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ABSTRACT
Osteoarthritis (OA) is a multifaceted joint disorder affecting various structures, including articular 
cartilage, peri-articular bone, synovial joint lining, and connective tissues. This degenerative condition 
manifests as joint pain, stiffness, reduced mobility, and functional decline, impacting both dogs and 
humans globally. Risk factors include breed predispositions, joint diseases, higher body weight, and 
age. The current clinical approaches aim at symptom management and disease progression delay, 
with limited curative methods available. Nanoparticle (NPs)-based drug delivery systems, particularly 
curcumin liposomal formulations, show promise in OA treatment. Liposomes, lipid-based NPs, provide 
targeted drug distribution, extended-release, and enhanced retention in affected joints. Curcumin, a 
tetraterpenoid, exhibits anti-inflammatory, and antioxidant properties. Despite its efficacy, poor oral 
bioavailability led to the development of curcumin NPs to enhance therapeutic impact. Intra-articular 
administration of curcumin, especially in the form of curcumin monoglucuronide, addresses challenges 
associated with low hydrophilicity, demonstrating effectiveness in suppressing cartilage degeneration in 
OA. While non-encapsulated curcumin exhibits efficacy, its limited bioavailability prompts innovative 
approaches like curcumin NPs. The combination of curcumin with non-steroidal anti-inflammatory 
drugs or chondroprotective agents enhances anti-inflammatory effects, minimizing adverse reactions. 
Studies support curcumin’s multifaceted therapeutic potential, promoting chondrogenic differentiation 
and inhibiting inflammatory mediators. This comprehensive review provides insights into canine OA 
treatment, emphasizing curcumin liposomal formulations as a promising avenue for informed decision-
making in veterinary practice.
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INTRODUCTION

Osteoarthritis (OA) is a multifactorial and 
progressive joint disorder, influencing not only the 
articular cartilage but also other integral structures 
within the specific joint, including articular 
cartilage, peri-articular bone, synovial joint lining, 
and adjacent supporting connective tissues.[1] This 
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degenerative condition presents with joint pain, 
stiffness, reduced mobility, and a progressive 
decline in joint function. OA is characterized 
not only by the gradual deterioration of cartilage 
but also by distinct features such as a narrowed 
synovial cavity, invasion into the subchondral bone, 
the formation of osteophytes, and inflammation 
in the synovial membrane and synovial fluid.[2] 
Significantly, OA emerges as a major contributor 
to pain, lameness, and morbidity across various 
species, impacting both dogs and humans 
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globally.[3-6] In canines, OA commonly arises due 
to diverse inciting factors, including coxofemoral 
(hip) joint dysplasia, elbow dysplasia, cranial 
cruciate ligament disease, and patella luxation.[5] 
The large weight-bearing joints, particularly the 
hip and knee, are most frequently affected by OA.[7] 
There are presently no fully satisfactory treatments 
for this incapacitating disease. The predominant 
standard of care centers around the management 
and alleviation of symptoms.[8,9] The current clinical 
treatments for OA predominantly focus on delaying 
disease progression, reducing pain, and improving 
joint mobility.[10] However, there is no definitive 
curative method presently available. Nevertheless, 
nanoparticle (NPs)-based drug delivery systems 
hold significant promise in the treatment of OA. 
This optimism stems from their capacity to achieve 
targeted drug distribution, prolong drug release, 
and augment drug retention within the affected 
joints. This paper aims to discuss treatment options 
for canine OA, with a particular focus on the 
curcumin liposomal formulation. The discussion 
will encompass both novel therapeutic approaches 
and existing treatments, providing comprehensive 
insights for informed decision-making in the 
management of canine OA.

RISK FACTORS ASSOCIATED WITH OA 
IN CANINE

Several major risk factors contribute to 
the development of OA, including breed 
predispositions and specific joint disease risks. 
Notably, certain breeds such as Rottweiler, 
Golden Retriever, and Labrador Retriever exhibit 
an increased susceptibility to cruciate ligament 
rupture.[11-15] Larger breeds, including Mastiffs, 
Boxers, Italian Corso dogs, German Shepherds, 
Golden and Labrador Retrievers, and Bernese 
Mountain dogs, are associated with higher 
prevalence rates of hip and elbow dysplasia.[15-19] In 
addition, higher body weight, leading to increased 
stress on weight-bearing joints, poses a heightened 
risk for OA, particularly in overweighed and 
larger breed dogs. Neutered individuals exhibit a 
significantly higher likelihood of developing joint 
diseases, and associations between neutering and 

weight gain have also been observed. Changes in 
gonadal hormones, which can indirectly impact 
joint protection, growth rates, and development, 
may contribute to this association.[19] While OA 
may initiate at any age, joint deterioration tends 
to escalate with age, emphasizing older age as a 
risk factor for conditions such as cruciate ligament 
rupture and OA.

