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ABSTRACT
Background and Aim: The present study aims to evaluate the effects of metformin, co-
coa flavanol and their combination as anti-inflammatory and antioxidant drugs. Methods: 
Forty adult male albino mice are divided into five groups: Control, Carrageenan (Cg), Cg 
Metformin (Met), Cg Cocoa and Cg Met Cocoa groups. Cg is used to induce the inflamma-
tion through injection of it in the paw of the hind leg and into the trunk of mice. Also, Met 
is applied intraperitoneally at the same time of Cg injection while Cocoa is received orally 
seven days before carrageenan injection. Biochemical estimation of inflammatory mediators 
(COX-2, PGE2, TNF-α, CRP) and selected oxidative stress markers (MDA, SOD, GSH) was 
performed. Results: This study elucidated the marvellous leverage of the metformin, cocoa 
flavanol and their combination as anti-inflammatory and antioxidant drugs, where metfor-
min and Cocoa decreased all inflammatory mediators (COX-2, PGE2, TNF-α, CRP) with high 
significant (P<0.01) in comparing with Cg group. In addition, the level of MDA is decreased 
significantly (P<0.01), while the levels of SOD and GSH are increased significantly (P<0.01) 
in comparing with Cg group. Interestingly, their combination restored normal levels of the 
inflammatory mediators and the oxidative stress markers. Conclusion: I concluded that Met 
and cocoa are powerful anti-inflammatory substances and can ameliorate the oxidative stress 
that results from inflammation. Additionally, the mixture of them can retrieve the normal levels 
of all measured parameters.
Key words: Cyclooxygenase, Prostaglandin, Metformin, Carrageenan, Cocoa, Inflammation, 
Reactive oxygen species.
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INTRODUCTION
The biguanide metformin is antidiabetic type 2 
drug.[1] Influences of metformin on the formation 
of the glucose from the non-carbohydrate source 
are accredited to activation AMP-Activated Protein  
Kinase (AMPK).[2] Metformin-induced AMPK act 
ivation has caused suppression of acetyl-CoA  
carboxylase, leading to a lessening in hepatic lipid 
gathering and rebuilding of insulin sensitivity.[3] 
Moreover, the activity of Hormone-Sensitive Lipase  
(HSL) that is controlled by reversible phosphorylation  
of serine residues has been stated as repressed by 
AMPK activation.[4] 
Herbal polyphenols have long been considered as 
antioxidants.[5] Flavanols present in the blood and 
vascular structures may rise vascular NO concentra-
tion by interfering with reactions between NO and 
superoxides. Cocoa flavanols and procyanidins have  
straight special effects on the expression and activity of 
Endothelial Nitric Oxide Synthase (eNOS) and have 
powerful antioxidant properties.[5] The term “cocoa” 
refers to the cocoa powder which is the outcome of 
crushing cocoa seeds and the removal of cocoa butter 

from the cocoa solids. Cocoa contains more than 
three hundreds different constituents, with minerals 
(magnesium, potassium, iron and zinc), methylxan-
thines (theobromine and caffeine) and flavanols be-
ing the chief components.[6] The beneficial effect of 
Cocoa Flavanol (CF) on cardiovascular health is pri-
marily produced by enriched vascular function and 
reduced blood pressure, but also includes decreasing 
of oxidative stress and inflammation, the inflexion 
of the lipid and glucose metabolism and lessening of 
platelet clump.[7] 

