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1. Introduction

Syrian hamsters (Mesocricetus auratus) are seasonal breeders
and their exposure to a short photoperiod (SP; less than

12.5 h light/day) causes a marked reduction in testicular
mass and the diameter of seminiferous tubules [1,2]. In the
exposed animals, spermatogenesis and sperm count decline
sharply, ceasing entirely after 10 weeks of the SP exposure
[3]. This is accompanied by a decrease in the activity of the
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a b s t r a c t

The aim of the study was to investigate the effects of acute leptin treatment of adult Syrian

hamsters exposed to a long (LP, eugonadal males) and short photoperiod (SP, hypogonadal

males). Animals were exposed to LP (L:D 14:10) or SP (L:D 10:14) for 10 weeks. Afterwards, both

LP and SP hamsters were allocated to a control (SP-C, LP-C) or leptin-treated group (SP 3, SP 10,

SP 30 or LP3, LP 10, LP 30). One hour before sacrifice, a single dose of leptin (3, 10 or 30 mg/kg) or

vehicle was administered (i.p.) to the males. Testis weight, serum and pituitary luteinizing

hormone (LH) concentrations, as well as the hypothalamic concentration of gonadotropin-

releasing hormone (GnRH) were recorded. Histological analysis of the testis was performed

and GnRH concentration in the culture medium of hypothalamic explants was examined. A

dramatic regression of testicular weight and histological atrophy of seminiferous tubules, as

well as a decrease in serum and pituitary LH concentrations were found in SP males. All doses

of leptin significantly reduced serum LH levels and medium GnRH concentrations in both

photoperiod groups. Pituitary LH and hypothalamic GnRH concentrations were not affected

by leptin. In conclusion, we demonstrated that leptin inhibited the reproductive axis of

Syrian male hamsters exposed to LP and SP and fed ad libitum.
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hypothalamus–pituitary axis and in hypothalamic norepi-
nephrine turnover. Thus, the reproductive changes associ-
ated with photoperiod-induced gonadal regression seem to
be secondary to the changes in hypothalamic function [4].
The regression appears to be mediated by the hypothalamic
dorsomedial (DMH) and ventromedial (VMH) hypothalamic
nuclei [5,6]. Lesions of these areas may block the gonadal
regression induced by SP in hamsters [7] and inhibit the SP-
induced weight gain. It appears, however, that it is the
alteration in a pulsatile GnRH secretion rather than synthesis
which is the most relevant aspect of the hamster exposure to
short photoperiod [8–10]. A short photoperiod has been
previously found to decrease the number of GnRH pituitary
receptors [11].

Leptin is a hormone secreted by adipocytes that controls
metabolic status, depot fat and appetite [12]. It functions as a
neuroendocrine signal in the hypothalamus [13–15] and is
involved in the regulation of gonadal processes. Leptin
activates VMH and DMH neurons [16], maintains sexual
maturation of female rats [17] and advances the onset of
puberty in mice [14]. We have previously shown that leptin
stimulated the reproductive axis during prepubertal and
peripubertal stages in female rats [18,19]. Moreover, leptin
was reported to preserve cyclicity and reproductive functions
in humans and rodents [20–22], as well as to prevent
hypogonadism induced by fasting in primates [23] and
reinitiate the suppressed reproductive function in ob/ob mice
[24].

We demonstrated that a single acute injection of leptin
inhibits rather than stimulates the hypothalamo–pituitary–
gonadal axis in normal adult male rats [25]. Although these
results were derived from experiments performed on non-
seasonal breeders, leptin is known to affect the reproductive
axis also in seasonal breeders e.g., sheep [26–28]. In hamsters,
the expression of the leptin gene in adipose tissues was
affected by the photoperiod, and seasonal changes in fatness
and metabolism occurred synchronously with the activation
or supression of reproduction [29,30]. Daily fluctuations in
leptin serum levels are also affected by the photoperiod [31].
Exposure to a long photoperiod enhanced leptin expression in
white adipose tissue [29] and increased leptin serum concen-
tration [32]. Similar seasonal changes in serum leptin and
adiposity have also been reported in sheep [33]. In mammals,
the photoperiod is communicated with the central nervous
system (CNS) via melatonin, secretion of which is regulated by
the length of night [34], reflecting both daily and annual
changes in the photoperiod. This explains the role of
melatonin in the regulation of mammalian circadian and
seasonal rhythms [35,36]. Seasonal changes in reproductive
responses (i.e., gonadal regression) are governed by the
interaction between melatonin and the hypothalamic–pitui-
tary–gonadal axis [37]. The goal of the study was to examine
the effects of acute leptin treatment on the neuroendocrine
reproductive function of adult male Syrian hamsters (seasonal
breeders). The parameters examined in hamsters treated with
three doses of leptin and exposed to a long photoperiod (LP;
eugonadal males) or SP (hypogonadal males) included serum
LH concentration as well as pituitary LH and hypothalamic
GnRH contents. In addition, medium GnRH concentration was
examined after in vitro culture of hamster hypothami.

