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Abstract OBJECTIVE: Thyroid hormones regulate energy metabolism and act on the mito-
chondria, which is an important source of free radicals in the cell. Reactive oxygen 
types play a significant role in physiological mechanisms, but in excessive amounts 
they can cause oxidative damage in molecules. The aim of the present study was to 
determine levels of lipid peroxidation caused by induced hyperthyroidism in cere-
bral, hepatic and cardiac tissues of pinealectomized rats. METHODS: Experimental 
animals used in the study were allocated to three groups as general control group, 
hyperthyroidism-sham pinealectomy group and hyperthyroidism-pinealectomy 
group. GSH and MDA levels in cerebral, hepatic and cardiac tissues were evaluated 
at the end of the 3-week study period.  RESULTS: It was found that MDA levels 
in cerebral, hepatic and cardiac tissues were the highest in hyperthyroidism and 
pinealectomy group and that these values were higher in hyperthyroidism-sham 
pinealectomy group than in the control group (p<0.001). It was seen that tissue 
GSH levels significantly increased in hyperthyroidism-sham pinealectomy group 
(p<0.001) and that the increase in hyperthyroidism and pinealectomy group was 
higher than the increase in the control group only (p<0.001).  CONCLUSION: Results 
of our study show that MDA and GSH levels in cerebral, hepatic and cardiac tissues 
increased due to hyperthyroidism and that the increase in MDA levels became more 
evident and GSH levels were significantly suppressed after pinealectomy. 

Introduction

Thyroid hormones act on mitochondria by regu-
lating the energy metabolism and mitochondrion is 
a major source of free radicals in the cell [1]. High 
concentrations of thyroid hormones affect oxygen 
metabolism and stimulate formation of free radicals 
in mitochondria [2]. Reactive oxygen types play an 
important role in physiological mechanisms, but 
extremely reactive types also cause oxidative dam-
age in molecules [3]. Reactive oxygen types formed 
in this manner are toxic for biomembranes and can 
lead to lipid peroxidation if not swept away from the 
setting by eliminator mechanisms. Oxygen radicals 

are destructive for all lipid structures, but cellular 
destruction is more evident in membranes [4]. It 
was shown that hyperthyroidism stimulated by L-
thyroxin increased sensitivity to lipid peroxidation 
in female rats and enhanced mitochondrial damage 
in the heart [5]. It was reported that PTU treatment 
did not influence oxidative damage in lipids, but 
reduced mitochondrial DNA damage. Another 
change brought about by thyroid hormones is renal 
hypertrophy observed in renal hyperthyroidism [6]. 
Similar changes are observed in renal cortex and 
medulla in hyperthyroidism stimulated by PTU 
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and induced by thyroidectomy [7]. It was reported that 
renal hypertrophy stimulated by in vivo thyroxin was 
associated with an increase in mitotic index and similar 
changes were seen simultaneously in the cardiac tissue 
[8]. It was stated in previous studies that not only hyper-
thyroidism, but also hypothyroidism caused alterations 
in oxidant and antioxidant systems [2, 9]. Besides, it was 
reported that thyroid hormones reduced low-density 
lipoprotein oxidation stimulated by in vitro Cu(2+), 
depending on the differences in molecular structures 
[10]. It was demonstrated that the hypermetabolic condi-
tion in hyperthyroidism was associated with an increase 
in formation of free radicals and lipid peroxide levels 
[11–13]. Lipid peroxidation occurs in polyunsaturated 
lipids and takes part in the direct reaction of oxygen and 
lipids that are going to constitute forms associated with 
stable peroxides and free radicals. The resulting lipid 
peroxidation influences functions of the cardiac muscle 
in rats with hyperthyroid or hypothyroid [14].

It was demonstrated in various studies that melatonin, 
which is secreted mainly by the pineal gland, had an 
antioxidant effect as a free radical eliminator [15–18]. It 
was reported in a similar study that melatonin decreased 
lipid peroxidation caused by phenton in thyroid gland 
[4]. Number of studies investigating how pineal gland 
and thyroid gland together affect free radical formation is 
very few. It is seen that studies about the relation between 
melatonin and thyroid hormone examine the suppression 
in thyroid hormones due to melatonin administration or 
the changes in hormone production in hypophysis-thy-
roid axis due to pinealectomy [19, 20]. Surgical removal 
of the pineal gland can reduce endogenous melatonin 
and make cellular damage caused by oxidative changes 
more marked [21].

