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Abstract

Osteoarthritis (OA) is a progressive and multifactorial joint disease 
characterized by cartilage degeneration, subchondral bone remodeling, 
osteophyte formation, and synovial inflammation. OA is now understood to 
be a dynamic disease fueled by inflammatory mediators, catabolic enzymes, 
and cellular death, rather than a straightforward “wear and tear” ailment. 
These processes affect the synovium, joint capsule, and periarticular tissues in 
addition to speeding up the breakdown of cartilage, which eventually results 
in pain, stiffness, and impaired function. Traditional treatment approaches 
continue to be primarily palliative, providing brief respite without altering 
the course of the illness. Regenerative methods are becoming more and more 
popular as viable substitutes for both human and veterinary patients in recent 
years.

Biological products produced from blood, including autologous conditioned 
serum (ACS), autologous protein solution (APS), platelet-rich plasma 
(PRP), and platelet-rich fibrin (PRF), have shown promising outcomes. 
In order to promote chondrocyte activity, extracellular matrix formation, 
angiogenesis, and mesenchymal stem cell activation, PRP and PRF mainly 
work by supplying platelets, growth factors, and cytokines. ACS and APS, 
on the other hand, reduce pain and restore joint homeostasis by targeting 
inflammatory pathways, namely by regulation of interleukin-1 receptor 
antagonist (IL-1Ra). According to preclinical and clinical research, these 
products may help with both structural and symptom alleviation, particularly 
in cases of early to moderate OA.
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Notwithstanding encouraging results, variations in product composition, 
treatment regimens, and preparation techniques restrict standardization and 
make cross-study comparisons more difficult. Nonetheless, blood-derived 
products provide OA patients enhanced function and quality of life by 
combining regeneration potential with symptom control, making them a 
valuable biological therapy.

1. Introductıon

Degeneration of articular cartilage, changes in subchondral bone, the 
production of osteophytes, muscular weakening, and inflammation of the 
synovial membrane are the hallmarks of osteoarthritis (OA), a chronic and 
progressive illness. Although it has often been referred to be a “wear and tear” 
disorder, new research has shown that inflammatory processes are crucial to 
its emergence. In addition to cartilage, OA is a complicated disease that 
also affects the joint capsule, synovial membrane, subchondral bone, and 
surrounding supporting tissues such ligaments and muscles. By sensitizing 
nociceptive neurons or activating high-threshold receptors, inflammatory 
mediators fuel pain and accelerate the course of disease (Bilge et al., 2018; 
Choi et al., 2019).  The primary regulators of matrix production are matrix 
metalloproteinases (MMPs) and their inhibitors (TIMPs), which are 
composed of synovial cells, chondrocytes, ligamentocytes, and leukocytes. 
Nuclear factor kappa B (NF-κB), transforming growth factor-β (TGF-β), 
cyclooxygenase-2 (COX-2), prostaglandin E2 (PGE2), interleukin-1β (IL-
1β), tumor necrosis factor-α (TNF-α), MMP-13, and inducible nitric oxide 
synthase (iNOS) are important molecular mediators in the pathogenesis of 
OA. High levels of IL-1β and TNF-α are present in cartilage, synovial fluid, 
and the synovium. They promote the release of prostaglandins and matrix-
degrading enzymes, increase matrix degradation, and induce chondrocyte 
death. Additionally, they encourage fibroblasts to produce type I and III 
collagen (Janusz et al., 2001; Pelletier et al., 2001; Choi et al., 2019; Lee et 
al., 2020).

Clinically, middle-aged to older, large-breed, and obese dogs are more 
likely to have OA. Other significant risk factors include trauma, dysplasias, 
and developmental abnormalities. Instead of overt clinical indications, OA 
in cats typically manifests more discreetly, with behavioral changes, hidden 
lameness, or decreased activity. The impact of OA on joint function and 
quality of life is highlighted by its progressive nature and the scarcity of 
effective treatments. Thus, in both human and veterinary orthopedics, 
new biological therapeutic techniques that combine regeneration support 
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with symptomatic alleviation have drawn more attention (Goldring, 2000; 
Notoya et al., 2000; Aigner et al., 2002; Cope et al., 2019).

