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Abstract: Leptin is secreted by adipose tissue and expressed in several organs, including the placenta.
We investigated the influence of leptin in maternal blood on leptin expression and concentration in
the placenta and umbilical cord and its influence on fetal weight and conditions at the time of birth.
Twenty-five parturients were recruited, and after childbirth, placental tissue fragments, umbilical
arteries, and vein blood were collected. According to leptin concentration in maternal peripheral
blood, parturients were divided into low and high leptin groups. Mothers in the high-leptin group
had higher age, pre-pregnancy weight, pre-pregnancy BMI, and weight in late pregnancy than
mothers in the low-leptin group. Children of mothers in the high-leptin group presented an Apgar
score modestly lower than those of the low-leptin group. No differences were observed in leptin
concentrations in the umbilical artery and vein. However, the leptin retained in the fetus increased in
the high-leptin group compared to the low-leptin group. We observed a negative correlation between
fetal leptin retained and maternal age in the low-leptin group. In the high-leptin group, placental
leptin concentration was positively correlated with maternal weight in late pregnancy. Nonetheless,
the expression of the leptin receptor (Ob-Rb) was negatively correlated with newborn length. In
conclusion, this study found a positive correlation between maternal leptin levels and maternal
pre-pregnancy weight, BMI, and fetal birth weight. These findings suggest a potential role of leptin
in maternal weight regulation during pregnancy and fetal growth.
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1. Introduction

The identification of leptin in 1994 [1], a protein hormone with a molecular weight
of about 16 kDa, produced and secreted in significant quantities by white adipose tis-
sue [2], represented a remarkable breakthrough in the field of obesity research, allowing
the characterization of the role of this hormone as a regulator of body weight and body
metabolism [2]. Leptin is produced mainly in adipose tissue, and circulating leptin levels
reflect body adiposity. However, it is also produced in other sites such as the stomach,
skeletal muscles, pituitary gland, mammary gland [2], and placenta [3].

Leptin plays a crucial role in regulating the body’s energy homeostasis. In addition
to functioning as a satiety signal in the central nervous system, it exerts various periph-
eral effects, such as stimulating angiogenesis and hematopoiesis and regulating bone
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formation [4]. In addition to suppressing appetite, leptin can stimulate oxidative stress, in-
flammation, blood clotting, increased arterial stiffness, angiogenesis, and atheroma plaque
formation [5]. Its role in human physiology has been studied in various areas of medical
research [2,4–6].

Leptin circulates in the blood unbound or bound to proteins. It is transported across the
blood–brain barrier through a unidirectional system, reaching the cerebrospinal fluid [7].
Different isoforms of the leptin receptor are generated from alternative splicing of the
human ob-R messenger RNA (mRNA), which encodes the leptin receptor [8]. The ob gene,
related to leptin, is expressed in the placenta, which is one of the main sources of fetal
leptin during gestation [3]. Leptin is important in regulating gestational metabolism and
body weight and has been associated with conditions such as obesity and malnutrition
during pregnancy [3]. Studies indicate that these regulatory processes play a fundamental
role in early pregnancy and later stages of embryonic and fetal development, influencing
long-term effects that may persist into adulthood [9,10].

Placental trophoblastic cells express a significant amount of leptin, which has an au-
tocrine trophic effect in this tissue, with the majority being secreted into the bloodstream,
making the storage in adipose cells less important [7,10]. Although the underlying mech-
anisms regulating maternal and fetal weight during pregnancy are not fully elucidated,
leptin may play an important role as a regulatory factor. Nonetheless, obesity is related to
leptin resistance [11], indicating a potential influence of this hormone on weight regulation
during pregnancy. This study aimed to investigate leptin levels in maternal and umbilical
cord blood of the parturient and their relationship with fetal weight and conditions at birth.