The aim of the present study was to determine levels of 
lipid peroxidation caused by hyperthyroidism in cerebral, 
hepatic and cardiac tissues of pinealectomized rats.

Materials and Methods

The study was carried out at Selcuk University Experi-
mental Medicine Research and Application Center. Ethics 
committee of the concerned center approved the study 
protocol. The study included 30 male rats of Spraque-
Dawley species weighing 240–280 g. The experimental 
animals were fed with standard rat pellet and tap water 
and kept under 12h/12h dark/light conditions. The rats 
were divided into three groups as follows:

1-Intact Control Group (n=10): The group fed with 
normal rat pellet and not subjected to any procedure.

2-Sham Pinealectomy-Hyperthyroidism Group (n=10): 
Sham-pinealectomy was performed under general 
anesthesia and hyperthyroidism was induced with 
intraperitoneal 0.3 mg/kg/day L-thyroxin administra-
tion for 3 weeks.

3-Pinealectomy-Hyperthyroidism Group (n=10): 
Pinealectomy was performed under general anesthe-
sia, as described earlier [22], and hyperthyroidism 
was induced with intraperitoneal 0.3 mg/kg/day L-
thyroxin (Sigma) administration for 3 weeks.

The animals were decapitated at the end of the 3-week 
study period and brain, liver and heart tissues were col-
lected. The tissues were kept at –80°C until analyses. 

Tissue MDA Analysis. The wet weight of the tissue 
samples at pH 7.4 were measured, then divided into 
pieces and transferred into tubes and homogenized 
to about 10% in 150 mM KCl at 4°C using a Misonix’s 
Microscam ultrasonic cell disruptor. The homogenate 
was added to 2 ml of 8% HClO4 and centrifuged at 3000 
rpm for 25 min. To 0.5 ml supernatant, 3 ml of 1% H3PO4 
and 1 ml of 0.675% TBA were added and incubated in a 
90°C water bath for 45 min. After cooling of mixture, the 
MDA-TBA complex was extracted with 4 ml of n-butanol 
and its absorbance was read against an n-butanol blank, 
as described earlier. The concentration was obtained as 
c=108.9. The above conversion factor included the 
extinction coefficient, cell length, and dilution factor and 
was finally expressed in nmol/g protein [23]. 

Tissue GSH Analysis. The tissue was homogenized in 
150 mM KCl at 4°C as described for MDA, centrifuged at 
3000 rpm for 15 min. In the samples, the level of GSH was 
measured by Ellman’s method, as described earlier. Tissue 
protein ( µmol/ g protein) was obtained by Biuret’s method 
[24]. To 200 µL of the supernatant, 8 ml of pH 6.8 phos-
phate buffer, 78 ml of 1 N NaOH, and 100 µL Ellman’s so-
lution were added and read at 412 nm after standing for 5 
min. The activity (a) was calculated from a= (A standard/
A samples) X C Standard where C Standard=5.34 g/100 ml.

Statistical analysis. The statistical analysis was per-
formed using SPSS statistical program. The results were 
expressed as mean ± standard deviation. Kruskal-Wallis 
analysis of variance was used for comparison between 
groups and Mann-Whitney U-test was applied to those 
with P<0.05.

Results

MDA levels in the cerebral tissue were 56.20 ± 2.58 
in the control group (Group I), 99.93 ± 4.50 in sham 
pinealectomy-hyperthyroidism group (Group 2) and 
121.00 ± 4.80 in pinealectomy-hyperthyroidism group 
(Group 3). The comparison among groups showed that 
MDA levels in Group 3 were higher than those in the other 
two groups and MDA levels in Group 2 were higher than 
those in Group 1 (p<0.001, Table 1). GSH levels in the 
same tissue were 16.27 ± 0.80 in the control group, 54.27 
± 2.83 in sham-pinealectomy-hyperthyroidism group and 
32.38 ± 2.48 in pinealectomy-hyperthyroidism group. It 
was seen that this parameter was statistically higher in 
Group 2 than in other groups and was statistically higher 
in Group 3 than in Group 1 (p<0.001, Table 2).

