovitis, COMP, biomarker,
platelet rich plasma, allogenic, animal, in vivo.

Introduction

Osteoarthritis (OA) is a chronic arthropathy charac-
terized by debilitating pain and consequent hamper-
ing of day-to-day activity, most commonly affecting
the knee and the hip joints21. OA affects approximate-
ly 250 million people worldwide leading to loss in the
quality of human life and significantly affects the
economy18. Treatment options are limited and most
of them provide only short term symptomatic relief15.
Treatment modalities directed to modify the course of
disease are lacking adequate evidence for wide-
spread usage and the final outcome is often resorting
to invasive procedures like joint replacement surgery
for alleviation of pain15.
Platelet rich plasma (PRP) has been introduced in an
attempt to modify the disease process and aid in
healing of the ailing joint and symptomatic re-
lief8,30,28,22. Many pre-clinical and clinical studies
have been undertaken to investigate its role as a
therapeutic agent for osteoarthritis and most of them
have produced promising results6,7,25,26,24. However
the mechanisms of action, long term effects and the
disease modifying potential of this novel therapy are
poorly understood; this needs to investigated in more
detail before PRP can be considered as a “wonder
drug”. 
In vivo studies demonstrating disease modifying ef-
fect of PRP are scarce. Kazemi et al.12 and Liu et
al.19 have shown chondroprotective and anti-inflam-
matory effects of PRP on articular cartilage and syn-
ovium in in vivo canine and rabbit models of surgical-
ly induced OA. However, no studies have been done
on a spontaneously occurring OA model such as the
Dunkin Hartley guinea pigs wherein the progression
and histological characteristics are comparable to hu-
man OA. No work has evaluated effects of PRP on
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both cartilage and synovial tissue, keeping in mind
that OA is now considered a disease of the whole
knee rather than being cartilage degeneration
alone21.

Methodology
This study was a blinded controlled experimental
study performed on male Dunkin-Hartley guinea pigs,
proven to be a model in which knee OA occurs spon-
taneously and is bilaterally symmetrical, induced by
increasing weight and age3.

Selection of study subjects
After clearance from the institute animal ethics com-
mittee, 24 male Dunkin-Hartley guinea pigs weighing
600-700 grams were obtained to be a part of the
study. Two experimental models of 12 animals each
were created (group I and II). One knee of each ani-
mal was selected for intervention (I) and the second
knee of the same animal served as a control (C) thus
making a total of 24 intervention and 24 control
knees. Out of each model (group I and II), 6 animals
were euthanized at 3 months post intervention (sub-
group IA and IIA – early outcome analysis) and the
other 6 at 6 months (subgroup IB and IIB- late out-
come analysis) (Flowchart 1). A separate group of 6
donor animals was taken for harvesting blood for allo-
genic PRP.
PRP was administered to the intervention knees once a
week three times, with simultaneous administration of
isotonic saline to contralateral control knees in group I.
To ensure reproducibility of results and to minimize
chance factor influencing the results, similar interven-
tions were done in group II after an interval of 1 month. 

Preparation of platelet rich plasma
15 ml of blood was drawn from one donor animal un-
der all aseptic precautions via cardiac puncture under

deep terminal anaesthesia23. Blood was collected in
vials containing acid citrate dextrose (ACD) (0.48%
w/v citric acid, 1.32% w/v sodium citrate and 1.47%
dextrose). 1.5 ml of this anticoagulant was used for
15 ml of blood17. Drawn blood was analyzed for
platelet count. The centrifugation protocol5 used was
20 minutes of soft spin at 800 rpm which separated
the blood into a red cell layer and a buffy coat. The
buffy coat was pipetted out and subjected to hard
spin for 15 minute at 2200 rpm. This yielded platelet
poor plasma overlying platelet pellet at the bottom of
the centrifugation tube. Two-third of the platelet poor
plasma was removed and rest was gently dissolved
with platelet pellet to produce a homogenous solu-
tion. 15 ml whole blood produced 4 ml of allogenic
PRP. The obtained PRP was subjected to platelet
count for quality control. 

Instilling PRP in guinea pig knees
During the procedure the guinea pig was anes-
thetized with a mixture of Xylazine (5 mg/ kg) + keta-
mine (50 mg/kg) + acepromazine (1 mg/kg) given at a
dose of 0.1 ml/kg intramuscular injection. Under all
aseptic precautions, activated PRP (1 part 0.025 M
CaCl2 to 4 parts of freshly prepared PRP) was inject-
ed in the intervention knee joint of the guinea pig
through the patellar tendon with a 26 gauge needle
and syringe (100 microliters) and same amount of
isotonic saline was injected in the control knee of the
same animal32.

