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Abstract

Background: Galanin is a neuropeptide with a wide range of physiological functions that also 
has stimulatory effects on the reproductive axis. Kisspeptin is a crucial neuropeptide for the 
stimulation of the reproductive function. In the present study, the interaction of kisspeptin and 
the galanin signaling system was investigated on the mean serum luteinizing hormone (LH) and 
the testosterone concentrations in rats. Materials and Methods: Fifty-five male Wistar rats in 
11 groups (n=5 per group) received saline, kisspeptin (1nmol), P234(1nmol), galanin(1nmol), 
galantide (1nmol) or simultaneous injections of them via third cerebral ventricle at 07:00 - 
07:30. Blood samples were collected at 30 min following the injections. Hormone concentra-
tions were measured using rat kit and the method of the radio-immunoassay (RIA). Results: 
Kisspeptin or galanin injection significantly increased both the mean serum LH and the tes-
tosterone concentration compared to saline (P<0.05). The co-administration of kisspeptin/gal-
anin increased the mean serum LH and the testosterone concentration significantly compared 
to galanin or saline (P<0.05). The co-administration of kisspeptin/galanin decreased the mean 
serum LH concentration compared to kisspeptin, this reduction, however, was not statistically 
significant. Also, testosterone concentration declined in the kisspeptin/galanin group compared 
to kisspeptin group. Galantide or p234 injection decreases the mean serum LH and the testos-
terone concentration compared to galanin and kisspeptin, respectively. The co-administration of 
galantide/p234 lowers the mean serum LH concentration compared to saline. Conclusion: The 
interaction of hypothalamic galanin and kisspeptin signaling pathways may play an important 
role in the modulation of hormonal control of the hypothalamus-pituitary-gonadal axis [GMJ. 
2017;6(1):23-29]
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Introduction 

Reproduction is a complex process that is 
dependent on the energy balance. It is 

well established that there is a close relation-
ship between metabolism and the hypothalam-
ic-pituitary-gonadal (HPG) axis. Therefore, 
most of the peptides or hormones involved in 

controlling the metabolism play a pivotal role 
in the regulating reproductive axis activity. 
Galanin is a 29 amino acid (30 in human) pep-
tide which is expressed in the hypothalamic 
nuclei, especially arcuate nucleus (ARC) and 
paraventricular nucleus (PVN) [1,2]. It is in-
volved in a wide range of physiological func-
tions running the gamut from modulating the 
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pituitary hormone, the control of feeding, the 
cognitive performance, the energy metabo-
lism, to the thermoregulation and reproduction 
[2]. Galanin is expressed in the magnocellu-
lar hypothalamic neurons such as those in the 
PVN and supraoptic nuclei (SON); the neu-
rons from these nuclei project to the posterior 
lob of the pituitary where galanin is released 
into the portal circulation. In the pituitary, gal-
anin, it has been shown to affect mainly the 
luteinizing hormone (LH) secretion in the ac-
tivation of the LH surge and the puberty onset. 
Previous studies have demonstrated that gal-
anin plays an important role in the regulation 
of gonadotropin-releasing hormone (GnRH) 
release [3,4]. Interestingly, galanin has also 
been stated to be co-expressed with GnRH and 
kisspeptin [5].
Kisspeptin is a neuropeptide which is main-
ly expressed in the ARC nucleus of the hy-
pothalamus and plays an essential role in the 
central regulation of reproduction [6]. It has 
been found that kisspeptin is implicated in the 
regulation of the gonadotropin secretion and 
the regulation preovulatory LH surge. It is also 
identified to be vital at the onset of puberty [7]. 
Kisspeptin acts via the G protein-coupled re-
ceptor, GPR54 to stimulate GnRH/LH release 
[8]. Previous studies have displayed a role for 
the GPR54 receptor in the development and 
particularly in the sexual development. These 
studies have unraveled that the loss of func-
tion of the GPR54 receptor, culminates in the 
hypogonadotropic hypogonadism (HH) and 
pubertal delay in the humans and rodents [9]. 
Also, it has been mentioned that the GPR54 
knock-out mice display dysfunctional repro-
duction. The GPR54 is expressed in the GnRH 
neuron, and kisspeptin directly stimulates the 
GnRH and the gonadotropins secretion [10]. 
In addition, numerous studies have proffered 
evidence for the fact that the exogenous ad-
ministration of kisspeptin, either centrally or 
peripherally, stimulates the HPG axis [11]. 
Thus, kisspeptin-GPR54 signaling is of the es-
sence for initiating the gonadotropin secretion 
at puberty and supports the reproductive func-
tions in the adults [8,10].
Some studies have reported the stimulatory ef-
fects of galanin or kisspeptin alone on LH and 
the testosterone secretion. The purpose of this 

