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Neuromedin S (NMS), an anorexigenic neuropeptide was first discovered in rat brain. It is a ligand for 
receptor FM4/TGR-1 which is also called as NMU receptor type II (NMU2R). Mainly it is expressed 
in SCN and involved in regulation of food intake and dark light circadian rhythms. In rodents and 
higher primates its stimulatory role in HPG axis is reported. Growth hormone (GH) is released from 
anterior pituitary and directly or indirectly play very important role in regulation of HPG axis. In the 
present study the pathway of stimulatory role of NMS was investigated in the regulation of HPG axis. 
For this purpose, after NMS administration plasma testosterone (T) and growth hormone (GH) levels 
were determined in four normally fed and 48 hours fasted adult male rhesus monkeys. Fifty nmol (50 
nmol) of NMS was injected through a cannula affixed in saphenous vein. Blood samples were collected 
individually 60 minutes before and 120 minutes after NMS administration at 15 minutes intervals. Plasma 
T and GH concentrations were determined by using specific Enzyme Immunoassay (EIA) kits. 48 h 
fasting significantly (P<0.001) decreased plasma T levels but it did not cause any significant (P>0.05) 
change in plasma GH levels compared to normal fed monkeys. NMS injection induced a significant 
increase (P<0.05) in T and GH concentrations compared to saline treated animals suggesting the possible 
involvement of GH in NMS induced secretion of testosterone. In summary our results suggest that NMS is 
a positive modulator of HPG axis and pituitary hormones like GH might be playing an intermediate role.

INTRODUCTION

Neuromedin S (NMS) is a 36-amino acid peptide which 
binds with the G protein-coupled receptor FM4/TGR-

1 also called neuromedin U receptor type-2 (NMU2R) and 
is highly expressed in the suprachiasmatic nucleus (SCN) 
of the hypothalamus (Mori et al., 2005). The expression 
of NMS receptor is restricted almost only to the central 
nervous system having abundant expression in SCN 
and paraventricular nucleus (PVN) (Guan et al., 2001; 
Nakahara et al., 2004). The presence of receptor within 
SCN, suggests its ligand role in regulation of circadian 
rhythms and hypothalamic hormones like corticotropic 
releasing hormone (CRH) and gonadotropic releasing 
hormone (GnRH) secretion (Mori et al., 2005) while its 
PVN presence implies its role in feeding and the regulation 
of hypothalamus pituitary adrenal (HPA) axis. It has been 
demonstrated that NMS has higher expression in the 
hypothalamus (Rucinski et al., 2007), which suggests the
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predominance of NMS in central regulatory processes. 
NMS mRNA has higher expression in the hypothalamus, 
testes and spleen (Mori et al., 2005). The presence of NMS 
mRNA in testes (Fujii et al., 2000), suggests its possible 
role in reproduction. Central administration of NMS in 
female rats stimulate luteinizing hormone (LH) secretion 
(Vigo et al., 2007) and peripheral administration of NMS 
induces T secretion in rhesus monkeys in a dose dependent 
manner (Jahan et al., 2011) which indicates that it may 
have a very important role in regulation of reproductive 
functions. 

Reproductive functions are vitally controlled by 
hypothalamus pituitary gonadal (HPG) axis. This axis 
regulates secretion of pituitary gonadotropins, follicle 
stimulating hormone (FSH) and LH by pulsatile release of 
hypothalamic decapeptide GnRH. All these hormones play 
a major role in gonadal maturation and functions (Plant, 
2008). Many internal and external factors may affect 
the proper functioning of HPG axis. The most important 
factor is the nutritional status of an individual (Bronson, 
1985; Cameron, 1996; Wade et al., 1996; Wade and Jones, 
2004). The observations of Pirke and colleagues suggested 
the possible role of specific nutrients on reproductive 
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function in the human (Pirke et al., 1986). Many studies 
on rats, cattle and hamsters, have also shown that the 
metabolic deficiencies affect the testicular size and sperm 
production, as caused by other environmental factors such 
as photoperiod and social cues (Lincoln and Short, 1980; 
Walkden-Brown et al., 1994). The exact mechanism that 
how metabolic fuel deficiencies arrest the neural networks 
which regulate the intermittent GnRH discharge is not 
completely understood. Metabolic deficiency suppressed 
GnRH secretion is associated with increased levels of 
gamma-aminobutyric acid (GABA) due to over expression 
of GABA synthesizing enzymes (Leonhardt et al., 1999). 
The study of Mahesh and Brann (2005) showed that 
excitatory amino acids (EAA) stimulate LH secretion. 

In mammals, hormone secretion and needs of the 
organism are precisely balanced in a particular state. 
Mainly from the different hypothalamic nuclei, releasing 
or inhibitory factors define the final concentrations of 
many pituitary hormones in circulatory system (Schibler 
and Sassone-Corsi, 2002). Higher brain sites with an 
integrative system control these nuclei. The afferent inputs 
to these areas of brain may be of hormonal or neural origin. 
The neural networks, controlling hormone release include 
feedback loops in which the released signaling molecule 
directly or indirectly modifies its pattern of secretion 
(Schibler and Sassone-Corsi, 2002).

Hypothalamus controls a variety of homeostatic 
processes such as metabolic control, reproduction, 
thermoregulation, lactation, cardiovascular function, 
feeding, drinking, sleep-wake cycle and hormone 
secretion. Hypothalamus delivers its secretions through 
the hypophyseal portal system to the anterior pituitary 
gland which in turn regulate the secretions of other 
endocrine glands (Everitt and Hokfelt, 1990; Bernardis 
and Bellinger, 1993, 1998).

A complex network of hormonal system is required 
for spermatogenesis and steroidogenesis, which are 
normal testicular functions. Like other glands testes 
are also controlled by secretion of certain hormones. 
These hormones are the primary regulators while the 
local paracrine and autocrine chemicals produced 
by the cellular parts of testes work to establish the 
important microenvironment for sperm development. 
Steroidogenesis, spermatogenesis and testicular functions 
are controlled by the complex interaction of autocrine, 
paracrine and endocrine signals (Heindel and Treinen, 
1989; Spiteri-Grech and Nieschlag, 1993; Gnessi et al., 
1997; Abney, 1999; Hull and Harvey, 2000; Roser, 2001; 
Welt et al., 2002; Huleihel and Lunenfeld, 2004; Petersen 
and Soder, 2006). 

