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Introduction
 

iabetes is the most common metabolic 

disorder characterized by 

hyperglycemia due to absolute or 

partial insulin deficiency (1). The liver is one 

of the major organs in the body that plays an 

important role in metabolism, preservation and D 
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Abstract 
Objective: The use of non-enzymatic antioxidants in food 

supplements and proper exercise can have a positive effect on 

decreasing oxidative stress by free radical hunting. The purpose of 

this study was to investigate the effect of aerobic training and L-

carnitine supplementation on some of the oxidative stress factors in 

the liver of diabetic rats. 

Materials and Methods: In this experimental study, 45 male 

wistar rats (200-300 gr) were randomly divided into six groups: 1) 

sham group, 2) healthy control group 3) diabetic control group, 4) 

diabetic group receiving L-carnitine, 5) diabetic group of aerobic 

training, 6) diabetic group of aerobic training and receiving L-

carnitine. The aerobic exercise protocol included six weeks, five 

sessions per week on the treadmill. After intervention, 

malondialdehyde (MDA), superoxide dismutase (SOD), and 

glutathione peroxidase (GPX) levels were determined in liver tissue.  

Results: Six weeks of aerobic exercise had a significant effect on 

MDA factor in hepatic tissue in diabetic rats (P-value: 0.024). 

However, supplementation (P-value: 0.868) and combined 

intervention of aerobic exercise and supplementation of L-carnitine 

(P-value: 0.465) did not have the significant effect on MDA factor. 

Also, 6 weeks of aerobic training, supplementation of L-carnitine, 

and combined intervention had no significant effect on SOD and 

GPX factors of hepatic tissue in diabetic rats (P-value> 0.05).  

Conclusion: L-carnitine supplementation with regular exercise can 

have beneficial effects on hepatic antioxidant defense system in rats 

with type 2 diabetes. 

Keywords: Aerobic training, L-carnitine, Antioxidant enzymes, 

Oxidative stress 
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maintenance of blood glucose levels in the 

normal range, so that increasing blood glucose 

leads to an imbalance in oxidation-reduction 

reactions within hepatocytes. In this way, 

hyperglycemia, by increasing the production 

of advanced glycolysis end products, 

facilitates the production of free radicals by 

interfering with the production of intrinsic 

scavengers of free radicals such as superoxide 

dismutase and catalase, leading to cell damage 

(2).  

In general, it seems that two processes play a 

role in the development of liver lesions. A 

state is a metabolic disorder that occurs in all 

patients and is probably related to advance 

glycosylated end products that are responsible 

for thickening and increasing the fibrosis, and 

the other is increasing oxidative stress (1). 

Oxidative stress, which is an imbalance 

between the production of free oxygen radicals 

and the body's antioxidant defense capacity, is 

strongly associated with diabetes and its 

complications. Hepatic cells in patients with 

diabetes may develop degenerative changes 

due to excessive glycogen accumulation. 

Sometimes severe hyperglycemia also 

increases the osmolality of hepatic cells, and 

cells develop degenerative changes. The 

aforementioned set indicates the importance of 

diabetes in developing liver lesions (1,3).  

Regarding the production of free radicals by 

diabetes and exercise, the ways to reduce the 

negative consequences of diabetes and the 

production of free radicals is questionable. 

Using anti-oxidant agents can be useful in this 

regard. The antioxidants with different 

mechanisms decrease the intensity of oxidative 

stress reactions and their molecular effects on 

macromolecules such as lipids, proteins and 

DNA. (4) 

L-carnitine has antioxidant properties. L-

carnitine is a non-protein amino acid produced 

from lysine and methionine amino acids (5). 

L-carnitine facilitates the β-oxidation of long 

chain fatty acids, affects the metabolism of 

branched-chain amino acids, and fixed cell 

membranes (6). Many studies have reported 

that L-carnitine protects antioxidant enzymes 

against oxidative damage. Various studies 

have also been conducted on the effects of L-

carnitine on antioxidant enzymes and 

contradictory results have been obtained (7,8). 

The purpose of this study was to investigate 

the effect of aerobic training and L-carnitine 

supplementation on some of the oxidative 

stress factors in the liver of diabetic rats. 

 

Materials and Methods 
In the present study, 45 rats weighing 200 to 

300 grams were raised at the Razi Vaccine and 

Serum Research Institute. The male rats were 

randomly divided into 6 groups. The untrained 

animals set on the treadmill for one week's to 

maintain familiarity with the new environment 

without training them. These six groups 

include: sham group (5 rats), healthy control 

group (8 rats), diabetic control group (8 rats), 

diabetic group plus L-carnitine (8 rats), 

diabetic group of aerobic training (8 rats) and 

diabetic group of aerobic training plus L-

carnitine (8 rats). 

