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Abstract: 

Background: Rheumatoid arthritis (RA) is a chronic, relapsing 

inflammatory and autoimmune multisystem illness that affects 

the joints. Methotrexate (MTX) is considered by many 

rheumatologists to be the most important and useful [DMARDs]. 

Metformin an antidiabetic medication has been reported to exert 

an anti-inflammatory effect. The rationale of this study is to test 

the effect of monotherapy with metformin alone or in comparison 

with methotrexate monotherapy on Adjuvant-induced arthritis 

(AIA).  Aim of the study: The present study was designed to 

evaluate the effect of metformin alone and during basal treatment 

with methotrexate on rheumatoid factor, C-reactive protein, 

reduced glutathione, tumor necrosis factor- α, arthritis score and 

histopathological changes. Materials and methods: Rats were 

classified into: Group I: control normal group. Group II: was not 

treated (diseased group). Group III was treated with methotrexate 

(MTX). Group IV:  was treated with metformin. Group V: was 

treated with combination of MTX with metformin. All treated 

groups received drugs for 4 weeks. Results: All groups showed 

significant improvement in all parameters and improvement of 

the histopathology of the joint. A significant reduction in the 

score was seen in all treated group at the end of 3
rd

 and 4
th

 weeks. Conclusion: All 

tested drugs alone or in combination showed improvement of parameters of RA. It is 

found that all combinations show more efficacy than each drug alone. 
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1. INTRODUCTION 

Rheumatoid arthritis (RA) is the most 

common rheumatologic disease [1]. It is 

characterized by a chronic inflammation 

of synovium, leading to progressive joint 

destruction. Although the cause of 

rheumatoid arthritis is unknown, 

autoimmunity plays an important role in 

both its chronicity and progression [2]. 

The pathogenesis of the rheumatoid joint 

involves hyperplasia of the synovial lining 

cells, mononuclear cell infiltration and 

new blood vessel formation within the 

synovium. Moreover, destruction of the 

cartilage and underlying bone occurs as a 

consequence of pro-inflammatory 

cytokines, particularly tumor necrosis 

factor-α (TNF-α) and proteases [3]. 

These cytokines can also reach systemic 

circulation and mediate inflammatory 

responses in other organs. Moreover, they 

stimulate phagocytic cells to produce 

reactive oxygen species (ROS), which 

mediate tissue injury in RA. Also, the 

accumulation of inflammatory cells was 

observed in synovitis of patients with 

active rheumatoid arthritis [4, 5].  

The current management of RA includes 

symptom-relieving nonsteroidal anti-

inflammatory drugs, disease-modifying 

antirheumatic drugs [DMARDs] such as 

azathioprine, methotrexate (MTX) [6]. 

Methotrexate (MTX) is considered by 

many rheumatologists to be the most 

important and useful [DMARDs] and is 

often part of the initial line of treatment. 

The suggested mechanisms of MTX 

include: (a) inhibition of T-cell 

proliferation by affecting purine and 

pyrimidine metabolism, (b) alter the 

recruitment of monocytes to the inflamed 

joint by interfering with glutathione 

metabolism [7, 8]. 

Methotrexate has shown to have toxic 

gastrointestinal, hematologic, pulmonary 

and hepatic adverse effects. Central 

nervous system reactions to methotrexate 

have been reported, which includes 

myelopathies and leuco-encephalopathies. 

It has a variety of cutaneous side effects, 

particularly when administered in high 

doses [8, 9]. 

The new trend of medical treatment of 

rheumatoid arthritis seeks for new drugs 

with more efficacy and less side effects 

since methotrexate causes many adverse 

effects and toxicities including 

pulmonary, hepatic, renal and cardiac 

[10]. So, there is a case for exploring 

newer therapies and regimes to be used as 

a monotherapy or as combinations with 

one of [DMARDs]. One strategy for 
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treatment of RA is the design of drugs that 

can ameliorate inflammation [11]. 

 Metformin was originally introduced as 

an antidiabetic medication. In addition to 

the glucose lowering effect, metformin 

has been reported to exert an anti-

inflammatory effect, which is also 

mediated by metformin-activated AMPK. 

Some experiments have shown the 

efficacy of metformin in collagen-induced 

arthritis (CIA) induced RA disease 

process [12]. 

These observations provided a rationale 

for testing the effect of monotherapy with 

metformin alone or in comparison with 

methotrexate monotherapy on Adjuvant-

induced arthritis (AIA). 

