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INTRODUCTION

Platelet-rich plasma (PRP) has been 
widely used as a treatment for various orthopedic 
injuries in horses, with its intra-articular application 
showing promising results in the treatment of 
osteoarthritis (OA) (GARBIN et al., 2022; MORAES 
et al., 2015; TEXTOR & TABLIN, 2013). In vitro 
studies have demonstrated that PRP can mitigate the 
catabolic effects of inflammatory cytokines, such as 
interleukin-1 (IL-1) and matrix metalloproteinases 
(MMPs) (XIE et al., 2014; XU et al., 2021), which 
are key molecules in joint inflammation.

OA results from injuries to multiple 
articular and periarticular structures, such as the 

synovial membrane, cartilage, subchondral bone, and 
cortical bone. While there is ongoing debate regarding 
which tissue structures undergo the initial changes in 
OA, increasing evidence has suggested that synovitis 
plays a significant early pathogenic role in joint 
inflammation, rather than merely a consequence of 
joint damage (ATUKORALA et al., 2016). Synovial 
inflammation, even without joint injury or instability, 
has been shown to induce articular cartilage 
degradation in horses (MCILWRAITH & SICKLE, 
1981) and is associated with both early and late OA 
in human patients (BENITO et al., 2005; SANCHEZ-
LOPEZ et al., 2022), as well as contributing to OA 
progression in mice (LIAO et al., 2020). Additionally, 
synovitis is known to produce pain and increase the 
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ABSTRACT: Platelet-Rich Plasma (PRP) directly and indirectly modifies the composition of synovial fluid in horses. This study evaluated 
the early effects of intra-articular PRP on the synovial fluid of horses with experimentally induced synovitis. Twelve horses were divided 
into two groups: a control group that received no treatment, and a treatment group that received intra-articular PRP. Five time points were 
established: T0, T3, T6, T24, and T48. At T0, all horses received an intra-articular injection of lipopolysaccharide from Escherichia coli. At 
T3, synovial fluid samples were collected from all horses, and the treatment group received PRP via the same joint access. Additional synovial 
fluid samples were collected at T6, T24, and T48 for evaluation. The PRP preparation protocol used in this study resulted in an adequate platelet 
concentration that did not affect the physicochemical and cytological characteristics of the synovial fluidor the concentrations of IL-1RA, 
MMP-9, and MMP-2 in horses with induced synovitis.
Key words: cell therapy, joint disease, PRP, sports medicine.

RESUMO: Sabe-se que ouso intra-articular do plasma rico emplaquetas (PRP) modifica direta ou indiretamente a composição do líquido 
sinovial de equinos. O objetivo deste estudo foi avaliar os efeitos do PRP a curto prazo no líquido sinovial de equinos com sinovite induzida. 
Foram utilizados 12 equinos distribuídos em dois grupos: grupo controle, que não recebeu tratamento, e o grupo tratamento, que recebeu PRP 
intra-articular. Foram estabelecidos cinco momentos experimentais: T0, T3, T6, T24 e T48. No momento T0, todos os animais receberam uma 
aplicação de lipopolissacarídeo de Escherichia coli intra-articular. No momento T3, foram colhidas novas amostras de líquido sinovial de todos 
os animais e o mesmo acesso articular foi utilizado para aplicar PRP nos animais do grupo de tratamento. Nos momentos T6, T24 e T48 foram 
colhidas as amostras subsequentes de líquido sinovial e essas submetidas a avaliação. O protocolo de preparação do PRP utilizado no presente 
estudo é capaz de produzir um concentrado de plaquetas adequado, que não altera as características físico-químicas e citológicas, bem como as 
concentrações de IL-1RA, MMP-9 e MMP-2 do líquido sinovial de equinos com sinovite induzida.
Palavras-chave: medicina esportiva, doença articular, PRP, terapia celular.
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production of inflammatory mediators, contributing 
to the progression of articular cartilage degeneration 
in horses (MCILWRAITH et al., 2016).

IL-1 is the primary cytokine associated 
with degenerative changes in synovial joints, and 
due to its highly inflammatory nature, blocking its 
activity is a key focus in the treatment of various 
inflammatory diseases. The natural antagonist of 
IL-1, the interleukin-1 receptor antagonist protein 
(IL-1RA), has become a central focus in studies on 
cellular therapies (KANEKO et al., 2019; MORAES 
et al., 2015).

