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Abstract 

Abstract 

Neuromedin S (NMS), a 36 am ino ac id peptide, identi fied in rat brain as li gand for the G 

protein-coupled receptor FM4/TGR-l , also termed neuromedin U receptor type-2 

(NMU2R). Its centra l express ion is restri cted to the suprachi asmat ic nucleus and invo lved 

in the regul ation of dark li ght rhythms and suppress ion of fo od intake. Ghrelin on the 

other hand is a 28 amino acid peptide produced in the stomach and has a stimulatory role 

in food intake and energy homeostasis. Stimulatory role of NMS and inhibitory ro le of 

ghrelin on hypothalamic pituitary gonadal ax is (HPG) is reported in rodents . The 

potenti a l contribution of these two peptides in the contro l of reproductive ax is in hi gher 

primates remains unex plored. [n the present stud y the stimulatory rol e of N MS was 

investi gated on ghre lin suppressed testosterone secretion in adult male rhesus monkeys. 

Four adult male rhes us monkeys were used in thi s stud y. Fifty nmol ofNMS and 2 ~g/Kg 

ghrelin were inj ected through a teflon cannul a implanted in saphenous vein . Blood 

samples were co llected indiv iduall y fo r NMS and ghre lin 60 min befo re and 120 min 

afterNMS and ghrelin administration at 15 min intervals. To study the effect o f NMS on 

ghre lin suppressed plasma testosterone secretion samples were co ll ected 45 min before 

the admini stration of ghrelin, then NMS was admini stered after 60 min of ghre lin 

injection and samples were collected for 120 min after NMS injection . T he plasma 

testosterone concentrati ons were determined by using specific Enzyme Immunoassay 

(E[A). Ghrelin significantl y (P<0.05) decreased plasma testosterone secretion af1er 45 

m in and levels remained low t ill 60 min. NMS blocked this decline caused by ghre lin and 

fU11her stimulated (P<O.OO 1) plasma testosterone secretion from 30 to 60 min after its 

admini stration. In conclusion the present study s uggests that NMS has an ability to 

restore the inhibitory effect of ghrelin on testosterone secretion and further stimulated 

testosterone secretion in adult male rhesus monkey . Thi s response might he regulated 

through HPG axis however fLll1her study is recommended to understand the exact 

mechani sm of acti on of these two peptides in regul ation of reproducti ve behav iour in 

primates. 

Eff('d of Neuromedin Son ghrelin sllpprcss(~d tcstost(~rolH' s(~cn~tion in adult 
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Chapter 1 Introduction 

In Mammals, gonadal functions critically rely on a complex regulatory network of 

systemic ( endocrine) and locally-produced (paracrine and autocrine) signals. 

Although it has been known that conditions of negative energy balance are freq uently 

linked to lack of puberty onset and reproductive fa ilure, only recently the mechan isms 

involved in the coupling of reproductive fu nction and body energy stores have been 

pm1ially elucidated (Fernandez-Fernandez et al., 2004). Central and peripheral 

endocrine signals primarily invo lved in the control of energy balance and metaboli sm, 

control reproductive function by acting at different levels of hypothalamic pituitary­

gonadal axis, thus providing the basis for the link between energy homeostasis and 

fertility (Tena-Sempere e/ al. , 2002; Fernandez-Fernandez et al. , 2005). 

Neuromedins 

The neuromedins are an extremely versatile group of neuropeptides, belong (0 the 

tachykinin family. Tachykinin peptides are one of the largest family of neuropeptides, 

found from amphibians to mammals (Helke el al. , 1990). The first members of 

neuromedins were described in the porcine central nervous system (CNS) (Minamino 

et al. , 1983) and were mainly designated on the basis of their receptor preference (K: 

kassinine-like, B: bombesin-like, N: neurotensin- like, etc.). These neuropeptides are 

abundantly expressed in those CNS structures which regulate endocrine, behavioral 

and autonomic processes (Minamino et al., 1985). Neuromedin Band C appear to be 

especially important in the regulation of behavioral endocrine and autonomic 

processes (Ohki-Hamazaki , 2000). Neuromedin N has a well-established effect on the 

hypothalamic- pituitary- adrenal (HPA) axis (Malendowicz et al., 1993) and displays 

marked action on thermoregulation (Dubuc et al., 1988) . 

Neuromedin U (NMU) was first described as a potent smooth muscle stimulating 

peptide (Minamino el al. , 1985). Neuromedin U originally iso lated from porcine 

spinal cord, is a brain- gut peptide that has potent contractile activity on uterine 

smooth muscle (Minamino el aI. , 1985). The peripheral activities of NMU include 

smooth muscle contraction, blood pressure elevation and modification of intestinal 

ion transport, whereas centrally, NMU suppresses feeding and induces the release of 

stress-mediating molecules such as adrenocorticotropic hormone and corticosterone 

(Minamino et al. , 1985; Hanada et al. , 2001) . However, its profound neural 

expression (Honzawa et al., 1987) raised the possibility that, like other neuromedins, 

Effect of ~eur()medin S Oil ghrelin suppressed testosterone secretion in adult 
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it may playa significant ro le in central regulation. Neuromedin U has proved to exert 

considerable effect on thermoregulation, feed ing (Nakazato et al., 2000) and 

circulation (Chu el al., 2002) and to activate the HPA axis after ei ther peripheral 

(Malendowicz et al., 1994) or central administration (Wren et al., 2002). Further 

studies have reinforced the involvement of the corticotrophin releasing hormone 

(CRH) neurons in the central processing of neuromedin U-evoked phenomena. HPA 

activation , behavioral act ivation and the inhibition of gastric acid secretion all appear 

to be CRH-dependent (Wren et al. , 2002; Hanada et al., 2003; Mondal et aI. , 2003) . 

