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Highlights:

e  Kisspeptin is one of the fundamental regulators of the neuroendocrine reproductive axis.

e A significant increase in the kisspeptin, KISSIR and GnRH in the mediobasal hypothalamus
occurred during the breeding season.

e  The number of kisspeptin cell bodies significantly increased in the arcuate nucleus during the
breeding season.

e  This study suggested that seasonal changes in the reproductive activity in higher nonhuman-
primates are associated with alteration in the hypothalamic kisspeptin system.

Abstract: Kisspeptin is one of the fundamental regulators of the neuroendocrine reproductive axis.
We hypothesized that the expression of hypothalamic kisspeptin, kisspeptin receptor (KISS1R) and
GnRH underlies the seasonal changes of reproduction in Rhesus monkey. We examined the
expression of kisspeptin, KISSIR and GnRH (mRNA and protein levels) in the medio-basal
hypothalamus (MBH) of adult male rhesus monkeys maintained under free ranging conditions
during breeding (BS; January; N = 3) and non-breeding season (NBS, July; n=3). Cerebrospinal fluid
(CSF) was collected (four samples collected at 30 min interval/animal from the lumbar vertebrae) for
the determination of kisspeptin during BS (November) and NBS (July) along with the determination
of peripheral testosterone levels by using specific RIA. A significant increase in the relative mRNA
expression of kisspeptin (P < 0.01), KISSIR (P < 0.0005) and GnRH (P < 0.0001) in the MBH was
observed during the breeding season. The number of kisspeptin cell bodies significantly increased in
the arcuate nucleus (ARC) during the BS (P <0.0001). The number of GnRH, KISS1R positive, KISS1R
positive GnRH cell bodies and contacts between the GnRH and kisspeptin cell bodies were
significantly increased (P < 0.01; P < 0.01, P < 0.001 and P < 0.01, respectively) in the BS. The CSF
kisspeptin levels (P < 0.0001), peripheral testosterone concentrations (P < 0.0001) and paired testis
weight (P < 0.0001) were also increased during the BS monkeys. In conclusion, present study
suggested that seasonal changes in the reproductive activity in higher nonhuman-primates are
associated with alteration in the hypothalamic kisspeptin system.
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1. Introduction

Proper functioning of the mammalian reproductive system is sensitive to a number of internal
and external cues including seasonal variations in photoperiod (Clarke 2011, Wahab, Atika et al. 2013,
Clarke 2014, Wahab, Shahab et al. 2015, Clarke and Arbabi 2016). Many mammalian species are
seasonal breeders and they have adopted to restrict their fertility to a particular time of the year in
order to ensure that the birth and weaning of their offspring take place during the most favorable
season of the year (Clarke 2011, Clarke and Caraty 2013, Clarke and Arbabi 2016). Majority of
mammalian species use the highly predictable annual variations in photoperiod to establish the
favorable time of year and to adapt their reproductive activity accordingly (Nishiwaki-Ohkawa and
Yoshimura 2016, Nakane and Yoshimura 2019). The supra-chiasmatic nucleus (SCN) of
hypothalamus adjusts circadian rhythms related signals in response to seasonal changes in
photoperiod via the retinohypothalamic track (RHT) (Reppert and Weaver 2002). Reppert and
colleagues had reported that lesions in the SCN abolish the circadian rhythms in rhesus and squirrel
monkeys leading to reproductive abnormalities (Reppert, Perlow et al. 1981, Reppert, Perlow et al.
1981). Animals can be divided into long and short day breeders on the basis of short and long
photoperiod. Melatonin is produced by the pineal gland in animals in response to alteration in
photoperiod (Challet 2007, Challet 2007). These variations in melatonin production in pineal gland
are responsible to establish the seasonal clock in most of the animals (Lincoln, Andersson et al. 2003,
Lincoln, Andersson et al. 2003). Thus melatonin serves as a biological signal for the organization of
photoperiod dependent seasonal functions such as reproduction, behavior, coat growth and
camouflage coloring (Arendt 2005, Arendt 2005). The change in breeding pattern due to melatonin
concentrations is mediated by pre-mammilary area of the posterior hypothalamus and the pars
tuberalis of the pituitary gland (Malpaux, Migaud et al. 2001). Melatonin also modulates the
hypothalamic-pituitary-gonadal (HPG) axis by acting at hypothalamus (Malpaux, Daveau et al.
1998).

