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Abstract 

In this study, the role of CoQ10 and berberine in the treatment of ischemia-reperfusion injury is researched by analyzing 
the biochemical effects of CoQ10 and berberine administered after experimental ischemia-reperfusion injury in rats. 32 
Sprague-Dawley 200-250 g male rats were randomly divided into four equal groups as weighting, including: control, 
ischemia-reperfusion (I/R) and experimental groups treated with CoQ10 (10 mg/kg dose, 3 times with 8 h 
intervals) and berberine (200 mg/kg dose, 3 times with 8 h intervals) that were administered by intragastric way to the 
I/R+ CoQ10 and I/R+ berberine group before two hours ischemia two hours reperfusion with tourniquet. In the sham 
group, only gastrocnemius muscle were removed and given no CoQ10 and Berberine. By the completion of reperfusion; 
all rats were anesthetized with ketamine and xylazine, sacrificed after taking samples to measure levels of blood lactate 
dehydrogenase (LDH), creatine kinase (CK); MDA, MPO, GSH, SOD, GPx and CAT in blood and muscle tissues. Compared 
to control group, ischemic-reperfusion injury significantly increased plasma LDH, CK; MDA and MPO levels, decreased 
GSH, SOD, GPx and CAT activities of blood and muscle tissues. Treatments groups showed significantly decreased MDA 
and MPO levels, increased GSH levels, SOD, GPx and CAT activities compared to the IR group. Our results suggest that 
CoQ10 and Berberine may protect or treat against oxidative damage on ischemia-reperfusion injury and that can be 
benefical treating association with lower extremity ischemia-reperfusion injury. 
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Abbreviations 

 Reactive oxygen species (ROS), Creatine kinase (CK), Lactate dehydrogenase (LDH), Total protein (TP), 
Malondialdehyde (MDA), Reduced glutathione (GSH), Superoxide dismutase (SOD), Glutathione peroxidase (GPx), 
Catalase (CAT). 

1. Introduction

Ischemia is one of the most widespread damage that are mostly caused by decreased blood flow to an organ various 
reasons such as transplantation, thrombosis, surgical procedures, hypovolemia, energy production stopping and lack of 
oxygen and nutrients that occurs in vascular substrates of the tissues [1]. While reconstituting blood flow to tissues in 
an ischemia may contribute to their survival, it may also cause simultaneous damage during reperfusion. This is known 
as ischemia-reperfusion (I/R) injury.  

The rat hind limb ischemia-reperfusion (I/R) injury and extremity vascular injury model resembles human diseases 
including extremity vascular injury [2], peripheral artery disease [3] and tourniquet application [4], which might 
sometimes lead to multiple organ failure and death.  
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Coenzyme Q10 (CoQ10) is a vitamin like nutrient which known as ubidecarenone or ubiquinone and lipid-soluble 
compound. It is found in the mitochondria, cell mebranes, lipoproteins in blood and all tissues’cell in the body. CoQ10’s 
primary role in cellular energy production, the electron transport chain, along the inner mitochondrial membrane. It is 
a component in oxidative phosphorylation converting products of proteins, fats and carbohydrates metabolism into 
energy as ATP [5]. It has been considered that CoQ10 may be effective in treatment particular pathological events as an 
antioxidant supplementation.  

Berberine is an isoquinoline derived alkaloid extracted from Rhizoma Coptidis, which has been widely used in clinical 
owing to its multiple biochemical and pharmacological effects [6, 7]. Berberine, is an isoquinoline alkaloid, major 
component of Cortex phellodendri and Rhizoma coptidis which medicinal use in both Chinese and Ayurvedic medicine. 
Recently, berberine has been shown to powerful neuroprotective effects against ischemic damage [8, 9]. Berberine 
exerts antitumor, antiviral, antioxidant, neuroprotective, antiapoptotic and anti-inflammatory properties in various 
animal models of central nervous system related Alzheimer’s disease, the anterior part of brain ischemia, Parkinson’s 
disease (PD), depression, and anxiety disorders [10, 11].  

