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ABSTRACT

Obijective: Metformin is well known anti-diabetic agent. Recently many reports have described the anti-
inflammatory effects of metformin on various cell types including human vascular smooth muscle cells and
endothelial cells. This study was designed to investigate the anti-arthritic effects of metformin on Freund’s
complete adjuvant (FCA)-induced arthritis in rats. Methods: rats were randomly divided into 4 groups as follows:
control group, rheumatoid arthritis (RA) rat model group, indomethacin group and metformin group. The hind
paw volume of rats was measured. Oxidative stress and inflammatory cytokines were also analyzed. Western blot
analysis was used to evaluate cyclooxygenase-2 (COX-2) protein expression levels. Results: The results
demonstrated that metformin (200 mg kg™) was able significantly to reduce hind paw volume. Metformin
treatment decreased circulating levels of inflammatory response markers C-reactive protein (CRP), IL-1p, IL-6
and TNF-o. The production of COX-2 and subsequently prostaglandin E2 (PGE2) in FCA rats was reduced
significantly by treatment with metformin. In addition, metformin significantly reduced oxidative stress.
Conclusion: These findings suggest that the inflammatory response and oxidative stress induced by FCA could be
attenuated by metformin in RA rat model. Metformin has significant anti-inflammatory effects on FCA rats, which

may be associated with the reduction of COX-2 and PGE2 inflammatory mediators.
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Abbreviations

COX-2: cyclooxygenase-2

CRP: C-reactive protein

FCA: Freund’s complete adjuvant
IL-1B: interleukin-1f

IL-6: interleukin-6

INTRODUCTION

Rheumatoid arthritis is a chronic inflammatory disorder,
characterized by an abundant cellular infiltration
consisting of neutrophils, macrophages and lymphocytes,
leading to the release of multiple inflammatory cytokines
and matrix-degrading enzymes that contribute to the
progressive joint destruction (Mclnnes and Schett, 2007).
The pathological characteristics of RA mainly include
joint inflammation of the synovial tissue and excessive
hyperplasia (Bax et al., 2011). Migration of activated
phagocytes and leukocytes into synovial cavity, cartilage
erosion and bone degradation are the diagnostic features
of RA (Ansari et al., 2015). Tumor necrosis factor-a
(TNF- a) and interleukin-13  (IL-1B) are pro-
inflammatory cytokines that are pivotal in the
pathogenesis of RA (Lu et al., 2014). COX-2 acts as a
mediator of angiogenesis, its differential expression
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MDA: Malondialdehyde

NO: Nitric oxide

PGEZ2: prostaglandin E2

RA: rheumatoid arthritis
TNF-0 Tumor necrosis factor-o.

determines the production of prostaglandins (Kim et al.,
2012).

Metformin, a biguanide, is the first-line oral therapy for
type 2 diabetes and the most widely used anti-diabetic
drug, alone or in combination with other anti-
hyperglycemic agents (Ferrannini, 2014)). Metformin
decreases hepatic glucose production through mild
inhibition of the mitochondrial respiratory chain complex
I (Viollet et al., 2012). Metformin was also shown to
possess antioxidant and anti-inflammatory properties
(Martin et al., 2013). Recently, metformin was shown to
inhibit inflammation and oxidative stress induced by
lipopolysaccharide in human middle ear epithelial cell
lines (Cho et al., 2016).

However, there are few RA treatment strategies that are

effective, reliable and have low toxicity (Doan and
Massarotti, 2005). Therefore, the present study was
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designed to investigate the anti-inflammatory effects of
metformin in RA rat model by investigating its effects on
the inhibition of inflammatory response.

MATERIALS AND METHODS

Animals: Male adult albino rats weighing 150-200
grams have been used. Animals were obtained from the
animal house, Faculty of Medicine, Assiut University
and were housed in animal place with room temperature
being maintained at 25+2°C. Animals were fed on a
commercial pellet diet and kept under normal light/dark
cycle. Animals were given a free access for food and
water ad libitum.

Induction of arthritis: To induce arthritis, the right hind
paw of male albino rats was sterilized with 70% alcohol.
Rats were intradermal injected with 0.1 ml of FCA (10
mg ml?) suspension of heat-killed Mycobacterium
tuberculosis (Rajesh et al., 2009 and Yao et al., 2014).
Control animals were injected intradermal with saline in
equal volume. Chronic inflammation was allowed to
progress for 12 days. Rats were divided into 4 groups of
eight rats each. Drugs were |.P. administered for 17 days
starting on 13" day after arthritis induction and
continued till 30 days. Experimental animals were
divided as follow:

Group I: Saline treated normal control intradermal
injected.

