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ABSTRACT 
 

 
The leptin plays an important role in the physiology of the reproductive system. This hormone acts as a 

critical link between the adipose tissue and the reproductive system, indicating mainly whether the level of 
energetic reserves is adequate for a normal reproductive function. Leptin presents complex interactions at all 
the levels of the hypothalamo-hypophyso-gonadal axis, exerting stimulating effects on the hypothalamus and 
hypophysis and inhibitory actions on the gonads. As marker of an adequate nutritional reserve, leptin acts as a 
permissive factor, consistently with gonadotropins and the somatotrope hormone within the complex process of 
puberty initiation . Regarding its action on gonads, it has been found that leptin inhibits ovulation, fact proved 
experimentally both in vivo and in vitro, and this even in the absence of certain modifications in the secretion of 
steroid hormones or in the number of preovulatory follicles. 
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Obesity and weight control mechanisms represent 

important topics in current medical research given that in 

West European countries and in the United States of 

America the prevalence of obesity has become endemic. 

There have been identified numerous molecules involved 

in the regulation of energetic homeostasis, however the 

discovery of leptin was an important moment in the study 

of the etiopathogenesis of obesity. The pleiotropic role of 

this hormone has bee emphasized since its identification 

in 1994. Its main function is that of regulator of energetic 

homeostasis, but it also acts upon numerous tissues and 

systems of the body, leptin being involved in 

inflammation, angiogenesis, hematopoiesis, immunity 

and reproduction [1]. 

It has been found recently that leptin influences 

other target organs, such as the endometrium, the 

placenta and the mammary glands at the level of which 

there have been identified receptors for this hormone, 

probably involved in processes such as: menstruation, 

pregnancy (in zygote implantation and embryo 

development) or lactation [2- 6]. Observational studies 

have shown that both excessive and deficient secretion 

and resistance to leptin can be associated with anomalies 

of the reproductive function [7]. The conditions of 
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suboptimal nutritional status (nutrition disorders such as 

nervous anorexia or binge eating) are correlated with low 

serum levels of leptin, the dysfunction of the 

hypothalamo-hypophyso-gonadal axis being consecutive 

(partly, at least) to the leptin deficit; the administration of 

small doses of leptin has a permissive effect, surpassing 

the central threshold which regulates the secretion of 

gonadotropins at these low levels of leptinemia [8]. In the 

case of metabolic disorders associated with excess of the 

energy reserve like in obesity or in the virilizing 

polycystic ovary syndrome, there are often high 

concentrations of leptin in serum or in the follicular fluid, 

pointing to the possibility that the relative deficit of 

leptin or resistance to its action be at least partially 

responsible for the anomalies of the reproductive system 

described in these cases [3, 9]. On the other hand, 

secretion changes or action deficit of leptin may be 

involved in the etiopathogenesis of infertility or 

pathological pregnancy, an example being preeclampsia 

[10].   

