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1. Introduction
Osteoarthritis (OA) is a prevalent chronic ailment 

resulting in pain, swelling, inflammation, and joint dys-
function that affects mobility and daily activities, putting a 
considerable burden on patients' lives. Millions of people 
worldwide experience OA, and the number is on the rise 
(1). With global demographic aging, the prevalence of OA 
is expected to rise, leading to immense strain on healthcare 
systems and socioeconomic factors (2). One of the prima-
ry causes of OA is the degeneration of articular cartilage, 
which may result from several factors, such as age, genetic 
factors, trauma, and joint overuse. Additionally, abnormal 
joint development, obesity, genetic factors, and lifestyle 
choices are all risk factors for OA (3).

The pathogenesis and early prevention of OA have 
recently received significant attention. According to San-
chez-Lopez et al., (4) synovitis can play a crucial role in 
the cellular and molecular mechanisms underlying the de-

velopment of early OA. Previous studies have demonstra-
ted a strong correlation between knee instability resulting 
from meniscus or cruciate ligament injuries in the knee 
joint and the development of OA. A recent study (5) confir-
med this view from the perspective of extensor muscle 
weakness. Deng et al. (6) suggested that ADAMTS5 gene 
polymorphism may be associated with the development 
of knee OA. Studying the pathogenesis and risk factors 
during the early phase of the disease is crucial for early 
prevention and treatment.

Besides potential surgical interventions, there are the-
rapies such as pharmaceutical drugs that can entirely halt 
the progression of this disease. Clinical practice relies hea-
vily on treatments such as exercise therapy, anti-inflam-
matory medications, hyaluronic acid (HA), and platelet-
rich plasma (PRP). Several researchers have focused their 
attention on alternative pharmaceutical treatments targe-
ted specifically within the knee joint (7). These treatments 
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are believed to offer superior targeting capabilities com-
pared to oral medications, but the therapeutic efficacy of 
HA remains limited in humans. Numerous scholars have 
initiated investigations into cytokine therapy associated 
with cartilage tissue engineering (8). This approach is 
built upon the study of OA pathogenesis and has led to 
the development of various specific therapeutic modalities 
linked to anti-inflammatory factors (9), proinflammatory 
factors, and signaling pathways (10). One of the latest 
and increasingly popular therapeutic modalities in clinical 
practice is mesenchymal stem cell therapy (11). However, 
Shang et al. (12) demonstrated the limitations and ineffec-
tiveness of stem cell therapy, the potential risks of com-
plications, and the restricted nature of existing research 
evidence. Consequently, the clinical application of stem 
cell therapy remains unverified, so it is recommended to 
approach stem cell therapy with caution until more robust 
evidence becomes available.

PRP is abundant in growth factors and cytokines, which 
are biomolecules with the potential to facilitate tissue re-
pair and regeneration. PRP has found widespread utility 
across various clinical domains (13, 14). Notably, in the 
treatment of OA, PRP has exhibited superior effectiveness 
to HA (15). PRP is available in various forms, including 
leukocyte-poor platelet-rich plasma (LP-PRP), leukocyte-
rich platelet-rich plasma (LR-PRP), and platelet-rich fibrin 
(PRF). These different variants can be prepared using dis-
tinct techniques. Backed by an extensive body of research 
and clinical applications related to PRP, its therapeutic 
efficacy and safety in addressing OA have gained wides-
pread recognition (16). Expert consensus guidelines on the 
use of PRP have also been established (17).

However, in clinical practice, the classification and 
preparation of PRP can be convoluted, with many sources 
grouping them all together as “PRP.” This practice can 
inadvertently complicate the evaluation of clinical effecti-
veness and mechanistic studies of PRP. While some foun-
dational research endeavors have delved into the mecha-
nism of action of PRP (18), more comprehensive investi-
gations are warranted to elucidate their precise modes of 
action and effects in OA models. In particular, the role of 
leukocytes in PRP preparations remains a subject of de-
bate, but a better understanding of this could help with the 
selection of PRP types in clinical settings. Some scholars 
contend that excessive leukocyte aggregation in joint tis-
sues may lead to pain and inflammation in certain scena-
rios, while others suggest that leukocytes play a key role in 
cartilage tissue repair facilitated by PRP. Despite a handful 
of clinical studies comparing the impact of leukocytes in 
this context (19), there remains a dearth of animal experi-
ments that could offer deeper insights into the mechanisms 
at play.

Within this context, the primary objective of this study 
was to explore the roles of LP-PRP and LR-PRP in a rabbit 
OA model. Through this comprehensive investigation, we 
aim to compare the efficacy of LP-PRP and LR-PRP in a 
rabbit OA model and to shed light on the underlying me-
chanisms. Our analysis of the influence of leukocytes on 
the therapeutic effects of PRP will furnish a crucial theo-
retical foundation for making informed clinical choices 
regarding the optimal PRP type for the treatment of OA.