study was to investigate the effects of simul-
taneous injection of kisspeptin and galanin on 
the mean serum LH and the testosterone con-
centration in male rats.

Materials and Methods

Animals
Male Wistar Rats (n= 55) weighing 230- 250 
g (provided by the Neuroscience Research 
Center of Shahid Beheshti University, Teh-
ran, Iran) were housed individually in the 
cages under the controlled temperature (22± 2 
C°) and light (12h light/ dark cycle, light on 
0700h). The animals had free access to food 
and water all the time. All protocols for this 
research were approved by the ethics commit-
tee of Neuroscience Research Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. 
All experiments were in accordance with the 
internationally accepted principles for the 
Care and Use of Laboratory Animals as found 
in the US guidelines (NIH Publication No. 80-
23, revised in 1996).

Intracerebral ventricular (ICV) Cannulation 
and Injections
Animals were anesthetized by intraperito-
neal (IP) injection of a mixture of Ketamine 
(alfasan, woerden Holland) and Xylazine (al-
fasan, woerden Holland) (Ketamine 80 mg/kg 
BW+ Xylazine 10 mg/ kg BW). For the cen-
tral injections, a 22- gauge stainless cannula 
was implanted in the third cerebral ventricle 
according to the coordinates of Paxinos and 
Watson Atlas (AP = - 2.3, ML= 0.0, DV=6.5) 
[12]. The cannula was secured to the skull with 
three stainless steel screws and dental cement. 
The animals were kept in individual cages. Af-
ter one-week recovery period, fifty-five rats in 
11 groups (n=5 in each group) received saline, 
kisspeptin (1nmol), P234 (1nmol), kisspeptin 
(1nmol) + P234(1nmol), galanin (1nmol), 
galantide (1nmol), galanin (1nmol) + galan-
tide (1nmol), kisspeptin (1nmol) + galanin 
(1nmol), kisspeptin(1nmol) + galantide(1n-
mol), P234(1nmol) + galanin (1nmol), P234 
(1nmol) + galantide(1nmol), respectively. For 
the ICV injection, kisspeptin10 (Phoenix Phar-
maceutical Inc, USA), P234 (Phoenix Phar-
maceutical Inc, USA), galanin (Phoenix Phar-
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maceutical Inc, USA) and galantide (Phoenix 
Pharmaceutical Inc, USA) were dissolved in 
saline and were injected by a 27- gauge stain-
less steel injector via the third cerebral ventri-
cle at 07:00- 7:30. 

Hormones Assays 
Blood samples were collected in a volume 
of 0.5cc at 30 min following the injections. 
The blood samples immediately centrifuged 
to 15 min at 3000 rpm and the serum stored 
at –20°C until it was assayed for the LH and 
testosterone concentration. The serum LH and 
testosterone concentration were measured by 
using rat LH kits and the method of the radio-
immunoassay (RIA) (Institute of Isotopes Co, 
LTD, Hungary). 

Statistical Analyses
The results are presented as mean ± SEM. The 
data were analyzed by one-way- ANOVA test 
followed by post hoc Tukey’s test and SPSS 
software (version 16). In all the cases, the sta-
tistical significance was defined as P<0.05.

