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INTRODUCTION 

Ischemic reperfusion injury means the tissue damage 

occurred when blood flow returns to tissue after a period 

of ischemia or lack of oxygen. deprivation of oxygen and 

nutrients during the period of ischemia results in a 

condition in which restoration of circulation leads to 

inflammation and oxidative damage of the tissues through 

oxidative stress induction rather than (or along with) 

restoration of normal function. It is a serious problem 

because it doesn’t only affect local tissue but can also 

result in life-threatening damage to many organs.1 Skeletal 

muscles are a common target for ischemic reperfusion 

injury due to predominant anaerobic metabolism during 

prolonged muscular contraction.  

Moreover, normal muscle perfusion is deliberately 

interrupted through application of tourniquets in cases of 

vascular surgery and management of hemorrhage.2 Using 

of arterial tourniquet is clinically common in both trauma 
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and other clinical settings for achieving hemostasis. 

However, it may induce ischemia-reperfusion injury 

which greatly limits the clinical utilization of the 

tourniquet.2  

Susceptibility to ischemia reperfusion injury is increased 

in diabetes mellitus especially in skeletal muscles as a 

result of wide spread small and large vessel diseases due 

to accelerated atherosclerosis, activation of aldose 

reductase pathway and accumulation of advanced glycated 

end products. It is a major risk factor for cellular 

inflammation and oxidative stress.3  

In this work, the implication of induction of diabetes on 

generation of ischemic reperfusion injury in rat 

gastrocnemius model was investigated. The above-

mentioned tissue represents a highly vulnerable site of this 

ischemic reperfusion injury. In addition, the possible 

beneficial effect of metformin and co-enzyme q10 was 

investigated.  

The choice of such drugs stems from the fact that they 

activate important anaerobic defense mechanisms against 

reperfusion injury namely AMP kinase and mitochondrial 

hydrogen transport.4 The dosage regimens based on pilot 

experiments. They lie within human therapeutic range 

after conversion to rat dose using pajet and barns.5 

For fulfilment of the above-mentioned goals the following 

parameters were investigated. Glycated hemoglobin 

(Hb1AC), serum level of muscle specific enzyme CPK-

MM and a muscle specific cytokine (myokin) namely IL6, 

inflammatory parameters namely transforming growth 

factor beta (TGF-β), tumor necrosis factor alpha (TNF-α), 

oxidative state parameters namely estimation of reduced 

glutathione (GSH), malondialdehyde (MDA) and 

superoxide dismutase (SOD) activity as well as caspase-3 

level as an indicator of apoptosis in skeletal muscle 

homogenates. 

METHODS 

Drugs and chemicals 

Coq 10 was purchased (MP Biomedicals, OH, USA). 

Metformin (Merck, Germany). Both in powder form. All 

drugs were dissolved in water and were freshly prepared 

before use. Phosphate and citrate buffer were purchased 

from (Sigma Chemicals, St. Louise, USA). 

Animals 

Total 80 male adult Sprague Dawley rats weighing 150-

200 g were obtained from experimental animal breeding 

farm, (Helwan-Cairo).  

They were caged 8 per cage in well ventilated place at 

room temperature in animal house at Department of 

Pharmacology, Benha Faculty of Medicine, Benha 

University, Egypt.  

They allowed free water and standard food for 7 days for 

acclimatization. During the whole period of experiment, 

animals were treated humanically according to the 

protocol of handling of experimental animals of Benha 

faculty of medicine, Benha University, Egypt. 

Animal grouping 

Rats were divided into 10 weight matched groups of 8 

animals. 

Group I 

Normal control (non -diabetic, no ischemia). 

Group II 

Non diabetic ischemic group (I/R) in which rats were 

subjected to 2 hours of ischemia followed by 2 hours of 

reperfusion. The animals were initially anesthetized with 

intraperitoneal pentobarbital and their hind leg shaved. 