Lehman and colleagues (Lehman, Ladha et al. 2010) has reported peptidergic signaling
mechanism that modulates the GnRH pulse generator activity and therefore GnRH is considered as
an important regulatory component of the HPG axis which plays a major role in reproduction. The
discovery of kisspeptin and its receptor has contributed a lot in the understanding of the reproductive
processes (de Roux, Genin et al. 2003, Seminara, Messager et al. 2003) as they are reported to be
involved in regulating GnRH secretion, and reproductive cycle of seasonally breeding species.

Rhesus macaques (Macaca mulatta) are seasonal breeders with mating season range from October
to December and births coincides with the period of highest food availability, i.e., end of rainy season
(Higashi, Takahashi et al. 1984, Bansode, Chowdhury et al. 2003, Wahab, Drummer et al. 2020).
Circanual variation have been reported in different species of monkeys regarding testicular size,
sperm production, semen quality, sexual behavior and hormonal milieu (FSH, LH and testosterone)
with maximum values observed during the BS.

The role of kisspeptinergic system has been very well know in reproduction (Wahab, Atika et
al. 2016, Ciaramella, Della Corte et al. 2018, Franssen and Tena-Sempere 2018) and seasonal
reproduction in hamsters (Revel, Ansel et al. 2007), sheep (Caraty, Smith et al. 2007, Smith, Coolen et
al. 2008). Despite of this information, very little is known about neuroendocrine control of seasonality
in nonhuman primates. The present study was designed to demonstrate that variations in
photoperiod leads to kisspeptin mediated change in reproductive physiology of a seasonally
breeding higher primate, rhesus monkeys.

2. Materials and Methods
2.1. Experimental Monkeys

Intact adult (7-9 years old) male rhesus monkeys (Macaca mulatta) (N = 10), were used in the
present study. The animals were maintained under free ranging conditions in the primate breeding
colonies of Kunming Institute of Zoology, Kunming, China. The breeding season (BS) of the rhesus
monkeys from Kunming (China) lasts from September to February while March to August is
considered as NBS (NBS) (Zheng, Si et al. 2001). The animals were daily fed with fresh fruits and
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monkey chow. Water was available ad libitum. In order to reduce the stress effects on blood sampling,
four animals were habituated to chair restraint several weeks prior to commencement of the
experiments. The duration of restraint was gradually increased until it reached 3-6 h per day. The
animals were again released to the free ranging environment and were brought back a day before the
blood sampling. The animals were sedated with ketamine hydrochloride (Ketler, Astarapin,
Germany; 5 mg/kg BW, im) for their placement and removal from the restraining chair. The
remaining six animals, used for CSF and tissue collection, were not trained for chair restraint. The
sampling was conducted in both breeding and NBS in July-August. All the animal handling protocols
and experimental procedures were approved by the Kunming Institute of Zoology Committee for
Care and Use of Animals.

2.2. Venous Catheterization

Animals were anesthetized with ketamine (10 mg/kg BW, im) and a teflon cannula (BD Vialon,
22 G *1.16” 1.Imm * 30mm; Becton Dickinson, Medical Devices Co., Ltd. Suzhou, P.R. China) was
inserted in the saphenous vein for sequential blood sampling (2 ml each time). The distal end of the
cannula was attached to a butterfly tube (Length 300 mm, volume 0.29 ml, 20 GX3/4”, JMS, Singapore)
and blood was drawn to haparinized vacutainer tubes (Sanli, Liuyang, Hunan, China). Experiments
were only initiated when the animals were fully recovered from sedation. Blood was sampled
between 1000-1700 hrs for 6 hrs duration on two consecutive days both during BS and NBS. Following
withdrawal, equal volume of heparinized (5 IU/ml) normal saline was administered to avoid blood
loss and to keep the cannula patent. Blood samples were centrifuged at 3000 rpm for 15 min plasma
was separated and stored at -80°C until hormonal analysis.

2.3. Cerebrospinal Fluid (CSF) Collection

For CSF collection, animals (N=3) were anesthetized using ketamine HCl (intramuscular: 10
mg/kg) and one ml of CSF was collected from the lumbar vertebrae by using a 22-gauge needle within
15 minutes of anesthesia. Four samples were collected with an interval of 20 minutes during both BS
and NBS and immediately preserved at -70°C till further analysis.

