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Osteoarthritis (OA) is a common cause of lameness, 
pain, and dysfunction in dogs and is estimated to affect 
> 20% of all dogs over 1year of age (2). Cartilage break-
down products, resulting from mechanical or enzymatic 
destruction, induce the release of inflammatory cyto-
kines (e.g., interleukin (IL-1, IL-6) or tumor necrosis 
factor (TNF-α)) by macrophages and chondrocytes, 
leading to the upregulation of matrix metalloprotein-
ases (MMPs), nitric oxide (NO), and other proteolytic 
enzymes. Synovial macrophages play a role in trigger-
ing inflammatory and destructive conditions through 
the production of IL-1β and TNF-α, which stimulate 
chondrocytes to produce inflammatory mediators. IL-1β 
and TNF-α are the main inflammatory factors involved 
in OA, with IL-1β driving tissue destruction and TNF-α 

being associated with inflammation (1, 3). In addition, 
other cytokines have also been implicated, including 
IL-6, IL-15, IL-17, IL-18, IL-21, leukemia inhibitory 
factor, and IL-8 (a chemokine) (1, 4).

Platelet-rich plasma (PRP) is a concentrated source 
of autologous platelets, which contains several different 
growth factors (platelet-derived growth factor (PDGF), 
transforming growth factor-beta (TGF-β1), epidermal 
growth factor (EGF), and vascular endothelial growth 
factor (VEGF)) and other cytokines that can stimulate 
the healing of soft tissue (8, 10). Intra-articular injection 
of autologous platelets has great promise as a potential 
treatment for OA in dogs (9). When used in the treatment 
of OA, PRP is thought to reduce inflammation, slow or 
reverse cartilage degradation, improve blood supply, 
improve comfort, as well as decrease cartilage dam-
age, synovial membrane hyperplasia, and hemorrhage 
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Summary

Osteoarthritis (OA) is a common cause of lameness, pain, and dysfunction in dogs. To determine the levels 
of interleukin (IL) (IL-1β, IL-6, IL-10), tumor necrosis factor (TNF)-α, and prostaglandin E2 (PG-E2) in the 
synovial fluid after intra-articular injection of an autologous platelet-rich plasma concentrate to treat dogs 
with osteoarthritis. Twenty dogs with osteoarthritis (OA) were used as a materials. Fourteen dogs were used 
as a platelet-rich plasma (PRP) treatment group and 6 dogs were used as a control (0.9% NaCl). PRP was 
obtained by the double centrifuge method. Affected joints were examined by radiography and ultrasonography. 
Lameness and pain severity were evaluated by attending clinicians. Samples were collected under sterile 
conditions at pre-treatment, days 1, 3, 5, 7, 15, and weeks 4, 8, and 12. The marker levels were determined by 
an enzyme-linked immunosorbent assay. No adverse effects of the injection of platelet concentrate or saline 
solution were observed. No significant differences were found in the Hudson Visual Analog Scale and Canine 
Brief Pain Inventory scores between weeks 0, 4, and 12 in the control dogs. No significant changes were observed 
in IL-1β, IL-6, IL-10, TNF-α, and PG-E2 levels (P > 0.05) in synovial fluid from the PRP treatment group 
compared to synovial fluid from the control group, although fluctuations in parameter levels were observed in 
both groups. Despite some variable results in inflammatory parameters, clinical improvement was recorded 
in the PRP-treated group. PRP injection could be an effective and safe method for treatment of dogs with  
osteoarthritis.
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(11). There is a relative lack of information regarding 
the efficacy of intra-articular PRP in the treatment of 
OA in dogs.

The aim of the present study was to determine the 
levels of cytokines and inflammatory mediators (IL-1β,  
IL-6, IL-10, TNF-α, and PG-E2) in synovial fluid 
samples from OA joints and to assess the efficacy of 
a single intra-articular injection of APC in the treatment 
of OA in dogs.