They were subjected to 2 hours of ischemia of their hind 

limbs using the Tourni-Cot method followed by 2 hours of 

reperfusion. Limb perfusion before and after the Tourni-

Cot method was confirmed via a laser doppler unit.6 

Group III 

Diabetic (no ischemia) (DM) was served to investigate the 

effect of induction of diabetes mellitus by a single I.P. 

injection of streptozotocin (STZ) (65 mg/kg body weight), 

15 minutes (min) after I.P. administration of nicotinamide 

(NAD) (110 mg/kg) on tested parameters. Serum glucose 

concentration was measured after 72 hours and on the 7th 

day of start of experiment. The animals which showed non 

fasting glucose concentration more than 250 mg/dl were 

considered diabetic and enrolled in experiment. Others 

were excluded.7 

Group IV 

Diabetic ischemic group (DM+I/R) in which diabetes was 

induced as group II and hind limb ischemic reperfusion 

injury was induced after 28 days of induction of diabetes 

Group V 

Non diabetic ischemic group+co-enzyme q10 (I/R+Q10) 

in which co-enzyme q10 was administrated at a dose of 20 

mg/kg intramuscular (I.M.) in gluteal muscles and 10 

mg/kg intraperitoneally (I.P.) at 24 hours and 2 hours 

before ischemic reperfusion injury according to protocol 

suggested by Miles MV.8 

Group VI 

Non diabetic ischemic group+metformin (I/R+Met). The 

tested drug was administrated in a dose of (150 mg/kg 

bw/day P.O.) for 28 days before ischemic reperfusion 

injury. 
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Group VII 

Non diabetic ischemic group+co-enzyme q10+metformin 

(I/R+Q10+Met), in which I/R was induced as group II and 

tested drug were administrated as group V and VI. 

Group VIII 

Diabetic ischemic group+co-enzyme q10 (D.M+I/R+Q10) 

in which diabetes mellitus was induced as group III and 

tested drug was administrated as group V on 27th and 28th 

from induction of diabetes. 

Group IX 

Diabetic ischemic group+metformin (DM+I/R+Met). In 

which diabetes mellitus was induced as group III and 

tested drug was administrated as group VI after 28 days of 

induction of diabetes. 

Group X 

Diabetics ischemic group+co-enzyme q10+metformin 

(DM+I/R+Q10+Met). In which diabetes mellitus was 

induced as group III, Q10 and metformin were given as in 

group VIII and IX respectively. 

Procedure 

• Diabetes mellitus was induced in group III, IV, VIII, 

IX, X by NAD and STZ as previously described.  

• Metformin was administrated to groups VI, VII, IX, 

X orally for 28 days.  

In 27th day of experiment, Q10 was administrated in 

groups V, VII, VIII and X as single I.M. injection. 

At the end of the study (28 days after induction of 

diabetes). Another I.M. injection of Q10 was administrated 

to groups V, VII, VII and X. Then ischemia reperfusion 

was by Tourni-Cot method.6 

• All rats then were fixed on operating table and the 

blood samples were taken from the heart by the 

technique described by Parasuraman S et al.9 Blood 

samples were incubated at 37ºC until blood clotted 

and then centrifuged at 3000 revolution per minute 

(rpm) for 15 min for separation of serum and analysis 

of tested biochemical parameters.  

Tissue samples (0.5 g) were obtained from gastrocnemius 

muscle in both limbs of each animal. They were washed in 

saline and used for preparation of muscle tissue 

homogenates. They were homogenized in a phosphate 

buffer (1:10 w/v, pH 7.4) using iced glass homogenizer. 

The homogenates were centrifuged at 15000 g for 10 

minutes at 4ºC. 100 µl was kept at 4ºC and used for 

determination of total protein of the samples using 

Bradford assay.10 The rest of supernatant was stored at 

80ºC for determination of oxidative and apoptotic 

parameters. 

Biochemical analysis of serum level of CPK 

It was determined by ELISA using commercially available 

kits (RAT CK-MM ELISA KIT, life diagnostic, Inc., P.O. 

Box 5205, West Chester, PA.) according to the 

manufacturer’s instructions. 

Serum levels of TNF-α  

It was measured by ELISA using commercially available 

kits according to the manufacturer’s instructions 

(Quantikine HS, R and D Systems, Minneapolis, MN, 

USA).  

Serum TGF-β1 levels  

It was measured by quantitative sandwich ELISA using 

kits supplied from R and D Systems (Europe, Ltd., United 

Kingdom).  