2.4. Hormonal Analysis

Plasma testosterone levels were determined by using a commercial testosterone RIA kit
(Immunotech, Marseille Cedex 9, France) following the instructions of the manufacturers. Sensitivity
of the kit was 0.025ng/ml. Inter and intra assay coefficients of variation were 8.6% and 11.9%
respectively. Kisspeptin levels were measured using the KiSS-1 (112-121)-NH2/Kisspeptin-
10/Metastin (45-54)-NH2 RIA kit (Phoenix Pharmaceutical, Inc., AZ, USA) following instruction
manual provided with the kit. Sensitivity of the kit was 10 pg/ml. Inter and intra assay coefficients of
variation were 5-7% and 12-15% respectively.

2.5. Hypothalamus Tissue Collection:

The animals were anesthetized with ketamine HCl (intramuscular 10mg/kg), heart was perfused
and brain was surgically removed following the sacrifice. The mediobasal hypothalamus MBH) was
located as the area caudal to the optic chiasm, rostral to the mammillary body, medial to the
hypothalamic sulcus and the ventral half of the hypothalamus and dissected out. Figure 1 shows the
diagrammatic presentation of the MBH location.
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Figure 1. A) Diagrammatic presentation of the hypothalamic location. B) Orientation of section. C) Original
picture of the tissue block with plane of sectioning.

One MBH hemi area was snap-frozen on dry ice in RNAlater (Ambion, Austin, TX, USA) and
stored in liquid nitrogen until processed for RNA extraction.

2.6. Tissue Fixation Procedure

One hemi MBH area was kept in 4% para-formaldehyde for 4-6 hrs followed by their transfer to
the 20% sucrose until they sunk down to the bottom. The sections were washed with the PBS thrice
and transferred to 30% sucrose till they sunk down to the bottom. Opti-mum cutting temperature
compound (OCT) was used to cover the tissue, and tissues were kept at -20°C until they were cut
(20 thick) with Leica CM 1850-Cryostat (Leica Microsystems Nussloch GmbH, Nussloch,

Germany) at -28°C.

2.7. Testicular Tissue Collection

Paired testes were collected immediately after decapitation and were weighed using manual
weighing machine.

2.8. Total RNA Extraction and Real Time gPCR

Total RNA from the tissue was extracted using the tRNA extraction kit (Tiangen, Beijing, China)
according to the manufacturer's instructions. The total RNA was digested with RNase-free DNase I
(Invitrogen, Carlsbad, CA, USA) to remove genomic DNA contamination. The GeneAmp RNA PCR
Core kit (Applied Biosystems, Branchburg, NJ, USA) was used for reverse transcription with 2 pg of
total RNA and random hexamer primers according to the manufacturer's specifications.
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The Kiss1, Kisslr and GnRH1, mRNA expression in hypothalamic tissues from male rhesus
monkeys were quantified by real-time PCR (Table 1 for primer detail). GAPDH was used as internal
control. The real time qPCR was performed in a total volume of 20ul. Each reaction contained 1 pl of
reverse transcribed sample (1, 0.5, 0.25 and 0 dilutions of one of the hypothalamic sample) 10 ul of
BioRad PCR master mix, 0.3 ul of each primer and 8.4l of DEPC water. Initial step was done at 95°C
for 5min, followed by 40 cycles of a 95 °C denaturing step for 30 sec, annealing was done at 55 °C .
For kisspeptin the annealing temperature was 65 °C for 30 sec, and an elongation step at 72 °C for 30
sec. After amplification dissociation curve were analyzed. Relative mRNA expression was calculated
by using AACt method.

Table 1. Primers used for the RT-qPCR.

Serial Gene Accession Forward Primer Reverse Primer Pr;)idzct
No Number 5.3 53 i
(bp)
1 KISSI XM 0010982842 ACCGAGAGGAAGCCGTCTGCT AGTTGTAGTTCGGCAGGTCCTT 181

A CT
2 KISSIR  XM_001117198.1 CTCGCTGGTCATCTACGTCA CGAACTTGCACATGAAATCG 173
CGGCTGGAGGAAAGAGAGATG

3 GnRH NM_001195436.1 CcCG GCCAGTTGACCAACCTCTTITGA 76

2.9. Flourescence Immunocytochemistry:

Flourescence immunocytochemistry for kisspeptin, GnRH and KISS1R was performed on frozen
sections. The primary antibodies rabbit anti-kisspeptin (1:500, Phoenix Pharmaceutical Inc, AZ, USA);
mouse anti GnRH (1:500, Millipore, Billerica, Massachusetts, USA) and rabbit anti- KISSIR (1:100;
Santa Cruz, Heidelberg, Germany) were used for immunocytochemistry. The respective secondary
antibodies were purchased from Santa Cruz (USA).

