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 Introduction 

 A critical amount of energy reserve is necessary for 
puberty initiation, for normal sexual maturation and 
maintenance of cyclicity and fertility in females of most 
species  [1, 2] . Ovulation is usually suppressed when a 
mammal is in negative energy balance, whether that state 
is caused by inadequate food intake, excessive locomotor 
activity or increased thermoregulatory costs. If excessive 
leanness occurs in young women, puberty is often de-
layed  [3] . Puberty is a complex process which involves 
changes in maturation of reproductive organs, physical 
manifestations of steroids hormones and establishment 
of the reproductive capacity  [4] . The onset of puberty is 
marked by an increase in gonadotropin-releasing hor-
mone (GnRH) secretion in a defined temporal manner. 
When puberty develops normally, sexual maturity is 
achieved and the secretion of gonadotropins becomes 
pulsatile, consisting of variable but well defined secretory 
pulses across the estrous (menstrual) cycle. This pulsatile 
release of GnRH is obligatory to sustain normal gonado-
tropin synthesis and secretion, cyclicity and ovulation. 
Food restriction, excessive exercise and other energetic 
challenges suppress GnRH pulsatility, and thereby dis-
rupt cyclicity and fertility, and may delay the onset of pu-
berty  [3, 5, 6] . Therefore, the existence of a number of 
metabolic cues which impinge on GnRH neurons is pre-
dictable. The adipocyte-derived hormone leptin is one of 
these cues having been studied extensively in the context 
of regulating the reproductive axis.
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 Abstract 
 A critical amount of energy reserve is necessary for puberty 
initiation, for normal sexual maturation and maintenance of 
cyclicity and fertility in females of most species. Therefore, 
the existence of circulating metabolic cues which directly 
modulate the hypothalamus-pituitary-gonad axis is predict-
able. The adipocyte-derived hormone leptin is one of these 
cues having been studied extensively in the context of regu-
lating the reproductive physiology. Humans and mice lack-
ing leptin  (ob/ob)  or leptin receptor (LepR,  db/db ) are infer-
tile. Leptin administration to leptin-deficient subjects and 
 ob/ob  mice induces puberty and restores fertility. LepR is ex-
pressed in brain, pituitary gland and gonads, but studies us-
ing genetically engineered mouse models determined that 
the brain plays a major role. Recently, it has been made clear 
that leptin acts indirectly on gonadotropin-releasing hor-
mone (GnRH)-secreting cells via actions on interneurons. 
However, the exact site(s) of leptin action has been difficult 
to determine. In this review, we discuss the recent advances 
in the field focused on the identification of potential site(s) 
or specific neuronal populations involved in leptin’s effects 
in the neuroendocrine reproductive axis. 
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  Leptin Action on Reproduction 

 Mice lacking leptin  (ob/ob)  or leptin receptor (LepR, 
 db/db ) develop hyperphagic obesity, diabetes and a vari-
ety of neuroendocrine dysfunctions  [7, 8] . These mice ex-
hibit low gonadotropin levels, incomplete development of 
reproductive organs and do not reach sexual maturation. 
Leptin treatment to  ob/ob  mice, but not weight loss alone, 
induces puberty, maturation of the gonads, gonadotropin 
secretion and restores fertility  [9, 10] . Humans with mu-
tations in leptin or LepR genes recapitulate most of
the leptin-deficient reproductive phenotype observed in 
mouse models  [11] . In leptin-deficient subjects, leptin 
treatment induced an increase in the levels of gonadotro-
pins and estradiol, as well as enlargement of the gonads 
and normal pubertal development  [11] . Leptin levels fall 
on starvation, a response that drives many of the neuro-
endocrine changes observed in this condition, including 
those related to the reproductive neuroendocrine axis 
 [12] . Thus, during states of negative energy balance, as in 
fasting, animals from many species exhibit decreased lu-
teinizing hormone (LH) levels. Leptin administration 
blunts the fasting-induced suppression of LH secretion 
and restores fertility  [12–14] . In women with hypotha-
lamic amenorrhea resulting from conditions of negative 
energy balance, leptin treatment increased pulse frequen-
cy and mean levels of LH, ovarian volume, the number of 
dominant follicles and estradiol levels  [15] . Therefore, 
also in humans sufficient levels of leptin are required for 
normal reproductive function.