GH belongs to protein family (Niall et al., 1971). 
It is required for pubertal maturation and sexual 

differentiation. It is also involved in gametogenesis, 
gonadal steroidogenesis, and ovulation. During pregnancy 
GH is also needed for fetal nutrition, growth, development 
of mammary gland and lactation. These roles reflect the 
effect of GH on the secretion and action of FSH and LH 
(Chandrashekar and Bartke, 1998), directly and indirectly 
through insulin-like growth factor I production. Moreover, 
production of GH in mammary and gonadal tissues 
reflects paracrine or autocrine actions of extra pituitary 
GH. Experimental studies showed that GH affects gonadal 
differentiation, steroidogenesis, gonadotrophin secretions 
and gametogenesis (Zachmann, 1992; Franks, 1998).

Compelling evidences suggest that GH plays an 
important role in the reproductive process. The presence of 
GH receptors has been documented in the ovary (Mathews 
et al., 1989; Lobie et al., 1990). In male reproductive 
system, GH receptors are found ubiquitously including 
sertoli and leydig cells, vas deferens, seminal vesicles 
and prostate gland (Lobie et al., 1990). GH also plays 
very important role in testicular development and growth. 
GH deficiency in human is associated with abnormally 
small testes. Similarly, pituitary and testicular GH may 
affect testicular function including gametogenesis and 
steroidogenesis (Spiteri-Grech and Nieschlag, 1992).

In the present study it was hypothesized that NMS is 
possibly involved in the regulation of HPG axis by affecting 
the secretion of GH. For this purpose, the effect of NMS 
on GH secretion and its relationship with T secretion was 
observed in normal, fed and 48-h fasted male monkeys.

MATERIALS AND METHODS

Animals and catheterization
Four adult normal male monkeys (Macaca mulatta) 

of age and weight ranging from 6-8 years and 7-10 kg, 
respectively ept in standard colony environment of primate 
facility at Department of Animal Sciences, Quaid-i-Azam 
University Islamabad. During experiment normally fed 
animals were given daily with fresh fruits, boiled potatoes, 
eggs and bread at specific times according to their body 
weights while water was available ad libitum to both fed 
and 48 h fasted monkeys. The normal feeding was carefully 
observed for one month in both fed and fasted groups prior 
to the start of experiment. A cathy cannula (Silver Surgical 
Complex, Karachi, Pakistan; 0.8 mm O.D/22 G×25mm) 
was affixed in the sephnous vein after anesthesizing the 
animals with Ketamine HCl (10 mg/kg BW, im), to bring 
about all the chemical administration and sequential blood 
sampling. A butterfly tubing (24 G×3/4˝ diameter and 300 
mm length; JMS Singapore) was attached with free end of 
the cannula. A single intravenous injection of NMS/saline 
was given after 60 min start of experiment. Five samples 
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were collected in both fed and fasted groups before 
NMS/saline injection and eight samples were collected 
after injection. All the sampling was performed after full 
recovery of animals from sedation. All experiments were 
approved by the Departmental Committee for Care and 
Use of animals at Quaid-i-Azam University Islamabad, 
Pakistan.

Pharmacological reagents
Pharmacological reagents used in the study are 

Heparin (Sinochem Ningbo, China), Ketamine HCl 
(Rotexmedica, Trittau, Germany), Human Neuromedin S 
(Anaspec, USA). All the working solutions were prepared 
in saline solution (0.9% NaCl).

Blood sampling 
Blood sampling (2-3 ml) was done at regular 

intervals of 15 min in both fed and 48 h fasted animals 
using heparinized syringes. An equivalent quantity of 
heparinized (5 IU/ml) saline was injected after each 
sample withdrawal. Samples were collected 60 min before 
and 120 min after NMS administration. The time of NMS 
(50 nmol) administration was considered as 0 min. All 
blood samples were obtained between 1100-1500 h. All 
experiments were performed in a couple of weeks in order 
to reduce the alterations in hormonal levels associated 
with seasonal changes. Samples were centrifuged for 10 
min at 3000 rpm, and then plasma was pipetted out and 
stored at -20˚C until analyzed.

Hormonal analysis
T and GH concentrations were quantitatively 

determined by using EIA kits (Amgenix Inc. USA). The 
minimum limit of detectable T levels was upto 0.05 ng/ml; 
intra-assay and inter-assay coefficients of variation were 
6.4% and 4.4%, respectively and the minimum detectable 
limit for both GH levels was 0.05 ng/ml. Intra-assay and 
inter-assay coefficients of variation were <8%. All the 
procedures of EIA were followed as provided with the kits.

Statistical analysis 
All the data were presented as mean±SEM. T and 

GH concentrations after NMS and saline administration 
were compared by one-way ANOVA followed by post 
hoc Dunnett’s multiple comparisons test. Student’s t test 
was employed to compare mean pre- and post-treatment 
T and GH concentrations, under 48-h fasting and normal 
fed conditions.

Statistical significance was set at P≤0.05. All the 
data were analyzed by using statistical software GraphPad 
Prism version 5.

RESULTS

Basal plasma T and GH concentrations
Basal plasma concentrations of T (ng/ml) and GH (ng/

ml) during 1-h before saline/NMS administration in fed 
and 48-h fasting monkeys are shown in Figure 1. Plasma T 
concentrations significantly (P< 0.001) decreased in 48-h 
fasting monkeys compared to normal fed monkeys but 
it did not cause any significant change (P>0.05) in basal 
plasma GH levels.

Fig. 1. (A) Changes in mean (±SEM) basal plasma T 
concentrations (ng/ml) during 1-h period before NMS/
saline administration in fed and 48-h fasting adult male 
monkeys (B) Overall mean (±SEM) basal plasma T 
concentrations (ng/ml) during 1-h period before NMS/
saline administration in normal fed, and 48-h fasting adult 
male monkeys. ***P<0.001 vs fed (Student’s t test).