2. Materials and Methods
Papain, L-cysteine, hematoxylin and eosin staining so-

lution and modified Senna O-solid green staining kit were 
supplied by Beijing Solarbio Science & Technology Co., 
Ltd. Type II collagen primary and secondary antibodies 
were supplied by Beijing Bioss Biotechnology Company. 
The optical microscope was supplied by Olympus Com-
pany, Japan. The Arthrex ACP system and HORINZON 
FLEX centrifuge were supplied by Arthrex (Arthrex Inc., 
Naples, Florida, USA).

2.1. Animals model
The experimental animals were sourced from Jinan Jin-

feng Laboratory Animal Co., Ltd. Thirty-two healthy adult 
New Zealand Rabbits, both male and female, were selec-
ted. These rabbits had an age of 4-6 months and a body 
mass ranging from 2.5-3.1 kg, with an average weight of 
2.8±0.3 kg. Throughout the experiment, all New Zealand 
rabbits were individually housed in cages, ensuring optimal 
indoor conditions characterized by cleanliness, quietness, 
ventilation, and dryness. Room temperature was maintai-
ned at 20-25°C, and artificial lighting was provided for 12 
hours each day. The rabbits were provided unrestricted 
access to food and water. Prior to group-based model esta-
blishment, during a one-week acclimatization period, the 
animals were given free access to food and water. The OA 
model was created using the papain method (20) for knee 
joint cavity injection. A solution consisting of 2:1 (v:v) 4% 
papain:0.04 mol/L L-cysteine was prepared. On days 1, 4, 
and 7, 1.0 ml of this solution was injected into the right 
knee joint cavity of the OA rabbits. Following injection, 
the rabbits were returned to their cages for standard rea-
ring practices. The model was considered established six 
weeks after the final injection.

2.2. Preparation of PRP
LR-PRP was prepared following the secondary centri-

fugation method, as developed by Landesberg et al. (21) In 
this method, 10 ml of arterial blood was centrifuged at 200 
× g for 10 minutes, resulting in the separation of the blood 
in the tube into three distinct layers: the upper layer com-
prised the serum, the middle layer contained platelets and 
leukocytes, and the lower layer consisted of erythrocytes. 
The erythrocytes located within 2 mm below the middle 
layer were extracted using a syringe and appropriately 
disposed of. The remaining specimen was centrifuged at 
a force of 200 × g for 10 minutes. After centrifugation, 
3/4 of the upper section of the serum layer was carefully 
extracted using a syringe and discarded, leaving the remai-
ning portion as LR-PRP.

LP-PRP was prepared through a single centrifugation 
procedure. A blood tube containing 10 ml of arterial blood, 
processed with the Arthrex ACP system, was meticulously 
positioned within a centrifuge for the initial centrifugation 
step. This involved subjecting the sample to the following 
conditions: a centrifugal force of 269×g for 4 minutes. This 
separated the blood into two distinct layers, the uppermost 
layer comprising the PRP layer and the lower layer consis-
ting of red blood cells. The upper layer of the sample was 
taken as the LP-PRP. It underwent precise platelet quanti-
fication using a fully automated blood cell analyzer.

2.3. Intraarticular injections
Thirty-two rabbits were randomly allocated into four 

distinct groups: blank group, model group, LR-PRP group, 
and LP-PRP group, each group consisting of 8 rabbits, each 
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achieved by sequential immersion in 95% ethanol for 2-3 
seconds, anhydrous ethanol for 2-3 seconds, and finally 
anhydrous ethanol for 1 minute. The stained sections were 
rendered transparent in xylene and sealed using an optical 
resin. Alterations in cartilage structure, cell arrangement, 
matrix staining, and tidemark integrity were assessed utili-
zing Mankin's pathology scoring system (23).