  An important aspect to be mentioned is that the infer-
tility phenotype observed in animal models of leptin de-
ficiency seems to be highly dependent on their genetic 
background. For example, obese  ob/ob  mice crossed onto 
a BALB/cJ strain exhibited improvement of fertility  [16] . 
This phenomenon appears to be sexually dimorphic, as 
 ob/ob  males on F2 generation are partially fertile, but fe-
males only show improvement of fertility following back-
crossing of the  ob  C57BL/6J mutation for 10 generations 
into the BALB/cJ genetic background. Moreover, a series 
of studies performed in seasonal breeders have chal-
lenged the concept of leptin action in the reproductive 
physiology (reviewed in Schneider  [17] ). In female ham-
sters, fasting-induced decrease in leptin levels is not al-
ways followed by reproductive impairment. In addition, 
leptin treatment prevents fasting-induced anestrus in fe-
male hamster only when oxidable fuels (e.g. fatty acid or 
glucose) are available. In food restricted re-fed hamster 
and sheep, plasma leptin does not increase before the res-
toration of LH pulses and fertility  [17, 18] . These findings 

suggest the existence of species differences likely due to 
exposure to specific evolutionary constraints and devel-
opment of distinct reproductive strategies. But it also re-
mains unclear whether in these conditions leptin signal-
ing, LepR expression, leptin’s transport through the 
blood brain barrier or the levels of unbound circulating 
leptin are unchanged.

  The LepR is expressed in many different organs and 
tissues, including every node of the hypothalamus-pitu-
itary-gonad axis  [8, 19] . Thus, the ability of leptin to reg-
ulate reproduction might be attained by direct actions in 
several cell types. Nevertheless, using genetic strategies, 
studies showed that selective re-expression of LepR only 
in the brain of mice otherwise  null  for LepR restores fer-
tility in both males and females  [20] . These studies estab-
lished that the brain plays a major role. 

  The direct action of leptin in GnRH neurons seemed 
reasonable, as in vitro studies reported the expression of 
LepR in immortalized GnRH (GT1) cells  [21] . However, 
these findings have not been reproduced in vivo ( fig. 1 ) 
and, therefore, leptin direct action in GnRH neurons re-
mained controversial. More recently, with the availability 
of genetic mouse models which allow selective deletion of 
LepR from defined neuronal populations, this controver-
sy appears to have come to an end. Mice with selective 
deletion of LepR from GnRH neurons exhibited normal 
puberty initiation, sexual maturity, fertility and normal 
litter sizes  [22] . This study determined that if LepR is ex-
pressed in GnRH neurons – in low or technically un-
detectable levels – it is not required for leptin action in 
puberty initiation and in the coordinated control of the 
reproductive function. Hence, the identification of leptin-
responsive cells afferent to GnRH neurons has been of 
great interest to the field.

  The signaling (long) form of the LepR (LepRb) is ex-
pressed in several brainstem sites and in many hypotha-
lamic nuclei such as the arcuate, the ventromedial, the 
dorsomedial and the ventral premammillary  [23, 24] . In 
the following sections, we will discuss the recent advanc-
es in defining the leptin-responsive neural pathways in-
volved in reproductive control.

