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Abstract. The aim of the present study was to investigate 
the efficacy of ketamine in attenuating osteoarthritis (OA) 
and modulating the expression of inflammatory mediators. 
A rabbit OA model was established by knee immobilization 
using plaster bandages. After six weeks, rabbits were randomly 
allocated into four groups (n=6/group): Normal saline, Ket60, 
Ket100, and Ket200 and twice a week for four weeks the rabbits 
received an intra‑articular injection of saline, or 60, 100 or 
200 µmol/l ketamine, respectively. One week after the final 
injection, samples of synovial membrane, synovial fluid and 
articular cartilage were isolated. The pathological changes 
were assessed by general observation, hematoxylin and 
eosin staining and Alcian blue/periodic‑acid Schiff staining. 
Cartilage pathology was assessed using Mankin's scoring 
system. Tumor necrosis factor (TNF)‑α and interleukin (IL)‑10 
levels in the synovial fluid were measured by enzyme‑linked 
immunosorbent assays. The nuclear factor (NF)‑κB p65 
subunit expression level in cartilage samples was determined 
by immunohistochemistry. OA was characterized by morpho-
logical changes in the articular surface, cartilage lesions, 
infiltration of inflammatory cells and a significantly increased 
Mankin's score. Elevated TNF‑α and reduced IL‑10 levels in 
the synovial fluid, along with increased p65 expression levels 
in the cartilage were observed in OA rabbits. Intra‑articular 
injection of ketamine ameliorated the pathological character-
istics of OA, reduced the Mankin's score, decreased TNF‑α 
and NF‑κB p65 expression levels, and increased the level of 
IL‑10 expression in a dose‑dependent manner. Thus is was 
demonstrated that Ketamine suppresses the inflammatory 
response in OA by modulating inflammatory mediator expres-
sion levels in a rabbit model of OA.

Introduction

Osteoarthritis (OA) is the most common form of progressive 
joint disease in the elderly, which has a reported prevalence of 
34.18% in women and 30.18% in men, aged 65 years or older, in 
the United States of America (1). A previous study conducted in 
Beijing, China, revealed a higher prevalence of OA in Chinese 
women of a similar age (46.16%) and a comparable prevalence 
in Chinese men (27.16%) (2). OA is associated with degenera-
tive changes in the joints, along with joint diseases caused by 
loss of the cartilage matrix (3). Furthermore, previous studies 
have highlighted the role of inflammation in the pathogenesis 
of OA (4,5). Elevated expression levels of pro‑inflammatory 
cytokines and mediators, including interleukin (IL)‑1, IL‑6, 
tumor necrosis factor (TNF)‑α and nitric oxide (NO) are 
present in the serum and synovial fluid of OA patients (6,7). 
Anti‑inflammatory agents, such as IL‑1β inhibitor, diacerein 
and TNF‑α inhibitors, infliximab and etanercept have 
demonstrated promising clinical efficacy for the treatment of 
OA (8‑10). However, to the best of our knowledge, there have 
been no reports of therapeutic strategies that could simultane-
ously engage multiple inflammatory mediators and alleviate 
inflammation‑induced tissue damage.