MECHANISM OF PAIN AND CURRENT 
CLINICAL APPROACHES IN TREATING 
OA

Pain stands as the primary symptom of OA. It is 
crucial to identify the sources and mechanisms 
of pain in OA, as comprehending the underlying 
causes can aid in effectively targeting affected 
individuals with appropriate therapy. Furthermore, 
it has the potential to uncover alternative therapies 
aimed at reducing symptoms and improving overall 
joint function. Figure 1 outlines the fundamental 
mechanism of pain in OA, elucidating neuronal 
pathways associated with OA-induced pain and 
the intricate process of pain processing. This 
understanding serves as a valuable foundation for 
developing targeted interventions to alleviate pain 
and enhance the quality of life for patients suffering 
from OA.
The current clinical approaches predominantly 
emphasize symptomatic treatment and the delay 
of disease progression. The prevailing strategy for 
managing canine arthritis involves a comprehensive 
approach implemented by pet care providers. In 
addressing arthritis-associated pain, nonsteroidal 
anti-inflammatory drugs (NSAIDs) are commonly 
recommended, including Cox inhibitors such as 
carprofen and firocoxib, along with grapiprant, 
a non-Cox inhibitor, and a prostaglandin E EP4 
receptor antagonist (PRA).[20-22] This comprehensive 
approach aims to effectively alleviate pain and 
discomfort associated with arthritis, constituting 
a holistic strategy for the management of canine 
joint health. It is imperative to acknowledge 
that NSAIDs, while effective, are not without 
potential side effects. The most prevalent adverse 
effects include gastrointestinal manifestations 
such as vomiting, diarrhea, and inappetence. 
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Severe complications, including gastrointestinal 
ulceration and renal toxicity, though rare, are 
documented.[23] Corticosteroids, recognized for 
their anti-inflammatory action, are considered to 
have analgesic effects in OA.[24] Methylprednisolone 
acetate is licensed for intra-articular (IA) use 
in dogs for inflammatory conditions. However, 
caution is advised due to contraindications, such 
as septic arthritis, and concerns about potential 
cartilage damage associated with long-term IA 
corticosteroid use.[25-27]

Apart from pain medication, complementary feed 
supplements containing chondroprotective agents 
are employed to promote and maintain joint health 
in dogs, with key components like chondroitin 
sulfate and glucosamine HCl playing a vital role 

in maintaining optimal joint function and mobility. 
Hyaluronic acid is also integrated to support 
synovial fluid, crucial for enhancing joint mobility 
and facilitating a smoother recovery process.[28] In 
addition, Omega-3 fatty acids are included for their 
beneficial properties.[29]

Mesenchymal stem cells (MSCs) exhibit the 
potential for differentiation into chondrocytes, 
facilitating the repair of OA lesions on injection 
into the affected site.[30] Platelet-rich plasma, 
enriched with growth factors, induces angiogenesis 
and chondrocyte proliferation, while mitigating 
processes such as chondrocyte apoptosis when 
injected into the IA space of the OA-affected 
joint.[31] However, it is noteworthy that there is a 
limited number of published clinical trials in dogs 
exploring these regenerative therapies.

