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ABSTRACT

Preeclampsia is one of the common complications of pregnancy and associated with elevated leptin concentrations. In
this review the potential sources of leptin are explored and the factors that contribute to maternal increased
concentrations of leptin include obesity, insulin resistance and hypoxia. Further research is warranted to understand the

role of leptin in pathogenesis of preeclampsia.
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INTRODUCTION

Preeclampsia is a hypertensive disorder complicating
pregnancy and an important cause for both maternal and
fetal morbidity and mortality in developing countries. The
prevalence of preeclampsia is 2-8% of all pregnancies
worldwide.! Preeclampsia is characterized by maternal
hypertension, edema and proteinuria. These symptoms
develop after 20 weeks of gestation and disappear within
7-10 days post partum. The pathogenesis of preeclampsia
is still not completely understood and is explained based
on the mechanisms involving endothelial dysfunction,
inflammation and oxidative stress.? Preeclampsia can
complicate pregnancy leading to eclampsia that is the
onset of convulsions in woman with preeclampsia which
cannot be attributed to any other cause. There are two
stages of preeclampsia; first stage of hypoxia due to
reduced placental perfusion caused by defective
trophoblastic invasion and second stage of maternal
systemic manifestations constituting of inflammatory
response, metabolic and vascular dysfunction which can
lead to multiorgan dysfunction.

Leptin is a 16 kDa protein neuroendocrine hormone that
plays an important role in energy homeostasis,

reproductive biology and as a satiety factor. It is expressed
abundantly and specifically in the adipose tissue. Leptin
decreases appetite mediating via its cognate receptor (Ob-
R) in the hypothalamus. The other effects include
activation sympathetic nervous system and increases
energy expenditure. Thus, leptin has a role in energy
metabolism and decreases body weight and adiposity.? In
pregnant women there are drastic changes in energy
metabolism which is well documented. The energy
requirements of the fetus are met through increased food
intake, decreased insulin sensitivity and hyperlipidemia.
Placental hormones, prolactin and steroid hormones are
implied to play a major role in maternal adaptation to the
pregnant state.*

BIOCHEMICAL FUNCTIONS OF LEPTIN

Leptin production occurs in placenta during pregnancy
while initially it was thought to be exclusively produced
by white adipose tissue. The receptor for leptin is
expressed in various maternal tissues, placenta and fetal
tissues abundantly. Hence, the role of leptin in physiology
of pregnancy and pathophysiology of preeclampsia is
anticipated. The production and metabolism of leptin
during pregnancy are significantly different among
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species.® Subsequent to the discovery of genes for leptin
and it’s receptor, experimental animal studies and in vitro
studies the various functions of leptin have been realized.
Apart from the effect on satiety and activation of
sympathetic nervous system, leptin affects other
biochemical functions such as carbohydrate metabolism,
lipid metabolism, insulin sensitivity, hematopoiesis,
angiogenesis, blood pressure and gonadal hormone
secretion in the ovary. Leptin plays a pivotal role in
reproduction by acting as a metabolic signal
neuroendocrine and reproductive system.®

In humans, there have been numerous studies which
demonstrated that maternal peripheral leptin levels are
increased during pregnancy. It has also been hypothesized
that leptin production is in turn modulated by the
reproductive hormones. Estrogen has been suggested to
stimulate leptin production and it has been observed that
throughout the menstrual cycle leptin and estradiol have
been reported to have similar profiles.”

There are overlapping features between obesity and
preeclampsia such as glucose intolerance, insulin
resistance, hyperlipidemia and hypertension. Maternal
obesity predisposes to preeclampsia and several studies
have focused on the relationship between leptin secreted
from the adipose tissue and preeclampsia. Plasma leptin
levels in subjects who are not pregnant is directly related
to the body mass index (BMI) and it is observed that leptin
concentrations increase in subjects with insulin resistance.
In uncomplicated pregnancies, a two to four fold increase
in leptin levels has been observed, peaking in second
trimester and declining post partum.? It has been observed
in women suffering from miscarriage have low serum
leptin  concentrations. Though the mechanism of
gestational increase of leptin is yet to be explored this
indicates that leptin does play a crucial role in the outcome
of pregnancy.

SOURCES OF LEPTIN

Human placenta is now recognized to be a source of leptin
with the mMRNA required for the translation and the protein
colocalized  with leptin receptors  in  the
syncitiotrophoblast. The human placental leptin gene also
has a specific promoter region, which may suggest that
placental leptin may be differentially regulated compared
with leptin of adipose origin. The size of the placenta has
been reported to correlate with the maternal and cord
concentrations of the leptin implying that placenta may not
be just the source of the hormone but also a site for the
action of leptin.°

Obesity is a risk factor for preeclampsia and preeclampsia
is associated with insulin resistance, dyslipidemia
especially elevation of fatty acids and triglycerides. The
placenta also has an undisputed role in the origin of
preeclampsia and alterations of circulating leptin may
form the crux of the pathogenesis of preeclampsia.!
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The two evident potential sources of maternal blood leptin
concentrations are maternal adiposity and placenta. In non-
pregnant subjects, the leptin levels and adiposity are
related with the obvious correlation with the BMI. During
pregnancy the BMI not only reflects the adiposity but also
the variable contributions from the products of conception
and volume expansion. Hence, there has been evaluation
of maternal blood concentrations of leptin and the BMI
before pregnancy by some investigators.*?