Recent studies have extended the functional scope of gluta-
mate beyond neuronal tissues to a wide range of tissue and 
cell types, exhibiting an autocrine or paracrine effect (11‑13). 
McNearney et al (14) revealed increased levels of glutamate, 
and pro‑inflammatory cytokines and chemokines in the 
synovial fluid of patients with active arthritis. Glutamate 
interacts specifically with the N‑methyl‑D‑aspartate (NMDA) 
receptor and activates the downstream signaling cascade (15). 
Flood et al (16) proposed the role of NMDA receptor in 
inflammatory joint damage in rheumatoid arthritis. In an 
animal study, injecting glutamate into the knee joint of rats led 
to thermal hyperalgesia and mechanical allodynia, which was 
alleviated by subsequent injections of NMDA receptor antago-
nists (17). Magnesium is an NMDA receptor antagonist, and 
an articular injection has been shown to improve the degree of 
pain following arthroscopic surgery and improve experimental 
rat bone arthritis (18,19). Results from the above‑mentioned 
studies indicate the therapeutic potential of glutamate/NMDA 
receptor signaling in OA. Ketamine is a non‑competitive 
antagonist of the NMDA receptor, and has been widely admin-
istered as an anesthetic and pain killer (20,21). Recent studies 
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indicate that ketamine exhibited potent anti‑inflammatory 
activity in various inflammatory disease models when admin-
istered at or below clinical dosages. Ketamine antagonizes 
the NMDA receptor to regulate calcium influx, increases the 
intracellular concentration of cyclic adenosine monophos-
phate, inhibits the formation of oxygen radicals and inducible 
NO synthase (iNOS) following polymorphonuclear activation, 
and modulates the production of various pro‑inflammatory 
mediators (21). Mechanistic studies indicate that ketamine 
directly inhibits the expression of nuclear factor (NF)‑κB, 
which is a master regulator of pro‑inflammatory cytokine 
transcriptions (22). In addition, ketamine exhibits protective 
effects against oxidative stress by inhibiting iNOS activity and 
decreasing nitrite/nitrate levels (23). These findings highlight 
the therapeutic potential of ketamine in inflammatory disor-
ders, including OA.

In the present study, a rabbit OA model was established by 
immobilizing the knee joint, as previously described (24), and 
the efficacy of different doses of ketamine in ameliorating the 
inflammatory response was evaluated. In addition, the current 
study investigated the anti‑inflammatory role of ketamine in 
regulating multiple inflammatory cytokines and signaling 
molecules for possible therapeutic application in OA.

Materials and methods

Animals and reagents. Thirty skeletally mature, male, New 
Zealand white rabbits (weight, 2.5‑3 kg) were obtained from 
the Experimental Animal Center of Guiyang Medical School 
(Guiyang, China) and were acclimated for one week prior to 
the experimental procedures. All animal procedures were 
approved by the Institutional Ethics Committee.

The ketamine used in the present study was a 1:1 racemic 
mixture of two enantiomers, which was purchased from 
Yichang Humanwell Pharmaceutical Co., Ltd. (Yichang, China). 
Enzyme‑linked immunosorbent assay (ELISA) kits for IL‑10 
and TNF‑α, and the anti‑NF‑κB p65 antibody were purchased 
from Shanghai Bogoo Biotechnology Co., Ltd. (Shanghai, 
China). The 3,3'‑diaminobenzidine (DAB) Substrate kit was 
obtained from ZSGB‑Bio Co., Ltd. (Beijing, China), and Alcian 
blue/periodic acid‑Schiff (AB/PAS) Stain kit was obtained from 
Huanyu Jinying Technology Co., Ltd. (Beijing, China).

Rabbit OA model and ketamine treatment. Twenty-four rabbits 
were randomly selected to establish the OA model. The left 
knee joint was immobilized (3 cm above the rear ankle to 
1.5 cm below the groin) for six weeks using plaster bandages, 
with the knee flexed at 30‑40 .̊ Dorsalis pedis pulses were 
detected on each side. Plaster tightness was examined for three 
consecutive days after creating the model and were adjusted 
as appropriate. The rabbits were housed in separate cages and 
forced to move or exercise occasionally. Six rabbits were left 
untreated and served as a normal control.

After six weeks, the plaster was removed and rabbits were 
randomly allocated into four groups: Normal saline, Ket60, 
Ket100 and Ket200. Saline or various concentrations of ketamine 
(60, 100 and 200 µmol/l) were injected into the articular cavity 
in 0.5‑ml volumes, twice a week for four weeks. One week 
after the last injection, sample collection was conducted, then 
all rabbits were sacrificed under intravenous anesthesia with 

25% urethane (4 ml/kg; Shanghai‑Rui Biological Technology 
Co., Ltd., Shanghai, China) by air injection (20 ml) into an ear 
marginal vein.