CURCUMIN-ENCAPSULATED 
LIPOSOMES FOR MANAGING OA

OA is a localized rather than a systemic illness. 
The challenge lies in delivering a sufficient amount 
of medication to the designated site since cartilage 
lacks blood vessels, leading to low bioavailability. 
To address the issue, a novel transdermal drug 
delivery device capable of piercing the dermis 
and delivering drugs directly into the systemic 
circulation without traversing skin barriers can be 
employed.[33] NPs play a pivotal role as carriers 
for bioactive molecules and growth factors. They 
enable the targeted delivery of anti-inflammatory 
agents directly to the affected joint, thereby 
minimizing systemic exposure and potential 
side effects while increasing the concentration 
of therapeutic agents at the site of inflammation. 
Among NP options, lipid-based NPs stand out in the 
field of nanomedicine due to their biocompatibility, 
adaptability, and versatility in carrying a variety 
of therapeutic molecules, offering benefits such 
as prolonged circulation. Specifically, liposomes, 
spherical vesicles composed of a lipid bilayer, have 
exhibited promise in the context of OA treatment.[34] 
Liposomes are commonly prepared using methods 
such as sonication, repeated freeze-thaw cycles, 
hydration-extrusion, and microfluidic devices. 
The encapsulation of drugs into liposomes can be 

Figure 1: Stages of the pain pathway in osteoarthritis; 
Transduction involves the conversion of a nociceptive 
stimulus into an electrical impulse. Transmission denotes 
the transmission of this electrical impulse from peripheral 
sensory nerves to the central nervous system (CNS). 
Modulation encompasses the processing of the nociceptive 
stimulus by the CNS, including the involvement of the 
endogenous opioid system, as well as ascending input 
and descending inhibitory pathways. Perception is the 
interpretation of nociceptive inputs by the brain, particularly 
the somatosensory cortex, leading to the conscious 
perception of pain.[32]
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achieved through passive loading, where drugs 
are mixed with lipids before vesicle formation, or 
through remote loading, leveraging transmembrane 
ion gradients.[35,36] Liposomal formulations exhibit 
the capability to encapsulate both hydrophilic 
and hydrophobic drug cargos. This characteristic 
contributes to an increased half-life for antioxidant 
medications, facilitates sustained drug release, 
and enhances lubrication. These properties make 
liposomes a potential avenue for delivering anti-
inflammatory and disease-modifying medications 
to the affected joint in the treatment of OA.[37]

Curcumin (diferuloylmethane), a tetraterpenoid 
derived from Curcuma longa, has garnered attention 
for its reported anti-inflammatory, antioxidant, and 
anti-proliferative properties.[38-40] Widely studied 
for its therapeutic potential, curcumin has been 
utilized in the treatment of chronic inflammatory 
diseases such as arthritis.[41] Functioning as an 
antioxidant, direct scavenger of ROS, curcumin 
demonstrates the ability to mitigate oxidative 
stress, safeguard cells from oxidative damage, 
and actively contribute to the prevention and 
treatment of arthritis.[42] As mitochondrial function 
declines, there is an increase in the levels of matrix 
degradative enzymes, coupled with a decrease in 
the synthesis of extracellular matrix proteins such 
as collagen and proteoglycan. This imbalance leads 
to the progression of cartilage degradation, giving 
rise to OA pathologies such as cartilage matrix 
calcification and breakdown.[43,44] Curcumin, 
known for its antioxidant properties, plays a 
protective role against mitochondrial dysfunction 
and is recognized for its efficacy in preventing 
the advancement of pathological conditions.[45] 
Notably, a study observed that curcumin effectively 
alleviated inflammation, inhibited synovial 
vascular neovascularization, and suppressed 
abnormal fibroblast proliferation in arthritic rats. 
In vitro, experiments further revealed curcumin’s 
inhibitory effect on osteoclastogenesis.[46] In the 
realm of osteogenesis, research has explored the 
impact of curcumin, demonstrating its potential to 
reduce bone resorption in osteoporotic rats.[47] These 
findings collectively underscore the multifaceted 
therapeutic potential of curcumin in addressing 
inflammatory and degenerative conditions, 

particularly within the context of arthritis.
Studies have substantiated the chondroprotective 
potential of curcumin through gene expression 
profile analysis in vitro, particularly in 
chondrocytes. In addition, curcumin treatment has 
demonstrated a significant reduction in synovitis. 
When administered orally or topically, curcumin 
exhibited a notable deceleration or delay in the 
initiation and progression of OA in mice. This 
was evident through reduced cartilage erosion, 
proteoglycan loss, synovitis, subchondral plate 
thickness, and degradation of Type II collagen.[48]