Effect of NMS on plasma T and GH secretion
The plasma T and GH concentrations (ng/ml) before 

and after saline/NMS administration in normal fed 
monkeys are given in Figure 2A. At 30 min after NMS 
administration significant (P<0.05) increase in T secretion 
was observed. Maximum levels of T concentrations were 
observed at 60 min of NMS treatment compared to 0 min 
sample (Fig. 2B). GH secretions significantly (P<0.05) 
increased after 45 min of NMS injection compared to 0 min 
sample. Maximum levels of GH concentrations (P<0.001) 
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were observed at 90 min of NMS injection compared to 0 
min sample (Fig. 2B). Comparison between pre- and post-
treatment also showed a significant increase in T (P<0.05) 
and GH (P<0.01) secretion after NMS administration (Fig. 
3).

 

Fig. 2. (A) Changes in mean (±SEM) basal plasma GH 
concentrations (ng/ml) during 1-h period before NMS/
saline administration in fed and 48-h fasting adult male 
monkeys (B) Overall mean (±SEM) basal plasma GH 
concentrations (ng/ml) during 1-h period before NMS/
saline administration in normal fed, and 48-h fasting adult 
male monkeys.  P>0.05 vs fed (Student’s t test).

Effect of NMS on plasma T and GH secretion
The plasma T and GH concentrations (ng/ml) before 

and after saline/NMS administration in 48-h fasting 
monkeys are given in Fig. 4A. At 60 min after NMS 
administration significant (P<0.05) increase in T secretion 
was observed. Maximum levels of T concentrations were 
observed at 75 min of NMS treatment compared to 0 min 
sample (Fig. 4B). NMS treatment in 48-h fasted monkeys 
significantly (P<0.01) increased GH concentrations after 
60 min of injection. Maximum levels of GH concentrations 
(P<0.001) were observed at 90 min of NMS injection 
compared to 0 min sample (Fig. 4B). Comparison between 
pre- and post-treatment also showed a significant increase 
in both T (P<0.05) and GH (P<0.01) levels after NMS 
administration (Fig. 5).

Fig. 3. (A) Mean (±SEM) changes in plasma T levels (ng/
ml) before and after saline/NMS administration (at 0 min) 
in normal fed adult male monkeys. (B) Mean (±SEM) 
changes in plasma GH levels (ng/ml) before and after 
saline/NMS administration (at 0 min) in normal fed adult 
male monkeys. *P<0.05, **P<0.01, ***P<0.001 vs 0 min 
(ANOVA followed by post hoc Dunnett’s test).

DISCUSSION

GH plays very important role in autocrine/paracrine 
and endocrine regulation of reproduction. It is involved 
in the control of growth, differentiation, proliferation, 
apoptosis and the secretory activities of reproductive 
organs. It also regulates the response of reproductive 
structures to GnRH and gonadotropins (Sirotkin, 2005). GH 
and its receptors are present in large number of tissues and 
cells including pituitary, uterus, mammary gland, placenta, 
leydig cells, granulosa cells, theca cells, cumulus cells of 
oocyte and many other reproductive and non-reproductive 
tissues (Hull and Harvey, 2000, 2001; Kaiser et al., 
2001; Marchal et al., 2003). Previously it was observed 
that NMS causes its effects on reproductive axis through 
metabolic hormones like adipokines (Ahmed and Jahan, 
2017). It was hypothesized that NMS might be playing its 
stimulatory role in HPG axis through stimulation of the 
GH hormone. To find out this relationship the effect of 
peripheral administration of NMS on GH and T secretion 
was investigated in normal fed and 48-h fasting monkeys.

S. Ahmed and S. Jahan
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Fig. 4. (A) Comparison of mean (±SEM) plasma T 
concentrations (ng/ml) in 60 min pre- and 120 min post 
saline/NMS in fed adult male monkeys. (B) Comparison 
of mean (±SEM) plasma GH levels (ng/ml) in 60 min pre- 
and 120 min post saline/NMS in fed adult male monkeys. 
*P<0.05 vs pre-treatment ,**P<0.01 vs pre-treatment 
(Student’s t test).

Fasting suppressed basal plasma T levels (P<0.001) 
suggesting that short term fasting has inhibitory effect 
on HPG axis in monkeys but no significant change was 
observed in case of GH concentrations. The inhibition 
of T was possibly due to suppressed GnRH secretion, as 
it was evident in previous findings that inhibitory effect 
of short term fasting on HPG axis in monkeys is due to 
inhibition of GnRH secretion (Wahab et al., 2008) and not 
by changes in pituitary response to GnRH or changes in 
testicular response to LH (Cameron and Nosbisch, 1991). 
GH plays an important role in regulation of metabolic 
activities during fasting conditions (Norrelund, 2005; 
Moller and Jorgensen, 2009) but there are discrepancies in 
GH release in fasting periods in different animals. Among 
two groups of healthy human adult males, 24-h fasting 
induced a significant rise in GH levels in one group while 
in second group GH levels remained same to the initial 
pre fasting values (Alkén et al., 2008). Similar results 
were also observed in young healthy human females (Beer 
et al., 1989). Several other studies also showed that up 
to 2.5 days fasting did not cause significant change and 

the GH levels remained same in adult human females 
(Bergendahl et al., 1999; Norrelund et al., 2001; Darzy et 
al., 2006; Sakharova et al., 2008). Thissen and colleagues 
found negative effect of fasting on GH secretion in men 
(Thissen et al., 1994). In rats 24-h fasting did not effect 
GH levels but five days fasting caused significant decrease 
in GH secretion (Ohashi et al., 1995). In our study 48-h 
fasting caused no effect (P>0.05) on GH secretion in 
rhesus monkeys. On the basis of these findings it is very 
difficult to understand this differential role of fasting on 
GH secretion but it is more logical to say that species 
differences and periods of fasting employed might have 
contributed in these different responses. 

Fig. 5. (A) Mean (±SEM) changes in plasma T concentrations 
(ng/ml) before and after saline/NMS administration (at 
0 min) in 48-h fasting adult male monkeys. (B) Mean 
(±SEM) changes in plasma GH concentrations (ng/ml) 
before and after saline/NMS administration (at 0 min) 
in 48-h fasting adult male monkeys. *P<0.05, **P<0.01, 
***P<0.001 vs 0 min (ANOVA followed by post hoc 
Dunnett’s test).