During the research period, animals were kept 

in transparent polycarbonate cages with 

dimensions of 15 × 15 × 30 cm manufactured 

by Razi Rad Company at ambient temperature 

from 20 to 22º C with a light cycle of 12.12 

hours of darkness and air humidity of 55 to 65 

Percentages. They were also maintained with 

proper ventilation and were fed to pellets using 

feeds from livestock feed production centers. 

Diabetes was induced to 32 rats with 

peritoneal injection of 95 mg/kg nicotinic 

amide and a single dose of STZ (55 mg / kg). 

The rats in control group received the same 

buffer value. Rats with a serum glucose level 

between 300-360 mg / dL were considered 

diabetic. L- Carnitine dose was 100 mg orally 

(9,10). 

The aerobic training groups also performed an 

exercise program, including aerobic training 

on a treadmill, five days a week, from 9:00 to 

11:00, for six weeks (11), as follows: The 

aerobic exercise protocol included five 

sessions per week, 20 minutes, speed 10 

meter/minute and a zero-degree gradient in the 

first week, gradually reaching 40 minutes at 6 
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weeks, speed 20 meter/minute and 5 degrees’ 

gradient. It should be noted that in the 

literature, this training intensity for diabetic 

rats is equivalent to the intensity of the lactate 

threshold (11, 12), and equivalent to 

approximately 75% of the maximum oxygen 

consumed (13), which is considered to be 

relatively high for diabetic rats (14). In order 

to stimulate the rats to run, the audio stimuli 

(hit the treadmill wall) was used. During 6 

weeks, control group rats walked on a 

treadmill for one session per week for 5 

minutes, speed 10 meters per minute and with 

a zero gradient to know treadmill. After 6 

weeks, all rats were anesthetized with 

chloroform solution through breathing and 

texture was done. Finally, for the measurement 

of malondialdehyde (MDA), the Satho method 

evaluated the GPX activity of glutathione 

peroxidase using the Biorex kit and the SOD 

superoxide dismutase activity by 

Winterbourne method. To describe the data, 

central tendency indicators were used. Shapiro 

Wilk test was also used to check the normality 

of the data distribution. For analyzing the data, 

two-way ANOVA and Tukey's post hoc test 

were used with SPSS - 21 and the significance 

level was P-value≤ 0.05. Finally, Excel 

software was used to draw charts.  

 

 

 

 

Ethical considerations 
This study was approved by the ethics 

committee of Sport Sciences Research 

Institute of the Ministry of Science, Research 

and Technology of Iran (code 

IR.SSRI.REC.1397.337). 

 

Results 
The results showed that six weeks of aerobic 

exercise had a significant effect on MDA 

factor of  hepatic tissue in diabetic rats(P-

value:0.024). However, L-carnitine 

supplementation (P-value: 0.868) and 

combined intervention of aerobic exercise and 

L-carnitine supplementation (P-value: 0.465) 

did not had a significant effect on MDA factor 

(figure 1). Regarding to SOD, six-week of 

aerobic training (P-value: 0.626), L-carnitine 

supplementation (P-value: 0.671), and 

combined aerobic training and L-carnitine 

supplementation (P-value: 0.173) had no 

significant effect on SOD factor (figure 2). 

The results also showed that six weeks of 

aerobic training (P-value: 0.102), L-carnitine 

supplementation (P-value: 0.172) and 

combination of aerobic training and L-

carnitine supplementation (P-value: 0.140) rats 

did not had a significant effect on the GPX 

(figure 3). Table 1 shows the effects of six 

weeks of aerobic exercise on MDA factor in 

hepatic tissue in diabetic rats. 

 

 

 
Figure 1. Difference between MDA Levels of hepatic tissue after interventions 
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Discussion 
In the present study, SOD did not change 

significantly in experimental groups. 

Regarding the indicators of oxidative stress 

and physical activity, studies have been 

conducted that their results vary according to 

the type, intensity and duration of training, 

also in different sexes and on humans and 

animals (15). 

It has also been shown that L-carnitine 

improves liver dysfunctions and lipid disorders 

caused by a high-fat diet in through regulating 

fat metabolism and antioxidant capacity (16). 