Neuromedin S 

Neuromedin S is a member of this peptide family (Mori et al. , 2005) which has 

closely resemblance with Neuromedin U (Minamino et al. , 1985). This nomenclature 

stems from the fact that this neuropeptide is highly expressed in the suprachiasmatic 

nucleus of the hypothalamus. Although neuromedin S shares C-term inal structures 

with neuromedin U, the N-terminal portion has no sequence homo logy to o ther 

known peptides, and these two neuromedins are coded by two different genes (Mori ef 

al., 2005). FU11hermore, neuromedin U and S have been demonstrated to share their 

receptors, FM-3/GPR66 and FM-4/TGR-1. On the other hand, while they exhibit 

similar affinity to FM-3/GPR66, which may be responsible for the similarities 

between their effects, neuromedin S binds with higher affinity to FM-4/TGR-I (Mori 

et al. , 2005) , the receptor which may mediate the genuine physiological actions of this 

neuropeptide. The FM-4/TGR- l receptor is confined almost only to the CNS and its 

expression is highest in the hypothalamus, especia lly in the pararaventricular (GlI an et 

al., 200 1) and suprachiasmatic nuclei (Nakahara et al. , 2004) . The paraventricular 

expression argues for a putative role of the receptor in the regulation of the HPA axis 

and feeding, while the suprachiasmatic receptors may govern the sleep/wake cycle 

and the circadian rhythm of temperature, motor phenomena and hypothalamic 

hormone (e.g. gonadotropin hormone releasing hormone and CRH) secretion . Outside 

the hypothalamus, the receptor is found in highest abundance in the hippocampus, the 

amygdala, the thalamus and the cerebellum, which suggests its putative role in 

thermoregulation of behavior, emotions and motor phenomena (Raddatz el al. , 2000) . 

Moreover, the distribution (abundant hypothalamic expression, mainl y in the 

suprachiasmatic, paraventricular and arcuate nuclei) of neuromedin S itse lf raises the 

Effect uf Ncnromcdin S on ghrclin snpprcss~d tcstustcronc secretion in adul1 
mall' rheslIs m(}nkc~ 

2 



Chapter 1 Introduction 

possibility that, similarly to other neuromedins (and especially neuromedin U), it may 

playa rol e in the regulation of hypothalamic functions (Mori el aI. , 2005) . It has been 

demonstrated that neuromedin S express ion IS marked ly hi gher than that o f 

neuromedin U in the hypothalamus (Rucinsk i el aI. , 2007) , which suggests that 

Neuromedin S is predominant in central regulatory processes. Neuromedin S has been 

demonstrated to influence the circadian rhythm (Mori et al., 2005), feeding (Ida el al., 

2005; Shousha el al. , 2006) and pituitary Luteinizing hormone secretion (Vigo et af. , 

2006). The activation of paraventricular CRH secretion and pro-opiomelanocortin 

(POMC) release from the arcuate nucleus appear to play crucial rol es (Ida et at., 

2005). The CRH-related endocrine (HPA activation), autonomic (temperature) and 
. 

behav ioral (anxiety-re lated motor phenomena) processes may also be influenced by 

neuromedin S. It has been determine that CRH (Monnikes et al., 1992; Menzaghi el 

al. , 1994) and dopamine (Majovski et al. , 1981) play especially important roles in the 

mediation of behavior. The CRH is the central regulator of HPA activation (Vale et 

aI. , 1981), anxiety (Skutella et al. , 1994), stress-related motor paradigms (Monnikes 

el al. , 1992 ; Menzaghi el al. , 1994) and neuromed in S evoked hypophagia (Ida e{ at., 

2005) . 

The SCN is the si te of the master circadian pacemaker in mammals and important for 

the regu lation of energy balance (Reppert et at., 2001) . NMS was suggested to be 

involved in circadian oscillation systems and feeding regulation (Ida el at. , 2005 ). The 

tissue distribution of NMS mRNA in rats was investigated using quantitative RT­

PCR. The expression of NMS mRNA was mainly found in the central nervous 

system, spleen and testis . In the brain, NMS mRNA was expressed predominantly in 

the SCN, with only very slight expression in other regions (Fujii et al. , 2000) . In situ 

hybridization histochemistry, as well as RT-PCR analysis, showed that the NMS 

mRNA expression was restricted to the SCN in rat brain (Mori et al. , 2005). The SCN 

is divided into the ventrolateral portion, where the neuropeptide vasoactive intestinal 

po lypeptide (VIP) is expressed, and the dorsomedial portion, where the neuropeptide 

arginine vasopressin is expressed (Moore et al. , 2002). NMS mRNA was expressed in 

the ventrolateral SCN, in a similar manner to VIP mRNA (Mori et al. , 2005). The 

SCN is invo lved in the organization of daily metabolic activi ty and the regulation of 

energy balance (Kreier el al., 2003). Because NMU is an anorexigenic neuropeptide 

Effect of Nenromcdin Son ghrelin snppressed testosterone secretion in aduh 
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Chapter 1 Introduction 

involved in the central regulation of feeding behavior, NMS also playa significant 

role in feeding regulation (Wren et al. , 2002). Icv (intracerebroventricular) inj ection 

of NMS reduced 12- hr food intake during the dark period in a dose-dependent 

manner. Icv inj ection of 3 nmol NMS and NMU into rats resulted in a significant 

decrease in 12-h food intake. On the other hand , at doses of 0 .5 nmol and 1 nmol , 

only NMS inj ection suppressed food intake (Miyazato. , 2008). Icv admini stration of 

NMS augmented the levels of POMC mRNA in the Arcuate nucleus (ARC) and CRH 

mRNA in the paraventricular nucleus (PVN), and induced c-Fos expression in POMC 

neurons in the ARC (Miyazato et al., 2008). Pretreatment with both SHU9119 (an 

antagonist for a -melanocyte stimulating hormone (a-MSH» and a-hCRF (an 

antagonist for CRH) attenuated NMS-induced suppression of food intake in a dose­

dependent manner in fasted rats (Ida et al. , 2005). These results suggest that a -M SH 

in the ARC and CRE in the PVN are involved in NMS action on feeding . 

Ghrelin 

Ghrelin is a 28 amino-acid peptide (Yang et al., 2008) , characterized as the 

endogenous ligand for the growth hormone (GH) secretagogue receptor (GHS-R) 

(Howard el al. , 1996). Ghrelin got its name from the word ' ghre' from the proto-indo­

European language, meaning to grow and ' relin ' as it had GH-releasing activities. It is 

predominantly produced in the stomach by the XI Alike cells with in the oxyntic 

glands of the gastric fundus mucosa (Sakata et al., 2002) . It is an orexigenic peptide 

and a long-term regulator of energy homeostasis (Bluet-Pajot et a!. , 2005) . Ghre lin 

homologs have been identified in a number of different species , including human, 

rhesus monkey, rat, mouse, pig, gerbil , chicken, bullfrog, eel, sheep, go ldfish and 

tilapia (Parhar et al. , 2003). 