 Leptin, peptide whose structure contains 167 

amino acids, is codified by LEP gene (initially named ob 

gene), whose expression is preponderant at the level of 

the adipose tissue (major determiner of serum leptin 

level), but which can be detected at the level of many 

other tissues: epithelial cells from the gastric fornix, 

skeletal muscle, hypothalamus, gonadotrope secreting 

cells from the anterior hypophysis, granular, tecal and 

ovary interstitial cells, endometrium, epithelium of 

mammary glands and placenta [11]. Its name comes from 

the Greek “leptos” which means “weak”, thus 

emphasizing the main role of leptin, that of signaling to 

the central nervous system the level of the energy 

resources of the body, acting as a satiety factor on the 

hypothalamic centers in a feedback mechanism involved 

in the adipose mass control [12]. As far back as the 

1950s, an animal model of genetic obesity was identified, 

the ob/ob mouse and a theory was formulated according 

to which the adipose tissue produces certain humoral 

factors which act by appetite inhibition (“lipostat 

theory”) [13]. This theory was to be confirmed by the 

discovery of leptin, whose administration to the ob/ob 

mice (in which the mutation of the ob gene was proved to 

be correlated with the absence of leptin by synthesis 

deficit and which present obesity secondary to marked 

hyperphagia) was found to cause a return to normal 

weight by hyperphagia removal and appetite 

normalization [14, 15]. Moreover, it was proved that the 

simple caloric restriction in these mice is followed by the 

redressing of body weight, but not of fertility as well, 

indicating thus for the first time that leptin might play a 

role in the physiology of reproduction. Thus, 

consecutively to leptin treatment, the anatomical changes 

found in the treated ob/ob mice (increase in the size of 

the uterus and ovaries as well as seminal vesicles and 

testicles), objectified on a functional level in the group 

treated with leptin as compared to the control group 

(which were subjected solely to diet) indicates that the 

resettlement of fertility in ob/ob mice cannot be achieved 

solely by weight normalization, but by normalizing 

serum leptin levels [16].  

The reproductive system of mammals is extremely 

sensitive to the availability of food in the environment, 

acute changes in the energy status inducing immediate 

changes at the level of the hypothalamic-hypophyso-

gonadal axis . In several species (mouse, sheep, monkey 

and man) food deprivation is followed by the suppression 

of the pulsatile secretion of LH [17- 20]. This can be 

normalized extremely fast (within several hours or even 

minutes) subsequent to re-feeding [21]. The suppression 

of the pulsatile secretion of LH, induced by food 

deprivation is considered to be the consequence of a 

deficient release of gonadoloberin (GnRH- Gonadotropin 

Releasing Hormone), finding that after administering 

exogenous GnRH to animals deprived of food, they 

present an LH secretion pattern similar in amplitude and 

frequency to the one of normally fed animals [22, 23].  

Leptin has a permissive role in the release of 

GnRH, in vitro studies proving that the release of GnRH 

from the hypothalamic level is greater in the 
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environments which contain leptin [24]. The involvement 

of leptin in the alteration of the pulsatile secretion of LH 

secondary to food deprivation has also been proved by 

studies performed in vivo [25]. Ahima and Collab 

describe low levels of leptinemia and of the LH basal 

levels in the mice which were subject to caloric 

restriction, leptin administration normalizing the LH 

secretion and restoring the cyclicity of ovulation cycles 

[26]. Moreover, it was found that the administration of 

anti-leptin antibodies at the level of the lateral ventricle 

in mice with normal food share is followed by the 

alteration of the pulsatile secretion of LH and by the 

suppression of ovulating cycles. A study carried out on 

macacus rhesus monkeys showed that low levels of FSH 

and LH after a 48-hour fasting become normal 

subsequent to systematic leptin administration, 

confirming its role in opposing to the effect of food 

deprivation over the secretion of gonadotropines [27].  

Leptin acts through the intermediary of a specific 

receptor which belongs to the family of cytokine 

receptors class I and presents two isoforms differentiated 

by the relative length of their cytoplasmatic region: long 

shape (LEPR L), which predominates at the 

hypothalamus level and the short form (LEPR S), which 

is found in several organs and tissues. LEPR L exhibits a 

sequence of amino acids involved in the connection of 

Janus Tyrosine kinase (JAT/STAT), while LEPR S has 

the capacity to bind to MAPK (Mitogen-Activated 

Protein Kinase). A soluble leptin receptor (solLEPR) is 

generated by proteolytic cleavage at the level of the 

membrane binding receptors [28].  

The long form of the leptin receptor (the main 

form responsible for signal transduction) is synthesized 

mainly in the arcuate and ventromedial hypothalamic 

nuclei, important areas in the control of GnRH release 

and in the control of sexual behavior [27]. Leptin acts 

centrally in order to influence the reproductive function, 

but we cannot not know for sure whether these actions 

are exercised directly over the GnRh neurons or 

indirectly by means of the interneuronal circuits. In fact, 

there have not been identified any leptin receptors at the 

level of the GnRH neurons, making more likely the idea 

of neuronal intermediaries of leptin actions over the 

release of GnRH. If the action of leptin in regulating 

appetite is mediated by the inhibition of the hypothalamic 

NPY and by the stimulation of Pro-opiomelanocortin, the 

effects over the secretion of GnRH / LH seem to be 

mediated by NPY (also inhibited by leptin) and 

Kisspeptine [29]. An increased release of NPY at the 

hypothalamic level is described in various unfavorable 

metabolic conditions such as malnutrition or high energy 

consumption (obviously, in certain performance sports: 

gymnastic, marathon). The increase of the NPY activity 

whose synthesis and release are not efficiently inhibited 

by leptin – in low concentration in conditions of energy 

deficit, exerts an inhibitory effect over the hypothalamo-

hypophyso-gonadal axis, representing a direct inhibition 

mechanism of the sexual maturation and of the 

reproductive function in conditions of food restriction or 

of energy consumption increase [30]. As a matter of fact, 

it was found experimentally that NPY mRNA levels in 

the arcuate nucleus are high both in the mice deprived 

from food and in those with deficient leptin secretion 

[31].  

