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Leptin concentration during different stages of pregnancy
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Summary

Objectives: To determine the levels of leptin in pregnant females during different stages of pregnancy and to correlate these levels
to maternal weight, body mass index (BMI), neonate weight and neonate BMI.

Material & Methods: A case control study was carried out in which 60 pregnant females were enrolled, but only 36 completed
the study and 30 non-pregnant females were used as controls. Blood samples were collected at the 1* trimester, 2™ trimester and 3*
trimester, and after delivery. Serum was used for the estimation of leptin (by radioimmunoassay).

Results: The results showed that the levels of leptin were significantly higher in pregnant females compared to non-pregnant
females, but significantly decreased after delivery. In pregnant females with gestational diabetes the leptin level was insignificantly

higher.

Conclusion: The increase of leptin levels may be due to the stimulatory effect of insulin on leptin secretion from adipose tissue.
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Introduction

Leptin is a recently discovered polypeptide hormone,
encoded by the ob gene and is the first hormone to be
released from adipocytes [1, 2]. It has important effects
in controlling body weight, metabolism and reproductive
functions [3, 4]. The function of leptin in resisting obesity
and promoting leanness led to the choice of the name
"leptin" from the Greek root leptos, meaning thin [5].
During embryonic development leptin may play a role in
the regulation of bone metabolism [6], brain development
[7] and it stimulates proliferation and development of
fetal islet cells [8] and fetal growth and development [9].
This study was carried out to determine the leptin levels
in pregnant females during different stages of pregnancy
and to correlate these levels to maternal and fetal body
mass index (BMI).

Materials and Method

Subjects

The study included 60 Saudi pregnant females regularly
attending the antenatal clinic at the King Khalid University
Hospital, Riyadh, Saudi Arabia in the year 2001. Thirty non
pregnant healthy females of the same age attending the gyne-
cology clinic were used as a control. All women gave informed
consent before recruitment. Data including age, gestational age
at entry to the study, past obstetric and medical history was
recorded on specially designed forms.

Five of the 60 pregnant females aborted during the first
trimester whereas two others aborted during the second trimester.
Of the total group 14 females withdrew from the study after the
first trimester, three withdrew from the study after the second
trimester and 36 pregnant females completed the third trimester.
Twenty-six of the 36 pregnant females delivered in King Khalid
University Hospital, Riyadh, Saudi Arabia, whereas the remain-
ing ten pregnant females delivered in other hospitals.
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Gestational age of the pregnant females was calculated from
the first day of the last menstrual period and was confirmed by
mid-trimester ultrasound scan. The height of the female was
measured at entry to prenatal care and weight was measured at
each visit. BMI was calculated by dividing the weight in kg by
the height in meters squared and the patients were followed till
delivery.

Fetal growth was evaluated clinically and by ultrasonography.
Outcome of pregnancy, mode of delivery, sex of neonate, length
and weight were recorded at delivery.

Blood samples for estimation of leptin levels were obtained
from pregnant females at four different times; at booking time
(first trimester), second trimester, third trimester and postnatally
(on the second day after spontaneous vertex delivery, and on the
third day after cesarian section delivery). Only a single sample
was obtained from non-pregnant females. The collection of
blood samples was between 8 a.m. and 5 p.m. without overnight
fasting. Blood samples (5 ml) were drawn by venepuncture in
plain tubes (red top tubes). The serum samples were stored
frozen at -20 °C until required for analysis.

Serum leptin concentrations were estimated in duplicate by
human leptin RIA (RIA, Linco Research, and St Charles, MO,
USA). The within batch CV for leptin ranged from 1.6%-
13.0%, while the between batch CV was 3.9%.

Statistical Analysis

The results and the laboratory data of the pregnant females
and controls were entered in a personal computer and data
analysis was carried out using SPSS Program version 10. Data
are presented as the mean = SD. The Student's t-test was used
to determine the statistical significance of the difference in the
means of the pregnant females and non-pregnant females.

The Students t-test was also applied to determine the signifi-
cance of the difference of the means in any two trimesters and
after delivery. Bivariate correlation studies were carried out
between all the studied parameters in the different groups and
Pearson's correlation coefficient (r) and p values were obtained;
p < 0.05 was considered statistically significant.