The biological actions of ghrelin are conducted through interaction w ith its specific 

cell surface receptor, namely the GHS-R. The cognate ghrelin receptor belongs to the 

large fami ly of G protein-coupled, seven-transmembrane domain receptors (McKee et 

al., 1997). Ghrelin receptor is well conserved across all vertebrate species examined, 

including a number of mammals, chicken and pufferfish . This stri ct conservation 

suggests that ghrelin and its receptor serve important physiological functions (Palyha 

et al., 2000). Ghrelin acts on the GHS-R and activates phospholipase C to generate 

inositol triphosphate (IP3) and diacy lglycerol (DAG), resulting in an increase of 

Errett of Neuromcdin Son ghrclin suppressed testosterone sC(T('tioll in adlll1 
nude rhcsus rrwlll<cy 

4 



Chapter 1 Introduction 

intracellular Ca2+, indicating that the ghrelin . receptor is coupled to a Gq subunit 

(Malagon el aI. , 2003). 

Ghrelin receptor has a wide spread distribution in various tissues, suggesting multiple 

paracrine, autocrine and endocrine roles for ghrel in . GHS-R1a is highly expressed in 

the hypothalamus and pituitary, this is consistent with ghrelin ' s observed action on 

the pituitary and its role in the control of appetite, food intake and energy balances 

(Howard et aI. , 1996) . Within the hypothalamus , immunostaining studies detect 

ghrelin ' s express ion in the internuclear spaces between the lateral hypothalamus, the 

arcuate nucleus (ARC), the ventromedial nucleus (VMN), the dorsomedial nucleus 

(DMN), the paraventricular nucleus (PVN), and the ependymal layer of the third 

ventricle (Cowley et al. , 2003) . Interestingly, GHS-Rla expression has also been 

reported in areas of the CNS that affect biological rhythms, mood, cognition , memory 

and learning, such as the hippocampus, pars compacta of the substancia nigra, ventral 

tegmental area, dorsal and medial raphe nuclei (Guan et al., 1997). 

Ghrelin and GHSR-l a expression were also detected in reproductive tissues including 

placenta, ovary and testis (Tena-sempere et al. , 2002). Within testis expression of 

glu'elin gene and protein has been reported in interstitial rat Leydig cells (Barreiro et 

al. , 2002). However, a specifi c feature of testicular expression of ghrelin in the human 

is the presence of this peptide, albeit at low levels, in Sertoli cell s (Gaytan el al., 

2004). Ghrelin and GHSR-1 a expression were also detected in reproductive tissues 

including placenta, ovary and testis (Tena-sempere et al. , 2002). 

Peripherally produced ghrelin has been shown to cross the blood-brain barrier. Banks 

et ai. , (2002) identified a saturable system transporting human ghrelin from brain-to­

blood and from blood-to-brain. ghrelin possesses a strong and dose-dependent GH­

releasing effect, both in vitro and in vivo in humans and rats . Intravenrticular (iv) and 

Intracerebroventricular (icv) injection of glu'elin induces potent GH release. This 

effect seems to result from ghrelin binding to q-HSR-1a on somatotrophic ce lls at the 

pituitary as peripherally produced ghrelin has been shown to cross the blood-brain 

barrier (Kojima et ai. , 1999; Malagon et al., 2003) . Ghrelin is expressed in 

hypothalamic neurons that are adj acent to the third ventricle between the dorsal , 

ventral, PVN and ARC hypothalamic nuclei. In the ARC nucleus these ghrelin­

containing neurons send efferent fibers onto NPY - and AgRP-expressing neurons to 

E1Tc(,t of Nenromedin ~ on ghrdin sUllpn:ssl'd testosterone sccn'tiull in adult 
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stimulate the release of these orexigenic peptides and onto POMC neurons to suppress 

the release of thi s anorexigenic peptide. In this way ghrelin stimulate food intake 

(Shintani et al., 200 1; Cowley et al., 2003). Ghrelin has been reported to either inhibit 

or stimulate insulin secretion in animals and humans (Wang et al. , 2008). 

Expression of glu'elin and its receptor in various reproductive organs, such as 

placenta, testis , Leydig cells, rat ovary, mouse embryo and endometrium suggests that 

ghrelin may play role in the regulation of reproductive fu nction at least partially, in a 

paracrine or autocrine manner (Caminos ef al., 2003). In the rat tes ti s, ghrclin 

expression was selectively detected in Leydig ce ll s at advanced stages of maturation, 

regardless of their fetal or adult origin and is under the hormonal control of pituitary 

LH, similarly in humans its expression is evident in interstitial mature Leydig cells of 

testis. However, in the human this peptide, albeit at low levels, is present also in 

Sertoli cells (Gaytan el al., 2004). Ghrelin expression in the testi s is, parti ally, under 

the control of pituitary LH. This is in good agreement with the fact that testi cular 

LH/hCG receptors are expressed in Leydig cells (Tena-Sempere el at. , 2002). In the 

ovary, expression of ghrelin was demonstrated in steroidogenically active luteal cells 

and interstitial hi lus cell s. Likewise, expression of GHS-R type 1 a was demonstrated 

in Serto li and Leydig cells of the testis and follicular, Luteal and interstitial hilus cells 

in the ovary (Gaytan el al. , 2003). 

Glu'elin was initially identified (and named) by virtue of its ability to elicit GH 

secretion (Kojima el al. , 1999), compelling evidence has demonstrated that the 

biological actions of ghrelin are much more diverse than those originally described , 

and include endocrine and non-endocrine effects. Detailed reviews of the potential 

biological roles of ghrelin have been recentl y published elsewhere (Korbonits el aI. , 

2004; van der Lely et al., 2004). Interestingly, ghrelin was shown to be a potent 

orexigenic signal , acting at the hypothalamus (Korbonits et al. , 2004; van del' Lely ef 

al. , 2004). 