 Also in this backdrop, we conducted the 

present study to explore if combination 

therapy of MTX with metformin offers 

some add-on benefit over monotherapy 

with MTX or metformine in male rats in 

AIA model. 

Materials and methods 

A. Animals 

      It is a prospective study carried out on 

30 Adult male albino rats obtained from 

Experimental Animal Breeding Farm, 

Helwan-Cairo) weighing between 150-

200 g (at the beginning of the study), were 

used for in-vivo experiments. They were 

acclimatized for one week and were caged 

(6 rat/ cage) in fully ventilated room at 

room temperature in the pharmacology 

department, Benha Faculty of Medicine. 

Rats were fed a standard chow with water. 

This study was approved from ethical 

committee of Benha Faculty of Medicine.  

B.  Drugs and chemicals 

Complete    Freund's    adjuvant    (CFA) 

(Sigma-Aldrich Chemical Company), 

Methotrexate (Minapharm., Egypt), 

Metformin (ADWIC., Egypt),  Formalin, 

solution, neutral 10% formaline (El 

Gomhoria Pharmaceutical Chemical Co., 

ARE),Urethane , Ethyl carbamat, white 

crystals (Sigma Chemical Co., USA), 

Hematoxylin and eosin (E.Merk, 

Darmastadt.,)[Germany], Rheumatoid 

factor kits (CliniLab Company, Cairo, 

Egypt),CRP kits (eBioscience, UK), 

Tumor necrosis factor alpha (TNF-α)  kits 

( USA & Canada | R&D Systems, Inc), 

Reduced Glutathione kits ( Biodiagnostic 

Co., Giza, Egypt)  

C. Induction of RA 

 Complete Freund's Adjuvant Arthritis 

was induced by S.C injection of 0.4 ml of 

compelete Freund's adjuvant in the right 

hind limb for 12 day in three doses (one 

dose every four days) [10]. 
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D. Experimental design: 

 Rats were classified into 5 equal groups (6 

rats in each group). Group I: Non-

arthritic untreated healthy control 

group (Control normal group): This 

group received a standard chow and tap 

water with no medication. Group II: 

Untreated rats with adjuvant arthritis 

group: This group was injected with 

complete Freund's adjuvant to induce 

rheumatoid arthritis. Group III: 

Rheumatoid arthritis (RA) rats, 

methotrexate treated group: This group 

was treated with methotrexate at a dose 

(0.6 mg/kg/week/by gavage) [13] for 4 

weeks after induction of rheumatoid 

arthritis.  Group IV: Rheumatoid 

arthritis (RA) rats, metformin treated 

group: This group was treated with 

metformin at a dose (30mg/kg/day/by 

gavage) [14] for 4 weeks after induction of 

rheumatoid arthritis. Group V: 

Rheumatoid arthritis (RA) rats, 

(methotrexate and metformin) treated 

group: This group was treated with 

combination of methotrexate (0.6 

mg/kg/week/by gavage) and metformin (30 

mg/kg/day/by gavage) for 4 weeks after 

induction of rheumatoid arthritis. All 

treated groups received drugs for 4 weeks. 

Dose selection was based on previously 

published studies and pilot experiments. 

At the end of experiment a blood sample of 

about 2ml was withdrawn by 

unheparinized cannula from right carotid 

artery [15]. The blood samples (each=2ml) 

were allowed to clot at room temperature, 

centrifuged at 3000 rotation/minute and the 

sera were separated. Samples were stored 

at -20 Ć in dark containers for 

measurement of rheumatoid factor (RF), 

C-reactive protein (CRP), tumor necrosis 

factor alpha (TNF-α) and reduced 

glutathione (GSH). 

 Rats were euthanized at the end of the 

study and hind paw joints were  removed 

and  weighed. They were embedded in 

paraffin after fixing in formalin solution 

(10% neutral buffered). Sections were cut 

and examined under microscope after 

staining with hematoxylin-eosin for 

perivascular inflammatory cell infiltrate in 

synovium and morphological changes   

including  synovial  cell hyperplasia and 

proliferation and villous hyperplasia [16]. 

E.Assessment of arthritis  

a- Rats were scored for arthritis (arthritis 

index) by a set visual criterion at the end of 

each week of experiment according   to   

the   following   criteria:  No change = 0, 

Erythema = 1, Mild swelling = 2, Gross 

swelling = 3, Gross swelling and deformity 

= 4 [17]. 
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b- Microscopic examination of sections of 

paw joint stained by H&E stain. 