Material and methods
Study design. Twenty dogs (weighing 25 to 50 kg, mean 

age 8.6 years) with unilateral stifle OA were used in the 
current study. The study was conducted as a  randomized, 
controlled trial in the Department of Surgery, Faculty of 
Veterinary Medicine, University of Selcuk. The study design 
followed published guidelines and was approved by the 
institutional Animal Care and Use Committee of the Faculty 
of Veterinary Medicine. At the time of study enrollment, 
14 dogs were assigned PRP treatment, and six dogs were 
used as a control group (0.9% saline). The dogs had clinical 
evidence of unilateral lameness with the cause localized to 
a single joint. OA was classified as primary or secondary, 
depending on the cause. Secondary OA was diagnosed when 
abnormalities causing joint instability (e.g., cranial cruciate 
ligament rupture) were evident. Dogs with suspected menis-
cal damage were excluded from the study. Only dogs with 
no previous treatment, including administration of nutritional 
supplements, were included in the study. The affected joint 
was examined by radiography and ultrasonography. Scores 
for severity of lameness and pain were assigned by an attend-
ing veterinarian in the clinic.

Radiographic examination. Affected joints were exam-
ined radiographically at pre-treatment and weeks 4, 8, 12. 
In the assessment of joints, particular attention was paid 
to increased synovial fluid volume, displacement of the 
infrapatellar fat pad, enthesophyte formation, periarticular 
osteophyte formation, subchondral bone sclerosis, narrowing 
of the joint space, and mineralization of intra-articular and 
periarticular soft tissues. For all twenty dogs, OA was clas-
sified as mild (1), moderate (2), moderate to severe (2 to 3), 
or severe (3) as previously described (3).

Ultrasonographic examinations. Sonographic exami-
nation of full-weight-bearing dogs was performed at pre-
treatment and weeks 4, 8, and 12. A diagnostic ultrasound 
machine (Esaote Piemedical, Model 410477) with a 5-7.5 
MHz convex transducer was used to image the joint both in 
sagittal and transverse planes for all the dogs.

Evaluation of lameness and pain. Lameness and pain 
assessments were performed at pre-treatment, days 1, 3, 5, 7, 
15, and weeks 4, 8, and 12. The Hudson Visual Analog Scale 
(HVAS) (13) and Canine Brief Pain Inventory (CBPI) (5, 6) 
was used in assessing the scores for severity of lameness and 
pain. The study was managed in a blind manner. Each dog 
was always assessed by the same veterinarian.

Preparation and administration of autologous PRP. 
After these initial evaluations had been completed, dogs in 
the treatment group were sedated with propofol (4-7 mg/İV) 
and a 20 cc blood sample was obtained from each dog by 
jugular vein puncture. PRP was prepared by the buffy-coat 
method. Five ml of blood was collected into each tubes in 
combination with Na-citrate. A double centrifuge method 

was used to obtain PRP. Initially, the blood was centrifuged 
at 96 g for 10 min, and plasma was carefully removed from 
the centrifuge tube, followed by a second spin at 380 g for 
20 min. Platelets were collected from the buffy coat. All blood 
samples were sent to the hematology laboratory for platelet, 
white blood cell (WBC) and hematocrit (hct) analysis. Platelet 
concentrate was filtered and injected until sufficient resistance 
to push back the syringe plunger was reached (mean injec-
tion 3-5 ml depending upon the weight of the dog). For the 
dogs in the control group, arthrocentesis was performed as 
described for dogs in the treatment group, and saline solution 
was injected in a similar manner to the PRP.

Synovial fluid. Synovial fluid was collected under sterile 
conditions at pre-treatment, days 1, 3, 5, 7, 15, and weeks 
4, 8, and 12. Although a  slight contamination with blood 
was inevitable, severely contaminated samples (by gross 
appearance) were discarded and not used for the biochemi-
cal marker assays. Synovial fluid samples were subjected to 
routine cytological analysis and then centrifuged at 5.000 g 
for 5 min to remove cells and debris. The samples were stored 
in aliquots at –80°C.