2.7. Immunohistochemistry for type Ⅱ collagen in car-
tilage tissue

Paraffin sections were subjected to heating in an oven 
at 60°C for 30-60 minutes, then sequentially immersed in 
three changes of xylene (xylene I, xylene II, and xylene 
III) for 10 minutes each. This was followed by an etha-
nol gradient wash, with 100% ethanol followed by 95%, 
80%, and 70%, each concentration being applied for 2 mi-
nutes. The sections were then rinsed in distilled water for 
5 minutes. To reduce endogenous peroxidase activity, the 
sections were washed three times with PBS for 3 minutes 
each. The next step involved the incubation of the sections 
in a prewarmed closed permeabilization solution (compri-
sing 40 ml PBS and 400 μl of 30% H2O2) for 30 minutes. 
Following this step, the sections were washed with PBS 
three times for 3 minutes. To unmask the antigenic sites, 
the sections were immersed in 0.01 M sodium citrate buf-
fer at pH 6.0, boiled, and then allowed to cool naturally to 
room temperature. Subsequently, they were washed with 
PBS three times for 3 minutes each time. To block any 
nonspecific binding sites, serum from the same source as 
the secondary antibody was applied to the tissue. The tis-
sue was treated with diluted serum and incubated at 37°C 
for 30 minutes, after which excess serum was removed 
using filter paper. The tissue was then incubated with 20 
μl of diluted primary antibody overnight at 4°C. After pri-
mary antibody incubation, the sections were washed with 
PBS three times for 3 minutes. Next, the sections were 
incubated with the secondary antibody. Specifically, 20 μl 
of diluted secondary antibody was added dropwise to the 
tissue sections, and the incubation was carried out at 37°C 
for 2 hours. The sections were washed with PBS three 
times for 3 minutes each time. For color development, the 
sections were treated with DAB-H2O2 for 5 minutes. Du-
ring this step, it was essential to observe the staining under 
a microscope to ensure its adequacy. Color development 
could be stopped by rinsing with distilled water within 
10 minutes. The sections were then stained with Mayer 
hematoxylin for 30 seconds, followed by a water wash. 
They were differentiated in hydrochloric acid‒alcohol for 
2 seconds and then rinsed in running water for 15 minutes. 
To dehydrate the sections, an ethanol gradient was used, 
starting from lower concentrations and increasing to 50%, 
70%, 95%, and 100%, each concentration being applied 
for 2 minutes. Xylene was employed for a 5-minute period 
to render the sections transparent. Finally, neutral gum 
was applied to seal the sections.

ImageJ image analysis software was employed for the 
analysis of microscopic brownish-yellow particles, indica-
tive of positive type II collagen expression. Semiquantita-
tive analysis was performed by selecting a blank region in 
each section for reference, and the average integral optical 
density of the positive reaction was determined by selec-
ting five nonoverlapping fields of view under high magni-
fication (400×). The mean integral optical density of the 
positive area rate from these five fields of view was taken 

with 8 knee joints studied. OA was induced in all groups 
except for the blank treatment group, employing the papain 
method. Commencing from the sixth week post-modeling, 
the model group received 1 mL injections of physiologi-
cal saline into the joint cavity, the LR-PRP group received 
injections of LR-PRP, with platelet concentrations ranging 
from 1, 141-1, 545 × 109/L, while the LP-PRP group was 
administered LP-PRP injections with concentrations wit-
hin the range of 649-716 × 109/L. These injections were 
administered weekly for three weeks, each dose amoun-
ting to 1 mL. The knee joint was moved after administra-
tion of the injection solution to ensure that the injection 
solution was evenly dispersed throughout the joint.

2.4. Observation of cartilage tissue in gross
Following the euthanization of the rabbits 8 weeks 

post-surgery, a surgical procedure was executed to incise 
the knee joint capsule. The cartilage of the knee was sub-
jected to visual examination, and cartilage damage was 
assessed utilizing the Pelletier scoring system (22).

2.5. Cartilage tissue hematoxylin-eosin staining
The bone and articular cartilage samples were excised 

from the femoral condyle surface. They were fixed using 
a 40 g/L paraformaldehyde solution, followed by decal-
cification in EDTA solution. These specimens were then 
embedded in immersion wax and sliced continuously to 
achieve a thickness of 5 µm, carefully adjusted by the sli-
cer. To prepare the sections for further analysis, a depa-
raffinization process was initiated, involving a 10-minute 
treatment with xylene. The sections were then submerged 
in water, followed by a wash with xylene. Dehydration 
was carried out using a gradient of ethanol, involving 
sequential immersions in 100%, 90%, 80%, and 70% gra-
dient ethanol, with each step lasting for 5 minutes. Next, 
the sections were rinsed with tap water for 5 minutes. 
Hematoxylin staining was performed for 5 minutes, after 
which the sections were rinsed with tap water for 1 minute. 
Differentiation was achieved through a 1-minute treatment 
with 5% acetic acid, followed by a 1-minute rinse with tap 
water. Rebluing was performed using alkaline water for 
20 seconds, followed by a 1-minute rinse with tap water. 
Eosin staining was carried out for 10-20 seconds, followed 
by another 1-minute rinse with tap water and another round 
of eosin staining. This final staining procedure took place 
in alkaline water for 20 seconds, followed by a 1-minute 
rinse in tap water. Dehydration was accomplished by im-
mersing the sections in ethanol, and they were then made 
transparent in xylene. The process was concluded by sea-
ling the sections with a drop of neutral gum.

2.6. Cartilage tissue senna-O and solid green stain
The paraffin-embedded sections were deparaffinized 

as above and subjected to the following staining protocol: 
The sections were stained with freshly prepared Weigert's 
staining solution for 3-5 minutes and then washed thorou-
ghly with water. The sections underwent differentiation in 
an acidic differentiation solution for 15 seconds, followed 
by a rinse in evaporated water for 10 minutes. They were 
then immersed in a solid green staining solution for 5 mi-
nutes and rapidly washed in a weak acid solution for 10-15 
seconds to eliminate any residual solid green. The sections 
were allowed to air-dry. A saffron staining solution was 
applied to the sections for 5 minutes. Dehydration was 
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as the measurement of type II collagen expression for that 
specific section.

