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Short fasting has been shown to suppress luteinizing hormone (LH) secretion in ewes, however, the 
molecular mechanism underlying this phenomenon is not clear. Based on recent discovery of the 
crucial role of KiSS-1/GPR54 system in the central control of the GnRH axis, we hypothesized that KiSS-
1/GPR54 system was involved in the inhibitory effect of fasting on LH secretion in ewes. To test this 
hypothesis, we fed six prepubertal ewes subjected to a control diet or fasting 72 h and determined the 
expression of KiSS-1/GPR54 system in hypothalamus. To further confirm the effects of fasting on the 
expression of KiSS-1/GPR54 system in hypothalamus as responsible for the suppression of LH 
secretion in ewes, we also investigated the effect of kisspeptin-10 on the LH secretion in fasted and 
standard feeding prepubertal ewes. The results show that fasting for 72 h could significantly suppress 
hypothalamic expression of KiSS-1 and GPR54 gene and LH secretion in prepubertal ewes. In addition, 
intravenous injection of 1 mg of kisspeptin-10 could significantly increase LH secretion in fasted and 
standard ewes. These data suggest that the inhibitory effect of fasting on LH secretion of prepubertal 
ewes is probably via decreasing the expression of KiSS-1/GPR54 system in hypothalamus. 
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INTRODUCTION 
 
It is well recognized that energy insufficiency can fre-
quently lead to disturbed reproductive maturation and 
infertility. Fasting or food restriction suppresses pulsatile 
luteinizing hormone (LH) secretion in rodents, monkeys, 
humans, cows, sheep and horses (Cameron and 
Nosbisch, 1991; Cunningham et al., 1999; Laughlin and 
Yen, 1996). It has been demonstrated that the sup-
pression of LH secretion is caused by decreased release 
of gonadotropin hormone (GnRH) from the hypothalamus 
rather than by inhibition of pituitary gonadal axis 
sensitivity to GnRH (Aloi et al., 1997; I'Anson et al., 
2000). However, the exact mechanisms of suppression of 
LH secretion under fasting or food restriction state are not 
well understood.  
  
 
 
*Corresponding author. E-mail: pcr352@hotmail.com. 

The GnRH neurons within hypothalamus which receive 
a plethora of central and peripheral signals, regulate the 
secretion of pituitary gonadotropin via the pulsatile 
release of GnRH into the hypophysial portal blood 
vessels. Although numerous central players in the 
inhibitory and stimulatory controls of GnRH neuron have 
been identified during the last decades (Ojeda et al., 
2003; Terasawa, 2005; Todman et al., 2005), our 
knowledge of the hypothalamic GnRH neuron regulating 
reproduction was recently revolutionized by the 
identification of KiSS-1/GPR54 system. KiSS-1/GPR54 
system is consisted of kisspeptins encoded by KiSS-1 
gene and their receptor, G protein-coupled receptor 
(GPR54) (Roa et al., 2008; Smith et al., 2006). KiSS-1 
gene encodes a number of structurally-related peptides 
(kisspeptin-54, kisspeptin-14, kisspeptin-13 and 
kisspeptin-10), which are derived from the differential 
proteolytic processing  of   a  common   precursor  of  145  
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Table 1. Real-time fluorescence quantitative PCR probes and primer sequences. 
 

Gene mRNA primer sequence 5´-3´ Product Reference 

KiSS-1 

Forward: CTGGTGCAGCGGGAGAAG 

57 bp Bellingham et al., 2009 Reverse: GCGCAGGCCGAAGGA 

Probe (FAM labeled): ACGTGTCCGCCTACA 

    

GPR54 

Forward: TACATCCAGCAGGTCTCGGTG 

71 bp Bellingham et al., 2009 Reverse: ACGTACCAGCGGTCCACACT 

Probe (FAM labeled): CACGTGTGCCACTCTGACCGCC 

    

β-actin 

Forward: TGACGTCGACATCCGCAAAG 

179 bp U39357; NCBI2009 Reverse: GGAGCCGCCAATCCACAC 

Probe (FAM labeled): CCTCTACGCCAACACGGTGCTGTCC 
 
 

 

amino acids. These kisspeptins all contain an Arg-Phe-
NH2 motif at the C-terminus and have a similar function.  