  Brainstem 

 In the brainstem, LepRs and leptin-induced phosphor-
ylation of signal transducer and activator of transcription 
3 (pSTAT3) are found in several nuclei, including the dor-
sal raphe, the lateral parabrachial, the Edin ger-Westphal 
and the nucleus of the solitary tract (NTS)  [24–26] . Of 
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those, special attention has been given to the NTS ( fig. 2 a). 
Neurons in the NTS receive sensory inputs conveyed by 
the vagus nerve and signals from circulating factors con-
veyed through the area postrema. The area postrema is a 
closely associated circumventricular organ – positioned 
outside the blood brain barrier – located in the dorsal bor-
der of the medial NTS. Several lines of evidence have in-
dicated that sensory vagal inputs and circulating meta-
bolic cues (e.g. glucose) may reach the reproductive con-
trol sites of the central nervous system via the NTS. For 
example, during fasting, disruption of visceral sensory 
signals achieved by bilateral vagotomy restored the de-
creased LH levels characteristic of this condition  [27] . 
Site-specific deprivation of glucose availability in the cau-
dal brainstem decreased LH secretion, suggesting that the 
area postrema may act as a glucosensor in the modulation 
of gonadotropins  [28] . However, viral delivery of LepR 
into the NTS of LepR-deficient Koletsky rats did not re-
store their reproductive function  [29] . In addition, selec-
tive deletion of LepR only from forebrain nuclei, main-
taining intact the expression of LepR in the brainstem, 

recapitulated the reproductive deficit of leptin-signaling 
deficiency  [22] . These findings suggest that although the 
caudal brainstem may carry signals from visceral inputs 
and glucose availability to the reproductive system, it does 
not relay leptin’s effects in reproductive control.

  Paraventricular Nucleus of the Hypothalamus 

 Food deprivation is a recognized condition of nutri-
tional stress characterized by low leptin levels, decreased 
LH secretion and high corticotrophin-releasing hormone 
(CRH) levels. Interestingly, pharmacological blockade of 
CRH during fasting normalized LH levels  [30] . Moreover, 
prevention of the decrease in leptin levels induced by fast-
ing blunts the activation of the hypothalamus-pituitary-
adrenal (HPA) axis and prevents the suppression of the 
reproductive axis  [12] . Together, these findings suggested 
that CRH neurons might mediate leptin’s effect to in-
crease LH secretion in states of negative energy balance. 
It is well defined that the CRH neurons involved in the 

a b c
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  Fig. 1.  Comparative distribution of neurons expressing GnRH and of 
neurons expressing LepR reporter gene. Neurons expressing LepR 
were visualized using LepR-IRES-Cre mice crossed with tdTo-
mato reporter mice (B6.Cg- Gt(ROSA)26Sor  tm9(CAG-tdTomato)Hze /J, 
JAX �  mice).  a–c  Fluorescent photomicrograph showing the dis-
tribution of neurons expressing LepR ( a ,  c ) and of neurons ex-

pressing GnRH immunoreactivity (GnRH-ir,  b ,  c ) in the medial 
preoptic area (MPA).  d–f  Higher magnification of  a–c . Observe 
that some neurons which express LepR are intermingled with 
GnRH neurons in the MPA ( c ,  f ). ac = Anterior commissure;
MS = medial septal nucleus; ovlt = vascular organ of lamina ter-
minalis. Scale bar:  a–c  800  � m;  d–f  200  � m. 
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regulation of the HPA axis are located in the paraven-
tricular nucleus of the hypothalamus (PVH). But the ex-
pression of LepR in the PVH is very low ( fig. 2 b) and the 
colocalization of LepR in CRH neurons of the PVH is still 
debatable. This anatomical piece of data indicates that 
leptin’s effect on CRH secretion is achieved via indirect 
pathways, which are still unrevealed. 

  Arcuate Nucleus 

 In the arcuate nucleus (Arc), LepRs are colocalized 
with proopiomelanocortin (POMC), neuropeptide Y/
agouti-related protein (NPY/AgRP) and  Kiss1  neurons 
 [31–33] . It has been determined that POMC and NPY/
AgRP neurons mediate most of leptin’s effects in food in-
take, body weight and glucose homeostasis. These neuro-
nal groups have also been investigated as likely players 
linking metabolism and reproduction.