In our study single peripheral injection of NMS (50 
nmol) significantly increased (P<0.05) T secretion in both 
normally fed and 48-h fasting animals. On the basis of 
these results it may be suggested that NMS has ability to 
overcome the fasting suppressed inactivity of HPG axis. 
Our results are in accordance with the findings of a previous 
study where iv administration of NMS significantly 
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induced T secretion in dose dependent manner in rhesus 
monkeys (Jahan et al., 2011). This increase in T secretion 
is more likely due to increase in LH from pituitary and 
GnRH from hypothalamus. The positive role of NMS on 
gonadotropin release was not unpredicted as NMU, which 
acts through the same receptor, influenced LH secretion 
in OVX female rats when centrally injected (Quan et al., 
2003, 2004). Vigo and his colleagues also found stimulatory 
role of NMS on LH secretion in female rats (Vigo et al., 
2007). In present study increase in T secretion after NMS 
administration might also be due its stimulatory effect on 
LH release. These results suggested that more likely NMS 
is also a potent regulator of male gonadal axis in monkeys. 
The exact mechanism of this stimulatory response of NMS 
on LH secretion is yet not clear. However possibly NMS 
modulates expression of neuropeptides in ARC (Ida et 
al., 2005). ARC is the main site with abundant expression 
of NMU2R (Mori et al., 2005), involved in control of 
reproduction and energy balance. So it may be concluded 
that this stimulatory role of NMS in HPG axis is due to 
activation of ARC pathways. 

Fig. 6. (A) Comparison of mean (±SEM) plasma T levels 
(ng/ml) in 60 min pre- and 120 min post saline/NMS in 
48-h fasting adult male monkeys. (B) Comparison of mean 
(±SEM) plasma GH levels (ng/ml) in 60 min pre- and 120 
min post saline/NMS in 48-h fasting adult male monkeys. 
*P<0.05, **P<0.01 vs pre-treatment (Student’s t test).

Kisspeptin and galanin like peptides, which have abundant 
expression in ARC, are most suitable candidates for this 
intermediatory action (Gottsch et al., 2004; Tena-Sempere, 
2006). NMS also induced LH secretion in fasting female 
rats at diestrus. Similar response was noticed in underfed 
animals with different stimuli e.g. kisspeptin and galanin 
like peptide (Castellano et al., 2005, 2006). These 
observations are clear evidence that NMS has ability to 
counteract the inhibitory effect of metabolic stress on the 
gonadotropic axis and potentiate its role in regulation of 
energy balance and reproduction. The most important 
findings of our study were that in fasting conditions, the T 
response to NMS administration was delayed compared to 
normal fed monkeys. It is suggested that the suppression 
of GnRH release by metabolic fuel deficiency might be 
the result of decrease in NMS receptor signaling to GnRH 
neurons or the neurons afferent to GnRH neurons. Further 
studies are required to understand the exact reason for this 
delayed response.

A significant increase (P<0.01) in GH concentrations 
after NMS administration in both fed and 48-h fasting 
adult male monkeys suggesting that irrespective of the 
metabolic status of animals NMS stimulated GH secretion. 
The possible mechanism involved in the regulation of GH 
by NMS, is through the alpha-melanocyte stimulaying 
hormone (α-MSH) and beta-endorphin (β-END) from 
Pro-opiomelanocortin (POMC) in ARC. Both α-MSH 
and β-END are the products of the POMC gene (Smith 
and Funder, 1988). These POMC products stimulate the 
release of GHRH from hypothalamus. It was shown by 
Dupont and colleagues that 2 μg and higher dose of β-END 
resulted in a significant stimulation of plasma GH release 
from 6 to 10 and 20 to 30-fold respectively (Dupont et al., 
1977). Another study (Bricaire et al., 1973) showed that 
α-MSH induced GH release in 18 among 23 normal males. 
Similarly, a significant rise in GH secretion by α-MSH 
administration in children suffering from hypopituitarism 
was observed (Bernasconi et al., 1975). NMS expression 
at the SCN, PVN within the brain (Mori et al., 2005; Ida 
et al., 2005) may regulate the POMC mRNA expression at 
ARC. NMS icv administration led to the augmentation of 
POMC mRNA levels in the ARC and elevated expression 
of c-Foss in ARC POMC neurons (Mori et al., 2005). 
These outcomes propose the involvement of α-MSH in 
NMS regulated feeding behavior and pituitary hormones 
regulation.

CONCLUSION

In summary, our results suggested that NMS is a 
presumptive regulator of pituitary hormones like GH and 
PRL. So, it is plausible that NMS might play its positive 
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role in HPG regulation through the stimulation of pituitary 
hormones like GH and PRL. Various pathways may 
be considered as suitable candidates for this regulation 
but it is very difficult to confirm the exact pathway of 
NMS action in this regard. Further studies are required 
to confirm the exact mechanism of this regulation. Our 
results suggest that NMS is a modulator of metabolic and 
reproductive axis. It induces T secretion GH secretion in 
both fed and fasting conditions but its effect was delayed 
in fasting monkeys compared to NMS treated normal 
fed monkeys. In fasting conditions, the effect of NMS 
administration showed similar response suggesting the 
possible role of GH in T modulation but due to unknown 
reasons, in normal fed monkeys the rise in GH and T levels 
were quite different after NMS injection. In future further 
studies will confirm the exact role of NMS on GH induced 
reproductive functions. 

AKNOWLEDGMENT

We are thankful to Higher Education Commission 
of Pakistan (HEC) and Department of Animal Sciences, 
Quaid-i-Azam University, Islamabad, Pakistan for 
provision of funds and facilities for this research work.

Statement of conflict of interest
The authors declare that there is no conflict of interests 

regarding the publication of this article.