2. Materials and Methods

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics in Research Committee of the Federal University of Minas Gerais, Brazil
(COEP/UFMG) number # ETIC 0650.0.203.000-10), by the Board of Education, Research
and Extension of the Hospital das Clínicas of UFMG (Brazil), by the Functional Unit
Gynecology, Obstetrics, and Neonatology of HC/UFMG and by the Ethics Committee
of Risoleta Tolentino Neves Hospital. Written informed consent was obtained from all
subjects/patients. Twenty-seven parturients were recruited. It is a convenience sample.
The inclusion criteria were no smoking women between 18 and 40 years old, full-term no
high-risk singleton pregnancy, and without the use of anti-inflammatory medications. Two
parturients were excluded from the study due to the inability to obtain circulating leptin
concentrations, resulting in a final group of 25 participants. Immediately after the delivery,
we collected samples of peripheral and cord (vein and arteries separately) blood and
placenta. Blood samples were collected in sterile vials, without anticoagulant, and stored
on ice. After centrifugation, the serum was stored in a −80 ◦C freezer for future utilization.

Based on maternal leptinemia, the participants were divided into “low and high
leptinemia”. corresponding to patients with leptin levels below and above the median
(20 ng/mL). Information regarding prenatal care (height, pregestational weight, weight
at the end of gestation, blood pressure evolution during pregnancy, complications, and
medication use) was collected from the patient’s medical records. After delivery, data
related to the newborn were recorded: sex, weight, length, and Apgar score (at 1 and
5 min). An Apgar score above 8 indicates good conditions for the newborn, while scores
below that level indicate some degree of fetal compromise. We also obtained newborn body
weight and length data up to the fifth month of life from the pediatric records of those who
underwent neonatal follow-up in the hospitals involved in this study.

Leptin concentrations in the mother’s peripheral blood, umbilical vein and artery
blood, and placenta were measured in the serum by ELISA using commercial kits (R&D
Systems, Minneapolis, MN, USA). The leptin retained in the fetus was calculated by the
difference between leptinemia in umbilical veins and arteries. The placenta samples were
washed with PBS, weighed, and homogenized with cytokine extraction solution (BSA
0.05%; Aprotinin 0.02 µL/mL; benzethonium chloride 0.05 mg/mL, NaCl 0.023 mg/mL;
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EDTA 0.37 mg/mL; PMSF 0.02 mg/mL, Tween 20 0.5 µL/mL in PBS1x) and centrifuged.
Leptin was then measured in the supernatant and normalized by protein concentration,
measured by the Lowry method [12].

Leptin expression in the placenta was measured by RT-PCR in plates of 384 wells. In
each well, 2.5 µL of cDNA and 7.5 µL of the mixture containing 5 µL of Syber Green (Ap-
plied Biosystems, Foster City, CA, USA), respective primers were placed. The amplification
was performed with the following cycles: 10 min at 95 ◦C (denaturation), followed by 45 cy-
cles of 15 s at 95 ◦C, and one minute at 60 ◦C (annealing and extension). The primers used
were Leptin: 5′-TTCTTGTGGCTTTGGCCCTA-3′ e: 5′-TGTCATTGATCCTGGTGACAA-3′;
Leptin receptor: 5′-GCTATTTTGGGAAGATGTTCCG-3′ e 5′-TGCTTGATAAAAAGATGCT
CAAA-3′; beta-actin: 5′-ATCCCCCAAAGTTCACAATG-3′ e 5′-GTGGCTTTTAGGATGGC
AAG-3′.

Fragments of placental tissue were also fixed and prepared for immunofluorescence.
After nonspecific antigen blockade (1% BSA in PBS for 30 min), slides were covered with
the primary antibody (Ob A-20, Santa Cruz, CA, USA) diluted 1:100 with 0.1% BSA solution
and 0.05% saponin, and incubated for 60 min at room temperature. After 3 washes with
the blocking solution, the slides were covered with Alexa fluor 546 secondary antibody
(diluted 1:200) and incubated in the dark for 60 min at room temperature. After washing,
slides were covered with DAPI-containing mounting medium, recovered with laminules,
and taken to the fluorescence microscope (Leika, Wetzlar, Germany).