Although the mechanisms of hind limb I/R injury are complicated, accumulating evidence has suggested that reactive 
oxygen species (ROS) and inflammation play a crucial role in the pathogenesis of hind limb I/R injury. Cellular damage 
is a critical and widespread clinical event after reperfusion of beforehand viable ischemic tissues in lower extremity. 
The mechanism of ischemia-reperfusion is multifactorial and involves divergent biological mechanisms, such as ion 
accumulation, immune activation and the formation of toxic reactive oxygen species (ROS) defined as free radicals [12, 
13]. ROS are the most important key molecules in the reperfusion injury and toxic substances produced in various 
clinical conditions [14, 15]. Oxidative stress is known as a disturbance between the antioxidant and prooxidant balance 
resulting in cell injury by oxidation of lipids, proteins and DNA [16]. In tourniquet-related surgery or major vascular 
surgery procedures involving ischemia-reperfusion injury. In this reason, it is not possible to distinguish between 
oxidative stress caused by surgical procedures and oxidative stress caused by ischemia-reperfusion.  

Ischemia/reperfusion injury in skeletal muscles can be fixed by antioxidant agents which binds free oxygen radicals. To 
date, a number of drugs, physical methods and chemicals have been investigated to protect skeletal muscle against 
ischemia- reperfusion injury. It is also of clinical importance to know the preventive effects of muscle damage during 
tourniquet-induced ischemia and reperfusion. The purpose of this study was to investigate the effect of both CoQ10 and 
berberine on lower extremity muscle I/R injury, which may happen often after the tourniquet method. 

2. Material and methods 

2.1. Chemicals 

Coenzyme Q10 was bought from SOLGAR. All of other chemicals and Berberine used were of analytical level and were 
bought from the Sigma Chemical Co. (St. Louis, MO, USA). Coenzyme Q10 and Berberine protected from sunlight. 

2.2. Animals 

The experimental protocol were conducted according to the ethical norms approved by the Ethic Committee of 
Experimental Animal Teaching and Researcher Center (No: 06.10.2017, 36643897-000-E.1700276378-132). Rats were 
obtained from the Medical and Experimental Application and Research Center (ATADEM), Erzurum, Turkey. Thirty-two 
Sprague–Dawley male rats weighing between 200–250 g were used in this experimental study.  Throughout the animal 
experiments were processed following the internationally accepted ethical guidelines for the care of laboratory animals. 
Prior to the experiments, rats were accommodated in the standard laboratory conditions with a temperature-controlled 
room 210C (+/- 2) with natural light and dark cycle (12 / 12 hours light:dark) and humidity (55+/-5%) were fed and 
water adlibitium, in order to adapt to the laboratory conditions. Before from the study, animals were fasted overnight, 
but were allowed free access to water. All rats were anesthetized with ketamine (60 mg / kg) and xylazine (8 mg / kg). 
Except for the control group, common femoral arteries and collateral flow were occluded tightly with rubber 
tourniquets, the proximal of the left extremity and ischemia was confirmed by cyanosis and temperature drop in the 
left lower limbs of the other 3 groups were applied to 2 hours of ischemia and 2 hours of later tourniquate was released 
and reperfusion was initiated. Reperfusion was verified by edema, the extremity return to normal temperature, 
receiving pulse and the extremity colour changed to pink. Seven animals were used for each group of study. Rats were 
divided into the following groups. 
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2.2.1. Control Group 

0.5 mL 0.25% CMC was administered by gastric gavage 3 times at 8 hour intervals. Blood samples were obtained from 
the aorta abdominalis under anesthesia for biochemical analyzes. Tissue specimens were taken under anesthesia from 
the left extremity. 

2.2.2. I/R Group 

0.5 mL 0.25% CMC was administered by gastric gavage 3 times at 8 hour intervals. Under the anesthesia, 2 hours 
tourniquet was applied to the lower extremity (low temperature and cyanotic claw marks the occurrence of ischemia). 
Subsequently, the tourniquets were opened and reperfusion was applied for 2 hours (the pinking of the claws and the 
increase in temperature indicate reperfusion) and afterwards, the abdomen was opened with midline incision, and 
blood samples for biochemical analysis were taken from Aorta abdominalis. Tissue samples were taken from the left 
extremity. 

2.2.3. I/R+CoQ10 Group 

Prior to ischemia formation, rats were dosed with gastric gavage at a dose of 10 mg/kg (3 times at 8 hour intervals) 
from 0.5 mL CoQ10 (It was dissolved in 0.25% CMC). After 30 minutes, under anesthesia, 2 hours tourniquet was applied 
to the lower extremity. Subsequently, the tourniquets were opened and reperfusion was applied for 2 hours, and 
afterwards, blood and tissue samples were taken as they were in the sham group. 