Determination of serum concentration of IL-6  

IL-6 content in serum was measured according to Nolan Y 

et al, by solid phase ELISA using a rat IL-6 kit (Ray 

Biotech, Norcross, USA).11 

Measurement of MDA and SOD 

SOD was assessed spectrophotometrically.12 MDA level 

was measured according to the method of Esterbauer and 

Cheeseman spectrophotometrically.13 

Measurement of reduced glutathione (GSH) 

GSH level was measured by colorimetric method.14 

Measurement of caspase-3 concentration in muscle 

tissue homogenate  

Quantitative determination of tissue caspase-3 was 

measured using Correlate-Assay, Caspase-3 Colorimetric 

Assay Kit, (Catalog no. 907-013).15 

Results are presented as mean±standard deviation 

(mean±SD). Statistical analysis was performed using one-

way analysis of variance (ANOVA) to detect over all 

significant differences between the group means followed 

by t-test to detect difference between individual groups 

probability (P) values of <0.05 were considered as 

statistically significant.  

RESULTS 

In this work, experimental induction of diabetes mellitus 

type II and or hind limb I/R in rats resulted in significant 

increase of serum level of TGF-β1 (Table 1), IL-6 and 
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TNF-α (Table 2) in association with significant increase of 

tissue SOD activity and MDA tissue level (Table 2). This 

was accompanied with significant reduction of GSH (Table 

2) and significant increase in tissue level of caspase-3 

(Table 1) compared to normal control group. Non diabetic 

non treated I/R group showed similar qualitative changes 

but the magnitude of changes was less than diabetic 

ischemic groups regarding all tested parameters except IL6 

which was equi-effective. Treatment with long term oral 

metformin or short term parenteral Q10 either singly or in 

combination improved above mentioned parameters in 

either non diabetic or NAD/STZ diabetic hind limb 

ischemic reperfusion groups. It was noticed that long term 

oral metformin in NAD/STZ diabetic hind limb ischemic 

reperfusion group proved to be better than short term 

parenteral Q10 as regards all tested parameters except 

caspase-3 and GSH in which either drug was equi-

effective. The best results were obtained on combination of 

both drugs (Table 1 and 2). In non-diabetic ischemic 

reperfusion groups, metformin and Q10 were equi-

effective except for reducing level of TNF α, IL6, caspase-

3, CK-MM and TGF-β which were better in metformin 

treated group (Table 3, Figure 1A, 1B and 1C). On the 

other hand, Q10 was better in GSH skeletal muscle tissue 

level elevation (Table 3). 

 

Table 1: Effect of metformin and or co-enzyme q10 in a rat model of hind limb I/R on top of DM type II on average 

(Mean±SD) serum Hb1AC (%), CK-MM, Caspase-3 and TGF β1 (n=8). 

 Hb1AC (%) CK-MM (IU/L) Caspase-3 (Pg/ml) TGF-β1 (Pg/ml) 

Normal control 4.25±1 320±21.1 0.65±0.01 2.15±0.86 

DM 8.8±1.9a 700±35.5a 10.1±1.3a 19.22±1.5a 

DM+I/R 10.4±2.1a,b 4800±53.8a,b 13.1±2.1a,b 25.01±2.7a,b 

DM+I/R+Q10 7.01±1.3a,b,c 2900±50.6a.b.c 7.2±1.2a,b,c 13.45±1.8a,b,c 

DM+I/R+ Met 5.11±1.8b,c,d 2200±70.1a,b,c,d 8.3±2.3a,b,c 9.21±1.2a,b,c,d 

DM+I/R+Q10+Met 4.5±0.9b,c,d 1500±130.8a,b,c,d,e 3.7±0.6a.b.c.d.e 5.11±0.9a,b,c,d,e 

a: Significant compared with normal control group at P >0.05, b: Significant compared with DM group at P >0.05, c: Significant compared 

with DM+I/R group at P >0.05, d: Significant compared DM+I/R+Q10 group at P >0.05, e: Significant compared DM+I/R+Met group at 

P >0.05. 

Table 2: Effect of metformin and or co-enzyme q10 in a rat model of hind limb I/R on top of DM type II rats on 

average (Mean±SD) SOD activity, GSH, MDA, IL-6 and TNF-α (n=8). 

