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ABSTRACT 

 
Thyroid and gonadotropin hormones play an essential role in the regulation 

of regulating various physiological functions. The effects of melatonin and 

zinc (Zn) on these hormones have already been investigated. The aim of the 

present study was to investigate the effect of melatonin with and without 

zinc on the levels of gonadotropin hormones and thyroid hormones 

(triiodothyronine (T3), thyroxine (T4) and thyroid-stimulating hormone 

(TSH)) in female rats. In general, 35 sexually mature female rats were 

randomly divided into five treatment groups, with each group comprising 7 

rats, in a completely randomized design (CRD) during the research. The rats 

were treated daily with Zn and melatonin via gavage as follows: T1 (control 

1, basal diet), T2 (control 2, treatment with normal saline) and the other 

experimental groups, including T3, T4 and T5, were treated with Zn (40 

ppm), melatonin (5 mg/kg) or a combination of Zn and melatonin at the 

same dose. The administration of the drugs was continued for 20 days 

(daily) . Plasma samples were then taken for the determination of LH, FFH, 

LH/FSH, estrogen, progesterone, T3, T4 and TSH levels. The results 

showed no significant differences in FSH and LH levels between treatments. 

Estrogen, progesterone and TSH levels were higher in the rats receiving 5 

mg melatonin per day than in the other groups, but not statistically 

significant (P>0.05). However, T3 levels decreased significantly in the 

group receiving 40 mg/kg Zn compared to the other experiments. (P<0.05). 

The results showed no significant difference between the treatments in terms 

of T4 levels (P>0.05). In conclusion, no remarkable changes in other 

variables were observed in female rats receiving melatonin, Zn or a 

combination of melatonin and Zn, with the exception of T3. 
  

Keywords: Estrogen, Female rat, Melatonin, T3, T4, TSH, Progesterone, 

Zinc 
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1. Introduction 

Zinc is one of the necessary elements for the 

proper functioning of thyroid hormones, 

reproductive performance, the immune system and 

cell division in animals and humans. Although this 

element is needed in the milligram level, it plays a 

crucial role in living organisms, for example as a 

cofactor in the structure of about 250 to 300 

enzymes (1). Melatonin (N-acetyl-5-methoxy-

tryptamine), which is primarily known for its 

contribution to the regulation of reproductive cycles, 

also plays an important role in stress reduction by 

influencing both the cardiovascular system and heat 

loss through evaporation (2). In addition, it has been 

found to alter the genomic representation of 

antioxidant enzymes in the organism (3), and its 

function in controlling many sexual processes , such 

as puberty, ovarian activity and gestation has been 

demonstrated (4, 5). The increase in reactive oxygen 

species (ROS) production during in vitro 

fertilization (IVF) has been shown to adversely 

affect the percentage of IVF outcomes achieved. (6-

8). Recently, researchers have reported on the 

antioxidant properties of melatonin. For this reason, 

they have attempted to harness the benefits of 

melatonin by prescribing or ingesting it to improve 

reproductive rate and efficiency in the population (9, 

10). In humans, melatonin was found to have 

reduced oxidative damage to sperm mitochondria 

caused by ROS . In all living organisms, melatonin 

is synthesized during the night by the pineal gland, 

retina, digestive system and various other organs 

(11). The amount of melatonin synthesis is 

influenced by external factors (such as light) and 

physiological factors (such as age). Research has 

shown that reproductive capacity and the production 

of sex cells and related hormones decline with age. 

This situation has a negative effect on the fertility 

rate and the quality of ovum (9, 12-15).  

In adult women, the quality of the oocytes gradually 

decreases and degenerative and destructive changes in 

the oocyte increase, so that this condition can be a 

negative factor leading to infertility and/or reduced 

fertility efficiency in women . With increasing age, 

the probability of fertility success decreases. 

Therefore, research on laboratory animals that leads to 

and desired results can be generalized to humans, 

solving part of the problems associated with 

infertility. Nowadays, hormone therapy and the use of 

drugs such as estrogen and progesterone, as well as 

various assisted reproductive techniques (ART), 

intrauterine insemination (IUI), microinjection (ICSI) 

and IVF are common and are performed (16). 

