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Abstract 
Objective: To evaluate the potential protective effect of metformin against osteoarthritis development in rats.  
Method: The experimental study was conducted at the Iraqi Centre for Cancer Research and Medical Genetics, 
Mustansiriyah University, Baghdad, Iraq, from December 2021 to February 2022, and comprised male Sprague-
Dawley mice who were divided into 5 equal groups: negative control group, osteoarthritis group subjected to 
monoiodoacetate induction, positive control group treated with celecoxib 30mg/kg, metformin 100mg/kg group, 
and metformin 200mg/kg group. Body mass index, inflammatory biomarkers, and serum C-terminal cross-linked 
telopeptide of type II collagen levels were noted for all the animals. Data was analysed using SPSS 24. 
Results: Of the 35 mice, 7(20%) were in each of the 5 groups. Compared to the osteoarthritis group, metformin-
treated mice showed significantly reduced body mass index, inflammatory biomarker levels, and blood levels of C-
terminal cross-linked telopeptide of type II collagen (p=0.05). Metformin 200mg/kg treatment had more beneficial 
effects than 100mg/kg dose on inflammatory biomarkers and serum C-terminal cross-linked telopeptide of type II 
collagen (p=0.05).  
Conclusions: A beneficial protective effect against the onset of osteoarthritis was produced by metformin in a dose-
dependent way. Additionally, metformin could lessen cartilage damage as demonstrated by a decrease in the serum 
levels of C-terminal cross-linked telopeptide of type II collagen in the osteoarthritis group. 
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Introduction 
Osteoarthritis (OA) is a degenerative joint disease that 
results from the destruction of joint cartilage and 
associated bone1. OA is usually progressive, and, unlike 
inflammatory arthritis, internal organs are not affected1. 
Primary OA is idiopathic and mainly affects the knee and 
hip joints, which may develop due to hormonal changes 
in menopause2. However, secondary OA is caused 
primarily by different metabolic and inherited diseases, 
including obesity, trauma, haemochromatosis, Wilson 
disease, Ehlers-Danlos syndrome, and ligamentous 
disorders3. OA is commonly diagnosed by specific criteria 
that depend on the radiological and clinical 
manifestations4. Besides, management of OA is chiefly 
done by weight-loss, physiotherapy and the use of 
analgesic and anti-inflammatory agents4. Of note, 
different therapeutic strategies were tried to improve 
clinical outcomes in OA patients. In addition, intra-
articular injection of hyaluronic acid and platelet-rich 
plasma was ineffective and produced placebo-like 
effects5, 6. Therefore, searching for OA management is 

mandatory nowadays. 

Metformin (MTN) is a biguanide insulin-sensitising agent 
that inhibits hepatic gluconeogenesis and improves the 
insulin sensitivity of body tissues. MTN is regarded as a 
first-line agent in the management of type 2 diabetes 
mellitus (T2DM) patients7. Recent findings suggest that 
MTN has pleiotropic effects, including antiviral and anti-
inflammatory effects through the modulation of pro-
inflammation cytokines8. A recent experimental study 
illustrated the protective effect of MTN against the 
development of OA through the modulation of 
inflammatory reactions in mice9. However, the dose-
dependent effect has generally not been evaluated.  

The current study was planned to evaluate the dose-
dependent effectiveness of MTN against the 
development of OA in mice. 

Materials and Methods 
The experimental study was conducted at the Iraqi Centre 
for Cancer Research and Medical Genetics, Mustansiriyah 
University, Baghdad, Iraq, from December 2021 to 
February 2022, and comprised male Sprague-Dawley 
mice weighing 200-250g. After approval from the ethics 
review board of the College of Medicine, Mustansiriyah 
University, Baghdad, Iraq, the animals were housed in 
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sterile cages, 3 to a cage, with standard and suitable 
atmospheric conditions and under a 12-hour light/dark 
cycle. All mice had unlimited access to food and water. To 
ensure, all the rats were allowed to remain in the cages for 
a full week. 

Each mouse was anaesthetised with the use of isoflurane 
2mg/kg. Then, MIA 3mg/kg )Ambeed, United States), in 
sterile saline (0.9% sodium chloride [NaCl]) (PSI, Saudi 
Arabia), was injected into the knee joint pocket using 26G 
sterile syringes. The rats were monitored for 7 days post-
induction9. 