Collection of samples for analysis
The animals were euthanized with 100 mg/kg of pen-
tobarbital injected intra-peritoneally. Through the
patellar tendon 200 microlitre isotonic saline was in-
jected intra articularily32. The limb was subjected to
10 cycles of flexion and extension of knee joint to
evenly distribute the injected fluid. With the same ap-
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Flowchart 1. Flowchart depicting the distribution of study subjects in various groups and subgroups.



proach and a 26 gauge needle the knee was subse-
quently aspirated. The collected fluid was then sub-
jected to centrifugation at 2000 rpm for 10 minutes to
remove cell debris and the supernatant collected and
stored at -80°C for analysis; 100 microlitre samples
were thus stored. The same procedure was done on
both knees. 
After aspirations, the knee joints were surgically har-
vested. The harvested tissue was fixed in 10%
formaldehyde and sent for histological processing im-
mediately. 

Analysis of synovial fluid
Synovial fluid cartilage oligomeric matrix protein
(COMP) levels were measured using sandwich
ELISA technique (MyBiosource Elisa kits; cat no.
MBS266330).

Analysis of synovium and articular cartilage his-
tology
The collected tissue samples were processed accord-
ing to the algorithm outlined by the OARSI histopathol-
ogy initiative13. For analysis of synovium, 4 micrometer
sections were obtained and stained with hematoxylin
and eosin stain. For analysis of articular cartilage, 5 mi-
crometer sections were stained with toluidine blue
stain. Synovial inflammation and articular cartilage de-
generation were graded according to semi-quantitative
scores given and validated for use in guinea pigs by
OARSI13 (Tab. I a, b). Two independent blinded obser-
vations were made for synovial inflammation while a
single blinded observation was made articular cartilage
degeneration. The synovial vascularity was also as-
sessed and >3 blood vessels per high power field was
considered increased synovial vascularity27.
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Table Ia. OARSI recommended modified Mankin scoring for articular cartilage histology15. 
 

Parameter  Description  

Articular cartilage 
structure  

0) Normal, smooth, uninterrupted surface   

1) Mild surface irregularities (undulations)   

2) Irregular surface, 1-3 superficial clefts (fissures)   

3) >3 fissures and/or loss of cartilage in the superficial zone   

4) 1-3 fissures extending into the middle zone   

5) >3 fissures and/or loss of cartilage extending into the middle zone   

6) 1-3 fissures extending into the deep zone   

7) >3 fissures extending into the deep zone and/or loss of cartilage to deep zone   

8) Fissures or loss of cartilage extending to the zone of calcified cartilage  

Proteoglycan 
content  

0) Uniform throughout articular cartilage   

1) Decreased in superficial zone only and for <half the length of the condyle or plateau   

2) Decreased in superficial zone for half the length or greater of the condyle or plateau   

3) Decreased in superficial and middle zones for <half the length of the condyle or plateau   

4) Decreased in superficial and middle zones for half the length or greater of the condyle or 
plateau   

5) Decreased in all 3 zones for <half the length of the condyle or plateau   

6) Decreased in all 3 zones for half the length or greater of the condyle or plateau   

Cellularity  0) Normal (1/2 cells/lacuna)   

1) Diffuse/slight hypercellularity   

2) Regions of hypercellularity and clustering   

3) Diffuse hypocellularity  

Tidemark integrity  0) Intact/single tidemark   

1) Crossed by vessels/duplication of tidemark  

Osteophyte   0) No osteophyte present   

1) Small osteophyte   

2) Medium-sized osteophyte   

3) Large osteophyte  

 

!

Table I a. OARSI recommended modified Mankin scoring for articular cartilage histology15.



Statistics
The collected data was subjected to statistical
analysis using SPSS v20 software. The descriptive
statistics for all 4 subgroups (e.g. mean, standard
deviation) were calculated for all parameters (i.e.
weight, platelet counts in whole blood and PRP,
synovitis scores, COMP concentration and articular
cartilage scores). Weight gain and platelet counts
were compared between the groups using the t-test.
The synovitis scores and articular cartilage scores
of the intervention and control samples were com-
pared using t-test for significance. The results of
group I and group II were compared using t-test for
reproducibility between the 2 groups. Agreement be-
tween the 2 observations for synovial inflammation
was calculated by reliability tests using Kronbach’s
alpha parameter. A p-value of <0.05 was considered
significant.

