
The aim of this study was to examine effects of pinealectomy and melatonin administration plasma lep-
tin levels and its relationship with zinc in rats. The study was conducted on 40 adult male Sprague-
Dawley rats. They were divided into four groups each containing 10 animals. Group 1 served as control.
Group 2 was pinealectomized group. Animals in Group 3 were pinealectomized and injected with mela-
tonin (3 mg/kg/day, ip). Group 4 received melatonin alone (3 mg/kg/day, ip). At the end of the experi-
ments, all animals were decapitated and trunk blood collected. Plasma leptin and zinc levels were deter-
mined by radioimmunoassay and Atomic Absorption Spectrophotometer methods, respectively.
Although mean weights of the animals at the beginning were not significantly different among the
groups, the mean weight of the pinealectomized group was found to be significantly lower than all other
groups at the end of a six-month period (p < 0.01). Plasma leptin and zinc levels were the highest in mela-
tonin-administered group (group 4; p < 0.01). The lowest plasma leptin and zinc levels were obtained in
the pinealectomized group (group 2; p < 0.01). Changes in these two parameters were not statistically sig-
nificant in groups 1 and 3. Our findings indicate that pinealectomy results in a decrease in leptin and zinc
levels in rats, and that melatonin administration to pinealectomized rats prevents the decrease in the these
parameters. In addition, long-term administration of melatonin to rats leads to an increase in both leptin
and zinc concentrations.
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INTRODUCTION

Leptin is the protein product of the 167-amino acid obesity gene and has been exten-
sively studied since it was defined by Zhang et al. [52]. It is released from the
adipocytes. Leptin was claimed to be an anti-obesity factor and has been related to
satiety and energy balance acting through the hypothalamus. Indeed, there is consid-
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erable amount of evidence emphasizing that leptin is an important hormone in the
regulation of food intake and body weight in both humans and animals [13, 27, 36,
48]. Results of several other studies have suggested that leptin may also play a role
in the regulation of metabolism [14, 19], sexual development [23, 25], reproduction
[9], hematopoiesis [16], immunity [21], gastrointestinal functions [2], sympathetic
activation [12] and angiogenesis [45].

The pineal gland is an important neuroendocrine organ in the brain. It sends bio-
logical time signals to other parts of the body in a circadian rhythm by secretion of
melatonin hormone in the dark phase of the day. Thus, melatonin plays a role in the
regulation of physiological cycles depending on different times of the day and the
year. It has a significant role in the regulation of seasonal changes in circadian and
particularly in the seasonal control of reproductive functions [41].

Rats, like human beings have a circadian rhythm of food intake, and they consume
more than 70% of food during the dark phase [26]. Results of studies examining the
relationship between melatonin and nutrition are conflicting. Some researchers claim
that melatonin does not affect food intake in rats [51], however, there are also reports
that moderate and low doses of melatonin increase food intake, while higher doses
reduce it [17]. Melatonin [50] and leptin [24] are secreted with a circadian rhythm so
that their levels are high during the day and low at night. Reports investigating the
relationship between melatonin and leptin also appear to be contradictory. Some
studies suggest that both exogenous and endogenous melatonin inhibit leptin levels
or that pinealectomy increases leptin levels [5, 8], whereas others argue that pinealec-
tomy suppresses leptin levels [1]. It has also been suggested that melatonin can pro-
duce differential effects on leptin levels depending on the period of administration,
age and/or dose [39, 40]. It has been shown in a study on mink that melatonin
increases plasma leptin concentration [33]. On the other hand, Reiter et al. [42]
reported that there was no correlation between pinealectomy and nutrition. There are
several studies suggesting a relationship between melatonin and zinc, which is an
important trace element [28, 29]. Zinc is found in the structure of enzymes required
for melatonin synthesis. It plays a role as a co-factor, particularly in the reaction cat-
alyzed by L-amino acid decarboxylase in serotonin formation. Therefore, zinc is nec-
essary for serotonin synthesis, and thus serotonin for melatonin synthesis, a zinc defi-
ciency may be expected to result in a decrease in melatonin levels [18]. Melatonin,
on the other hand, increases zinc absorption in the digestive system [28, 30]. It has
been demonstrated that zinc deficiency reduces melatonin levels and zinc adminis-
tration leads to an increase in melatonin levels [6]. Similar findings have been report-
ed that pinealectomy lowered zinc levels or melatonin administration resulted in an
increase in zinc levels [3, 4].

It has been suggested that zinc is involved in fat metabolism, insulin resistance and
obesity [47]. There are claims to the effect that zinc deficiency in animals leads to
anorexia, weight loss, poor food efficiency and growth disorders [49]. Zinc, an essen-
tial trace element, plays a role in the regulation of appetite [44]. The fact that obese
individuals also have low zinc and high leptin levels [11] points to a relation between
zinc and nutrition, and thus one between zinc and leptin.