Group 1I: FCA-induced arthritic control received saline
I.P.

Group III: FCA-induced arthritic animals treated with
indomethacin 10 mg kg™ I.P.

Group IV: FCA-induced arthritic animals treated with
metformin 200 mg kg™I.P (Ghadge et al., 2016).

On the 31" day, blood samples were collected from the
heart and serum was separated by centrifugation and
stored at — 80°C until analysis. The animals were
sacrificed by cervical dislocation. The hind paws were
separated and immersed in physiological saline to be
ready for homogenization.

Hind paw volume measurement. The hind paw volume
of all animal groups was measured by water
displacement plethysmometer (Coelho et al., 2004) at 0,
13, 20, 24, 27 and 30 day after the injection of FCA
emulsion. The inhibited effects of metformin was
determined by comparing the changes in volumes of hind
paws and expressed in milliliter (mI+SD).

Biochemical assessment

The level of CRP was determined using ELISA kit
catalog No. 557825 for the quantitative measurement of
rat CRP in serum.

Malondialdehyde, the oxidative stress product of lipid
peroxidation, reacts with thiobarbituric acid under acidic
conditions at 95°C to form a pink-colored complex with
an absorbance at 532 nm (Ohkawa et al., 1979).
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Nitric oxide concentration in serum was determined with
the Greiss method. The Greiss reagent is made up of a
1% solution of sulfanilamide in 5% phosphoric acid and
0.1% naphthylethylenediamine  dihycrochloride in
distilled water.

The protein and phenol red of the serum were deleted
using zinc sulfate (6 mg/400 ul). Sodium nitrite (0.1 M)
was used for the standard curve, and increasing
concentrations of sodium nitrite (5, 10, 25, 50, 75, and
100 uM) were prepared. The Greiss solution was added
to all microplates, containing sodium nitrite and serum
and was read by ELISA reader in 540 nm (Khazaei et al.,
2011).

Tumor necrosis factor-o was measured, using a sandwich
enzyme immunoassay kit protocol supplied by the
manufacturer of the antibodies (Multisciences Biologic
Company, Hangzhou, China) and resultant optical
density determined, using a microplate reader (Thermo
Multiskan MK3) at 450 nm. IL-1B, IL-6 and PGE2
serum levels were determined using ELISA kit (Abcam)
according to the manufacturer’s instructions.

Western Blotting

Following treatment with metformin, RA tissue samples
were removed and homogenized. Total protein was
extracted by adding 1ml of Radio-Immuno Precipitation
Assay buffer [RIPA (50 mM Tris-HCI pH 8, 150 mM
NaCl, 0.02% sodium azide, 0.1% SDS, 100 pg ml™*
PMSF [phenylmethylsulphonyl fluoride], 1 pg ml™
aprotinin, 1% NP-40)]. Samples were incubated for 30
min. on crushed ice. The tissue lysate was then
centrifuged at 12,000xg for 2 min at 4 °C. The
supernatant was then transferred to a fresh Eppendorf
tube and total protein concentrations were determined
using the Bradford protein assay (1976). Denaturation of
protein samples was performed by adding loading buffer
(0.125 M Tris-HCI, 4% SDS, 20% v/v glycerol, 0.2 M
dithiothreitol, 0.02% bromophenol blue, pH 6.8), 1:1
(v/v) at 100 °C for 10 min. followed by centrifugation
3000xg for 1 min. Samples (50 pg of protein) were
immediately electrophoresed by SDS-PAGE (BioRad
Mini Protein Il Electrophoresis gel). Protein bands were
transferred to a nitrocellulose membrane (Amersham).
The membranes were then incubated in blocking solution
[5% non-fat dry milk in TBS (20 mM Tris-HCI, 500 mM
NaCl, pH 7.5)] overnight on a shaker at 4 °C, immuno-
stained for COX-2 using rabbit polyclonal primary
antibodies (Abcam) and for B-Actin using anti- B-Actin
mouse monoclonal primary antibody (Abcam) as a
loading control, was conducting according to
manufacturer’s  instructions.  Subsequently,  the
immunoblots were incubated with secondary antibody
conjugated with horseradish peroxidase enzyme in 1%
BSA in PBS, 0.1% Tween 20. After 1 h incubation at
room temperature the immunodetected  band
visualization was carried out using the chemiluminescent
alkaline phosphatase substrate (Immobilom™ Western).

542



Hala.