Results

There was no statistically significant difference in the
weight gain of the study subjects in group I and group
II as well as between subgroups IA, IIA and IB, IIB
(Tab. II). The mean platelet count in whole blood
used for PRP preparation was 565,000/μl for group I
and 612,000/μl for group II (mean of 3 injections).
The mean platelet count in injected PRP was
1,820,000/μl for group I and 1,963,000/μl for group II
(~ 3 times the baseline counts) (Fig. 1).
The mean synovial fluid COMP concentration in the
intervention and control samples in each subgroup
was calculated (Fig. 2). The mean synovial fluid
COMP concentration was higher in control samples
as compared to intervention samples in each sub-
group. However, the difference was statistically sig-
nificant only in subgroup IA (p=0.018) and trending
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 Mean initial weight 
(in grams) 

Mean weight at sacrifice 
(in grams) 

Mean weight gain 
(in grams) 

Subgroup IA 723.33  979.69  252.33 ± 71.92 

Subgroup IB 716.67  1241  524.33 ± 47.73 

Subgroup IIA 668.83  928.67 214.00 ± 14.18 

Subgroup IIB 714.67  1212.33  543.50 ± 31.97 

Comments on 
comparison 

No statistically significant difference found in weight gains between subgroups IA and IIA 
(p= 0.229) and subgroups IB and IIB (p= 0.433). 

Thus, groups I and II were comparable in terms of weight gain. 

!

Table Ib. OARSI recommended synovitis score given by Pelletier et al15. 

Parameter  Description  

Synovial Hyperplasia  0) 1-2 layer of cells  

1) 3-5 layers of cells  

2) >6 layers of cells  

Villous Hyperplasia  0) Not present  

1) Few, scattered, short  

2) Marked (finger  like projections)  

3) Marked and diffuse  

Degree of cellular infiltration by 
perivascular lymphocytes and 
mononuclear cells  

0) Normal  

5) Marked cellular infiltration mixed with lymphoid follicles  

 

!

Table I b. OARSI recommended synovitis score given by Pelletier et al15.

Table II. Mean weight gain in various subgroups.
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Figure 1. Mean platelet in the source blood and final PRP preparation.

Figure 2. A) Mean synovial fluid COMP concentration [Standard deviation- intervention group [1A=1733.45, 1B= 5299.84,
2A=3606.04, 28= 8047.74), Control group [1A=2377.96, 1B= 5985.20, 2A= 8401.64, 28=1.40)]. B) Mean articular cartilage
scores [Standard deviation- intervention group [1A=1.366, 1B= 1.64, 2A= 2.160, 28= 2.927), Control group [1A=3.488,
18=1.4 72, 2A=2.401, 28=4.546)]. C) Mean synovitis scores [Standard deviation- intervention group [1A= 1.03, 18=0.894,
2A=0.632, 28=0.753), Control group [1A=3.2, 1B= 2.683, 2A= 0.753, 28= 2.258)]. D) Graph depicting percentage of sam-
ples with increased vascularity in each group.



towards significance in subgroup IIA (p=0.087). There
was no significant difference in these results between
group I and II (p= 0.06 for control group and 0.217 for
intervention group). 
The mean articular cartilage scores in the interven-
tion and control samples were calculated in each sub-
group (Fig. 2). The mean articular cartilage scores
were higher in control samples as compared to inter-
vention samples in each subgroup. However, the dif-
ference was statistically significant in subgroups IA
(p=0.002) and subgroup IB (p= 0.0001). No statisti-
cally significant difference was found in subgroups IIA
(p=0.195) and IIB (p= 0.609). The improvement in ar-
ticular cartilage scores observed in group I was not
seen in group II. Thus, the results of group I were not
reproducible in group II. 
Mean synovitis scores were calculated in intervention
and control samples of each subgroup (Fig. 2) for
both observations. The mean synovitis scores were
higher in control samples as compared to intervention
samples in each subgroup. The difference was statis-
tically significant in all subgroups except subgroup IA
in first observation (p-values: IA= 0.147, IB= 0.001,
IIA= 0.0001, IIB= 0.0001) and in all subgroups in sec-
ond observation (p-values: IA= 0.05, IB= 0.002, IIA=
0.0001, IIB= 0.0001). The results of group I were sta-
tistically comparable to that group II in both the ob-
servations. There was high agreement between the 2
observations made for synovial histology (Kronbach
alpha= 0.968 and p-value for agreement = 0.001)
thus, reducing the observer bias.
Vascularity of the synovium was also analyzed (Fig. 2).
Increased vascularity was found in 100% of the con-
trol samples in all subgroups whereas only 16.7% of
the intervention samples showed increased vasculari-
ty in subgroups IA, IIA, IIB and 33.7% in subgroup IB.
There was significantly higher vascularity in the con-
trol samples as compared to the intervention samples
in each subgroup (p-value: IA= 0.003, IB= 0.014,
IIA=0.003, IIB=0.003).
The results of our study show a significant improve-
ment in synovitis and a reduction in synovial vascu-
larity in PRP treated knees. The synovial fluid COMP
levels were also significantly lower in PRP treated
knees, albeit, at short term analysis only. The effect
on articular cartilage, however, remains equivocal
since the beneficial effect of PRP was observed into
some extent in group I but was not reproducible in
group II. Since the animals were of similar age and
weight at the start of the study and the weight gain is
comparable between groups it can be inferred that all
animals had similar lesions to begin with and a simi-
lar progression3. 