Comparison of MDA levels in hepatic tissue revealed 
that MDA levels in the control group (58.11 ± 3.91) were 
lower than those in sham pinealectomy-hyperthyroid-
ism (104.66 ± 4.94) and pinealectomy-hyperthyroidism 
(122.49 ± 5.65) groups (p<0.001, Table 1) and that levels 
in Group 2 were lower than those in Group 3 (p<0.001, 
Table 1). GSH levels of that tissue were higher in Group 
2 (54.86 ± 2.53) than in Groups 1 and 3 (23.22 ± 2.83 and 
32.86 ± 3.86, respectively) and were higher in Group 3 
than in Group 1 (p<0.001, Table 2).
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As for cardiac tissue, it was determined that MDA 
levels in Group 3 (186.60 ± 4.10) were significantly 
higher than those in Group 1 (61.32 ± 3.12) and Group 
2 (120.00 ± 4.10) (p<0.001, Table 1). Similarly, this 
parameter was found higher in Group 2 than in Group 
1 (p<0.001, Table 1). GSH levels in cardiac tissue were 
8.35 ± 1.86 in the control group, 30.21 ± 1.89 in sham 
pinealectomy-hyperthyroidism group and 14.34 ± 0.92 
in pinealectomy-hyperthyroidism group. Statistical 
comparison among groups showed that GSH levels were 
higher in Group 2 than in the other two groups and in 
Group 3 than in Group 1 (p<0.001, Table 2).

Discussion

Lipid peroxidation is caused by oxidant changes at 
tissue and cell levels due to endocrine and pathological 
conditions of the organism. Two of these endocrine 
disorders are thyrotoxicosis and hypothyroidism. Oxy-
gen radicals formed because of malfunctioning of the 
thyroid gland lead to lipid peroxidation by affecting 
cellular membranes [4]. Various methods are used to 
determine the level of lipid peroxidation in the organism 
and the most frequently used method is determination 
of MDA levels [25]. In this study, changes in MDA levels 
were found to determine oxidative damage. An overall 
examination of our study results shows that there were 
increases in MDA levels of cerebral, hepatic and cardiac 
tissues due to hyperthyroidism. Pinealectomy in addition 
to hyperthyroidism made the increase in MDA levels 
more evident. Parallel to this, while there was an increase 
in the activity of antioxidant system in hyperthyroidism 
group, this increase was suppressed by pinealectomy.

When the part of our study about cerebral tissue is 
examined, it is seen that the increase in MDA levels caused 
by hyperthyroidism was intensified by pinealectomy. 
Galkina et al. [26] examined the effect of different thy-
roxin isomers on the development of free radical oxida-
tion in rat cerebral cortex and reported that the effect 
of the antioxidant activity of D-thyroxin was about two 
and a half times more than that of L-thyroxin. Oziol et al. 
[10] who reported similar findings determined increases 
in oxidant and antioxidant system activities at varying 
degrees, depending on the structural differences in thyroid 

hormones. In our study we used only in vivo L-thyroxin 
and found increases in both MDA and GSH levels in the 
cerebral tissue due to hyperthyroidism. Therefore, the 
increase we observed in oxidant and antioxidant system 
activities due to hyperthyroidism is parallel to the findings 
of other researchers [26, 27]. These researchers reported 
that their results were dependent on dose under in vitro 
conditions and were obtained with micromolar, not nano-
molar doses. Mano et al. [28] studied lipid peroxidation 
and free radical eliminating mechanisms in cerebral 
tissues of rats with hyperthyroidism and hypothyroidism 
and stated that the free radicals formed were compensated 
for by the eliminating systems. However, in our study, the 
increase in free radicals caused by hyperthyroidism could 
not be eliminated by the antioxidant system and addi-
tionally, the changes observed in MDA and GSH levels 
due to hyperthyroidism were affected by pinealectomy. 
Performing pinealectomy before thyroxin administration 
increased the level of oxidative damage, while levels of 
GSH, a marker of antioxidant system activity, were inhib-
ited because of the operation. Other researchers reported 
a similar inhibition of this system due to pinealectomy, as 
well [21,29,30]. Our findings are consistent with the find-
ings of other researchers. The decrease in the free radical 
eliminating effect of melatonin, which is reduced after 
pinealectomy, brings with it an increase in the oxidative 
damage caused by hyperthyroidism. 

