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Objective  To investigate whether the cartilage regenerative effects of intra-aricular platelet-rich plasma (PRP) are 
different, according to the severity of osteoarthritis (OA), in a collagenase-induced knee OA rabbit model.
Method  New Zealand white rabbits (N=21) were randomly divided into three groups. Three different doses (0.25 
mg, group 1; 0.5 mg, group 2; and 1.0 mg, group 3) of collagenase were injected twice into both knees of each 
group under an ultrasound guidance. The mean platelet concentration of the PRP fraction was 2,664±970×103/
µl and was enriched 8.2-times, compared with the whole blood. PRP (0.3 ml) was injected into the left knee and 
saline (0.3 ml) into the right knee at 4 weeks, and macroscopic and histological scores of both injected knees were 
evaluated at 9 weeks after the first collagenase injection.
Results  Macroscopic and histological scores of group 3 were significantly higher than those of group 1 and 2 
(p<0.05). Macroscopic and histological scores of the PRP-injected knees were significantly lower than those of the 
saline-injected knees, in all groups (p<0.05). Differences of gross morphologic and histologic scores between sa-
line- and PRP-injected knees in group 3 were significantly higher than those in group 1 and 2 (p<0.05).
Conclusion  Intra-articular PRP injection influences cartilage regeneration in all severities of rabbit knee OA, and 
the cartilage regenerative power of PRP injection in moderate knee OA was greater than that in mild or very mild 
OA. A large preclinical trial is needed to establish the validity of our study. 
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INTRODUCTION

Osteoarthritis (OA) results from articular cartilage loss, 
induced by a complex interaction of genetic, metabolic, 
biochemical, and biomechanical factors with the second-
ary components of inflammation.1 Conservative treat-
ments for OA include weight loss, therapeutic exercise, 
activity modification, assistive devices, oral medications, 
including acetaminophen, non-steroidal anti-inflam-
matory drugs, opioids, and intra-articular corticosteroid 
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and hyaluronic acid (HA) injections.2 This is especially 
true in the elderly, the major targeted population for OA 
treatment, for whom one must consider the risk of upper 
gastrointestinal, cardiovascular, or renal adverse effects, 
and the diverse array of concomitantly used medications. 
Intra-articular injection of corticosteroid, a potent anti-
inflammatory agent, is also limited for clinical practice 
because of articular cartilage damage, secondary infec-
tion, and systemic side effects with repeated injections.3 

Intra-articular HA injection has been recognized as a 
safe and efficacious alternative therapy to corticosteroid 
injection, and is currently considered only as a disease-
modifying treatment for knee OA.4 In addition, the effi-
cacy of HA injection is dependent on the severity of OA. 
While HA injection is responsive in mild-to-moderate 
OA, it is not effective in OA with considerable effusion or 
gross architectural changes.5 

Platelet contains an abundance of growth factors and 
cytokines that are crucial in the healing process of soft 
tissues and bone mineralization.6 Platelet also discharges 
many bioactive proteins responsible for attracting macro-
phages, mesenchymal stem cells, and osteoblasts, which 
not only promote scavenging of necrotic tissue but also 
facilitate tissue regeneration and healing.7 Platelet-rich 
plasma (PRP) is composed of 3-8-fold greater concentra-
tion of platelets, as compared to whole blood, and con-
tains a hyper-physiological content of autologous growth 
factors. Chondrogenesis was demonstrated in the model 
of rabbit knee cartilage defects when PRP was used with 
a scaffold.8 With regard to cartilage regeneration, growth 
factors appear to have chondroinductive effects. Among 

platelet derived growth factors, transforming growth 
factor-b contributes to chondrocyte phenotype expres-
sion and mesenchymal stem cell chondrogenic differ-
entiation, insulin growth factor to anabolic properties in 
cartilage regeneration, and platelet derived growth factor 
to chondrocyte proliferation and proteoglycan synthesis.9 

Considering these regenerative effects of PRP on car-
tilage damage, we hypothesized that intra-articular PPR 
injection would be an effective treatment for collagenase-
induced knee OA in a rabbit model. We presently report 
that the degree of cartilage degeneration is directly pro-
portional to the collagenase injection dosage in the knee 
of rabbits, and the cartilage regenerative effect of intra-
aricular PRP injection differs according to the severity of 
knee OA in the rabbit model.

