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Summary 
Melatonin, the main hormone of the pineal gland, informs the body about the environmental light and darkness 
regimen, which in turn contributes to the photoperiodic adaptation of several physiological functions. Leptin, the 
hormone secreted mainly by adipocytes and some other tissues including the pituitary, informs the brain about the mass 
of adipose tissue, which plays an important role in energy homeostasis. Melatonin has been shown to decrease 
circulating leptin levels. It is currently not known whether melatonin has an effect on leptin synthesis in the pituitary. 
The aim of this study was to immunohistochemically examine the effects of pinealectomy and administration of 
melatonin on leptin production in the rat anterior pituitary. The pituitary samples obtained from 18 male Wistar rats 
including sham-pinealectomized, pinealectomized and melatonin-injected pinealectomized groups were 
immunohistochemically evaluated. Immunostaining of leptin was moderate (3+) in sham-pinealectomized rats, heavy 
(5+) in pinealectomized rats and low (1+) in melatonin-treated pinealectomized rats, respectively. The present results 
indicate that pinealectomy induces leptin secretion in anterior pituitary cells, and this increase of leptin synthesis can be 
prevented by administration of melatonin. Thus, melatonin seems to have both physiological and pharmacological 
effects on leptin production in the anterior pituitary of male rats. 
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Introduction 
 

Melatonin, the main hormone of the pineal 
gland, informs the body about the environmental light 
and darkness regimen, which provides the 
photoperiodical adaptation of some physiological 
functions. Leptin, the hormone secreted by adipocytes, 

informs the brain about the mass of adipose tissue, which 
plays an important role in energy homeostasis. Therefore, 
melatonin and leptin may be regarded as “darkness” and 
“fatness” hormones, respectively. Actions of melatonin 
include antioxidative (Reiter 2000) and neuroprotective 
effects (Kilic et al. 1999, Baydas et al. 2002), stimulation 
of immune system (Guerrero and Reiter 1992), 
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modulation of smooth muscle contraction (Ayar et al. 
2001). The pineal gland may also exert a modulating 
influence on the pituitary (Pallotti et al. 2002). It inhibits 
the release of luteinizing hormone (LH) from the neonatal 
rat anterior pituitary gland (Vaněček 1999) induced by 
the gonadotropin-releasing hormone (GnRH) and may 
have antigonadal effects in the adult rats (Kus et al. 2000, 
Yilmaz et al. 2000). Exogenous melatonin can affect the 
spontaneous release of LH and prolactin (PRL) in 
humans (Ninomiya et al. 2001). Melatonin stimulates the 
accumulation of thyroid stimulating hormone (TSH) in 
the rat pars tuberalis (PT) – TSH cells via secretory 
granule formation, and it has been suggested that 
melatonin regulates TSH release from PT-TSH cells 
(Sakamoto et al. 2000). 

Leptin is secreted mainly by adipocytes and has 
important effects on the regulation of food intake and 
energy expenditure. Leptin exerts its effects by 
interacting with leptin receptors in the brain and many 
other tissues. Leptin provides information about the state 
of fat stores to the brain, and the neuroendocrine systems 
adapt their function to the current state of energy 
homeostasis and fat stores (Casanueva and Dieguez 
1999). Although leptin is produced mainly by the white 
adipose tissue, a growing number of tissues including the 
anterior pituitary gland have been shown to produce low 
amounts of leptin (Lloyd et al. 2001). It may act as the 
critical link between adipose tissue and the reproductive 
system, indicating whether adequate energy reserves are 
present for normal reproductive function (Moschos et al. 
2002). Leptin stimulates pituitary cells to synthesize and 
secrete both LH and the follicle-stimulating hormone 
(FSH) bringing about the onset of puberty (Tezuka et al. 
2002). Leptin has a direct enhancing effect on the 
pituitary secretion of growth hormone (GH) induced by 
growth hormone releasing hormone (GHRH) (Mizuno et 
al. 1999). In the rat anterior pituitary gland, there are 
paracrine relationships between leptin-producing cells 
and cells with the leptin receptor (leptin-R) that may 
regulate the function of GH cells (Sone et al. 2001). 
Leptin has an acute stimulatory effect on TSH release in 
vivo, acting probably in the hypothalamus. However, the 
direct pituitary effect of leptin is inhibitory and there is 
also evidence that leptin may act as an autocrine/ 
paracrine inhibitor of TSH release in the rat pituitary 
(Ortiga-Carvalho et al. 2002).  