 SOD 

(U/mg protein) 

GSH 

(nmol/mg protein) 

MDA  

(pmol/mg protein 
IL-6(pg/ml) TNF-α (pg/ml) 

Normal control 2.9±0.8 65.5±11.5 46.15±9.5 18±6.5 80.57±11.5 

DM 5.7±1.5a 20.17±3.4a 136.1±18.7a 57±5.8a 285±20.1a 

DM+I/R 9.8±2.0a,b 12.15±2.1a,b 175.2±13.2a,b 75±8.4a,b 390±19.6a,b 

DM+I/R+Q10 3.1±0.9b,c 32±7.1a,b,c 97.1±12.1a,b,c 47±2.3a,b,c 184±31.2a,b,c 

DM+I/R+Met 4.3±1.1a,b,c,d 40±6.8a,b,c 78.6±8.6a,b,c,d 38±3.6a,b,c,d 145±12.1a,b,c,d 

DM+I/R+Q10+Met 2.2±0.7b,c,d,e 55.21±10.5b,c,d,e 51.41±7.2b.c.d.e 28±1.9a,b,c,d,e 113.3±10.9a,b,c,d,e 

a: Significant compared with normal control group at P >0.05, b: Significant compared with DM group at P >0.05, c: Significant compared 

with DM+I/R group at P >0.05, d: Significant compared DM+I/R+Q10 group at P >0.05, e: Significant compared DM+I/R+Met group at 

P >0.05. 

Table 3: Effect of oral administration of metformin and or parenteral co-enzyme q10 in a rat model of hind limb 

ischemia reperfusion on average (Mean±SD) SOD, GSH, MDA, IL-6 and TNF-α (n=8). 

 
SOD 

(U/mg protein) 

GSH 

(nmol/mg protein) 

MDA 

(nmol/mg protein) 
IL-6 (pg/ml) TNF-α (pg/ml) 

Normal 2.9±0.8 65.5±11.5 46.15±9.5 18±6.5 80.57±11.5 

I/R 7.1±1.6a 18.2±3.4a 120±17.6a 78±18.5a 320±11.8a 

I/R+Q10 3.3±1.2b 51.2±13.6b 55±13.8b 49±12.4a,b 170±13.2a,b 

I/R+Met 4.2±1.3b 35±8.2a,b,c 59±11.8 b 24±7.6b,c 105±12.5b,c 

I/R+Q10+Met 3.1±0.9b 59.3±15.8b,d 49.04±15.3b 21±7.4b,c 99.51±21.2b,c 

a: Significant compared with normal control group at P >0.05, b: Significant compared with I/R group at P >0.05, c: Significant compared 

with I/R+Q10 group at P >0.05, d: Significant compared with I/R+Met group at P >0.05. 
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a: Significant compared with normal control group at P >0.05, b: Significant compared with I/R group at P >0.05, c: Significant compared 

with I/R+Q10 group at P >0.05, d: Significant compared with I/R+Met group at P >0.05. 

Figure 1: Effect of oral administration of metformin and or parenteral co-enzyme q10 in a rat model of hind limb 

I/R on average (Mean±SD). A) CK-MM (IU/L), B) Caspase-3 (Pg/ml), C) TGF-β1 (Pg/ml). 

 

DISCUSSION 

In this work, a model of ischemic reperfusion injury was 

induced in gastrocnemius muscle of rats. Ischemic 

reperfusion events are common in muscular tissue as it is 

exposed to anaerobic condition during prolonged muscle 

contraction followed by reperfusion and regeneration of 

reducing equivalents during rest. This condition is more 

obvious in hind limb muscles.16 

The adopted model of ischemia reperfusion caused marked 

muscle injury and inflammation manifested as increase 

release of CK-MM, myokin (IL6) and TNF-α in plasma. 

This was associated with a state of oxidative stress 

manifested by marked increase MDA and SOD and 

reduction of GSH. 

This can be explained by the fact that during ischemic 

period, anaerobic metabolites namely adenosine, uric acid 

as well as calcium and sodium accumulate. During 

reperfusion, anaerobic metabolites are re-oxidized into free 

radicals which activate inflammatory and apoptotic 

mechanisms. Moreover, increase intracellular calcium 

results in reduced potential across mitochondrial 

membrane, increase their permeability to calcium which 

may lead ultimately to long term mitochondrial 

dysfunction and permanent apoptotic changes manifested 

in this work as significant rise in caspase-3.1 The role of 

free radicals as a causative factor for inflammation was 

demonstrated by Connor EM et al, who showed that 

reactive oxygen metabolites may also initiate and/or 

amplify inflammation via up-regulation of several different 

genes involved in the inflammatory response, such as those 

that code for pro-inflammatory cytokines and adhesion 

molecules.17 This may occur by the activation of certain 

transcription factors, such as NF-κB. The latter is a 

regulator of numerous genes involved in the inflammatory 

and apoptotic response.  