Ghrelin has been recently postulated to be a peripheral signal for energy insuffic iency, 

which may playa major role in the long-term control of body weight (Zigman and 

Elmquist, 2003). However, the effects of ghrelin on reproduction are not restricted to 

its expression and/or actions in the gonads and placenta. Ghrelin has also direct 

actions on the brain and the pituitary. Thus, central administration of ghrelin 

Effel'. Hf Neuromedin S on ghrelin suppressed testusterone ~c(· .. ction in aduH 
malt, rhesus nWlll"c} 
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suppressed pulsati le LH secretion in ovariectomized female rats (Furuta et af ., 200 I ). 

A similar finding has been reported recently in the rhesus monkey (Vulli emoz el 01., 

2004) and sheep (Iqbal el al. , 2006). 

It has been shown that ghrelin inhibits LH secretion in vivo in prepubertal male rats, 

adul t males and cyclic females, as well as in gonadectomized animals (Fernandez­

Fernandez el al., 2004) .The inhibitory effects of ghrelin upon LH secretion are 

mimicked by the un-acylated form of the molecule (Martini et al., 2006), previously 

regarded as biologically inert. In addition, glu'elin decreases hypothalamic GnRH 

release and LH responsiveness to GnRH in vitro (Fernandez-Fernandez et af. , 2006) . 

Central inj ections of ghrelin resulted in a signifi cant reduction in LH leve ls in rats , 

while FSH levels remain unaltered in prepubertal male rats and gonadectomized male 

and female rats (Furuta et aZ., 2001 ; Fernandez-Fernandez el aZ., 2004). Whereas 

acute administration of ghJelin inhibits FSH and LH secretion in humans, while 

c1u'onic infusion was found effective in reducing LH pulsatility (Lanfranco et aZ., 

2008 ; Kluge et al., 2007). In contrast, a recent stud y by Messini and colleagues found 

that intravenous inj ections of ghrelin had no effects on the basal and GnRH stimulated 

LH and FSH release in women. These studies indicate sexual dimorphi sm in the 

actions of gbJelin in regulating gonadotropin secretion in humans (Mess ini el af ., 

2009). Numerous other effects have been attributed to glTIelin. These include 

stimulation of prolactin, ACTH, AVP, promotion of slow-wave sleep, memory 

retention and anxiety-like behavior and stimulation of milk secretion (Wren et aZ., 

2001 ; Mozid et al. , 2003 ; Nakahara et aZ. , 2006). 

The hypothalamic-pituitary-adrenocortical ax is IS stimulated foll owing acute 

administration of ghrelin in vitro . GhJelin stimulate the release of significant amounts 

of GHRH, CRH and AVP from hypothalamic explants (Mozid et al., 2003). In rats , 

Intracerebroventricular administration of ghrelin has been shown to increase the 

plasma A VP concentration suppress pulsatile LH secretion (Furuta et aZ. , 2001 ). 

Intravenous ghrelin infusion also cause an increase in corti sol and aldosterone levels, 

while others have shown inhibition of the release of thyroid-stimulating hormone 

(Arvat et al. , 2001 ). However, Stimulatory effect of ghrelin and its analogs on PRL 

secretion in humans is far less age and gender dependent than the effect on GH 

secreti on. Ghrelin also stimulates lactotroph and cOli icotroph secretion in an age- and 

Effect of Nenromcdin S on ghrclin suppressed testosterone sccretiull in adul1 
malt· rhesus mon)..;e~ 
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gender-independent manner, both in human and in animal models (Broglio et af. , 

2003). Glu'elin was also able to inhibit testosterone secretion in vivo and in vitro and 

partially prevented the normal timing of balanopreputial separation,an external index 

of puberty onset, in rats (Martini et af., 2006 ; Fernandez-Fernandez ef aI. , 2005; Tena­

Sempere et al., 2002) . Ghrelin induces a dose-dependent inhibition of hCG and 

cAMP-stimulated testosterone secretion in vitro. This effect is associated with a 

significant decrease in hCG stimulated expression of several mRNAs encoding key 

factors in the steroidogenic route (Tena-sempere el ai. , 2002). Three different doses of 

NMS have been used by lahan et al. , (2011) to determine its effect on testosterone 

secretion in adult male rhesus monkeys. According to their results NMS caused dose 

dependent increase in testosterone secretion but has inhibitory effect on cortisol 

secretion in adult male rhesus monkeys. In this study the effect of NMS on 

testosterone secretion was assessed after inhibition by gJu'elin in adult male rhesus 

monkeys (Macaca mulatta) . 

Effect Hf ~enromcdin ~ on ghrelin suppressed testosterone scnetion in adult 
male rhesus monl.:c~: 
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Chapter 2 Materials and Methods 

Animals 

Four adult male rhesus monkeys (Macaca mulaffa), 5-8 years of age, were utili zed in 

thi s study. The animals were given numbers as 0201 , 0202, 0203, and 0204. The ages 

of the animals were calculated using a dental fo rmula described by Haigh and Scot 

(1965). The body weight of the animal at the time of the experiment ranged from 5-8 

kg. The animals were housed in individual cages and were maintained under standard 

colony conditions at the Primate Facility of the Quaid-i-Azam University, Islamabad. 

They were provided with standard monkey food supplemented with fresh fruits and 

vegetables. Water was available ad-libitum. The appetite of the animals was 

monitored for 1 month prior to the beginning of the experiments. All animals used in 

the study were able to finish their food within 5-10 min . Daily feeding protocol 

consisted of fruits (6:00am), boiled potatoes (9:00am), eggs (11 :00 am) and bread 

(1 :OOpm). The animals were given diet according to their body weights . 

Chair restraining 

The monkeys were trained for chair-restraint prior to initiation of the experiment in 

order to minimize the stress and sedation factor . Under ketamine sedation (Ketamax, 

Rotexmedica, Trittau, Germany 5 mg/kg BW, im) animals were affixed to a primate 

chair. After recovery fro m sedation the animals were allowed to sit on the chair for 

graduall y increasing periods. The animals were habituated to chair restraint over a 

period of couple of months. 

Catheterization 

To permit sequential withdrawal of the blood samples and iv administration of drugs, 

the 

animals were anesthetized with Ketamine hydrochloride (5 mg/kg BW, im), and a 

cathy cannula (Silver surgical complex, Karachi , Pakistan ; 0.8 mm O.D/22 Gx25 mm) 

was inserted in the saphenous vein, 30 min before initiation of sampling and the 

animals were restrained to the chair. The free end of the cannula was attached to a 

syringe via butterfly tubing (24 G x3/4" diameter and 300 mm length; JMS Singapore 

PTE LTD, Singapore). Blood sampling and infusion of drugs were carried out when 

the animals had full y regained consciousness. 