2. REGENERATIVE TREATMENT APPROACHES

Regenerative medicine aims to restore damaged tissue to its original state 
while reducing pain and inflammation and improving cartilage function 
in OA patients. This approach is especially relevant where conventional 
therapies provide only symptomatic control. Blood-derived biological 
products represent one of the most widely used and increasingly validated 
strategies in OA management. These products include platelet-rich plasma 
(PRP), platelet-rich fibrin (PRF), autologous conditioned serum (ACS), 
and autologous protein solution (APS) (Baltzer et al., 2009; Zhang et al., 
2016; Li et al., 2017; Camargo Garbin & Morris, 2021; Sahin & Yesil, 
2023; Gupta, 2024).

PRP is an autologous product obtained from whole blood with a 
high platelet concentration. It delivers platelets along with their stored 
growth factors and cytokines, which stimulate tissue regeneration, reduce 
inflammation, and create a favorable microenvironment for stem cells. The 
most important growth factors in PRP include platelet-derived growth factor 
(PDGF), transforming growth factor beta (TGF-β), vascular endothelial 
growth factor (VEGF), basic fibroblast growth factor (bFGF), and 
epidermal growth factor (EGF). PDGF promotes chondrocyte and fibroblast 
proliferation; TGF-β regulates collagen synthesis and cell differentiation; 
VEGF and bFGF stimulate angiogenesis and tissue nutrition. Through these 
combined effects, PRP enhances cartilage metabolism, reduces extracellular 
matrix (ECM) degradation, and modulates intra-articular inflammation 
(Jang et al., 2013; O’Connell et al., 2019; Filardo et al., 2021).

Clinically, intra-articular PRP injections have been shown to promote 
cartilage regeneration, reduce pain, and improve functional outcomes in OA, 
particularly in the stifle joint. Literature suggests that PRP provides superior 
results compared to hyaluronic acid (HA) and placebo injections, especially 
in mild to moderate stages of OA, with prolonged symptomatic relief. 
However, PRP efficacy depends on platelet and leukocyte concentration, 
activation method, dosage, and number of injections. Classification 
systems such as PAW (platelet, activation, white blood cells) and DEPA 
(dose, efficiency, purity, activation) have therefore been proposed to allow 
better comparison and standardization of products (DeLong et al., 2012; 
Osterman et al., 2015; Magalon et al., 2016; Meheux et al., 2016).
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PRF, a second-generation platelet concentrate, shares many biological 
properties with PRP but provides a slower and more controlled release of 
platelets, leukocytes, and growth factors within a fibrin matrix. PRF enhances 
mesenchymal stem cell (MSC) activation, cell migration, proliferation, 
inflammation modulation, and cartilage regeneration. PRF membranes 
entrap cells in a fibrin network and allow gradual release of growth factors. 
Preclinical and clinical studies have shown that PRF can reduce pain, 
improve joint function, and support cartilage regeneration. Since PRF is 
prepared without anticoagulants, it maintains a natural release profile of 
growth factors; however, its leukocyte content may have variable pro- and 
anti-inflammatory effects depending on the tissue context (Lo Monaco et 
al., 2020; Nicola, 2020; Işık et al., 2022).

Autologous conditioned serum (ACS) and autologous protein solution 
(APS) were developed primarily to target joint inflammation. ACS is 
produced by monocyte activation, leading to increased levels of interleukin-1 
receptor antagonist (IL-1Ra), which counteracts inflammation. Clinical 
studies have shown that ACS improves pain and function in moderate knee 
OA, with benefits lasting up to two years. APS, on the other hand, offers the 
advantage of single-session preparation and increases the IL-1Ra/IL-1 ratio 
to reduce inflammation. Both ACS and APS aim to modulate symptoms, 
support anabolic processes within the joint, and restore homeostasis. 
Nevertheless, biological variability, cytokine profile differences, and lack of 
standardization remain limiting factors for optimizing efficacy (Baltzer et 
al., 2009; O’Connell et al., 2019; Camargo Garbin & Morris, 2021; Sahin 
& Yesil, 2023; Gupta, 2024).

