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Abstract 

Oxidative stress is involved in the pathogenesis of many diseases. Hyperthyroidism is associated with increased 
oxidative tissue damage. The aim of this study is to investigate whether if there is any protective effect of a 
regular endurance exercise on oxidative stress in kidney tissues of rats with experimental hyperthyroidism. 
Twenty-three male Spraque Dawley rats were divided into four groups: Control, hyperthyroid, exercise and, 
hyperthyroid with exercise. Hyperthyroid was induced in rats by subcutaneous injections at a dosage of 250 µg 
L-thyroxine per kg body weight and hyperthyroidism was confirmed by the measurements of TSH, FT3 and FT4 
in serum. Endurance training lasted 8 weeks and consisted of 45 minutes daily treadmill running at a speed of 23 
m/minute for 5 days a week. The levels of MDA, GSH and, GSH-Px activity were measured in kidney 
homogenates. MDA level of the hyperthyroid group was significantly higher than those of the control 
group(p=0.022). On the other hand, the MDA level of the exercise group was significantly lower than the MDA 
level of the hyperthyroid group (p=0,001). GSH level and GSH-Px activities were lower in the hyperthyroid 
group comparing the control group (p<0.05). GSH level and GSH-Px activity in the exercise group were higher 
than compared with the hyperthyroid group (p<0.05). The results of our study show that L-thyroxine injection 
may increase oxidative stress by causing lipid peroxidation at kidney tissues and endurance training may 
decrease oxidative stress. 
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1. Introduction 

Thyroid gland is one of the largest endocrine glands in the body, which secretes thyroxine and triiodothyronine 
hormones called T4 and T3. The most common effect of thyroid hormones in many mammal species is that 
tissues increase the metabolic rate and rate of oxygen use (1-3). Thyroid hormones show this effect on energy 
metabolism by making many changes in the activity and number of some mitochondrial respiratory chain 
components including oxygen consumption and oxidative phosphorylation. Accelerated mitochondrial electron 
transport caused by hypermetabolic condition induced by thyroid hormone results in an increase in the formation 
of superoxides in the ubiquinone region(3, 4). The resulting superoxide radicals lead the formation of many 
reactive species, including hydroxyl radicals, which rapidly initiate the free radical process of lipid peroxidation 
(3). Thyroid hormones increase the oxidative system by inducing basal metabolic rate and specific mitochondrial 
enzymes, resulting in free radical formation (5). Hyperthyroidism, on the other hand, increases these effects (3). 

Free radicals are compounds that affect all important components of cells such as lipid, protein, 
carbohydrates and DNA, produced in a significant amount in the body, carrying one or more unshared electrons 
in the outer orbits and showing reactive properties. Free oxygen radicals cause peroxidation of membrane 
phospholipids in the pathogenesis of tissue destruction in many pathological conditions. The most important of 
its harmful effects is the oxidation of poly unsaturated fatty acids. Hydroxyl, singlet oxygen and superoxide 
radicals and peroxyl and alkoxylate radicals play a role in oxidation (6, 7). There are some mechanisms in cells 
that prevent, destroy or partially reduce oxidative damage. The substances that inactivate oxidants with direct 
effect are antioxidants.  The antioxidant defense system performs the protective role during the functioning of 
normal metabolism. The balance during the formation and removal of free radicals in the body is maintained by 
this antioxidant defense system. If the situation deteriorates in favor of the radical formation, the body may face 
many diseases (8, 9). 

In addition to physical exercise having many beneficial effects on health, there are also indications that 
reactive oxygen types and free radical formation increase especially during severe exercise and that oxidative 
damage occurs in muscles, liver, blood and other tissues (10). Oxidative damage related to physical exercise 
depends on the type and intensity of exercise.  The higher the intensity of exercise, the greater the formation of 
oxidative stress and free radicals. While it is specified that especially acute, intensive exercises is cause oxidative 
stress, it is suggested that regular endurance training reduces oxidative stress and muscle damage after exercise 
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and improves antioxidant defense capacity(11). 
The effects of thyroid hormones on metabolic pathways are well known, however, in studies carried out to 

this day, the effects of thyroid hormone deficiency or excess on lipid peroxidation and antioxidant system have 
not been clearly revealed. The presence of conflicting results in studies on this subject, and the limited numbers 
of studies carried out on people suggest that the issue should be investigated more thoroughly. 

In this study, it was investigated whether regular endurance exercise has any effect on some oxidative stress 
parameters in the kidney tissue of rats with hyperthyroidism. With this purpose, malondialdehyde (MDA) and 
glutathione (GSH) levels and glutathione peroxidase (GSH-Px) enzyme activity were measured and compared 
between groups in the homogenates of kidney tissue of rats in which hyperthyroidism was created.  