2. Materials and methods

2.1. Animals

Adult male Syrian hamsters (M. auratus; 3 month-old) were
kept under controlled temperature and artificial light condi-
tions (24 � 2 8C, 14:10 light-dark cycles with lights off at 20:00)
and were housed in groups. All hamsters had free access to
food and water until sacrifice. Adequate measures were taken
to minimize pain and discomfort of animals. All experiments
were performed in accordance with the principles and
procedures outlined in European Communities Council Direc-
tives (86/609/EEC) and FRAME guidelines (FRAME Reduction
Committee November 1999).

2.2. Experimental protocol

Before the experiment the animals were divided into two
groups. One group was exposed to LP (14/10 h; lights from 6.00
to 20.00) and the other to SP (10:14 h; lights from 8.00 to 18:00)
for 10 weeks (period required for maximal gonadal regression
in the SP group). Then, hamsters from each photoperiod group
were designated to a control group, receiving single saline
injection (SP-C or LP-C) or to one of the three experimental
groups receiving 3, 10 or 30 mg/kg of leptin (Sigma–Aldrich, St.
Louis, MO, USA) in a single i.p. injection (SP-3, LP-3, SP-10, LP-
10, SP-30, LP-30). Each group consisted of 12–14 animals. The
treatments were administered during the third hour of the
light phase of the last day of the 10-week treatment period. All
hamsters were sacrificed by decapitation 60 min after the
treatment injection. Trunk blood was collected and centri-
fuged, and serum samples were kept at �70 8C until LH
determination.

2.3. Tissue processing and hypothalamic incubation

The testes and seminal vesicles were dissected and weighed.
Only the LP-C and SP-C testes were processed for histological
examination. Pituitary glands and anteromediobasal hypotha-
lami (AMBH) were immediately dissected with the help of a
stereomicroscope. The collected hypothalamic tissues were
bordered laterally by the hypothalamic sulci, rostrally by a line
about 3 mm from the optic chiasm, and caudally by the
mammillary bodies; the collected tissues had a thickness of 3–
4 mm. Neurohypophysis was separated from adenohypophy-
sis. All collected tissues were weighed and processed in
respective buffers. Anterior pituitaries were homogenized in
1 ml isotonic phosphate buffer (disodium phosphate 0.005 M,
monosodium phosphate 0.005 M, sodium chloride 0.15 M), pH:
7.5. The supernatant was diluted 1:150 in buffer and kept at
�70 8C until LH determination. In the first experiment (GnRH
determination), the hypothalamic tissues (0.01 mg) were
homogenized in 20 ml of 0.1 N hydrochloric acid/mg of tissue
using an ice-cold glass Potter homogenizer. The homogenate
was centrifuged (11 300 g; 2 min), the supernatant was diluted
1:1 with phosphate buffer and frozen at �70 8C until the GnRH
assay. In the second experiment (in vitro GnRH release), the
AMBH were used immediately after sacrifice [25,38]. After
dissection, the AMBH were placed in plastic chambers
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containing 300 ml of Earle's medium with glucose (1 mg/ml)
and bacitracin (20 mM), pH 7.4. Hypothalamic samples of
similar weight were used in each incubation. Each chamber
was kept in a Dubnoff shaker (37 8C; 95% O2, 5% CO2) with
constant shaking (60 cycles/min). After pre-incubation
(20 min), the medium was changed and the tissues were
incubated for subsequent 60 min. Then, the medium was
collected and frozen at �70 8C for GnRH determination.