In turn, MMPs, particularly MMP-2 and 
MMP-9, are proteases capable of degrading the 
components of the extracellular matrix of articular 
cartilage. These enzymes are among the main 
proteases expressed in the synovial fluid (SF) of 
animals with OA (MEHANA et al., 2019).

Intra-articular administration of PRP is 
known to directly or indirectly modify the chemical, 
physical, and cytological composition of SF in horses 
(MORAES et al., 2015). Previous studies have 
shown that PRP administration in healthy equine 
joints induces a mild to moderate inflammatory 
response in the SF, which does not harm the articular 
environment (GARBIN et al., 2022; MORAES et 
al., 2015; TEXTOR & TABLIN, 2013). However, 
few studies have specifically evaluated the effects of 
intra-articular PRP application on the SF of horses 
with synovitis (SMIT et al., 2019). 

Therefore, this study produced PRP with 
enriched platelet concentration while maintaining low 
counts of erythrocytes and leukocytes and to evaluate 
the early effects of intra-articular PRP on the SF of 
horses with experimentally induced acute synovitis.

MATERIALS   AND   METHODS

Platelet - rich plasma preparation
Twelve healthy horses, both male and 

female, of mixed breeds were used in this study. The 
animals underwent a comprehensive clinical and 
hematological examination. Additionally, the carpal 
joint was evaluated through inspection, palpation, 
radiography (EcoRay model Orange® 1060HF; 
Fujifilm® FCR Capsula X), and ultrasonography 
(Logic E, GE®, linear transducer of 7 to 12 MHz) to 
ensure joint health.

After local antisepsis, approximately 100 
mL of blood was collected from the jugular vein of 
each horse into 25 sodium citrate tubes, each with a 
capacity of 4.5 mL (BD Vacutainer® Sodium Citrate 
3.2%). One tube was used for a total blood platelet 

count, and the remaining tubes were used for PRP 
preparation. The blood samples were homogenized and 
centrifuged (Centribio® Model 80-2B) at 145 x g for 10 
minutes. In a laminar flow hood, all centrifuged plasma 
was collected and transferred to dry tubes, which were 
then centrifuged at 2325 x g for 10 minutes. After 
the second centrifugation, approximately 80% of the 
supernatant plasma was discarded, and the remaining 
fraction (PRP) was homogenized in a shaker before 
being transferred to a sterile syringe. Platelet counts 
for whole blood and PRP were performed using an 
automated hematology analyzer.

Experimental time points
The horses were divided into two groups, 

each consisting of six animals: the control group (CG: 
C1, C2, C3, C4, C5, and C6) and the treatment group 
(TG: P1, P2, P3, P4, P5, and P6). Five experimental 
time points were established: T0, T3, T6, T24, and 
T48 (MORAES et al., 2015) (Figure 1). 

At time point T0, all animals underwent 
arthrocentesis via access to the lateral recess of the 
radiocarpal joint (MOYE et al., 2007) for synovial 
fluid (SF) collection and induction of synovitis. 
Synovitis was induced by administering 0.25 ng of LPS 
(Lipopolysaccharide from Escherichia coli 055: B5, 
Sigma Aldrich®) diluted in 1 mL of sterile phosphate-
buffered saline (PBS) solution intra-articularly (HUNT 
et al., 2019; LOON et al., 2012; LUCIA et al., 2013; 
NEUENSCHWANDER et al., 2019). 

At time point T3, three hours after T0, 
new SF samples were collected from all animals. At 
the same time, the TG animals received an injection 
of 4 mL of PRP. At time points T6, T24, and T48, 
corresponding to 6, 24, and 48 hours after T3; 
respectively, SF samples were collected from all 
animals (MORAES et al., 2015), totaling 48 samples.

Clinical evaluation
The animals were clinically evaluated 

before each experimental time point through static 
and dynamic visual inspection and palpation of the 
radiocarpal joint. The parameters assessed included 
pain on palpation, heat, effusion, and the degree of 
lameness determined according to the American 
Association of Equine Practitioners (AAEP) 
Lameness Classification System.