REFERENCES

Abney, T.O., 1999. The potential roles of estrogens in 
regulating Leydig cell development and function. 
Steroid, 64: 610-617. https://doi.org/10.1016/
S0039-128X(99)00041-0

Ahmed, S., Jahan, S., 2017. Possible role of 
Neuromedin S (NMS) in male reproduction: Effect 
of NMS on adipokines secretion in male rhesus 
monkeys (Macaca mulatta). Pakistan J. Zool., 
49: 273-279. https://doi.org/10.17582/journal.
pjz/2017.49.1.273.279

Alkén, J., Petriczko, E. and Marcus, C., 2008. Effect 
of fasting on young adultswho have symptoms of 
hypoglycemia in the absence of frequent meals. Eur. 
J. clin. Nutr., 62: 721-726. https://doi.org/10.1038/
sj.ejcn.1602785

Beer, S.F., Bircham, P.M., Bloom, S.R., Clark, P.M., 
Hales, C.N., Hughes, C.M., Jones, C.T., Marsh, 
D.R., Raggatt, P.R. and Findlay, A.L., 1989. The 
effect of a 72-h fast on plasma levels of pituitary, 
adrenal, thyroid, pancreatic and gastrointestinal 

hormones in healthy men and women. J. 
Endocrinol., 120: 337-350. https://doi.org/10.1677/
joe.0.1200337

Bergendahl, M., Evans, W.S., Pastor, C., Patel, A., 
Iranmanesh, A. and Veldhuis, J.D., 1999. Short-
term fasting suppresses leptin and (conversely) 
activates disorderly growth hormone secretion in 
midluteal phase women-a clinical research center 
study. J. clin. Endocrinol. Metab., 84: 883-894. 
https://doi.org/10.1210/jc.84.3.883

Bernardis, L.L. and Bellinger, L.L., 1993. The lateral 
hypothalamic area revisited: Neuroanatomy. 
Body weight regulation, neuroendocrinology and 
metabolism. Neurosci. Biobehav. Rev., 17: 141-193. 
https://doi.org/10.1016/S0149-7634(05)80149-6

Bernardis, L.L. and Bellinger, L.L., 1998. The 
dorsomedial hypothalamic nucleus revisited: 1998 
update. Proc. Soc. exp. Biol. Med., 218: 284-306. 
https://doi.org/10.3181/00379727-218-44296

Bernasconi, S., Torresani, T. and Illig, R., 1975. The 
Effect of α-MSH on plasma growth hormone, 
cortisol and TSH in children. J. clin. Endocrinol. 
Metab., 40: 759-763. https://doi.org/10.1210/jcem-
40-5-759

Bricaire, H., Strauch, G., Girault, D. and Rifaï, M., 
1973. Alpha-MSH stimulation of growth hormone 
release. J. clin. Endocrinol. Metab., 37: 990-993. 
https://doi.org/10.1210/jcem-37-6-990

Bronson, F.H., 1985. Mammalian reproduction: an 
ecological perspective. Biol. Reprod., 32: 1-26. 
https://doi.org/10.1095/biolreprod32.1.1

Cameron, J.L., 1996. Regulation of reproductive 
hormone secretion in primates by short-term 
changes in nutrition. Rev. Reprod., 1: 117-26. 
https://doi.org/10.1530/revreprod/1.2.117

Cameron, J.L. and Nosbisch, C., 1991. Suppression 
of pulsatile luteinizing hormone and testosterone 
secretion during short term food restriction in 
the adult male rhesus monkey (Macaca mulatta). 
Endocrinology, 128: 1532-1540. https://doi.
org/10.1210/endo-128-3-1532

Castellano, J.M., Navarro, V.M., Fernandez-Fernandez, 
R., Nogueiras, R., Tovar, S., Roa, J., Vazquez, M.J., 
Vigo, E., Casanueva, F.F., Aguilar, E., Pinilla, L., 
Dieguez, C. and Tena-Sempere, M., 2005. Changes 
in hypothalamic KiSS-1 system and restoration 
of pubertal activation of the reproductive axis by 
kisspeptin in undernutrition. Endocrinology, 146: 
3917-3925. https://doi.org/10.1210/en.2005-0337

Castellano, J.M., Navarro, V.M., Fernandez-Fernandez, 
R.R., Roa, J., Vigo, E., Pineda, R., Steiner, R.A., 
Aguilar, E., Pinilla, L. and Tena-Sempere, M., 

https://doi.org/10.1016/S0039-128X(99)00041-0
https://doi.org/10.1016/S0039-128X(99)00041-0
https://doi.org/10.17582/journal.pjz/2017.49.1.273.279
https://doi.org/10.17582/journal.pjz/2017.49.1.273.279
https://doi.org/10.1038/sj.ejcn.1602785
https://doi.org/10.1038/sj.ejcn.1602785
https://doi.org/10.1677/joe.0.1200337
https://doi.org/10.1677/joe.0.1200337
https://doi.org/10.1210/jc.84.3.883
https://doi.org/10.1016/S0149-7634(05)80149-6
https://doi.org/10.3181/00379727-218-44296
https://doi.org/10.1210/jcem-40-5-759
https://doi.org/10.1210/jcem-40-5-759
https://doi.org/10.1210/jcem-37-6-990
https://doi.org/10.1095/biolreprod32.1.1
https://doi.org/10.1530/revreprod/1.2.117
https://doi.org/10.1210/endo-128-3-1532
https://doi.org/10.1210/endo-128-3-1532
https://doi.org/10.1210/en.2005-0337


8                                                                                        

Onlin
e F

irs
t A

rtic
le

S. Ahmed and S. Jahan

2006. Effects of galanin like peptide on luteinizing 
hormone secretion in the rat: Sexually dimorphic 
responses and enhanced sensitivity at male puberty. 
Am. J. Physiol. Endocrinol. Metab., 291: 1281-1289. 
https://doi.org/10.1152/ajpendo.00130.2006

Chandrashekar, V., Bartke, A., 1998. The role of growth 
hormone in the control of gonadotropin secretion 
in adult male rats. Endocrinology, 139: 1067-1074. 
https://doi.org/10.1210/en.139.3.1067

Darzy, K.H., Murray, R.D., Gleeson, H.K., Pezzoli, 
S.S., Thorner, M.O. and Shalet, S.M., 2006. The 
impact of short-term fasting on the dynamics of 24-
hour growth hormone (GH) secretion in patients 
with severe radiation-induced GH deficiency. J. 
clin. Endocrinol. Metab., 91: 987-994. https://doi.
org/10.1210/jc.2005-2145

Dupont, A., Cusan, L., Garon, M., Labrie, F., Hao, L.C., 
1977. β-Endorphin: Stimulation of growth hormone 
release in vivo. Proc. natl. Acad Sci., 74: 358-359. 
https://doi.org/10.1073/pnas.74.1.358