2.8. Statistical analysis
SPSS version 21.0 software was utilized for statistical 

analysis and creation of the database. The measurement 
data are presented as mean ± standard error. Analysis of 
variance (ANOVA) was conducted to compare multiple 
groups, and was employed for further analysis between 
two groups. Significance was attributed to P values < 0.05.

3. Results
3.1. Macroscopic observation of cartilage tissue

The macroscopic observation of cartilage tissue is 
shown in Figure 1. The blank group exhibited minimal 
yellowish joint fluid within the joint cavity, along with a 
smooth articular cartilage surface devoid of noticeable fis-
sures. There was no evident formation of bony protrusions 
at the joint's edge, and synovial membrane hyperplasia 
was not apparent. In the model group, the joint cavity fluid 
appeared yellow, the articular cartilage surface took on a 
grayish hue, and it exhibited a rough texture with discer-
nible fissures. A modest degree of bone crenellation had 
formed at the joint's periphery, some damage extending 
to the cartilage's deep layer and partial exposure of sub-
cartilaginous bone. Synovial hyperplasia and thickening 
were evident. The articular cartilage surface in the LP-PRP 
group displayed a pale white appearance, with transparent 
and smooth cartilage surfaces characterized by small sur-
face fissures. Synovial thickening was slight. Conversely, 
the LR-PRP group featured minimal effusion, articular 
cartilage surfaces that were not uniformly smooth, and 
some with discernible fissures. Various degrees of syno-
vial hyperplasia were observed. 

The relevant scoring statistics are shown in Table 1. A 
comparison of Pelletier scores derived from visual carti-
lage tissue observations revealed statistical differences 
between multiple groups, except for the absence of a signi-

ficant difference between the LP-PRP and LR-PRP groups 
(P < 0.05). These findings suggest that both LP-PRP and 
LR-PRP exhibited therapeutic effects compared to the mo-
del group, with no marked disparity in their therapeutic 
efficacy (P > 0.05).

In the analysis of Pelletier score, Mankin's score, and 
Type II Collagen IOD data, significant statistical diffe-
rences were observed among the experimental groups. 
Both LP-PRP and LR-PRP groups exhibited variations 
in Pelletier score and Mankin's score compared to the 
blank Group and model Group, indicating therapeutic and 
protective effects on cartilage. However, the distinction 
between the two PRP groups was not deemed statistical-
ly significant. Notably, there were discernible disparities 
in the levels of Type II Collagen IOD between the two 
groups, with the LR-PRP Group demonstrating superior 
efficacy in preserving Type II Collagen. This difference 
reached statistical significance when compared to the LP-
PRP Group.

3.2. Pathological observation of hematoxylin-eosin 
staining and senna O-solid green staining of cartilage 
tissue

The pathological observation of hematoxylin-eosin 
staining and senna O-solid green staining of cartilage tis-
sue is shown in Figures 2 and 3. In the blank group, the 
articular cartilage surface displayed a smooth and even 
appearance. The four layers of the surface, transitional 
zone, radiolucent zone, and calcified zone exhibited well-
defined structures with regular arrangement. The cell dis-
tribution and staining were uniform, and the tidemark was 
intact. No blood vessels traversed the articular cartilage. 
The cartilage had regular morphology, with orderly chon-
drocyte morphology and distribution. In the model group, 
the articular cartilage surface was severely damaged, the 
cartilage layer showing extensive detachment and disrup-
tion of the structural layers. Fissures extended deep into 

Fig. 1. Macroscopic observation of cartilage tissue. In the macros-
copic observation of cartilage tissue, the blank group exhibited no 
significant changes, presenting a smooth and normal appearance. In 
contrast, the model group displayed the most severe signs of osteoar-
thritis, characterized by an uneven surface and darkened color. The 
LP-PRP Group and LR-PRP Group exhibited intermediary condi-
tions, falling between the extremes observed in the blank and model 
groups.

Table 1. Summary of scores for each group.

Score
Group

F P
Blank Group Model Group LP-PRP Group LR-PRP Group

Pelletier score 0.1250±0.3536 3.0000±0.5345a 2.3750±0.5176a, b 2.2500±0.7071a, b 42.566 <0.001
Mankin’s score 0.3750±0.5176 10.7500±1.2817a 6.7500±0.8864a, b 6.8750±1.4577a, b 122.543 <0.001
Type II Collagen IOD 0.1847±0.0134 0.1063±0.0087a 0.1318±0.0057a, b 0.1413±0.0060a, 

b, c 103.7 <0.001
a: P < 0.05 compared to the blank group; b: P < 0.05 compared to the model group; c: P < 0.05 compared to the LP-PRP group.