Dual labeling was done for kisspeptin/GnRH and KISSIR/GnRH. Sections were rinsed at room
temperature in 50mM PBS (ph 7.3, 4x10 minutes), incubated for 30 minutes with 3% hydrogen
peroxidase and rinsed again with PBS (3x5min). Sections were then incubated overnight at 4°C in PBS

buffer containing 5% normal goat serum (Sigma Chemical Co., St. Louis, MO, USA), 0.05% Triton X-
100 and 0.1% BSA(Sigma Chemical Co.) to block non specific binding. For dual label
immunoflouresence staining, the sections were incubated for 48 hrs at 4°C with cocktail of primary
antibodies prepared in PBS goat serum buffer at a dilution of 1:200- 1:500. Sections were washed with
PBS (3x5min) at room temperatureand incubated with cocktail of respective secondary antibodies for
1.5 h at room temperature followed by PBS washing (3x5min). The slides were incubated with DAPI
for 15 minutes followed by PBS washing and cover slipped by using GEL/MOUNT aqueous
mounting media, stored at 4°C until the microscopic analysis were performed.

For single labeling, same procedure was used as described above with the only difference that
only one primary and its corresponding secondary antibody was used.

2.10. Confocal Microscopy

Imaging of fluorescence labeling for kisspeptin, KISSIR and GnRH was performed using an
Olympus FV1000 Confocal microscope (Olympus America Inc., Melville, NY, USA). Optical sections
along the z-axis were collected at 0.5-1 pm intervals. Composite digital images were converted to JPG
format, imported into Adobe Photoshop (Adobe Photoshop CS2, version 9.0; Adobe Systems Inc.,
San Jose, CA, USA) and color balance was adjusted.

2.11. Statistical Analyses:

All the data is expressed as mean #*standard error of mean (SEM). Statistical package
(Graphpadprizm) was used to compare the mean plasma levels of testosterone, CSF kisspeptin and
kisspeptin perikarya, GnRH, KISSIR cell bodies count and number of cell to cell contacts between BS
and NBS by applying unpaired student’s t-tests. Significance level was set at p < 0.05.
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3. Results

3.1. Season Affected the Kisspeptin, Testosterone Concentrations and Paired Testes Weight in Rhesus
Macaques

Analysis of the results revealed a significant increase in Cerebro Spinal Fluid (CSF) Kisspeptin
like-ir (Kisspeptin) at the four studied time points [09:00 am, 09:30 am, 10:00 am and 10:30 am] during
BS when compared with NBS (Fig. 2A). A similar trend was observed, when over all concentration
of kisspeptin was compared between BS and NBS (P>0.05) (Fig. 2B).

Complementary to what was observed for kisspeptin, higher plasma testosterone levels were
detected during BS, at all 13 studied time points between 09:00 am to 04:00 pm, when compared with
similar values during NBS (Fig. 3A). Overall, mean testosterone values were significantly higher (P
<0.05) during the BS as compared to NBS (Fig. 3B). Testicular weight was also increased during the

BS (p < 0.0001).
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Figure 2. A) CSF Kisspeptin like-ir value of male Rhesus monkeys (N = 3) at different time points during BS and
NBS. CSF Kisspeptin was significantly elevated in BS (p< 0.05-0.005). B) Overall CSF Kisspeptin like-ir values of
the adult male rhesus monkeys (N = 3). All the data is expressed as mean +SEM. Unpaired t-test indicated a
highly significant increase in CSF Kisspeptin during BS (p<0.0001).
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Figure 3. A) Mean + SEM plasma testosterone levels during BS and NBS in male rhesus monkeys (n=4). Two
way ANOVA followed by F-crit as post test indicated highly significant effect with respect to time and season
(p <0.0001). B) Overall mean + SEM plasma testosterone levels were increased (p < 0.0001) during the BS.

3.2. Season Affected the Expression of Studied Genes

Comparison of mRNA level indicated that GnRH (P < 0.0001), kisspeptin (P < 0.01) and KISSIR
(P <0.0005) had higher expression during the breeding than NBS (Fig. 4).
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Figure 4. The relative mRNA expression for GnRH, Kiss1, and Kisslr in the hypothalamus of the adult male
Rhesus monkey (N = 3). GnRH (P < 0.0001), kisspeptin (P < 0.01) and GPR54 (P < 0.0005) had higher expression
during the BS than NBS.