Results of the studies addressing the relation between zinc and leptin are incon-
sistent. It was reported that zinc administration did not alter leptin secretion [7] and
similarly, Olusi et al. [34] argued that there was no appreciable relation between zinc
and leptin in healthy individuals. Chen et al. [11], however, noted that zinc could be
a mediator of leptin production.

When the information on the topic is evaluated as a whole, it appears that there is
an inevitable relation between melatonin and leptin, melatonin and zinc, and leptin
and zinc. The aim of the present study is to examine effects of melatonin adminis-
tration to intact or to pinealectomized rats on plasma leptin levels and any relation-
ship with zinc.

MATERIALS AND METHODS

This study was carried out at the Experimental Medicine Research and Application
Center of Selcuk University (SUDAM). A total of 40 adult male Sprague-Dawley
rats were used in the study. Experimental protocol was approved by the Center’s
experimental ethics committee.

The animals were assigned to four groups as follows:
Group 1 (n = 10) Control, which was not subjected to any procedure and fed on a

normal diet.
Group 2 (n = 10) Pinealectomy group, which was pinealectomized, as described

by Kuszak and Rodin [20] under general anesthesia induced by ketamine (60 mg/kg)
and rompun (5 mg/kg), and fed on a normal diet.

Group 3 (n = 10) Pinealectomized, melatonin-administered group, which was
pinealectomized, as described by Kuszak and Rodin [20] under general anesthesia
induced by ketamine (60 mg/kg) and rompun (5 mg/kg), and which was administered
intraperitoneal melatonin (3 mg/kg/day) for 6 months in addition to normal diet.

Group 4 (n = 10) Melatonin-administered group, which was given intraperitoneal
melatonin (3 mg/kg/day) for 6 months in addition to normal diet.

The experimental animals were kept in a setting where 12 dark/12 hour light cycle
and standard room temperature (21 ± 1 °C) were maintained. All injections were per-
formed between 09.00–10.00 a.m. in the morning. At the end of the six-month study,
all animals were decapitated between 09.00–10.00 a.m. and blood samples were col-
lected into anticoagulant containing tubes. Plasma samples were stored at –80 °C
until assayed.

Melatonin administration

Melatonin (Sigma M-250) was dissolved in pure ethanol. The solution was protect-
ed from light and kept at 4 °C until the injection time. The stocks were administered
(by adding 9/10 NaCl solution) so that each rat was injected with a 3 mg/kg solution. 
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Plasma zinc analyses

Plasma zinc analyses were carried out in a Shimatsu ASC-600 model Atomic
Absorption Spectrophotometer. The measurements were repeated twice for each
sample using flame atomization technique with light at 213.9 wave length. Zinc lev-
els were presented as μg/dl.

Plasma leptin analyses

Plasma leptin levels were analyzed using Rat Leptin RIA (radioimmunoassay) test
kit (Linco make, catalogue no: RL-83K) with the help of a Gamma Counter (DPC
Gambyt CR). The results were expressed as ng/ml.

Statistical analyses

Statistical evaluation of the data was made using Minitab for Windows Release 13.0
computer software. Arithmetic mean values and standard errors were calculated for
each parameter. Variance analysis was utilized to determine the differences among
groups. P < 0.01 was considered to be statistically significant.

RESULTS AND DISCUSSION

Mean body weights of animals (Table 1) in the study groups were not significantly
different from each other at the beginning of the study. At the end of the six-month
period, mean weight of the pinealectomy group (group 2) was found to be signifi-
cantly lower than that of all other groups (p < 0.01). However, mean weights of
groups 1, 3 and 4 did not significantly differ among each other.

Melatonin-treated rats (group 4) had the highest plasma leptin and zinc levels
(p < 0.01). The lowest plasma leptin and zinc levels were found in the pinealec-

Table 1
Mean weights of the study groups

Groups
Weight before Weight after
the study (g) the study (g)

1. Control group (n = 10) 245.63 ± 20.60 255.30 ± 25.26a

2. Pinealectomized group (n = 10) 240.45 ± 22.50 231.40 ± 26.29b

3. Pinealectomized, melatonin administered group (n = 10) 247.50 ± 25.00 253.78 ± 26.65a

4. Melatonin administered group (n = 10) 246.75 ± 22.78 257.35 ± 28.24a

* Differences between mean values with different superscripted letters in the same column are statis-
tically significant (P < 0.01): Weight after the study; a > b.



tomized group (group 2; p < 0.01). Neither plasma leptin nor zinc levels changed sig-
nificantly in groups 1 and 3 (Table 2).

Our results have shown that a significant weight loss was observed in pinealec-
tomized group in comparison to other groups at the end of the six-month study peri-
od. A previous study reporting low zinc levels and no change in body weights of
pinealectomized rats [29] appears to be inconsistent with the present findings.
However, as reported in several studies, melatonin deficiency brings about zinc defi-
ciency [30, 31, 46]. In the present study, the pinealectomized animals also had the
lowest plasma zinc levels. It has been shown that deficiency of zinc, which is known
to play an important role in growth, development and enzyme activities [37], leads
to decreases in body weight [15]. Moreover, it is widely agreed that the most evident
indicator of zinc deficiency is insufficient food intake, i.e. loss of appetite, and a con-
sequent weight loss [22, 43]. In addition, it is generally accepted that melatonin
enhances absorption of zinc in the digestive system. The presence of specific bind-
ing areas for melatonin in the intestines suggests that this hormone sets in motion a
crucial mechanism by increasing the absorption of zinc from the digestive system
[28, 29]. Thus, low body weight observed in the pinealectomized rats in our study
may be attributed to reduction of zinc absorption from the digestive system probably
due to pinealectomy.