Fig. 2. Pathological observation of hematoxylin-eosin staining of 
cartilage tissue.In the pathological observation of hematoxylin-eosin 
staining of cartilage tissue, We conducted a 100x observation using 
an optical microscope, the blank group exhibited no notable changes, 
displaying a smooth cartilage surface. The model group presented the 
most pronounced manifestation of osteoarthritis, characterized by an 
uneven surface and darkened color. The LP-PRP Group and LR-PRP 
Group displayed intermediate conditions, with a noticeable occur-
rence of chondrocyte aggregation in both groups.
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the radiolucent zone of the femoral condyles, accompa-
nied by the presence of numerous chondrocyte clones. 
The cell distribution and arrangement were irregular, and 
the total cell count was reduced. The tidemark was dis-
torted and advanced, with the infiltration of blood ves-
sels. Staining was moderately uneven, chondrocytes were 
relatively few, and they were disorganized. The articular 
surface exhibited irregular morphology, with some areas 
displaying fissures. Changes in cartilage morphology were 
observed in the LP-PRP group. Some chondrocytes on the 
cartilage surface exhibited a more orderly arrangement, 
increased cell numbers, and some chondrocyte clustering 
with the formation of chondrocyte-like cells. Staining was 
relatively uniform. Cartilage morphology was altered in 
the LR-PRP group, some areas of its articular cartilage 
surface show depressions and elevations. Chondrocyte 
morphology was more regular, but cell arrangement was 
somewhat disordered. Some chondrocytes clustered, and 
the tidemark exhibited more distortion. The staining was 
lighter.

The statistical information of Mankin's pathological 
scores is shown in Table 1. In the comparison of Mankin's 
pathological scores, as with the macroscopic observations, 
there were statistically significant differences between the 
multiple groups (P < 0.001). The pathological scores were 
still similar between the LP-PRP and LR-PRP groups (P > 
0.05), while the comparisons between all other group pairs 
exhibited significant differences (P < 0.05). This indicates 
that the rabbit OA model was successfully established 
using the papain method, as it had significant differences 
from the blank control group (P > 0.05).

3.3. Immunohistochemical expression of type II col-
lagen in cartilage tissue

The immunohistochemical expression of type II col-
lagen in cartilage tissue is shown in Figure 4 and the statis-
tics of IOD values are shown in Table 1. In the assessment 
of the integral optical density (IOD) of type II collagen, a 
statistically significant difference was observed between 
multiple groups. Furthermore, pairwise comparisons 
between groups demonstrated statistically significant dis-
tinctions (P < 0.05). Type II collagen expression within 
articular cartilage exhibited the highest levels in the blank 
group, the lowest in the model group, and intermediate le-
vels in the LR-PRP and LP-PRP groups. The mean type II 
collagen IOD in the articular cartilage of the blank group 
was significantly different from that of the model group (P 
< 0.05), indicating degenerative changes in the joints mo-

deled in the animal experiments. Comparatively, the type 
II collagen IOD in the articular cartilage of the LR-PRP or 
LP-PRP group was significantly different from the value 
of the model group (P < 0.05), implying that the treatment 
in these two groups exhibited a protective or therapeutic 
effect against the rabbit OA model induced by papain. The 
blank group showed a notably higher expression of type II 
collagen (P < 0.05).

4. Discussion
As the incidence of OA continues to rise, the socioe-

conomic burden associated with it is gradually increasing 
(1). Consequently, there has been a surge in recent years in 
studies focusing on the pathogenesis of OA, as well as the 
exploration of new treatment modalities and therapeutic 
targets. The etiology of OA is multifaceted. Wang and He 
(24) found that obesity places additional mechanical stress 
on tibial and femoral cartilage, increasing the risk of OA, 
and is associated with elevated inflammatory factors. Loe-
ser et al. (25) demonstrated that multiple processes in the 
progression of OA promote a pro-inflammatory, catabolic 
state, rendering the joint tissues more susceptible to cell 
death, thereby accelerating tissue destruction and hinde-
ring the repair of damaged matrix, ultimately contributing 
to OA development. Traumatic factors, such as meniscus 
and anterior cruciate ligament injuries, which result in 
knee instability, will further exacerbate OA development 
and have been linked to complement activation and mast 
cell and macrophage hyperplasia (26). In a previous rab-
bit OA model (27), anterior cruciate ligament transection 
and meniscectomy were employed to induce OA by des-
tabilizing the rabbit knee joint and causing subchondral 
bone loss (28). In contrast, we utilized the papain method 
to induce rabbit OA. This method dates back several de-
cades, including Havdrup and Telhag study (29), which 
demonstrated that concentrated papain injections into the 
joint cavity could rapidly induce changes in articular carti-
lage. Lesions caused by papain at low concentrations bear 
similarities to human OA, making it a favorable choice 
for studying early degeneration and repair changes in OA. 
Furthermore, it is more conducive than other methods to 
the examination of articular cartilage metabolism in the 
early stages of joint diseases. Hermeto et al. (30) inves-
tigated both modeling approaches and confirmed that 
both methods successfully model OA. They found that 
the intra-articular injection method provided greater sta-