Multiple regression analysis was conducted to determine the
influence of the different parameters on the level of leptin.
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Results

The demographic characteristics of the pregnant
females and non-pregnant controls are presented in Table
1. The ages of the pregnant and non-pregnant females
were similar. In the pregnant females, the weight and
BMI showed a gradual increase during the three stages of
pregnancy, while a reduction was observed after delivery.

The mean = SD of leptin in the pregnant females
during different stages of pregnancy and after delivery
compared to the non-pregnant controls are presented in
Table 1 and Figure 1.

In the pregnant females, mean level (= SD) of leptin
during the 1% trimester was 22.05 + 9.54 ng/ml, while in
the control group it was 12.4 + 7.155 ng/ml. The leptin
mean during the 1* trimester, 2™ trimester, 3™ trimester
and postnatal stage were significantly higher in pregnant
females compared to the non-pregnant controls (p <
0.05).

Serum concentration of leptin increased significantly (p
= 0.01) in the pregnant females from 22.05 * 9.54 ng/ml
during the 1* trimester to 26.89 + 9.27 ng/ml during the
2" trimester, but insignificantly decreased from 26.89 +
9.27 ng/ml during the 2™ trimester to 23.29 + 8.62 ng/ml
during 3 trimester (p = 0.073). After delivery leptin con-
centration significantly decreased from 23.29 + 8.62
ng/ml during the 3" trimester to 17.36 = 7.95 ng/ml at
postnatal stage (p = 0.0025).

The pregnant females were grouped on the basis of
maternal health status into a normal pregnancy group and
pregnant females with gestational diabetes (GD). Further
grouping of the females with GD was made on the basis
of whether they were being treated with diet (i.e. GDD)
or insulin (i.e. GDI). The demographic characteristics of
each group are summarized in Table 2.

The maternal age did not differ significantly between
the three groups. The maternal BMI was higher in the
pregnant females with GDD and GDI compared to the
normal pregnant females, similarly, the placenta weight,
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Figure 1. — The mean level of circulating leptin in non-preg-
nant controls and among the pregnant females during different
stages of pregnancy and after delivery.

neonate weight and BMI were also higher in the pregnant
females with either GDD or GDI compared to the normal
pregnancies.

Leptin levels were compared in the GDD and GDI
patients with the leptin levels in normal pregnant females
during the three trimesters and after delivery. The results
are presented in Table 3 and Figure 2.

The leptin levels showed exactly the same pattern of
variation, where an increased occurred during the 2™
trimester followed by a decrease in the 3" trimester and a
further decrease after delivery. During each trimester
non-significant differences were seen between GD
females treated with insulin (GDI) or diet (GDD) com-
pared to the normal pregnant females. After delivery all
three groups showed a significant decrease in leptin
levels and between these groups the difference was not
statistically significant.

Table 1. — Demographic characteristics and laboratory finding of pregnant females during different trimesters and after delivery

compared to non-pregnant controls.

Pregnant females (mean + SD)

Variable

1 Trimester 2 Trimester 3 Trimester PA Controls (n = 30)
(n = 60) (0= 41) (n = 36) (n =26)

Maternal age (years) 29050 - - - 28.0+3.0
Maternal height (m) 1.57+0.1 - - - 1.62 £ 0.35
Maternal weight (kg) 693+ 144 72.55 £ 14.6 75.5 +13.7 72.2 + 15.1 53.89 = 16.47
Maternal BMI (kg/m?) 30.1£12.34 31.5+13.01 32771293 28.7£5.26 29.54 + 13.69
Gestational age (weeks) 104 +2.57 20.82+3.3 33.67+£2.57 389x19 -
Placental weight (g) - - - 578.5+131.84 -
Neonatal height (cm) - - - 48.45 £3.1 -
Neonatal weight (kg) - - - 2.75 £0.52 -
Neonatal BMI (kg/m?) - - - 13.6 + 1.72 -
Laboratory findings
Leptin (ng/ml) 22.05 £ 9.54* 26.89 £ 9.27* 23.29 + 8.62% 17.36 £ 7.95% 12.4 +7.155
Non parametric range 8.4-49.57 12.7-54.98 8.33-53.1 5.16-41.35 3.5-23.2

(2.5"-97.5") ng/ml

*Statistically significant difference (p < 0.05) compared to control.
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Table 2. — Demographic characteristics of females with
normal pregnancies and those with GD.