Sample collection. The thigh was rotated and an incision was 
made on the inner side in order to peel back the skin. The 
quadriceps were dissected 0.5 cm above the knee joint, and 
separated from the femur and patella. The synovial membrane 
under the patella was removed using ophthalmic scissors 
(Shanghai Yuyan Instruments Co., Ltd., Shanghai, China) 
and rinsed in ice‑cold phosphate‑buffered saline solution 
(Shanghai‑Rui Biological Technology Co., Ltd.), and fixed in 
10% neutral buffered formalin (BioSynTech, Beijing, China) 
for 24 h followed by dehydration, clearing, wax infiltration 
and embedding in paraffin (Junruishengwu Technology 
Corporation, Shanghai, China) for further histological exami-
nation. The samples were 0.5 x 1 x 0.5 cm in size.

The femoral condyle and a portion of the cartilage from the 
knee joint were removed, rinsed and immediately fixed in 10% 
neutral buffered formalin for 24 h. Samples were decalcified 
prior to histological examination.

Synovial fluid was obtained from the knee joint by injecting 
0.5 ml saline solution followed by aspiration, which was 
performed three times. Synovial fluid (~0.8‑1 ml) was extracted 
and samples were centrifuged at 2147 x g for 10 min. The super-
natants were obtained and stored at ‑70˚C until further use.

General and histopathological examination. The knee joint 
was observed for signs of synovitis, including joint effusion 
and swelling. Pathological changes in the articular surface of 
the medial femoral condyle were evaluated under an Olympus 
CX41 biological microscope (Olympus Corporation, Tokyo, 
Japan). Samples were scored according to the following 
criteria (25): 0, Smooth articular surface with normal color; 
i) rough articular surface with gray color and small cracks; 
ii) eroded articular surface with cartilage lesions penetrating 
the middle layer; iii) ulcers on articular surface with cartilage 
lesions penetrating the deep layer; and iv) complete loss of 
cartilage with exposed subchondral bone. Paraffin‑embedded 
tissue samples were sectioned into 3‑5‑µm thick slices using 
a DQP‑9010 rotary slicer (Shanghai Huayan Equipment Co., 
Ltd., Shanghai, China). The synovial membrane was stained 
with hematoxylin and eosin (H&E; Beijing Solarbio Science 
& Technology Co., Ltd., Beijing, China), and mounted with 
neutral balata (Shanghai‑Rui Biological Technology Co., Ltd.); 
the pathological changes were evaluated by two independent 
observers. The cartilage was stained using H&E and AB/PAS, 
and mounted with neutral balata. Samples were scored by 
two independent observers according to Mankin's score 
system (26) and the mean was taken as the final score.

ELISA of IL‑10 and TNF‑α in the synovial fluid. IL-10 
and TNF‑α concentration levels in the synovial fluid were 
measured using specific ELISA kits according to the manu-
facturer's instructions. Absorbance (optical density value) at 
a wavelength of 450 nm was determined using a UV-2600 
microplate reader (Shimadzu Corporation, Kyoto, Japan).

I m m u n o h i s t o c h e m i c a l  a n a l y s i s  o f  N F ‑ κB . 
Immunohistochemical expression of NF‑κB in the cartilage 
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was determined using the Labeled Streptavidin Biotin method. 
Samples were evaluated based on positive DAB staining in the 
cytoplasm and nucleus of chondrocytes: Weak positive, pale 
yellow stain; positive, yellow stain; medium positive, brown 
stain; strong positive, tan stain. Eight fields (magnification, 
x400) from each section were randomly selected and the 
positive rate (%) was determined by the percentage of posi-
tively‑stained cells. Results were assessed by an investigator 
and two experienced technicians.