MATERIALS AND METHODS
Experimental Animals
Forty healthy adult Swiss male albino mice (Mus 
musculus) weighting 30-40 gm were obtained and 
maintained at the Breeding Animal House of the 
Faculty of Medicine, Zagazig University, Egypt. 
Animals were housed in plastic cages at a controlled 
temperature (25±1°C) and humidity level (56±5%) 
in an artificially illuminated room, completely free 
from chemical contamination. They were fed with 
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Hamburg, Germany) according to the manufacturer’s protocol. Briefly, 
a 96-microwell plate coated with a polyclonal antibody to rat TNF-α was 
used. All of the wells were washed four times with washing buffer; finally, 
100 μL of TMB substrate solution was added to all of the wells and the  
plate was incubated in the dark for 10 min at room temperature. The  
enzyme reaction was stopped quickly by pipetting 100 μL of stop solution  
into each well and the plate was read immediately using a micro plate 
reader (VersaMax-Tunable Micro plate, Reader, USA) at 450 nm.
Determination of CRP: Plasma CRP measured according to the  
procedures described in IMMULITE CRP assay kit (Diagnostic Product  
Corporation (DPC) Los Angeles, CA). The sensitivity of the CRP assay  
kit-defined as the concentration two standard deviations above the  
response at zero dose-was ≈1 pg/mL.
Lipid peroxidation estimation (as reflected in amounts of measurable  
MDA): Lipid peroxidation was estimated by measuring the level of  
thiobarbituric acid reactive substances (TBARS) in tissues by the method  
of Niehaus Jr and Samuelsson, 1968.[16] Briefly, The tritiated acid was  
treated with diazomethane, diluted with methyl arachidonate and puri-
fied by chromatography on a column of silicic acid impregnated with 
AgNO. The product was radio chemically pure as judged by thin-layer  
chromatography and gas-liquid chromatography and had a specific  
activity of 5 x l09 disintegrations/min/micromole.
SOD estimation: Superoxide dismutase was assayed using the method  
of Lima et al. 2006.[17] Briefly, The assay mixture in a total volume of  
1 mL consisted of 0.1 mol/L sodium phosphate buffer (pH 7.8) and 
0.08 mmol/L EDTA at a 1:1 proportion. The 0.1 mL of the tissue sample 
(1:1000) after dilution was added to 2.3 mL of distilled water, after which 
1 mL of assay mixture with EDTA and sodium phosphate buffer. The 
increase in absorbance due to oxidation of quercetin at 0 and 20 min 
was measured spectrophotometrically at 406 nm. In the blank, a tissue 
sample was substituted by equal quantities of distilled water. One unit 
of SOD activity is defined as the quantity of the enzyme that inhibited 
quercetin oxidation by 50% under given experimental conditions.
GSH estimation: GSH concentrations were determined by the method 
of Niehaus Jr and Samuelsson, 1968.[16] Briefly, Reduced Glutathione 
(GSH) was measured by reaction with 5,5’-dithiobis(2- nitrobenzoic 
acid) (DTNB) to give a compound that absorbs at 412 nm (Ellman’s  
method). Reduced glutathione in the supernatant fractions was also  
assayed enzymatically using glutathione S-transferase and an excess of 
the other substrate.

RESULTS
Biochemical Estimation of COX-2, PGE2, TNF-α and CRP
In carrageenan group, the mean of all inflammatory markers (COX-2, 
PGE2, TNF-α and CRP) increased with high significant value (P<0.001) 
in comparison with the means of these markers in the control group. 
In Cg Met, Cg Cocoa and Cg Met Cocoa groups, all levels of COX-2, 
PGE2, TNF-α and CRP decreased with high significant value (P < 0.001) 
in comparison with Cg group (Table 1).

Biochemical Estimation of MDA, SOD and GSH in the 
liver
As shown in Table 2, Cg group exhibited a statistically high significant  
(P<0.001) in the level of MDA with the elevation of its mean as  
compared with the control group while the levels of SOD and GSH are 
reduced in comparing with the same group. In Cg Met, Cg Cocoa and 
Cg Met Cocoa groups, all levels of MDA decreased with high significant 
value (P<0.001) in comparison with Cg group while the mean of SOD  
and GSH are elevated with high significant value (P<0.001) in comparison  

standard laboratory food and had free access to food and water. All 
mice received humane care in compliance with the Ethical Committee 
of Zagazig University and in accordance with the National Institutes of  
Health (NIH) Guidelines for the Care and Use of Laboratory Animals. I 
authorize that the experimental protocol was approved by the Zoology 
Department, Faculty of Science, Zagazig University.