  The role of POMC neurons in the control of GnRH 
secretion and the melanocortin action mediating leptin’s 
effect on reproduction have been subjects of intense de-
bate with inconclusive results. For example, administra-
tion of  � -melanocyte-stimulating hormone ( � -MSH, one 
of POMC products) in rats may stimulate or inhibit LH 
secretion depending on their physiological condition 
 [34] . The lethal yellow (Ay) mice, which display constitu-
tive and ubiquitous expression of the agouti protein – a 
competitive antagonist of melanocortin receptors, exhib-
it obesity and abnormal estrous cycles  [35] . In normally 
fed or leptin-treated fasted rats, melanocortin antago-
nists decreased the steroid-induced LH surge  [36] . How-
ever, melanocortin 4 receptor (MC4R) knockout mice 
have no evidence of infertility  [37]  and pharmacological 
blockade of MC4Rs does not prevent the ability of leptin 
to positively regulate the reproductive axis of  ob/ob  mice 
 [38] . Moreover, mice with selective deletion of LepR
from POMC neurons, from AgRP neurons, or from both 
POMC and AgRP neurons are fertile and produce nor-
mal litter sizes  [39, 40] . Recently, we described that dele-
tion of both LepR and insulin receptor from POMC cells 
causes insulin resistance, hyperandrogenism and ovari-
an abnormalities with late onset of subfertility  [41] . Thus, 
it is not yet clear whether the reproductive deficits ob-
served in some models of melanocortin signaling defi-
ciency are caused by disruption of a direct neuronal reg-
ulation of GnRH secretion or are secondary to their
impaired metabolic function.

  A role for the NPY system in reproduction has also 
been proposed. Central administration of NPY stimu-
lates feeding and inhibits the reproductive axis  [42] . 
However, the actions of NPY on GnRH secretion remain 
somewhat controversial. Studies in different species
have suggested the existence of a complex dual action of 
NPY – one inhibitory and one stimulatory – through 
which endogenous NPY may regulate the hypothala-
mus-pituitary-gonad axis. These opposing effects de-
pend on several variables, such as the steroid hormone 
milieu, the stages of development and changes in the 

b
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  Fig. 2.  Distribution of neurons expressing LepR in the NTS and 
PVH. Neurons expressing LepR were visualized using LepR-
IRES-Cre mice crossed with tdTomato reporter mice (B6.Cg-
 Gt(ROSA)26Sor  tm9(CAG-tdTomato)Hze /J, JAX �  mice).  a  Fluorescent 
photomicrograph showing neurons expressing LepR in the NTS. 
Observe the close proximity with the AP.  b  Fluorescent photomi-
crograph showing fibers originating from LepR-positive neurons 
in the PVH. Observe the absence of cell bodies containing the re-
porter gene within the limits of the PVH. 3v = Third ventricle; 
DMV = dorsal motor nucleus of the vagus nerve; SCh = suprachi-
asmatic nucleus. Scale bar:  a  200  � m;  b  400  � m. 
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expression of sex steroids receptors  [6, 43] . Likewise, the 
involvement of NPY neurons in leptin action on repro-
ductive control is unclear. Deletion of NPY gene expres-
sion in mice also lacking leptin ( ob/ob  mice) improves 
fertility, but NPY  null  mice display normal reproductive 
function  [44] . Moreover, as mentioned, deletion of LepR 
from AgRP/NPY neurons causes no fertility deficits 
 [40] . Although very compelling, the experiments using 
genetically modified mouse models must be interpreted 
with caution as developmental compensatory mecha-
nisms may have mask some of the relevant effects of 
POMC or NPY neurons on leptin’s effect on reproduc-
tive control.