 
 

Figure2. Difference between SOD Levels of hepatic tissue after interventions  

 

 
 

Figure 3. Difference between GPX Levels of hepatic tissue after interventions  

 

Table 1. The effects of six weeks of aerobic exercise on MDA factor in hepatic tissue  
P-value* Mean difference Groups 

0.012 * 4.533 Sham group -  diabetic control group 
* 0.044  3.848 Aerobic training – Diabetic control 

0.82 1.382 L-carnitine - Diabetic control 

 0.011 4.586 L-carnitine and aerobic training - Diabetic control 

 0.985 0.684 Aerobic training - sham group 
 0.139 3.151 L-carnitine - sham group 

 1 0.052 L-carnitine and aerobic training – sham group 

 0.347 2.466 L-carnitine - Aerobic training 

 0.980 0.737 L-carnitine  and Aerobic training- Aerobic training 

 0.129 3.204 L-carnitine  and Aerobic training - L-carnitine   
*-ANOVA and Tukey's post hoc test 
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The mechanism of the effect of L-carnitine on 

the oxidative indices is not specified 

accurately. The carbonyl L-carnitine group can 

stabilize free radicals from the carbon-alpha 

side by pair and protect the components of the 

plasma against the toxic effects of the active 

oxygen species and nitrogen.  Cao et al in 

2013 (17) showed that intravenous injection of 

a dose of 1000 milligrams of L-carnitine in 12 

healthy individuals increased the activity of 

the enzyme superoxide dismutase. In Samadi 

et al study in 2014 (18), the mean serum 

glutathione level in healthy subjects was 

significant in the L-carnitine group. According 

to the type of patient and the dose of L-

carnitine, the contradiction with the above 

research can be justified. It has been argued 

that L-carnitine can potentiate its antioxidant 

effects by increasing glutathione levels by 

inducing transcription of genes involved in the 

glutathin biosynthesis, increasing 

bioavailability, producing and maintaining it. 

Shokrzadeh et al. (7) showed that L-carnitine 

increases the glutathione level of the liver in 

rats, according to the dose. Therefore, in the 

current study, brighter results can be obtained 

in hepatic levels of SOD in diabetic subjects 

with changing the dose of L-carnitine. Several 

mechanisms have been proposed to justify the 

response of antioxidant enzymes to exercise. 

In some studies, increases in glutathione 

peroxidase levels have been observed after 

exercises (19), which may indicate an increase 

in glutathione stores as glutathione oxidase 

coenzyme. During the action of glutathione 

peroxidase, Glutathione resuscitation is 

converted to glutathione oxide, which itself is 

also converted into Glutathione resuscitation 

by glutathione reductase enzyme using 

NADPH (19). 

Physical activity plays a key role in regulating 

the balance between the formation of reactive 

species and the antioxidant mechanisms, 

thereby reducing oxidative stress, reducing the 

risk of chronic diseases. The first mechanism 

that affects the oxidative stress indices after 

exercise is the training status (type, intensity, 

and duration of training). Interestingly, acute 

exercise not only causes a temporary increase 

in oxygen production of reactive oxygen 

species and nitrogen species, but also provides 

stimuli for the defense of endogenous 

antioxidants (20). This issue has been 

confirmed in Animals without activity whose 

levels of oxidants have increased in response 

to acute exercise. Long-term exercise with this 

effect confronts the increase of antioxidant 

enzymes and, consequently, the reduction of 

the production of free radicals. Studies on 

mice also show that endurance exercises 

increase levels of antioxidants and antioxidant 

enzymes in the skeletal and cardiac muscles. 

Long-term exercise with this change is 

countered by the increase in antioxidant 

enzymes, resulting in reduced free radical 

production. Studies on mice also show that 

endurance exercises increase levels of 

antioxidants and antioxidant enzymes in 

skeletal and cardiovascular muscles, thereby 

protecting against oxidative stress (19).  

In many studies on the effects of training on 

oxidative stress, acute and endurance exercises 

reduce the risk of exercise-induced oxidative 

stress (21). The findings of the present study 

are not compatible with the results of 

Shreelaxmi et al., in 2011 (22) and Thirumalai 

et al. in 2011 (15) which showed that acute 

and endurance sports activities reduce the 

oxidative stress of exercise. L-carnitine has 

antioxidant properties and its deficiency can 

lead to increased oxidative stress (23). Also, 

the plasma concentration of L-carnitine has a 

positive correlation with its nutritional intake. 

Therefore, supplementation with L-carnitine 

may be helpful in reducing oxidative stress 

and improving the inflammatory status of 

people with diabetes (24). 