Leptin is secreted in a pulsatile way, a circadian 

variation being found at its serum levels with low values 

during the day and their progressive increase during the 

night, leptin secretion being synchronous with the 

pulsation of gonadotropines and estradiol [32, 33].    

The expression of the leptin gene is influenced by 

many factors. Insulin stimulates leptin production, this 

partially accounting for the decrease in leptinemia found 

during food deprivation, as well as hyperleptinemia 

which accompanies insulin resistance conditions [34]. 

Glucocorticoids increase the expression of the leptin 

gene, independently of their effect on insulin resistance, 

but they can also induce a relative insulin resistance by 

inhibiting leptin actions [35]. Estrogens have a 

stimulating action [36], while androgens inhibit leptin 

production [37], thus explaining sexual dimorphism with 
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regard to serum leptin levels [38]. It was found that the 

amplitude of leptin secretions is two or even three times 

larger in females than in males, leptin production being 

75% larger in females due to an increase expression of 

the leptin gene [39], moreover, leptin binding protein 

levels are lower, resulting in higher levels of free 

leptinemia in females [40]. Another possible explanation 

of this sexual dimorphism derives from the observation 

that both the total mass of adipose tissue and the adipose 

subcutaneous tissue / adipose visceral tissue are larger in 

females (the expression of mRNA for leptin being greater 

in the deposits of subcutaneous adipose tissue than in the 

deposits of visceral tissue) [41]. On the other hand, in 

females, the adipose tissue seems to be more sensitive to 

the actions of hormones (insulin, glucocorticoids) or of 

other substances which stimulate leptin production, as 

revealed by in vitro studies [42]. Thus, leptin level is 

higher in females ever since puberty (in its final stages), 

persisting then in adulthood even after adjustment, 

according to the amount of adipose tissue [43]. 

The time of puberty settlement in mammals 

depends on several factors, the most important among the 

individual factors being body weight / nutrition condition 

and life expectancy, and among the environmental 

factors, season and temperature [44]. The role of leptin in 

the process of pubertal development was initially 

emphasized by studies carried on mice, being found that 

leptin administration to sexually immature animals 

accelerates the time of puberty settlement [45, 46]. In 

rats, the level of leptinemia increases progressively in the 

prepubertal period (and during puberty in females), a 

concentration of approximately 700 pg / ml being 

required for the beginning of the sexual maturation 

process [47, 48]. On various models of delayed sexual 

maturity induced by severe food restriction it was found 

that the levels of leptinemia are very low. Leptin 

injection (at the level of the lateral ventricle) in food-

deprived rats was followed by an increase in energy 

consumption, with additional weight loss, but with the 

induction of the sexual maturation process, even when 

maintaining severe caloric restrictions [49]. 