3. DISCUSSION AND CLINICAL PERSPECTIVES

Blood-derived biological products provide effective therapeutic options 
in OA by reducing pain and inflammation while improving joint function. 
PRP and PRF mainly promote cartilage regeneration through stem cell 
activation and growth factor release, whereas ACS and APS focus on 
modulating inflammation to provide symptomatic relief. Among these, 
PRP has shown the strongest evidence, particularly in mild and moderate 
OA, offering functional improvement and long-term pain reduction. PRF 
contributes through controlled growth factor release and MSC activation, 
while ACS and APS help restore homeostasis by suppressing inflammatory 
cascades (Baltzer et al., 2009; Zhang et al., 2016; Li et al., 2017; Nicola, 
2020; Sahin & Yesil, 2023).
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However, the lack of randomized controlled trials, differences in 
preparation methods, and the diverse makeup of these products limit their 
uniformity in clinical practice. Disease stage, dosage, application frequency, 
and methodology all affect efficacy. According to recent meta-analyses and 
systematic reviews, PRP works better than HA and corticosteroid injections, 
especially when it comes to reducing pain and improving function in knee 
OA. As potential biological agents, PRF, ACS, and APS also seem to have 
positive effects in early to moderate OA (Jang et al., 2013; Nicola, 2020; 
Filardo et al., 2021; Işık et al., 2022).

Overall, blood-derived products represent an important therapeutic 
strategy for OA, addressing both symptomatic relief and regenerative 
potential. Future studies should focus on standardization, long-term 
outcomes, and optimized treatment protocols to enhance their clinical 
utility. Particularly in early stages of OA, these therapies may support 
functional recovery, improve quality of life, and offer a biological alternative 
to conventional symptomatic treatments (Baltzer et al., 2009; DeLong et 
al., 2012; Zhang et al., 2016; Otahal et al., 2020).

4. CONCLUSION

Because of its progressive nature, intricate pathophysiology, and scarcity 
of available treatments, osteoarthritis continues to pose a significant 
problem in both human and veterinary medicine. Blood-derived biological 
agents that combine symptomatic treatment with regeneration potential, 
like PRP, PRF, ACS, and APS, offer intriguing substitutes. ACS and APS 
control inflammatory pathways to reestablish joint homeostasis, whereas 
PRP and PRF promote tissue repair by growth factor release and stem 
cell activation. Their effectiveness in lowering pain and enhancing function 
is currently supported by research, but widespread clinical use is still 
significantly hampered by variations in preparation techniques and a lack 
of standardization. Future studies should concentrate on developing clinical 
use guidelines, elucidating long-term results, and streamlining processes. 
Overall, these therapies represent an important step toward biological 
and regenerative strategies that can enhance quality of life and functional 
recovery, particularly in early to moderate stages of OA.



70  |  Blood-Derived Biological Therapies in the Management of Osteoarthritis

References

Aigner, T., Kurz, B., Fukui, N., & Sandell, L. (2002). Roles of chondrocytes 
in the pathogenesis of osteoarthritis. Current Opinion in Rheumatology, 
14(5), 578–584. https://doi.org/10.1097/00002281-200209000-00018

Baltzer, A. W. A., Moser, C., Jansen, S. A., & Krauspe, R. (2009). Autolo-
gous conditioned serum (Orthokine) is an effective treatment for knee 
osteoarthritis. Osteoarthritis and Cartilage, 17(2), 152–160. https://doi.
org/10.1016/j.joca.2008.06.014

Bilge, A., Ulusoy, R. G., Üstebay, S., & Öztürk, Ö. (2018). Osteoarthritis. Kaf-
kas Journal of Medical Sciences, 8(50), 133–142. https://doi.org/10.5505/
kjms.2016.82653