Fig. 3. Pathological observation of senna O-solid green staining 
of cartilage tissue.In the pathological observation of senna O-solid 
green staining of cartilage tissue, observations were conducted at 
200x magnification using an optical microscope. The blank group 
exhibited typical cartilage tissue with a smooth surface. Conversely, 
the model group displayed a concave cartilage surface with evident 
cracks and disorganized arrangement of cartilage cells. Both the LP-
PRP Group and LR-PRP Group exhibited notable chondrocyte aggre-
gation. Notably, all groups, except the blank group, presented uneven 
staining patterns.

Fig. 4. Immunohistochemical expression of type II collagen in car-
tilage tissue. In immunohistochemical expression of type II collagen 
in cartilage tissue, observations were conducted at 200x magnification 
using an optical microscope. The blank group exhibited the highest 
and most evenly distributed presence of type II collagen within the 
cartilage. In contrast, the model group displayed the least amount of 
type II collagen, distributed unevenly. Both the LP-PRP Group and 
LR-PRP Group fell in between these extremes. Notably, the type II 
collagen in the LP-PRP Group cartilage demonstrated a uniform de-
crease compared to the blank group. On the other hand, the LR-PRP 
Group exhibited more occurrences of type II collagen on the cartilage 
surface compared to the LP-PRP Group.
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bility and control than surgical interventions. In line with 
our experimental results, eight weeks after papain injec-
tion into the knee joint cavity, the model group exhibited 
observable changes in cartilage morphology and a notable 
reduction in chondrocytes upon cartilage tissue staining, 
distinguishing it from the blank treatment group. This un-
derscores the method's ability to establish a stable rabbit 
knee OA model with remarkable stability.

In clinical practice, the absence of disease-modifying 
osteoarthritis drugs (DMOADs) for OA has led to the 
adoption of treatments such as intra-articular injections 
of HA and PRP for early OA management. PRP, origi-
nally introduced in dentistry, has since found widespread 
application in various medical fields, notably orthopedics 
and sports medicine (31). PRP contains an abundance of 
growth factors, chemokines, and proinflammatory cyto-
kines, as demonstrated by Riewruja et al. (32) and others, 
which seem to promote the resolution of inflammation, 
bolstered by anti-inflammatory cytokines and regenera-
tive growth factors that subsequently slow the progres-
sion of OA. Various in vivo findings suggest that PRP 
could influence the anabolic environment within joints, 
providing the necessary bioactive molecules to maintain 
joint homeostasis, alleviate pain, and enhance joint func-
tion. Moussa et al. (33) proposed that PRP, by activating 
α-granules and promoting the release of specific proteins, 
can stimulate the synthesis of the cartilage matrix. This sti-
mulation occurs through binding to corresponding recep-
tors on collagen, osteoblasts, and chondrocytes, ultimately 
driving cartilage matrix synthesis and tissue regeneration, 
which leads to chondroprotection. It is postulated that the 
effectiveness of PRP is enhanced in the presence of stem 
cells. In modern practice, PRP remains a valuable com-
plement to mesenchymal stem cell (MSC) therapy. Ragni 
et al. (34) cultured bone marrow stromal stem cells with 
PRP and found that they released therapeutic molecules, 
forming the foundation for this innovative combination 
of agents for OA treatment. Beigi et al. (35) conducted in 
vitro experiments that demonstrated the efficacy of stem 
cells combined with PRP in promoting enhanced cartilage 
repair in a rabbit cartilage injury model.

Among the various biologic therapies, intra-articular 
PRP injection has gained increasing attention as an alter-
native treatment for knee OA, surpassing surgical inter-
ventions and demonstrating superior clinical outcomes 
compared to sodium hyaluronate. Liu et al. (36) revealed 
that PRP exhibited superior effects in repairing damaged 
cartilage and subchondral bone when compared to sodium 
hyaluronate. The recent meta-analysis conducted by Peng 
et al. (37) demonstrated that PRP yielded better overall 
outcomes for knee OA than HA at 3, 6, and 12 months 
of follow-up. Wang et al. (38) followed up patients for 7 
years and found that PRP was better than HA in survival 
and reintervention rates, VAS score, and WOMAC score. 
Notably, while there were no significant disparities in ima-
ging assessments between the two treatment approaches, 
patients treated with PRP expressed higher satisfaction 
levels than those receiving HA.

