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Abstract

The present article reviews recent studies of monkeys and, in some cases, humans that have been
conducted to examine the role of kisspeptin-GPR54 signaling in the regulation of the hypothalamic-
pituitary-gonadal axis in higher primates. This area of peptide biology was initiated in 2003 by the
discovery that loss of function mutations of GPR54 in man were associated with hypogonadotropic
hypogonadism and absent or delayed puberty. Puberty in the monkey, an experimental model
commonly used to study this fundamental developmental stage, are first described. This is followed
by a review of the role of kisspeptin in the regulation of the postnatal ontogeny of GnRH pulsatility.
The roles of kisspeptin in GnRH pulse generation and in the feedback loops governing gonadotropin
secretion in primates are then discussed. A brief section on kisspeptin-GPR54 signaling at the
pituitary and gonadal levels is also included. The review concludes with a discussion of the
phenomenon of GPR54 downregulation by continuous exposure to kisspeptin and its therapeutic
implications.
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1. Introduction

That kisspeptins, which are encoded by KiSS1, and signal at the kisspeptin receptor (KiSS1R),
a G-protein coupled receptorl, play a profound role in the control of the hypothalamic-pituitary-
gonadal axis was completely unappreciated until 2003. In that year, two groups, one led by de
Roux in Paris [1] and the other by Crowley in Boston [30], each almost simultaneously reported
that several members of a large consanguineous family presenting with hypogonadotropic
hypogonadism and absent puberty carried a loss of function mutation for KiSS1R. Moreover,
it was further reported by the Boston group [30] that, in one such patient, pituitary
responsiveness to pulsatile GnRH administration was not compromised, indicating a
hypothalamic locus for the deficit associated with this genetic disorder. These signal
observations immediately prompted my laboratory, in collaboration with the Boston group and
that of Ojeda at the Oregon National Primate Research Center, to pursue the notion that
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kisspeptin signaling at KiSS1R is critical to the initiation of puberty. The animal employed
was the rhesus monkey, a representative higher primate. The monkey is a particularly powerful
paradigm for the human situation because puberty in this primate, as in man, is triggered by a
resurgence in robust pulsatile release of GNRH?2 after a prolonged period of relative inactivity
throughout childhood (man only) and juvenile development [41]. This “up-down-up” pattern
in postnatal GnRH release in primates differs markedly from that in rodents where the
development of the pubertal GnRH signal unfolds progressively and without interruption
following birth [4,13]. In this article, we review results of studies since 2003 of the role of
kisspeptin in regulating the development and activity of the hypothalamic-pituitary-gonadal
axis in the rhesus monkey and other higher primates. The molecular biology of kisspeptin
synthesis, the nomenclature used to describe these peptides, and the signal transduction
pathways activated by their interaction with KiSS1R will not be discussed as these aspects of
kisspeptin biology will be described in detail by others contributing to this special edition of
Peptides.

Puberty in the monkey

As in man, the onset of puberty in Old World monkeys? is delayed for several years following
birth: in the rhesus monkey menarche occurs at 2-3 years of age and sperm are first recognized
in the seminiferous tubule at 4-5 years of age [21]. Neither gonad, pituitary, nor the
hypothalamic network of GnRH neurons are limiting to the onset of primate puberty [18].
Instead, a central neural mechanism upstream of the GnRH neuronal network governs the
pulsatile release of this decapeptide during postnatal development. The pattern of GnRH
release during postnatal development in primates is characterized by robust pulsatility during
infancy and puberty that is interrupted by a prolonged hiatus during juvenile development: a
feature of primates exemplified by the agonadal rhesus monkey in which gonadotropin
secretion is amplified because of the absence of testicular or ovarian feedback signals
[21,Figure 1]. It is important to recognize that initiation of the resurgence in GnRH release at
the transition from the juvenile to the pubertal phase of development represents one of two
critical postnatal switches timing the onset of puberty in primates. The other is operational
during the infant-juvenile transition and leads to the arrest/suppression of pulsatile GnRH
release to guarantee the relative quiescence of the pituitary-gonadal axis during juvenile
development. Disturbance in the operation of either of these neuroendocrine switches will have
a profound impact on sexual development as is seen in GnRH dependent disorders of pubertal
development in man [41].