 
Materials and Methods 

It was approved by the Local Ethics Board of Animal Experiments at Ataturk University, with the document 
numbered: B.30.2.ATA.0.A1.-2465 that all stages of the study comply with the ethical rules. 
 
Animals 

In our study, 23 Spraque-Dawley male rats ranging from 200-220 grams to 200-220 grams of average weight 
obtained from Atatürk University Medical Experimental Research and Application Center (ATADEM) were 
used. During the experiment, all animals were kept at room temperature of 24 ± 1 °C, in a 12-hour light/dark 
light cycle, in environments with a humidity of 50-60%, fed with standard pellet feed and tap water and kept in 
the same environmental conditions. 
 
Experimental procedure and groups 

In the study, 23 randomly selected experimental animals from among adult male Spraque-Dawley rats were 
divided into four groups; control (n=6), hyperthyroidism (n=5), exercise (n=6), and hyperthyroidism+exercise 
(n=6). Rats in the control group were administered 0.5 ml subcutaneous isotonic NaCl solution every day and 
ran for 5 minutes on the treadmill for 8 weeks, 5 days a week. 

During the experiment, rats in the hyperthyroidism group were administered a subcutaneous L-thyroxine 
injection at a dose of 250 µg/kg every day (12). Rats in the exercise group were administered 0.5 ml 
subcutaneous isotonic NaCl solution every day and ran for 45 minutes at a speed of 23 m/min on the treadmill 
for 8 weeks, 5 days a week. During the (5, 13, 14) experiment hyperthyroidism was created in the rats in the 
hyperthyroidism+exercise group, by performing 250 µg/kg dose of subcutaneous L-thyroxine injection every day 
and the rats ran for 45 minutes on the treadmill at a speed of 23 m/min, 5 days a week for 8 weeks. 

 
Tissue Preparation and Biochemical Analysis 

At the end of the experimental procedures, each rat was put to sleep with ether inhalation, and intracardiac blood 
samples were taken immediately after the rib cage was opened. The kidney tissues removed were washed with 
cold physiological saline solution and homogenized by mechanical homogenizer after removing wetness with 
drying paper. Then, after being centrifuged for 15 minutes at 7800 x g at 4 °C, the supernatants were aliquoted 
and kept at -80°C; the blood samples were centrifuged for 10 minutes at 1000 x g at 4 °C and their serums were 
obtained. 

Malondialdehyde (MDA) determination in kidney tissue samples was done with the MDA, TBARS method 
spectrophotometrically at 532 nm as described by Ohkawa and colleagues (15). Glutathione peroxidases (GSH-
Px) activity and glutathione (GSH) determinations in kidney tissues was done by using a commercial kit, 
according to the manufacturer's measurement instructions (Glutathione Peroxidase Assay Kit Item No: 703102, 
Glutathione Assay Kit. item No. 703002 Cayman Chemical). The determination of Blood TSH, FreeT3 and 
FreeT4 was done by using commercial ELISA kits (FeeT3 Kat. No: CSB-E05076r, FreeT4 Kat. No: CSB-
E05079r, TSH Kat No: CSB-E050115r, CUSABIO BIOTECH) in accordance with the measurement 
recommendations of the manufacturer.  

 
Statistical analysis  

Statistical analysis was conducted with the SPSS 18.0 (SPSS Inc., Chicago, IL). In the study, the FT3, FT4, 
MDA, GSH, GSH-PX values of the experimental groups were identified as numeric variables. The normal 
distribution of data was evaluated by Kolmogorov-Smirnov test. Student-t test was used in cross-group 
comparisons. Differences with P<0.05 were considered statistically significant. 
 
Results 

Respectively, weight changes in rats in study groups were shown in Table 1, serum Free T3, Free T4 and TSH 
concentrations were shown in Table 2, and oxidative stress parameter levels measured in kidney tissue were 
shown in Table 3.  
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Table 1. Weight changes of rats during the study  

Groups 
Rat Body Weight (gr) 

First Weighing 
(1st Day) 

Last Weighing 
(8th Week) 

Difference         % 

Control (n=6) 257 306 + 49       19.06 
Hyperthyroidism (n=5) 278 254 - 24         8.63 

Exercise (n=6) 231 261 + 30        12.98 
Hyperthyroidism+Exercise (n=6) 

(H+E) 
244 265 + 21         8.60 

 
Table 2. Plasma T3, FT4 and TSH concentrations of rats in study groups. 