2.2.4. I/R+Berberine Group 

Prior to ischemia, rats were given 200 mg/kg (3 times at 8 hour intervals) from 0.5 mL Berberine (It was dissolved in 
0.25% CMC) by gastric gavage. After 30 minutes, under anesthesia, 2 hours tourniquet was applied to the lower 
extremity. Subsequently, the tourniquets were opened and reperfusion was applied for 2 hours, and afterwards, blood 
and tissue samples were taken as they were in the sham group. 

2.3. Biochemical analysis in plasma 

Whole blood was collected into lithium heparinised tubes from Aorta abdominalis. Plasma was obtained from these 
whole blood samples by centrifugation (3000 rpm for 10 min) and used for the determination of the biochemical 
parameters. Lactate dehydrogenase, creatine kinase activities were analyzed in the plasma using commercially available 
diagnostic kits with a Beckman Coulter AU5800 (USA) auto analyser. Plasma MDA [17], MPO [18], GSH levels [19], GPx 
[20], SOD [21] and CAT activities [22] were measured with Biotek ELISA Reader (Bio Tek μQuant MQX200 Elisa 
reader/USA). The protein concentration was also measured in the plasma according to the method of Lowry et al [23]. 

2.4. Biochemical analyzes in the gastrocnemius muscle 

The muscle tissues were homogenized in Qiagen TissueLyser II using a buffer of 1.15% KCl to obtain 1:10 (w/v) 0.1 M 

phosphate buffer (pH 7.4) to obtain a 1:10 (w/v) homogenate. Homogenates MDA [24], MPO [18], GSH [25, 26] levels, 
GPx [20], SOD [21] and CAT [22] activities were measured with Biotek ELISA Reader (Bio Tek μQuant MQX200 Elisa 
reader/USA). The protein concentration was also measured in the supernatant according to the method of Lowry et al 
[23]. 

2.5. Statistical analysis 

Data were analyzed using SPSS software package, version 22.00. Statistical analysis was done by one-way analysis of 
variance (ANOVA). Post-hoc Tukey’s test was used to compare the biochemical parameters between the groups. P values 
<0.05 were considered as significant. The results are expressed as mean±standard error (SEM) for each group. 

3. Results 

Results of plasma biochemical parameters were shown in Table 1. In this study, plasma CK, LDH, MDA levels and MPO 
activities of the I/R group increased significantly compared with the control group. CK, LDH, MDA levels and MPO 
activities in I/R+CoQ10 and I/R+Berberine groups was found to be significantly decreased compared with I/R group. 
Besides, plasma GSH levels, GPx, SOD and CAT activities significantly reduced in the IR group compared with control 
group. Also, it was found that plasma GSH levels, GPx, SOD and CAT activities were increased by treatment of CoQ10 and 
Berberine compared with the IR group. 



Apaydin and Batil / GSC Biological and Pharmaceutical Sciences 2019, 09(03), 127–133 

130 
 

Table 1 CK, LDH, MDA, MPO, GSH, GPx, SOD and CAT values of all groups in plasma. 

GROUPS  CK(U/mL
) 

LDH 

(U/mL) 

MDA 
(mmol/L) 

MPO 

(U/mL) 

GSH 
(mmol/L) 

GPx 

(U/mL 
protein) 

SOD (U/mL 
protein) 

CAT 

(kU/L) 

C 1.56±0.04
d 

2.66±0.05
d 

19.67±0.10
c 

10.45±0.16
d 

3.37±0.05a 0.27±0.01
a 

18.66±0.12
a 

251.23±2.42
a 

IR 4.79±0.09
a 

6.69±0.06
a 

28.56±0.09
a 

20.34±0.08
a 

2.37±0.11c 0.20±0.00
c 

10.97±0.14
d 

158.54±0.29
d 

IR+COQ10 2.29±0.06
b 

3.95±0.18
b 

20.50±0.08
b 

15.55±0.16
b 

2.91±0.04b 0.24±0.00
b 

14.22±0.22
c 

210.39±3.25
c 

IR+Berberin
e 

1.94±0.03c 3.24±0.07
c 

19.60±0.27
c 

14.18±0.08
c 

3.11±0.05a

b 
0.25±0.00
b 

15.88±0.27
b 

236.14±3.25
b 

P 0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

a,b,c,d Values followed by the different letters in the same columns are significantly different (*** P<0.001). 
 