The agonadal male monkey: a model for studying the postnatal ontogeny of GnRH release

Because the agonadal male monkey has been used extensively to examine the neurobiological
mechanisms dictating the postnatal pattern of GnRH secretion (including that involving
kisspeptin), the rationale for employing this animal model [16] is briefly reiterated here. The
postnatal hypothalamus retains the capacity for both structural and molecular plasticity;
neuronal processes that are profoundly modulated by steroids to which the hypothalamus is
exposed. Thus, it is reasonable to propose that, in intact monkeys, structural and molecular
remodeling occurs in response to the dramatic changes in steroid levels during infancy and
puberty. In the intact situation, therefore, it becomes impossible to distinguish whether a
hypothalamic correlate of GnRH pulsatility, for example a change in expression of a particular
gene or the appearance or loss of a specific synaptic interaction, represents the primary event
underlying the change in hypothalamic function, or is simply a secondary consequence due to
a change in gonadal steroid that has been triggered by the fundamental neural event being

2The decapeptide, GnRH (gonadotropin releasing hormone), which is synonymous with LRF and LHRH, is used throughout this review
to describe mammalian GnRH (GnRH-1).
Higher primates are comprised of 3 families: Old World monkeys, apes and humans.
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sought. These confounding influences are eliminated in the agonadal situation. At the same
time, the fundamental developmental changes in pulsatile GnRH release are preserved in the
absence of the gonad (Figure 1). The male has been employed because the prepubertal hiatus
in pulsatile GnRH release is more marked in the male than in the female (Figure 1), and it may
therefore be anticipated that the molecular and structural concomitants of the up-down-up
pattern in pulsatile GnRH release will be correspondingly more conspicuous in the male and
thus easier to identify for the first time.

Role of kisspeptin in regulation of the postnatal ontogeny in GnRH pulsatility

a. Infant-juvenile transition—Little attention has been paid to the molecular and cellular
mechanisms that are involved in suppressing GnRH pulsatility during infancy and maintaining
the check on this neuroendocrine system during subsequent juvenile development.
Interestingly, GhRH mRNA and peptide levels in the MBH of the infant and juvenile monkey
are indistinguishable [3]. A possible insight into the neurobiology underlying the reduction in
GnRH pulsatility during infancy is provided by the observation that circulating gonadotropin
levels were undetectable in a two-month-old infantile boy bearing a loss of function mutation
of KiSS1R [31]. This finding is consistent with the earlier observation of hypogonadotropism
and hypogonadism in KiSS1R deficient patients of pubertal and postpubertal age [1,30], and
supports the notion that kisspeptin input to the GnRH neuronal network in the hypothalamus
of the infant is necessary for the robust GnRH pulsatility during this phase of development.

b. Juvenile-pubertal transition—Most attention regarding the role of kisspeptin in
regulating the timing of puberty in primates has focused on the neurobiological mechanisms
responsible for triggering the pubertal resurgence of pulsatile GnRH release at the termination
of the juvenile phase of development. If an increase in kisspeptin signaling at KiSS1R is the
proximate trigger for increased pulsatile GnRH release at this stage of development then the
following conditions should be met: first, KiSS1 and KiSS1R (and the ligand and receptor)
should be expressed in the monkey medial basal hypothalamus (MBH); second, increased
KiSS1R signaling should occur in association with the pubertal resurgence in pulsatile GnRH
release; and third, premature activation of KiSS1R in the hypothalamus of the juvenile should
lead to a precocious pubertal-like pattern of robust GnRH release. In situ hybridization
demonstrated that KiSS1 is expressed in the MBH and that, as in rodents [22], expression in
this region of the MBH is restricted to neurons in the arcuate nucleus [32]. Similar findings
have been reported for both female cynomolgus monkeys and women [28]. Expression of
KiSS1R was also observed in the arcuate nucleus, although expression of the receptor was less
discrete, extending into more lateral regions of the ventral medial hypothalamus [32]. The
expression of KiSS1 increased nearly five-fold in association with the pubertal resurgence in
GnRH release in both agonadal males and intact females, and an increase in KiSS1R expression
during this developmental transition was observed in the female [32]. At this time, however,
it should not be concluded that there is necessarily a fundamental gender difference in the
peripubertal regulation of KiSS1R expression in primates because the males studied were
agonadal (they were castrated between 16 and 21 months of age - see Figure 1) while the
females were ovarian intact.