F.Biochemical assays 

 a- Serum RF was determined using an 

immunoenzymatic assay [18]. 

b- Serum   TNF-α was   measured   by   

ELISA   [19]. 

c- Serum CRP was determined using an 

enzyme-linked immunosorbent assay [20]. 

d- Serum GSH was determined by using a 

colorimetric method  [21]. 

Statistical analysis: 

 Data were tabulated, coded then analyzed 

using the computer program SPSS 

(Statistical package for social science) 

version 23.0 to obtain descriptive data. 

Descriptive statistics were calculated in the 

form of Mean ±Standard deviation (SD). 

 In the statistical comparison between the 

different groups, the significance of 

difference was tested using one way 

ANOVA (analysis of variance) to compare 

between more than two groups of 

numerical (parametric) data followed by 

post-hoc tukey. A P value <0.05 was 

considered statistically significant.  

 Results: 

 S.C injection of (CFA) resulted in 

significant increase in level of RF, CRP, 

TNF-α compared to control normal group. 

Also, there is significant increase in 

arthritic score in diseased group every 

week without treatment compared to the 

score at 1
st
 day before adjuvant injection. 

While there was decrease in GSH level 

compared to control normal group. Joints 

obtained from AIA group showed 

proliferated blood vessels, prominent 

inflammatory infiltrate and villous 

formation. 

 

 Regarding, monotherapy treated groups 

leaded to significant improvement in serum 

RF, TNF-α, CRP, GSH compared to 

control and diseased groups. Monotherapy 

with methotrexate showed the best results.  

 

In addition, combination between MTX 

and metformin leaded to significant 

improvement in serum RF, TNF-α, CRP, 

GSH compared to control and diseased 

groups. They showed better result than 

monotherapy treated groups.  

Regarding arthritis score, a significant 

reduction in the score was seen in all 

treated group at the end of 3rd and 4th 

weeks compared to diseased group. 

 

 Histopathology indicates improvement of 

the joint as regard synovial hyperplasia, 

cartilage degeneration and inflammatory 

cell infilteration. This improvement was 

observed in all treated groups with best 

result in combination group. 
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Table (1): The effect of treatment with metformin alone or in combination with methotrexate on 

(serum RF, TNF-α, CRP, GSH), on experimentally induced rheumatoid arthritis, in rats: 

 

GSH(mg/dl) CRP(mg/dl) TNF-α(pg/ml) RF (IU/ml) Group-parameter 

23.75±2.39 4.1±0.42 12.22±2.444 12.28±2.456 Normal control group 

4.1±1.43* 14.82±1.43* 87.82±14.64* 64.4±4.1* 
Arthritic group (Diseased 

group) 

15.97±1.69*# 8.19±0.63*# 31.63±3.326*# 29.77±4.154*# 
MTX treated group 

 

9.48±1.1 *#$ 
11.33±0.64*#$ 

 
57.8±5.16 *#$ 

48.34±4.068*#$ 

 
Met treated group 

 

19.55±1.36 *#$α 

 

5.12±0.73 #$α 

 

16.17±4.234 #$α 

 

17.93±3.986#$α 

 

MTX + Met treated group 

 

*: Significant difference versus control group at p<0.05 

#: Significant difference versus diseased group at p<0.05 

$: Significant difference versus MTX treated group at p<0.05 

α: Significant difference versus Met treated group at p<0.05 
 

Table (2): The effect of induction of adjuvant arthritis by (0.4 ml complete Frenud's adjuvant) in 

rats, on  arthritic score ,  at different times: 

 

 1
st
 day 

before 

CFA 

injection 

End of 3 

 doses of 

 CFA 

End of 1
st
  

Week 

TTT 

End of 2nd 

week of 

 TTT 

End of 3rd 

week of 

TTT 

End of 4th 

week of 

TTT 

Diseased 

group 

0.0±0.0 2.3±0.46# 3.5±0.8 * 3.5±0.6* 4±0.67* 4±0.57* 

 

#: Significant difference versus diseased group at 1st day before CFA injection at p<0.05 

*: Significant difference versus diseased group at the end of 3 doses of CFA at p<0.05 
 
 

Table (3): The effect of treatment with   metformin  alone  or in combination with methotrexate , on  

arthritic score at different times , on experimentally induced rheumatoid arthritis in rats: 

 