Effect of Neuromedin Son ghrelin snppresst.'d testosterone secretion in adult 
male rlle~us fIIonl"c~ 
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Pharmacological r eagents 

The following drugs were used in this study. 

Heparin (Rotexmedica, Trittau, Germany) 

Ketamine HCl (Ketavet; Park-Davis, Berlin, FRG) 

Human Neuromedin S (AnaSpec, USA). 

Human glu·elin (Sigma Aldrich, Israel) 

Working solutions ofNMS and ghrelin were made in normal saline. (0 .9% NaCI). 

Experimental protocol 

Sequential blood samples (2.0 ml each after every 15 min) were obtained at 45 min 

before ghrelin was injected. After 60 min of ghrelin treatmernt (2~lg/Kg) , NMS (50 

runol) was injected intravenously and after that blood samples were collected for 120 

min, in hepranized syringes. Following withdrawal of each sample, an equal volume 

of hepranized (5 IU/ml) saline was injected into the tubing. Simi larly for NMS and 

ghrelin individual sampling blood samples were obtained after 15 min interval each. 

Blood samples were co ll ected 60 min before NMS/ghrelin treatment (50 nmol and 

2~lg/Kg respectively) and 120 min afterwards. All blood sampling were carried out 

between 11:00 am 03:00 pm. Blood samples were immediately centrifuged at 3000 

rpm for 10 min and plasma was separated and stored at -20°C until analyzed. 

Hormonal analysis : 

Testosterone concentrations were quantitatively. determined by using EIA kits 

(Amgenix Inc, USA). Principle and procedure of the assay is as follow. 

Testosterone Enzyme Immunoassay (EIA) test: 

Testosterone EIA test kits were used to determine testosterone concentrations. The 

assay was carried out as described in the protocol provided with the kit. 

Principle of the test: 

The Testosterone EIA IS based on the principle of competitive binding between 

testosterone in the test specimen and Testosterone-HRP conjugate for a constant 

amount of rabbit anti-Testosterone. In the incubation, goat anti-rabbit IgG-coated 

well s are incubated with 1 O~tl of Testosterone standards, contro ls, patient samples, 

100~tl Testosterone-HRP conjugate reagent and 50~ 1 rabbit anti-Testosterone reagent 

at 37°C for 90 minutes. During the incubation, a fixed amount of HRP-labeled 

Testosterone competes with the endogenous Testosterone in the standard , sample, or 

F.ffect of Neuromedin S on ghrelil1 suppressed testosterone secretion in adult 
male rhesus mOllke:v 
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quality specific Testosterone antibody. Unbound Testosterone peroxidase conjugate is 

then removed and the well s washed. Next, a so lution of TMB reagent is then added 

and incubated at room temperature for 20 minutes, resulting in the deve lopment of 

blue color. The color development is stopped with the addition of IN HCI , and the 

absorbance is measured spectrophotometrically at 450 nm . The intensity of the co lor 

formed is proportional to the amount of enzyme present and is inversely related to the 

amount of unlabeled Testosterone in the sample. A standard curve is obtained by 

plotting the concentration the standard versus the absorbance. The Testosterone 

concentration of the specimens and controls rup concurrently with the standards can 

be calculated from the standard curve .. 

Assay Procedure 

1. Desired number of coated wells was secured in the holder. 

2. Standards , specimen and controls (10).11) were dispensed into the appropriate 

wells. 

3. Testosterone-HRP Conjugate Reagent (100~tl) was dispensed into each well . 

4. Rabbit anti -Testosterone reagent (50).11) was dispensed to each well. 

5. The microwell plate was incubated at 3rC for 90 minutes. 

6. The microwells were rinsed and flicked 5 times with the distilled or deioni zed 

water. 

7 . TMB Reagent (1 OO~Li ) was dispensed into each well and was mixed gently for 

10 seconds. 

8. The microwell plate was incubated at. room temperature (18-25°C) for 20 

minutes . 

9. The reaction was stopped by adding 100).11 of Stop Solution to each well. 

10. The content of microwells was mixed gently for 30 seconds. It is impOliant to 

make sure that all the blue color changes to yellow color completely. 

11 . The absorbance read at 450nm with a microtiter well reader within 15 

minutes. 

12. The results were expressed in ng/ml. 

Efred of Nenromcdin S on ghrelin suppressed testosterone sccretion in adult 
malt· rhcsus mm~l .. c)' 
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Statistical Analysis 

All data were presented as mean ± SEM. Student 's t test was employed to determine 

differences between pre and post treatment testosterone levels. ANOV A followed by 

post hoc test (Tuckey ' s test) was used to determine testosterone concentration 

difference between control , NMS and ghrelin treatments. Statisti cal significance was 

set at P<O.05. Data were analyzed by using Graphpad prism version 5. 

Effect of Neuromedin Son ghrelin suppressed testosterone secretion in adul1 
male rhesus monl~ey 
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Protocol for NMS and ghrelin administration and blood sampling (a) NMS, (b) 
Ghrelin and (c) Ghrelin and NMS. 
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Effect of single intravenous injection of NMS (50nmol) on plasma testosterone 

concentration 

The indiv idual and mean ±SEM testosterone profiles before and after a single 50nmol 

i.v injection of NMS in four conscious chair restrained habituated ad ult male rhesus 

monkeys are presented in Table 1 and F ig. 1 A, 1 B and Fig. 2. Slight increase in 

plasma testosterone concentrations were noticed after NMS administration but 

signifi cant increase was observed fro m 30 min to 60 min as compared to 0 min 

sample. At 30 min the concentration was 2. 0 1±0.1 3 (P<0.05) and 45 min and 60 min 

hormonal level increased to 2 .24±0.1 0 (P<O.O 1) and 2.3 1±0. 16 (P<O.O I) respectively 

as compared to contro l at 0 min (IAl±O.20) . A gradual decrease in plasma 

testosterone concentrations were observed from 75 minutes to 120 minutes. 