The hypothesis that leptin acts as a metabolic 

trigger signal in puberty initiation was initially advanced 

by Chehab and collab., who found that healthy mouse 

females injected with leptin in the prepubertal period 

present a slower weight gain, but a more precocious 

sexual maturation as compared to a group of females 

which received a similar amount of food but which did 

not receive leptin (the reference group). In a study carried 

out by Cheung and collab., leptin (in 6.3 µg/g dose 

administered twice a day) was administered to healthy rat 

females during their prepubertal period. The rate of 

sexual maturation in this group was compared to two 

reference groups: a lot of females fed with the same 

amount of food as the leptin-treated group (the “pair-

feed” group) and a lot of ad libitum fed females. The 

share of food in the leptin-treated group was of 80% 

approximately from the share of ad libitum fed rats, 

determining a delay in development with regard to body 

weight both in the leptin-treated group and in the “pair-

feed” group. All the determined sexual maturation 

parameters revealed a development delay in the “pair-

feed” group but there were no differences between the 

leptin-treated group and the ad libitum fed group. Similar 

results were found in the experiment carried by Ahima 

and collab. on mice which received leptin in small doses 

(2 µg/g) which do not influence body weight, being 

found that sexual maturation is accelerated in the group 

of leptin-treated healthy females as compared to the 

reference group. In a subsequent study carried out by 

Keung, the animals were subject to severe food 

restriction, the ratio of food being of 75% approximately 

from the one received by ad libitum fed rats. It was found 

that leptin administration to these underfed animals only 

partially reestablished the moment of pubertal sexual 

maturation. Recent studies involving leptin 

administration for 20 days to sexually immature rat 

females, with normal food share, did not reveal any 

acceleration in the sexual maturation process. The 
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authors concluded that leptin is neither the only, nor the 

main signal of puberty beginning, but rather a permissive 

factor which acts as a threshold allowing sexual 

maturation to take place only in proper metabolic 

conditions.  

In primates, as revealed by studies carried out on 

rhesus monkeys the level of serum leptin decreases 

during fasting and a concomitant decrease is outlined in 

GnRH pulsatility, having as consequence the decrease in 

LH levels [19, 27]. Recombined leptin administration in 

adult male monkeys did not determine however the 

correction induced by starvation on LH, FSH or 

testosterone levels, even though the concentration of 

serum leptin was ten times greater than in the reference 

group of ad libitum fed monkeys (10 vs 1 ng / ml) 

[50,51]. In another study, higher doses of human 

recombined leptin were used, revealing the partial 

reversibility of (inhibitory) effects, induced by food 

restriction, on the secretion of gonadotropines in pubertal 

male Rhesus monkeys, the authors supporting the 

hypothesis according to which leptin seems to play an 

important part in puberty initiation, a certain level of 

leptinemia being required by puberty beginning in 

Rhesus monkeys [27]. Other studies did not succeed 

however to prove this, neither the systematic 

administration, nor intra-cerebral leptin infusion in male 

unsexualised (in the prepubertal stage) monkeys being 

followed by changes in GnRh pulsatility [52]. Moreover, 

in other three studies no significant changes were found 

in the level of leptinemia, correlated with the critical 

events which occur during the prepubertal period in male 

Rhesus monkeys [53-55].  

The observation that food restriction can lead to 

puberty settlement in humans or can alter the 

reproductive function in adults is not a recent discovery, 

as is the case with the hypothesis that it is necessary to 

reach a “critical” weight or a certain amount of adipose 

tissue (“critical body fat” [56], which can be named 

today “critical levels of metabolic signals” [57]) for 

puberty to begin. Puberty triggering is correlated rather 

with the size reached at some point, than with age, partly 

explaining the observation that in West-European 

countries menarche occurs at lower ages than in the last 

century, weight in the onset not being however modified 

(given the better nutrition, increase and development are 

accelerated, the young girls reaching faster the “critical” 

weight necessary for puberty initiation, the figure 

mentioned by most of the studies being 47.5 kg.  

The role of leptin in pubertal sexualization in 

humans derives from the study of patients with synthesis 

or leptin reception deficit by the mutation of the ob gene 

or of the gene which codifies its receptor. All the three 

members (two female patients aged 6 and 34 and young 

man aged 22) of one family in Turkey in which the 

mutation of codon 105 from the ob gene was emphasized 

(mutation identical to the one responsible for the 

occurrence of the ob/ob phenotype in mice) presents 

hyperphagia, marked obesity and low levels of serum 

leptin. Among the three affected family members, the 34-

year woman had primary amenorrhea and the 22-year 

man did not present any pubertal sexualization, 

displaying significant signs of hypogonadism. At this 

young man, the answer of gonadotropins to GnRH was 

normal, suggesting that the sexualization deficit was 

secondary to the incapacity of the hypothalamus to 

secrete proper GnRH levels [58]. Another report 

regarding three members of a family in which a mutation 

at the level of leptin receptor gene was described – three 

19-year old girls – reveal the coexistence of marked and 

precocious obesity (settled from the first month of life) 

with lack of pubertal sexualization: at the age of 19 none 

of the women present pubarche, mammary development 

or menarche [59]. The delay in pubertal sexual 

development in patients with leptin synthesis or reception 

deficit suggests that this hormone plays an important part 

in the complex process of puberty initiation in humans. 