  
Diseased 

group  

MTX 

treated 

group  

Met treated 

group  

MTX+Met 

treated 

group  

End of 3 dose of 

CFA 

2.3±0.46 2±0.36 2±0.56 1.8±0.38 

End of 1st w TTT 3.5±0.8 2.9±0.5 3±0.5 2.7±0.68 

End of 2nd w TTT 3.5±0.6 2.62±0.6 2.8±0.6 2.26±0.4 

End of 3rd w TTT 4±0.67 2.31±0.4# 2.77±0.5# 1.57±0.18#$∞ 

End of 4th w TTT 4±0.57 1.8±0.17# 2.67±0.14#$ 1.11±0.18#$∞ 

#: Significant difference versus diseased group at p<0.05 

$: Significant difference versus MTX treated group at p<0.05 

∞: Significant difference versus Met treated group at p<0.05 
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Histopathological changes: 

 

 

figure (1): Photomicrograph of a cut section in normal rat joint treated with galantamine shows (a) flattened  superficial 

layer ,  (b) homogenous  matrix and associated with   (c) bone trabeculae and bone marrow  (H&E x100) 

figure (2): Photomicrogragh of a cut section in rat joint of AA group  shows inflammatory infiltrate and proliferated 

blood vessels (black arrow) (H&E x 100). 

 figure (3): Photomicrogragh of a cut section in rat joint of MTX  treated group  shows improvement of  in inflammatory 

response (black arrow) (H&E x100). 

figure (4): Photomicrogragh of a cut section in rat joint of metformin treated group  shows  (a) flattening of superficial 

layer of cartilage associated with (b)  large compact layer  (c) improvement of  inflammatory infiltrate  (H&E x100). 

figure (5): Photomicrogragh of a cut section in rat joint of (methotrexate and metformin) treated group shows   (a)  

flattening of superficial layer  (b)  improvement of inflammatory infiltrate and compact layer    (H&E x 100). 

 

Discussion: 

The choice of CFA in this study because it 

has more similar disease features with human 

RA than CIA. Rodent adjuvant arthritis, as an 

experimental model, resembles RA in 

histological pathology, pannus formation and 

a number of angiogenic mediators, including 

cytokines and growth factors. The similarities 

in joint pathology between AA and RA could 

be exerted for screening of new drugs for 

treatment of RA disease. The male wistar rats 

have been found to be more susceptible to 

RA, particularly in terms of onset and 

severity of the disease process [22, 23]. 

The data of the present work revealed that s.c. 

injection of (CFA) resulted in increase in 

level of RF, CRP, TNF-α, arthritic score, 

decrease in level of GSH and affected the 

pathology of the joint.  This finding is similar 

to the observations of Refaat et alwho proved 
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that injection of CFA led to significant 

elevation of serum RF, serum TNF-α and 

decrease blood GSH level compared to 

normal control group [24]. Also, these results 

are in agreement with the study of  Patel and 

Pundarikakshudu who reported that injection 

of complete Freund's adjuvant leads to 

edematous inflammation, increased 

vascularity owing to vasodilation, marked 

inflammatory cell infiltration compared to 

normal control group[25]  . 

Activation of inflammatory mediators TNF-α, 

IL-1β, and IL-6 by CFA aggravates the 

oxidative damage of the vital organs in 

rheumatoid arthritis, such as the liver. The 

liver, in turn, influences the systemic 

inflammation via producing inflammatory 

cytokines and mediators such as TNF-α, IL-

1β, IL-6 and NO. IL-6, IL-1β, and TNF-α 

promote the synthesis of CRP in hepatocytes 

via STAT3 and NF-κB pathways [26, 27]. 

Also, the pro-inflammatory cytokines TNF-α, 

IL-1, and IL-2 have been shown to play an 

important role in the pathophysiology of 

arthritis development in animal models and 

humans. It was reported that increased 

expression of inflammatory cytokines, 

including TNF-α and IL-1β, was observed in 

the bone region of the joint or serum samples 

from human osteoarthritis or rheumatoid 

arthritic patients [28].   

Methotrexate significantly improved all 

tested parameters of rheumatoid arthritis, 

arthritic score and histopathology of the 

joints. The result of this study is  in 

agreement with the observations of Kaneko et 

al. who reported that administration of MTX 

as a treatment after induction of RA by CFA, 

induced a highly significant decrease in 

serum RF, serum TNF-α, serum CRP and 

induced a highly significant increase in blood 

GSH level compared with arthritic rats[29]. 

Also, Wang study is in line with our results as 

MTX administration decreased the arthritis 

score significantly [30]. In addition, our 

results are in agreement with the study which  

reported that MTX showed moderate 

improvement in the form of decrease in 

villous formation [31]. In Contrast to the 

previous results, another  study reported that 

the levels of GSH with MTX were markedly 

suppressed in the arthritic group compared to 

the normal one[32]  . 