Camargo Garbin, L., & Morris, M. J. (2021). A Comparative Review of Au-
tologous Conditioned Serum and Autologous Protein Solution for Tre-
atment of Osteoarthritis in Horses. Frontiers in Veterinary Science, 8. htt-
ps://doi.org/10.3389/fvets.2021.602978

Choi, D. J., Choi, S.-I., Choi, B.-R., Lee, Y.-S., Lee, D. Y., & Kim, G. S. 
(2019). Cartilage protective and anti-analgesic effects of ALM16 on 
monosodium iodoacetate induced osteoarthritis in rats. BMC Comple-
mentary and Alternative Medicine, 19(1), 325. https://doi.org/10.1186/
s12906-019-2746-7

Cope, P. J., Ourradi, K., Li, Y., & Sharif, M. (2019). Models of osteoarthritis: 
the good, the bad and the promising. Osteoarthritis and Cartilage, 27(2), 
230–239. https://doi.org/10.1016/j.joca.2018.09.016

DeLong, J. M., Russell, R. P., & Mazzocca, A. D. (2012). Platelet-Rich Plas-
ma: The PAW Classification System. Arthroscopy: The Journal of Arth-
roscopic & Related Surgery, 28(7), 998–1009. https://doi.org/10.1016/j.
arthro.2012.04.148

Filardo, G., Previtali, D., Napoli, F., Candrian, C., Zaffagnini, S., & Grassi, 
A. (2021). PRP Injections for the Treatment of Knee Osteoarthritis: A 
Meta-Analysis of Randomized Controlled Trials. CARTILAGE, 13(1_
suppl), 364S-375S. https://doi.org/10.1177/1947603520931170

Goldring, M. B. (2000). Osteoarthritis and Cartilage: The Role of Cytokines. 
Current Rheumatology Reports, 2, 459–465.

Gupta, A. (2024). Autologous Protein Solution (APS) and Osteoarthritis of the 
Knee: A Scoping Review of Current Clinical Evidence. Cureus. https://
doi.org/10.7759/cureus.53579

Işık, G., Kenç, S., Özveri Koyuncu, B., Günbay, S., & Günbay, T. (2022). 
Injectable platelet-rich fibrin as treatment for temporomandibular jo-
int osteoarthritis: A randomized controlled clinical trial. Journal of Cra-
nio-Maxillofacial Surgery, 50(7), 576–582. https://doi.org/10.1016/j.
jcms.2022.06.006



Tolga Meriç Dümbek / Osman Bulut  |  71

Jang, S.-J., Kim, J.-D., & Cha, S.-S. (2013). Platelet-rich plasma (PRP) inje-
ctions as an effective treatment for early osteoarthritis. European Jour-
nal of Orthopaedic Surgery & Traumatology, 23(5), 573–580. https://doi.
org/10.1007/s00590-012-1037-5

Janusz, M. J., Hookfin, E. B., Heitmeyer, S. A., Woessner, J. F., Freemont, A. 
J., Hoyland, J. A., Brown, K. K., Hsieh, L. C., Almstead, N. G., De, B., 
Natchus, M. G., Pikul, S., & Taiwo, Y. O. (2001). Moderation of iodoa-
cetate-induced experimental osteoarthritis in rats by matrix metalloprote-
inase inhibitors. Osteoarthritis and Cartilage, 9(8), 751–760. https://doi.
org/10.1053/joca.2001.0472

Lee, H., Kim, H., Seo, J., Choi, K., Lee, Y., Park, K., Kim, S., Mobasheri, 
A., & Choi, H. (2020). TissueGene-C promotes an anti-inflammatory 
micro-environment in a rat monoiodoacetate model of osteoarthritis 
via polarization of M2 macrophages leading to pain relief and structu-
ral improvement. Inflammopharmacology, 28(5), 1237–1252. https://doi.
org/10.1007/s10787-020-00738-y

Li, M. H., Xiao, R., Li, J. B., & Zhu, Q. (2017). Regenerative approaches for 
cartilage repair in the treatment of osteoarthritis. Osteoarthritis and Car-
tilage, 25(10), 1577–1587. https://doi.org/10.1016/j.joca.2017.07.004