Results

Kisspeptin increased both the mean serum LH 
and the testosterone concentration significant-
ly compared to saline (P<0.05, Figure-1 and 
2). Peptide 234 decreased mean serum LH 
concentration compared to saline, this reduc-
tion, nonetheless, was not statistically signifi-
cant (Figure-1 and 2). The simultaneous injec-
tion of kisspeptin and P234 increased the mean 
serum LH and the testosterone concentration 
compared to saline, but this increase was not 
statistically significant (Figure-1 and 2). The 
simultaneous injection of kisspeptin and P234 
decreased the mean serum LH significantly 
and the testosterone concentration compared 
to kisspeptin (P<0.05, Figure-1). Galanin 
significantly increased the mean serum LH 
concentration compared to saline (P<0.05, 
Figure-1). Also, galanin increased the mean 
serum testosterone concentration compared to 
saline, this augmentation was statistically sig-
nificant (P<0.05, Figure-2). The mean serum 
LH concentration but not the mean serum tes-
tosterone concentration decreased the follow-
ing galantide injection compared to saline, this 

decline, however, was not statistically signifi-
cant (Figure-1 and 2). In addition, our results 
revealed that in the galantide pretreatment 
groups, galanin did not significantly increase 
the LH and testosterone concentrations com-
pared to saline (P>0.05). The simultaneous in-
jection of galantide and galanin nevertheless, 
significantly decreased the mean serum LH 
and the testosterone concentration compared 
to galanin (P<0.05, Figure-1 and 2). The mean 
serum LH and the testosterone concentrations 
increased significantly following the co-ad-
ministration of kisspeptin/galanin compared 
to saline or galanin (P<0.05, Figure-1 and 2). 
Moreover, the co-administration of kisspeptin/
galanin reduced the mean serum LH as well 
as the testosterone concentration compared 
to kisspeptin. Nevertheless, this decrease was 
not statistically significant (P>0.05, Figure-1 
and 2). The co-administration of kisspeptin/
galantide significantly increased the mean 
serum LH and the testosterone concentration 
compared to saline or galantide (P<0.05, Fig-
ure-1 and 2). The co-administration of P234/
galanin increased the mean serum LH con-
centration compared to saline or P234 in a 
statistically significant manner. Furthermore, 
the co- administration of P234/galanin low-
ered the mean LH and testosterone concen-
tration compared to galanin. Be that as it may 
this reduction was not statistically significant 
(P>0.05, Figure-1 and 2). The co-administra-
tion of P234/galantide significantly reduced 
the mean serum LH concentration compared 
to saline, P234 or galantide (P<0.05). Again, 
the testosterone concentration decrease was 
not statistically significant (P<0.05, Figure-1 
and 2).

Discussion

The effective doses of kisspeptin, P234, gal-
anin and galantide were chosen based on the 
previous studies [13-15]. The results of this 
study elucidate that the intracerebroventricu-
lar administration of galanin causes a signif-
icant increase in the mean serum LH and the 
testosterone concentration compared to saline. 
Galantide hampered the stimulatory effects 
of galanin on LH and testosterone secretion. 
These results harmonize with the previous 
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Figure 2. Effects of galanin, galantide, kisspeptin, P234, or the co- administration of kisspeptin/galanim, 
kisspeptin/galantide, P234/galantide or P234/galanin on the mean serum testosterone concentration in male 
Wistar rats. a: compared to saline; b: compared to galanin; c: compared to kisspeptin (data presented the 
mean ± SEM, P<0.05, n=5 in each group).

Figure 1. Effects of galanin, galantide, kisspeptin, P234, or the co- administration of kisspeptin/galanim, 
kisspeptin/galantide, P234/galantide or P234/galanin on the mean serum LH concentration in male Wistar 
rats. a: compared to saline; b: compared to galanin; c: compared to kisspeptin (data presented the mean ± 
SEM, P<0.05, n=5 in each group).

studies which reported the stimulatory effects 
of galanin or the inhibitory effects of galantide 
on galanin action in the HPG axis [2,14]. Pre-
vious studies have unveiled that galanin plays 
a quintessential role in the regulation of the 
reproductive function in rodents such as a pre-