2.4. Hormone concentration determination

Serum (ng/ml) and pituitary (ng/mg) luteinizing hormone (LH)
concentrations were determined in duplicate by radioimmu-
noassay (RIA) with a purchased kit (NIAMDD, Bethesda, MD,
USA). Intra and inter-assay coefficients of variation were 7%
and 10%, respectively; detection limit was 0.2 ng/ml and LH
antibodies (final concentration 1:70 000) were from the
National Institute of Diabetes and Digestive and renal Disease
(NIDDK-anti-rLH-S-11). GnRH concentration was determined
in duplicate by RIA using a specific antibody (with a final
concentration 1:30 000) (Dr. W. Wuttke, Goettingen, Germany).
I125GnRH was purchased from New England Nuclear (Boston,
MA, USA) and synthetic GnRH (Peninsula Laboratories,
Belmont, CA, USA) served as standard. For the precipitation
of the immune complex, cold ethyl alcohol was used. The
detection limit was 0.2 pg/100 ml. Intra- and inter-assay
coefficients of variation were 7% and 12%, respectively. GnRH
data were expressed as pg/AMBH.

2.5. Statistical analysis

The results are expressed as means � SEM. Significance was
assessed by two-way analysis of variance (ANOVA) followed by
the Dunnet test. For comparison of weight data a unpaired
Student t-test was used (SPSS v10).

3. Results

After 10 weeks of exposure to the two photoperiods, the mean
body weight (BW) did not differ between the SP and LP groups.
However, the weight of the testis and seminal vesicles was
dramatically lower ( p < 0.001) in SP than in LP hamsters
(Table 1). The decrease ( p < 0.001) in serum LH concentration
(Fig. 1, open bars) and pituitary LH content (Table 2) in the SP
group was also significant. These changes were consistent
with the regression of seminiferous tubules' epithelium
observed in the SP-C group when compared to the LP-C group
(Fig. 2).

In both photoperiod groups, all doses of leptin significantly
reduced serum LH concentration (LP-30 and SP-30: p < 0.001,
LP-10 and SP-10: p < 0.01, LP-3 and SP-3: p < 0.05). In addition,
leptin administration produced lower ( p < 0.05) serum LH
levels in SP-30 and SP-3 hamsters than in their LP counter-
parts. Serum LH did not differ among the leptin sub-groups
within each photoperiod group (Fig. 1). Pituitary LH and
hypothalamic GnRH concentrations were not affected by
leptin administration in any of the photoperiod groups
(Table 2).

In another experiment, we determined GnRH concentra-
tion in medium collected after the culture of hypothalamic
explants (AMBH), which were harvested from hamsters
exposed to LP or SP (Fig. 3). In both photoperiod groups, all
leptin doses significantly decreased medium GnRH concen-
tration (LP-30 and SP-30: p < 0.001, LP-10 and SP-10: p < 0.01,
LP-3 and SP-3: p < 0.05).

4. Discussion

In the present study, 10 week-exposure to SP induced gonadal
regression in adult Syrian hamster males. The regression of

Table 1 – Weight of body, testes and seminal vesicles in hamsters exposed to long photoperiod (LP) or short photoperiod
(SP).

Unit LP SP

Initial BW g 158.4 � 5.1 166.7 � 3.2
Final BW g 186.4 � 5.5 195.3 � 6.7
Final testis weight mg/100 g BW 2157.6 � 62.1 295.9 � 66.1*

Final seminal vesicles weight mg/100 g BW 665.4 � 93.6 230.8 � 37.0*

* p < 0.001; BW: body weight.