Synovial fluid analysis
The SF samples were subjected to physical, 

chemical, and cytological analysis. The parameters 
evaluated included color, viscosity, mucin clot test, 
total protein (TP) concentration, total and differential 
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nucleated cell count (TNCC), and erythrocyte count. 
Additionally, the concentrations of IL-1RA, MMP-
2, and MMP-9 in the SF were determined. For these 
evaluations, the sandwich ELISA method was used for 
IL-1RA determination (Human Interleukin 1 Receptor 
Antagonist, Elabscience®) and MMP-2 and MMP-9 
(Matrix Metalloproteinase 2, Matrix Metalloproteinase 
9, Elabscience®) using commercial kits, following the 
manufacturers’ recommendations. Previous studies 
have validated similar kits for determining IL-1RA 
(FRISBIE et al., 2002), MMP-2, and MMP-9 (FIETZ 
et al., 2008) concentrations in equine SF.

Statistical analysis
Data were analyzed using GraphPad 

Prism software. Quantitative data were subjected to 
the Kolmogorov-Smirnov test to assess normality. 
For comparisons between groups at different time 
points, an unpaired t-test was used for parametric 
data, and the Mann-Whitney test was used for non-
parametric data. For paired data, the Wilcoxon test 

was applied. To compare time points within the same 
group, ANOVA was used for parametric data, and the 
Friedman test was used for non-parametric data. A 
significant level of 5% was adopted for all tests.

RESULTS 

The PRP production yielded significant 
variation in platelet increment and total leukocyte 
count (Table 1). No differences in lameness were noted 
between groups. Mild lameness occurred following 
synovitis induction (T3 and T9) across all animals, 
with either mild or no lameness observed at later times 
(T24 and T48). Palpation of the joint region post-
synovitis induction, compared to the contralateral limb, 
revealed increased temperature, pain, and effusion in 
all animals, with no distinctions among groups.

Post-synovitis, there was an increase 
in nucleated cells in the synovial fluid (SF), 
predominantly neutrophils, alongside elevated 
protein levels and reduced viscosity and mucin clot 

Figure 1 - Graphical representation of the experimental timeline for synovitis induction, synovial fluid collection, and 
PRP injection in 12 horses.

Table 1 - Cellular composition and characteristics of platelet- rich plasma (PRP). 
 

Animal Platelets WB 
x 103/μL 

Leukocytes WB 
x103/μL 

Platelets PRP 
x 103/μL 

Leukocytes 
PRP x103/μL 

Red cells PRP 
x106/μL 

PI             
PRP % 

P1 200 9600 410 1.3 0.02 2.5 
P2 167 8000 569 7.8 0.06 3.40 
P3 143 6300 389 1.8 0.01 2.72 
P4 133 5600 931 2.2 0.01 7 
P5 89 5700 1171 3.3 0.03 13 
P6 186 5000 1241 0.9 0.02 6.67 
Mean 153 6700 785.16 2.8 0.025 5.83 
Standard Deviation 36.71 1600 346.97 2.3 0.017 3.77 

 
WB: platelet and leukocyte count in whole blood; PI: platelet increment; PRP: platelet-rich plasma. 
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quality across all 12 animals. SF color variations 
included light yellow (4.16%), orange (14.59%), and 
reddish (81.25%) (Figure 2). Most samples exhibited 
decreased viscosity (58.33%) and poor mucin clot 
formation (66.66%). Density escalated at each 
measurement time post-induction in both groups, 
with significantly higher values at T6 in the treatment 
group (TG). No significant changes in total protein 
concentration were seen between groups post-T3, 
though variations were noted over time within the 
control group (CG) and TG (Table 2).

Total nucleated cell count (TNCC) and 
differential counts of neutrophils, lymphocytes, 
eosinophils, mononuclear cells, and erythrocytes 
showed no significant temporal differences between 
groups, except for mononuclear cells at T6, where 
the CG presented higher values (P < 0.01) compared 
to the TG (Figure 3). Neutrophil differential counts 
remained consistent across groups.

No statistical differences were detected 
in IL-1RA levels among the groups across five 
experimental time points. Increases in MMP-2 and 
MMP-9 concentrations were noted at all assessed 
times in both groups, albeit without significant 
differences (Figure 4).

DISCUSSION

The synovitis induction model, utilizing 
0.25 ng of LPS as described in prior studies (HUNT 

et al., 2019; LOON et al., 2012; LUCIA et al., 2013; 
NEUENSCHWANDER et al., 2019), successfully 
induced transient joint inflammation in equines. This 
was evidenced by an increase in nucleated cells in the 
synovial fluid (SF), predominantly neutrophils, along 
with elevated protein levels and reduced viscosity 
and mucin clot quality, observed three hours post-
induction in all 12 animals.