The role of KiSS-1/GPR54 system in regulating mam-
malian reproduction was first discovered in 2003, when it 
was independently found that GPR54 is crucial for sexual 
maturation in both men and mice (De Roux et al., 2003; 
Funes et al., 2003; Seminara et al., 2003). These findings 
brought about extensive research on the role of KiSS-
1/GPR54 system in reproduction. Numerous studies 
performed in various species have already shown that 
kisspeptins, mainly produced in hypothalamus, are able 
to stimulate follicle stimulating hormone (FSH) and LH 
secretion by regulating GnRH secretion from hypo-
thalamus. This therefore implied that KiSS-1/GPR54 
system is a major regulator of reproductive endocrinology 
(Gianetti and Seminara, 2008; Hashizume et al., 2010; 
Novaira et al., 2009).  

The aim of the present study was to determine whether 
the hypothalamic expression of the KiSS-1 and GPR54 
mRNA decreases during the inhibition of LH secretion 
induced by fasting in ewes. In addition, we verified if 
kisspeptin-10 injection could restore the baseline levels of 
LH changed by fasting. 
 
 
MATERIALS AND METHODS 

 
Experimental designs 

 
Experiment one 

 
Six female small tail Han sheep (native breed), around 20 kg body 
weight and three months old, were randomly divided into control (n 
= 3) and fasted group (n = 3). Ewes were housed by treatment in 
two separate, adjacent pens. Control ewes were given ad labium 
access to hay and 200 g concentrate formulated according to the 
NRC (1998) throughout the experiment. Ewes in the fasted group 
were withheld from feed for 72 h. Ewes in both groups had ad 

libitum access to water. At the end of the fasting period, the animals 
were killed by decapitation under pentobarbital anesthesia, and the 

hypothalamus was immediately dissected out and frozen in liquid 
nitrogen until processing for RNA analysis. Ethical approval for the 
study was obtained from the Ethical Committee of the Jilin 

Agricultural University, China. 
 
 
Experiment two  

 
12 female small tail Han sheep (native breed), around 16.5 kg body 
weight and three months old, were used for this experiment. 24 h 
before the start of the experiment, each ewe was fitted with a 
jugular catheter for intensive blood sampling. The ewes were 
randomly divided into four groups (n = 3): two groups were fasted 

for 72 h and the other two were fed with standard diet throughout 
the experiment. All the groups had free access to water. 72 h later, 
one fasted and one standard group were given intravenous 
injection of 5 ml of saline and the remaining fasted and standard 
group were injected with 1 mg of kisspeptin-10 (amino acid 
sequence: YNWNSFGLRF-NH2, synthesized by Shanghai 
Qiangyao Biotechnology Limited). Blood samples (5 ml) were 
collected via jugular catheter every 15 min for 210 min (from 30 min 
before injection to 180 min after injection). 

 
 
RNA analysis by real-time reverse transcription- polymerase 
chain reaction 

 
Total RNA was isolated from hypothalamic samples using the Trizol 
reagent (TAKARA) according to their protocol. Hypothalamic 
expression of KiSS-1 and GPR54 mRNAs was assessed by real-

time reverse transcription- polymerase chain reaction (RT-PCR). 
Total RNA (1 μg) was then reverse-transcribed using reverse 
transcription (TAKARA). In order to assess the expression of KiSS-
1 and GPR54 in hypothalamus of ewes, β-actin genes was selected 
for reference gene and oligonucleotide primers and TaqMan probes 
for β-actin genes was designed according to ovine GenBank 
(GeneBank accession NO.U39357). Oligonucleotide primers and 
TaqMan probes for ovine KiSS-1 and GPR54 genes were obtained 
from previously published work (Bellingham et al., 2009). The 

information of oligonucleotide primers and TaqMan probes for β-
actin, KiSS-1 and GPR54 gene are shown in Table 1.  

To verify changes in KiSS-1 and GPR54 gene expression, real-
time fluorescence quantitative RT-PCR was performed using 
StepOne Plus Real Time PCR System (Applied Biosystems) 
according to the manufacturer’s instructions. Each qPCR reaction 
(25 μL) contained 2 μL of template cDNA, 1 μL of each of specific 
primers, 0.5 μL of respective probe, 12.5 μL of Premix Ex Taq 
(TAKARA) and 7.5 μL of dH2O. PCR amplification protocol was as 

follows: 95°C for 10 min, followed by 45 cycles of 30 s at 95°C 
(denaturation step) and 1 min at 60°C (primer annealing and 
elongation). In order to ensure the  amplification  efficiencies  of  the  
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Figure 1. Hypothalamic expression of KiSS-1 gene in prepubertal 

ewes in control and fasted group (fasting 72 h). **p < 0.01 
compared with respective control value. 