However, it is noteworthy that the quantity and 

quality of oocytes is influenced by parameters such as 

cultural and economic status, aging, poor nutrition and 

genetic factors, which ultimately leads to a decrease in 

reproductive efficiency. 

Since 1960, numerous drugs have been used to 

stimulate ovulation and treat all types of infertility 

in humans, and now the use of these drugs has 

increased. Although much research has been done in 

this field, there are still inconsistencies and 

contradictory results in scientific reports. Therefore, 

in order to make progress in the treatment of 

infertility, the use of new products may be useful. 

To our current knowledge, there is no scientific 

research on the effects of zinc and its combination 

with melatonin on thyroid and sex hormones in 

female rats. Therefore, attention to this issue may 

justify the need to conduct this research.  

2. Materials and Methods 

2.1. Animals and Experimental Design 

The present study was conducted in the laboratory 

animal center of Islamic Azad University, Sanandaj 

branch. The moral committee of the centre evaluated 

and approved each one of our experiments. In 

general, 70 female Wistar rats with an average 

weight of 225±24 g were provided from the animal 

house of University of Medical Sciences, Sanandaj. 

Two animals per cage (50 x 50 cm) were kept in a 

light-controlled room (12L: 12D h, light switched on 

at 6 h). Humidity and temperature were controlled at 
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50±5% and 21±1◦C, respectively. All rats received 

uniform amounts of normal ration and tap water. 

The study period was 20 days (17). Rats were 

divided into five exploratory groups in a completely 

randomized design (CRD) with seven duplicates 

(n=7) and two rats in each cage. Rats were treated 

daily with gavage as follows: T1: (control  group 1) 

received standard feed only, T2: (control group 2) 

received normal saline, and the other groups, 

including groups 3, 4 and 5, were treated with Zn 

(40 ppm), melatonin (5 mg/kg) and the mixture of 

Zn and melatonin at the same doses by gavage. Zn 

and melatonin were purchased from Sigma 

Chemical Co. (St. Louis, MO). Melatonin was 

dissolved in saline and administered daily at 12:00 h 

at a dose of 5 mg/kg to the rats in the experimental 

group. 

2.2. Blood Collection 

Twenty-four hours after the last shot, the rats were 

selected between 8 and 12 o'clock in the morning. 

Blood was collected and plasma was separated by 

centrifugation (3000 g, 15 minutes) at 4°C and 

stored at −20 ◦C until analysis of the concentration 

of various parameters. The plasma samples were 

stored in a 1 ml plastic tube without graduation and 

without metal.  

2.3. Measurement of the hormones  

Follicle stimulating hormone (FSH) and luteinizing 

hormone (LH) levels were determined by 

radioimmunoassay (RIA) kits (NIADDK, USA) using 

an automated microplate reader (State Fax® 2100, 

Awareness, USA); in addition, triiodothyronine  (T3) 

was determined using a commercial kit (Thyro-kit, 

Germany) with a sensitivity of 0.1 ng/ml. Thyroxine 

(T4) was determined using a commercial kit (Thyro-

kit, Germany) with a sensitivity of 10 nmol/l. TSH 

was measured by a chemiluminescent enzyme 

immunometric assay (Immulite, Deerfield, IL). The 

hormones estrogen and progesterone were measured 

using an Elisa kit (Glory Company, London, England) 

(18-20). 

2.4. Data analysis 

The completely randomized design (CRD) was used 

for the present study. The statistical analysis of the 

results was carried out using ‘SPSS 22 software. 

Means and standard deviations (SD) were determined 

for each variable. ANOVA was used to assess the 

differences between treatments. Least significant 

difference (LSD) was used to compare the means of 

the treatments that were deemed statistically notable 

by the variance assessment. The level of statistical 

significance was set at P< 0.05. 

3. Results 

The results of this study are shown in Figures 1-8. 

According to Figure 1, the mean FSH concentration 

 

 

 

 

 

 

 

 

 

 

        

 
 

Figure 1. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean FSH concentration in 

female rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. 
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Figure 2. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean LH concentration in female 

rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. 