ovulatory surge of gonadotropins in females, 
puberty in males and the GnRH secretion in 
both females and males. Galanin signaling is 
mediated through three protein-coupled re-
ceptor subtypes (GalR1, GalR2, and GalR3) 
[16,17]. 
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GalR1 and GalR3 demonstrated that act 
through Gi proteins thus have inhibitory effect 
while GalR2 coupled to Gq type protein [18]. 
Previous studies have unraveled that galanin 
affected LH via multifarious mechanisms. 
Galanin may directly control the pituitary LH 
secretion. This neuropeptide can reach to the 
gonadotrophic cells in the pituitary via the hy-
pophyseal portal circulation. Galanin also en-
hances the GnRH secretion and binding to the 
GnRH receptor of the pituitary gonadotrophs. 
It is well established that the galanin nerve 
terminals synapse on the GnRH cell bodies. It 
was demonstrated that the number of galanin 
synapses was higher in the adult female mice 
compared to the juveniles, this indicates the di-
rect control of galanin in the maturation of the 
GnRH system [19]. Our results displayed that, 
the adopted dose of kisspeptin in the present 
study significantly increased the mean serum 
LH and testosterone concentration compared 
to saline. This gives credence to the previous 
studies. Kisspeptin acts via the G-protein-cou-
pled receptor KISS1R (GPR54) and is a key 
component of reproduction that directly and 
indirectly stimulates the HPG axis [20,21]. 
Both the central and peripheral administration 
of kisspeptin increased the serum LH, folli-
cle-stimulating hormone (FSH), and the total 
testosterone almost via the stimulation of the 
GnRH secretion [11,22]. 
Accordingly, several studies have divulged 
that two major groups of kisspeptin neurons 
are in the hypothalamus: A large number in 
the ARC and a smaller collection in the ros-
tral periventricular area of the third ventricle 
(RP3V) of rodents and preoptic area (POA) of 
non-rodents. The RIA studies have revealed 
that the highest incident of the GnRH neurons 
is in contact with the kisspeptin fiber located 
in the rostral preoptic area and arcuate nucleus 
[23,24]. Kisspeptin neurons have been report-
ed to co-express other neuropeptides. Accord-
ing to the recent evidence, the ARC kisspeptin 
neurons contain neurokinin B and dynorphin, 
while a variable percentage of those cells in the 
RP3V of rodents contain galanin, dopamine 
and/or metenkephalin. Neurokinin B and dy-
norphin were involved in the control of GnRH 
pulses and the sex steroid negative feedback, 
while the role of galanin in kisspeptin neurons 

is not entirely clear. Most of the cell neurons in 
the RP3V are IP for galanin, and one-third of 
them express galanin mRNA. Galanin-immu-
noreactivity also occurs in the subsets of the 
KP neurons in the ARC [5,25,26]. Based on 
the phylogenetic analysis of the neuropeptide 
receptors GalR and Kiss1R are phylogeneti-
cally close to each other amongst other peptide 
GPCR families; moreover, Kiss1R shares 45% 
identity with the galanin receptors [27]. Also, 
the expression pattern of Kiss1R was observed 
to resemble that of the GalR [6].
In the current study, we investigated the effects 
of the central simultaneous injections of kiss-
peptin and galanin on the mean serum LH and 
testosterone concentration. The co-adminis-
tration of kisspeptin and galanin decreased the 
means of LH and total testosterone compared 
to kisspeptin alone, but these decreases were 
not significant. It worthy of mentioning that 
the present study for the first time has zeroed 
in on the effects of interaction of galanin and 
kisspeptin on LH and testosterone secretions 
in male rats, therefore, there has been no pre-
vious studies to compare the results. Recently 
Constantino and Wray reported that galanin 
inhibits kisspeptin induced GnRH neuronal ac-
tivity the scrutiny of which could be accounted 
as a testimony to the results elicited from the 
present study [28].The presence of GalR1 and 
GalR2 in the GnRH neurons has been report-
ed; nonetheless, the GalR2 was only present 
in a small subpopulation of GnRH neurons 
and GalR1 is dominant. The GalR1 activation 
opens the G-protein-regulated inwardly recti-
fying K+ (GIRK) channels [29] and stimulates 
the mitogen-activated protein kinase (MAPK) 
activity in a protein kinase C (PKC) [30]. The 
GalR1 has exhibited an inhibitory effect on the 
GnRH neurons and can obstruct the stimula-
tory effect of kisspeptin on these neurons and 
the kisspeptin induced calcium responses [28].  

Conclusion

The findings of this study depicted that the 
central injection of kisspeptin or galanin sig-
nificantly increased the mean serum LH and 
testosterone concentration compared to saline 
and the co-administration of kisspeptin and 
galanin decreased the mean serum LH con-
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