Moreover, it may be necessary that a certain threshold 

level of leptin concentration be reached for puberty to 

begin. Thus, recombined human leptin treatment for 12 

months in a 9-year old girl who presented the mutation of 
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the ob gene was followed by the increase of the serum 

levels of gonadotropins (which at the beginning of the 

treatment were in the prepubertal field), but mostly by 

the occurrence of the pubertal pulsatile pattern of FSH 

and LH secretion [60].    

In humans, the beginning of pubertal development 

is preceded at both sexes by an increase in nocturne 

leptin secretion, maintenance of a 24-hour pattern of 

secretion, unchanged as compared to the prepubertal 

stage [61, 62]. In girls, leptinemia levels grow 

progressively from the age of 5 [63], menarche 

settlement being preceded by one month approximately 

by an increase in leptinemia which reaches a serum 

concentration of 1ng/ml [64]. Montzoros and collab. 

longitudinally monitored eight boys during the pubertal 

development, finding that the beginning of puberty, 

defined as an increase in the nocturne secretion of 

testosterone, is preceded by an increase in leptin 

concentration at peak or close to peak levels in most of 

the cases [65], observation which has not been 

confirmed, however, by subsequent studies [66, 67]. 

During the process of sexual maturation, different 

patterns of leptin secretion were noticed in the two sexes 

[68- 70]. While in girls the levels of leptinemia grow as 

pubertal development advances, in boys the highest level 

of serum leptin is described precociously at the beginning 

of puberty, decreasing subsequently, at the same time 

with the increase in testosterone concentration. Thus, 

testosterone levels are inversely correlated with 

leptinemia in males, suggesting a negative feedback 

mechanism between leptin and the hypothalamo-

hypophyso-gonadal axis. This different pattern of leptin 

secretion in the two sexes, which occurs during the final 

stages of puberty and which is also maintained 

subsequently, during adulthood, seems to be independent 

of the amount of adipose tissue, being also present after 

the correction according to BMI (with the reserve that 

BMI is at the growing child a less accurate index of the 

amount of adipose tissue as compared to the adult) [62]. 

Leptinemia levels are lower in healthy children (both in 

the prepubertal stage and during puberty) as compared to 

children with delayed puberty [61]. While in healthy 

children leptinemia is higher during puberty than during 

the prepubertal stage, this observation is not valid for 

boys with delayed puberty. These results suggest that an 

increase in leptinemia is not essential to puberty 

development and that puberty can occur at various levels 

of serum leptin [71]. 

Starting from the results of these clinical studies, 

one can infer that leptin has a permissive role in pubertal 

development, and it is likely that it acts as trigger per se, 

a certain level of leptinemia being required (however, not 

sufficient) for puberty progression [72, 73]. In fact, 

women with lipoatrophic diabetes do not present any 

disorders of the reproductive system even if the level of 

serum leptin is very low due to the absence of the 

adipose tissue [74].  

Initial studies revealed in women during their 

reproductive period a similar secretion profile of leptin 

and estradiol during the menstrual cycle, indicating that 

estrogens could stimulate leptin synthesis [75]. 

Ludwig M. and collab. find a higher concentration 

of the serum level at the middle of the luteal phase as 

compared to the follicular phase, suggesting that 

progesterone can be involved in the control of leptin 

secretion [76]. Subsequent studies did not reveal any 

changes in serum leptin concentration during the 

menstrual cycle in healthy women, a significant 

correlation between leptin and estrogens being 

emphasized only subsequent to ovulation stimulation in 

view of in vitro fertilization [77]. With regard to the 

impact of estroprogestatives administration on leptin 

secretion, the results of the studies are also contradictory. 

Rechberger and collab. do not identify any change in the 

level of basal leptinemia after three, respectively six 

months of oral contraceptive treatment [78], while 

Messinis describe an increase in leptinemia subsequent to 

estrogen and progesterone administration in normal-

weight women [79]. Most of the studies indicate the 

decline of leptin levels in post-menopause, especially in 
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overweight women, probably in the context of change in 

the steroid hormones status [80]. However, hormonal 

substitution therapy did not determine any significant 

increases in leptin levels in most of the studies carried 

out , but there are however several exceptions [81,82].  

