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EXPERIMENTAL STUDY

Lipid peroxidation in kidney and testis tissues in experimental

hypothyroidism: the role of zinc
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Abstract: The aim of the present study was to determine the effect of zinc supplementation and zinc deficiency
on the lipid peroxidation in the testis and kidney tissues of rats with experimentally induced hypothyroidism.
The experimental Groups were formed as follows: 1 — Control; 2 — Sham-Hypothyroidism; 3 — Hypothyroidism
(intraperitoneal administration of 10 mg/kg/day PTU for 4 weeks); 4 — Hypothyroidism + 3 mg/kg/day zinc sup-
plementation (4 weeks); 5 — Hypothyroidism + zinc deficiency (4 weeks).

The examination of the study results revealed that hypothyroidism in testis and kidney tissues increased MDA
levels and decreased GSH levels (p<0.001). Zinc supplementation in addition to hypothyroidism, however, re-
duced the increased MDA amount and elevated GSH levels (p<0.001). Zinc deficiency together with hypothy-
roidism, on the other hand, was found to produce the opposite results (p<0.001).

The results of the study indicated that experimental hypothyroidism caused lipid peroxidation in kidney and tes-
tis tissues. Zinc deficiency together with hypothyroidism made lipid peroxidation more evident, while zinc sup-
plementation significantly inhibited the increased oxidative stress by activating the antioxidant system (Tab. 1,
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Oxidative stress, which arises from the impairment of the
balance between free radical production and antioxidant defence
mechanisms, is a critical pathogenic mechanism in various diseases
(1, 2). Free radicals are known to damage all cellular structures
(3). Mitochondria are the major production sources of free oxygen
radicals and the radicals that originate from mitochondria lead to
the oxidation of cellular structures like carbohydrates, lipids and
proteins, causing organ dysfunctions (2). Reactive oxygen spe-
cies are also known to have a part in the pathogenesis of thyroid
dysfunctions (4). Thyroid hormones are the essential endocrine
regulators of the metabolic status. They also have a deep impact
on mitochondria, which are responsible for cellular adenosine
triphosphate production (5). It has been established in various
studies that the changes in thyroid hormone metabolism affect
oxidant and antioxidant systems in different ways. Venditti et al
(6) reported that T, treatment increased oxygen consumption and
H,0O, production, while Cano-Europa and colleagues (7) found
that hypothyroidism induced by methimazole or thyroidectomy
caused cellular damage in rats and that this damage could not be
corrected by antioxidant systems. However, it was also established
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in another study that the effect caused by propylthiouracil (PTU)
administration on the oxidant and antioxidant systems changed in
a time-dependent manner (8).

Zinc, an important element, is not only involved in the structure
of many enzymes, but also has strong antioxidant effects. It has
been reported in several research studies examining the antioxi-
dant effects of zinc that it inhibits the damage induced by various
procedures in the testis and kidney tissues (9, 10).

The examination of the Medline research did not produce any
study investigating the effect of zinc supplementation and zinc
deficiency on the oxidant and antioxidant systems together with
experimental hypothyroidism. The objective of the present study
was to determine the effect of zinc deficiency and zinc supple-
mentation on testis and kidney tissue MDA and GSH levels in
experimental hypothyroidism induced by 4-week PTU injection.

Materials and methods

Experimental animals and their diet

This study was carried out at Selcuk University Experimental
Medicine Application and Research Centre on rats acquired from
the same institution. Study protocol was approved by local ethic
committee. The study included 50 Sprague-Dawley adult male
rats, which were allocated into the Groups as follows:

Group 1 (n: 10) General Control Group: The Group which was
not subjected to any procedure and fed on a normal diet.

Group 2 (n: 10) Sham-hypothyroidism Group: The Group
which was injected with 1 m1/250 g/day intraperitoneal (ip) serum
physiologic for 4 weeks.
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Group 3 (n: 10) Hypothyroidism (PTU) Group: The Group
which was administered 10 mg/kg/day intraperitoneal PTU for
4 weeks.

Group 4 (n: 10) Hypothyroidism (PTU) + Zinc Supplemented
Group: The Group which was administered 10 mg/kg/day intra-
peritoneal (ip) PTU and supplemented with 3 mg/kg/day zinc
sulphate for 4 weeks.

Group 5 (n: 10) Hypothyroidism (PTU) + Induced Zinc De-
ficiency Group: The Group which was administered 10 mg/kg/
day intraperitoneal (ip) PTU and fed on a zinc deficient diet (0.65
ppm/zinc/gr/diet) for 4 weeks.

In order to minimize zinc contamination, the experimental ani-
mals were fed in special steel cages, which were cleaned by wash-
ing on a daily basis. The feed was provided in special steel bowls
and water (bidistilled water to the animals fed on a zinc-deficient
diet and tap water to others) in glass feeding bottles.