The PRP preparation method aimed 
to produce plasma enriched with platelets while 
maintaining lower levels of total leukocytes and 
erythrocytes compared to the animal’s plasma. This 
protocol yielded a concentration high in platelets and 
low in leukocytes and erythrocytes, as intended.

Despite higher leukocyte counts in the PRP 
of animals P2, P4, and P5, the clinical signs of joint 
inflammation mirrored those in animals receiving 
PRP with lower leukocyte levels. The erythrocyte 
concentration remained low across all PRP samples, 
which is beneficial since high erythrocyte levels in 
the joint can lead to synoviocyte damage, cell death, 
and articular cartilage degradation (BRAUNE et al., 
2014; MORAES et al., 2015).

Platelet concentration is deemed crucial for 
PRP efficacy and protocol selection, although there is 
no standardization for this parameter (CASTILLO et 
al., 2011; ROSSI et al., 2019; SÁNCHEZ et al., 2010; 
SINGLA et al., 2017). Variability in platelet counts 
was observed, with increments ranging from 2.05 to 
13 times that of whole blood. Particularly, PRP from 

Figure 2 - Classification of synovial fluid coloration obtained via arthrocentesis from the radiocarpal joint in horses 
with induced synovitis: light yellow (A), orange (B), and reddish (C).
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animals P4, P5, and P6 showed higher increments, 
reaching six, seven, and 13 times, respectively. 
However, this variability did not affect the clinical or 
laboratory indicators of joint inflammation.

Most samples displayed a reddish hue 
persisting until T24, potentially attributable to 
repeated arthrocentesis, limb movement during 
procedures, or needle repositioning (STEEL, 2008). 
After T24, erythrocyte numbers decreased, likely 
reflecting the resolution of transient synovitis 
induced by LPS and the inflammation from repeated 
arthrocentesis (RINNOVATI et al., 2017). Thus, PRP 
seemed not to impact erythrocyte counts.

Following synovitis induction, an expected 
increase in total protein (TP) concentration occurred 
due to inflammation (CHEN et al., 2017; KNOP et 
al., 2016). At T3, TP concentrations in both groups 
surpassed reference values, peaking at T6, and 
remaining elevated until T48. Although, differences 
were not statistically significant, TP levels were 
notably higher in the treatment group (TG), possibly 
due to PRP application, which enhances protein levels 
and enzyme release (BROSSI et al., 2015; MORAES 
et al., 2015). From T6 onward, TP concentrations 
gradually decreased, aligning in both groups as the 
transient synovitis resolved (BRAMA et al., 2004).

In the analyzed samples, viscosity was 
reduced, and mucin clots were deemed poor following 

synovitis induction, indicative of decreased hyaluronic 
acid (HA) concentration due to inflammation (STEEL, 
2008). This decrease is typically facilitated by 
hyaluronidase activity within the extracellular matrix of 
the inflamed environment, leading to HA breakdown. 
Although, PRP is known to stimulate HA production in 
synoviocytes via growth factors (KNOP et al., 2016), 
the study observed predominantly poor-quality clots in 
both groups post-induction, suggesting no significant 
impact of PRP on mucin clot quality within the short 
evaluation period (STEEL, 2008).

Total nucleated cell count (TNCC) and 
differential counts of neutrophils, lymphocytes, 
eosinophils, mononuclear cells, and erythrocytes 
showed no temporal differences between groups, 
except for an elevation in mononuclear cells at T6 
in the control group, potentially due to enhanced 
migration triggered by the inflammatory response 
(FERNANDES et al., 2020). Although, there were no 
statistically significant differences, TNCC increases 
were more pronounced in the treatment group (TG) 
at T6 and T24, likely due to cytokine release from 
platelet α-granules enhancing inflammatory cell 
recruitment (WU et al., 2016). After T6, TNCC 
trends aligned between groups, with a decline in 
counts suggesting a resolution of synovitis. This 
pattern indicated that PRP did not significantly affect 
nucleated cell reduction beyond this point.

Table 2 - Description of means and standard deviations for the physicochemical analysis of synovial fluid from horses with induced 
synovitis, treated or untreated with patelet- rich plasma, at five experimental time points. 