The question of whether premature activation of KiSS1R in the hypothalamus of the juvenile
monkey leads to precocious GNRH release has been examined using pituitary LH secretion to
indirectly monitor endogenous GnRH release in response to human (h) kisspeptin-10 (metastin
45-541) administration. In order to use this approach in the juvenile male monkey, in which
pituitary responsiveness to GnRH is minimal, the gonadotrophs must first be “primed” with
an intermittent iv infusion of synthetic GnRH [35]. This is accomplished with a dose and
frequency of GnRH administration that produces a pattern of pulsatile LH release in the
agonadal juvenile male monkey that is comparable to that observed in postpubertal castrate
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males [35]. Using this paradigm, initiation of an intermittent iv infusion of h-kisspeptin-10 (2
pg/monkey administered as brief 1 min pulses once every h) immediately following
termination of the priming infusion of GnRH was able to sustain without interruption an adult
pattern of pulsatile LH secretion in the agonadal juvenile male [20,Figure 2]. This LH response
to intermittent kisspeptin stimulation was abolished when the experiment was repeated in the
presence of a GnRH receptor antagonist [20,Figure 3], indicating that the action of kisspeptin
to release LH was indirect and most likely mediated by the discharge of a train of GnRH pulses
from the hypothalamus of the juvenile monkey. It is of interest to note here that a gain of
function mutation (non-constitutive) of KiSS1R has recently been described in a seven-year-
old girl with GnRH dependent precocious breast development [36]. Transfection studies
indicated that the mutation resulted in prolonged activation of KiSS1R signal transduction
pathways following simulation with kisspeptin [36]. To date, attempts to induce a sustained
precocious pubertal pattern of GnRH release from the hypothalamus of the juvenile monkey
has only been achieved when kisspeptin was administered as an intermittent infusion.
Continuous iv infusion of the peptide over a wide range of doses in this experimental model
stimulates GnRH secretion only transiently, and at high doses KiSS1R is downregulated [29,
see below].

Taken together, the foregoing findings in the monkey, and those in man, support the view that
Kisspeptin signaling is a key component of the hypothalamic mechanism that activates the
pubertal resurgence in GnRH release, and thereby initiates the onset of puberty in primates. It
should be recalled, however, that there is compelling evidence for the involvement of other
neurotransmitters (GABA and glutamate) and neuropeptides (neuropeptide Y) in the
neurobiological mechanism holding and/or releasing the check on GnRH pulsatility during
juvenile development [18,21,38]. Thus, the role of kisspeptin in triggering the pubertal
resurgence in pulsatile GnRH release must be integrated with that of other neural signals, and
also inputs of glial origin [12], in order to provide a rational model for the neurobiological
machinery that controls of the postnatal ontogeny of pulsatile GnRH release. Additionally, it
is not known whether the kisspeptin neurons in the arcuate nucleus are a component of a
pubertal clock or growth-tracking device [17], or simply serve as a link that relays information
from such a puberty control center to the GnRH neuronal network. The resolution of these
issues is a major challenge for the future.