Variables Normal pregnancies GD Significance
(mean + SD) (mean * SD)

Number 28 8

Maternal age (years) 26+12 29+10 NS
Maternal height (m) 1.59+0.006 1.53+0.21 NS
Maternal weight (kg) 64.17£11.6 81.9+12.4 NS
Maternal BMI after delivery 28.09+12.6 30.59+11.57 NS
Placental weight (g) 561.76+£142.22 654.36+116.30 NS
Neonatal height (cm) 48.7+3.1 49.6+0.55 NS
Neonatal weight (kg) 3.17£0.58 3.6+0.42 NS
Neonatal BMI (kg/m?) 11.99+2.2 13.18+1.33 NS
NS = Not Significant.
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Figure 2. — Leptin level during different trimesters and after
delivery in normal pregnant females compared to those with
GD
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The results of correlation studies between leptin and
other parameters during each trimester and at postnatal
stage are presented in Table 4. A significant correlation
was observed between maternal BMI and leptin concen-
tration during the 1* trimester (r = 0.362, p =0.01) and 2"
trimester (r = 0 .304, p = 0.034).

On the other hand, the correlation between leptin and
BMI during the 3 trimester and at postnatal stage was
not statistically significant. Maternal age and leptin con-
centration correlated positively only during the 3"
trimester (r = 0.426, p = 0.0025), and the correlation was
statistically significant.

Interestingly, after delivery maternal leptin showed no
correlation with either neonate weight, height, BMI or
placenta weight (p > 0.05).

Discussion

Leptin, the adipocyte hormone, has been the subject of
considerable investigations during the last decade due to
its possible role in regulation of body weight and repro-
ductive functions [3, 4]. Leptin levels are shown to cor-
relate with the amount of body fat in non-pregnant sub-
jects.

In present study, we attempted to investigate leptin
levels during the 1%, 2™, and 3" trimesters of pregnancy
and after delivery in relation to maternal weight, mater-
nal BMI, neonate weight and BMI, and placental weight.

Results of our studies showed that serum leptin con-
centrations are significantly elevated in pregnant females
at all stages of pregnancy compared to non-pregnant
females. In the pregnant females serum leptin levels are
the lowest during the 1* trimester, but increase signifi-
cantly from the 1* trimester to the 2™ trimester, while a
slight insignificant decrease occurs during the 3™
trimester. After delivery the plasma leptin levels decrease

Table 3. — Mean levels (+ SD) of leptin in normal pregnancies and pregnancies with GD.

Parameter Trimester Normal pregnancies Pregnancies with GDD Pregnancies with GDI Significance
Leptin 1 trimester 28 212 +£9.6 3 21.5+34 5 22.13 £ 8.6 NS
ng/ml 2" trimester 28 262+9.2 3 25.1£5.8 5 27.77 = 8.1 NS
3" trimester 28 23.04+9.6 3 23.6+3.6 5 24.5+4.01 NS
Postnatal 20 17.5+8.3 3 1663+59 3 144+95 NS

NS = Non-Significant.

Table 4. — Pearson's correlation coefficient (r) and significance of correlation (p) between serum leptin concentrations and other

parameters during different trimesters and after delivery.

Parameters Ti T2 T3 PA
r p r P r P r P

Age 0.21 0.16 0.19 0.225 0.426* 0.005 0.92 0.33
Maternal height -0.13 0.21 0.001 0.5 0.078 0.33 0.21 0.16
Maternal weight 0.42%* 0.003 0.32% 0.027 0.265 0.059 0.245 0.20
BMI 0.36* 0.01 0.3* 0.03 0.18 0.14 0.117 0.29
Neonatal height - - - -0.09 0.34
Neonatal weight - - - -0.1 0.32
Neonatal BMI - - - -0.18 0.21
Placental weight - — - -0.12 0.3
*Statistically significant. Key: T1 = 1* trimester, T2 = 2" trimester, T3 = 3" trimester, PA = postnatal.
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significantly, reaching almost the non-pregnant levels
within a few days after delivery. These results confirm the
previous reports by Hardiel et al. [10] and Sivan et al.
[11] that also showed elevated leptin levels during preg-
nancy and a significant decrease after delivery.