Lo Monaco, M., Gervois, P., Beaumont, J., Clegg, P., Bronckaers, A., Van-
deweerd, J.-M., & Lambrichts, I. (2020). Therapeutic Potential of Den-
tal Pulp Stem Cells and Leukocyte- and Platelet-Rich Fibrin for Osteo-
arthritis. Cells, 9(4), 980. https://doi.org/10.3390/cells9040980

Magalon, J., Chateau, A. L., Bertrand, B., Louis, M. L., Silvestre, A., Giraudo, 
L., Veran, J., & Sabatier, F. (2016). DEPA classification: a proposal for 
standardising PRP use and a retrospective application of available de-
vices. BMJ Open Sport & Exercise Medicine, 2(1), e000060. https://doi.
org/10.1136/bmjsem-2015-000060

Meheux, C. J., McCulloch, P. C., Lintner, D. M., Varner, K. E., & Harris, J. D. 
(2016). Efficacy of Intra-articular Platelet-Rich Plasma Injections in Knee 
Osteoarthritis: A Systematic Review. Arthroscopy: The Journal of Arth-
roscopic & Related Surgery, 32(3), 495–505. https://doi.org/10.1016/j.
arthro.2015.08.005

Nicola, V. Di. (2020). L-PRF in Osteoarthritis Treatment: Results of a Pi-
lot study. Journal of Regenerative Biology and Medicine. https://doi.
org/10.37191/Mapsci-2582-385X-2(6)-048

Notoya, K., Jovanovic, D. V., Reboul, P., Martel-Pelletier, J., Mineau, F., 
& Pelletier, J.-P. (2000). The Induction of Cell Death in Human Os-
teoarthritis Chondrocytes by Nitric Oxide Is Related to the Producti-
on of Prostaglandin E2 Via the Induction of Cyclooxygenase-2. The 
Journal of Immunology, 165(6), 3402–3410. https://doi.org/10.4049/
jimmunol.165.6.3402



72  |  Blood-Derived Biological Therapies in the Management of Osteoarthritis

O’Connell, B., Wragg, N. M., & Wilson, S. L. (2019). The use of PRP injec-
tions in the management of knee osteoarthritis. Cell and Tissue Research, 
376(2), 143–152. https://doi.org/10.1007/s00441-019-02996-x

Osterman, C., McCarthy, M. B. R., Cote, M. P., Beitzel, K., Bradley, J., Pol-
kowski, G., & Mazzocca, A. D. (2015). Platelet-Rich Plasma Increases 
Anti-inflammatory Markers in a Human Coculture Model for Osteoarth-
ritis. The American Journal of Sports Medicine, 43(6), 1474–1484. https://
doi.org/10.1177/0363546515570463

Otahal, A., Kramer, K., Kuten-Pella, O., Weiss, R., Stotter, C., Lacza, Z., 
Weber, V., Nehrer, S., & De Luna, A. (2020). Characterization and 
Chondroprotective Effects of Extracellular Vesicles From Plasma- and 
Serum-Based Autologous Blood-Derived Products for Osteoarthri-
tis Therapy. Frontiers in Bioengineering and Biotechnology, 8. https://doi.
org/10.3389/fbioe.2020.584050

Pelletier, J.-P., Pelletier, J. M., & Abramson, S. B. (2001). Osteoarthritis, 
an Inflammatory Disease. American College of Rheumatology, 44(6), 
1237–1247.

Sahin, N., & Yesil, H. (2023). Regenerative methods in osteoarthritis. Best 
Practice & Research Clinical Rheumatology, 37(2), 101824. https://doi.
org/10.1016/j.berh.2023.101824

Zhang, W., Ouyang, H., Dass, C. R., & Xu, J. (2016). Current research on 
pharmacologic and regenerative therapies for osteoarthritis. Bone Resear-
ch, 4(1), 15040. https://doi.org/10.1038/boneres.2015.40

 