 

 
 

reference gene, KiSS-1 and GPR54 were equivalent, and relative 

standard curves for each gene was generated using serial dilutions 
of cDNA. Expression of KiSS-1and GPR54 mRNA was quantified 
by using the comparative cycle threshold (CT) method (Schmittgen 
and Livak, 2008), and the results were presented as the ratio of 
KiSS-1 or GPR54 to reference gene β-actin mRNA expression.  
 
 
Hormone measurements  

 
Serum LH levels were determined using sheep LH ELISA Kit 
(Cusabio Biotech CO., Ltd) according to the manufacturer’s 
protocol. The minimum detectable dose of LH is typically less than 
0.12 m IU/ml. 

 
 
Statistical analysis 

 
To calculate the statistical differences among groups, the statistical 
package SPSS13.0 (SPSS Incorporated, Chicago) was used for all 
analysis. Student’s test was used to determine the significant 
difference of hypothalamic expression of KiSS-1 and GPR54 gene 
in ewes between fasted and control groups. One-way analysis of 
variance (ANOVA) was utilized to determine the significance of 
differences of LH concentration among groups. Expression of KiSS-
1 and GPR54 gene was given as mean ± standard deviation (SD). 

In general, p values less than 0.05 were considered statistically 
significant. 

 
 
RESULTS 
 
The results of hypothalamic expression of KiSS-1and 
GPR54 gene in ewes between fasted and control groups 
are shown in Figures 1 and 2. Compared to control 
group, fasting 72 h significantly suppressed hypothalamic 

expression of KiSS-1 and GPR54 gene in ewes (P<0.01). 
Effects of intravenous injection of 1 mg of kisspeptin-10 
on LH secretion of ewes in fasted and standard groups 
are shown in Figures 3 to 5. As shown in Figures 3 and 4, 
intravenous injection of 1 mg of kisspeptin-10 significantly 
increased pulsatile LH secretion of ewes in fasted and 
standard groups. As shown in Figure 5, fasting 72 h 
significantly decreased mean concentration of LH in ewes 
(P<0.05) and injection of kisspeptin-10 also significantly 
increased mean concentration of LH both in fasted and 
standard groups (P<0.01) . 
 

 

DISCUSSION 
 

Reproductive maturation and its subsequent functioning 
in mammalian depend much on the state of energy stores 
of the body (Schneider, 2004). It has been well esta-
blished that short fasting can lead to the suppression of 
LH secretion, which is due to impairment of GnRH 
secretion (I'Anson et al., 2000; Wójcik-Gładysz et al., 
2009). However, the exact mechanism of fasting causing 
GnRH secretion to decrease is unclear. Recently, studies 
in various species had already demonstrated that KiSS-
1/GPR54 system could increase the secretion of FSH 
and LH by directly activating GnRH neurons and eliciting 
GnRH release from hypothalamus (Gianetti and 
Seminara, 2008; Hashizume et al., 2010; Novaira et al., 
2009). Furthermore, studies in rodents have shown that 
estradiol, photoperiod and alcohol can regulate secretion 
of GnRH by changing expression of KiSS-1 gene in hypo-
thalamus (Adachi, 2007; Mason et al., 2007; Srivastava 
et al., 2009). These results t herefore  suggest that  KiSS-  
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Figure 2. Hypothalamic expression of GPR54 gene in 

prepubertal ewes in control and fasted group (fasting 72 h). **p < 
0.01 compared with respective control value. 
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Figure 3. Changes in the blood concentrations of LH over 210 min 

in individual lamb from standard group (S) that received an 
intravenous injection of 5 ml of saline (S) or 1 mg kisspeptin-10 

dissolved in saline (kp10) at 0 min. LH, Luteinizing hormone. 
 
 
 

1/GPR54 system play a critical role in reproductive 
endocrinology. To our knowledge, however, there is no 
report on ruminant for the interaction between KiSS-
1/GPR54 system and LH secretion under fasting state.  

The results of this study show that fasting 72 h can 
significantly decrease LH secretion and expression of 
hypothalamic KiSS-1 and GPR54 genes in prepubertal 

ewes, and kisspeptin-10 encoded by KiSS-1 gene can 
effectively restore the decreasing of LH secretion in 
fasted state. It has been demonstrated that fasting 72 h 
can lead to the suppression of LH secretion in pre-
pubertal ewes (Wójcik-Gładysz et al., 2009). The present 
study showed that fasting for 72 h decreases the 
expression of KiSS-1 and GPR54 gene  of  hypothalamus  
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Figure 4. Changes in the blood concentrations of LH over 210 min in 

individual lamb from fasted group (F) that received an intravenous 
injection of 5 ml of saline (S) or 1 mg kisspeptin-10 dissolved in 
saline (kp10) at 0 min. LH, Luteinizing hormone. 
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Figure 5. Mean concentration of LH in prepubertal ewes for 

standard (S) or fasted 72 h (F) and then given intravenous 
injection of 5 ml of saline (S) or 1 mg kisspeptin-10 dissolved in 
saline (kp10) at 0 min. *p<0.05, and ** p < 0.01 compared with 
value of control group (S+S). LH, Luteinizing hormone. 