Everitt, B.J. and Hokfelt, T., 1990. Neuroendocrine 
anatomy of the hypothalamus. Acta Neurochir., 47: 
1-15. https://doi.org/10.1007/978-3-7091-9062-3_1

Franks, S., 1998. Growth hormone and ovarian function. 
Baillieres. J. clin. Endocrinol. Metab., 12: 331-340. 
https://doi.org/10.1016/S0950-351X(98)80026-8

Fujii, R., Hosoya, M., Fukusumi, S., Kawamata, Y., 
Habata, Y., Hinuma, S., Onda, H., Nishimura, O. and 
Fujino, M., 2000. Identification of neuromedin U as 
the cognate ligand of the orphan G protein-coupled 
receptor FM-3. J. biol. Chem., 275: 21068-21074. 
https://doi.org/10.1074/jbc.M001546200

Gnessi, L., Fabbri, A. and Spera, G., 1997. Gonadal 
peptides as mediators of development and functional 
control of the testis: An integrated system with 
hormones and local environment. Endocr. Rev., 18: 
541-609. https://doi.org/10.1210/edrv.18.4.0310

Gottsch, M.L., Clifton, D.K. and Steiner, R.A., 2004. 
Galanin-like peptide as a link in the integration of 
metabolism and reproduction. Trends Endocrinol. 
Metab., 15: 215-221. https://doi.org/10.1016/j.
tem.2004.05.010

Guan, X.M., Yu, H., Jiang, Q., Van Der Ploeg, L.H. 
and Liu, Q., 2001. Distribution of neuromedin U 
receptor subtype 2 mRNA in the rat brain. Brain Res. 
Gene Expr. Patterns, 1: 1-4. https://doi.org/10.1016/
S1567-133X(00)00002-8

Heindel, J.J., Treinen, K.A., 1989. Physiology of the 
male reproductive system: endocrine, paracrine and 
autocrine regulation. Toxicol. Pathol., 17: 411-445. 
https://doi.org/10.1177/019262338901700219

Huleihel, M. and Lunenfeld, E., 2004. Regulation of 

spermatogenesis by aracrine/autocrine testicular 
factors. Asian J. Androl., 6: 259-268.

Hull, K.L. and Harvey, S., 2000. Growth hormone: 
a reproductive endocrine–paracrine regulator? 
Rev. Reprod., 5: 175-182. https://doi.org/10.1530/
revreprod/5.3.175

Hull, K.L. and Harvey, S., 2001. Growth hormone: Roles 
in female reproduction. J. Endocrinol., 168: 1-23. 
https://doi.org/10.1677/joe.0.1680001

Ida, T., Mori, K., Miyazato, M., Egi, Y., Abe, S., Nakahara, 
K., Nishihara, M., Kangawa, K. and Murakami, 
N., 2005. Neuromedin S is a novel anorexigenic 
hormone. Endocrinology, 146: 4217-4223. https://
doi.org/10.1210/en.2005-0107

Jahan, S., Ahmed, S., Shah, N.A., Hizbullah., 2011 
Role of Neuromedin S in plasma testosterone and 
cortisol concentrations in male adult rhesus monkey 
(Macaca mulatta). Pakistan J. Zool., 43: 147-153.

Kaiser, G.G., Sinowatz, F. and Palma, G.A., 2001. 
Effects of growth hormone on female reproductive 
organs. Anat. Histol. Embryol., 30: 265-271. https://
doi.org/10.1046/j.1439-0264.2001.00336.x

Leonhardt, S., Shahab, M., Luft, H., Wuttke, W. and Jarry, 
H., 1999. Reduction of luteinzing hormone secretion 
induced by long-term feed restriction in male rats 
is associated with increased expression of GABA-
synthesizing enzymes without alterations of GnRH 
gene expression. J. Neuroendocrinol., 11: 613-619. 
https://doi.org/10.1046/j.1365-2826.1999.00377.x

Lincoln, G.A. and Short, R.V., 1980. Seosonal breeding: 
nature’s contraceptive. Recent Progr. Horm. Res., 
36: 1-52. https://doi.org/10.1016/B978-0-12-
571136-4.50007-3

Lobie, P.E., Breipohl, W., Aragon, J.G. and Waters, M.J., 
1990. Cellular localization of the growth hormone 
receptor/binding protein in the male and female 
reproductive systems. Endocrinology, 126: 2214-
2221. https://doi.org/10.1210/endo-126-4-2214

Mahesh, V.B. and Brann, D.W., 2005. Regulatory 
role of excitatory amino acids in reproduction. 
Endocrine, 28: 271-280. https://doi.org/10.1385/
ENDO:28:3:271

Marchal, R., Caillaud, M., Martoriati, A., Gerard, N., 
Mermillod, P. and Goudet, G., 2003. Effect of growth 
hormone (GH) on in vitro nuclear and cytoplasmic 
oocyte maturation, cumulus expansion, hyaluronan 
synthases, and connexins 32 and 43 expression, and 
GH receptor messenger Rna expression in equine 
and porcine species. Biol. Reprod., 69: 1013-1022. 
https://doi.org/10.1095/biolreprod.103.015602

Mathews, L.S., Enberg, B. and Norstedt, G., 1989. 
Regulation of rat growth hormone receptor gene 

https://doi.org/10.1152/ajpendo.00130.2006
https://doi.org/10.1210/en.139.3.1067
https://doi.org/10.1210/jc.2005-2145
https://doi.org/10.1210/jc.2005-2145
https://doi.org/10.1073/pnas.74.1.358
https://doi.org/10.1007/978-3-7091-9062-3_1
https://doi.org/10.1016/S0950-351X(98)80026-8
https://doi.org/10.1074/jbc.M001546200
https://doi.org/10.1210/edrv.18.4.0310
https://doi.org/10.1016/j.tem.2004.05.010
https://doi.org/10.1016/j.tem.2004.05.010
https://doi.org/10.1016/S1567-133X(00)00002-8
https://doi.org/10.1016/S1567-133X(00)00002-8
https://doi.org/10.1177/019262338901700219
https://doi.org/10.1530/revreprod/5.3.175
https://doi.org/10.1530/revreprod/5.3.175
https://doi.org/10.1677/joe.0.1680001
https://doi.org/10.1210/en.2005-0107
https://doi.org/10.1210/en.2005-0107
https://doi.org/10.1046/j.1439-0264.2001.00336.x
https://doi.org/10.1046/j.1439-0264.2001.00336.x
https://doi.org/10.1046/j.1365-2826.1999.00377.x
https://doi.org/10.1016/B978-0-12-571136-4.50007-3
https://doi.org/10.1016/B978-0-12-571136-4.50007-3
https://doi.org/10.1210/endo-126-4-2214
https://doi.org/10.1385/ENDO:28:3:271
https://doi.org/10.1385/ENDO:28:3:271
https://doi.org/10.1095/biolreprod.103.015602