Parameters  Groups   

 Control Hyperthyroidism Exercise 
Hyperthyroidism + 

Exercise 
TSH(µU/mL) 1.54±0.34 0.82±0.16 1.71±0.78 0.83±0.09 
FT3(pg/mL) 2.07±0.31 2.96±0.47 2.44±0.59 2.89±0.45 
FT4(pmol/L) 7.99±0.79 11.23±1.35 9.04±0.85 11.60±1.72 

 

Table 3. Oxidative Stress Parameter Levels Measured in Kidney Tissue. 
Groups MDA(µmol/L) GSH-Px(U/mL) GSH(µmol/L)  

Control 22.53±4.22 70.68±10.10 148.10±14.83  

Hyperthyroidism 29.99±5.28a 51.13±7.36a 110.68±15.6a  

Exercise 18.47±3.61b 71.59±11.33b 134.31±10.84b  

H+E 19.95±2.40b 58.3±9.79 121.51±35.45  
ap<0.05 Compared to the control group, 
bp<0.05 Compared to hyperthyroidism. 

Regarding weight changes in experimental groups, as presented in Table 1 and Figure 1, according to the 
results obtained, weight loss occurred in the hyperthyroidism group, while the hyperthyroidism+exercise group, 
which exercised, tried to maintain the current body weight with an increase of 8.6%. 

Thyroid status was determined by changes in body weight as shown in Table 1 and Figure 1 and plasma 
FT3, FT4, TSH levels as shown in Table 2. When the results from all experimental groups are compared, 
average weight loss of 24 g, the increase in plasma FT3, FT4 levels and the decrease in TSH levels in the rats in 
hyperthyroidism group indicates that experimental hyperthyroidism has occurred. 

 
Figure 1. Weight change in the studied groups. 
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Figure 2. The MDA levels of rat kidney in control, hyperthyroidism, exercise, hyperthyroidism+ exercise groups. 
* p<0.005 vs. Control, ** p<0.005 vs. Hyperthyroidism (Mann Whitney Test results). 

As shown in Table 2 and Figure 2, when kidney tissue MDA levels are compared, MDA levels of the 
hyperthyroidism group were found to be statistically significantly higher than the control group. When the other 
groups were compared with each other, there was a significant reduction in the MDA level of the exercise group 
compared to the hyperthyroidism group. The MDA level of the hyperthyroidism group was significantly higher 
than the hyperthyroidism+exercise group.  

As shown in Table 2, Figure 3, and Figure 4, when kidney tissue GSH level and GSH-Px activity was 
compared between groups, it was found to be statistically significantly lower in the hyperthyroidism group 
compared to the control group. The exercise group's GSH level and GSH-Px enzyme activity appear to be 
significantly higher than the hyperthyroidism group. 

 
Figure 3. The GSH-Px activities in rat kidney tissues control, hyperthyroidism, exercise, 
hyperthyroidism+exercise groups. * p<0.005 vs. Control, ** p<0.005 vs. Hyperthyroidism (Mann Whitney Test 
results). 
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Figure 4.  GSH levels in rat kidney tissues of control, hyperthyroidism, exercise, hyperthyroidism+exercise 
groups. * p<0.005 vs. Control, ** p<0.005 vs. Hyperthyroidism (Mann Whitney Test results). 
 

Discussion 
In this study, the effect of 8 weeks of endurance exercise on kidney tissue oxidant and antioxidant systems was 
examined in rats in which experimental hyperthyroidism was created with L-thyroxine. In recent years there has 
been an increasing interest in the effects of exercise on oxidative stress formation and antioxidant system.  

The most important factor in this increasing interest is the change taking place in the oxidant and 
antioxidant capacity in relation to the type, duration and intensity of the exercise. Although there are some 
studies showing that training causes an increase in antioxidant enzyme capacity, the results are not clear (16, 17). 