 
 

 

in prepubertal ewes. It is reasonable to speculate that the 
decreasing expression of hypothalamic KiSS-1 gene may 
be responsible for the suppression of LH secretion since 
KiSS-1/GPR54 system can control the GnRH release 

from hypothalamus. Several studies in rodents have also 
shown that KiSS-1/GPR54 system is involved in the 
interaction between negative energy balance and LH 
secretion. In prepubertal female and male rats, fasting 72 



692        Afr. J. Biotechnol. 
 
 
 
h induced a significant decrease in the expression of 
hypothalamic KiSS-1 gene which was associated to the 
reduction of circulating LH (Castellano et al., 2005). 
Similar result has been observed in adult female rats, 
where fasting for 18 h decreased the expression of 
hypothalamic KiSS-1 gene (Brown et al., 2008). Further-
more, adult male mice were used to investigate the time-
course for the effects of fasting on expression of 
hypothalamic KiSS-1 gene, and the results show that 
fasting for 12, 24 and 48 h can reduce the expression of 
hypothalamic KiSS-1 gene (Luque et al., 2007).  

In addition to fasting, expression of hypothalamic KiSS-
1 gene was also determined in other form of negative 
energy balance. It was reported that expression of 
hypothalamic KiSS-1 gene in diabetic male rats induced 
by streptozotocin injection decreased and accompanied 
by a state of hypogonadotropic hypogonadism, with a 
significant decrease in LH and testosterone levels 
(Castellano et al., 2006). To our knowledge, for the 
expression of hypothalamic GPR54 gene under fasting 
state, the relevant report is scarce and inconsistent. 72 h 
fasting increased the expression of hypothalamic GPR54 
gene in prepubertal rats (Castellano et al., 2005), 
however, in adult mice, fasting for 12, 24 and 48 h led to 
a significant decrease in its expression (Luque et al., 
2007). The present study demonstrates that fasting for 72 
h could significantly decrease the expression of GPR54 
gene of hypothalamus in prepubertal ewes. The incon-
sistent result is probably caused by differences in 
species, age and duration of fasting, which were used to 
conduct the experiment. 

In order to confirm the hypothesis that the decreasing 
expression of hypothalamic KiSS-1 gene is responsible 
for the suppression of LH secretion in fasted ewes, effect 
of kisspeptin-10 on LH secretion in standard and fasted 
prepubertal ewes was analyzed. The result shows that 
kisspeptin-10 could significantly increase LH secretion of 
ewes in fasted and standard groups. To our knowledge, 
although administration of kisspeptin has been shown to 
elicit the secretion of LH in intact adult sheep (Pompolo et 
al., 2006) and ovariectomized ewes (Arreguin-Arevalo et 
al., 2007), there is no data on prepubertal ewes. The 
present study firstly demonstrated that 1 mg of 
kisspeptin-10 could significantly promote LH secretion in 
standard and fasted prepubertal ewe. These results are 
consistent with data from rodents. Intra-cerebral injection 
of 1 nmol of kisspeptin-10 could increase LH secretion of 
female and male rats after fasting for 72 h, and 
kisspeptin-10 was shown to elicit GnRH release by rat 
hypothalamic explants from fasting 72 h rats in vitro 
(Castellano et al., 2005). In addition, interrupting puberty 
onset by a regimen of undernutrition was able to be 
restored by repeated administration of kisspeptin to 
immature female rats (Castellano et al., 2005). Similarly, 
repeated intra-cerebral administration of kisspeptin-10 to 
uncontrolled diabetic male rats was capable to restore LH 
secretion (Castellano et al., 2006). These  results  implied  

 
 
 
 
that kisspeptin can restore the low level of LH secretion 
caused by negative energy balance.  
 
 
Conclusion 
 
The inhibitory effect of short fasting on LH secretion in 
prepubertal ewes was probably due to a decrease in the 
expression of hypothalamic KiSS-1/GPR54 system. 
These results provide evidence that KiSS-1/GPR54 
system is involved in the interaction between negative 
energy balance caused by short fasting and LH secretion 
in prepubertal ewes. 
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