  In the Arc, a subset of LepR neurons expresses  Kiss1  
 [33] . The role of kisspeptins (the products of  Kiss1  gene) 
and their receptor ( Kiss1r , identified as GPR54) in the 
reproductive physiology is well established. Hypotha-
lamic levels of  Kiss1  and  Kiss1r  mRNA increase during 
pubertal development and administration of kisspeptin 
induces vaginal opening (in juvenile rodents), increases 
LH secretion and induces ovulation  [45, 46] .  Kiss1  or 
 Kiss1r  loss-of-function mutations cause hypogonado-
tropic hypogonadism in humans and mice  [47–49] . 
Studies have also indicated that kisspeptin neurons are 
likely targets of metabolic cues as food restriction de-
creased  Kiss1  mRNA expression in total hypothalamus 
or in  Kiss1  neurons from the anteroventral periventricu-
lar nucleus (AVPV)  [50, 51] . As mentioned, food restric-
tion usually produces a condition of low leptin levels; 
therefore, changes in  Kiss1  mRNA expression may be 
consequent to changes in circulating levels of leptin. In 
support to this view, leptin-deficient  ob/ob  male mice 
exhibited decreased expression of  Kiss1  in the Arc, 
which is partially restored by leptin treatment  [33] . But, 
intriguingly, total hypothalamic expression of  Kiss1  
(which includes the preoptic area and the Arc) was not 
changed in  ob/ob  mice compared either to wild types or 
to leptin-treated  ob/ob  mice, except when matched with 
food-restricted untreated  ob/ob  mice  [52] . This finding 
indicates that leptin may not be the major metabolic fac-
tor regulating  Kiss1  expression in conditions of negative 
energy balance. Another study reported that diabetic 
streptozotocin-injected male rats displayed decreased 
levels of hypothalamic  Kiss1  mRNA and low circulating 
levels of leptin, insulin, LH and androgens  [53] . Intra-
cerebroventricular administration of leptin, but not in-
sulin, normalized the hypothalamic  Kiss1  gene expres-
sion, and the circulating levels of LH and androgens. 
However, it is not clear whether leptin’s effect to normal-
ize  Kiss1  gene expression is achieved by a direct action 

a

b

  Fig. 3.  Comparative distribution of estrogen receptor-             �  immuno-
reactivity (ER � -ir) and leptin-responsive neurons in the VMH.
 a  Bright-field photomicrograph showing the distribution of ER � -
ir in the VMH. Observe that neurons expressing ER � -ir are en-
riched in the ventrolateral subdivision of the VMH (VMHvl).
 b  Bright-field photomicrograph showing the distribution of lep-
tin-responsive neurons in the VMH. Leptin-responsive neurons 
were visualized by leptin-induced phosphorylation of STAT3 im-
munoreactivity (pSTAT3-ir). Observe that leptin-responsive neu-
rons are enriched in the dorsomedial subdivision of the VMH 
(VMHdm). 3v = Third ventricle; Arc = arcuate nucleus; f = fornix. 
Scale bar: 400  � m. 
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or via activation of an indirect pathway that in turn 
modulates  Kiss1  system. Previous studies showed that 
stereotaxic delivery of LepR into the Arc of LepR-defi-
cient obese Koletsky rats normalized their estrous cycle 
 [29] . These findings suggest that neurons in the Arc, in-
cluding those expressing  Kiss1 , play a major role. But the 
approach used may have generated an artificial re-
sponse, as LepR may have been expressed in neurons 
which are not responsive to leptin under normal cir-
cumstances. In a more controlled condition, endoge-
nous re-expression of LepR in the Arc of LepR  null  mice 
did not restore the reproductive deficits characteristic of 
leptin deficiency  [54] . But in this experimental design 

injections may have not targeted  Kiss1  neurons, and 
therefore, the role played by  Kiss1  neurons relaying 
leptin’s effect is still unsettled. 