Statistical analysis. Data were expressed as arithmetic or 
geometric mean ± standard deviation. Means of the two 
groups were compared using Levene's test of homogeneity of 
variance. Homogeneous variance was analyzed by one‑way 
analysis of variance, and pairwise comparison between groups 
was made by Fisher's least significant difference test. Dunnett's 
T3 test was performed when there was lack of homogeneity of 
variances. Positive rates were compared by χ2‑test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Evaluation of the rabbit OA model. A rabbit OA model was 
established by knee immobilization, as described in previous 
studies (24,27). Following six weeks of immobilization, 
varying degrees of thigh muscle atrophy and knee stiffness 
were observed with the loss of the majority of active and 
passive ranges of motion. Typical OA pathological changes 
were identified, including hyperemia, swelling and edema in 
the joint capsule and synovial tissue, as well as joint effusion, 
rough and dull articular surfaces and cartilage lesions; indi-
cating the successful establishment of the OA model.

Ketamine attenuates OA. Various doses (60, 100 and 
200 µmol/l) of ketamine were intra‑articularly injected 
into rabbits in the Ket60, Ket100 and Ket200 groups following 
immobilization. After four weeks of treatment, rabbits in the 
normal saline group demonstrated the highest gross scores 
(3.67±0.52); exhibiting prominent joint effusion and swelling, 
eroded articular surfaces and cartilage lesions. Rabbits in the 
Ket60 group had marginally lower gross scores (3.17±0.75); 
while rabbits in the Ket100 and Ket200 groups exhibited the 
lowest gross scores (2.0±0.00 and 1.33±0.82, respectively), 
and showed mild joint swelling and a small degree of effusion 
(Fig. 1).

Synovial membrane samples from all four groups were 
stained with H&E and the histopathological changes were 
evaluated. Pronounced inflammatory cell infiltration was 
observed in the synovial membrane samples from the normal 
saline group (Fig. 2A). The number of infiltrating inflamma-
tory cells decreased with the increase in ketamine dosage, 
indicating the attenuation of inflammation (Fig. 2B‑D).

H&E staining revealed that the structure and organiza-
tion of chondrocytes were markedly disrupted and partially 
replaced by proliferating tissues in the normal saline group 
(Fig. 3A). Despite obvious chondrocyte proliferation in the 
Ket60 group, the chondrocyte structure was highly visible with 
featuring tidemarks (Fig. 3B). Morphology of the articular 
cartilage was further improved in the Ket100 group, as demon-
strated by the normal layer structure observed (Fig. 3C). In 

the Ket200 group, only mild deformation and disorganization 
were observed in chondrocytes of the upper layer without any 
changes in the middle or lower layers (Fig. 3D).

AB/PAS staining was performed to indicate cartilaginous 
tissues. As shown in Fig. 4, the extent of blue staining of 
cartilaginous tissue samples was significantly reduced in the 
normal saline group, but revealed a dose‑dependent increase 
following treatment with ketamine. Finally, unlike the normal 
control group without knee immobilization, rabbits in the 
normal saline group exhibited the highest Mankin's scores, 
which indicated the most severe cartilage lesions (Fig. 5). These 
scores decreased in the ketamine‑treated groups (6.7±0.9, 
5.8±0.6 and 4.1±0.7 for Ket60, Ket100, and Ket200, respectively) 
in a dose‑dependent manner, indicating that ketamine treat-
ment ameliorated the joint damage associated with OA.

Ketamine regulates the expression levels of IL‑10, TNF‑α 
and NF‑κB. ELISA and immunohistochemistry revealed 
significantly elevated pro‑inflammatory cytokine, TNF‑α 
expression levels in the synovial fluid of rabbits with immo-
bilization‑induced OA (normal saline group; 22.69±1.23), 
but not in the normal control group (Fig. 6A; 0.00±0.00). 
Ketamine treatment significantly decreased TNF‑α levels in 
a dose‑dependent manner (from 18.78±1.51 to 12.53±1.34 in 
the Ket60 and Ket200 groups, respectively). By contrast, the 
expression levels of anti‑inflammatory cytokine, IL‑10 were 
lower in OA rabbits (0.38±0.11) when compared with those of 
the normal controls (0.49±0.13); however a dose‑dependent 
increase was exhibited in the ketamine‑treated groups 
(Fig. 6B; 0.54±0.09 to 0.81±0.19 in the Ket60 and Ket200 
groups, respectively). The NF‑κB expression level in the 
articular cartilage was determined using anti‑NF‑κB p65 
antibodies. Minimal NF‑κB p65 subunit expression levels 
were detected in chondrocytes of the normal control group, 
but were markedly elevated in OA rabbits of the normal saline 
group (Fig. 7A and B). Following intra‑articular injection of 
ketamine, a dose‑dependent reduction of NF‑κB p65 expres-