Propylthiouracil administration

In order to induce hypothyroidism, 6-n-propyl-2-thiouracil
“PTU” (Sigma Chemical Co., Dorset, UK) was dissolved in 0.1
N NaOH /0.9 % NaCl and administered in the form of a 10 mg/
kg/day (1 ml/250 g) intraperitoneal (ip) injection for 4 weeks.

Serum physiologic injection

Experimental animals were injected with serum physiologic as
1 ml/250 g through intraperitoneal route for 4 weeks as placebo.

Zinc sulphate supplementation

Likewise, zinc sulphate was administered, after being dis-
solved in distilled water (1 gram in 210 ml), as a 3 mg/kg/day
intraperitoneal injection. Zinc sulphate supplementation was per-
formed at 09.00 a.m. for a period of 4 weeks.

Biochemical analyses

Tissue MDA analyses: In order to obtain a 10 % homogenate,
testes and kidney tissue samples were homogenised with 150 mMol
KCl at +4 °C (Microsan Ultrasonic Cell Disruptor Misonic).Two
ml HCIO, was added to 2 ml of homogenate, which was then cen-
trifuged at 3000 rpm for 15 minutes. MDA level was evaluated in
the supernatant. Then, 3 ml H,PO,, 1 ml 0.675 % thiobarbituric
acid and 0.5 ml of homogenate were mixed, and the mixture was
kept in a boiling water bath for 45 minutes (11). MDA levels were
measured at 532 nm and determined as nmol/ml.

Tissue GSH analyses: In order to obtain a 10 % homogenate,
testes and kidney tissue samples were homogenised with 150
mMol KCl at +4 °C (Microsan Ultrasonic Cell Disruptor Misonic)
and then centrifuged at 3000 rpm for 15 minutes. GSH level in
the supernatant was determined (12). Tissue protein concentra-

Tab. 1. MDA (nmol/ml) and GSH (mg/dl) Levels of Study Groups.

tion was determined by biuret method. GSH level was established
as mg/dl.

Statistical evaluations

Statistical evaluation of data was performed using a computer
package software. The arithmetic means and standard deviations
of all parameters were calculated. Variance analysis was used to
determine differences among the groups. Duncan method was used
to establish the differences between the group means in the vari-
ance analysis results, which were found statistically significant.
Correlation coefficients were calculated to determine whether
there was a significant correlation among the study parameters.

Results

The examination of testis tissue MDA levels in the study
showed that this parameter was higher in the hypothyroidism +
zinc-deficient Group (Group 5) than all other groups (p < 0.001).
The hypothyroidism Group (Group 3) also had higher MDA values
than the Groups 1, 2 and 4 (p < 0.001). MDA values in the Group
4 were higher than those in the Groups 1 and 2, but the difference
was not statistically significant. When GSH levels in the testis tis-
sue were examined, the zinc-supplemented Group (Group 4) was
found to have the highest GSH values (p < 0.001). The Groups 1
and 2 had testis tissue GSH values higher than the Groups 3 and
5 (p <0.001) (Tab. 1).

Concerning kidney tissue MDA levels, the zinc-deficient
Group 5 was found to have the highest, and control and sham-
hypothyroidism groups were found to have the lowest kidney tis-
sue MDA levels (p <0.001). MDA values in Group 4 were higher
than those in Groups 1 and 2, but lower than the levels in Groups 3
and 5 (p < 0.001). As for GSH levels in this tissue, it was seen that
this parameter was at the highest level in the zinc-supplemented
Group (Group 4) and at the lowest level in the Group fed on a
zinc-deficient diet (Group 5) (p < 0.001) (Tab. 1). Hypothyroid-
ism Group (Group 3) had kidney tissue GSH values lower than
the control Group (Group 1) and sham-hypothyroidism Group
(Group 2) (p < 0.001).

Discussion

It has been established as the result of an overall evaluation
of the study results that levels of MDA, an indicator of tissue
damage in experimental hypothyroidism induced by 4-week PTU
administration, increased, while levels of GSH, an indicator of an-
tioxidant defence, decreased. Zinc supplementation together with

Groups Testes (MDA) Kidney (MDA) Testes (GSH) Kidney (GSH)
1 - Control 14.28+0.77 © 15.2242.21° 17.28+1.31 8 13.56+1.62 &
2 — Sham-hypothyroid 16.37+£1.69 © 16.67+£1.63 P 17.67+£0.92 8 14.24+2.07 ©
3 — Hypothyroid 41.54+197°8 32.61+5.39 B 8.94+0.51 ¢ 10.31+2.83 ¢
4 — Hypothyroid + Zinc Supplemented 22.18+1.85°¢ 22.55+1.36 ¢ 24.51+1.294 26.51+3.354
5 — Hypothyroid + Zinc Deficient 67.75+3.22~ 55.28+5.794 6.48+0.83 ¢ 6.55+0.91°