Kisspeptin and GnRH pulse generation

In 1978, Knobil's laboratory reported that in ovariectomized adult rhesus monkeys selective
destruction of the posterior two-thirds of the arcuate nucleus with radiofrequency current
resulted in a profound suppression of gonadotropin secretion in the absence of
hyperprolactinemia [19,Figure 4]. These and related findings led Knobil to the conclusion that
the hypothalamic GnRH pulse generator in the primate resided within the arcuate nucleus
[10]. Itis, therefore, very interesting to now note that the region of the arcuate nucleus lesioned
in the early studies of the female monkey overlaps precisely with the location of KiSS1
expressing neurons in this nucleus in women [27;Figure 5]. Moreover, using a polyclonal
antibody raised against h-kisspeptin-54 (GQ2) and kindly provided by Professor Stephen
Bloom, London, UK [2], we have recently demonstrated [23] that location of kisspeptin
containing perikarya in the MBH of the adult male monkey is entirely consistent with the earlier
hybridization histochemical studies of KiSS1 expression, i.e. in the posterior two-thirds of the
arcuate nucleus [28,Figure 6]. Because the medial location of kisspeptin perikarya in the
arcuate nucleus is distinct from the lateral location of the majority of neuroendocrine GnRH
neurons in the ventral hypothalamic tract (VHT) (Figure 6), the earlier arcuate lesions would
have preserved the GnRH neuronal network but destroyed the vast majority of the kisspeptin
perikarya. Thus, it seems reasonable to propose that kisspeptin neurons in the arcuate nucleus
may represent the substrate of the GnRH pulse generator. In this regard, intermittent kisspeptin
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release at an approximate hourly frequency, has very recently been reported in the stalk-median
eminence of the female rhesus monkey [8].

The foregoing argument, however, must be reconciled with the intriguing clinical observations
that patients with loss of function mutations of KiSS1R exhibit low amplitude intermittent LH
release at an approximately normal frequency [30,37], suggesting that kisspeptin functions to
amplify the activity of the GnRH pulse generator, rather than to generate pulsatility. This view
is consistent with the finding that, in rat, iv administration of kisspeptin-10 elicits a robust
discharge of LH without influencing arcuate nucleus/median eminence multiunit electrical
activity [8], which provides a robust electrophysiological correlate of GnRH pulse generator
activity in several species including the monkey [11]. Also, only moderate fluctuations in portal
blood kisspeptin concentrations, unrelated to LH discharges, have been reported in the
ovariectomized ewe [34]. If the action of kisspeptin to enhance pulsatile GnRH release is the
sole result of amplifying the activity of the GnRH pulse generator, then it might be predicted
that continuous infusion of kisspeptin at doses that lead to downregulation of KiSS1R [29, see
below] would reduce LH pulse amplitude but not effect LH pulse frequency. In a study of the
adult male rhesus monkey, this was not the case [24]: both LH pulse amplitude and LH pulse
frequency were reduced. Because reduction in LH pulse amplitude may result in LH increments
falling below threshold for detection as an LH pulse, it remains to be confirmed whether the
reduction in LH pulse frequency, which generally reflects GnRH pulse frequency [15], was
due to a kisspeptin induced retardation of the GnRH pulse generator. Clearly, significant further
study is required to elucidate the role of kisspeptin in GnRH pulse generation.

Role of kisspeptin neurons in the feedback regulation of gonadotropin secretion

Gonadotropin secretion in the male is regulated by negative gonadal feedback loops that
involve inhibitory actions of testicular hormones (primarily testosterone and inhibin-B) [14,
15] on the hypothalamic-pituitary unit. The regulation of LH and FSH secretion in the female
is more complex, comprising both negative and positive gonadal feedback loops that involve
inhibitory and stimulatory actions of ovarian hormones (primarily estradiol and progesterone)
on hypothalamic and pituitary sites [42]. A negative feedback loop governs gonadotropin
secretion throughout the luteal phase and most of the follicular phase of the menstrual cycle,
while a positive feedback loop is responsible for triggering the preovulatory gonadotropin surge
at the end of the follicular phase. The feedback actions of gonadal hormones may be exerted
either at the level of the hypothalamus to indirectly regulate gonadotropin secretion by
controlling GnRH release, the pituitary to directly regulate the activity of the gonadotroph, or
by a combination of these mechanisms. Gonadal feedback at the level of the hypothalamus
may be exerted either directly on GnRH neurons or indirectly on afferent inputs (neuronal and
or glial) to this neuronal network. In the latter case, there is increasing evidence from studies
of non-primate species that kisspeptin neurons are intimately involved in mediating the
feedback actions of both ovarian and testicular hormones [22].