Figure 1. Articular cartilage gross scores in osteoarthritis with or without 
ketamine. Osteoarthritis rabbits were treated with normal saline or various 
concentrations of ketamine (60, 100 and 200 µmol/l) twice a week for four 
weeks. The morphology of the articular surface and cartilage was evaluated, 
and gross scores for each group were determined. *P<0.05 vs. normal saline 
group.



LU et al:  KETAMINE ATTENUATES OSTEOARTHRITIS OF THE KNEE5016

sion was observed (Fig. 7C‑F; 35.76±2.69 to 26.69±4.68 in the 
Ket60 and Ket200 groups, respectively), which indicated that 
ketamine downregulated the expression of pro‑inflammatory 
cytokines and mediators, while promoting the expression of 
anti‑inflammatory cytokines.

Discussion

Current therapeutic strategies for OA are not curative, and 
are limited to providing symptomatic relief and pain control. 
Commonly used non‑steroidal anti‑inflammatory therapeutic 
agents are associated with adverse gastrointestinal and 
cardiovascular side‑effects. Previous studies regarding the 

pathogenesis of OA remain inconclusive (28,29), which is 
hindering the development of effective therapeutic agents for 
OA. Risk factors for the pathogenesis and progression of OA 
include age, mechanical injury to the joint, increased expres-
sion of metalloproteinases associated with destruction of the 
cartilage matrix, and impaired repair mechanisms (30‑32). 
Recently, the role of inflammation in the onset and development 
of OA has been reported in animal and human studies (29). 
Thus, anti‑inflammatory strategies are considered to be an 
effective approach. In the present study, a rabbit OA model was 
used to demonstrate the dose‑dependent effect of ketamine in 
ameliorating pathological changes in the knee joint and modu-
lating the expression levels of inflammatory mediators.

Figure 2. Histopathology of synovial membrane samples from osteoarthritis rabbits with or without 60, 100 and 200 µmol/l ketamine, cells were stained with 
hematoxylin and eosin. (A) Normal saline, pronounced inflammatory cells; (B) Ket60, a marginal reduction in inflammatory cells; (C) Ket100, further reduction 
in the number of inflammatory cells; and (D) Ket200, significantly reduced number of inflammatory cells, indicating attenuated inflammation in the synovial 
membrane. Magnification, x100.

Figure 3. Hematoxylin and eosin staining of articular cartilage samples from osteoarthritis rabbits with or without 60, 100 and 200 µmol/l ketamine: 
(A) Normal saline, the layer structure of articular cartilage was disrupted and partially replaced by proliferating tissues; (B) Ket60, pronounced proliferation of 
chondrocytes observed, however zonation and tidemarks were visible; (C) Ket100, normal layer structure with tidemarks was observed and a small number of 
proliferating chondrocytes were observed; and (D) Ket200, mild disorganization was identified in the upper layer, however normal structure and chondrocyte 
organization were observed in the middle and lower layers. Magnification, x200.
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A well‑established rabbit model was produced in 
the current study by knee immobilization, as previously 
described (27). Plaster bandages were used to immobilize the 
knee joint, and OA was induced in the flexed position. The 
underlying principle was associated with the contracture of 
the joint and muscle, increase in the load‑bearing surface, and 
changes in biomechanics of the cartilage; leading to cartilage 
degeneration. Okazaki et al (33) found that articular cartilage 
degeneration occurred as early as one week after the rabbit knee 
was immobilized in extension. Furthermore, Kojima et al (34) 
demonstrated permanent and irreversible changes in cartilage 
and synovial membrane following four weeks of knee immo-
bilization at full flexion. Compared with other experimental 
OA models involving therapeutic agent injection or surgical 
trauma, the knee immobilization model better simulated the 
natural process of OA pathogenesis. In the present study, knee 
immobilization for six weeks led to morphological and struc-
tural changes in articular cartilage and synovial membrane, 
along with infiltrating inflammatory cells and elevated levels 
of pro‑inflammatory mediators including IL‑1, IL‑6, TNF‑α 
and NO, which are typical of OA.