 

was 8.3 (mIU/ml) in control group 1, 8.36 (mIU/ml) 

in control group 2, 8.4 (mIU/ml) in the zinc group, 

8.96 (mIU/ml) in the melatonin group and 8.86 

(mIU/ml) in the zinc and melatonin group. According 

to the results, there was no significant difference 

between the treatments in the FSH concentration 

(P>0.05).  

Figure 2 shows that the average LH index was 0.2 

(mIU/ml) in control group 1, 0.19 (mIU/ml) in control 

group 2, 0.18 (mIU/ml) in the zinc group, 0.2 

(mIU/ml) in the melatonin group and 0.19 (mIU/ml) 

in the zinc and melatonin groups. No significant 

difference in LH levels was found between the test 

groups (P>0.05).  

Figure 3 shows that the LH/FSH ratio was 0.024 in 

control group 1, 0.022in control group, 2 0.021 in the 

zinc group, 0.022in the melatonin group and 0.021 in 

the zinc and melatonin group. Based on the results, no 

significant difference in the LH/FSH ratio was found 

in the rats (P>0.05). 

Figure 4 shows that the average estrogen index was 

9.66 (ng/ml) in the control group1, 9.61 (ng/ml) in the 

control group 2, 10.47 (ng/ml) in the zinc group, 

10.91 (ng/ml) in the melatonin group, and 9.67 

(ng/ml) in the zinc and melatonin group. The results 

showed no significant difference in estrogen levels

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the LH/FSH ratio in female rats 

(n=7). Information are expressed in the form of an average ± the standard error of the mean. 



Nayeri Fasaei et al / Archives of Razi Institute, Vol. 78, No. 6 (2023) 1698-1708 

 
1703 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean estrogen concentration in 

female rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. 

 

between the treatments (P>0.05). The average 

estrogen was higher in rats receiving 5 mg melatonin 

per day than in other rats, but this difference could not 

be considered statistically significant (P>0.05). 

Figure 5 shows that the average progesterone was 

43.54 (ng/ml) in control group1, 43.23 (ng/ml) in control 

group 2, 44.97 (ng/ml) in the zinc group, 47.43 (ng/ml) 

in the melatonin group, and 45.99 (ng/ml) in the zinc and 

melatonin group. The results showed no significant 

difference in progesterone levels between the treatments 

(P>0.05). In the rats receiving 5 mg melatonin per day , 

the average progesterone level was higher than in the 

other rats, but statistical analysis showed that this 

difference was not significant (P>0.05). 

Figure 6 shows that the average TSH level was 4.43 

(ng/ml) in control group 1, 4.23 (ng/ml) in control 

group 2, 4.20 (ng/ml) in the zinc group, 4.10 (ng/ml) 

in the melatonin group, and 4.21 (ng/ml) in the zinc 

and melatonin group (ng/ml). The results showed no 

significant difference in TSH levels between the 

treatments (P>0.05). The average TSH level was 

higher in the rats of control group 1 than in the other 

rats, but this difference from the other treatments was 

not statistically remarkable (P>0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean progesterone concentration 

in female rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. 
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Figure 6. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean TSH concentration in 

female rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. 

 

Figure 7 shows that the average T3 was 5.67 

(pmol/ml) in control group 1, 5.67 (pmol/ml) in 

control group 2, 5.06 (pmol/ml) in the zinc group, 

5.36 (pmol/ml) in the melatonin group, and 5.36 

(pmol/ml) in the zinc and melatonin group. The 

results showed a significant difference between the 

treatments in the amount of T3 (P< 0.05). The results 

also showed that there was a notable difference 

between the rats receiving 40 mg zinc daily and 

control groups 1 and 2 (P< 0.05). From the difference 

in mean values, it can be concluded that the T3 level 

decreased significantly in the group that received zinc 

(P< 0.05).  

Figure 8 shows that the T4 level in control group 1 

was 2.19 (pmol/ml), in control group 2 2.04 

(pmol/ml), in the zinc group 2.30 (pmol/ml), in the 

melatonin group 1.90 (pmol/ml) and in the zinc and 

melatonin group 1.91 (pmol/ml). The results showed 

no significant changes in T4 levels in the test groups 

(P>0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 7. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean T3 concentration in female 

rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. Distinct letters (a and b) are used to denote 

significant variations between the different trials (P< 0.05).  
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Figure 8. The effect of Zn (40 ppm), melatonin (5 mg/kg), and Zn (40 ppm) + melatonin (5 mg/kg) on the mean T4 concentration in female 

rats (n=7). Information are expressed in the form of an average ± the standard error of the mean. 