In the male monkey, the testicular regulation of LH secretion is mediated by a negative
feedback action of testosterone that is exerted at the level of the hypothalamus to decelerate
pulsatile GnRH release [15]. As in rodents [22], testosterone suppression of LH secretion is
associated with a reduction in KiSS1 mRNA levels in the MBH of the monkey [33]. Since
KiSS1 and kisspeptin expressing neurons are found only in the arcuate nucleus of the monkey,
it seems reasonable to conclude that, as in rodents [22], kisspeptin neurons in this region of the
MBH represent an important neurobiological component in the negative feedback loop that
regulates LH secretion in the male. It should be recalled, however, that opiatergic and
GABergic neurons also respond to castration and testosterone replacement and that these
neurotransmitters/peptides exert inhibitory actions on GnRH release [3]. Thus, an
understanding of the integrative neurobiology of the negative feedback control of LH secretion
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in the male remains to be defined: a state of affairs reminiscent of that underlying the pubertal
resurgence in pulsatile GnRH release at the end of juvenile development.

As discussed above, KiSS1 expressing neurons in the hypothalamus of women and female
cynomolgus monkeys are also localized almost exclusively in the arcuate nucleus (referred to
as the infundibular nucleus in man). As in the male, gonadal steroids suppress expression of
KiSS1 in the hypothalamus of both the human and monkey female. In an elegant study by
Rometo et al. [28], the number of KiSS1 mRNA expressing neurons was significantly higher
in postmenopausal women and ovariectomized monkeys compared to premenopausal women
and intact monkeys, respectively (results from women, Figure 5). Moreover, treatment of
ovariectomized monkeys with estradiol and progesterone resulted in a profound decrease in
KiSS1 expression [28]. Thus, in the monkey, as in rodents, it would appear that a component
of the negative feedback action of estradiol and/or progesterone is mediated by kisspeptin
neurons in the arcuate nucleus.

The role of hypothalamic kisspeptin signaling in mediating the positive feedback action of
estradiol to elicit the preovulatory gonadotropin surge in primates has not yet been investigated.
Here it is to be noted, however, that in the rodent the Kisspeptin neurons that are activated by
the positive feedback action of estradiol and thereby contribute to the generation of the
preovulatory GnRH surge, an obligatory component of the preovulatory gonadotropin surge
in these species [5], are located in rostral areas of the hypothalamus, notably the
anteroperiventricular nucleus in the medial preoptic area [40,21]. This species difference in
the distribution of kisspeptin neurons in the hypothalamus is consistent with marked differences
in the neuroendocrine mechanisms that regulate ovulation in rodents and primates [5,42].

Kisspeptin signaling at the pituitary and gonadal levels

While several studies in non-primate species have demonstrated that kisspeptin signaling in
the pituitary and gonads may potentially play a role in the regulation of ovarian and testicular
function [26,27], these aspects of kisspeptin biology have received little attention in the
primates. An initial immunocytochemical study of kisspeptin in the monkey pituitary indicates
that this peptide is expressed by the majority of cells in pars intermedia and by occasional cells
of unknown phenotype in the pars anterior [23]. At the testicular level, it was noted that in
adult male rhesus monkeys a particular concentration of blood LH was generally associated
with higher levels of testosterone during the continuous iv administration of h-kisspeptin-10
indicating the possibility of a local action of kisspeptin to regulate the responsivity of the Leydig
cell to LH stimulation [25]. This view is consistent with the recent finding that kisspeptin
enhances hCG induced testicular testosterone release in the adult monkey [7].