Despite the significant efficacy of non-encapsulated 
curcumin administered orally in slowing OA 
progression, its therapeutic effectiveness may be 
limited due to its relatively poor oral bioavailability, 
with low hydrophilicity and conjugation in the 
intestinal tract.[49,50] To overcome this limitation, 
researchers have developed curcumin NPs utilizing 
a novel polymeric NP carrier.[51] This innovative 
approach aims to enhance the bioavailability of 
curcumin, potentially amplifying its therapeutic 
impact in the context of OA management. To 
overcome the limitations associated with oral 
curcumin ingestion, IA administration, a prevalent 
drug delivery method in OA therapies, has been 
employed. This approach delivers a concentrated 
therapeutic dose of curcumin directly into the joint, 
demonstrating efficacy in suppressing articular 
cartilage degeneration and synovial inflammation in 
an OA rat model.[52-54] Given the low hydrophilicity 
of curcumin, the use of curcumin monoglucuronide 
(CMG), a conjugated form, in IA administration 
addresses this challenge. CMG can be absorbed 
into the deep layer of the cartilage, maximizing its 
pharmacological effects. Notably, CMG exhibits 10-
fold lower antioxidative activity than unconjugated, 
free-form curcumin.[55] However, for CMG to 
execute its antioxidative activity, it must undergo 
metabolism to free-form curcumin in vivo, a process 
facilitated by the important hydrolase enzyme, 
β-glucuronidase.[56] This enzyme is released from 
neutrophils, injured cells at inflammation sites, 
and cells in bone.[57,58] Enhanced β-glucuronidase 
secretion in the articular cartilage, synovium, 
and synovial fluid during inflammation and OA 
further supports the deconjugation of CMG to free-
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form curcumin in the OA joint, resulting in the 
suppression of articular cartilage degeneration.[59-61] 
Moreover, curcumin exhibits anti-inflammatory 
properties by suppressing cytokines such as TNF-α, 
IL-1β, and IL-6. It also inhibits the production of 
pro-inflammatory mediators and matrix-degrading 
enzymes, namely metalloproteinase (MMP)-3 
and MMP.[62] In addition, curcumin promotes the 
chondrogenic differentiation, proliferation, and 
migration of MSCs.[63,64]

The combination of curcumin with NSAIDs or 
chondroprotective agents, such as Omega-3 or 
glucosamine, holds the potential to enhance anti-
inflammatory and analgesic pharmacological 
effects while minimizing adverse reactions 
associated with oral NSAIDs,[65] In one study, 
the combined administration of curcumin and 
omega-3 was found to be more effective in pain 
regulation and inhibiting cartilage destruction 
compared to a single administration of curcumin or 
NSAIDs.[66] Similarly, a co-micronized formulation 
of N-palmitoyl-D-glucosamine (PGA) together 
with curcumin (PGA-cur) significantly reduced 
clinical and histopathological signs of inflammation 
and pain.[67,68] It protected articular cartilage against 
degeneration and decreased pro-inflammatory 
cytokines.[69] However, the underlying mechanism 
for this enhanced effect is not yet clear, emphasizing 
the need for further validation through additional 
clinical and basic research in the future.
Based on the aforementioned findings, numerous 
treatment options are presently available for 
managing OA in dogs. IA administration of 
liposomally encapsulated curcumin, combined 
with chondroprotective agents, shows promise in 
effectively alleviating chronic orthopedic pain and 
mitigating clinical signs associated with OA in dogs.

CONCLUSION

Drug delivery systems utilizing various NPs 
offer significant advantages in the treatment of 
OA. The key benefits include extended drug 
release, increased drug retention within joints, and 
enhanced therapeutic efficacy through functional 
regulatory strategies. These advantages pave 
the way for lower therapeutic doses, reduced 

administration frequency, high pharmacological 
efficacy, and minimized off-target toxicity. 
The use of curcumin liposomal formulations 
addresses challenges related to low bioavailability 
and allows for precise targeting and sustained 
drug release in the complex joint environment. 
Despite these promising developments, certain 
limitations persist. The optimal dosage and 
administration frequency of curcumin require 
careful consideration, emphasizing the need for 
further research to determine the most effective 
treatment protocols. Challenges, including 
regulatory approval, scale-up production, and 
long-term safety assessments, must be addressed 
to facilitate the widespread implementation of 
these innovative drug delivery systems in clinical 
practice. While NP-based drug delivery systems 
show great promise, continued exploration and 
refinement are crucial to unlocking their full 
potential in the effective management of OA.
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