Experimental Design: The animals were assigned to five 
groups as follows
Group I (control group): Eight mice that received no treatment for  
2 months.
Group II (Carrageenan group) (Cg. Group): Eight mice injected with  
200 μl of 1% solution of carrageenan in saline into the left hind paw and 
into trunk region subcutaneously under light ether anaesthesia.[8] After 
15 min observing the swelling in left hind paw at the inflammation site.
Group III (Carrageenan+Metformin group) (Cg. Met. Group): Eight 
mice injected with 200 μl of 1% solution of carrageenan in saline into 
the left hind paw and into trunk region subcutaneously under light ether 
anaesthesia[8] then metformin is dissolved/diluted in isotonic saline and  
applied Intraperitoneally (I.P.) in a volume of 2 mL/kg body weight, me 
tformin was administered at the same time as carrageenan.[9]

Group IV (Carrageenan+CoCoa group) (Cg. Coca. Group): Eight mice  
injected with 200 μl of 1% solution of carrageenan in saline into the  
left hind paw and into trunk region subcutaneously under light ether  
anaesthesia[8] Also, received Cocoa orally 7 days before carrageenan  
injection (4.6 g flavanols/Kg.b.w.)[10] 
Group V (Carrageenan+Metformin+ CoCoa group) (Cg. Met. Coca 
group): Eight mice injected with 200 μl of 1% solution of carrageenan in 
saline into the left hind paw and into trunk region subcutaneously under 
light ether anaesthesia[8] then metformin is dissolved/diluted in isotonic 
saline and applied intraperitoneally (I.P.) in a volume of 2 mL/kg body 
weight, metformin was administered at the same time as carrageenan.[9]  
Also, received 5% Cocoa orally 7 days before carrageenan injection (4.6 g  
flavanols/Kg.b.w.).[10]

At the end of the experiment, blood samples were collected[11] and then 
mice in all groups were sacrificed after 6 hr of carrageenan injection[12] 
via intraperitoneal injection of 25 mg/kg sodium thiopental.[13] The time 
points when the drugs were administered were chosen according to the 
data about the time course of carrageenan-induced hyperalgesia and the 
time course of antihyperalgesic effects produced by the examined drugs.[14]

COX activity assay: COX activity was measured by using an enzyme 
immune assay kit (Cayman cat no.760151). The kit measures the peroxidase  
activity of cyclooxygenase. The peroxidase activity was measured  
colorimetrically by monitoring the appearance of oxidized N, N, N’, N’ - 
tetramethyl-p-phenylenediamine (TMPD). According to manufacturer’s 
instructions, animals were perfused with Tris-HCl, testis were removed 
and homogenized in cold Tris– HCl buffer followed by centrifuging at  
10,000 g for 15 min at 4°C and the supernatant stored at 8°C until  
assayed. The samples were assayed in triplicate and each sample was  
assayed for COX-2 activity using isospecific inhibitors supplied with the 
kit.[15] 
Prostaglandin levels assay: Total PGs in the tissue samples were quantified  
using an enzyme immuno assay kit (Cayman kit cat no.514012). This  
assay is acetylcholinesterase (Nardi et al.) Competitive enzyme assay. The 
PG-AChE conjugate (PG tracer) competes with the PG in the sample in 
binding to the PG anti-serum, which in turn binds to the antibody in the  
well. The number of PG tracers bound to the well is inversely propor-
tional to the amount of free PG present in the well during incubation.[15]

Determination of TNF-α: Levels were estimated in the rat’s plasma 
using rat specific TNF-α sandwich ELISA (IBL International GmbH, 
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Table 1: Levels of COX-2, PGE2, TNF-α and CRP in various study groups.