Several factors may contribute to the elevation in leptin
concentrations during pregnancy in females. First, a sig-
nificant rise of serum leptin is probably due to the
increase in body weight, which accompanies the pregnant
state and the accumulation of body fat in the first two
trimesters of pregnancy [12-14]. This is confirmed by our
results as they showed that there is a positive correlation
between leptin level, body weight and BMI during the 1*
and 2" trimesters of pregnancy. In addition, our study
showed that the peak leptin concentration occurs during
20-30 weeks of gestation. Interestingly, this coincides
significantly with the peak of maternal fat accumulation
during pregnancy. On the other hand, from the late
second trimester to the early third trimester, skin fold
thickness begins to decrease at all sites as fat is mobilized
to support fetal growth [15].

This observation can explain the slight though insignif-
icant decrease observed, during our study in leptin con-
centrations during the 3" trimester. Second, this may be
a consequence of an influence of BhCG on the leptin
level. A stimulatory effect of BhCG on the production of
leptin has been shown in vitro, and studies have con-
firmed that when adipose tissue is incubated with BhCG
there is an induction of leptin secretion [11]. BhCG is
produced in large amounts during pregnancy, particularly
the early stages. It increases initially in pregnancy but
starts to decrease slowly during the 2™ and 3" trimesters.
During the 1* trimester the increase in leptin and hCG
levels occur concomitantly. This may explain the increase
of leptin concentrations in early pregnancy before the
occurrence of any notable increase in body weight.

Third, the feto-placental unit may contribute to the cir-
culating maternal leptin level. There is a lot of evidence
in favor of this suggestion: (i) studies have shown that the
obese gene is expressed in human placenta [16, 17]. Thus
placenta becomes the source of leptin during pregnancy
and with advancement of pregnancy this would lead to an
increase in maternal plasma leptin level; (ii) Since leptin
is present in amniotic fluid and in arterial and venous
cord blood, this points to a feto-placental pathway of
leptin secretion, which may add to the leptin level during
pregnancy [18]; (iii) Serum leptin concentrations in
maternal circulation sharply decreases to below pre-preg-
nancy levels soon after delivery despite an insignificant
change in the maternal weight [10]. This gives further
support to the hypothesis that the placenta is one of the
major sources of leptin during pregnancy.

Fourthy, the increase of leptin levels during pregnancy
may be due to a decreased rate of leptin clearance from
maternal circulation. The soluble leptin receptor, which is
released from the placental membrane, is capable of
binding leptin with a high affinity, and subsequent binding
of free leptin to this receptor may impair the bioactivity of
leptin and protect leptin from degradation which leads to
an increase in serum leptin concentrations [19].

A similar finding was reported in GD pregnancies
where it was shown that a significantly higher level of
soluble leptin receptor occurs in diabetics than in normal
subjects [20].

Fifth, gestational hormones, most of all progesterone
and E2, are also reported to stimulate leptin production
by adipose tissue and studies in vivo carried out by
Messinis et al. [21] reported that E2 and progesterone
administration to normal cycling women causes a signif-
icant increase of plasma leptin concentrations. Further-
more, in vitro, 5 ng E2 administered to ovariectomized
rats for two days significantly enhanced both leptin
mRNA levels in adipose tissues and circulating leptin
levels, over that of untreated controls [22].

Sixth, studies have shown that insulin and cortisol
increase with plasma leptin during pregnancy, and are
associated with increased maternal lean and fat mass as
well as with considerable changes in glucose metabolism
[23]. Sivan ef al. [11] noted a surge in leptin between 12
and 24 weeks of gestation, which correlated positively
with cortisol level. Furthermore, in preeclampsia there
was a positive correlation between Ieptin and insulin con-
centrations [24].

Seventh, increase in food intake, which is known to
stimulate leptin levels may play a role during pregnancy
[25]. As is well known there is frequently an increase in
food intake with the advancement of pregnancy and this
may lead to elevation in leptin levels with the advance-
ment of pregnancy.