Downregulation of KiSS1R by continuous exposure to kisspeptin

Using pituitary LH secretion from the GnRH primed juvenile male monkey pituitary to
indirectly monitor endogenous GnRH release as earlier described to track discharges of this
hypophysiotropic factor in response to intermittent kisspeptin administration, continuous iv
infusion of h-kisspeptin-10 for four days was recently shown to lead to desensitization of
KiSS1R [29]. Although continuous administration of the KiSS1R agonist elicited a brisk LH
response for approximately three hours, this rise was followed by a precipitous drop in LH
despite continuous exposure of KiSS1R to kisspeptin (Figure 7). During the last three hours
of the continuous kisspeptin infusion, the integrity of the GnRH neuron-pituitary gonadotroph
axis was interrogated by the administration of single boluses of h-kisspeptin-10 (10 pg), N-
methyl-DL-aspartic acid (10 mg/kg, NMDA), and GnRH (0.3 pug). The h-kisspeptin-10 dose
was approximately five fold higher than that employed in the experiment shown in Figure 2,
while doses for the NMDA and GnRH were comparable to those previously established to
elicit a physiological discharge of GnRH and LH, respectively [18,33]. Although boluses of
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Summary

NMDA and GnRH elicited an LH pulse, that of kisspeptin-10 did not (Figure 8), indicating
functional integrity of the GnRH neuronal network (NMDA) and GnRH receptors (NMDA
and GnRH) but desensitization of KiSS1R. Similar results have been obtained following
continuous h-kisspeptin-10 administration to normal adult monkeys, in which the
hypothalamic GnRH pulse generator was spontaneously active [25], and desensitization of
KiSS1R has also been described in experiments with the male rat [39]. This phenomenon has
therapeutic implications for a variety of conditions currently being treated by GnRH and its
analogs, including restoration of fertility in patients requiring ovulation induction, and selective
reversible suppression of the pituitary-gonadal axis to achieve suppression of gonadal steroids.

In primates, Kisspeptin is a critically important component of the neurobiological machinery
that triggers the pubertal resurgence of robust pulsatile release, and also that which provides
the drive to the GnRH neuronal network during infancy. How Kisspeptin neuron activity is
integrated with that of other neuropeptide/neurotransmitter systems to achieve the
characteristic up-down-up pattern in GnRH pulse generator activity throughout the infant-
juvenile-pubertal transitions remains to be established. Similarly, the physiological control
system that dictates the timing of these developmental transitions, including the pubertal
resurgence in pulsatile GnRH release that triggers puberty, remains a fundamental mystery.
The precise role of kisspeptin signaling in the GnRH pulse generator remains to be clarified.
Although kisspeptin neurons are likely to be involved in the feedback loops regulating
gonadotropin secretion in primates, this area requires more study. Kisspeptin signaling may
also be extant in the pituitary and gonad, but the full physiological significance of these extra-
hypothalamic sites remains to be determined.
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Figure 1.

The up-down-up pattern of GnRH pulse generator activity during postnatal development in
agonadal male (stippled area) and female (closed data points + error bars) rhesus monkeys as
reflected by circulating mean LH (top panel) and FSH (bottom panel) concentrations from birth
to 142-166 weeks of age. Note, in females the intensity and duration of the prepubertal hiatus
in the secretion of FSH, and LH to a lesser extent, is truncated in comparison to males. Redrawn
with permission from [21].
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Figure 2.

LH discharges induced precociously in agonadal juvenile male monkeys (20-24 months of age)
by an intermittent iv infusion of GnRH that mimics a castrate adult hypophysiotropic drive to
the gonadotrophs (open arrows on Day 1) and by brief infusions of h-kisspeptin-10 every h
(closed arrows) initiated on Day 1 immediately following termination of GnRH priming and
maintained for 48 h in a crossover design (kisspeptin-10, closed data points; vehicle, open data
points). LH responses are shown for the first three kisspeptin-10 or vehicle pulses on Day 1,
three such pulses on Day 2 and the last two pulses on Day 3. GnRH priming (open arrows)
was reinitiated after completion of kisspeptin-10 or vehicle administration on Day 3. Reprinted
with permission from [20].
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Figure 3.