Some researchers have postulated that MTX 

reduces plasma TNF-α level by suppressing 

transcriptional activity rather than by 

suppressing lymphocyte proliferation. Also, 

it has role in inhibition of trans-methylation 

reaction necessary for T-cell cytotoxicity 

prevention and alter the recruitment of 

monocytes to the inflamed joint by interfering 

with glutathione metabolism alterations in 

recruitment of monocytes and other cells to 

the inflamed joint, and promotion of the 
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release of the endogenous anti-inflammatory 

mediator adenosine [7, 33]. Improvement of 

CRP by methotrexate can be explained by its 

anti-inflammatory role in the form of 

improvement of tumor necrosis factor alpha. 

As IL-6, IL-1β, and TNF-α promote the 

synthesis of CRP in hepatocytes via STAT3 

and NF-kB pathways [26, 27]. 

 MTX treatment caused significant 

improvement of the arthritis index as well as 

modulation of the altered parameters 

produced in arthritic rats with respect to anti-

oxidants levels .Also, this can be attributed to 

its established anti-inflammatory, anti-

proliferative, immunosuppressive effects on 

activated T lymphocytes, increasing the rate 

of apoptosis of T cells, increasing 

endogenous adenosine release, altering the 

expression of cellular adhesion molecules, 

influencing production of cytokines, humoral 

responses and bone formation[34]. 

Metformin significantly improved all 

markers of rheumatoid arthritis, arthritis 

score and histopathology of the joints, but it 

was less effective than methotrexate. Hyun 

et al. study supported these results, as his 

study resulted in significant decrease of TNF-

α production in mice fed by high fat diet by 

metformin [35]. Also, these data are in 

harmony with a study which showed the 

effect of metformin in reduction of CRP 

diabetic rats [36]. In addition, later on 2016 a 

study reported that GSH concentration was 

improved in diabetic treated rats by 

metformin [37]. Consistent with the arthritis 

score with metformin, Kim et al. study 

showed minimal signs of inflammation were 

detected in the metformin-treated obese CIA 

mice [38]. 

Metformin suppresses the production of 

TNF-α and attenuates gene and protein 

expression of TNF-α in macrophages and it 

regulates inflammation through down-

regulation of scavenger receptors in 

macrophages [35]. 

As infiltrated macrophages in inflamed area, 

attract other macrophages and accumulated 

macrophages secrete pro-inflammatory 

cytokines such as IL-1β, IL-6 and tumor 

necrosis factor (TNF)-α. Pro-inflammatory 

cytokines promote unnecessary 

inflammation [39]. 

Numerous studies have subsequently 

reported that scavenger receptors, which are 

expressed by macrophage, can recognize and 

clear modified host component, apoptotic 

cells and pathogens, indicating that 

scavenger receptors play an essential role in 

innate immunity and inflammatory responses 

[40].Scavenger receptors enhance NF-κB 

activity, leading to pro-inflammatory 

cytokine production [41]. 
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The improvement in the mitochondrial 

function and energy production induced by 

metformin may reduce the production of the 

inflammatory mediators such as CRP, TNF-

α and IL-6 [42].  

Several studies have shown that the primary 

effect of metformin as antioxidant is the 

inhibition of mitochondrial complex I 

(NADH: ubiquinone oxidoreductase) [43]. 

Mitochondrial complex I may contribute 

substantially to the cellular ROS production 

[44].  

It is well documented that a blockage this 

complex leads to decreased production of 

reactive species, due to reduced transport of 

electrons from NADH plus 

H
+
 (45).Therefore, evidence suggests that 

metformin reduces endogenous ROS 

mitochondrial levels [46].  

Concomitant administration of metformin 

with MTX produced better results in all 

parameters of rheumatoid arthritis, arthritic 

score and histopathology of the joints, than 

each drug alone. This finding is in 

agreement with the observations of 

Hisadome et al. study who reported that anti-

TNF-α in combination with MTX markedly 

decreases joint destruction in RA and 

synergistically suppressed arthritic 

progression [47].  

 

   Conclusion: 

 Metformin alone or in combination with 

methotrexate    improves adjuvant arthritis. 

When a comparison between combinations 

and each drug alone is carried out, it is found 

that all combinations showed more efficacy 

than each drug alone. Metformin can be used 

alone or in combination with MTX treatment 

of rheumatoid arthritis to avoid possible side 

effect of high doses of   methotrexate 
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