Control Carrageenan Carrageenan Metformin
(Cg Met)

Carrageenan Cocoa
(Cg Cocoa)

Carrageenan Metformin+Cocoa
(Cg Met Cocoa)

COX-2 (ng/mL) 71.94± 0.89 95.34± 1.07a 81.64± 1.1b 87.38± 0.61b 74.70± 1.06b

Sign. P < 0.001** 0.001** 0.001** 0.001**

PGE2 (pg/mL) 44.44±0.99 220.66± 2.16a 104.61± 3.21b 144.55±3.43b 69.71± 3.59b

Sign. P < 0.001** 0.001** 0.001** 0.001**

TNF-α (pg/ml) 158.5±2.66 357.43±2.82a 183.90± 4.87b 221.11± 6.28b 161.16± 4.80b

Sign. P < 0.001** 0.001** 0.001** 0.001**

CRP (mg/dl) 0.25± 0.02 0.63± 0.03a 0.36± 0.019b 0.37± 0.026b 0.21± 0.039b

Sign. P < 0.001** 0.001** 0.001** 0.001**

a: Negative highly Significant between control and Carrageenan, b: Positive highly Significant both Carrageenan and other parameters, ** Highly Significant

Table 2: Levels of MDA, SOD and GSH in the liver of various study groups.

Control Carrageenan Carrageenan 
Metformin (Cg Met)

Carrageenan Cocoa
(Cg Cocoa)

Carrageenan Metformin+Cocoa (Cg 
Met Cocoa)

MDA (nmol/ mg of protein 0.17± 0.01 0.83±0.026a 0.28±0.008b 0.39±0.018b 0.20±0.007b

Sign. P < 0.001** 0.001** 0.001** 0.001**

SOD (U/mg of protein) 4.18±0.143 1.61±0.125a 3.41±0.128b 2.44±0.128b 4.02±0.059b

Sign. P < 0.001** 0.001** 0.001** 0.001**

GSH (nmol/ mg of protein) 0.53±0.011 0.16±0.045c 0.44±0.025d 0.32±0.025d 0.57±0.0.017d

Sign. P < 0.001** 0.001** 0.001** 0.001**

a: Negative highly Significant between control and Carrageenan, b: Positive highly Significant both Carrageenan and other parameters, c: Positive highly Significant 
between control and Carrageenan, d:Negative highly Significant both Carrageenan and other parameters, ** Highly Significant.

with Cg group. In Cg Met Cocoa group all levels of MDA, SOD and GSH 
become slightly near to the normal levels of the control group.

DISCUSSION
Various types of inflammation are induced by Carrageenan such as paw 
oedema and acute monoarthritis experimentally. In rodents, it induces 
inflammation, which has widely been approved as a suitable model for 
examining the efficiency of anti-inflammatory and/or analgesic drugs.[18] 
WBCs count and platelets are increased at the site of inflammation after 
carrageenan injection due to the discharge of inflammatory cytokines, 
which elevates the recruitment of neutrophil counts.[19] COX-2 regulates  
the production of the modifiable arachidonic acid pathway in inflamma-
tory cells for curing and restoring. Therefore, stopping the releasing of 
COX and inhibiting the production of prostaglandins, is a vital way to 
prevent inflammatory response.[8] Guay, et al. found that the stimulation  
of COX-2 that occurs in the central nervous system during carrageenan-
induced paw inflammation leads to an elevation in PGs, prostacyclin and 
TX in the early phase and to a large increase in PGE2 production linked 
to selective up-regulation of mPGES-1.[20]

Our results showed that injection of Cg caused elevation of the mean of 
all inflammatory markers as COX-2, PGE2 with high significant value 
(0.001) in comparison with the means of these markers in the control 
group. This comes in the same line of Nantel et al. who statd that Cg 
intraplantar injection prompts a significant rise of COX-2 expression, 
as well as prostaglandin E2 manufacture.[21] Where induction of inflam-
mation in paw by carrageenan is biphasic: the first phase occurs within 
1 hr of carrageenan inflammation and is associated with the release of 
the neurotransmitters as histamine and serotonin. The second phase 
(over 1 hr) is triggered by an amplified production of prostaglandins in 
the inflammatory zone and the two phases are mediated by kinins.[22] 
In the prostaglandin (PGE2) biosynthesis pathway, (COX-2) is the main 

enzyme that stimulates the conversion of arachidonic acid to PGE2.
[23] 