ELISA. The synovial samples were aliquoted and stored 
at –80°C until used. Double sandwich ELISA protocols were 
used for IL-1β (Cat. No: 201-15-0171), IL-6 (Cat. No: 201- 
-15-0128), IL-10 (Cat.No:201-15-0125), TNF-α (Cat. No: 
201-15-0019) (Sun-Red Biological Technology Co., Ltd, 
Shanghai) and PG-E2 (Cat. No: MBS705363, My BioSource, 
USA). The detection ranges of the assay were 0.3-70 pg/ml 
for IL-1β, 0.05-15 pg/ml for IL-6, 0.5-150 ng/ml for IL-10, 
0.03-9 pg/ml for TNF- α and 31.25-2000 pg/ml for PG-E2, 
as reported by the manufacturers.

Statistical analyses. Using the computer-based Minitab 
program for the analysis of IL-1β, IL-6, IL-10, TNF-α, and 
PG-E2, the general linear model was used over the normal 
distribution values by the Anderson-Darling test. P < 0.05 was 
regarded as statistically significant. In addition, parametric 
data obtained from the control (saline-injected) and experi-
mental (PRP treatment) group animals were evaluated as 
mean ± SE. Results were interpreted by ANOVA and Tukey 
test (SPSS 19.0). A value of P < 0.05 was again regarded as 
significant.

Results and discussion
The dogs used in this study included a mix of breeds 

representing a variety of medium to large breeds. Body 
weight was ~40 kg, and age ranged from 8 to 10 years. 
We observed no adverse effects associated with injection 
of platelet concentrate or saline solution.

Radiographic OA scores at the pre-treatment ex-
amination revealed that nine dogs had moderate OA 
(radiographic grade 2), seven had moderate to severe 
OA (radiographic grade 2-3), and four had severe OA 
(radiographic grade 3). For all dogs, radiographic scores 
assigned at week 12 were the same as scores assigned 
at pre-treatment.

Ultrasonographic evaluations. Many cases showed 
capsular distension with effusion, filled with inflamma-
tory liquid effusion and, as a result, clearly or indistinctly 
demarcated from the periarticular soft tissue. It was 
difficult to examine the articular cartilage because of 
the adjacent bone. Ultrasound examination of all joints 
(included in the study) revealed an increasing effusion 
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with thick and moderate homogeneous echoic structure 
at day 0.

Platelet count, WBC count, and Hct. The platelet 
count in the concentrates (mean 1.420.000 platelets/µL)  
was significantly higher than the platelet count in the 
blood samples, representing a 3- or 4-fold increase in 
platelet count. The WBC count (1.09 mcL) for the plate-
let concentrates was significantly decreased. Hct for the 
platelet concentrates was significantly lower than Hct 
for the blood samples.

Lameness evaluation. The HVAS and CBPI scores 
were determined by the clinicians for all components. 
For the dogs in the PRP group, the HVAS components 
(mood, attitude, comfort, activity, playfulness, exercise, 
and walking comfort), and the CBPI components (pain, 
general activity, the ability to enjoy life, rise, walk, run, 
and climb) were significantly different between pre-
treatment and week 4 (P < 0.05), week 8 (P < 0.05), and 
week 12 (P < 0.05).

ELISA results. Changes in synovial IL-1β, IL-6, 
IL-10, TNF-α, and PG-E2 levels in the group injected 
with saline (0.9%) and in the PRP treatment group are 
presented in Figures 1, 2, 3, 4, and 5, respectively.

In synovial fluid from osteoarthritic dogs, IL-1β, IL-6, 
IL-10, TNF-α, and PG-E2 concentrations (P > 0.05) did 
not undergo statistically significant changes in either the 
control or the PRP treatment groups, although fluctua-
tions in all of these parameters were observed.

