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Abstract

Original Article

Introduction

Osteoarthritis (OA) is considered an attractive research issue; 
as it is the most common musculoskeletal progressive condition 
with no cure yet. OA can affect any joint in the body but it is 
more common in the knee, hip, and hand joints. It is estimated 
that the prevalence of knee OA (KOA) for male over 60 is 
10%, whereas for female over 60 is 13%.[1] With this increased 
prevalence, OA imposes an enormous burden on comprised 
lost wages, reduce economic productivity, medical care costs, 
and the significant low life quality of the sufferers.[2,3]

The exact mechanism of OA pathogenesis is still unknown, 
despite the advances in the analysis and diagnosis procedures.[4]

Pharmacological management for OA provides symptomatic 
pain relief without treating the condition.[5] Painkillers 
represented by nonsteroidal anti‑inflammatory drugs provide 
pain relief through blocking COX enzyme and hence 
decreasing prostaglandins; several unwanted reactions 
are associated until selective COX‑2 inhibitors have been 
developed circumventing COX‑1 isoform inhibition, beside 
pain relief COX‑2 inhibitors could be promising in preventing 
cartilage degradation and thereby slowing KOA progression.[6,7] 

Prostanoids inhibition by COX‑2 inhibitors not only protect 
against cartilage degradation but also against synovial fibrosis 
and chondrocyte hypertrophy.[8,9]

The effect of these selective COX‑2 inhibitors represented 
by celecoxib  (the prototype of this group) on synovial 
inflammation, cartilage degradation, osteoclast metabolism 
cartilage degradation, synovial inflammation, and osteoclast 
metabolism have been reviewed previously.[10]

On the other hand, dipeptidyl peptidase inhibitors (DPP‑IV 
inhibitors) represented in this study by sitagliptin are group 
of antidiabetic agents that are used alone or in combination 
with other antidiabetics in type II DM. They exert antidiabetic 
effect through the inhibition of incretin degradation. In recent 
years, growing evidence suggested pleiotropic cytoprotective 
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effect of sitagliptin.[11‑14] In this study, we investigated the 
effect of celecoxib alone or in combination of sitagliptin in 
monoiodoacetate rat model of OA.

Materials and Methods

Forty male Sprague–Dawley rats with weight average of 
200–250 g were taken from the animal house of the Iraqi Center 
for Cancer and Medical Genetics Research in Baghdad/Iraq. 
All rats were housed in a well‑ventilated room at 25°C ± 2°C, 
with 12/12 h dark/light cycle and under typical conditions with 
food and water provided ad libitum.

After acclimatization of the 40 rats, they were evenly and 
randomly divided into four groups: Negative control group 
(G−ve) normal untreated rats, positive control OA induced but 
not treated positive control group (G+ve), group one (G1) OA 
induced and treated with 50 mg/kg celecoxib orally via gavage, 
group two (G2) OA induced and treated with the combination 
of 50 mg/kg celecoxib and 20 mg/kg sitagliptin also via oral 
gavage. The study lasted for 4 weeks.

OA induction, 30 rats were anesthetized with diethyl 
ether  (Thomas Baker, India). Then, a freshly prepared 
monoiodoacetate 3 mg/kg (9 Ambeed, USA) intra‑articularly 
was injected into the knee joint pocket using 26G syringes. The 
rats were carefully monitored after induction of OA for 1 week. 
This procedure was performed as in Feng et al.’s study.[15]

At the end of the experiment interval (4 weeks), the rats were 
euthanized; blood was collected and then centrifuged at 3000/
rpm. The serum was stored at −20°C in a specific refrigerator 
till the time of analysis.

Inflammatory cytokines, represented by tumor necrosis 
factor‑alpha (TNF‑α), interleukin one beta (IL‑1β), IL‑2, and 
IL‑6, were analyzed by ELISA kit methods (LABISKOMA, 
Inc. Korea). Furthermore, C‑telopeptide of the fragment of 
type II collagen (CTX‑II) serum level also was measured using 
the ELISA kit method (MyBioSource). Procedures of ELISA 
kits were performed according to manufacture protocol and 
instructions.

Resulted data were statistically analyzed by SPSS (Statistics 
for Window version 26.00, Armonk, NY, IBM, Corp, USA). 
One‑way analysis of variance was used to compare data that 

were expressed as mean ± standard deviation. The level of 
significance was applied when P < 0.05.

Results

Inflammatory cytokine levels of the G+ve were significantly 
higher than that of the G−ve. The same for the cartilage 
degradation marker (CTX‑II) is shown in Figures 1 and 2 
and Table 1.