The mice were divided into 5 equal groups: negative 
control group, OA group subjected to monoiodoacetate 
(MIA)) Ambeed, United States) induction, positive control 
group treated with celecoxib 30mg/kg (Pfizer, USA), MTN 
100mg/kg group, and MTN 200mg/kg group (Merck 
serono, France). The procedure lasted 2 weeks.  

A graduated tape was used to measure the naso-anal 
length of each mouse. The body weight was measured 
using a digital balance. The body mass index (BMI) was 
calculated using the standard equation10. 

At the end of the intervention, all the animals were 
sacrificed under general anaesthesia (GA) using isoflurane 
2mg/kg)) Ambeed, United States), and blood samples 
were collected directly by cardiac puncture. The samples 
were allowed to coagulate at room temperature and then 
centrifuged at 3000rpm. The sera were stored at -20°C in 
a specific refrigerator till analysis. 

Enzyme-linked immunosorbent assay (ELISA) techniques 
were used to measure inflammatory biomarkers such as 
tumour necrosis factor-alpha (TNF-α), interleukins (IL), IL-
1, IL-2 and IL-6 (Labiskoma, Inc. South Korea). An ELISA kit 
(My BioSource, USA) was used to quantify serum C-
terminal cross-linked telopeptide of type II collagen (CTX-
II) in accordance with the manufacturer's instructions. 

Data was analysed using SPSS. Data was expressed as 
mean and standard deviation (SD). In order to identify 
differences between unrelated groups, unpaired t-test 
was used. Also, the differences between unrelated groups 

were found using a one-way analysis of variance (ANOVA). 
P≤0.05 was taken as the level of significance. 

Results 
Of the 35 mice, 7(20%) were in each of the 5 groups. 
Compared to OA group, MTN-treated mice showed 
significantly reduced BMI (Table 1) and inflammatory 
biomarker levels (Table 2).  
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Table-1: Body mass index acorss the study groups. 
 
Rats BMI                           Before              After        Difference          95% CI                P 
                                              (n=35)            (n=35) 
 
                                                                                                                                 0.0016- 
                                                                                                                                   0.038 
Negative control            0.55±0.02       0.57±0.01          0.020                 -0.048              0.03 
OA group                          0.57±0.01       0.54±0.02         -0.030                 0.011             0.004 
Positive control              0.57±0.02       0.55±0.01         -0.020               -0.038-             0.03 
MTN 100 mg/kg             0.58±0.03       0.53±0.01         -0.050                 0.001             0.001 
MTN 200 mg/kg             0.58±0.01       0.51±0.02         -0.070               -0.076-         0.0002 
                                                                                                                                   0.024 
                                                                                                                                  -0.099- 
                                                                                                                                   0.040 

 

Data expressed as mean ± Standard deviation. OA: Osteoarthritis, MTN: Metformin, CI: Confidence 
interval.

Table-2: Inflammatory biomarkers across the study groups. 
 
Biomarkers                              Negative control                           OA group                                   Positive control                                     MTN 100 mg/kg                                  MTN 200 mg/kg 
 
TNF-α (ng/ml)                                240.86±12.83                          390.86±14.56!                                    280.05±13.11                                            277.11±10.22                                       260.44±12.01*# 
IL-1β(ng/ml)                                   470.66±19.83                          864.93±13.66!                                    560.71±10.33                                            740.71±22.04                                       590.31±12.18*# 
IL-2(ng/ml)                                     488.84±22.07                          952.05±29.99!                                    660.94±11.02                                            710.21±13.99                                       588.52±13.05*# 
IL-6                                                    674.93±21.18                          994.31±29.33!                                    710.06±19.55                                            810.55±13.16                                       740.99±21.91*# 

*P<0.01 vs positive control, #P<0.05 vs MTN 100 mg/kg, ! P<0.01 vs negative control. OA: Osteoarthritis, MTN: Metformin, TNF: Tumour necrosis factor, IL: Interleukin.