MATERIALS AND METHODS

Animals 
Male New Zealand, 12-week-old, white rabbits (n=21) 

were housed in separate metal cages at a temperature of 
23±2oC and a relative humidity of 45±10%. They were pro-
vided free access to tap water and were fed a commercial 
rabbit diet. All animals did not get additional exercise 
and were allowed for normal activities in a cage with di-
mensions of 65×45×30 cm. There is no exercise protocol 
during the study period. Animal experiments were per-
formed in accordance with the internationally accredited 
guidelines, and have been approved by the author’s insti-
tutional Animal Care and Use Committee. 

Fig. 1. (A) Intra-articular injection was performed into a knee of rabbit under ultrasound guidance. (B) Longitudinal 
ultrasound image showed the needle (arrows) in the knee joint of rabbit.
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Experimental OA model
Anesthesia was induced with isoflurane (JW Pharma-

ceutical, Goyang, Korea) vaporized in oxygen and deliv-
ered via a large animal circle system. Both knee joints of 
all rabbits were shaved and sterilized, and three different 
doses (0.25 mg, 0.5 mg, and 1.0 mg) of collagenase type II 
from Clostridium histolyticum (Sigma-Aldrich, St. Louis, 
USA) were prepared for an intra-articular knee injec-
tion. Collagenase was dissolved in a sterile phosphate 
buffered saline (pH 7.4), and was filtered through a 0.22 
μm membrane. The 21 rabbits were equally divided into 
three groups of seven. Injections of 0.25 mg, 0.5 mg, and 
1.0 mg collagenase were delivered to both knees of group 
1, 2, and 3, respectively. All injections were conducted by 
a physiatrist, using a commercially available ultrasound 
system E-CUBE 9® 3-12 MHz multi-frequency linear 
transducer (Alpionion Medical Systems, Seoul, Korea) 
(Fig. 1). The second injection with the same collagenase 
dose was repeated 3 days later (Fig. 2).10,11

PRP preparation, platelet count analysis, and regimen 
administration

For PRP preparation, 6.0 ml venous blood was drawn, 
using an aseptic technique from the marginal auricular 
vein and mixed with 2 ml of 0.129-mol/L sodium citrate 
in a sPRP system® PRP device (Huons, Goyang, Korea). It 
was centrifuged for 3 minutes at 3,200 rpm. The three lay-
ers that formed were comprised of platelet poor plasma, 
PRP, and red blood cells. The PRP layer was extracted 
through a special port and 0.3 ml was used for the injec-

tions. The number of platelets in the whole blood and 
isolated PRP fraction was assessed, using the Vet abc 
Plus hematology analyzer (Scil Animal Care, IL, USA). 
The mean platelet concentration of the whole blood was 
324±25×103/µl (range: 277–356×103/µl). The mean plate-
let concentration of the PRP fraction was 2,664±970 ×103/
µl (range: 2,005–3,120×103/µl), and represented an 8.2-
fold increase over the concentration in the whole blood. 

PRP (0.3 ml) was injected into the left knee and saline 
(0.3 ml) into the right knee, in rabbits in the three groups 
under ultrasound guidance, 4 weeks after the first colla-
genase injection.11,12 All procedures were performed un-
der general anesthesia and sterile conditions. No medi-
cation was administered after the injection. The rabbits 
were euthanized by CO inhalation at 9 weeks after the 
first collagenase injection (Fig. 2). 

Lameness of the affected limb
Clinical observations were performed once daily in the 

afternoon. The rabbits were turned out on the ground of 
the area of 2 square meters, and their gait pattern was as-
sessed by direct observation for 20 min, individually. In 
the intact limb, the knee and ankle angles went through 
a typical flexion and extension cycle during hoping of the 
rabbit. The lameness was defined as non-weight bear-
ing of the affected limb and losing of typical flexion and 
extension cycle during hoping in comparison with the 
unaffected limb. The severity of the lameness was not 
quantified. The times to normal ambulation without the 
non-weight bearing lameness of the affected limb were 
recorded, and the lameness periods were calculated for 
each group. Two independent physiatrists, without prior 
knowledge of the experimental groups, performed the 
observation.