Discussion 

Intra-articular injection of platelet rich plasma was in-
troduced with a potential to act as a disease modify-
ing therapy in early stages of OA24 and prevent dis-
ease progression. Many clinical studies have demon-

strated alleviation of symptoms of knee OA after in-
tra-articular PRP administration6,7,25,26,24. However,
objective evidence of the disease modifying effect
with PRP reflected as radiological or histological
healing of cartilage defects, is lacking. This study was
designed to investigate the biologic basis of the pro-
posed clinical effects of intra-articular administration
of PRP in an experimentally controlled scenario. The
effect of PRP on articular cartilage and synovium was
examined histologically along with analysis of a solu-
ble marker of OA i.e. synovial fluid COMP levels to
establish the objective parameter for evaluation of
disease modification. 
In vitro and in vivo studies have shown cartilage re-
generation with PRP treatment. Sundman et al.30 co-
cultured human cartilage, harvested from knee
arthroplasty samples, with PRP and found that there
was increased production of endogenous hyaluronic
acid and aggrecan and decreased expression of
catabolic enzyme MMP-3. Saito et al.28 co-cultured
adult rabbit chondrocytes in 3% PRP and showed in-
creased in vitro chondrocyte GAG production. Liu et
al.19 demonstrated improved cartilage and subchon-
dral bone restoration via micro CT in a rabbit model
after creating 5 mm defects in femoral condyles and
treatment with 3 weekly PRP injections as compared
to controls and hyaluronic acid treated groups. Kaze-
mi et al.12 showed healing of surgically made chon-
dral defects in PRP treated knees in a canine model.
In our study, we were able to demonstrate the histo-
logically appreciable chondro-protective effect of PRP
on the articular cartilage in model-1: however, this
could not be reproduced to the same level of signifi-
cance in model-2. Being observer dependent and a
demanding procedure, the histological method can
lead to observer and observation variation13.
On the other hand, our study has demonstrated

short-term significant reduction in mean COMP level
in the intervention group. The clinical relevance of the
synovial fluid COMP levels lies in the fact that higher
concentration of synovial and serum COMP has been
positively co-related with symptomatic OA 1,2,10,16.
Thus, indirectly, when we evaluate our equivocal
histopathological results along with significant COMP
level changes in PRP treated knees, our results could
corroborate those of Kazemi et al.12 and Liu et al.19