Pre treatment and post treatment mean values after NMS administration were a lso 

compared and a significant increase in mean plasma testosterone concentrations (pre 

lAl±O.03 ng/ml; post 1.85±0.11) was observed (Table 2 and Fig.3). This increase in 

plasma testosterone level was significant (P<0.Q5) . 

E ffect of single intravenous injection of ghrelin (2/-tg/kg) on plasma testosterone 

concentration 

After 30 minutes of ghrelin administration (2~Lg/kg) there was a significant decrease 

(P<0.05) in plasma testosterone levels from 1.60±0.16 at 0 min to 0.81±0.16 at 30 

min. Ghrelin administration caused a highly significant decrease (P<O.OOI ) in plasma 

testosterone concentration was observed. The values were OA7±0.1 5 at 45 min, 0.23 

±0.06 at 60 min and 0.2 1 ±0.07 at 75 min respectively as compared to 0 min sample 

i.e 1.60±0.16. The individual ad mean plasma testosterone profiles before and after a 

single i.v injection of ghrelin (2~g/kg body weight) in four conscious chair restrained 

habituated adult male rhesus monkey are presented (Table 3 and Fig. 4A, 4B and Fig. 

5). 

The mean values of post treatment also showed a significant decrease in testosterone 

concentrations as compared to pre treatment sqmples as describe in Table 4 and Fig. 

6. 

Effect of Neuromedin S nn ghrelin suppl't'sscd It'stostt.'r(IIlt.' SClTctiofl in adult 
male rhesus monkc~ 
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Chapter 3 Results 

Effect of single intravenous injection of NMS (50nmol) and ghrelin (2Ilg/kg) on 

plasma testosterone concentration 

The individual and mean ± SEM plasma testosterone profi le before and after a single 

i.v . inj ection of ghre lin (2f-lg/kg body weight) and NMS (50nmol) of the four adult 

male rhesus monkeys are presented in Table 5, Fig. 7 A, 7B and Fig. 8. After ghrelin 

administration upto 30 min plasma testosterone levels decreased to 0.69±0.1 0 but this 

decrease in plasma testosterone level was non-significantl y (P>0.05) different as 

compared to control at 0 min i. e 1.07±0.13. Then a signifi cant decrease was observed 

from 45 min to 60 min of ghrelin administration as compared to contro l at 0 min 

sample . These values were 0. 51±0.08 (P<0.05) at 45 min, 0.3 8±0.07 (P<O.OI) at 60 

min as compared to control at 0 min sample. After 60 min of ghrelin, 50nmol ofNMS 

was administered slight increase in plasma testosterone concentrations was observed 

after 15 min but thi s increase was non significant (P>0.05) as compared to 60 min 

sample of ghrelin administration. But from 30 min to 60 min of NMS treatment 

plasma testosterone level increased significantly (P<O.OOl) as compared to 60 min 

sample of ghrelin treatment. This increase was almost similar as was noted when 

NMS was given individually to these animals. These values were 1.2l±0.15 at 30 

min, 1.57±0.1 0 at 45 min and 1.81±0.05 at 60 min respectively after NMS injection. 

Mean values of pre treatment, ghrelin treatment and NMS treatment were also 

compared as shown in Table 6 and Fig. 9. There was significant decrease (P<O.OI) in 

mean plasma testosterone concentrations in post ghrelin treatment as compared to pre 

gbrelin treatment (pre ghrelin treatment 1.23± 0.09 to post ghrelin 0.60±0.1 0 ng/ml) . 

Post treatment of NMS caused a non significant (P>0.05)) increase in plasma 

testosterone concentrations as compared to mean post ghrelin treatment (ghrelin 

0.60±0.10 ng/ml to 1.09±0.16 Post NMS) . 

Intravenous administration of 50nmol of NMS significantly increased plasma 

testosterone level from 0.60±0.10 to 1.09±0.16 after it was suppressed by ghrelin 

(P<O.OI). 

Effect of Ncuromcdin Son ghrclin suppresscd tt'stoslcnll1c seer-clion in adult 
male rhesus monkc~ 
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Table: 1. Individual and mean ±SEM plasma testosterone concentrations in 

adult male rhesus monkey before and after NMS administration (n=4) 

, 

Animal # 

T ime plasma testosterone concentrations (ng/mt) Mean±SEM 

201 202 203 204 

-60 l.29 l. 62 1.1 6 1.48 l. 39±0.10 

-45 1.75 l.68 l.07 1.46 1.49±0.15 

-30 l.94 l.70 0.97 l.27 1.47±0.22 

-15 1.00 l.97 1.49 0.79 1.31±0.26 

0 l.66 l.82 l.11 l.04 1.41 ±0.20 

15 1.89 2. 15 l.69 l. 38 l.77±0.16 

30 l.81 2.39 l.86 l. 97 2.01±0.13* 

45 2.1 9 2. 05 2.5 1 2.21 2.24±0.10** 

60 2.28 2. 01 2. 11 2. 77 2.31±0.16** 

75 1.82 2.00 1.80 1.75 l.84±0.05 

90 1.63 1.96 1.21 1.47 l. 57±0.16 

105 1.79 2.01 1.69 1.49 l.75±0.11 

120 1.47 l.78 1.31 l.61 l.54±0.10 

* =P< 0.05, ** =P<O.OI vs control at 0 min 

Effect of Ncuromedin S on ghrclin suppressed testosterolle secl'ction in adult 
mak rhesus monkc~ 
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Fig: lA. Changes in individual plasma testosterone concentrations (ng/ml) in 

adult male rhesus monkey before and after NMS administration (arrow). 
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rhesus monkey (n=4). 
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Table: 2. Mean (±SEM) plasma testosterone concentration (ng/ml) at various 

segments before and after NMS treatment in adult male rhesus monkey (n=4). 

Pre Treatment NMS Treatment 

Time(Min) 

Mean± SEM 

* = P < 0.05 

3 
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Fig: 3. Comparison of mean ± SEM plasma testosterone concentrations observed 

in pre and post administration of NMS in adult male rhesus monkey (n=4). 

*= P < 0.05 vs Pre treatment 
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Table: 3. Individual and mean ±SEM plasma testosterone concentrations in 

adult male rhesus monkey before and after ghrelin administration (n=4). 