Gross morphologic observations and macroscopic score
The knee joints were dissected after euthanasia and the 

lateral femoral condyle, which was the most destructive 
portion by collagenase in the knee, was examined for 
gross morphologic changes.10 Cartilage degeneration was 
assessed and measured using the Yoshimi scoring system 
(0, normal cartilage; 1, softened cartilage; 2, fibrillation; 3, 
erosion; 4, ulceration; and 5, loss of cartilage).13

Histological examination and score
The lateral femoral condyle was fixed with 10% neutral 

buffered formalin and decalcified with 20% ethylenedi-

Fig. 2. Time line of collagenase, saline, and PRP injec-
tion. Both knees injections were performed twice with 
0.25 mg (group 1), 0.5 mg (group 2), and 1.0 mg (group 3) 
collagenase on day 1 and 4, respectively. 0.3 ml PRP was 
injected into the left knee and 0.3 ml saline into the right 
knee in three groups at 4 weeks after the first collagenase 
injection. All rabbits were euthanized by CO inhalation at 
4 weeks after saline and PRP injections.
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aminetetraacetic acid. The calcified condyle was embed-
ded in paraffin and the standard frontal microsections 
with 5 μm width were prepared and stained with hema-
toxylin and eosin. If the stain was not proper, the next 
cartilage surface of the specimen was cut and stained. 
The degree of the cartilage degradation was assessed us-
ing the scoring system modified by Mankin et al.14 His-
tological evidence of cartilage degeneration was evalu-
ated by the structural change of articular cartilage (0, 
normal; 1, surface irregularities; 2, pannus and surface 
irregularities; 3, clefts to transitional zones; 4, clefts to 
radial zones; 5, clefts to calcified zones; and 6, complete 
disorganization) and the cell status (0, normal; 1, diffuse 
hypercellularity; 2, cloning; and 3, hypocellularity). Total 
cartilage degeneration score ranged from 0 (normal) to 
9 (complete disorganization and hypocellularity of ar-
ticular cartilage). All cartilage sections were graded by a 
pathologist who was kept unaware of the treatment. 

Statistical analyses
Statistical analyses were performed using the SPSS V. 

14.0 software (SPSS, Chicago, USA). Kruskal-Wallis test 
was used to compare the gross and histological changes 
of cartilage among three groups with saline injection, and 
the difference of gross morphologic and histologic scores 
between saline- and PRP-injected knees among the three 
groups. Wilcoxon signed rank test was used to assess the 
differences between both knees injected with PRP and 
saline in each group. p-value<0.05 was considered statis-
tically significant.

RESULTS

Lameness period of the affected limb
The average time to recovery of normal ambulation was 

14±2 days in group 1 rabbits, 16±3 days in group 2 rabbits, 

and 20±3 days in group 3 rabbits. The average time to re-
covery of normal ambulation of group 3 was significantly 
longer than that of group 1 and 2 (p<0.05).

Gross morphologic and histologic findings ac cording 
to the injection dose of collagenase in saline injected 
knees 

The severity of cartilage degeneration at the lateral 
femoral condyle was proportional to the increase of the 
injection dose of collagenase. Macroscopic and histo-
logical scores in group 3 were significantly higher than 
in groups 1 and 2 (p<0.05) (Table 1). However, there was 
no difference of scores between groups 1 and 2. The ab-
normal gross morphologic and histologic changes, such 
as the fibrillation and irregularity of cartilage surfaces, 
disappearance of surface-layer cells, and slightly diffuse 
cell growth in the transitional and radial zones were ob-
served in group 1 (Fig. 3-A, D). Fibrillation of articular 
cartilage, and the cleft and cell cloning in the transitional 
and radial zones were noted in group 2 (Fig. 3-B, E). The 
ulceration of cartilage surface and loss and cell cloning in 
the radial zone were evident in group 3 (Fig. 3-C, F). 