It was a convenience sample study since it was interrupted due to SARSCoV-2 restric-
tions. The Kolmogorov–Smirnov test was used to verify the normal distribution of the data.
In cases where normality was met, the Grubbs test was used to identify outliers. In the
case of non-parametric distribution, the Box-Plot test was used. The Student’s t-test and
Mann–Whitney test were employed to evaluate group differences. Fisher or Chi-square
tests were used for categoric variables. The correlation coefficient was calculated using
Pearson or Spearman correlation measures. The correlation was considered weak when
values were between 0.00 and 0.39, moderate between 0.40 and 0.69, and strong above
0.70. A significance level of 5% was defined for all analyses. GraphPad Prism version 5.0
for Windows (GraphPad Software, San Diego, CA, USA) was used for statistical analysis.
The results are presented as mean and standard error or as median with minimum and
maximum values for parametric and non-parametric data, respectively.

3. Results

The patient’s average age was 28.7 years, with a body mass index (BMI) of 22.47 kg/m2

(Table 1). Additionally, deliveries occurred on average in the 39th week of gestation, with
pregnant women having an average weight gain of 12.8 kg. Among the pregnant women,
five of them (20%) did not fit into the eutrophic classification based on BMI. Of them, three
(12) had a BMI below 18.5 kg/m2, indicating low weight, while two (8%) represented a BMI
above 25 kg/m2, indicating overweight. The cesarean deliveries represented 48% of the
total procedures performed, with natural deliveries (36%) and deliveries requiring forceps
(16%) also occurring. Regarding newborn status, it was found that two newborns (8%) had
an Apgar score below eight at the 1 min and 5 min evaluations.

Regarding weight gain during pregnancy, 16% of pregnant women (n = 4) had a level
below what is considered normal, 12% (n = 3) had a weight gain above this level, and the
remaining 72% (n = 18) fell within the normal range. Regarding the weight of newborns,
it was found that 8% of cases were below the normal level, while 88% were within the
normal range. Only 4% of newborns weighed above the normal range. As for the length of
newborns, it was observed that only 4% of cases were below the normal level, while the
vast majority (96%) were within the normal range.

The median of maternal blood leptin (20.5 ng/mL) was similar to those found in
non-pregnant obese women [13,14] and higher than eutrophic ones [15]. The amount of
leptin reaching the fetus through the umbilical vein was approximately one-third of the
circulating leptin concentration. In our study, the media leptin level in the umbilical arteries
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(4.7 ng/mL) was lower than those found in the umbilical vein (6.6 ng/mL) (Table 1). This
retention by the fetus suggests that leptin may play an important significant role during
intrauterine life.

Table 1. General characteristics of pregnant women and newborns.

Data Mean Se Minmum Maximum

Parturient data
BMI (kg/m2) 22.47 0.62 16.7 29.5
Age (years) 28.7 1.3 18.0 44.0
Gestational age (weeks) 39.3 0.23 37.0 41.0
Height (m) 1.60 0.01 1.49 1.69
Pre-pregnancy weight (kg) 57.35 1.66 42.00 76.50
Final weight (kg) 70.18 1.70 51.00 91.30
Weight gain (kg) 12.83 0.59 7.20 21.50
Weight gain without NB (kg) 9.90 0.68 4.87 18.34
% Gain (relative starting weight) 22.89 1.30 13.33 39.45
Maternal blood leptin (ng/mL) 20.5 2.93 2.13 63.5
Leptin umbilical vein (ng/mL) 6.6 0.99 0.64 21.9
Umbilical artery leptin (ng/mL) 4.7 0.96 1.02 16.3
Newborn data
Weight (kg) 3.15 0.08 2.34 4.34
Length (cm) 45.9 0.44 34.0 51.5
Apgar score (mean of 1 and 5 min) 8.85 0.30 3.00 10.00

When correlation analyses were performed, we found no association between maternal
and placental leptin levels. However, maternal leptinemia was positively correlated with
maternal pre-gestational and final body weight (Table 2).

Table 2. Statistically significant results of coefficient correlations (p < 0.05), according to leptin
concentration on blood, cord vessels, and placenta.