Drugs and chemicals

Metformin was obtained from CID Co. (Cairo, Egypt)
dissolved in saline.

Indomethacin: (Nile Co. for pharmaceuticals, Cairo,
Egypt) dissolved in saline.

Freund’s complete adjuvant (FCA) was purchased from
Sigma-Aldrich

Statistical analysis

Statistics was performed using the statistical graph pad
prism 5. One way analysis of variables

(ANOVA) was used. Significant differences between the
groups were determined using a Newman-keuls test.
Data were expressed as means + standard deviation of
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the mean (SD) and the level of significance between
groups were considered significant (*) at p<0.05.

RESULTS

Rat hind paw volume. At beginning of the experiment,
i.e. day 0, no significant difference was found in rat hind
paw volume among all groups. A significant increase in
rat hind paw volume was observed for the adjuvant
injected group (group-11) on day 13, 20, 24, 27 and 30
day compared to the healthy control rats. Meanwhile, the
paw edema volume was significantly reduced in group
treated with standard drug of indomethacin and
metformin treated group which showed significant
difference when compared with the arthritis group (See
Table 1).

Table 1. Effect of metformin on rat hind paw swelling in adjuvant-induced arthritis model.

Groups Dosage1 Rat hind paw volume in ml £ SD
mg Kg Day 0 Day 13 Day 20 Day 24 Day 27 Day 30
Group-I| - 0.850+0.11 1.01+0.10 1.03+0.07 1.05+0.07 1.05+0.33 1.06+0.16
Group-lI - 0.853+0.15 1.86+0.14° 1.85+0.13° 1.85+0.17F | 1.88+0.11* [ 2.02+0.13*
Group-IlI 10 0.840+0.21 1.79+0.15 1.60+0.11* 1.53+0.14* 1.46+0.05* | 1.37+0.05*
Group-1V 200 0.850+0.22 1.81+0.19 1.61+0.12* 1.55+0.08* 1.47+0.06* | 1.37+0.06*
Values are expressed as mean = S.D., n = 8 animals in significantly decreased the concentration of PGE2

each group # Significant result at p<0.05 from normal
control * Significant result at p<0.05 from arthritic
control group.

Effect of metformin on the protein expression of
COX-2 in the synovial tissues of RA rats

To investigate the potential mechanism underlying the
actions of metformin, the protein expression of COX-2
was detected by western blot analysis (Figure 1).
Compared with the normal group, a high level of COX-2
protein expression was detected in the RA model group.
The metformin-treated group exhibited a significantly
decreased COX-2 level in the synovial tissue.
Indomethacin also significantly reduced the level of
COX-2 in synovial tissue.

Group-I Group-  Growp-II  Group-IV

I

Y
- A COX-2
72kDa

o
42 kDa

Figure 1. Effect of metformin on COX-2 protein
expression in the synovial tissues of FCA rat.

Metformin regulates the concentration of PGE2 in
serum

As shown in figure (2), compared with the normal
control group, the concentrations of PGE2 significantly
increased in serum of RA rats. Treatment with metformin
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compared with RA rats. The indomethacin-treated group
demonstrated similar results to the group treated with
metformin.
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Figure 2. Effect of metformin on concentration of
PGE2 in serum of RA model rats

Values are expressed as mean + S.D., n = 8 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from arthritic
control group.

Effect of metformin on serum levels of CRP, IL-1,
IL-6, MDA, NO and TNF-a.

On day 31 after adjuvant inoculation, levels of CRP, IL-
1B, IL-6, MDA, NO and TNF-o in serum were
significantly increased in RA model rats (group Il) than
that of normal control group (group ). After treatment
with metformin all of determined parameters in this test
were significantly decreased (see Table 2). From the
changes of hind paw and the regulation of pro-
inflammation markers by metformin, it was showed that
they slowed the progression of inflammation.
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Table 2. Effect of metformin on CRP, IL-1p, IL-6, MDA, NO and TNF-a in FCA rat.

European Journal of Biomedical and Pharmaceutical Sciences

SIS CRPl NO ) MDA ) |L-1[3l IL-6 ) TNFal
(mg L™) (pmol L) (nmol ml™) (pg ml™) (pg ml™) (pg ml™)
Group-I 0.323+0.019 72.7346.49 31.4743.10 | 34.08+4.08 39.75+5.26 15.67+1.33
Group-II 2.76+0.38%# 154.22+9.22% | 44.96+1.66° | 65.50+8.25% | 104.55+16.80° | 49.36+4.06°
Group-I11 1.61+0.12* 86.52+12.52* | 33.74+2.90* | 39.64+973* | 45.57+5.11* | 19.95+1.54*
Group-1V 1.65+0.14* 04.58+8.39* | 35.51+1.23* | 40.65+7.83* | 47.43+6.72* | 25.67+1.52*

Values are expressed as mean = S.D., n = 8 animals in
each group * Significant result at p<0.05 from normal
control * Significant result at p<0.05 from arthritic
control group.