Chopade, et al. explained that Cg elevates COX-2 and PGE2 levels due to 
a positive feedback mechanism that, controls COX-2 expression in case 
of chronic inflammatory muscle hyperalgesia.[24] 
In the present study, Cg group appeared a significant increase in the level 
of TNF-α and CRP after the induction of inflammation by Cg. These 
results are agreed with Ogata, et al. who demonstrated that Cg induced 
WBCs to release TNF-alpha due to carrageenan appears to increase 
TNF-a mRNA in WBCs.[25] Interestingly, Vazquez et al. demonstrated that  
Cg-induced paw edema has systemic consequences characterized by the  
augmented level of acute-phase proteins and lung inflammatory responses 
including lung edema, fibrin deposition and leukocyte infiltration.[26]

These results are interpreted where, inflammatory reactions, infections, 
or tissue injury stimulate acute phase proteins synthesis, such as CRP. 
It is manufactured primarily in the liver, but it may also be created by 
local inflammatory cells in the range of tissue damage.[27] Vazquez et al. 
determined the CRP levels after carrageenan injection and found that its 
levels elevated at 2 hr, peaked at 8 h and did not return to baseline even 
at 48 hr.[27] Most inflammatory biomarkers such as fibrinogen and CRP 
elevated significantly after the inflammation response.[28]

Our biochemical results proved that metformin act as an anti-inflamma-
tory drug where administration of metformin, greatly reduced the levels 
of all inflammatory mediators (COX-2, PGE2, TNF-α and CRP). These 
consequences are explained by Z.-s. Wang et al. who speculated that met-
formin reduced the activation of macrophages subsequent to ischemia and 
repressed the expression of COX-2 and Caspase-3 and, thereby, dimin-
ished the inflammatory responses and apoptosis of the epithelial cell of 
the renal tubule.[29] Also, Liu et al. found that metformin treatment can 
reduce synthesis of COX2 and PGE2 and suppress the functions of mac-
rophages, such as LPS induced synthesis of IL-6 and TNF-α.[30] They also, 
found that metformin uses its anticancer effects by inhibiting COX2/PGE2 
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cells.[44] Metformin cleans the ROS from brain tissue By prompting the 
production and increasing the activity of the antioxidant system, such 
as SOD.[45]

Our results are in the same line with Decroix, et al. who demonstrated a 
12% decrease in MDA after 14 days of CF intake compared to baseline.[46] 
In addition, CF protects against oxidative stress and inflammation.[46] CF 
can reduce Reactive Oxygen Species (ROS) formation (e.g. superoxide) 
and repress the formation of peroxynitrite because of their antioxidant 
capacities.[46] Also Taub et al. stated that 3 months of CF intake leads to 
an increased ratio of reduced vs. oxidized gluthathione (GSH:GSSG).[47] 
These resluts are explained by other reports Steffen, et al.[48] which stated 
that CF, act not only as a direct scavenger to deactivate ROS,[49] but also 
promote the expression and activity of endogenous antioxidants, such 
as SOD, GSH, catalase and GPX.[46] Synergistic effects of Metformin and 
Cocoa flavanol on antioxidants were great where the mixture of them 
showed a fabulous impact against ROS and regulates the levels of MDA, 
SOD and GSH to be nearly normal.

CONCLUSION
We conclude that Metformin and cocoa have amazing anti-inflammatory  
and antioxidative effects against carrageen-induced inflammation espe-
cially the combination between then can give a stronger effect more than 
using each one alone.
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