Animal # 

T ime Plasma testosterone concentration (ng/ml) Mean±SEM 

201 202 203 204 

-60 1.04 0.92 0.89 1.25 1.02±0.08 

-45 1.63 1.65 1.00 1.69 1.49±0.16 

-30 1.99 1.85 1.21 1.81 1.7 l±0.17 

-15 1.56 1.79 1.06 1.04 1.36±0.19 

0 1.80 1.93 1.44 1.24 1.60±0.16 

15 1.79 1.09 0.91 0.82 1.15±0.22 

30 1.27 0.75 0.55 0.68 0.81 ±0.16* 

45 0.90 0.24 0~ 44 0.28 0.47±0.15*** 

60 0.39 0.14 0.18 0.20 0.23±0.06*** 

75 0.43 0.11 0.15 0.17 0.2l±0.07*** 

90 0.88 0.44 0.53 0.29 0.53±0.13 

105 1.25 0.45 0.98 0.87 0.89±0.17 

120 0.93 0.84 1.09 0.99 0.96:1:0.05 

• = P< 0.05 , ***= P< 0.001 vs control at 0 min 
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F igure: 4A. Cha nges in individual plasma testosterone concentrations (ng/mJ) in 

adult male rhesus monkey before and after ghrelin administration (arrow). 
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Figure: 4B. Changes in individual plasma testosterone concentration (nglml) in 

adult male rhesus monkey before and after ghrelin administration (arrow). 
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Tablc: 4. Mcan (±SEM) plasma tcstostcronc conccntrations (ng/ml) at various 

scgmcnts bcforc and aftcr ghrclin trcatmcnt in adult malc rhesus monkcy (n=4). 

Pre Treatment Ghrelin Treatment 

Time(Min) -60 to 0 

Mean ± SEM 1.46±0.10 

** =P < 0.01 vs Prc ghrclin prc trcatmcnt 
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Chapter 3 Resu lts 

Table: 5. Individual and Mean (±SEM) plasma testosterone concentrations in 

adult male rhesus monkey before and after ghrelin and NMS administration 

(n=4). 

Animal # 

Time Plasma testosterone concentrations (ng/ml) Mean±SEM 

201 202 203 204 

-45 1.37 1.01 1.24 0.85 1.1 2±0.12 

-30 1.40 1.05 1.45 1.20 1.28:1:0.09 

-15 1.69 1.26 1.25 1.68 1.47±0.12 

0 1.02 0.73 1.20 1.33 1.07±0.13 

15 0.87 0.57 0.84 1.07 0.84±0. 10 

30 0.67 0.50 0.61 0.97 0.69±0.10 

45 0.54 0.35 0.41 0.72 0. 5HO.08a 

60 0.32 0.27 0.33 0.59 0.38:1:O .07ab 
.-

75 0.35 0.39 0.57 0.93 0.56±0.13 

90 1.01 0.92 1.34 1. 57 1.21 ±0.15*** 

105 1.48 1.37 1.65 1.80 1.57±0.10* ** 

120 1.85 1.66 1.83 1.91 1.8 H O.05 ***c 

135 1.62 1.05 1.01 1.16 1.21±0.14 

150 0.88 0.75 0.86 1.11 0.90±0.08 

165 0.67 0.53 0.62 0.84 0.66±0.06 

180 0.76 0.62 0.73 1.06 0.79±0.09 

a= P < 0.05 vs 0 min, ab= P< 0.01 vs 0 min, ***=}> <0.001 vs 60 min, c= P < 0.01 

vs 0 min 
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Chapter 3 Results 

Table: 6. Mean (±SEM) plasma testosterone concentrations (ng/ml) at various 

segments before and after ghrelin and NMS treatment in adult male rhesus 

monkey (n=4). 

Pre Treatment 

Time(Min) -45 to 0 

Mean ± SEM 1.23±0.09 

**= P < 0.01 vs Pre treatment 
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Chapter 4 l}istussion 

NMS is an anorexigenic neuropeptide, expressed at the SCN within the brain , while 

ghrelin is an orexigenic gut peptide both of which play an important rol e in the 

regulation of food intake , circadian rhythms and anorexigenic activity (Kojima ef al., 

1999; Mori et al., 2005; Ida et al. , 2005) . In rodents the endocrine actions of NMS has 

been repo11ed but not much data is available in higher primates. On the basis of our 

previous findings that NMS induces testosterone secretion in a dose dependant 

manner in adult male rhesus monkey (lahan et al. , 2011) . The present study was 

designed to investigate the stimulatory effect of NMS on ghrelin suppressed 

testosterone secretions in adult male rhesus monkeys as according to Tena Sampere 

et al. ,(2002) suggested that ghrelin has inhibitory effect on testosterone secretion in 

rodents. In the present study 50nmol NMS concentration were used and had shown a 

stimulatory effect on testosterone secretion . These results are in accordance with our 

previous findings (lahan ef al., 2011) . Vigo ef al., (2006) observed in rodents that 

NMS has stimulatory effect on LH secretion suggesting that NMS may playa pi votal 

role in the regulation of HPG axis . The abi lity of NMS to influence testosterone 

secretion was not totally unpredicted as Vigo et al., (2006) has reported stimulatory 

effect on HPG axis in rodents and simi larly the actions of NMU, which operates 

tlu'ough the same NMU2R centrally, having opposite role to NMS on LH release had 

inhibitory effect in ovariectomized female rats (Quan e/ aI. , 2003 , 2004). This induced 

secretion of testosterone might be following the same pathway e.g HPG ax is. 

Expression of mRNA of NMS in the testes makes a possible action of thi s 

neuropeptide at gonadal level (Mori et aI. , 2005). It has been well established that the 

circadian rhythm is generated by an endogenous pacemaker generated in the SCN, 

and that precise rhytlmlic oscillation of thi s pacemaker is coordinated by various 

neurochemical substances (Lowrey and Takahashi, 2000; Reppelt and Weaver, 200 I) . The 

data obtained in this study regarding the role ofNMS in testosterone secretion suggest 

that NMS function as a regulator of the testosterone secretion in adult male rhesus 

monkeys. Present data and previous studies (Mori et aI. , 2005) suggest that NMS 

shifted phase of the testosterone concentration, and increase the amplitude and the 

period of pulses of testosterone in a dose dependent manner. 