  Recently, several studies have suggested the existence 
of a complex interplay among  Kiss1 , POMC and NPY/
AgRP neurons in the Arc  [55, 56] . Hence, it is been pro-
posed that the coordinated action of this intrinsic cir-
cuitry may orchestrate the fine control of GnRH secre-
tion by metabolic cues. Further studies are necessary in 
order to directly assess the physiological relevance of di-
rect leptin signaling in  Kiss1  neurons and to reveal their 
role in the intricate circuitry of the Arc neuronal popula-
tions. 

a b
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  Fig. 4.  Distribution of neurons expressing LepR in the PMV.
Neurons expressing LepR were visualized using LepR-IRES-
Cre mice crossed with tdTomato reporter mice (B6.Cg- Gt(ROSA)
26Sor  tm9(CAG-tdTomato)Hze /J, JAX �  mice).  a ,  b  Fluorescent photomi-
crographs showing the distribution of LepR in the PMV.  c  Fluo-
rescent photomicrographs showing the presence of GnRH-ir in 

neurons at most caudal levels of the mediobasal hypothalamus.
 d  Higher magnification of  b  and  c  (merged image) showing that 
GnRH neurons are outside the borders of the PMV. 3v = Third 
ventricle; Arc = arcuate nucleus. Scale bar:  a  800  � m;  b ,  c  400
 � m;    d  200  � m. 
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  Ventromedial Nucleus of the Hypothalamus 

 The ventromedial nucleus of the hypothalamus 
(VMH) is a complex structure composed of distinct sub-
divisions with differential connectivity. The ventrolateral 
subdivision of the VMH expresses a dense concentration 
of sex steroids receptors ( fig. 3 a) and is well described to 
play a role in the female sexual behavior  [57–59] . Neurons 
in the dorsomedial subdivision of the VMH express the 
steroidogenic factor-1 (SF-1), LepR and leptin-induced 
pSTAT3 immunoreactivity ( fig. 3 b). Deletion of SF-1 se-
lectively from the central nervous system caused disrup-
tion of VMH neuronal connectivity and impairment
of the female reproductive function  [60] . Therefore, the 
VMH is thought to be a potential leptin target in repro-
ductive control. Using the SF-1 gene promoter to drive 
Cre expression specifically in VMH neurons, two differ-
ent groups have demonstrated the physiologic role played 
by the VMH in leptin’s effect on energy homeostasis  [61, 
62] . However, deletion of LepR selectively from VMH 
neurons did not produce any reproductive deficits in 
these mice, indicating that leptin signaling in the VMH 
is not required for leptin’s effect on reproduction.

  Ventral Premammillary Nucleus 

 The ventral premammillary nucleus (PMV) expresses 
a dense collection of LepR ( fig. 4 ) and leptin-responsive 
neurons  [23, 63, 64] . However, it has remained an unrec-
ognized leptin target and the physiological role played by 
the PMV in mediating leptin’s effects has only recently 
started to be systematically investigated  [64, 65] . The 
PMV expresses sex steroids receptors  [59, 66]  and inner-
vates brain sites related to reproductive control, to the 
vomeronasal system and to the sexually dimorphic cir-
cuitry  [67, 68] . Using standard tract tracing, we showed 
that terminals from PMV neurons were in close apposi-
tion with GnRH cells in the preoptic area  [68] . This
preliminary observation was subsequently confirmed
by different laboratories using genetically engineered 
mouse models  [64, 69] . Additionally, Leshan et al.  [64]  
demonstrated that, in fact, the innervation of GnRH 
cells by PMV fibers originates from neurons expressing 
LepR. 

  The PMV neurons display Fos immunoreactivity – a 
maker of neuronal activation – following copulation 
 [70] . But copulation is a complex process making the in-

Table 1. E xamples of studies employing genetic or pharmacological manipulations to disclose site-specific or cell-specific effects of 
leptin

Reproductive phenotype Ref.