PRP can be classified into different types, including 
LP-PRP, LR-PRP and PRF, depending on the specific pre-
paration method (39). For conditions such as OA, both LP-
PRP and LR-PRP are frequently employed in clinical prac-
tice. However, there is a notable absence of fundamental 
experimental investigations comparing the effects of these 

two PRP types on OA, which this study aimed to rectify. 
PRP can be prepared by various techniques. LR-PRP is 
often obtained through a two-step centrifugation process. 
Tamimi et al. (40) noted that double centrifugation yielded 
higher platelet concentrations than single centrifugation, 
although the former yielded greater variability. Further-
more, an analysis of the ultrastructure of PRP via trans-
mission electron microscopy revealed that the double cen-
trifugation method induced changes in the ultrastructure of 
PRP during the centrifugation process, rendering it more 
susceptible to minor errors during preparation. Similar 
conclusions were drawn from the experimental findings 
of Nagata et al. (41) regarding the centrifugation of blood 
from New Zealand Rabbits. Nevertheless, PRP prepara-
tion protocols remain a topic of debate, and a standardized 
protocol has yet to be established. Piao et al. (42) proposed 
a theoretical framework for predicting platelet and leuko-
cyte recoveries during the centrifugation of whole blood 
from test tubes for PRP preparation. Ozer et al. (43) aimed 
to optimize PRP preparation by adjusting the centrifu-
gal force and duration. They argued that platelets should 
be evaluated based on platelet mass, rather than platelet 
concentration alone, and in conjunction with mean platelet 
volume. All centrifugation forces and durations can yield 
bioreactive PRP, and it is suggested that if high centrifu-
gation forces are employed, shorter durations should be 
chosen, while lower forces should be paired with longer 
centrifugation times. In this study, LR-PRP was prepared 
using the Landesberg et al. (21) method, and LP-PRP was 
prepared using the Arthrex ACP system (44). Both types of 
PRP met the specified criteria. LR-PRP achieved a platelet 
concentration up to 5 times that of whole blood, accom-
panied by a greater leukocyte concentration than whole 
blood had. LP-PRP reached a platelet concentration 2.5 
times that of whole blood but contained few leukocytes. A 
variety of commercial centrifugal devices are available for 
preparing PRP that meet specific requirements. In a study 
by Harrison et al., (45) an examination of PRP composi-
tions prepared using different commercial devices revea-
led that six distinct single-spin PRP preparation methods 
could attain the desired yield, the choice of method being 
contingent on the specific clinical application and disease 
considerations.

Clinical studies on the role of leukocytes in PRP have 
yielded mixed results. Riboh et al. (19) conducted a me-
ta-analysis comparing the clinical outcomes and adverse 
effect incidence of LP-PRP and LR-PRP in knee OA. They 
concluded that both LP-PRP and LR-PRP outperformed 
HA treatment in delivering improved clinical outcomes. 
Notably, the LP-PRP group more significantly impro-
ved their WOMAC score, and the data suggested that the 
safety of PRP might not be directly linked to leukocyte 
concentration. This conclusion was corroborated in our 
study, where we observed no adverse effects, such as fata-
lities, in New Zealand Rabbits following the injection of 
LP-PRP or LR-PRP, both treatments being well tolerated. 
Jayaram et al. (46) found that in a murine model of sur-
gically induced OA, repeated postoperative intra-articu-
lar administration of LP-PRP led to moderate reductions 
in OARSI and synovitis scores. However, phase-contrast 
micro-CT analysis revealed that LP-PRP treatment offered 
protection against cartilage volume and surface loss, with 
values akin to those of sham mice. Despite greater pro-
tection against cartilage pathology and loss, LP-PRP was 
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more effective in preventing the development of thermal 
nociceptive hypersensitivity at various postoperative time 
points. In our experiment, the injection of either LR-PRP 
or LP-PRP 6 weeks after papain injection showed posi-
tive therapeutic effects compared to untreated rabbit knee 
cartilage, as observed visually and in histological exami-
nations. The morphology and volume scores of cartilage 
surfaces in some rabbit knee cartilages in the LP-PRP 
group approached those of the blank group. However, 
when considering cell counts and tidemark line staining 
scores collectively, there was no substantial difference in 
treatment effects between LR-PRP and LP-PRP.