Insulin resistance is frequent in women with preeclampsia
and increased concentrations of leptin are associated with
insulin resistance in non-pregnant subjects.*? Corollary of
this insulin resistance may be the maternal increase of
leptin during pregnancy. There is evidence that there is no
association between leptin concentration and insulin
resistance as assessed by an oral glucose test in women
with preeclampsia.’®* However, it was observed that
maternal insulin concentrations correlated with plasma
leptin in both normotensive and preeclamptic pregnancies.
This could imply that insulin may be a stimulus for the
synthesis of leptin during pregnancy independent of
preeclampsia.’* The increase in adiposity or insulin
resistance would not suffice as the explanation for elevated
maternal leptin levels in preeclampsia and the placenta is
an obvious alternative source. Northern blot analysis has
shown that the leptin mRNA levels are increased in
placentas of preeclamptic women compared with
normotensive pregnancies.’® It has also been observed that
maternal leptin concentrations decreased post partum to
levels anticipated for the women’s BMI.

The leptin gene expression is linked to a fall in
neuropeptide Y (NPY) expression. An experimental study
has shown that leptin suppresses the expression of NPY in
mouse hypothalamus. NPY is a potent vasoconstriction
and it may be hypothesized that suppression of its
expression in the placenta could be of benefit as the main
etiology in preeclampsia is vasoconstriction.*® However, a
simple relationship between placental mass and leptin
synthesis is an unlikely explanation as placental mass is
generally reduced in preeclampsia, particularly if the
disease is severe and of early onset. Hypoxia may be
another contributing factor as evidenced from the
observations that women at risk of preeclampsia often
demonstrate abnormalities of the uterine artery Doppler
flow velocity waveform. Findings of uterine artery
Doppler are indicative of poor placentation and partial
failure of trophoblast invasion.!” This suggests that the
hypoperfused placenta may be hypoxic leading to the
failure of placental growth. It is now recognized that leptin
is a proinflammatory adipocytes derived factor.8

The leptin levels are increased in maternal circulation as a
response to hypoxic conditions and can be considered a
marker of placental ischemia. This feedback mechanism
could possible result increased nutrient delivery to the
underperfused placenta.®
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OXIDATIVE STRESS AND PREECLAMPSIA

The endothelial dysfunction in preeclampsia has been
attributed to the increased oxidative stress as witnessed
with the increased Malondialdehyde (MDA) levels. MDA,
a metabolite of lipid peroxidation which is enhanced in
preeclampsia is implicated to be associated with decreased
placental perfusion.?® Placental oxidative stress and
maternal inflammatory responses are immensely increased
in preeclampsia. The defective trophoblastic proliferation
may tip off the balance between the lipid peroxides like
MDA and antioxidant systems leading to endothelial
dysfunction. Furthermore the hypoxic condition may
facilitate the production of free radicals from the placenta
that cause lipid peroxidation.?! This placental oxidative
stress may lead to lead to increased production and
maternal circulation of factors that stimulate the
inflammatory responses and activate the maternal
endothelial cells like various cytokines comprising of
interleukins (IL-6, 8, 10) and tumor necrosis factor - o
(TNF - o) and the novel proinflammatory adipocyte
derived cytokine leptin.2 Pregnancy is a phase of increased
nutritional requirements which is responsible for the cell
differentiation growth of the fetus. Micronutrients have an
important influence on the health of the pregnant women
and growing fetus and these have to be supplemented as a
daily requirement through diet.?2 Deficiency of some trace
elements make pregnant women vulnerable for developing
preeclampsia as these regulate the balance between free
radicals and antioxidants. Alterations in the levels of
essential trace elements zinc and copper have been
implicated in the development of preeclampsia.?® These
factors could contribute to the increased oxidative stress
and pathogenesis of preeclampsia.

CONCLUSION

Maternal leptin concentrations appear to be increased in
preeclampsia. This review addresses the role of leptin in
preeclampsia and its possible protective effect by
mediating the suppression of NPY, increasing the
perfusion of the placenta and placental size. The raise in
inflammatory markers in preeclampsia, lipid peroxidation
and alterations in trace elements creates a scope for further
investigation of leptin and oxidative stress markers in
clinic and laboratory.
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