 

4. Discussion  

Melatonin is known for its contribution to animal 

reproduction. Zinc is also an essential microelement 

that plays an important role in the body, including  

in the reproductive system (21). Each of the 

aforementioned elements is critical for reproductive 

function (22, 23); however, no report has been found 

that examines the effects of the combination of zinc 

and melatonin on thyroid and gonadotropin hormones 

in animals or humans. In the present study, we 

investigated this question to determine the association 

between these supplements and the above hormones. 

According to our results, no significant differences 

were found between the experimental treatments in 

FSH and LH concentrations. The estrogen and 

progesterone levels of the rats receiving 5 mg 

melatonin per day were higher than in the other 

groups, but the difference was not statistically 

remarkable. In addition, the TSH level in control 

group 1 was higher than in the other groups, although 

not statistically. In the group receiving 40 mg zinc, 

however, the T3 level decreased significantly. No 

significant difference was found in T4 levels between 

the treatments . In agreement with the results of our 

study, a significant decrease in T3 levels and no 

change in serum T4 levels was observed in an 

experiment in rats receiving ZnCl2 (24). Another 

study also showed that serum T3 levels were 

significantly reduced during treatment with zinc 

acetate, while no significant changes were observed 

in T4 and TSH levels compared to the control group 

(25). It is possible that the decrease in serum T3 

levels is related to a disturbance in the conversion of 

T4 to T3 (24, 26). Other researchers have reported 

that thyroid secretion at the endocrine level impairs 

animal productivity (27). The secretion of thyroid 

hormones decreased in the rats in our study as a 

result of zinc supplementation. Since , as previous 

studies have shown , thyroid hormones are crucial 

for the proper functioning of the reproductive 

system, especially in female animals, e.g. for the 

metabolism and growth of ovarian, uterine and 

placental tissue (28), this zinc-depleting effect on 

thyroid hormones could have a negative impact on 

the reproductive activity of female rats.  

Melatonin was also found to have a positive effect as 

it has free radical scavenging properties in addition to 

stimulating various other antioxidant enzymes (29-

32). Regarding the effects of melatonin on female 

sexual processes, it should be emphasized that 

melatonin receptors have been identified in different 

cell types of the reproductive system in female 

animals. The documentation also points to dual 
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expression of MT1 and MT2 receptors as potential 

targets for melatonin action (33-37). In addition, 

melatonin affects several pathways that modulate 

Sertoli cells, leading to sperm production as well as 

estrogen and progesterone production (38). Melatonin 

also has an enormous antioxidant effect to eliminate 

harmful substances, such as ROS. The unmediated 

scavenging of free radicals is not dependent on a 

receptor. Reactive oxygen species play an important 

role in sexual functions, including ovulation. 

However, an excess of reactive oxygen species can 

also have a detrimental effect on the egg due to 

oxidative stress and thus cause sterility. Melatonin has 

been shown to be present in the follicular fluid of the 

ovary and in the oocyte itself, protecting it from 

oxidative stress while having beneficial effects on 

oocyte maturation, fertilization and embryonic 

development. Human experiments have investigated 

the improved outcomes of reproductive technologies, 

such as artificial insemination and embryo transfer 

(IVF-ET) by prescribing melatonin to sterile clients 

(39). In another study, researchers investigated the 

relationship between melatonin and hyperthyroidism 

(40). Hyperthyroidism is caused by excessive 

secretion of thyroid hormones with varying clinical 

and biochemical results (41). Hyperthyroidism has 

negative effects on the cardiovascular, genitourinary 

and endocrine systems, electrophysiological functions 

and oxidative metabolism in various organs. The main 

function of melatonin, which is secreted by the pineal 

gland, is to control the circadian rhythm (42, 43). 