 The baseline level of hepatic L-carnitine in 

the present study may have a direct impact on 

its level after intervention. It seems that there 

is a contradiction between the findings of 

various studies on the effects of L-carnitine 

supplementation during sport activities due to 

differences in exercise methods and exercise 

tests, the amount or length of use of L-

carnitine, Intensity of work or volume and 
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time of activity that requires more studies with 

all aspects and simultaneous measurement of 

the antioxidant variables of the liver. Previous 

studies have shown that increasing the activity 

of antioxidant enzymes and decreasing the 

level of lipid peroxidation that occurs after 

exercise, has important implications for the 

prevention of complications of diabetic 

apoptosis and oxidative stress induced tissue 

damage (25). Regular exercise activity has 

been shown to increase the activity of 

antioxidant enzymes, increase the resistance to 

oxidative stress and, consequently, reduce 

oxidative damage (26). In addition, regular 

exercise has been effective in preventing and 

delaying diabetes, increasing insulin 

sensitivity, and improving glucose metabolism 

(27).  

The mechanism that reduces the lipid 

peroxidation by reducing the concentration of 

MDA in the exercise group is glycemic control 

and reducing the parameters of the fat profile 

in the exercises, which have important effects 

on the reduction of oxidative stress parameters 

and provide more support for evidence of the 

potential protective effect of exercise against 

stress Oxidative in diabetic patients. 

Significantly, the results of the studies show 

the effects of exercise on glycemic control and 

oxidative stress, which can also be useful in 

treating MDA concentration in diabetic and 

non-diabetic patients, which decreases after 

six hours of exercise per week (22). One of the 

other important mechanisms for the ability to 

protect cells from exercise can be the ability to 

block the formation of free radicals. The 

reactive oxygen species in the mitochondrial 

electron transfer chain are produced as a 

natural product, but when their levels exceed 

the antioxidant capacity of the cell, they can 

lead to cell death. Oxidative stress caused by 

active oxygen species is highly associated with 

diabetes and its complications, and can cause 

cell death through various pathways (28).  

Increasing the transmission of fatty acids to 

mitochondria and reducing fatty acids appears 

to be responsible for the main reason for 

reducing peroxidation of the hepatic tissue of 

diabetic rats after exercise. Further studies are 

needed to explore this mechanism. One of the 

reasons for the increase of malondialdehyde 

index may be due to increased production of 

free radicals in the electron transfer chain, 

which is proportional to the increase in oxygen 

consumption. Also, the reduction of 

malondialdehyde in the liver tissue may be due 

to the antioxidant effect or the effects of 

reducing sugar and reducing exercise lipid. 

Some studies have reported that there is a 

direct relationship between increased serum 

malondialdehyde and increased 

malondialdehyde in red blood cells. That is, 

severe physical activity leads to oxidative 

damage in blood cells such as red blood cells 

and lymphocytes (29). However, some other 

studies have reported that serum 

malondialdehyde does not change or decrease 

with antioxidant supplements after moderate 

or severe aerobic activity (29), which is in line 

with the results of this research. The results of 

this study are not consistent with Mahfouz, et 

al in 2009 (30) which indicate that the change 

in malondialdehyde does not change with use 

of L-carnitine supplementation in diabetic rats. 

Hajian et al. in 2017 (31) showed that the 

malondialdehyde of the liver tissue was 

decreased in the group treated with L-carnitine 

(300 mg / kg) compared to the diabetic control 

group and they showed that in the diabetic 

group treated with L-carnitine (300 mg / kg) in 

the form of gavage for 30 days compared to 

the non-treated diabetic group, the level of 

malondialdehyde in the liver tissue of diabetic 

rats was significantly reduced. Considering 

that high oxygen saturation is one of the most 

important reasons for increasing oxidative 

stress factors, and the response of oxidative 

stress to exercise and supplements of L-

carnitine is influenced by factors such as 

health status, age, gender, race, genetics, 

physical fitness, individual differences, 

different tissue responses, muscle fibers and its 

types, severity and duration of exercise, and 

reduction in the intake of antioxidant food in 

the daily diet (32). Finally, the variety of lipid 

peroxidation indices, different measurement 
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methods and sensitivity in different researches 

can lead to different results. 

The limitations of the present study are lack of 

measurement of L-carnitine at the baseline and 

after intervention, and differences in nutrition, 

rest and daily activity of rats during the study. 

 

Conclusions 
L-carnitine supplementation intake with 

regular exercise can have beneficial effects on 

body’s antioxidant defense system and 

decrease oxidative stress in rats with type 2 

diabetes. So, in diabetic patients L-carnitine 

supplementation with regular exercise are 

recommended. 
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