When the part of our study about hepatic tissue is 
considered, it is observed that the oxidant damage in the 
hepatic tissue increased due to hyperthyroidism and this 
increase became more marked after pinealectomy. Previ-
ous studies also reported an increase in oxidative damage 
in hepatic tissue because of hyperthyroidism [31–33]. 
Thyroid hormones lead to oxidative damage as they 
increase reactive oxygen types when activating metabolic 
systems of the body in general [11,13,34]. Similarly, we 
established an increase in oxidative damage in not only 
hepatic, but also cerebral and cardiac tissues due to 
hyperthyroidism. It is possible that the hypermetabolic 
condition brought about by thyroid hormones increase 
the amount of free radicals by increasing mitochondrial 
electron transport. Our study demonstrates that there 
were augmentations in the oxidant and antioxidant 
systems at the end of the 3-week study period, but the 

Table 1: MDA Levels in Control and Experimental Groups

Groups Brain Liver Heart

Intact Control Group (Group 1) 56.20 ± 2.58 c 58.11 ± 3.91 c 61.32 ± 3.12 c

Sham Pinealectomy-Hyperthyroidism Group (Group 2) 99.93 ± 4.50 b 104.66 ± 4.94 b 120.00 ± 4.10 b

Pinealectomy-Hyperthyroidism Group (Group 3) 121.00 ± 4.80 a 122.49 ± 5.65 a 186.60 ± 4.10 a

Different letter in same column are significant as statistic (P<0.001), (n=10, each group)
a>b>c

Table 2: GSH Levels in Control and Experimental Groups 

Groups Brain Liver Heart

Intact Control Group (Group 1) 16.27 ± 0.80 c 23.22 ± 2.83 c 8.35 ± 1.86 c

Sham Pinealectomy-Hyperthyroidism Group (Group 2) 54.27 ± 2.83 a 54.86 ± 2.53 a 30.21 ± 1.89 a

Pinealectomy-Hyperthyroidism Group (Group 3) 32.38 ± 2.48 b 32.86 ± 3.86 b 14.34 ± 0.92 b

Different letter in same column are significant as statistic (P<0.001), (n=10, each group)
a>b>c



798 Neuroendocrinology Letters No.6 December Vol.26, 2005 Copyright © Neuroendocrinology Letters ISSN 0172–780X   www.nel.edu

Rasim Mogulkoc, Abdulkerim Kasim Baltaci, Leyla Aydin, Esma Oztekin & Abdullah Sivrikaya 

oxidative damage caused could not be eliminated by 
the increase in antioxidant system. It is also seen that 
although GSH levels in hepatic tissue increased due to 
hyperthyroidism, pinealectomy inhibited GSH levels and 
oxidative damage caused in hyperthyroidism became 
more evident as a result. This finding is parallel to the 
results obtained by some researchers [17, 30].

Another result of our study is that the oxidant damage 
in cardiac tissue, which increased in hyperthyroidism, was 
further aggravated by pinealectomy and that the activity 
of antioxidant system declined due to the decrease in 
endogenous melatonin caused by pinealectomy opera-
tion. The finding that damage caused by hyperthyroidism 
led to increases in various tissues like muscle, liver and 
heart is parallel to the results of other researchers [13,32]. 
Shinohara et al. [14] established an increase in lipid 
peroxidation in cardiac muscle due to induced hyper-
thyroidism. Likewise, Mano T et al. [28] reported that 
GSH-PX levels decreased and SOD levels increased in 
hyperthyroidism induced by 4-week L-thyroxin admin-
istration. The increase in SOD activity, which has an 
antioxidant effect, is similar to the increase we obtained 
in GSH, which is a marker of antioxidant response. When 
endogenous melatonin decreases due to pinealectomy, 
antioxidant system activities are inevitably inhibited 
and as result oxidative damage occurs in tissues. Thus, it 
seems possible that when thyroid hormones increase in 
pinealectomy, the increase in lipid peroxidation triggers 
oxidative damage.
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