Discussion

The result of this study demonstrated that celecoxib therapy 
significantly reduced inflammatory biomarkers and CTX‑II 
relative to G+ve. This reduction could be imposed by 
celecoxib through its well‑known anti‑inflammatory property; 
furthermore, emerging evidence suggested that it could have 
disease‑modifying properties. Celecoxib has been approved 
to affect all joint tissues involved in the disease progression 
bone, synovium, and cartilage.[16‑18] Besides COX‑II inhibition 
celecoxib modulates signal transduction pathways independent 
of COX‑II signaling pathway.[19]

Normally, the chondrocyte maintains an equilibrium 
between the degradation and synthesis of the extracellular 

Table  1: Effect of celecoxib alone or in combination of sitagliptin on serum level of inflammatory cytokines and 
C‑telopeptide of the fragment of Type II collagen in a rat model of osteoarthritis all data are expressed as mean±standard 
deviation in ng/mL

Groups n TNF‑α IL‑Iβ IL-6 IL‑II CTX‑II
G −ve 10 265.59±87.88 475.69±175.14 618.24±68.03 457.56±138.07 1.72±0.34
G +ve 10 1579.79±883.27* 1858.34±583.82* 2654.30±595.14* 1220.60±237.21* 5.95±1.59*
Group I 10 205.1±9.9 549.05±21.97 436.32±55.32 547.87±12.49 1.79±0.08
Group II 10 205±9.2 448.65±21.08 453.67±20.06 391.21±19.83 0.66±0.099
*Significant elevation in all of the measured biomarkers in G +ve. CTX‑II: C‑telopeptide of the fragment of type II collagen, TNF: Tumor necrosis factor, 
IL: Interleukin, G +ve: Positive control group, G −ve: Negative control group
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Figure  1: Effect of celecoxib alone or in combination of sitagliptin 
on inflammatory serum level  (ng/ml) in rats with experimental OA. 
P < 0.001. OA: Osteoarthritis
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matrix. When OA develops chondrocyte fail to preserve 
this equilibrium leading to disturbance in the integrity 
of cartilage. In the beginning, chondrocytes increase the 
synthesis of proteoglycans and collagens to maintain joint 
equilibrium; however, as disease progress catabolism cannot 
be counteracted and it will prevail.[20]

Major key players in this destructive process are IL‑1β and 
TNF‑α (both were significantly decreased by celecoxib use in 
this study), in OA these proinflammatory mediators stimulate 
the expression and release of collagenases and aggrecanases, 
and also stimulate the synthesis of nitric oxide  (NO) and 
PGE2.[21] COX‑2 was found to be upregulated in chondrocyte 
in the case of OA.[22,23]

Furthermore, in OA cartilage explants, celecoxib preserves 
cartilage through stimulation of proteoglycan synthesis and 
retaining the newly formed proteoglycans.[17] Moreover, the 
expression of PGE2 and COX‑2 in OA cartilage is strongly 
inhibited by celecoxib.[24‑26] This explains the decreased 
serum level of CTX‑II obtained. C  telopeptide fragment of 
type II collagen (CTX‑II) is used to diagnose the integrity of 
cartilage as it represents a biomarker that could be measured 
in urine (noninvasively) or in blood.[27]

Celecoxib and through inhibiting JNK and nuclear factor‑κB 
(NF‑κB) (as were approved previously [16]) suppresses NO 
production and hence decreases apoptosis resulted [Figure 3][28] 
NF‑κB has a pivotal role in the pathogenesis of OA as it 
upregulates cytokine, Matrix metalloproteinases (MMP), and 
A Disintegrin and Metalloproteinase with Thrombospondin 
motifs (ADAMTS) expression  and decrease extracellular 
matrix secretion.

Sitagliptin as DPP‑IV inhibitor controls blood glucose level 
through the incretin effect in a glucose‑dependent manner it 
is usually used to treat type II DM. Previous studies proved 
its ability to prevent oxidative stress in several organs such as 
the heart, kidney, brain, and liver in OA.[28,29]

Furthermore, it was previously provided that sitagliptin 
improves cell viability in human primary chondrocytes, 
and decreases collagen and aggrecan degradation via 
downregulating MMP‑3, MMP‑13, ADAMTS‑4, and 
ADAMTS‑5.[30] Similar previous study showed that 
vildagliptin (another DPP‑IV inhibitor) reduces the expression 
of MMP‑3, MMP‑13, ADAMTS‑4, and ADAMTS‑5 and 
the subsequent collagen and aggrecan degradation.[31] an 
anti‑inflammatory property of sitagliptin was reported in 
earlier studies results obtained in this study support the 
previously above mentioned.

The combination of celecoxib with sitagliptin resulted in an 
additional cartilage protective effect, as shown in Figure 2.[32,33]

Conclusion

Sitagliptin combination with celecoxib in monoiodoacetate 
rat model provided a significant cartilage protective effect.
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