3.3. Season Affected the Immunocytochemical Expression of KISSIR

The immunocytochemistry analysis indicated an increase in the number of kisspeptin cell bodies
in the arcuate nucleus (ARC) region during the BS as compared to the NBS (Fig. 5). An increased
interaction of kisspeptin ir with the GnRH ir-fibers was observed in the median eminence (ME)
during the BS (Fig. 6A) while there was no such observation in the NBS (Fig. 6B). It was observed
that the number of GnRH ir cell bodies in the mediobasal hypothalamus (MBH) of adult male Rhesus
monkeys was not affected by the season (Fig. 7). An increased kisspeptin ir and GnRH ir cell bodies
count and their interaction in the MBH of the adult male Rhesus monkeys were observed during BS
(Fig. 8).

The kisspeptin receptor expression was also increased during the BS as compared to NBS (Fig.
9). Further KISSIR expression specifically on the GnRH neuronal cell bodies was also increased
during the BS (Fig. 9) as compared with the NBS (Fig. 10). It was also observed that number of Kiss1r
and GnRH positive cell bodies increased during BS (Fig. 11A, B). An increased in the number of
contacts between kisspeptin and GnRH (Fig. 11C) and GnRH neuronal cell bodies expressing Kiss1r
during BS was also observed when compared with NBS (Fig. 11D).

Number of kisspeptin cell bodies in ARC

NBS Control
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Figure 5. A) Number of kisspeptin perikrya in the BS and NBS in the ARC of the adult male Rhesus monkeys.
B) Semi quantitative data of kisspeptin cell bodies count in the ARC. C) Antibody ommitted control for the BS
and NBS.

GnRH Interaction

Figure 6. Kisspeptin-ir and GnRH ir fibers expression and colocalization as observed in the median eminence
(ME) of the adult male rhesus monkeys (N = 3) (40x magnification). Arrows indicates the magnified area.
Increased interaction of kisspeptin ir- with the GnRH Ir-fibers was observed in the ME during the BS (A), no
such observation in the NBS (B).
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Figure 7. GnRH-ir cell bodies in the full name (MBH) of adult male Rhesus monkeys during BS and NBS without

any apparent change. Control for GnRH immunoreactivity is also visible.
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Figure 8. Photomicrograph at 10, 20, 40, 60 and 100x indicating the increased kisspeptin ir and GnRH ir cell
bodies count and their interaction in the MBH of the adult male Rhesus monkeys during the BS.

Figure 9. Observations as described in figure 8. The kisspeptin ir cell bodies and their interaction with the GnRH
ir cell bodies were decreased during the NBS.
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BS Control NBS Control

Figure 10. Photomicrograph showing the GnRH, Kisslr immunoreactivity and their interaction in the MBH of
the adult male Rhesus monkeys (N = 3) during BS (A) and NBS (B). Antibody omitted controls are also shown
for kisslr. The kiss1 receptor expression and its interaction with GnRH neuronal cell bodies were increased in
the BS which was not observed during NBS.
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Figure 11. Comparison of A) number of kisslr-ir cell bodies, B) number of GnRH positive cell bodies, C)
number of contacts between kisspeptin and GnRH, and D) GnRH neuronal cell bodies expressing Kiss1r during
NB and NBS. Data is expressed as mean +SEM.

4. Discussion

Seasonal reproduction involves complicated neuroendocrine processes of the HPG axis that is
dominantly regulated by photoperiod, a crucial environmental cue (Chemineau, Bodin et al. 2010).
GnRH, kisspeptin and KISSIR are known to play role in regulating the reproductive activity in
various mammals and non mammals (Abbara, Ratnasabapathy et al. 2013, Wahab, Atika et al. 2016).
Since the discovery of reproductive roles of kisspeptin in 2003 (Seminara, Messager et al. 2003),
substantial amount of efforts has been put in to discover its role in the seasonality of reproduction
(Caraty, Smith et al. 2007, Greives, Mason et al. 2007, Clarke and Smith 2010, Clarke and Caraty 2013).
In recent years, it has been found that Kiss1/KISS1R system, which influence GnRH secretion avidly,
is regulated by both melatonin and feedback action of gonadal steroid hormones (Smith 2008,
Backholer, Smith et al. 2009). Consequently, Kiss1/KISSIR system may play a key role in seasonal
reproduction (Clarke and Caraty 2013). The kisspeptin signaling is reported to play a role in passing
photoperiodic and environmental signals to increase the reproductive activity during the BS in
hamster and sheep (Revel, Saboureau et al. 2006, Ansel, Bentsen et al. 2011, Clarke and Caraty 2013).
Little information is available in literature regarding the role of kisspeptin signaling in non-human
mammals. Present study describes the qualitative and quantitative expression of the kisspeptin and
KISSIR changes during the breeding and NBS in adult male rhesus monkeys.
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Analysis of our results revealed an increase in the central Kisspeptin like-ir and peripheral
release of testosterone during the BS along with an increase in the testicular weight of the monkeys
compared to the NBS indicating a seasonal transition of the monkeys from the non breeding to the
BS, leading to an increase in the reproductive activity. Our observations are consistent with the
previously reported findings in several seasonal breeders (Bansode, Chowdhury et al. 2003, Greives,
Mason et al. 2007, Clarke and Caraty 2013).