Figure: Dose-dependent effects of metformin (MTN) on CTX-II serum level across the 
study groups. 
CTX-II: C-terminal cross-linked telopeptide of type II collagen, OA: Osteoarthritis, MTN: 
Metformin.a P<0.001 vs. OA group, b P<0.05 vs. positive group 
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During OA induction, CTX-II serum level increased in the 
OA group to 5.98±1.05ng/ml compared to 
1.70±0.84ng/ml in the negative control groups 
(p=0.0001). In the positive control group, CTX-II serum 
level reduced significantly to 2.50±0.91ng/ml compared 
to the OA group (p=0.0001). Regarding the differential 
effects of MTN therapy, CTX-II serum level reduced to 
3.95±1.04ng/ml (p=0.01), and 2.90±0.05ng/ml (p=0.24) in 
rats treated with MTN 100mg/kg and MTN200mg/kg, 
respectively compared to the positive controls (Figure). 

Discussion 
The present study's findings illustrated that the use of 
MTN reduced body weight significantly compared to the 
positive controls. Different experimental and clinical 
studies have demonstrated that MTN therapy could 
decrease body weight, mainly in obese patients with 
T2DM11,12. The underlying mechanism of MTN in the 
reduction of body weight is related to the modulation of 
adipocytokines and inflammatory milieu11,12. Remarkably, 
MTN induces the expression of glucagon-like peptide-1 
(GLP-1) through the modulation of gut microbiota13. In 
turn, increased circulating GLP-1 can decrease body 
weight through modulation of appetite14. Adams et al. 
found that liraglutide, a GLP-1 receptor agonist, inhibits 
appetite by suppressing glutaminergic neurons14. 
Recently, MTN therapy has exerted an anorexic effect 
through induction expression and release of growth 
differentiation factor-15 (GDF-15), which triggers taste 
aversion through inhibition of the hypothalamic feeding 
centre15. 

Besides, the present study found that MTN therapy 
reduced inflammatory biomarkers in mice with 
experimental OA in a dose-dependent manner. MTN 
monotherapy in 100mg/kg and 200mg/kg can 
significantly decrease IL-1β, IL-2, IL-6 and TNF-α 
compared to positive controls. Of note, MTN had potent 
anti-inflammatory effects. Afshari et al. reported that MTN 
therapy improved locomotor activity and neuropathic 
pain by inhibiting the release of pro-inflammatory 
cytokines16. MTN exerts local and systemic anti-
inflammatory effects through the inhibition of 
inflammatory signalling pathways17. MTN inhibits the 
expression of nuclear factor kappa B (NF-κB) and the 
mechanistic target of rapamycin (mTOR) that are involved 
in the expression of pro-inflammatory cytokines18. Thus, 
MTN therapy, via its anti-inflammatory properties, may 
reduce the associated inflammation in OA. Type II 
collagen, also known as CTX-II, is regarded as a prognostic 
biomarker of OA19. Many recent studies have used urinary 
CTX-II as a crucial biomarker of disease severity and matrix 
degeneration in OA20. However, the current study 

measured serum CTX-II in a mice model with 
experimental OA. The findings confirmed that MTN had 
the ability to decrease CTX-II serum levels in a dose-
dependent manner. a systematic review demonstrated 
that MTN was effective against knee OA, as evidenced by 
decreasing CTX-II serum level in preclinical and human 
studies21. The possible mechanism of MTN against the 
development of OA is not well elucidated. However, a 
recent study showed that MTN improved adenosine 
monophosphate-activated protein kinase (AMPK) 
expression in the chondrocytes with subsequent 
inhibition of matrix metalloproteinases (MMPs), 
enhancing the production of CTX-II22. In addition, a cohort 
study involving 968 T2DM patients with OA treated with 
MTN illustrated that such patients were less likely to 
undergo joint replacement surgery23. A prospective study 
showed that MTN therapy in obese patients with OA had 
a potential effect on the prevention of knee cartilage 
injury24. 

Limitations: The present study has several limitations, 
including small sample size and serial measurement of 
inflammatory biomarkers. The sample size was not 
calculated which could have affected the power of the 
study and the generalisability of the findings. Also, there 
was no estimation of urine CTX-II levels.  

Conclusion 
A beneficial protective effect against the onset of OA was 
produced by MTN in experimental mice in a dose-
dependent manner. Additionally, MTN could lessen 
cartilage damage, as demonstrated by a decrease in the 
serum levels of CTX-II in mice with experimental OA. 
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