indicating a beneficial effect of PRP on articular carti-
lage. 
In our study the reduction in synovial COMP level
was found to be significant at 3 months post-interven-
tion only. This observation opens the question of re-
injection after certain periods or the use of sustained
release mechanism for maximal benefit, as also
shown by Saito et al.28. They demonstrated increased
expression of glycoprotein core mRNA in cartilage
treated with PRP impregnated gelatin microspheres
(PRP-M) administered twice in a surgically induced
(via ACL transection) rabbit OA model. Histologically,
the cartilage showed less degradation in the PRP-M
treated group. However, mRNA expression and carti-
lage degeneration was not significantly improved in
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knees treated with PRP only.
It is important to note that in comparison to our study,
other studies have limitations of either being in vitro
studies, which lack the mechanical environment, or in
vivo studies with surgically created chondral defect
induced OA, which lacks the biological milieu of de-
generative OA found in humans9,14.
Synovitis is considered as one of the important local
biological factors for symptomatic OA4,29. In our study
with two different histological observations, we could
note the significant reduction in the synovitis in inter-
vention knees compared to control knees. Increased
vascularity in the synovium is a harbinger of chronic
synovitis due to inflow of inflammatory cells and the
consequent accumulation of leukotrienes and other
affecters of inflammation, leading to pain and degra-
dation of the cartilage31. Our findings corroborate the
findings of Liu et al.20, as our results are in concert
with theirs. This may give a histologic basis for reduc-
tion of pain and improvement in quality of life after in-
tra-articular PRP injections, as observed in various
clinical and experimental studies6,7,25,26,24. The anti-
inflammatory effect of the PRP was demonstrable at
both 3 months and 6 months post PRP injection. The
improvement in synovitis in PRP treated knees was
reproducible in both the groups (group I and II). Addi-
tionally, synovial vascularity was found to be signifi-
cantly lower in intervention samples as compared to
the control samples in all four subgroups (p-value
<0.05). 
Being an experimental study, extrapolation of our re-
sults in the clinical scenario has some limitations;
nevertheless our study has certain strong points
which makes the data from our study of some clinical
relevance.
First is the selection of animal for experimental study;
Dunkin-Hartley guinea pigs were chosen as a model
because of certain peculiarities like spontaneously
occurring OA, which reduces cost and interven-
tions3,13. The spontaneous lesions are well co-related
with weight gain and age of the animal such that spe-
cific lesions can be found in guinea pigs of a certain
age and weight3. The progression and appearance of
joint pathology in these guinea pigs is influenced sim-
ilarly by the well-known risk factors of human disease
such as age, weight gain, sedentary lifestyle and me-
chanical loading13. The pathology initially appears in
the medial compartment of knee, with femoral lesions
lagging behind tibial lesions, which conforms to the
pattern seen in idiopathic, non-traumatic OA knee in
humans13. In addition to the histologic similarity, vari-
ous soluble OA markers found in humans are de-
tectable and validated in the guinea pig model11. 
Secondly, since the disease is bilaterally symmetrical
in this particular experimental model, we were able to
use the contralateral knee, with similar changes, as a
control for the knee in which PRP was administered. 
Thirdly, we have utilized allogeneic PRP prepared
from guinea pig blood. Allogeneic PRP has been
shown to be non-immunogenic in local application

and ensures uniform quantity and quality of
platelets33. Thus, inter- and intra-organism variability
associated with autologous PRP was eliminated by
using single source for PRP (allogenic), which per-
mits a more consistent preparation. 
Fourthly, being an in vivo study the anabolic effect on
the cartilage can be evaluated in an environment that
allows mechanical loading and is nearest to the clini-
cal scenario9. It is important to note that experimen-
tally induced chondral defects lack the intra-articular
milieu like degenerative OA, which is not merely fail-
ure of cartilage alone21. However our model of spon-
taneous OA reproduces the milieu of naturally occur-
ring disease14. The temporal progression mimics hu-
man knee OA, and is well controlled, unlike experi-
mentally induced OA which may progress rapidly13,14.
Fifthly, analysis of a biomarker for evaluating the car-
tilage metabolism supports and substantiates the his-
tological findings. Study of biomarkers being observer
independent, results are more dependable when
combined with histology.
Sixthly, the study of the effect at different time inter-
vals after intervention allows the analysis of the
weaning off effect with the passage of time. Future
research, directed to look at the frequency of the in-
jection to obtain the persistent control over progres-
sion of OA, is thus imperative.

Conclusion

Our study showed that intra-articular PRP injection
results in reduction of synovial inflammation and vas-
cularity as compared to controls, which may be the
biological basis of improvement in pain after PRP in-
jection, in addition to short term chondro-protective
effect. The anti-inflammatory effect was present at
both 3 months and 6 months post-intervention, which
can correspond to short term and long term effect in
humans respectively, keeping in view the short life-
span of the guinea pigs and the fact that knee OA in
guinea pigs is temporally proportionate to that found
in human beings. However, the effect on articular car-
tilage remains somewhat equivocal, however, since
the significant results of histological analysis of the
cartilage were not reproducible in all subjects in our
limited study. Nevertheless the evaluation of COMP
levels, which is a marker of cartilage metabolism,
demonstrated that the chondro-protective effect of
PRP is present at short term analysis but it may not
be present over a prolonged duration. This opens up
avenues for future research regarding the timing of
PRP injections to allow its effect over prolonged dura-
tions.
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