Finally, it is believed that there are some unexplained
factors which influence leptin levels. This suggestion
results from the finding that all the above-mentioned
factors cannot fully explain the change in leptin concen-
trations during pregnancy seen during our study. For
example, we found a reversible correlation between
maternal leptin concentrations and placenta weight and
the same finding has been reported in other studies [11].
However, Yura et al. [26] reported that leptin secretion
during the first trimester from placental villous tissue is
approximately 50-fold greater than that by tissue col-
lected at term, thus suggesting that leptin should be
higher initially during pregnancy compared to the later
stages. However, we as well as others did not obtain such
findings.

In pregnancy, the physiological function of high leptin
levels is not clear. However, chronic elevation of leptin
levels throughout pregnancy suggests that maternal resis-
tance to leptin occur. This resistance may result from an
increase in the soluble leptin receptor from the placental
membrane which is capable of binding leptin with a high
affinity. This can inhibit leptin binding to a membrane
receptor and thereby may be implicated in the develop-
ment of leptin resistance and may thus play a role in any
excessive weight gain seen during pregnancy [19].
Increase of maternal weight may act as an adaptive mech-
anism to protect the mother during pregnancy.

A possible role of leptin as a regulator of fetal growth
has been suggested in intrauterine growth retardation
(IUGR) cases and large-for-gestational age fetuses that
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presented respectively, lower and higher leptin concen-
trations compared to normal fetuses [27].

The localization of leptin receptors to the trophoblast
may relate to placental function as an endocrine organ. In
the placenta it could act as a growth hormone and growth
factor for angiogenesis in an autocrine manner [28, 29].

On the other hand, functional leptin receptors are
expressed in pancreatic islet cells, as early as the fetal
stage of development of these micro-organs. Leptin stim-
ulates proliferation of fetal islet cells and might play a
role in determining islet cell mass at birth [§].

During embryonic development leptin may play a role
in the regulation of bone metabolism in the developing
skeleton and brain [6]. The obese and diabetic mice with
low leptin levels share in reduction of brain weight and
cortical volume as well as foreshortening of the axial
skeleton. While, intraperitoneal administration of leptin
to 4-week-old obese mice results in a 10% to 15%
increase in brain weight and stimulates femur growth,
increasing cortical bone content. Hematological subtypes
of the leptin receptor are detectable in blood cells within
fetal vessels but not in placental cells [30].

Leptin may promote angiogenic processes by activa-
tion of the leptin receptors [28, 29]. This suggests that
leptin may play an important role in the formation of the
fetal blood system.

In addition, leptin stimulates fetal growth hormone (GH)
secretion, which may mediate intrauterine growth promo-
tion. Furthermore, leptin and GH may have interacting
roles in intrauterine energy balance and regulation [31].

Finally, leptin may play a role in the regulation of
maternal and fetal physiology during pregnancy, ranging
from the control of placental anchoring to fetal growth
and maturation, fine regulation of uterine blood flow
and/or initiation of labor [32].

Effect of gestational diabetes on leptin levels and other
pregnancy hormones

Gestational diabetes is a common metabolic complica-
tion during pregnancy and is closely related to Type II
(non insulin dependent) diabetes mellitus and obesity in
later life. The state of GD is characterized by a combina-
tion of marked insulin resistance and insulin secretary
impairment. These defects normalize in part after deliv-
ery and women with GD frequently regain normal
glucose tolerance post-partum [33].

During our study, eight of the pregnant females devel-
oped GD. Our results showed that plasma leptin levels
were not significantly elevated in pregnant females with
GD compared to females with a normal pregnancy. These
results are in contrast to some other studies which
showed that GD causes an increase level of leptin in
serum [20, 33].

However our results are in agreement with some of the
other studies that reported no differences in plasma leptin
concentrations between subjects with and without dia-
betes and with a similar body weight [26]. Our results
also showed that maternal age, BMI, gestational age, pla-

centa weight and neonate BMI were not statistically dif-
ferent between the two groups. The factors mentioned
above may contribute to the differences between our
results and previous studies. Several factors may con-
tribute to the difference between our results and previous
studies: (i) few subjects in our study, (ii) the blood
samples were collected between 8 a.m. and 5 p.m.
without overnight fasting and we can not exclude the pos-
sibility that the time of sampling may have influenced the
leptin concentrations in these pregnancies, (iii) two preg-
nant women suffering from gestational diabetes were
diagnosed during the 3" trimester.