Global deletion/blockade
LepR in the brain infertility, no pubertal development 20
LepR in the forebrain infertility, no pubertal development 22
Ubiquitous melanocortin antagonism (Ay mouse) abnormal estrous cyclicity 35
Melanocortin antagonism (pharmacology) decreased steroid-induced LH surge; normal leptin effect on

reproduction (ob/ob mice)
36, 38

MC4R deficiency no deficits reported 37 
NPY knockout normal fertility 44
NPY knockout in ob/ob mouse partial improvement of fertility 44

Cell-specific deletion
LepR from GnRH neurons normal fertility, normal litter size 22
LepR from POMC neurons normal fertility, normal litter size 39
LepR from AgRP/NPY neurons normal fertility 40
LepR from AgRP/NPY and POMC neurons normal fertility, normal litter size 40
LepR and InsR from POMC neurons hyperandrogenism, ovarian abnormalities and fertility deficits 41
LepR from SF-1 neurons normal fertility, normal litter size 61, 62

Site-specific reactivation
Exogenous LepR in the NTS no rescue of fertility 29
Exogenous LepR in the Arc improvement of cyclicity in Koletsky rats 29
Endogenous LepR in the Arc no rescue of fertility 54

T he consequences of the manipulations for the animal reproductive function are summarized in the second column.
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creased Fos expression difficult to interpret. Subsequent 
studies showed that the exposure to female odors alone 
is sufficient to induce Fos in PMV neurons  [64, 71–73] . 
In response to opposite sex odors, male and female from 
many species exhibit increased circulating levels of go-
nadotropins  [74, 75] . In rats, this effect was suppressed 
by lesions of the PMV  [75, 76] . Together, these findings 
suggested that the PMV integrates sexually relevant 
(odor) environmental signals, the reproductive status 
(sex steroids) and metabolic cues (leptin). We then hy-
pothesized that PMV neurons relay leptin’s effect to in-
crease LH secretion during states of negative energy bal-
ance. 

  As a first approach to test our hypothesis, we per-
formed bilateral excitotoxic lesions of the PMV and as-
sessed different parameters of the female reproductive 
physiology  [65] . PMV-lesioned rats displayed a clear dis-
ruption of the estrous cycle for 2 to 3 weeks. After this 
period, their cyclicity was normalized, but lesions of the 
PMV caused a permanent deficit in the female’s neuroen-
docrine profile. On proestrus, PMV-lesioned rats exhib-
ited reduction of estradiol and LH levels, of GnRH mRNA 
expression and a blunted activation of GnRH and AVPV 
neurons. Of note, in PMV-lesioned fasted rats, leptin 
treatment failed to increase LH levels. Our findings indi-
cate that PMV neurons are required for leptin stimula-
tion of LH secretion in fasted rats. However, it is worth 
mentioning that the PMV is comprised of a heteroge-
neous population of neurons, and therefore, the effects 
produced by the excitotoxic lesions may be the conse-
quence of disruption of pathways not related to leptin’s 
physiology. Thus, a more selective approach in which 
leptin signaling is either blocked or endogenously re-ex-
pressed in PMV neurons is necessary to determine its 
physiologic relevance for leptin’s effect on reproduction. 

  Conclusion and Future Directions 

 The coordination of the reproductive control is essen-
tial for the species survival. As noted by different authors, 
the control of the reproductive physiology involves re-
dundant brain pathways and a number of endocrine play-
ers. In this review, we discussed the brain sites potential-
ly involved in leptin’s physiological effects in the repro-
ductive neuroendocrine axis. The definitive answer has 
not been offered, but the availability of genetically engi-
neered mouse models and site-specific manipulations of 
defined genes have brought a considerable advance to the 
field ( table 1 ). Neuron-specific targeting with the use of 
transgenic mouse lines and viral vector delivery in de-
fined brain sites will allow the identification of specific 
neuronal population(s) relaying leptin’s effect in repro-
ductive control. Importantly, these approaches must al-
low the identification of relevant site(s) of leptin effect 
during development and in adult life. It is also hoped that 
modern technologies using in vivo and in vitro approach-
es to assess site-specific epigenetic changes or alterations 
in gene expression under metabolic challenges will bring 
advances to the field. The identification of the related 
neuronal populations and the molecular basis of leptin’s 
effect on reproductive control is a fundamental step for 
the understanding of a variety of conditions of impaired 
fertility derived from metabolic dysfunctions. 
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