Means with different superscripted letters in the same column have statistical significance (p < 0.001).
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experimental hypothyroidism reduced the damage in the tissues,
but zinc deficiency further aggravated the concerned damage.
Changes in the amount of thyroid hormones produce different ef-
fects. Erdamar and colleagues (4) found in their study that MDA
levels were elevated in both hypothyroidism and hyperthyroid-
ism. It is argued that elevated reactive oxygen species cause an
impairment in the antioxidant defence system of patients with hy-
pothyroidism and hyperthyroidism. Thus, thyroid hormones have
critical effects on oxidative stress and antioxidant defence. It has
also been shown that free radical reactions rapidly increase and
antioxidant defence is suppressed in hypothyroidism caused by io-
dine deficiency (13). In the same vein, Sawant et al (14) reported
in their study that lipid peroxidation did not change in hyperthy-
roidism, but significantly increased in hypothyroidism. It has been
shown in the same study that glutathione peroxidase and GSH
levels remained unchanged. There are also studies demonstrating
that hypothyroidism induced by thyroidectomy produced a pro-
tective effect against ischemic-reperfusion injury (15). However,
one-week thyroxin administration to rats with hypothyroidism
increased oxidant stress. In our study, hypothyroidism induced by
4-week PTU administration elevated kidney tissue MDA levels
and inhibited GSH levels. Our results are parallel to the reports
of increased oxidant damage in hypothyroidism. However, it was
established in the previous study that hypothyroidism caused by a
short-term (2-week) PTU administration reduced MDA and GSH
levels (16). These different results in the concerned study may be
associated with the duration of administration. While a 4-week
administration was performed in our study, the concerned study
used a 2-week administration.

The results of our study about the testis tissue revealed that
MDA levels in this tissue increased and GSH levels decreased,
similar to the kidney tissue. Zamoner and colleagues (17) reported
in their study that congenital hypothyroidism stimulated by PTU
reduced oxygen consumption in the testis tissue of immature rats,
did not change lipid peroxidation, but the decrease in enzymatic
and non-enzymatic defence caused biochemical changes. In a
study by Sahoo et al (18), temporary hypothyroidism reduced
mitochondrial peroxidation in rat testis tissues, while permanent
hypothyroidism increased lipid peroxidation and protein carbon-
ylation. In another study, Senatore et al (19) found that hypothy-
roidism in rats increased lipid peroxidation in testis tissue. In the
same vein in our study, it was established that the amounts of
hydrogen peroxide and protein carbonyl, parameters of oxidative
stress, increased in the testis tissues of rats with hypothyroidism
induced by PTU (20). Elevated MDA showing lipid peroxidation
and decreased GSH showing a decline in the antioxidant defence
in the testis tissues in hypothyroidism are similar to the results of
the researchers cited above.

Zinc supplementation and zinc deficiency in addition to ex-
perimental hypothyroidism induced by PTU administration, which
constituted the second part of our study, were seen to significantly
affect kidney and testis tissue MDA and GSH levels, and conse-
quently oxidant and antioxidant systems of rats. In fact, the increase
in MDA and the decrease in GSH levels caused by hypothyroid-
ism were considerably restored by zinc supplementation. Zinc
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deficiency, on the other hand, aggravated lipid peroxidation. The
antioxidant characteristic of zinc has thus been demonstrated in
this study. Similarly, Tang et al (21) reported in their study that zinc
prevented pathological renal changes in diabetic rats. In the same
vein, Amer et al (22) demonstrated the antioxidant characteristics
of zinc in old rats. It was also reported in previous studies that
zinc metallothionein offered a significant degree of protection in
the kidney (10) and testis (9). In addition to its direct antioxidant
characteristics, zinc may have brought about these effects through
its effect on thyroid function, and therefore on thyroid hormone
levels. Actually, we have found in our previous studies that zinc
deficiency reduced, while zinc supplementation elevated thyroid
hormones (23, 24). Zinc supplementation in addition to hypothy-
roidism significantly reduced MDA levels in both tissues, whereas
zinc deficiency brought about critical increases in this parameter.
The levels of GSH, which has an antioxidant character, however,
were significantly inhibited in zinc deficiency and critically in-
creased with zinc supplementation.

Conclusions

Results of the present study indicated that lipid peroxidation
in kidney and testis tissues increased in experimental hypothyroid-
ism induced by 4-week PTU administration in rats. This increase
in lipid peroxidation was aggravated by zinc deficiency, while
zinc supplementation in addition to hypothyroidism significantly
prevented tissue damage by reducing MDA levels and increasing
GSH levels.
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