The above-mentioned mechanisms may explain the 

elevation of TNF-a, TGF- β and caspase-3 level in this 

work. This was in agreement with Cutrin JC et al, who 

reported that I/R injury is mainly resulted from generation 

of ROS especially during reperfusion leading to increased 

oxidative damage and organ dysfunction.18 Moreover, 

Hunt JV et al, suggested that tourniquet may induce 

skeletal muscle ischemia-reperfusion injuries via 

superoxide overproduction and reduced antioxidant 

activity associated with muscle damage confirmed by high 

level of CKMM.19 

In this work, diabetes was induced by streptozotocin and 

NAD. Streptozotocin is nitrosourea derived alkylating 

antineoplastic agent that is particularly toxic to the insulin-

producing beta cells of the pancreas in mammals. 

Streptozotocin is similar enough to glucose to be 

transported into the cell by the glucose transport protein 

GLUT2 but is not recognized by the other glucose 

transporters. This explains its relative toxicity to beta 

cells.20 NAD has a protective effect of islet cells against 

cytotoxic effect of streptozotocin.21 Probably through 

inhibition of ADP-ribose polymerase which not only 

decreases consumption of NAD+, the substrate of PARP, 

but also suppressed gene expression of early steps of 

apoptosis.22  

Multiple mechanisms may explain diabetes induced 

oxidative stress. One of them is autoxidation of 

accumulated α hydroxyglyceralde to H2O2 and α-

ketoaldehydes which can form the highly toxic hydroxyl 

radical.23,24 

The observed oxidative stress is coupled with significant 

increase in TNF-α and transforming growth factor β. This 

may be linked with hyperglycemia through formation of 

glycated end products that increase expression pro-

inflammatory genes including TNF-α.25 

A B C 
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Present results are in agreement with Islam who cited that 

diabetes and its complications caused by the increased 

levels of free radicals and systemic pro-inflammatory 

cytokines as well as by an abnormal lipid profile.26 

Oxidative stress involved in diabetes mellitus could be 

explained by Daniel EF et al, who reported that the 

increased extra- and intracellular glucose concentrations 

results in increased ROS with reduction in the antioxidant 

body defenses thus causing tissue injury.27 Also, Guz G et 

al, cited that the initial cellular response to hyperglycemia 

is the generation of ROS followed by rapid activation of 

the Bax-caspase proteases pathway resulting in induction 

of apoptotic cell death.28 

The above-mentioned oxidative stress in either 

ischemia/reperfusion and type II diabetes may be 

responsible for the observed elevation of caspase 325 and 

TGF-β observed in DM+I.R group in this work.29,30 

Regarding the elevated plasma level of interleukin 6 in 

diabetic model, it is in agreement with Aruna DP et al, who 

considered it as a marker and a risk factor for development 

of type II diabetes as it increases gluconeogenesis and 

lipolysis.31 Kristiansen OP et al, correlated its raised level 

with increase susceptibility for inflammation.32 

The mechanism of increase IL6 level in type II diabetes 

may be mediated by hyperglycemia induced advanced 

glycated end products as a compensatory feedback 

mechanism against rise of inflammatory mediators such as 

TNF-α. 