Conclusion

Our results during this study have shown several inter-
esting findings. It was found that serum leptin levels are
significantly higher in pregnant females and increase
from the 1 trimester to 2™ trimester, but beyond this they
decrease slightly but insignificantly during the 3%
trimester. After delivery a significant decrease in leptin
levels takes place and within a few days postnatal stage
the non-pregnant levels are reached.

There was an insignificant increase of leptin concen-
tration among pregnant females with GD compared with
normal pregnancies. This increase of leptin levels may be
due to some stimulatory effect of insulin on leptin secre-
tion from adipose tissue.

Acknowledgements

This study was founded by Grants from Center Research at
KSU and Grants from Graduate College at KSU, Riyadh, Saudi
Arabia.

References

[1] Zhang X., Proenca R., Maffei M. et al.: “Possional cloning of the
mouse obese gene and its human homologue”. Nature, 1994,
372, 425.

[2] Wiecek A., Kokot F., Chudek J., Adamczak M.: “The adipose
tissue- a novel endocrine organ of interest to the nephrologists”.
Nephrol. Dial. Transplant., 2002, 17, 191.

[3] Rosenbaum M., Leibel R.L.: “The role of leptin in human physi-
ology”. N. Engl. J. Med., 1999, 341, 913.

[4] Janeckova R.: “New findings on the role of leptin in regulation of
the reproductive system in humans”. Cesk Fysiol., 2001, 50 (1), 25.

[5] Filer J.S.: “What's in a name? In search of leptin's physiologic
role”. J. Clin. Endocrinol. metabolism., 1998, 83, 1407.

[6] Ogueh O., Sooranna S., Nicolaides K.H., Johnson M.R.: “The rela-
tionship between leptin concentration and bone metabolism in the
human fetus”. J. Clin. Endocrinol. Metabol., 2000, 85 (5), 1997.

[7] Steppan C.D., Swick A.G.: “Regulation of ob/ob mice brain
growth by leptin”. Biochem. Biophys. Res. Comm., 1999, 256, 600.

[8] Islam M.S., Sjoholm A., Emilsson V.: “Fetal pancreatic islets
express functional leptin receptors and leptin stimulates prolifera-
tion of fetal islet cells”. Int. J. Obtest. Relat. Metab. Disord., 2000,
24 (10), 1246.

[9] Harigaya A., Nagashima K., Nako Y., Morikawa A.: “Relationship
between concentration of serum leptin and fetal growth”. J. Clin.
Endocrinol. Metabol.,1997, 82, 3281.

[10] Hardiel L., Trayhurn P., Abramovich D., Fowler P.: “Circulating
leptin in women: a longitudinal study in the menstrual cycle and
during pregnancy”. Clin. Endocrinol., 1997, 47 (1), 101.



216 F. Al Atawi, A.S. Warsy, Z. Babay, M. Addar

[11] Sivan E., Whittaker P.G., Sinha D. et al.: “Leptin in human preg-
nancy: The relationship with gestational hormones”. Am. J.
Obstec. Gynecol., 1998, 199, 1128.

[12] Lakho G.R., Nazir K., Chundrigar T., Jabeen N., Qureshi M.A.:
“Serum leptin levels in pregnant Pakistani female: relationship
with body mass index and placenta weight”. J. Pak Med. Assoc.,
2001, 57 (1), 32.

[13] Stein T.P,, Scholl T.O., Schluter M.D. et al.: “Plasma leptin influ-
ences gestational weight gain and post-partum weight retention”.
Am. J. Clin. Natur., 1998, 68, 1236.

[14] Lu Y., Hao X., Weng X.: “Study on the relationships between
leptin levels and weights of mothers and infants and the relation-
ships of cord serum leptin to peptide, insulin and insulin like
growth factor-11". Zhonghua Fu Chan., 2000, 35 (10), 603.

[15] Scholl T.O., Stein T.P., Smith W.K.: “Leptin and maternal growth
during adolescent pregnancy”. Am. J. Clin. Nutr, 2000, 72, 1542.

[16] Linnemann K., Malek A., Sager R. ef al.: “Leptin production and
release in the dually in vitro per fused human placenta”. J. Clin.
Endocrinol. Metabol., 2000, 85, 4298.