Leptin acts directly at the level of gonads [83], 

leptin receptors being identified at the level of follicular 

ovarian granulosa, tecal and interstitial cells [84], as well 

as at the level of Leydig cells [85]. Leptin levels at the 

level of the follicular fluid are comparable to serum 

levels [86]. Leptin reduces ovulation directly, but also 

independent of the influence on steroid hormones 

secretion and without modifying the number of 

preovulatory follicles [87]. This indirect mechanism is 

based on the metabolic effect induced by leptin: the 

increase of glucose takeover, of hepatic gluconeogenesis 

and of fat acids and carbohydrates oxidation [88]. With 

regard to the correlation between leptin and fertility there 

are studies which reveal that hyperleptinemia suppresses 

steroidogenosis and has a potentially negative effect on 

gametes maturation . Brannian and collab. found that an 

increased leptin / BMI ratio indicates a decrease in the 

success rate of in vitro fertilization [89]. Similarly, it was 

found that a low follicular level of leptin is a success 

indicator of the GIFT in vitro fertilization procedure 

(gamete intra-fallopian transfers) [90].  

During pregnancy the levels of serum leptin reach 

values much higher than in its absence [91]. The increase 

of leptinemia occurs precociously, before the occurrence 

of any weight changes [92] and reaches a peak during the 

second pregnancy trimester, the serum concentration 

remaining unchanged subsequently until the due date 

when it decreases briskly. Leptin can have an important 

role in regulating maternal nutrition and in the adaptation 

mechanisms during intense energy consuming processes, 

such as pregnancy and lactation [93,94]. Pregnancy with 

its associated hormonal modifications (especially 

regarding changes in the serum levels of insulin, 

glucocorticoids, estrogens and prolactin) seem to be a 

status of physiological hyperprolactinemia and leptin 

resistance with a decoupling of the alimentary behavior 

and of the metabolic activity. Through its lipolytic effect, 

leptin can favor an increase in the mobilization of fat 

acids from the deposits of adipose tissue, with the 

concomitant increase in their use at the periphery [95].  

The leptin from the umbilical cord has double 

origin: placental secretion and fetal synthesis. Both the 

long and the short form of leptin receptors are present in 

the placenta and are in contact with leptin at the level of 

the syncytiotrophoblasts of the maternal interface, 

indicating an autocrine or paracrine potential effect of 

leptin on the placental function [96]. It was found that 

leptin stimulates the release of placental hCG, being 

responsible for the induction and increase in the 

amplitude of hCG peaks. Leptin also activates the release 

of pro-inflammatory cytokines (such as prostaglandins) 

at the level of the placental situs, also suggesting the 

existence of a modulating role of the endocrine-placental 

function [97]. The presence of leptin and of its receptors 

in the human placenta and in the endometrium, the 

observation that the endometrial secretion of leptin is 

high in the presence of the viable blastocyst ties this 

polypeptide to the precocious development of the product 

of conception and suggests its place in the group of 

active regulators from the implantation apposition and 

adhesion phases [98]. As previously mentioned, the 

identification of leptin receptors at the level of the 

syncytiotrophoblast, in its turn leptin producer, suggests 

the existence of autocrine and paracrine mechanisms, at 

the level of this tissue with important role in the synthesis 

of a large number of hormones involved in maintaining 

the viability of the product of conception. This can 

partially explain the observation that the level of 

leptinemia is 8% lower in patients with spontaneous 

abortions during the first trimester as compared to those 

who successfully bear the pregnancy [39]. 