Comparison of gross morphologic and histologic 
findings between saline- and PRP-injected knees

Macroscopic and histological scores of the PRP-injected 
knees were significantly lower than those of the saline-
injected knees in all groups (p<0.05) (Table 1). The differ-
ence of gross morphologic and histologic scores between 
the saline and PRP-injected knees in group 3 was higher 
than those in groups 1 and 2 (p<0.05) (Fig. 4, 5). However, 
there was no significant difference between groups 1 and 
2. Histologic examination showed nearly normal carti-
lage surfaces with normal cellularity in the transitional 
and radial zones in group 1 with PRP injection, irregular-
ity of cartilage surface with normal cellularity in the tran-

Table 1. Macroscopic and Histological Scores in Collagenase-Induced Knee Osteoarthritis of Rabbits with Intra-Artic-
ular injection of Saline and Platelet-Rich Plasma 

Collagenase dose 
0.25 mg (group 1) 0.5 mg (group 2) 1.0 mg (group 3)

Saline PRP Saline PRP Saline PRP
  Macroscopic score 2.0±0.3 1.4±0.3† 2.3±0.6   1.6±0.8† 3.4±0.9* 1.7±0.5†

  Histological score 4.6±1.0 2.7±2.2† 4.7±0.5   3.0±1.7† 6.7±0.9* 3.2±1.6†

Values are mean±standard deviation
PRP: Platelet-rich plasma
*p<0.05 among 3 groups with saline injection, †p<0.05 between saline and PRP
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Fig. 3. Gross morphological (rectangular areas) and histological (hematoxylin and eosin staining, ×40) findings of knee 
osteoarthritis in group 1, 2, and 3 with intra-articular injection of saline (A-F) and platelet rich plasma (G-L).

sitional zone in group 2 with PRP injection, and a cleft in 
the transitional with apparent cloning of chondrocytes in 

the transitional zone in group 3 with PRP injection (Fig. 
3-J, L).
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DISCUSSION

Our study reveals that the difference of gross morpho-
logic and histologic scores between the saline and PRP 
injected knees in group 3 was higher than those in groups 
1 and 2, which suggests that PRP injection is more re-
generative in the 1.0 mg collagenase-induced knee OA, 
like group 3, than the other groups. It is postulated that 
a comparatively lesser cartilage regeneration happened 
in groups 1 and 2 than in group 3, because the degree of 
cartilage degeneration in groups 1 and 2 was less than 
that in group 3, after an intra-articular collagenase injec-
tion. These findings are consistent with a previous study 
that the OA changes were induced by the intra-articular 
injection of different doses of collagenase, and were de-
pendent on the injection doses.13 Additionally, the potent 
cartilage protective effects of several therapeutic regi-
mens were proved in a 1.0 mg collagenase-induced os-
teoarthritis rabbit model. Therefore, we speculate that 1.0 
mg collagenase injection is sufficient to induce reversible 
OA-like changes.

Some recent animal studies assessed the PRP effect on 
chondrogenesis and cartilage healing. In a rabbit model, 
48 osteochondral defects, created in the femoropatellar 
groove, were divided into three groups: no treatment, 
treatment with autogenous PRP in poly-lacticglycolic 
acid, and with poly-lacticglycolic acid alone.8 The PRP 
treatment group demonstrated a greater extent of car-
tilage regeneration, as well as higher production of gly-
cosaminoglycans in the extracelluar matrix. In addition, 

chondrogenesis was also verified in cartilage defects of 
the rabbit knee when PRP was used with a scaffold.15 In-
creased hyaluronic acid production and secretion were 
detected in synoviocytes from the patients with OA cul-
tured in PRP. This suggests that intra-articular PRP injec-
tion could potentially serve as the endogenous source of 
chondroprotection and joint lubrication.16 Our results are 
similar to those of a previous study that reported PRP-
mediated stimulation of either cell proliferation or matrix 
metabolism through articular chondrocytes in vitro.17 To 
the best of our knowledge, this is the first study to assess 
the possibility that the severity of knee OA may have an 
impact on the therapeutic response of intra-articular PRP 
injection. 

Animal models of OA, in which an articular cartilage 
damage is induced with intra-articular collagenase injec-
tion, have proven to be similar to human OA.13 Presently, 
in a rabbit model of OA of the knee, the degree of articu-
lar cartilage degeneration at the lateral femoral condyle 
was proportional to the increase of intra-articular injec-
tion dose of collagenase. These findings are consistent 
with a previous study that the OA changes were induced 
by the intra-articular injection of 0.5-2.0 mg collagenase, 
and were dependent on the injection doses.13 In addition, 
presently, knee OA injected with PRP showed signifi-
cantly lower gross and histological scores than those in-
jected with saline, indicating that PRP injection facilitates 
the regeneration of damaged cartilage in collagenase-
induced knee OA. There are several explanations for the 
healing effect of PRP injection in knee OA. First, several 

Fig. 4. Comparison of differences in gross morphologi-
cal score between saline and PRP injected knees among 
three groups. YS: Yoshimi’s score. *p<0.05 by Kruskall-
Wallis test.