Melatonin has recently been suggested to have a 
role in leptin release. Our previous studies (Canpolat et 
al. 2001, Baydas et al. 2001) and other studies 
(Rasmussen et al. 1999, Wolden-Hanson et al. 2000) 
have shown that melatonin suppresses plasma leptin 

levels. It has been reported that leptin is produced in 
human (Jin et al. 1999), rat and murine anterior pituitary 
cells (Jin et al. 2000). Melatonin receptors are expressed 
within the pituitary gland (Hazlerigg 2001). We 
hypothesized that melatonin may have an effect on leptin 
synthesis in the adenohypophysis. The present study 
therefore examined the effects of pinealectomy and 
exogenous melatonin on leptin production in the rat 
anterior pituitary. 
 
Methods 
 

Adult male Wistar rats (weighing 180-200 g, 
n=18) were used in this study. The animals were 
maintained under controlled temperature (21±1 oC) and 
light conditions (light 07:00-19:00 h). Food (standard 
pellet diet) and tap water were supplied ad libitum.  

The animals were divided into three groups. 
Group I (n=6) and group II (n=6) were designated as 
control (sham-pinealectomized, sham-PNX) and pineal-
ectomized (PNX) rats, respectively. They received 10 % 
ethanol (0.1 ml s.c.) alone. Rats in group III (n=6) were 
pinealectomized and received a daily injection of 
melatonin (3 mg/kg dissolved in 0.1 ml 10 % ethanol s.c.; 
Sigma) for 2 months commencing on day 7 after surgery. 
The animals were killed by decapitation at the end of the 
experiments. The pituitary glands of all rats were 
removed and fixed in Bouin’s solution. The specimens 
were embedded in paraffin and serially sectioned 
(thickness, 5 µm). All the protocols in the present study 
were approved by the local Ethics Committee of the 
Medical School. 
 
Immunohistochemical procedures 

 Avidin-biotin-peroxidase technique was used 
for determination of leptin protein expression in this 
study. Paraffin sections (5 µm) were dewaxed in xylene, 
treated with 0.1 % hydrogen peroxide in methanol for 
10 min to block endogenous peroxidase, blocked with 
10 % normal goat serum in PBS for 20 min and incubated 
overnight at 4 ºC with Leptin Ob (A-20) rabbit polyclonal 
IgG antibody (Santa Cruz, California). Sections were then 
incubated with biotinylated goat anti-rabbit IgG for 
30 min, followed by avidine-peroxidase for 30 min and 
treated with 0.5 mg/ml diaminobenzidine with 0.1 % 
hydrogen peroxide until the brown reaction product was 
obtained. Finally sections were counterstained with 
hematoxylin, dehydrated in alcohol, cleared in xylol and 
mounted. Sections were viewed and photographed under 
a BH2 Olympus photomicroscope. 
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Fig. 1. Immunohistochemical staining of leptin in control anterior 
pituitary gland, showing moderate levels of leptin protein in the 
cytoplasm of anterior pituitary cells (arrow). Magnification x40. 
 
 

 
Fig. 2. Immunohistochemical staining of leptin in anteror 
pituitary gland of a pinealectomized rat, showing strong leptin 
staining in the cytoplasm of anterior pituitary cells (arrow). 
Magnification x40. 

 
 

 
Fig. 3. Immunohistochemical staining of leptin in anteror 
pituitary gland of a pinealectomized rat that was treated 
afterwards with melatonin, showing low levels of leptin protein in 
the cytoplasm of anterior pituitary cells (arrow). Magnification 
x40. 

Immunohistochemical leptin staining of the 
cytoplasm of anterior pituitary cells was evaluated semi-
quantitatively by two independent histologists in a blind 
test. The more leptin antigen (leptin protein) present in 
the cell, the more binding will occur and as a result, 
darker staining will be seen. The intensity of 
immunostaining was scored as follows: no staining (0), 
minimal (1+), low (2+), moderate (3+), strong (4+), 
heavy (5+). 
 
Results 
 

According to the density of the observed 
immunohistochemical staining the content of leptin was 
moderate (3+) in sham-pinealectomized (control) rats 
(Fig. 1), heavy (5+) in pinealectomized rats (Fig. 2) and 
minimal (1+) in pinealectomized rats that were treated 
with melatonin (Fig. 3). Thus leptin production in 
anterior pituitary cells increased after pinealectomy, and 
these effects were reversed when melatonin was 
administered to PNX animals. 
 