Induction of I/R in diabetic group augmented oxidative 

stress, TNF-α, IL6 elevating effects through combination 

of above explained causative factors in both tested 

experimental models. The state of diabetic control was 

deteriorated due to increase the release of free radicals that 

augments insulin resistance. CK-MM was markedly 

increased compared with either model alone which 

reflected accelerated muscle injury probably due to 

amplification of ischemic conditions as a result of 

microvascular complications of diabetes.33 

Treatment with Q10 markedly ameliorated glycemic 

control, oxidative stress, pro-inflammatory, pro-apoptotic 

parameters and muscle injury parameters in tested animal 

model. This may be attributed to the double action of tested 

drug in improving mitochondrial electron transport by 

serving as trans-membrane electron transport intermediate 

as well direct free radical scavenger.34,35 This may explain 

the observed improvement in oxidative stress state. The 

latter is the key player in activation of NFκB. Its 

suppression may explain the observed improvement of pro-

inflammatory, pro-apoptotic parameters. Gholami M et al, 

demonstrated a cross talk between TNF-α and NFκB which 

can be activated by TNF-α involved in systemic 

inflammation.36 In response to TNF-α, NF-κB is 

phosphorylated and translocated into the nucleus. 

Therefore, specific target genes of pro-inflammatory 

mediators and cytokine production become immediately 

up-regulated. 

Q10 induced improvement of oxidative stress may also 

explain the improvement of glycemic control manifested as 

marked decrease in HB1AC as free radical formation is one 

of the triggering factors for insulin resistance.33 This is in 

agreement with Fouad AA et al, who reported that Q10 

showed a significant reno-protective effect against STZ-

NAD induced diabetic nephropathy by improving some 

oxidative stress and inflammatory markers.37 

Q10 exerted significant improvement of muscle 

metabolism manifested by reduction of muscle specific 

cytokine IL6 and muscle specific enzyme creatine 

phosphokinase. This may be mediated through above 

explained improvement in mitochondrial function with 

possible consequent decrease in intracellular calcium in 

muscle fibers. This result is supported by clinical trials 

showing that tested drug may improve statin induced 

myopathy.38 

The results of metformin treatment in DM+I/R group was 

in line with that of Q10. Metformin caused significantly 

more improvement in glycemic control, muscle parameter 

CKMM and IL6 and most of oxidative stress parameters. 

Moreover, it exerted marked prophylactic effect in I/R 

group. 

Metformin has antihyperglycemic effect through increase 

tissue insulin sensitivity due to increase expression of 

insulin receptors and tyrosine kinase enzyme as well as 

increase release of glucagon like peptide and inhibition of 

hepatic glycogenolysis.4 In addition, it has an antioxidant 

effect via inhibition of mitochondrial respiratory chain 

complex 1 which inhibits both aerobic oxidation and ROS 

formation.39 The consequent low energy state activates 

AMP kinase pathway which increase glucose uptake, 

anaerobic oxidation and fatty acid oxidation in skeletal 

muscles.4 This may explain improvement of muscle 

specific parameters (reduction of CKMM and IL6) in both 

diabetic and non-diabetic I/R groups. The decrease in free 

radical synthesis explains the improvement of parameters 

related to free radical mediated inflammation. 

In accordance with the results, Danielle DV et al, reported 

that metformin can minimize oxidative damage in muscles 

of hypoinsulinemic rats.39 In addition Wilma HO et al, 

postulated that metformin down-regulates the scavenger 

receptors in macrophages in obesity induced type II 

diabetes in mice resulting in reduction of pro-inflammatory 

cytokines translocation in macrophages.40 

Within the dose limits used in this work, metformin proved 

to be more powerful antihyperglycemic, antioxidant, anti-

inflammatory than Q10 and equi-effective as regard anti-

apoptotic effect. This may be related to the fact that Q10 

acts mainly through antioxidant effect. While, metformin 

has additional antihyperglycemic action.  
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The protocol of metformin is suitable to prevent slow and 

prolonged oxidative stress mediated complications in DM. 

On the contrary that of Q10 is suitable to prevent sudden 

vascular events in diabetic patients as during vascular 

surgery. Combination of both tested drugs produces more 

powerful effect than each other alone. Both drugs were 

proved to be more effective in diabetic than non-diabetic 

model of ischemic reperfusion injury. This may be 

attributed to their specific anti-hyperglycemic effect which 

is required in treatment of diabetic model in addition to 

antioxidant effect which works in both diabetic and 

ischemic reperfusion models.  

CONCLUSION 

In conclusion, one may postulate that co-enzyme q10 can 

be used as add on therapy with metformin in order to 

decrease the deleterious effects resulted from hind limb 

ischemia reperfusion. It is recommended to make use of the 

direct anti-inflammatory activity of metformin and 

investigate its effect on diseases where inflammation is the 

main pathophysiological event. 
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