The glutamate/NMDA receptor signaling pathway medi-
ates OA progression. In a rat model of collagenase‑induced 
OA, intra‑articular injection of magnesium sulfate, a 
non‑competitive antagonist of the NMDA receptor, inhibited 
chondrocyte apoptosis and attenuated cartilage degeneration 
and synovitis (35). In patients undergoing arthroscopic knee 
surgery, intra‑articular magnesium sulfate injection allevi-
ated postoperative pain (36). In addition, previous studies 
revealed altered NMDA receptor signaling in OA mediated by 
specific NMDA receptor, NMDA receptor subtype 2B subunit 
expression in chondrocytes (37). However, clinical applica-
tions of NMDA receptor blockers in managing and treating 
OA is limited by serious side‑effects, such as hallucinations, 

memory loss and motor function defects. As an antagonist 
and allosteric inhibitor of the NMDA receptor, ketamine has 
been widely administered in clinical practice. In addition to 
conventional anesthetic and analgesic effects, it manifests 
anti‑inflammatory activity, preserves brain function and 
relieves bronchial spasm (21,38). Furthermore, intra‑articular 
injection generally requires smaller doses and the plasma 
concentration of ketamine is particularly low, which greatly 
reduces the incidence of adverse reactions in the central 
nervous system (39). Ketamine appears to be a strong candidate 
for treating OA. Sakai et al (22) revealed that lipopolysaccha-
ride‑induced NF‑κB activation was inhibited by pre‑treatment 
with 0.1‑1 µmol/l ketamine in A172 human glioblastoma cells. 

Figure 4. Alcian blue/periodic‑acid Schiff staining of articular cartilage samples from osteoarthritis rabbits with or without 60, 100 and 200 µmol/l ketamine. 
The Alcian blue staining is specific for the cartilaginous tissues while the red periodic‑acid Schiff staining indicates the subchondral bone and other tissues. 
Dose‑dependent increases in the thickness of blue‑stained cartilaginous tissues subsequent to ketamine treatment were observed: (A) Normal saline; (B) Ket60; 
(C) Ket100; and (D) Ket200. Magnification x200. The cartilaginous tissues were stained blue and other tissues were stained red.

Figure 5. Effect of ketamine on Mankin's scores. Rabbits without any treat-
ment (normal control), or osteoarthritis rabbits treated with normal saline 
or 60, 100 and 200 µmol/l ketamine were analyzed. Histopathological 
grading of the cartilage was conducted using the Mankin's score system. 
ΔP<0.01 vs. the normal control group; ▲P<0.01 vs. the normal saline group; 
*P<0.01 vs. the Ket60 group; ◻P<0.01 vs. the Ket100 group.
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In vivo experiments revealed efficient inhibition of NF‑κB 
activity with an intravenous ketamine dose of 2.5‑10 mg/kg, 
resulting in a plasma concentration of 60‑80 µmol/l, which is 

similar to the dosage used in clinical practice (40,41). To the 
best of our knowledge, the present study represents the first 
investigation of ketamine in the potential treatment of OA in 

Figure 7. Evaluation of NF‑κB p65 expression levels in cartilage samples. NF‑κB p65 subunit expression levels in chondrocytes of cartilage samples were 
detected by immunohistochemistry with p65‑specific antibodies. Representative images of the (A) control, (B) normal saline, (C) Ket60, (D) Ket100 and (E) Ket200 
groups are presented (magnification, x400). (F) Positive rate (%) of NF‑κB p65 in each group was calculated from eight randomly selected microscopic fields 
ΔP<0.01 vs. the normal control group; ▲P<0.01 vs. the normal saline group; *P<0.01 vs. the Ket60 group; ◻P<0.01 vs. the Ket100 group. NF, nuclear factor.