9                                                                                        

Onlin
e F

irs
t A

rtic
le

Effect of NMS on Hormone Secretion in Monkeys 9

expression. J. biol. Chem., 264: 9905-9910.
Moller, N. and Jorgensen, J.O., 2009. Effects of growth 

hormone on glucose, lipid, and protein metabolism 
in human subjects. Endocr. Rev., 30: 152-177. 
https://doi.org/10.1210/er.2008-0027

Mori, K., Miyazato, M., Ida, T., Murakami, N., Serino, 
R., Ueta, Y., Kojima, M. and Kangawa, K., 2005. 
Identification of neuromedin S and its possible 
role in the mammalian circadian oscillator system. 
EMBO J., 24: 325-335. https://doi.org/10.1038/
sj.emboj.7600526

Nakahara, K., Hanada, R., Murakami, N., Teranishi, H., 
Ohgusu, H., Fukushima, N., Moriyama, M., Ida, T., 
Kangawa, K. and Kojima, M., 2004. The gut–brain 
peptide neuromedin U is involved in the mammalian 
circadian oscillator system. Biochem. biophys. Res. 
Commun., 318: 156-161. https://doi.org/10.1016/j.
bbrc.2004.04.014

Niall, H.D., Hogan, M.L., Sauer, R., Rosenblum, I.Y. and 
Greenwood, F.C., 1971. Sequences of pituitary and 
placental lactogenic and growth hormones: evolution 
from a primordial peptide by gene reduplication. 
Proc. natl. Acad Sci., 68: 866-870. https://doi.
org/10.1073/pnas.68.4.866

Norrelund, H., 2005. The metabolic role of growth 
hormone in humans with particular reference to 
fasting. Growth Horm. IGF Res., 15: 95-122. https://
doi.org/10.1016/j.ghir.2005.02.005

Norrelund, H., Nair, K.S., Jorgensen, J.O., Christiansen, 
J.S. and Moller, N., 2001. The proteinretaining 
effects of growth hormone during fasting involve 
inhibition of muscleprotein breakdown. Diabetes, 
50: 96-104. https://doi.org/10.2337/diabetes.50.1.96

Ohashi, S., Kaji, H., Abe, H. and Chihara, K., 1995. Effect 
of fasting and growth hormone (GH) administration 
on GH receptor (GHR) messenger ribonucleic acid 
(mRNA) and GH-binding protein (GHBP) mRNA 
levels in male rats. Life Sci., 57: 1655-1666. https://
doi.org/10.1016/0024-3205(95)02145-9

Petersen, C., Soder, O., 2006. The Sertoli cell—a 
hormonal target and ‘super’ nurse for germ cells that 
determines testicular size. Horm. Res., 66: 153-161. 
https://doi.org/10.1159/000094142

Pirke, K.M., Schweiger, U., Laessle, R., Dickhaut, B., 
Schweiger, M. and Waechtler, M., 1986. Dieting 
influences the menstrual cycle: vegetarian versus 
nonvegetarian diet. Fertil. Steril., 46: 1083-1088. 
https://doi.org/10.1016/S0015-0282(16)49884-5

Plant, T.M., 2008. Hypothalamic control of the pituitary-
gonadal axis in higher primates: Key advances 
over the last two decades. J. Neuroendocrinol., 
20: 719-726. https://doi.org/10.1111/j.1365-

2826.2008.01708.x
Quan, H., Funabashi, T. and Kimura, F., 2004. 

Intracerebroventricular injection of corticotrophin-
releasing hormone receptor antagonist blocks the 
suppression of pulsatile luteinizing hormone secretion 
induced by neuromedin U in ovariectomized rats 
after 48 hours fasting. Neurosci. Lett., 369: 33-38. 
https://doi.org/10.1016/j.neulet.2004.07.038

Quan, H., Funabashi, T., Furuta, M. and Kimura, F., 
2003. Effects of neuromedin U on the pulsatile 
LH secretion in ovariectomized rats in association 
with feeding conditions. Biochem. biophys. Res. 
Commun., 311: 721-727. https://doi.org/10.1016/j.
bbrc.2003.10.052

Roser, J.F., 2001. Endocrine and paracrine control 
of sperm production in stallions. Anim. Reprod. 
Sci., 68: 139-151. https://doi.org/10.1016/S0378-
4320(01)00151-8

Rucinski, M., Ziolkowska, A., Neri, G., Trejter, M., 
Zemleduch, T., Tyczewska, M., Nussdorfer, G.G. 
and Malendowicz, L.K., 2007. Expression of 
neuromedins S and U and their receptors in the 
hypothalamus and endocrine glands of the rat. Int. 
J. mol. Med., 20: 255-259. https://doi.org/10.3892/
ijmm.20.2.255

Sakharova, A.A., Horowitz, J.F., Surya, S., Goldenberg, 
N., Harber, M.P., Symons, K. and Barkan, A., 2008. 
Role of growth hormone in regulating lipolysis, 
proteolysis, and hepatic glucose production during 
fasting. J. clin. Endocrinol. Metab., 93: 2755-2759. 
https://doi.org/10.1210/jc.2008-0079

Schibler, U. and Sassone-Corsi, P., 2002. A web of 
circadian pacemakers. Cell, 7: 919-922. https://doi.
org/10.1016/S0092-8674(02)01225-4

Sirotkin, A.V., 2005. Control of reproductive processes 
by growth hormone: Extra- and intracellular 
mechanisms. Vet, J., 170: 307-317. https://doi.
org/10.1016/j.tvjl.2004.05.014