In a double-blind comparative trial conducted by Di 
Martino et al. (47), LP-PRP was prepared using a leuko-
cyte filter and achieved platelet concentrations equivalent 
to those of LR-PRP. Their study showed that three intra-
articular injections of either LR-PRP or LP-PRP yielded 
nearly identical clinical outcomes in patients with knee 
OA over a 12-month follow-up period. Adverse event rates 
were similarly low in both treatment groups. The presence 
of leukocytes did not significantly impact the clinical out-
comes of PRP injections. Nevertheless, animal model ex-
periments may unveil more nuanced cartilage differences. 
In our study, both PRP treatment groups displayed more 
organized chondrocyte arrangements compared to the 
model group, along with the presence of multiple chon-
drocyte aggregates. We inferred that differences in leuko-
cyte content between the two types of PRP were not the 
primary cause of variations in cartilage repair. Further-
more, Lana et al. (48) argued against the use of LP-PRP 
in knee OA treatment, suggesting that specific leukocytes 
play a crucial role in the inflammatory process preceding 
tissue regeneration by releasing relevant pro- and anti-in-
flammatory molecules. They also proposed that the com-
bination of neutrophils and activated platelets might have 
a more positive impact on tissue repair and highlighted 
the importance of monocyte plasticity in noninflammatory 
and reparative roles in tissue repair. While we did not di-
rectly compare the inflammatory response after knee OA 
induction, we recognize that PRP has the capacity to re-
lease numerous anti-inflammatory and pro-inflammatory 
factors. Therefore, evaluating the inflammatory response 
in the rabbit joint cavity, including the arthritic fluid and 
synovium, as well as assessing the release of inflammatory 
factors, will be the direction of future research.

Articular cartilage, a thin connective tissue layer mea-
suring 1-3 mm thick, covers the ends of long bones and 
withstands repetitive mechanical loads characterized by 
high shear, tensile, and compressive strains. The mainte-
nance of low friction between cartilages depends on both 
the cartilage's structural composition and the lubrication 
provided by joint fluid. The structure of articular cartilage 
comprises a supramolecular network of collagen fibers, 
primarily type II collagen, enveloped within a gel of pro-
teoglycans and water. Type II collagen constitutes approxi-
mately 80% of the total collagen content and plays a criti-
cal role in providing mechanical stability to cartilage (49). 
Its absence in articular cartilage can lead to excessive col-
lagen degradation by matrix metalloproteinases (MMPs), 
causing damage to cartilage tissue. A prospective study by 
Sadigursky et al. (50) demonstrated that undenatured type 
II collagen (UC-II) improved pain, joint stiffness, and ove-
rall quality of life in 60- to 80-year-old patients with knee 
OA after a 90-day treatment, as also corroborated by Xu 

et al. (51) The current body of research on type II collagen 
underscores its significant role in OA progression. Our 
experimental study likewise focused on type II collagen 
expression. In the immunohistochemical staining for type 
II collagen, both the LR-PRP and LP-PRP groups preser-
ved more type II collagen than the model group. Notably, 
LR-PRP exhibited a more pronounced positive effect. In a 
study by Orhan et al. (52) on a rat OA model, inflammation 
and pain in osteoarthritic joints were alleviated through the 
reduction of inflammatory mediators following oral admi-
nistration of undenatured type II collagen. The study also 
established that type II collagen functions by inhibiting 
inflammatory factors and mediators linked to the NF-κB 
signaling pathway, such as COX-2 and PGE2. Nagata et 
al. (53) found, by studying pure knockout mice of Runx2, 
that a decrease in type II collagen expression accelerated 
OA. We hypothesize that the growth factors in PRP may 
inhibit factors and mediators associated with the NF-κB 
signaling pathway. This inhibition reduces pathway acti-
vation, inhibits Runx2 gene expression, lessens type II 
collagen degradation, and consequently hinders the pro-
gression of OA.

Here, LR-PRP prepared using the Landesberg method 
exhibited a higher platelet concentration than LP-PRP pre-
pared through a single-centrifugation approach. However, 
the potential impact of prolonged centrifugation time on 
platelet activity remains uncertain. It is now widely ac-
knowledged that the therapeutic effectiveness of PRP in 
OA primarily arises from the release of numerous growth 
factors and cytokines by platelets. However, the specific 
types and quantities of growth factors liberated in PRP 
obtained through these two different methods are not yet 
fully characterized.

Comprehensive investigations concerning the role of 
cytokines in OA are ongoing (8, 54). Furthermore, it has 
become apparent that the therapeutic efficacy of PRP for 
a given disease may depend on the specific genetic phe-
notype of the patient (55). Researchers such as Riewruja 
et al. (32) are actively exploring the varieties of growth 
factors enriched in PRP. Future research on PRP should be 
directed toward a thorough exploration of the individual 
roles of various cytokines and growth factors in PRP. Un-
derstanding how these distinct components influence the 
pathogenesis and pain associated with OA is of paramount 
importance. This knowledge can be harnessed to optimize 
these components for enhanced therapeutic effects.

5. Conclusion
Both LP-PRP and LR-PRP exerted therapeutic bene-

fits in a rabbit OA model established through the papain 
method. Within 8 weeks of treatment, the disparity in leu-
kocyte content between the two formulations did not yield 
discernible differences in cartilage morphology or other 
parameters. Notably, LR-PRP demonstrated a superior 
capacity to release factors associated with type II collagen 
metabolism, preserving the type II collagen content within 
the cartilage and effectively retarding the progression of 
OA, when compared to LP-PRP.
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