Leptin concentration is correlated to the level of 

progesterone from the luteal phase of the menstrual cycle 

and with the hCG concentration in pregnancy, indicating 

the existence of a possible interaction between placental 
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steroids and polypeptidic hormones for pregnancy 

maintenance. Leptin secretion at the level of placental 

vilosities during the first trimester of pregnancy is 50 

times higher than in tissue sampled at the due date. This 

period of the leptin peak corresponds to that of increase 

in the hCG concentration. Even though leptin levels at 

placental level decrease afterwards, the plasmatic 

concentration of leptin increases concomitantly to the 

gestational age. This can be consecutive to leptin 

synthesis at the level of other pregnancy-specific tissues 

(decidua, cori-amnios) which increases as gestation 

progresses or the action of leptin binding proteins or 

leptin soluble receptors, abundantly present during this 

period [10]. Interaction with such a receptor can be 

responsible, at least partly, for the hyperlectinemia 

specific to pregnancy and can contribute to inhibiting the 

optimal interaction with the hypothalamic receptors, 

determining a leptin resistant state similar in terms of 

effect to that conferred by the suppressors of the cytokine 

signal in the hypothalamus (SOCS-3) [12]. Also, a 

change in the placental contribution and / or of the 

maternal adipose reserves determined by high hormone 

concentrations (estrogens especially) typical to advanced 

pregnancy, may be responsible for the leptin 

concentration increase [11].  

Leptin receptors have been identified at the level 

of the anterior fetal hypophysis, leptin stimulating GH 

secretion, thus modulating the increase of the product of 

conception [3]. There have been confirmed the initial 

observations which correlated leptin levels in the 

umbilical cord with the cranial length and circumference 

of the newborn [1]. Leptin is also involved in 

angiogenesis and hematopoiesis, as revealed by studies 

carried out by Cioffi and Hirose [22,23]. Preeclampsia, 

which affects approximately 5-10% of the pregnancies 

represents one of its most common complications. 

Hypertension with arteriolar vasoconstriction is the major 

clinical manifestation which determines the reduction of 

the utero-placental flow, producing placental hypoxia, as 

well as fetal hypotrophy. Leptin secretion is high at the 

level of the trophoblastic cell line in conditions of 

hypoxia [7]. Placental ischemia can explain the rapid 

increase in leptin concentration during the third trimester 

of pregnancy, in preeclampsia, leptin increase 

representing an adaptive answer of the fetoplacental unit 

to flawed placental perfusion [18]. Moreover, it was 

found that leptinemia increases even more precociously 

before the twentieth week of gestation in patients which 

develop preeclampsia, suggesting that leptin can be 

considered a precocious marker of this affection [9]. It 

was found in preeclampsia that the leptin mRNA / actine 
β mRNA ratio is significantly higher in the tissue of 

placental vilosities in preeclamptic patients than in the 

healthy ones which have the same gestational age [48]. In 

pregnancies complicated with preeclampsia, several 

angiogenetic factors (the vascular endothelial factor and 

the growth placental factor) are in low concentration in 

maternal serum, probably explaining characteristic 

placentation, leptin participating in the capacity of 

angiogenetic regulator in this process. Also, high leptin 

secretion can contribute to the intensification of the 

sympathetic activity in preeclampsia.   

In female patients with insulin-treated diabetes, 

leptin synthesis at placental level is high as is the 

concentration of serum leptin and a mechanism for 

regulating fetal growth has been advanced, exerted by 

insulin by up-regulating leptin secretion. On the other 

hand, in gestational diabetes, leptinemia levels are 

significantly lower as compared to the reference group of 

healthy pregnant women, with a similar amount of 

adipose tissue and similar levels of basal insulinemia 

[62].  

Besides its role in regulating fetal and placental 

development, leptin can also be associated to certain 

mechanisms which mediate lactation and the growth of 

the newborn. Leptin, whose serum level decreases fast 

postpartum, is inversely correlated with the levels of 

serum prolactin. Mukherjea and collab. find that 

leptinemia is significantly higher in women who 

breastfeed as compared to those who do not, the authors 
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suggesting the role of leptin in mobilizing the energy 

reserves necessary to lactation [40]. Moreover, receptors 

for this hormone have been identified at the level of the 

mammary epithelial cells in sheep, indicating leptin 

involvement in the development of the mammary gland 

[11]. Leptin has also been identified in colostrum and in 

milk, result of the synthesis at the level of the epithelial 

mammary cells, as well as the diffusion in maternal 

circulation. At the newborn, the level of leptinemia 

decreases sharply after the birth, this decline being 

probably involved in breastfeed stimulation and in 

maintaining energetic homeostase [16].  