Human kisspeptin-10 induced LH discharges induced in GnRH primed agonadal juvenile male
monkeys by brief iv infusions every h for 48 h shown in Figure 1 were completely blocked by
treatment with a GnRH receptor antagonist initiated immediately after the first pulse of
kisspeptin-10 (black data points) at 1100 h on Day 1. The open data points show kisspeptin-10
induced LH pulses during injection of the antagonist vehicle. LH responses are shown for the
first three kisspeptin-10 or vehicle pulses on Day 1, three such pulses on Day 2 and the last
two pulses on Day 3. GnRH priming (open arrows) was reinitiated after completion of
kisspeptin-10 or vehicle administration on Day 3. Reprinted with permission from [20].
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The top panel shows a parasagittal schematic of the region of the arcuate nucleus destroyed by
aradiofrequency lesion placed on day 0 in an ovariectomized rhesus monkey. While this lesion
preserved circulating prolactin concentrations (top panel) and pituitary response to a
continuous infusion of GnRH (LHRH) on day 22, spontaneous and estradiol induced LH and
FSH secretion were abolished. Reprinted with permission from [19].
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Figure 5.

The distribution of KiSS1 mRNA expressing neurons as revealed by in situ hybridization in a
representative sagittal hypothalamic section from a premenopausal (left) and postmenopausal
(right) woman. KiSS1 expressing perikarya are concentrated only in the infundibular nucleus
(INF), also known as the arcuate nucleus (see Figure 4) of the MBH. Only the occasional
KiSS1 mRNA expressing neuron was observed in the medial preoptic area (MPOA). KiSS1
was upregulated in the postmenopausal women. Each small black dot represents one KiSS1
expressing neuron. ac, anterior commissure; fx, fornix; INF, infundibular nucleus; MB,
mammillary body; oc, optic chiasm; PH, posterior hypothalamus. Scale bar, 2 mm. Reprinted
with permission from [28].
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Figure 6.

A confocal double fluorescence projection showing the relationship between kisspeptin
containing perikarya (green Alexa Flor 488) in the arcuate nucleus (ARC) and GnRH cell
bodies (red, Cy3) in the ventral hypothalamic tract (VHT) in a coronal hypothalamic section
taken at the level of the median eminence (ME) of a male rhesus monkey. At this level, the
median eminence is richly innervated with GnRH axons, while kisspeptin axons are found
predominately at the boundary of the arcuate nucleus and median eminence. 3V, third ventricle.
Scale bar, 100 um. The primary antibody for kisspeptin was GQ2 (2), kindly provided by Dr
Stephen Bloom and used at a dilution of 1:120,000. The primary antibody for GhRH was LR1
kindly provided by Dr. Robert Benoit (Montreal General Hospital, Canada) and previously
validated [6]. It was used at a dilution of 1:100,000. Reprinted with permission from [24].

Peptides. Author manuscript; available in PMC 2010 January 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Plant and Ramaswamy Page 17

ﬂ l Continuous Metastin 45-54 or Vehicle

LH (ng/ml)

o)
5 3 3
L S Y Y A ] ] 1
1000 1300 1600 1900 2200 0100 0400 0700 1000 1000 1000 1000
Time (h)
Day 1 Day 2 Day 3 Day 4

Figure 7.

Effect of continuous administration of h-kisspeptin-10 (closed data points) or vehicle (open
data points) initiated at 1000h on day 1 and maintained for 98 h (shaded horizontal bar) on LH
release in GnRH primed agonadal juvenile male rhesus monkeys. White arrow indicates iv
injection of the last GnRH priming pulse at 0800 on day1 and the black arrow indicates iv
injection of a bolus of kisspeptin-10 1 h later. Reprinted with permission for [29].
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Figure 8.
Interrogation of the GnRH neuronal network-gonadotroph axis in GnRH primed agonadal
juvenile male rhesus monkeys, during the last 3 h of the 48 h continuous infusion (shaded
horizontal bar) of h-kisspeptin-10 (closed data points) or vehicle (open data points) shown in
Figure 7, with single sequential boluses of kisspeptin-10 (black arrow), NMDA (gray arrow)
and GnRH (white arrow). * Infusion of kisspeptin-10 significantly different (P<0.05) from
preinjection mean. Reprinted with permission for [29].
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