Fig. 1 – Serum LH concentration (mean W SEM) in hamsters
exposed to long (LP, gray bars) or short photoperiod (SP,
black bars) and treated with leptin. In each photoperiod
group three doses of leptin were applied: 3 (LP-3 and SP-3),
10 (LP-10 and SP-10) or 30 (LP-30 and SP-30) mg/kg. For
more details see the text. Different superscripts depict
significant differences ( p < 0.05); SP-C and LP-C (white
bars): control groups without leptin.
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the seminiferous tubules' epithelium and the decrease in
serum and pituitary LH concentrations in the males were
consistent with the SP-induced suppression of reproductive
functions in male hamsters. Leptin administration did not
abolish the inhibitory effect of SP on the examined reproduc-
tive parameters. The acute administration of leptin produced
the inhibition of the reproductive axis in LP and SP animals. In
previous studies leptin also did not reverse the reproductive
suppression induced by SP exposure in Siberian hamsters [39].
Moreover, we demonstrated that the acute administration of
leptin to adult male hamsters exposed to LP or SP decreased
in vitro GnRH secretion by hypothalamic explants. These
results clearly demonstrated that leptin inhibited the hypo-
thalamus–pituitary–gonadal axis in animals exposed to the
short and long photoperiod. However, neither pituitary LH nor
hypothalamic GnRH concentration was affected by the leptin
treatment. It is possible that the time between leptin
administration and sacrifice of the animals was too short to
observe changes in hormone synthesis.

Leptin plays a key role in maintaining body weight
homeostasis and is a relevant neuroendocrine mediator in
the regulation of reproductive functions [12,17,21,40–42]. The
inhibitory effects of leptin on the reproductive axis results
from its effect on the hypothalamus and is evidenced by a
decrease in GnRH secretion. Such inhibition might result from
an inhibitory action of leptin on food intake, although the time

between leptin administration and tissue sampling was too
short (one hour) for the changes to occur. Previously, we
demonstrated that leptin (30, 100 and 300 mg/kg) stimulated
gonadal function in pre- and peripubertal females and males
of Wistar rats [18,43], but inhibited the reproductive axis in
adult males [25]. An inhibitory effect of leptin has also been
reported on in vitro LH and FSH hemi-pituitary secretion in
male adult rats [33,44].

In the current study, peripheral leptin administration
inhibited the reproductive axis in adult, ad libitum fed hamster
males. Similarly, the intracerebroventricular (icv) infusion of
leptin reduced the LH pulsatile frequency and decreased
voluntary food intake in ad libitum fed adult rams (also
seasonal breeders) [45]. It is well known that malnutrition,
acting at a neuroendocrine level, produces an inhibition of the
reproductive axis. In under-fed animals, both icv and
peripheral leptin administration was reported to reverse the
inhibition observed in the gonadal axis [26,28]. The stimulatory
effect of leptin was not demonstrated in well-fed sheep [27].
Thus, the paradoxical inhibitory effect of leptin on the
reproductive axis appears to depend on the metabolic status
of the animal.

In conclusion, in the current paper, we demonstrated that
leptin had an inhibitory effect on the reproductive axis of adult
male Syrian hamsters that were fed ad libitum and were
maintained under both long (eugonadal males) and short

Table 2 – Effects of acute leptin administration on pituitary LH concentration (ng/mg tissue) and hypothalamic GnRH
concentration (pg/mg tissue) in male hamsters exposed to long photoperiod (LP) or short photoperiod (SP).

Pituitary LH concentration Hypothalamic GnRH concentration

LP-C 1286.7 � 43.6 0.97 � 0.12
LP-30 1558.5 � 409.5 1.32 � 0.06
LP-10 1386.3 � 90.8 0.68 � 0.12
LP-3 876.1 � 110.5 0.58 � 0.06
SP-C 436.1 � 41.4* 1.12 � 0.11
SP-30 697.7 � 143.3* 1.54 � 0.17
SP-10 395.5 � 24.2* 1.11 � 0.06
SP-3 577.1 � 76.7* 0.65 � 0.12

LP-C and SP-C: control groups without leptin; LP-30 and SP-30. 30 mg/kg; LP-10 and SP-10: 10 mg/kg; LP-3 and SP-3: 3 mg/kg.
* p < 0.05: different from the respective LP group.

Fig. 2 – Histological images of the seminiferous tubule epithelium of testes harvested from hamsters exposed to long (A) or
short (B) photoperiod. Asterisks indicate the lumen of the seminiferous tubule, arrows point to spermatogenic cells and
arrowheads point to interstitial tissue (hematoxylin–eosin; 40T magnification).
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photoperiod (hypogonadal males). This inhibition was medi-
ated by hypothalamic neuroendocrine mechanisms that
regulate gonadal functions.
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