The exact neuroendocrine circuitry responsible for such a positive effect of NMS on 

testosterone secretion remains to be confirmed yet. However, considering that NMS is 

Effect uf Neuromcdin Son ghrdin 'IuPllresseli te"Wstt'rOTlt' 'INTl'tion in :HIIlIt 
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able to modulate neuropeptide expression at the ARC (Ida et aI. , 2005) which is a 

major center for the integrated control of energy balance and reproduction with 

abundant expression of NMU2R; it is plausible that the central mechanism, whereby 

NMS stimulating testosterone secretion, involves the activation of ARC pathways. 

Potential candidates for such an intermediary action, such as kisspeptin and galanin­

like peptide, which are prominently expressed at the ARC (Gottsch et al. , 2004 ; Tena­

Sempere, 2006) may have role in HPG axis stimulation. Vigo et al., (2006) also 

reported that stimulatory effects of NMS on LH secretion were detected afier 

suppression of gonadotropin secretion by short-term fasting , with exaggerated 

responses vs. control females at diestrus. Enhanced LH secretory responses to 

different stimuli (such as ki sspeptin and galanin like peptide) have been detected in 

underfed animals (Castellano et al. , 2005). In any event, this observation evidences 

that NMS is able to counteract the inhibitory effect of energy insuffic iency on the 

gonadotropic axis, thus reinforcing the potential role of this neuropeptide in the joint 

regulation of reproductive function and energy balance. The central effects of NMS 

on gonadotropin secretion, reported in study by (Vigo et al., 2006) do not exclude 

additional actions of this neuropeptide at other 'levels of the HPG axis. In thi s regard, 

expression of NMUIR and NMU2R has been very recently observed in mouse 

pituitary, which suggest its possible action at the pituitary level (Vigo et al. , 2006). 

The present study demonstrate for the first time the role of gbrelin in testosterone 

secretion in adult male rhesus monkey. 

The hypothalamus has been identified as the main source of ghrelin in the central 

nervous system, the GHS-Rla receptor mRNA has been found in many areas of the 

brain. In rats , systemic administration of ghrelin reduces the GnRH pulse frequency in 

vivo. The invo lvement of NPY in the mediation of the effects of ghrelin on pulsatile 

GnRH secretion is indicated by the complete abolition of the effects of ghrelin by the 

NPY-Y5 receptor antagonist (Lebrethon et at., 2007). GnRH secretion by 

hypothalamic fragments from ovariectomized females is also significantly inhibited 

by ghrelin (Fernandez-Fernandez et at., 2005). In mammalian and nonmammalian 

species, ghrelin affects gonadotropin release acting at the level of the hypothalamus as 

well as directly on the pituitary gland (Fernandez-Fernandez et al ., 2005). This is the 

very first experiment on adult male rhesus monkeys regarding the role of ghrelin in 

.---- ------ ---
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reproduction and results showed that ghrelin not only suppressed testosterone 

secretion in rodents and humans but it also suppressed testosterone secretion in adult 

male rhesus monkeys. In pituitary, ghrelin suppresses LH pulse frequency in rats, 

sheep, monkeys (Fernandez-Fernandez et aT., 2004) and humans (Lanfranco e/ al., 

2008). Ghrelin delays pubeltal onset in male rats (Fernandez-Fernandez e/ af. , 2005) . 

In rats, ghrelin is able to downregulate Kiss] expression in the hypothalamic medial 

preoptic area and this could be a contributing factor in ghrelin-related suppression of 

pulsatile LH secretion (Forbes et al. , 2009). In women during the menstrual cycle, 

administration of ghrelin does not affect basal and GnRH-induced LI-I and FSH 

secretion (Messini e/ at. , 2009). Ghrelin has been shown to stimulate LH release in 

go ldfishes (Unniappan e/ ai., 2004) and in carps (Soko lowska-Mikolajczyk e/ ai. , 

2009). Expression of ghrelin has been demonstrated in rodents and sheep by 

immunostaining in Leydig cells (Tena-Sempere ef al. , 2002). Ghrelin is also present 

in the human testis and particularly in Leydig and Sertoli cells but not in germ cells 

(Gaytan et at. , 2004). In human testis, the expression of ghrelin by Leydig cel ls is 

apparently linked to the degree of cell differentiation (Gaytan e/ al. , 2004). The 

present study was designed to elucidate the stimulatory role of NMS , inhibitory role 

of ghrelin on testosterone secretion and stimulatory role of NMS on ghrelin 

suppressed plasma testosterone secretions in adult male rhesus monkeys . The present 

study was designed to explore effect of these two peptides on testosterone secretion 

in adult male rhesus monkeys which are secreted from different sites in the body but 

seem to be antagonistic to each other regarding food intake and plasma testosterone 

secretions. 

Ghrelin is inversely correlated with the serum testosterone levels in patients with 

normozoospermia, obstructive azoospermia, or varicocele suggesting that ghrelin has 

an indirect effect on spermatogenesis (Ishikawa et al. , 2007). Our results are also in 

accordance to previous findings by Tena-sempere et af., (2002) suggested that ghre lin 

suppresses testosterone secretion in rat testicular slices in vitro . So it can be suggested 

that ghrelin has inhibitory effects on testosterone secretion both in rodents and 

primates. The inhibitory role of ghrelin on testosterone concentration was observed 

just after 30 minutes and maintained for 75 minutes . On the basis of above discussion 

Effec( of Nenromcuin S on ghrelin suppressed tcstustcrone sccrethm in adult 
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it may be concluded that both these peptides have opposite effect on testosterone 

secretions in adult male rhesus monkeys. 

The present experiment was designed to investigate the combined effect of orexigenic 

and an anorexigenic peptide. It was noticed that after the administration of NMS , the 

inhibitory effect of ghrelin was diminished and with in 30 to 60 min interval it almost 

blocked decrease in testosterone secretion and further stimulated testosterone 

secretion in adult male rhesus monkeys, as it was before ghrelin administration . These 

results are in accordance with the individual effects of these peptides on testosterone 

secretions . It may be concluded from these results that both these peptides play 

antagonistic role on testosterone secretions in adult male rhesus monkeys . HPG axis 

and HP A axis both may be involved in controlling such behavior but the exact 

mechanism is still unknown, so a detailed study is recommended to confirm the exact 

mechanism of action of these two peptides. 
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