Results of muscle tissues biochemical parameters were shown in Table 2. In this study, muscle tissue MDA levels and 
MPO activities of the I/R group increased significantly compared with the control group. MDA levels and MPO activities 
in I/R+CoQ10 and I/R+Berberine groups was found to be significantly decreased compared with I/R group. Besides, 
muscle tissue GSH levels, GPx, SOD and CAT activities significantly reduced in the IR group compared with control group. 
Also, it was found that muscle tissue GSH levels, GPx, SOD and CAT activities were increased by treatment of CoQ10 and 
Berberine compared with the IR group.  

There was a statistically significant difference between the groups when they were compared among themselves by 
means of biochemical parameters in plasma and skeletal muscle tissue (P<0.001) (Table 1-2). 

Table 2 MDA, MPO, GSH, GPx, SOD and CAT values of all groups in muscle tissues. 

GROUPS  MDA 
(nmol/g 
tissue) 

MPO (U/mg 
tissue) 

GSH 
(mmol/g 
tissue) 

GPx 

(U/g protein) 

SOD (EU/mg 
protein) 

CAT 

(kU/g tissue) 

C 18.00±0.19c 6.21±0.11b 2.15±0.00a 0.16±0.00a 26.51±0.28a 277.87±0.41a 

IR 55.84±1.15a 12.06±0.22a 1.92±0.02c 0.11±0.00c 20.04±0.18d 175.46±1.10c 

IR+COQ10 25.07±0.15b 5.33±0.11c 2.11±0.01b 0.14±0.00b 22.81±0.19c 250.40±1.55b 

IR+Berberine 20.26±0.20c 6.21±0.66b 2.14±0.00ab 0.15±0.00b 25.14±0.28b 253.03±1.54b 

P 0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

0.000 

 *** 

a,b,c,d Values followed by the different letters in the same columns are significantly different (*** P<0.001). 

4. Discussion 

Tourniquet-induced ischemia leads to progressive vascular, nerve and muscle injury. It is clear that skeletal muscles are 
more exposed to ischemia than other tissues. Damage to muscles is the most critical aspect of reperfusion in the limbs. 
The degree of skeletal muscle damage is directly related to the severity and duration of ischemia. Accurate 
determination of the time of muscle death is difficult because the microscopic and macroscopic changes are very small. 
Researcher showed that 3 h ischemia in the muscle rat led to significant muscle damage. The injury was very severe 
after 4, 5 and 6 h ischemia that these led to 3 % loss of functional activity control [27]. In general, as reperfusion 
progresses, systemic inflammatory response syndrome and multiple respiratory, excretory and circulatory system 
organ failure follow local muscle necrosis and edema [28, 29].  
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Cellular damage after reperfusion of previously viable ischemic tissues in lower extremity is a common and critical 
clinical incident. When blood flow is re-established after reperfusion, secondary metabolites such as oxygen free 
radicals are produced as a result of oxidation of metabolites and are spread throughout the body via systemic 
circulation. Skeletal muscle I/R injury could be elicited by multiple pathological etiologies, which can cause significant 
injury with serious remote organ dysfunction [30, 31].  

The role of oxidative stress in the setting of hind limb I/R injury is well demonstrated in previous studies [31-33]. I/R 
process promoted oxidative stress with over production of ROS that might directly damage cellular membranes by lipid 
peroxidation [34]. In the present study, the effects of CoQ10 and Berberine on tourniquet- induced ischemia-reperfusion 
injury were investigated. We found that CoQ10 and Berberine treatment can significantly attenuate the hind limb I/R 
injury. 

We investigated the effects of CoQ10 and Berberine on the level of plasma CK, LDH, plasma and muscle tissue MDA 
levels, MPO activities, GSH levels, GPx, SOD and CAT activities. Our data showed that the level of plasma CK, LDH, plasma 
and muscle tissue MDA and MPO activities were increased in I/R group compared with control group, while GSH levels, 
GPx, SOD and CAT activities were reduced. Administration of CoQ10 and Berberine could decrease the level of plasma 
CK, LDH, plasma and muscle tissue MDA and MPO activities and increase GSH levels, GPx, SOD and CAT activities, our 
results thus suggesting that CoQ10 and Berberine could protect against I/R in rat. 

5. Conclusion 

On the basis of these results, we can suggest that CoQ10 and Berberine in reducing I/R injury in gastrocnemius muscle 
tissues, this antioxidants can be effective to reduce I/R injury of skeletal muscles. The main goal of the present study 
was to examine CoQ10 and Berberine effects on I/R injury of gastrocnemius muscle. Further research is needed to 
elucidate the action mechanism in hindlimb I/R and must be more detailed in order to fully establish this kind of 
conclusions. 
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