DISCUSSION

FCA-induced arthritis in rats is widely used experimental
model for inflammatory arthritis sharing several features
of human rheumatoid arthritis (Phadke et al., 1985).
Induction of arthritis in adjuvant exposed rats results in
generation of inflammatory arthritis by acute
periarticular inflammation with synovial mononuclear
infiltration followed by synovial hyperplasia and damage
to articular bone and cartilage just as in the case of
arthritis in human (Kaur and Sultana, 2012). In
rheumatoid arthritis, inflammatory mediators stimulate
inflammation of the synovial tissues which cause soft
tissue swelling along with fluid exudation and cellular
influx in the synovium (Jin et al., 2010).

Metformin, a drug widely used to treat type 2 diabetes,
inhibits inflammation associated with various disease
conditions via blockade of the activity of the
transcription factor NF-kB and the secretion of the pro-
inflammatory cytokines, TNF-a, IL-6 and IL-1p (Isoda et
al.,2006) and the inhibition of COX-2 and inducible
nitric oxide synthase (Kalariya et al.,2012). It is
generally recognized that RA is an immune-mediated
disease with chronic progressive inflammation (Majithia
et al., 2007). The results of the present study
demonstrated that treatment with metformin decreased
paw swelling. Metformin effective in inhibiting the
inflammatory response in the present study is
comparable to other studies (Pryor and Cabreiro, 2015;
Abhimanu and Vijay, 2016).

In various disease conditions, both inflammation and
oxidative stress coexist and contribute to morbidity
(Biswas, 2016). In view of this, the present study
measured the serum level of oxidative stress markers.
The serum level of MDA and NO were significantly
increased in FCA rat model compared to normal control.
Treatment with metformin tend to normalize the levels of
these markers like indomethacin. Metformin protects
against inflammation by maintaining the redox balance.
Inhibiting ROS generation has also been reported as an
important mechanism that contributes to its anti-
inflammatory actions (Malinska et al., 2016).

While inflammatory reactions are not the only features of

RA, they are the main problem in RA patients.
Therefore, controlling inflammatory reactions might be a
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feasible RA treatment method (Choi et al., 2015). The
present study investigated the effect of metformin on the
release of pro-inflammatory cytokines and CRP. Pro-
inflammatory cytokines, such as TNF-a, IL-1f and IL-6
stimulate inflammatory responses in arthritic joints and
synovial tissues; as such, these cytokines have been
reported as potential therapeutic targets for RA
(Imboden, 2009; Mariaselvam et al., 2014 and Chaabo et
al 2015). The present study shows that daily treatment
with metformin suppressed the levels of these pro-
inflammatory cytokines as well as CRP in the serum of
FCA rats. This is in accordance with other study
(Malinska et al., 2016).

Pro-inflammatory enzyme, including Cox-2, has also
been reported to be important for the development of
inflammatory responses, and it is over-expressed during
the inflammatory process. In addition, this enzyme cause
the synthesis and secretion of prostaglandins, including
PGEZ2, which is closely related to pain and inflammatory
symptoms and can lead to pain and inflammation in the
joints of RA patients (Zheng et al., 2014). PGEZ2 is a vital
inflammatory disease mediator, which is important in
inflammatory process (Shindler et al., 2010). A highly
selective COX-2 inhibitor is important in the clinical
treatment of RA (Lichtenberger et al., 2009). In addition,
PGE2 which is excessively expressed in RA, is important
in synovial tissue vasodilation, liquid leakage and pain
(Gheorghe et al., 2011). The present study found a high
expression level of COX-2 protein in synovial tissues
and PGE2 in the serum of FCA model rats. Metformin
was able to reduce overexpression of the COX-2 protein
in synovial tissues and concentrations of PGE2 in the
serum. This is in harmony with other studies (Cho et al.,
2016; Liu et al., 2016 and Tikoo et al., 2016).

In conclusion metformin played a role in alleviating the
inflammatory response. These findings suggest that
metformin could suppress the inflammatory response and
oxidative stress induced by FCA in rat model. Therefore,
metformin may have a therapeutic potential for the
treatment of RA.

Conflict: No conflict of interest.
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