Discussion 
 

The results of the present study have confirmed 
leptin production in the rat anterior pituitary, as 
previously reported by Jin et al. (1999, 2000). 
Furthermore, our study clearly demonstrates that 
exogenous melatonin decreases and pinealectomy 
increases leptin production in the rat anterior pituitary. 
Increased leptin secretion following pinealectomy 
implicates that melatonin modulation of leptin in the 
anterior pituitary is also a physiological effect. This may 
be important in the control of various physiological 
functions. Firstly, there seems to be a functional 
antagonistic interaction between melatonin and leptin in 
the timing of puberty. Melatonin is suggested to delay 
puberty (Kennaway and Rowe 1997), whereas leptin has 
been reported to have a permissive role in puberty onset 
(Gueorguiev et al. 2001). The failure of the pineal gland 
to produce sufficient melatonin causes precocious 
puberty (Commentz and Helmke 1995), whereas 
insufficient leptin release may result in pubertal delay 
(Wauters et al. 2000). Thus, sexual maturation seems to 
be signaled by a decrease of melatonin levels and an 
increase in leptin levels. It has been suggested that there 
is an inverse interaction between plasma melatonin levels 
and sexual maturation (Reiter 1998). Thus, reduction in 
melatonin release may facilitate transition into puberty. 
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Melatonin may exert its puberty-delaying effect by means 
of suppressing leptin production in the anterior pituitary. 
Lack of leptin-reducing effect of melatonin near puberty 
may be responsible for the puberty-accelerating effect of 
leptin. This concept needs confirmination because the cell 
types in which leptin production was affected were not 
separated in this study. In the rat anterior pituitary, LH 
and FSH secreting cells have been shown to express 4±1 
% and 3±0.5 % of leptin, respectively (Jin et al. 2000). In 
the present study, melatonin and pinealectomy may have 
affected leptin production in these cells.  

Leptin is synthesized and stored in the human 
pituitary gland and is suggested to modulate secretion of 
other pituitary hormones, although its contribution to 
changes in plasma leptin levels is currently unknown. 
Pituitary leptin has therefore been suggested to be a novel 
paracrine regulator of pituitary function (Korbonits et al. 
2001). Colocalization studies of leptin and anterior 
pituitary cells have shown that 70 % of ACTH cells are 
positive for leptin, 21 % of GH cells, 29 % of LH cells, 
33 % of FSH cells, 32 % of TSH cells, 64 % folliculo-
stellate cells, whereas very few PRL cells (3 %) were 
positive (Popovic et al. 2001). Leptin is also expressed in 
TSH cells of the rat anterior pituitary (Jin et al. 2000).   

Leptin has been shown to have many functions 
in the anterior pituitary. It directly influences GH 
regulation at the pituitary level (Baratta et al. 2002) and 
leptin also has a stimulatory effect on LH release in the 

pituitary in vivo and in vitro (De Biasi et al. 2001, 
Borowiec et al. 2002). All the anterior pituitary cell types 
express the leptin receptor. However, leptin has been 
localized in specific subtypes of anterior pituitary cells 
indicating cell type-specific production of leptin in the 
anterior pituitary (Lloyd et al. 2001). 

To the best of our knowledge, the effects of 
melatonin hormone on the leptin production in pituitary 
cells have not previously been reported. We have shown 
that melatonin suppresses not only plasma leptin levels 
(Canpolat et al. 2001, Baydas et al. 2001) but also leptin 
production in anterior pituitary cells. The mechanism by 
which melatonin reduces leptin production in the anterior 
pituitary remains to be determined. Melatonin receptors 
are mainly expressed in the pars tuberalis and pars 
distalis. It has been suggested that pars tuberalis mediates 
the seasonal effects of melatonin on prolactin secretion, 
whilst the pars distalis may be involved in photoperiodic 
programming of the developing gonadotropic axis 
(Hazlerigg 2001). Melatonin may exert its effects by 
affecting leptin production within these regions.  

In conclusion, the present findings suggest that 
melatonin may have an important role in the control of 
leptin production in the anterior pituitary. To date, this is 
the first study to report melatonin modulation of leptin in 
the pituitary gland. Further studies investigating leptin-
producing cells in the anterior pituitary affected by 
exogenous melatonin and pinealectomy are needed. 
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