 

Parameter Groups -----------------------------------------------------Time--------------------------------------------------------- 

  T0 T3 T6 T24 T48 

Total protein (g/dL) 
CG 1.98 ± 0.80 3.0 ± 1.18 4.80 ± 0.92 4.46 ± 1.23     

A 
2.86 ± 0.97       

B 

TG 1.31 ± 0.47 2.90 ± 0.88     
A 

5.36 ± 1.60     
B 5.05 ± 1.05 3.87 ± 0.51 

Density 
CG 1018.00 ± 4.76 1024.33 ± 6.97 1035.50 ± 4.96 

a 1032.50 ± 7.18 1025.17 ± 5.01 

TG 1014.33 ± 3.30 1023.67 ± 4.96 1041.67 ± 1.37 
b 1035.50 ± 5.71 1028.67 ± 4.42 

Coloration* 
CG 1 3 3 3 2.5 
TG 0 3 3 3 3 

Viscosity* 
CG 0 1 0 0.5 0 
TG 0 1 1 1 0.5 

Mucin* 
CG 0 1 0.5 1 1 
TG 0 1 1 1 1 

 
*Median Values CG: Control Group; TG: Treatment Group.  
a,b: Different lowercase letters indicate significant differences between treatments (CG × TG) within the same evaluation time point.  
A,B: Different uppercase letters indicate significant differences between evaluation time points within the same treatment. 
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Figure 3 - Graphical representation of the means and standard deviations of nucleated cells, 
mononuclear cells, and erythrocyte counts in the synovial fluid from the radiocarpal 
joint of equines with induced synovitis, treated or untreated with platelet- rich      
plasma, at five experimental time points. ** indicates a statistical difference between 
time points according to the Wilcoxon test, with P < 0.01.
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Figure 4 - Graphical representation of the means and standard deviations of interleukin-1 receptor 
antagonist protein and matrix metalloproteinases 2 and 9 concentrations in the synovial 
fluid from the radiocarpal joint of equines with induced synovitis, treated or untreated with 
platelet- rich plasma, at five experimental time points.



8

Ciência Rural, v.55, n.5, 2025.

Dutra et al.

The interleukin-1 receptor antagonist 
protein (IL-1RA) plays a crucial anti-inflammatory 
role in equines with synovitis (CARMONA & 
PRADES, 2009). Peak inflammation occurred three 
hours post-synovitis induction, corresponding with 
elevated IL-1RA levels at T3 and T6 in both groups, 
mirroring findings from another study comparing 
joints treated and untreated with HA (NIEMELÄ et 
al., 2019). Despite the lack of significant differences 
between groups, higher IL-1RA levels were noted in 
the PRP-treated group, possibly reflecting a stronger 
stimulus for endogenous synthesis or a higher 
concentration within the PRP (ZIEGLER et al., 2019).

Matrix metalloproteinases (MMPs), 
notably involved in osteoarthritis (OA) progression, 
degrade collagen in articular cartilage and are 
elevated in the synovium even during early OA stages 
(ARAKI et al., 2016; DAVIDSON et al., 2006; YAO 
et al., 2023). Although, MMP-2 and MMP-9 levels 
did not differ significantly, MMP-9 concentrations 
were notably higher at T3 and T6, likely influenced 
by increased pro-inflammatory cytokines during 
these stages (TURLO et al., 2022).

The anticipated pro-inflammatory potential 
of intra-articular PRP, as noted in other studies 
(MACHADO et al., 2019; MORAES et al., 2015; 
SMIT et al., 2019; TEXTOR & TABLIN, 2013), was 
not significant in this experiment. This suggested 
that PRP-induced inflammation might be negligible 
in animals already experiencing synovitis, possibly 
due to the low leukocyte count in the produced PRP 
correlating with a milder inflammatory response 
within the joint.

CONCLUSION

The PRP preparation protocol employed in 
this study effectively generates a concentration with 
high platelet levels while maintaining low counts 
of erythrocytes and leukocytes, which does not 
worsen the clinical signs or laboratory indicators of 
synovitis. Over a short duration, PRP does not affect 
the physicochemical or cytological properties of the 
synovial fluid, nor does it alter the concentrations 
of IL-1RA, MMP-9, and MMP-2 in equines with 
experimentally induced acute synovitis.
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