Free oxygen radicals cause peroxidation of membrane phospholipids in many pathogeneses (6). It has been 
determined that free oxygen radicals induced by thyroid hormones in particular cause oxidative stress and 
ultimately increase lipid peroxidation. Lipid peroxidation caused by increased free radicals in patients with 
hyperthyroidism causes tissue damage and diseases to occur (18). The most widely used token as an in vivo 
indicator of oxidative damage is malondialdehyde, one of the breakdown products of lipid peroxidation caused 
by the reaction of free radicals with unsaturated fatty acids. The effects of thyroid hormones on lipid 
peroxidation have been the subject of research in many laboratories and conflicting results have been obtained. 
Some studies have shown that the addition of T3 (19) or long-term exercise (20) increases lipid peroxidation of 
the skeletal muscle, heart and liver tissue obtained from rats. In a study comparing the levels of erythrocyte 
antioxidant enzyme levels and serum MDA levels with data from the healthy control group of hyperthyroidism 
patients before and after treatment, MDA levels (p<0.05) which were high compared to pre-treatment control, 
were found to be close to the control values after treatment (7). In another recent study, it was reported that the 
total antioxidant capacity decreased and malondialdehyde levels increased in patients with hyperthyroidism 
compared to the control group (21). These findings suggest that the thyroid gland plays an important role in the 
production of oxidative stress in disease conditions. There are similar research studies that show high levels of 
plasma and tissue MDA in hyperthyroidism patients and experimental models in which hyperthyroidism has 
been developed (3, 22-25) In this study, in rat kidney tissue MDA levels show a significant increase in the 
hyperthyroidism group compared to the control group (p<0.05).When the other groups are compared to each 
other, it is observed that there is a significant reduction in the MDA level of the exercise group compared to the 
hyperthyroidism group (p=0.001). While Miyazaki et al. report that intensive endurance training can increase 
antioxidant enzyme capacity in erythrocytes together with aerobic capacity, Schneider et al. stated that they did 
not find a significant difference in both training and non-training subjects in lipid peroxidation and total 
antioxidant capacities before and after a moderate exercise (26, 27). 

In light of all this information, that oxidative stress may play a role in physiopathology of hyperthyroidism 
is compatible with the high MDA values observed in our research along with the studies referenced above. It has 
been concluded that exercise can reduce oxidative stress although there are conflicting results in the studies in 
the literature. 

According to the data of our research, GSH-Px, a peroxidase containing selenium that plays a critical role in 
the antioxidant system defense we have evaluated is produced against oxidative damage in mammalian cells (28). 

It allows the decarbonation of hydrogen peroxide using GSH. In our study GPx activity in kidney tissue has been 
determined as significantly low compared to the control group (p<0.05), and statistically significantly higher 
compared to the exercise group (p<0.05). The majority of studies in the literature support increased GPx activity 
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following acute and chronic exercise (29-31). This decrease in enzyme activity of the hyperthyroidism group is 
probably due to the response of the enzyme to oxidative stress during the removal of the increased H2O2 from the 
environment. While studies in the literature showing decreased GPx activity compared to the control group in the 
groups of patients (18) with hyperthyroidism and in rat tissue samples  taken from rats in which experimental 
hyperthyroidism has been created show parallelism with our study; in human studies, there are studies that report 
high GPx activity in the control group compared to healthy individuals (32, 33).  Increased GPx activity may be 
the result of a protective increase in the face of increased oxidative stress. 

GSH is the most important non-enzymatic antioxidant molecule in the cell in that it protects cells against 
oxidant damage by reacting with free radicals and peroxides (34).  In our study, when GSH measurements of the 
kidney tissue of the groups are evaluated, while the GSH level of the hyperthyroidism group shows a significant 
decrease in control group (P<0.05), GSH value of the exercise group was found to be significantly higher than 
the hyperthyroidism group (P<0.05). Low results (p<0.05) of GSH levels obtained in the group of patients with 
hyperthyroidism compared to the control group are consistent with the information in the literature (35-38). 
Venditti et al.  investigated whether there was an effect of hyperthyroidism caused by T3 on oxidative damage 
and metabolism in rat muscles in swimming exercises, and have evaluated respiratory capacity, oxidative 
damage, antioxidant levels and sensitivity to oxidative change in tissue homogenates (39). With the data 
obtained, they have determined that the hormonal process caused oxidative damage to the rat muscle and 
decreased GSH level; on the other hand, they reported that all these effects were reduced by training. In light of 
all these results, they have suggested that oxidative damage linked to hyperthyroidism can be reduced with 
moderate training, there may be an increase in antioxidant production and a decrease in ROS flow from 
mitochondria to cytoplasmic compartment.  

 
Conclusions  

Hypermetabolic state in hyperthyroidism is associated with tissue oxidative damage. As a result, 
hyperthyroidism created by L-thyroxin injection increases oxidative stress in rat kidney tissue; nevertheless, 
endurance exercise tries to correct the balance deteriorating in favor of oxidants in the oxidant/antioxidant 
system. Regular endurance exercise has a lipid peroxidation-reducing effect and may have a positive effect on 
strengthening the antioxidant system in rats with hyperthyroidism. The existence of contradictory results in the 
studies conducted on this subject, however, since we could not find sufficient studies on this subject in the 
literature, it was not possible to compare our results one-to-one. Therefore, we think that further studies are 
needed. 
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