When the study groups were compared with respect to plasma leptin levels, it was
found that the pinealectomized group had the lowest and the melatonin-administered
group had the highest leptin values. Plasma leptin levels in melatonin-supplemented
pinealectomized rats were not significantly different from the control group. Baydas
et al. [5] reported that pinealectomy increased and physiological doses of melatonin
administration decreased leptin concentration in male rats. Likewise, Canpolat et al.
[8] demonstrated that the increase observed in leptin levels of rats after pinealecto-
my was prevented by exogenous melatonin administration and that exogenous mela-
tonin administration to rats that were not subjected to any procedure resulted in the
inhibition of leptin levels. It was reported in a study conducted on Sprague-Dawley
species rats that 30 mg/kg melatonin administration for 3 weeks lowered plasma lep-
tin at about 28% [38]. Similarly, Rasmussen et al. [40] showed that melatonin levels
decreased and leptin levels increased in parallel with age. When compared to the
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Table 2
Plasma leptin and zinc levels of the study groups

Groups Leptin (ng/ml) Zinc (ng/ml)

1. Control group (n = 10) 2.91 ± 0.78b 91.30 ± 8.62b

2. Pinealectomized group (n = 10) 0.41 ± 0.32c 63.90 ± 9.14c

3. Pinealectomized, melatonin administered group (n = 10) 2.63 ± 0.54b 89.49 ± 11.22b

4. Melatonin administered group (n = 10) 3.71 ± 0.80a 125.85 ± 11.25a

* Differences between mean values with different superscripted letters in the same column are statis-
tically significant (P < 0.01): Leptin; a > b, b > c, zinc; a > b, b > c.
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reports above, low leptin levels we found in the pinealectomized rats and high leptin
levels in the melatonin-administered rats seem to contradict with several findings.
However, Alonso-Vale et al. [1] found decreased leptin levels in pinealectomized rats
compared to controls. It was reported that exogenous melatonin administration
reduced plasma ghrelin levels in rats and plasma leptin levels increased parallel to
the decreased plasma ghrelin levels [33]. This report can be presented as evidence
that no consensus has been reached in studies on the relationship between the pineal
gland and leptin levels. Another important result supporting our finding is that mela-
tonin administration was shown to increase plasma leptin concentration in minks
[32].

Results of studies examining the relationship between zinc and leptin are also con-
flicting. Bribiescas [7] demonstrated that 50 mg zinc gluconate supplementation for
10 days had no effect on plasma leptin concentration. Similarly, Olusi et al. [34] have
suggested that there was no significant correlation between serum zinc and leptin in
healthy individuals. On the other hand, Chen and Lin [10] observed high leptin and
low zinc levels in obese rats induced by sucrose and revealed that serum leptin lev-
els further increased after zinc supplementation, as well as that obesity was
reversible. Low zinc and high leptin levels found in obese patients [10] can be
regarded as evidence of a possible relationship between zinc and leptin. Findings of
Chen et al. [11] suggesting that zinc could be a mediator of leptin production sup-
ports the decreased leptin and zinc levels we found in the pinealectomized group in
addition to the increased leptin and zinc levels in melatonin-treated intact rats. The
pinealectomized group where low leptin and zinc levels were found also showed sig-
nificant reduction in body weight. Since weight loss will result in a decline in fat tis-
sue, low leptin levels observed in this group can be regarded as a natural consequence
of reduced fat tissue. However, Ott and Shay [35] demonstrated that decreased serum
leptin concentrations in zinc-deficient rats was not only due to a decline in body fat
tissue, but also to a decrease in leptin secretion from each gram of fat tissue. Despite
increased leptin and zinc levels, we did not find a significant change in the mean
body weights of the rats in the melatonin-administered group. In other words, mela-
tonin-treated intact group showed an increase in zinc and leptin levels without a
change in body weights. Findings of Ott and Shay’s [35] indicating that zinc can have
a considerable impact on leptin secretion from the fat tissue appear to confirm the
increased zinc and leptin levels we obtained without any change in body weight after
melatonin administration.

In conclusion, we have shown that pinealectomy results in weight loss and inhibi-
tion of plasma leptin and zinc levels in rats. Melatonin administration for six months
prevents weight loss and inhibition of leptin and zinc levels in pinealectomized rats.
Administration of the pineal hormone for a long period results in an increase in plas-
ma leptin and zinc levels without causing a significant change in body weight. These
results suggest that zinc may play a considerable role in the relationship between the
pineal gland and leptin levels.
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