Parameter Leptin in
Maternal Blood

Leptin in
Cord Vein

Leptin in
Cord Artery

Leptin in
Placenta

Total Population
Pre-pregnancy weight 0.469 - - 0.325
Final weight 0.539 - - -
Leptin vein - - 0.726 -
Artery leptin - 0.726 - -
Leptin expression - - - 0.905
Apgar - −0.383 - -
Placental Leptin - - - -

Pearson’s (normal data) or Spearman’s correlation (non-normal data).

Placental leptin concentration was associated with its expression in the placenta and
pre-pregnancy weight. As expected, leptin in the umbilical vein and arteries were positively
associated. Leptin levels in the umbilical vein were negatively correlated with the Apgar
score. However, no association was found regarding the umbilical artery, suggesting that
leptin reaching the fetus by the umbilical vein may affect the overall condition of the
newborn.

Although there are no reference values for leptin levels in the placenta, our results did
not show a correlation between placental and blood leptin levels.

Low and High Leptin groups: When parturients were divided into the high (Leptin
> 20 ng/mL) and low (leptin > 20 ng/mL) leptin groups, it was observed that those in
the high-leptin group were older and presented higher pre-gestational BMI and weight
at the end of pregnancy compared with low leptinemia group (Table 3). No significant
differences were observed between groups regarding gestational age and blood pressure.
According to the classification of maternal weight gain, in the low leptinemia group, three
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(20%) women had below-expected weight gain, and one (7%) had above-expected weight
gain. In the high leptinemia group, one patient (10%) had below-expected weight gain,
and two (20%) had above-expected weight gain. There is no difference between groups
(Figure 1A). The delivery type, however, shows statistical differences. In the high-leptin
group, the proportion of natural (vaginal) delivery is lower than in the low-leptin group
(Figure 1B).

Table 3. Characterization of parturients and newborns according to the leptinemia level.

Characteristics Low Leptinemia High Leptinemia p-Value

Parturient data
Number of pregnant women 15 10
Leptinemia (ng/mL) 10.97 ± 1.53 34.72 ± 3.79 <0.001
Age (years) 24.67 ± 1.14 33.3 ± 2.09 <0.001
Pre-pregnancy weight (kg) 54.42 ± 2.03 63.5 ± 3.0 0.015
Pre-pregnancy BMI (kg/m2) 20.88 ± 0.73 25.47 ± 1.0 0.001
Weight at the end of pregnancy (kg) 67.25 ± 2.06 76.88 ± 2.99 0.025
Weight gain (kg) 12.83 ± 0.89 13.35 ± 0.62 0.67
Gestational age (weeks) 39.1 ± 0.3 39.9 ± 0.3 0.13
Systolic blood pressure (mmHg) 116.8 ± 2.75 118.5 ± 4.94 0.75
Diastolic blood pressure (mmHg) 76.4 ± 2.48 77.0 ± 2.49 0.95
Newborn data
Gender (male/female) * 7/8 3/7 0.41
Weight (kg) # 3.18 ± 1.13 3.08 ± 0.10 0.62
Length (cm) # 48.6 ± 0.6 48.8 ± 0.5 0.84
Apgar 9.4 ± 0.95 8.6 ± 0.41 0.038

Results are expressed as mean ± standard error. * Fisher’s test, # Student t-test, and Mann–Whitney.
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Regarding newborns, leptin level did not influence their gender; the proportion of
female or male newborns was similar between groups. A lower Apgar score was observed
in newborns of parturients in the high leptinemia group compared to low-leptin one
(Table 3).

However, despite the differences in the Apgar, there was no difference in weight or
length until the age of 5 months (Figure 1C,D).

Regarding leptin concentration in umbilical cord blood, it was higher in the umbilical
vein of the high-leptin group while no difference was found between groups when cord
artery blood was analyzed (Figure 2B). Consequently, the leptin retained in the fetus
(calculated by the difference between leptin concentrations in the veins and arteries) was
higher in the high-leptin group (Figure 2C).
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The expression and concentration of leptin and its receptor (ObRb) in the placenta
were also evaluated. No significant differences were found in concentration and expression
between the groups. The concentration and expression of leptin were similar between
groups. However, the Ob-Rb expression was higher in the high-leptin group (Figure 3).