Numerous experiments have indicated the inhibitory 

effect of melatonin on the thyroid gland and its 

function. Various methods have been used under 

laboratory conditions (test tubes or test containers) 

and on living organisms, including laboratory 

animals. Studies have been conducted on the short 

and long-term administration of melatonin, on the 

impairment of pineal gland activity by light and on 

the removal of the pineal gland . Melatonin may 

have a direct or indirect effect on the thyroid gland 

and its functions; however, the basic mechanisms are 

not yet fully understood. Considering the inhibitory 

effects of melatonin on the thyroid gland and 

hormone secretion as well as its antioxidant effects, 

it could represent a new possibility for the treatment 

of hyperthyroidism (44). Laskar et al. (45) 

investigated the effects of exogenous melatonin on 

thyroid hormone concentrations and the expression 

patterns of melatonin receptor proteins (MT1, MT2) 

on the thyroid gland in male and female rats of 

different age groups. The pineal melatonin hormone 

controls various endocrine processes, such as the 

regulation of thyroid hormones under different 

physiological conditions of the body. Melatonin exerts 

many of its functions via membrane-bound receptors 

(MT1 and MT2). In the above study, the effects of 

melatonin on the levels of thyroid hormones and the 

expression patterns of MT1 and MT2 on the thyroid 

gland were to be investigated at different ages (two, 

four and eight months) in albino Swiss rats. In the 

group of male rats, the administration of melatonin 

can inhibit the T4 hormone without changing the TSH 

level in the age group of two and four months , but in 

the age group of eight months it caused an increase in 

the T4 hormone as well as the TSH concentration. In 

the group of female rats, melatonin increased the  

T4 level, while the TSH concentration remained 

unchanged in all age groups of rats. However, 

melatonin signifcantly reduced the expression of 

thyroid MT1 receptor proteins in female and male rats. 

In contrast, thyroid  MT2 receptor proteins were 

differentially expressed by melatonin supplementation 

in the different age groups of male and female rats. 

These results showed that melatonin, gender and age 

have different effects on T4 levels. This research also 

showed that melatonin may favor MT2 receptors on the 

thyroid gland to regulate the release of the hormone T4, 

which is dependent on age and gender in albino rats 

(45, 46). Chowdhury and his group (46) investigated 

the role of melatonin in the release of gonadotropin-

inhibiting hormone (GnIH) in the birds' hypothalamus. 

GnIH, a hormone that inhibits the formation and 

release of gonadotropin, was first discovered in the 
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hypothalamus of quails. The gonadotropin -inhibiting 

hormone acts on the pituitary gland, and the  GnIH 

neurons in the hypothalamus are responsible for the 

growth and maintenance of the gonads. In addition, 

gonadotropin-inhibiting hormone expresses melatonin 

receptors and melatonin expresses GnIH receptors in 

the quail brain. Therefore, melatonin appears to be an 

essential element of GnIH activity. The results show 

that melatonin not only plays a role in increasing GnIH 

expression, but also in the secretion of GnIH, thereby 

inhibiting the plasma concentration of LH in quail (47). 

In one study, the influence of Zn on the metabolic 

function of the thyroid gland was investigated. The 

thyroid gland is the most important gland of the 

endocrine system in the body, which fulfills numerous 

tasks. Thyroid hormones, such as T4 and T3 are 

crucial for metabolic processes and are also required 

for the optimal functioning of tissues. These hormones 

influence oxygen uptake and metabolism. The key 

element of thyroid hormones is iodine. In regions 

where the amount of iodine is reduced, thyroid-related 

disorders and ailments are extremely common. 

Thyroid disorders are the most widespread functional 

disorder of the endocrine system worldwide. Thyroid 

dysfunction is caused by either excessive or 

insufficient secretion of thyroid hormones. In 

addition, Zn deficiency is associated with increased 

expression of hepatic thyroxine-5-deiodinase, an 

enzyme that deactivates thyroid hormones (48). 

Overall, the present study shows that except for T3, 

none of the parameters in this study, including T4, 

TSH, FSH and LH as well as estrogen and 

progesterone hormones, were affected by the 

administration of zinc and melatonin to female rats. In 

addition, the combination of these supplements in the 

current study had no adverse effects on the measured 

parameters, demonstrating the  safety of the use of 

these supplements. 
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