IL-1β, IL-6, IL-10, TNF-α, and PG-E2 concentrations 
in the synovial fluid from the control group are pre-
sented in Table 1. All markers were decreased on day 1 
and started to increase again and reached peak levels 
(53.1 ± 18.0 pg/ml, 6.43 ± 2.50 pg/ml, 66.3 ± 27.6 ng/l, 
6.44 ± 2.40 ng/l, and 1885 ± 921 pg/ml, respectively) on 
day 5 after saline injection. IL-1β, IL-6, IL-10, TNF-α, 
and PG-E2 concentrations in the synovial fluid from the 
PRP group are presented in Table 2. In the PRP group, 

Fig. 1. Changes in IL-1β (pg/ml) levels in saline-injected group 
and PRP treatment group (mean ± SE)

Fig. 3. Changes in IL-10 (ng/ml) levels in saline-injected group 
and PRP treatment group (mean ± SE)

Fig. 2. Changes in IL-6 (pg/ml) levels in saline-injected group 
and PRP treatment group (mean ± SE)

Fig. 4. Changes in TNF-α (pg/ml) levels in saline-injected 
group and PRP treatment group (mean ± SE)

Fig. 5. Changes in PG-E2 (pg/ml) levels in saline-injected group 
and PRP treatment group (mean ± SE)
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IL-1β and IL-6 levels were highest (19.2 ± 3.80 pg/ml 
and 5.13 ± 1.04 pg/ml, respectively) on day 14. Peak 
levels were observed on day 7 for IL-10 (48.0 ± 9.16 
ng/l) and on day 60 for TNF-α (3.23 ± 0.72) after PRP 
treatment. PG-E2 concentrations remained low (ranging 
from 4.16 ± 0.35 to 14.0 ± 3.65 pg/ml) for the duration 
of the study and were highest on day 30 (14.0 ± 3.65 
pg/ml) in the PRP group.

PRP may have a favorable effect on OA in dogs. The 
present study hypothesized that a single intra-articular 
injection of autologous platelet concentrate resulted in 
significant clinical improvements within 12 weeks in 
dogs with OA involving a single joint administration, 
as Fahie et al. (9) previously described.

Several inflammatory mediators (IL-1β, IL-6, TNF-α, 
and PG-E2) increase in OA (7, 12, 14). We believe that 
arthrocentesis and measurement of potential disease 
markers can provide more objective information regard-
ing the effects of treatment procedures. For this reason, 
the inflammatory mediators were determined in the 
joint fluid after treatment. In the present study, all of the 
markers were determined at specific quantities in the 
evaluation of the joint fluid in all osteoarthritic cases in 
both groups. IL-1, as a major inflammatory and catabolic 
cytokine in the pathophysiology of OA, represents one 
of the possible treatment targets. IL-1β levels are signifi-
cantly increased in osteoarthritic synovial fluid obtained 
in both early and late OA (14). Moreover, the prevalence 
of IL-1β in the pathogenesis of OA has been reported 
(15). In the present study, the lowest concentrations of 
IL-1β (pg/ml) occurred earlier in the PRP group (day 1  
at 7.39 ± 2.04) compared to the saline group (day 60 
at 19.4 ± 3.19), but this difference was not statistically 
significant. All inflammatory mediators were detected at 

different rates in all dogs with OA in both groups because 
the samples were obtained at different stages of OA, 
rather than at standardized times, as in an experimental 
study by Venn et al. (20).

