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THE ROLE OF LEPTIN IN REPRODUCTION AND FERTILITY
JIM MCFARLANE, KATE KAUTER AND SHALINI PANWAR

Centre for Bioactive Discovery in Health and Aging, School of Science and Technology,
University of New England, Armidale NSW 2351

Leptin was originally identified as a peripheral satiety signal made by fat cells and it
was proposed that as fat accumulates leptin is secreted proportionally. Leptin then
crosses the blood brain barrier and signals to the hypothalamus suppressing appetite
and increasing energy expenditure as it rises. It is evident that if the leptin gene or its
receptor is disrupted them morbid obesity occurs. However, obesity in humans is very
rarely caused by a disruption of the leptin gene or its receptor, and in many species
a good correlation exists between leptin concentrations in plasma with the degree
of obesity. This early finding was unexpected and led to the leptin resistance
hypothesis. Further studies have revealed that leptin actually appears to be almost
ubiquitously expressed in many tissues. Unfortunately despite the accumulation of a
vast literature leptin still appears to be regarded as a peripheral satiety signal
although the data to support this hypothesis is not substantial.

There is increasing evidence that, in addition to its action on food intake and energy
expenditure, leptin plays an important role in reproduction and development
(Cervero et el., 2005). The ob/ob mouse is deficient in leptin and is obese and
infertile. Fertility can be restored in both female and male ob/ob mice by the
exogenous provision of leptin, which is characterized by an increase in basal LH and
FSH (Mounzih et al., 1997). During the menstrual cycle, there are variations in serum
leptin levels, with higher concentration reported in the preovulatory and midluteal
phases and lower in the early follicular phase (Henson and Castracane, 2005).
Indeed, the ob/ob mouse exhibits numerous reproductive abnormalities including
unusually small ovarian weight in females and a small amount of interstitial tissue in
males (Jones & Ainsworth-Harrisson, 1957). Treatment of ob/ob mice with lepfin
results in a normalization of testicular and ovarian weight and function (Mounzih et
al., 1997), thus suggesting that leptin may be required for normal growth and
development of reproductive organs. The restoration of fertility to the female ob/ob
mouse by the exogenous administration of leptin has demonstrated that lepftin is
essential for normal preimplantation and/or implantation processes (Malik et al.,
2001). We and others have reported a beneficial effect of low physiological doses of
leptin on early embryo development in culture and that higher doses impeded
development. Leptin would also appear to be important during implantation and
early pregnancy (Malik et al 2001; Henson and Castracane, 2005)

Consequently in the complete absence of leptin / leptin signalling the reproductive
system is seriously impaired. However despite considerable research it remains very
unclear as to whether a distinction can be made between central and peripheral
actions of leptin and indeed the exact role leptin plays in the reproductive axis. The
aim of the following experiment was to investigate the effect of leptin withdrawal in
the peripheral circulation using active and passive vaccination on reproductive
performance in the mouse and sheep. Therefore in the present study, we looked at
the effect passively immunizing mice against lepfin on ovarian weight. We also
examined the effect of neutralizing leptin on early embryo development and
implantation in mice.
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The purified polyclonal antibody JMCK#43 has previously been shown to increase
food intake in rats when administered cenftrally. In the first experiment, prepubutal
mice were randomly divided into 4 treatment groups of 15 animals; antibody (50ug)
with or without PMSG (Tiu), and non immune antibody (50ug) with or without PMSG
(Tiu). The mice received daily injections (IM) for 4 days and were killed on the fifth
day and the ovaries and uterus dissected out and weighed. The results of this
experiment showed that the paired ovarian weight (12.0 £ 0.5 mg) in those mice
freated with the antileptin Ig were significantly heavier than those treated with non
immune Ig (9.8 £ 0.6mg). PMSG significantly increased ovarian weight (15.9 £ 0.7mg)
over both the control and antileptin tfreated animals. Interestingly, the combination
of antileptin and PMSG significantly increased ovarian weight (21.3 = 0.8) over all
other treatment groups. In the 2nd experiment adult mice were divided into 2 groups
of 10 adult female mice and antibody (50ug) or non immune antibody injections
were given daily for 7 days after mating. At birth the pups were counted and the
weight of the pups and mothers at weaning (3 weeks) was recorded. The number of
pups born to the mice which had been injected with antileptin (16.4 + 0.5) was
significantly greater that those treated with the non immune Ig (13.1 £ 0.4). Although
pups born to the antileptin treated mothers was heaver (12.1 + 1.6 g) at weaning
than those born to untreated mothers (10.3 + 1.8) this not significant.

In a longer term study a group of merino ewes were vaccinated against leptin six
months before the breeding season. The ewes were kept in open paddocks and
only supplied supplemental feed as required. Unexpectedly vaccinated ewes did
not become obese or infertile but rather over the two year experimental period
pregnancy rate was 100% while in confrols pregnancy rate was 80%. More
interestingly the lambing rate (at weaning) was significantly higher in the vaccinated
ewes (150%) compared to the control ewes (102%).

While it is clear that in the complete absence of leptin the reproductive systems
does not function. The data from the above study suggests that peripheral leptin
may act as an inhibitor of both follicular development in the ovary and of early
embryo development or implantation. It is interesting to speculate that leptin may
have a permissive role when acting centrally and an inhibitory role in the
reproductive tract, thus acting as a responder to over nutrition rather than under
nufrition. Thus it would appear that reducing peripheral leptin  enhances
reproduction in both mono and poly ovulatory species. Further work is underway to
investigate this in other species including the horse.
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