Fig. 5. Comparison of differences in histological evalua-
tion score between saline and PRP Injected knees among 
three groups. MS: modified Mankin’s score. *p<0.05 by 
Kruskall-Wallis test.
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growth factors are usually stored in alpha-granules of 
platelets as the latent form. When platelets are activated, 
these factors are gradually released and participate in the 
regeneration process.18 Second, chondrocytes derived 
from the surrounding normal cartilage may be activated, 
and then migrate into the damaged cartilage. Third, mes-
enchymal stem cells or other multi-potent stem cells may 
also become activated and migrate to the cartilage lesion. 
This process is corroborated by a previous study that 
demonstrated the chondrogenic and proliferative effects 
of PRP on mesenchymal stem cells.19

The ideal concentration of platelets in PRP is not yet 
clear. Previous study demonstrated that the concentra-
tions of growth factors in PRP were positively correlated 
with that of the platelet concentration of PRP.20 Qualita-
tive and quantitative changes of the platelets may affect 
the regenerative power of PRP. In our study, PRP was 
prepared from the centrifugation of the autologous whole 
blood in rabbits, and the platelet concentration of the 
whole blood was compatible with the range of normal 
values for rabbit (158-650×103/µl).21 The platelet concen-
tration of PRP was 8.2-times higher than that of the whole 
blood, thus, offering higher regenerative effects of PRP. 
Therefore, our PRP preparation is adequate to assess its 
therapeutic effects for cartilage regeneration because of 
the high platelet concentration.

Until now, intra-articular injection into the rabbit knee, 
under ultrasound guidance, has not been reported. In 
a human study, one third of the blind knee injections, 
performed by physician, were shown to be inaccurate.22 
In our study, improvement of accuracy in the knee injec-
tion was achieved through an ultrasound guidance. A 
transducer was placed transversally on the anteriolateral 
portion of the rabbit knee, and intra-articular injection 
was performed when a needle was correctly placed in the 
knee joint on ultrasound guidance. 

 There are several limitations in our study. First, the 
small number of specimens made it difficult to determine 
the therapeutic effect of PRP in the knee OA of rabbits. 
Second, there was no control group for the comparison 
of the cartilage degeneration effects, according to the in-
jection dose of collagenase, because specimens were not 
examined at 4 weeks after the first collagenase injection. 
Third, we did not conduct the histological examination of 
synovial changes in our study. The synovial membrane is 
also a source of proinflammatory and catabolic products, 

including metalloproteinases and aggrecanases, which 
contribute to articular matrix degradation. In the previ-
ous study, the inflammatory synovial reaction of the knee 
joint was the most severe at 1 week after collagenase 
injection. After then, the inflammatory responses in the 
synovial tissue lessened with time and weekly remained 
at 6 weeks after injection.13 In our study, PRP was injected 
into the knee at 4 weeks after the first collagenase injec-
tion, and the rabbits were euthanized at 9 weeks after 
the first injection. Therefore, it was difficult to decide 
whether the synovial changes were due to the effect of 
PRP or simply as the passing of time. Fourth, we did not 
consider the influence of physical performance of rabbit 
on cartilage regeneration. Fifth, we did not contemplate 
the influence experimental rabbit age since the degen-
erative processes progress, as time passed and better re-
sults are achieved in younger rabbits. Finally, we did not 
evaluate the therapeutic effects of PRP in the severe knee 
OA. Further studies will be needed to evaluate the PRP 
effects, according to the different platelet concentration, 
injection time, and number of injection in knee OA of 
rabbits, and in severe knee OA for the achievement of the 
best and more durable results.

CONCLUSION

Although our results are based on a relatively small 
number of specimens, the degree of cartilage degenera-
tion was directly proportional to the collagenase injec-
tion dose in the knee OA of rabbits, and PRP injection 
demonstrated the effect of cartilage regeneration in all 
severity of rabbits’ knee OA. In addition, the cartilage 
regenerative power of PRP injection in medium dose col-
lagenase induced knee OA was greater than that in low 
doses. Further formal preclinical trial with more speci-
mens is required to establish the validity of our study. 
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