In this study, it was determined that all inflammatory 
mediators fluctuated in the synovial fluid in the control 
and PRP groups. This fluctuation may have contributed 
to the persisting inflammatory symptoms, but the TNF-α 
ratio was slightly decreased during the first week after 
PRP administration. In addition, PRP contains a large 
amount of stem cells (16). Previous studies have demon-
strated a correlation between a TNF-α increase in joint 
fluid and the OA pain score (17). The decreased synthesis 
of TNF-α, which is not statistically significant even in 
a short period of time, explains one of the mechanisms 
of PRP in joint tissues and clinical practice (17). It has 
been noted that the suppression of TNF-α synthesis 
reduces pain. It is responsible for the removal of in-
flammatory debris, shock absorption, lubrication, and 
the inflammatory conditioning of catabolic cytokines 
(19). IL-6 has been demonstrated to be elevated in OA 
joint fluid, particularly in acute conditions (18, 19). In 
the PRP group, IL-6 concentration slightly decreased 
within the first days after injection, but increases were 
observed at the end of the 14th day. IL-6 reached peak 
levels on day 14 after PRP administration and on day 7 
after saline injection. IL-6 concentration has been dem-
onstrated to decrease in late OA (18). Because, IL-6 has 
a pro-inflammatory effect (21).

In this study, there were also no statistically signifi-
cant increases in IL-10 levels in the control and PRP 
groups. IL-10 synthesis plays a role in the suppression 
of IL-1β and TNF-α synthesis during disease process. 
In the present study, we observed the lowest IL-10 level 

Tab. 1. The changes in parameter levels in saline-injected group (mean ± SE). IL-1β, IL-6, IL-10, TNF-α, and PG-E2 concen-
trations (P > 0.05) showed no statistically significant changes in the control groups, although fluctuations in all parameters 
were observed

Parameters
Days

0 1 3 5 7 14 30 60 90

IL-1β (pg/ml) 83.4 ± 33.2 38.4 ± 13.9 41.1 ± 7.86 53.1 ± 18.0 51.0 ± 5.59 39.4 ± 13.9 27.7 ± 4.10 19.4 ± 3.19 20.38 ± 3.18

IL-6 (pg/ml) 10.3 ± 4.62 4.12 ± 2.16 4.06 ± 0.99 6.43 ± 2.50 5.35 ± 0.98 4.03 ± 1.48 2.64 ± 0.55 2.13 ± 0.62 2.32 ± 0.66

IL-10 (ng/l) 87.8 ± 41.3 39.2 ± 17.2 38.2 ± 13.8 66.3 ± 27.6 50.9 ± 7.77 28.3 ± 15 19.0 ± 4.40 8.72 ± 5.62 20.8 ± 5.49

TNF-α (pg/ml) 10.8 ± 4.57 4.89 ± 2.09 4.61 ± 1.03 6.44 ± 2.40 5.26 ± 0.49 5.18 ± 2.02 3.05 ± 0.57 2.27 ± 0.56 2.24 ± 0.69

PG-E2 (pg/ml) 14.7 ± 6.54 54.0 ± 32.9 102 ± 45.8 1885 ± 921 17.9 ± 10.05 94.4 ± 51.1 32.7 ± 20.0 45.9 ± 15.4 42.3 ± 24.5

Explanation: no statistical difference was determined in the same line (P > 0.05)

Tab. 2. Changes in parameter levels in PRP-injected groups (mean ± SE). IL-1β, IL-6, IL-10, TNF-α and PG-E2 concentrations 
(P > 0.05) showed no statistically significant changes in the PRP groups, although fluctuations in all parameters were observed

Parameters
Days

0 1 3 5 7 14 30 60 90

IL-1β (pg/ml) 16.7 ± 4.02 7.39 ± 2.04 12.3 ± 2.74 13.3 ± 2.70 15.5 ± 4.68 19.2 ± 3.80 15.9 ± 4.48 9.09 ± 2.90 13.4 ± 3.67

IL-6 (pg/ml) 3.16 ± 0.48 2.42 ± 0.40 3.16 ± 0.47 3.58 ± 0.70 3.71 ± 0.80 5.13 ± 1.04 3.13 ± 0.62 3.31 ± 0.77 3.63 ± 0.81