Figure 6. Concentrations of (A) TNF‑α and (B) IL‑10 in synovial fluid of rabbits in the control, normal saline, Ket60, Ket100 and Ket200 groups were measured by 
enzyme-linked immunosorbent assay. ΔP<0.01 vs. the normal control group; ▲P<0.01 vs. the normal saline group; *P<0.01 vs. the Ket60 group; ◻P<0.01 vs. the 
Ket100 group. TNF, tumor necrosis factor; IL, interleukin.
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a rabbit model, and three different doses of ketamine were 
investigated. The results indicated that the anti‑inflammatory 
effect of ketamine in OA was dose‑dependent, and the highest 
efficiency was observed at a 200‑µmol/l intra‑articular dose. 
Further studies are required to determine the duration of the 
anti‑inflammatory effects of ketamine and assess its long‑term 
effects.

The findings of the current study demonstrated the efficacy 
of targeting inflammatory mediators in OA pathogenesis. 
TNF‑α has been demonstrated to be essential in cartilage 
degeneration. Synovitis usually prevails in the early stages 
of OA, and TNF‑α is detected in the majority of synovial 
fluid samples, indicating that TNF‑α is one of the earliest 
inflammatory cytokines involved in OA onset (7,42). TNF‑α 
activates multinucleated giant cells and stimulates synovial 
cells to produce prostaglandins and other inflammatory 
mediators, contributing to matrix degradation, chondrocyte 
apoptosis and cartilage metabolic disorder; thus, resulting in 
the pathogenesis and progression of OA (43). In the current 
study, TNF‑α was not detected in the normal control rabbits, 
but high expression levels of TNF‑α were identified in the 
synovial fluid of OA rabbits. Ketamine effectively reduced 
the concentration of the inflammatory cytokine, TNF‑α. 
Similarly, NF‑κB activation is considered to be important 
in mediating inflammatory responses associated with OA. 
Previous studies have evaluated the role of NF‑κB inhibi-
tors in preventing chondrocyte apoptosis and ameliorating 
articular cartilage damage; however, the efficacy of these 
inhibitors has not been extensively investigated in OA animal 
models (44). The current results revealed an inverse associa-
tion between ketamine injection and NF‑κB p65 expression 
levels in cartilage samples from OA rabbits, demonstrating 
the potential of ketamine administration to regulate the 
NF‑κB signaling pathway and thus preventing OA develop-
ment.

IL‑10 is a major anti‑inflammatory cytokine that modu-
lates inflammatory responses in various types of disease, 
including multiple sclerosis, systemic lupus erythematosus 
and inflammatory bowel disease (45,46). Furthermore, IL‑10 
directly inhibits the production of pro‑inflammatory cyto-
kines (47), including TNF‑α in the joint cavity in multiple 
experimental models of arthritic animals (48,49). In the OA 
rabbit model of the present study, IL-10 expression levels 
in the synovial fluid were significantly reduced; however, 
upon ketamine treatment, the IL‑10 levels increased in a 
dose‑dependent manner. The underlying molecular mecha-
nism, however, remains unknown and further investigation 
is required.

In conclusion, the pathogenesis of OA is a particularly 
complicated process, which is mediated by chondrocyte 
apoptosis, matrix destruction, cartilage degeneration, meta-
bolic disorder and altered signal transduction. The results 
of the current study provide support for anti‑inflammatory 
therapeutic strategies, using ketamine, for the treatment of 
OA. However, additional investigations are required to estab-
lish the optimal therapeutic dosage of ketamine in OA, and to 
elucidate the molecular mechanisms underlying the regulation 
of inflammation. Controlled multicenter clinical trials are 
required to provide an evidence‑based therapeutic strategy for 
possible clinical application.
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