Correlation analyses were performed considering leptin levels in cord blood, placenta,
and maternal blood of parturients. In the high-leptin group, the pre-gestational body weight
was positively correlated with leptin in the umbilical arteries and maternal leptinemia.

The results of correlation analysis showed that in the low-leptin group, placental
leptin was associated with pre-gestational weight, BMI, and leptin expression. Maternal
blood leptin did not show any association with the other analyzed sites. Nonetheless, in
the high-leptin group, besides placental concentration, pre-gestational weight and BMI
were also associated with leptin concentration in the maternal blood and umbilical arteries.
Moreover, in this group, newborn body weight was positively associated, and Apgar was
negatively associated with leptin concentration in the cord artery (Table 4). This section
may be divided by subheadings. It should provide a concise and precise description of
the experimental results, their interpretation, and the experimental conclusions that can
be drawn.
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time PCR, in relative amplification (n = 6 for low leptinemia and n = 4 for high leptinemia), * p = 0.05.
Results are expressed as Box and whiskers (median min to max): t-test or Mann–Whitney test.

Table 4. Statistically significant correlation coefficients (p < 0.05) between leptin parameters in cord
blood, placenta, and maternal blood of parturients with low and high leptinemia.

Parameter Leptin in
Maternal Blood

Leptin in
Cord Vein

Leptin in
Cord Artery

Leptin in
Placenta

Low leptinemia
Pre-gestational weight - - - 0.581
BMI - - - 0.523
Leptin (vein) - 0.572 -
Leptin (artery) - 0.572 -
Leptin Expression - - - 0.963

High Leptinemia
Pre-gestational weight 0.612 & - 0.776 0.625
BMI 0.724 - 0.825 0.672
Leptin (vein) - - 0.759 -
Leptin (artery) - 0.759 - -
ObRb Expression −0.941 - - -
Newborn weight - 0.637 0.788 -
Apgar - −0.751 - -

Pearson’s correlation (parametric data) or Spearman’s correlation (non-parametric data). & p = 0.0597. BMI: Body
Mass Index; Ob-Rb: Leptin receptor B.
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4. Discussion

Despite the diverse functions already described for leptin, its role during normal
pregnancy is still being clarified. Most studies on leptin in pregnancy have focused on
pre-eclampsia, gestational diabetes, or placental dysfunction. However, studies considering
parturients without any gestational disorder, analyzing and correlating leptin concen-
trations in several tissues and its receptor in the placenta with some mother–newborn
characteristics are scarce in the literature. Our study also analyzed pregnant women
with high or low blood leptin levels separately, highlighting different repercussions on
the newborn.

Leptin concentrations in our study were 20.5 ng/mL at delivery time, which were
higher than those seen in non-pregnant eutrophic humans (about 16.5 ng/mL) [13,15]. Pre-
vious studies showed that plasma leptin increases 2–3 times in pregnant women compared
to non-pregnant women. Leptin concentration can be up to 200% higher in the second and
third trimesters than in the first trimester of pregnancy [13,16].

As expected, leptin concentrations in the umbilical vein are significantly higher com-
pared with those in the umbilical artery, which indicates leptin retention by the fetus. These
results are consistent with previous studies evaluating leptin in healthy pregnant women
and those with gestational diabetes women. In both circumstances, leptin levels are lower
in blood of umbilical arteries than in umbilical veins [17,18]. This retention by the fetus
highlights the significant role that leptin plays during intrauterine life [19].

The influence of leptin on body weight is well known. Here, we found a positive
association between maternal leptinemia with pre-gestational BMI and maternal weight
at the end of pregnancy. These findings are consistent with those previously published,
analyzing a population similar to that recruited in the present study [20,21]. The authors
found a consistent association between maternal blood leptin and pre-gestational and final
BMI in women with uncomplicated pregnancy [22]. Other studies also confirmed that
weight and adiposity gain are important factors for increasing circulating leptin levels in
women presenting gestational diabetes and pre-eclampsia [19,23,24].