Amenorrhea represents one of the symptoms 

characteristic to nervous anorexia (NA), hormone 

changes (which appear when more then 30% of the initial 

weight is lost) being complex and involving the entire 

endocrine system, the hypothalamo-hypophyso-gonadal 

axis included [7]. The amenorrhea from nervous anorexia 

is almost exclusively of central, hypothalamic origin . It 

was found that leptinemia levels in NA patients are 

significantly lower as compared to normal weight women 

and unaltered alimentary behavior [93]. The increase in 

serum leptin concentration, as a response to dietetic 

treatment measures is significantly correlated to LH and 

FSH serum levels, suggesting that the hypothalamo-

hypophyso-gonadal axis can be activated by the increase 

in leptin levels consecutive to weight gain [10]. In spite 

of these, leptin represents a necessary signal, however 

not enough for the reoccurrence of menses in NA 

patients, weight gain not being always followed by 

menses resettlement; moreover, often, significant 

differences are not found between leptin levels in 

amenorrheic patients and those who do not have 

menstruation disorders, indicating that it is also necessary 

to normalize other endocrine axes such as the GH/IGF1 

[21]. In nervous bulimia, serum leptin concentration is 

also low and seems to be in this case also correlated to 

menstrual cycle disorders, described in these patients 

[24]. Women who perform intense physical activity 

(ballet, performance athletics) are often amenorrheic, as a 

result of the suppression of GnRH pulsations. In these 

cases, significantly lowers levels of leptinemia are 

described, as well as an altered pattern of leptin secretion 

as compared to eumenorrheic patients, suggesting that 

low levels of leptinemia, next to a negative energy 

balance, can lead to the appearance of amenorrhea [23].  

Obesity in humans, in most of the cases is due to a 

leptin resistance syndrome secondary to a down-

regulation of receptors or to a post-receptor defect rather 

than to a leptin synthesis deficit [56]. Obesity is 

frequently associated to disorders of the reproductive 

function. It was found that in obese girls, menarche 

settles earlier as compared to normal weight girls, 

argument which supports the hypothesis that high levels 

of serum leptin contribute to the process of puberty 

initiation [25]. On the other hand, obesity is correlated to 

the increase in frequency of the anovulatory cycles, 

overweight women having a high number of atretic 

follicles. This is due to the direct effect of ovarian 

steroidogenesis inhibition by high leptin levels with the 

alteration of the follicular maturation process [6]. Thus, it 

can be assumed that increased levels of leptinemia, found 

in overweight patients can contribute to the dysfunction 

of the hypothalamo-hypophyso-gonadal axis at various 

levels: the central effect of leptin increase leads to the 

precocious settlement of menarche, which is later 

followed by a resistance of the gonadotropins answer to 

GnRH which, combined with a peripheral effect of 

ovulation inhibition, predispose to anovulation [83].  

The virilizing polycystic ovary syndrome 

(polycystic ovary syndrome – PCOS) is a heterogeneous 

condition characterized by irregular menses and 

hyperandrogenism, frequently associated to metabolic 

disorders, such as obesity and insulin resistance, as well 

as to an abnormal pattern of the GnRH secretion, leading 

to the increase of the LH/FSH ratio. Although it is known 

that leptin can modulate gonadotropin secretion, its 

precise role in PCOS physiopathology is not known, 

leptinemia levels being unchanged in most of the cases 

[27, 28]. Moreover, treatment with antiandrogens, 
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estrogens, or medicines which increase sensitivity to 

insulin, do not influence leptin levels in humans [27], a 

single study existing in which short-term treatment with 

metformin in overweight women with PCOS was 

followed by the decrease in leptin concentration [79]. 

The high levels of leptinemia described in certain cases 

can be correlated to infertility. Mantzoros and collab. 

found that in women who successfully underwent in vitro 

fertilization (irrespectively of whether they had PCOS or 

not), follicular leptin level was much lower as compared 

to those in which in vitro fertilization was not followed 

by pregnancy [33].  

Leptin plays an important role in the physiology 

of the reproductive system, having complex interactions 

at all the levels of the hypothalamo-hypophyso-gonadal 

axis. Observational studies have proved that both excess 

and secretion deficiency or leptin resistance can be 

associated to anomalies of the reproductive function. 

Interventional studies, involving leptin administration, 

will elucidate these complex correlations and will 

provide potential therapeutic options in these cases.   
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