Smith, A.I. and Funder, J.W., 1988. Proopiomelanocortin 
processing in the pituitary, central nervous system, 
and peripheral tissues. Endocr. Rev., 9: 159-179. 
https://doi.org/10.1210/edrv-9-1-159

Spiteri-Grech, J. and Nieschlag, E., 1992. The role of 
growth hormone and insulin-like growth factor I in 
the regulation of male reproductive function. Horm. 
Res., 38: 22-27. https://doi.org/10.1159/000182566

Spiteri-Grech, J. and Nieschlag, E., 1993. Paracrine 
factors relevant to the regulation of spermatogenesis. 
J. Reprod. Fertil., 98: 1-14. https://doi.org/10.1530/
jrf.0.0980001

Tena-Sempere, M., 2006. GPR54 and kisspeptin in 
reproduction. Hum. Reprod. Update, 12: 631-639. 

https://doi.org/10.1210/er.2008-0027
https://doi.org/10.1038/sj.emboj.7600526
https://doi.org/10.1038/sj.emboj.7600526
https://doi.org/10.1016/j.bbrc.2004.04.014
https://doi.org/10.1016/j.bbrc.2004.04.014
https://doi.org/10.1073/pnas.68.4.866
https://doi.org/10.1073/pnas.68.4.866
https://doi.org/10.1016/j.ghir.2005.02.005
https://doi.org/10.1016/j.ghir.2005.02.005
https://doi.org/10.2337/diabetes.50.1.96
https://doi.org/10.1016/0024-3205(95)02145-9
https://doi.org/10.1016/0024-3205(95)02145-9
https://doi.org/10.1159/000094142
https://doi.org/10.1016/S0015-0282(16)49884-5
https://doi.org/10.1111/j.1365-2826.2008.01708.x
https://doi.org/10.1111/j.1365-2826.2008.01708.x
https://doi.org/10.1016/j.neulet.2004.07.038
https://doi.org/10.1016/j.bbrc.2003.10.052
https://doi.org/10.1016/j.bbrc.2003.10.052
https://doi.org/10.1016/S0378-4320(01)00151-8
https://doi.org/10.1016/S0378-4320(01)00151-8
https://doi.org/10.3892/ijmm.20.2.255
https://doi.org/10.3892/ijmm.20.2.255
https://doi.org/10.1210/jc.2008-0079
https://doi.org/10.1016/S0092-8674(02)01225-4
https://doi.org/10.1016/S0092-8674(02)01225-4
https://doi.org/10.1016/j.tvjl.2004.05.014
https://doi.org/10.1016/j.tvjl.2004.05.014
https://doi.org/10.1210/edrv-9-1-159
https://doi.org/10.1159/000182566
https://doi.org/10.1530/jrf.0.0980001
https://doi.org/10.1530/jrf.0.0980001


10                                                                                        

Onlin
e F

irs
t A

rtic
le

S. Ahmed and S. Jahan

https://doi.org/10.1093/humupd/dml023
Thissen, J.P., Ketelslegers, J.M. and Underwood, L.E., 

1994. Nutritional regulation of the insulin-like 
growth factors. Endocr. Rev., 15: 80-101. https://doi.
org/10.1210/edrv-15-1-80

Vigo, E., Roa, J., Lopez, M., Castellano, J.M., Fernandez-
Fernandez, R., Navarro, V.M., Pineda, R., Aguilar, 
E., Dieguez, C., Pinilla, L. and Tena- Sempere, M., 
2007. Neuromedin S as novel putative regulator of 
luteinizing hormone secretion. Endocrinology, 148: 
813-823. https://doi.org/10.1210/en.2006-0636

Wade, G.N. and Jones, J.E., 2004. Neuroendocrinology 
of nutritional infertility. Am. J. Physiol. Regul. 
Integr. Comp. Physiol., 287: 1277-1296. https://doi.
org/10.1152/ajpregu.00475.2004

Wade, G.N., Schneider, J.E. and Li, H.Y., 1996. 
Control of fertility by metabolic cues. Am. J. 
Physiol. Endocrinol. Metab., 270: 1-19. https://doi.
org/10.1152/ajpendo.1996.270.1.E1

Wahab, F., Aziz, F., Irfan, S., Zaman, W.U. and Shahab, 

M., 2008. Short-term fasting attenuates the response 
of the HPG axis to kisspeptin challenge in the adult 
male rhesus monkey (Macaca mulatta). Life Sci., 83: 
633-637. https://doi.org/10.1016/j.lfs.2008.09.001

Walkden-Brown, S.W., Restall, B.J., Norton, B.W., 
Scaramuzzi, R.J. and Martin, G.B., 1994. Effect 
of nutrition on seasonal patterns of LH, FSH 
and testosterone concentration, testicular mass, 
sebaceous gland volume and odour in Australian 
cashmere goats. J. Reprod. Fertil., 102: 351-360. 
https://doi.org/10.1530/jrf.0.1020351

Welt, C., Sidis, Y., Keutmann, H. and Schneyer, A., 
2002. Activins, inhibins, and follistatins: From 
endocrinology to signalling. A paradigm for the new 
millennium. Exp. Biol. Med., 227: 724-752. https://
doi.org/10.1177/153537020222700905

Zachmann, M., 1992. Interrelations between growth 
hormone and sex hormones – physiology and 
therapeutic consequences. Horm. Res., 38: 1-8. 
https://doi.org/10.1159/000182562

https://doi.org/10.1093/humupd/dml023
https://doi.org/10.1210/edrv-15-1-80
https://doi.org/10.1210/edrv-15-1-80
https://doi.org/10.1210/en.2006-0636
https://doi.org/10.1152/ajpregu.00475.2004
https://doi.org/10.1152/ajpregu.00475.2004
https://doi.org/10.1152/ajpendo.1996.270.1.E1
https://doi.org/10.1152/ajpendo.1996.270.1.E1
https://doi.org/10.1016/j.lfs.2008.09.001
https://doi.org/10.1530/jrf.0.1020351
https://doi.org/10.1177/153537020222700905
https://doi.org/10.1177/153537020222700905
https://doi.org/10.1159/000182562