[17] Hoggard N., Crabtree J., Allstaff S., Abramovich D.R., Haggarty
P.: “Leptin secretion to both the maternal and fetal circulation in
the ex vivo perfused human term placenta”. Placenta, 2001, 22
(4), 347.

[18] Schubring C., Kiess W., Englaro P.: “Levels of leptin in maternal
serum, amniotic fluid, and arterial and venous cord blood: relation
to neonatal and placental weight”. J. Clin. Endocrinol. Metabo-
lism., 1997, 82 (5), 1480.

[19] Liu C., Liu X., Barry G., Ling N., Maki R., Desouza E.: “Expres-
sion and characterization of a putative high affinity human soluble
leptin receptor”. Endocrinology, 1997, 138, 3548.

[20] Lewandowski K., Horn R., O’Callaghan C.J. er al.: “Free leptin,
bound leptin, and soluble leptin receptor in normal and diabetic
pregnancies”. J. Clin. Endocrinol. Metabolism., 1999, 84 (1), 300.

[21] Messinis 1., Papageorgiou 1., Milingos S. et al.: “Oestradiol plus
progesterone treatment increases serum leptin concentrations in
normal women”. Human. Reprod., 2001, 16 (9), 1827.

[22] Brann D.W., De Sevilla L., Zamorano P.L., Mahesh V.B.: “Regu-
lation of leptin gene expression and secretion by steroid hor-
mones”. Steroids., 1999, 64, 659.

[23] Wabtsch M., Jensen P.B., Blum W.F.: “Insulin and cortisol
promote leptin production in cultured human fat cells”. Diabetes.,
1996, 45, 1435.

[24] Martinez-Abundis E., Gonzalez-Ortiz M.: “Correlation between and
insulin levels in preeclampsia”. Rev. Med. Chil., 2001, 129 (2), 149.

[25] Leroy P., Dessolin S., Villageois P. ef al.: “Expression of ob gene
in adipose cell: regulation by insulin”. J. Biol. Chem., 1996, 271,
2365.

[26] Yura S., Sagawa N., Ogawa Y. et al.: “Augmentation of leptin syn-
thesis and secretion through activation of protein kinase A and C
in cultured human trophoblastic cells”. J. Clin. Endocrinol.
Metabol., 1998, 83, 3609.

[27] Cetin L, Morpurgo P., Radaelli T. et al.: “‘Fetal plasma leptin con-
centrations: relationship with different intrauterine growth patterns
from 19 weeks to term”. Pediatr. Res., 2000, 48 (5), 646.

[28] Bouloumie A., Drexler H., Lafontan M., Busse R.: “Leptin, the
product of ob gene, promotes angiogenesis”. Circ. Res., 1998, 83,
1059.

[29] Cao R., Brakenhielm E., Wahlestedt C., Thyberg J., Cao Y.:
“Leptin induces vascular permeability and synergistically stimu-
lates angiogenesis with FGF-2 and VEGF”. Proc. Nat. Acad. Sci.,
2001, 98, 6390.

[30] Baumann H., Morella K., White D.W. et al.: “The full length
leptin receptor has signaling capabilities of interleukin 6 - type
cytokine receptors”. Cell Biology., 1996, 93, 8374.

[31] Shimon 1., Yan X., Magoffin D. et al.: “Intact leptin receptor is
selectively expressed in human fetal pituitary and pituitary adeno-
mas and signals human fetal pituitary growth hormone secretion”.
J. Clin. Endocrinol. Metabol., 1998, 83 (11), 4059.

[32] Reis EM., Florio P., Cobellis L. ez al.: “Human placenta as a source
of neuroendocrine factors”. Biol. Neonate, 2001, 79 (3, 4), 150.

[33] Kautzky-Willer A., Pacini G., Tura A., Bieglmayer C., Schneider
B., Ludvik B. et al.: “Increased plasma leptin in gestational dia-
betes”. Diabetologia, 2001, 44, 164.

Address reprint requests to:

Z. BABAY, M.D.
Obstet./Gynecol. Dept. (no. 36)
King Khaled University Hospital
P.O. Box 7805

Riyadh 11472 (Saudi Arabia)