An important finding of this study was the seasonal changes in the expression of kisspeptin in
the MBH of the adult male rhesus monkeys. A significant increase in the mRNA expression of the
Kiss1 and Kiss1R was observed during the breeding as compared to the NBS. Our findings are in
agreement with the previous observations in other seasonal breeders like Syrian hamsters (Revel,
Saboureau et al. 2006) and sheep (Caraty, Smith et al. 2007, Smith, Clay et al. 2007) but is in
contradiction with the observation in the Siberian hamsters (Greives, Mason et al. 2007, Mason,
Greives et al. 2007, Greives, Kriegsfeld et al. 2008).

A significant increase in kisspeptin perikarya was also observed in the ARC of the adult male
rhesus monkey during the breeding as compared to the NBS. It was interesting that the increased
MBH Kiss1 mRNA and number of ARC kisspeptin cell bodies were also associated with the elevated
CSF Kisspeptin like-ir levels during the BS. Together, these results reflect an increased kisspeptinergic
activity in the hypothalamus of monkeys during BS. These results are in line with the findings of
Smith and co-researchers (Smith, Clay et al. 2007) who had reported that the Kiss1 mRNA expression
was regulated by sex steroids and season in sheep. They (Smith 2008, Smith 2012) had also reported
that the connectivity of the kisspeptin perikarya with the GnRH was increased in the BS.

An important finding of this study was an increase in number of close contacts between
kisspeptin and GnRH cell bodies during the breeding as compared to the NBS. Similar results were
reported by Clarke and colleagues (Clarke, Smith et al. 2009) in their studies by using sheep as
experimental animal.

One of the novel aspects of the present study also is the quantification of KISS1R expression on
the GnRH neurons in a higher primate. To assure the validity of out immunocytochemical findings
primary antibody omitted control sections were used to assess the non specific kisspeptin, KISSIR
and GnRH like-ir. Absence of the discrete immunoreactivity confirmed the lack of non specific
binding of the fluorescent labeled secondary antibodies. There was a marked elevation of the KISSIR
expression during the breeding compared to the NBS leading to activation of the GnRH neuronal
system and resulting in an increase in the reproductive activity. This result is however contrary to
what was observed in ewe as Li et al. (Li, Roa et al. 2012) had reported a decrease in the KISS1R
expression during the BS. This contradiction indicates that KISSIR expression varies from species to
species.

All the foregoing findings of this study provide an important clue towards seasonal switch of
the HPG-axis in adult male rhesus monkeys. A possible mechanism for the transition between
breeding and NBS can be inferred from these observations. Onset of BS in the adult male rhesus
monkeys leads to an increase in Kiss1 and Kiss1R mRNA expression in the ARC causing an increase
in the central kisspeptin signaling. However what environmental/ neural/ neuroendocrine signals
stimulate seasonal increase in kisspeptinergic signaling remains to be elucidated. Expression of
KISSIR on GnRH neurons also increases during the BS leading to augmented binding of the
kisspeptin to its receptor that ultimately results in the activation of the GnRH neurons and the HPG-
axis which enhances the reproductive activity and leads to an increase in the testicular weight and
plasma testosterone levels as observed during BS.

In conclusion, present study demonstrated the semi quantitative differences in the MBH
expression of the kisspeptin mRNA and protein during the breeding and the NBS in adult male
rhesus monkeys. The expression of hypothalamic Kissl, Kiss1R and their close contacts with GnRH
fibers were found to be higher during the BS. Further, present study established the season related
changes in the expression of KISSIR on GnRH neurons for the first time in non-human primate. Based
upon these findings, we have postulated that kisspeptin acts as an important arbitrator of the various
environmental cues on the reproductive axis. It acts as an excitatory factor to enhance the GnRH pulse
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generating activity during BS and a decrease in kisspeptin signaling may lead to commencement of
the NBS in higher primates.
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