IL-10 (ng/l) 37.6 ± 4.28 32.1 ± 5.47 39.0 ± 5.69 40.5 ± 7.30 48.0 ± 9.16 40.0 ± 7.97 27.2 ± 4.01 32.0 ± 4.98 39.5 ± 9.36

TNF-α (pg/ml) 2.30 ± 0.46 1.28 ± 0.18 1.66 ± 0.23 2.17 ± 0.44 2.21 ± 0.30 2.96 ± 0.43 2.61 ± 0.55 3.23 ± 0.72 2.57 ± 0.49

PG-E2 (pg/ml) 4.37 ± 0.39 7.94 ± 1.60 12.2 ± 2.89 8.70 ± 1.68 7.00 ± 1.37 4.16 ± 0.35 14.0 ± 3.65 4.17 ± 0.31 7.11 ± 1.09

Explanation: as in Tab. 1.
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on day  60 (8.72 ± 5.62 ng/ml) in the control group, 
whereas the minimum level of IL-10 in the PRP group 
was 27.2 ± 4.01 ng/ml. It was found that TNF-α and 
PG-E2 activity decreased in 6 out of 14 (42.8%) dogs 
when evaluated individually in the PRP group. In par-
ticular, it seems that PRP should be administered more 
frequently at specific intervals in order to prevent a slight 
rise in TNF-α after the fifth day, since TNF-α plays an 
important role in the onset of inflammatory reactions in 
the joint. However, the inflammatory mediators were 
unexpected high in the saline group compared to the 
PRP group. This is because the control group received 
an injection of 3-5 ml of saline solution, which caused 
the inflammatory mediators to be diluted in the synovial 
fluid. For this reason, a significant reductions in markers 
occurred from day 1 post-surgery in the control group. 
However, this decrease lasted for five days, and then 
the parameters increased again. Therefore, dilution ef-
fects should always be considered (18). In the present 
study, PG-E2 levels increased markedly in the control 
group (from 14.7 ± 6.54 to 1885 ± 921), although they 
fluctuated in both groups. This finding suggests that PRP 
treatment can prevent increasing PG-E2 levels, but not 
significantly.

Dogs receiving PRP improved clinically, but the 
radiographic scores assigned at week 12 were the same 
as the scores assigned at pre-treatment. The ultrasonog-
raphy examination confirmed a decrease in effusion in 
the joint. Although our study indicates that lameness 
in the saline-injected group abated at day 5, lameness 
increased again by day 21. This initial improvement 
may have resulted from the dilution of inflammatory 
mediators by the saline injection.

It has been suggested that the administration of high 
concentrations of platelets would lead to high concentra-
tions of the growth factors, and thus have the potential to 
augment or stimulate the healing process that normally 
occurs after injury (18). Platelet-rich plasma concentrate, 
when administered intra-articularly, may also have the 
potential to slow the progression of OA by stimulating 
cartilage anabolism (18, 20). In addition to growth fac-
tors, PRP also contains plasma proteins which act as 
mesenchymal cell adhesion molecules (19). After injec-
tion into the damaged tissue, the platelets in PRP begin 
active secretion of growth factors within 10 min, with 
> 95% of the total amount being released within the first 
hour (9). The secretion of growth factors occurs mainly 
within the first hour of injection; the platelets remain 
viable for 7 days and continue to release growth factors. 
It has been suggested that a single injection of PRP into 
the damaged tissue might be sufficient in most cases (9).

PRP injection seems to be an effective and safe method  
for treating dogs with OA; in vivo data and clinical re-
sults are encouraging. The entire procedure, from initial 
sedation to the completion of intra-articular injection, 
takes about 35-40 min. PRP could be more beneficial 
for early cases of mild and moderate OA. Despite some 
variable results on inflammatory parameters, clinical 
improvement was recorded in the PRP-treated group. 
that PRP could have an anti-inflammatory effect.
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