Although there are no reference values for leptin levels in the placenta, our results
did not show a correlation between placental and blood leptin levels. This finding is
consistent with previous data that did not find a correlation between leptin concentrations
in maternal plasma and cord blood at birth [24]. However, some studies showed that
almost all placental leptin is released into the maternal bloodstream (about 90%) [25,26].
Nonetheless, considering all parturients, leptin synthesis in the placenta is correlated with
its concentration in this tissue, confirming the local production of leptin, which is relevant
to placenta function itself [27,28]

In our study, most of Apgar’s scores were in the normal range. Nonetheless, leptin
levels in the umbilical vein blood negatively correlated with the Apgar score. Leptin levels
have been associated with abnormalities in placenta function or delivery. Previous studies
have shown that increases in leptin concentration interfered with the placenta’s adaptive
capacity in the face of dietary restriction [10,20]. Collaborating with our results, Arslan
et al. found that mothers of newborns with an Apgar score < 8 at 1 min had higher levels
of leptinemia than newborns with an Apgar score > 8 [29]. The reasons for this association
are still unclear and may be due to conditions of intrauterine hypoxia that could lead to
an overproduction of leptin by the placenta and worsen fetal conditions, which would be
reflected in the Apgar scores [30,31].

Our data agree with other studies [22,32], but not all [33], showing a correlation
between maternal leptin levels and the weight or length of the newborn leptin. On the
other hand, we found a strong association in the high-leptin group between newborn
weight and vein cord leptin. Our findings are, once again, consistent with a previous study
showing a positive correlation between leptin levels in umbilical blood and newborns’
weight [34,35], suggesting the role of leptin role in regulating fetal weight and growth.

In the high-leptin group, pregestational body weight was strongly associated with
maternal leptin and leptin in the umbilical artery and placenta. This suggests an association
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between maternal weight and leptin in the maternal–fetal circulation. Thus, maternal
weight (or adiposity) can directly or indirectly influence placental formation [36] and leptin
production in that organ. Moreover, a negative correlation was found between maternal
leptin and placental expression of the leptin receptor. This suggests that, under conditions
of high leptinemia, the placenta could regulate leptin entry by reducing its receptors in a
mechanism of possible negative regulation or leptin resistance. Some studies have shown
that leptin produced in the placenta is primarily released into the maternal circulation, and
only a small fraction can reach the fetus under physiological conditions [35,36]. In this way,
reducing leptin receptors could control leptin uptake in the placenta and increase maternal
leptinemia, justifying this association.

Our results also evidenced an association between newborn weight and leptin in
umbilical vein and arteries, Nonetheless, no association was found between newborn
weight and maternal leptin. It suggests higher leptin traffic through newborn circulation
that could influence fetal growth by a mechanism not explored in the present study. These
findings are consistent with previous studies [37,38], showing a correlation between birth
weight and leptin concentration in the umbilical vein but not maternal blood. Oktem
et al. [37] suggest that this lack of correlation indicates that these compartments may be
non-communicating units or have different mechanisms of regulation or degradation of
leptin and that maternal blood leptin may not have a direct effect on fetal growth but
instead have a different role during pregnancy. Nonetheless, these differences in body
weight disappeared a few months after birth, when environmental factors may override
the intrauterine influence caused by the mother’s leptin metabolic status.

The limitations of this study are the limited number of pregnant women monitored,
which reduced the sample power. There were also difficulties in monitoring in hospitals
during the COVID-19 pandemic, which forced the interruption of the study and monitoring
of newborns.

However, our study is relevant because, although several studies addressed the
influence of leptin on pregnancy and the profile of the newborn, few of them have addressed
all the parameters observed in this study, considering the different sites of leptin production
and analyzing separately women with high and low leptin concentrations in maternal
peripheral blood.

5. Conclusions

Taken together, our results suggest that elevated maternal leptin levels are associated
with increased fetal leptin retention, which influences newborn weight and Apgar scores.
Our results contribute to understanding the complex relationship between leptin and
pregnancy outcomes. More research is needed to explore the underlying mechanisms of
leptin and its potential clinical implications on maternal and fetal health.
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