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Abstract
Background and Objective: Glucose transport play an important role on fetal growth so that if this process disrupted could be stunted
growth of the fetus. Preeclampsia was a pathological state so that increase risk incidence of stunted fetal growth. This study aims to
investigate impaired glucose transport in preeclampsia. Materials and Methods: Samples were taken from 58 placental tissues after birth,
divided into 2 groups by consecutive sampling. Samples sent to the Clinical Pathology laboratory then stored in a temperature of -80EC.
The samples were ground and resuspended in phosphate buffer saline, subjected to an ELISA method to placental growth factor (PlGF),
glucose transporter 1(GLUT1) and glucose transporter 3(GLUT3) analyzed. Chart of Lubchenko was used to further categorize infant birth
weight. Results: Proportion of SGA samples in the early onset preeclampsia (EOP) group (44.8%) was significantly higher than late onset
preeclampsia (LOP) (10.3%) group. PlGF levels for the SGA group was significantly lower than that in Non-SGA in EOP. GLUT1 and GLUT3
levels were also lower in the SGA group than in non-SGA. There were also significant differences in birth weight between the SGA with
non-SGA samples. Moreover, PlGF, GLUT1 and GLUT3 showed a significant correlation with the birth weight in the EOP group, but not
in LOP. Conclusion: The number of SGA incidents in the EOP group was higher than LOP group. Low birth weight in EOP have correlation
with reduced of PLGF, GLUT1 and GLUT3.
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Inclusion criteria: Mothers diagnosed severe preeclampsia

INTRODUCTION

with a range of gestational age between 20-42 weeks.
Diagnosis of severe preeclampsia if there are signs below:

Gluconeogenesis did not occur in a fetus; therefore
fetal glucose production depends on maternal glucose.

C

Moreover, the transport of glucose to the placenta depends
on the diffuse transport mechanism that was facilitated

C

by glucose transporter protein (GLUT) expressed in both
syncytiotrophoblast

membranes1.

Glucose

transporter

Exclusion criteria consist of chronic hypertension
aggravated by preeclampsia. There are disorders of glucose
metabolism: Diabetes mellitus and gestational diabetes. There
are kidney diseases or urinary tract infections.

type 1 (GLUT1) protein was the primary transporter of glucose
in the placenta and its levels increase significantly depending
on the gestational age. In addition to GLUT1, the levels of
which increase based on gestational age, there another
relatively dominant type of

GLUT, especially in early

Experimental sample preparation: Fresh placenta samples

pregnancy GLUT32-5. Moreover, decreased protein levels of

were obtained immediately postpartum. Fresh placental
tissues samples were prepared via the following steps: first,
the tissues samples were cut into 1 cm3 cubes and washed
with physiological saline. These samples were then placed into
a cryotube and labeled. Next, 1 mL of red blood lytic buffer
fluid was added to the cryotubes followed by shaking for
about 10 min. This ensure that the erythrocytes on the tissue
samples, which also possess GLUT, were lysed. This was
followed by centrifugation at 2500 rpm for 5 min. The
resulting pellet was resuspended in 1 mL of erythrocyte lytic
buffer followed by another round of centrifugation at
2500 rpm for 3 min. The pellet obtained was then stored in a
cryobox at -80EC. Finally, to extract the placental protein, the
pellets were placed in a mortar and ground until smooth by
the addition of liquid nitrogen. The tissues were then placed
in a Eppendorf® tube followed by the addition of phosphate
buffer saline and centrifugation at 2500 rpm for 5 min.
The lysates containing placental PLGF, GLUT1 and GLUT3
were then analyzed by an enzyme-linked immunosorbent
assay (ELISA). The kit was a sandwich enzyme immunoassay
for in vitro quantitative of PLGF (SEA114Hu), GLUT 1
(SEB185Hu) and GLUT3 (SEB635Hu) from Cloud-Clone corp.

placental growth factor (PlGF) affect to angiogenesis and
disorders formation of other placental proteins, including
nutrient transporter proteins that transfer glucose, protein, fat
and micronutrients aided by a carrier protein have adverse
effects on the fetus birth weight6. This study prove that was
not only hypoxia in the placenta but there a decrease in
placental growth factors that affect to transfer of nutrients,
especially glucose7,8. Transport of glucose from maternal blood
across the placental trophoblastic tissue barrier was critical to
sustain fetal growth9.
This research has examined role of glucose transport
involvement in placenta which turns out to influence fetal
output. The outcome assessed was presence of an increase
in

stunted

growth

Systolic blood pressure >160 mmHg or diastolic
>110 mmHg
Proteinuria >+2 (dipstick)

in early onset preeclampsia (EOP)

when compared to late onset preeclampsia (LOP). The
role of nutrient transfer was apparently influenced by a
decrease in placental growth factors in cases of preeclampsia
especially in EOP. Cases of stunted growth increase in
preeclampsia at initial suspicion due to increased oxidative
stress.
MATERIALS AND METHODS

Statistical analysis: Comparative statistical comparison and
correlation was conducted considering p<0.5 to be statistically
significant. The small for gestational age (SGA) group was
determine using a Lubchenko chart. An independent t-test
analysis was used to analyze quantitative data by comparing
the average difference between 2 groups with a normal
distribution of data. Data normality was tested using the
Shapiro Wilk test. The correlation between protein levels of the
two groups was determined using the pearson and spearman
tests. The association was assessed using a 95% confidence
interval (CI), with the level of significance being determined at
a p<0.05.

This was cross-sectional study conducted by consecutive
sampling and received ethical clearance from ethical
committee of the medical faculty of Padjadjaran University.
Placenta samples taken from pregnant women were delivered
in the Obstetrics and Gynecology department of Dr. Hasan
Sadikin General Hospital and 3 networking hospitals. The
samples were taken from 58 placental tissues. These samples
divided 2 groups, were further categorized into the EOP group
(29 samples) and LOP group (29 samples). Sampling time
April, 2014-March, 2015.
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Table 1: Characteristics of research subjects
Preeclampsia
------------------------------------------------------Characteristics
Early onset (n = 29)
Late onset (n = 29)
Age (years)

RESULTS
Patient age characteristics, age classification and parity
between EOP and LOP did not differ significantly. While the
gestational age between the EOP and LOP groups was
significantly different so gestational age in this study met the
criteria of early onset and late onset preeclampsia. The
number of SGA incidents in the EOP group was statistically
significant higher than that in the LOP group (Table 1).
Based on the statistical analysis of tissue samples
categorized under the EOP group, PlGF levels were
significantly lower in the SGA group than the non-SGA groups.
Birth weight (BW) was observed in SGA group (mean BW:
1152±311 g) have a weight below non-SGA group (mean BW:
1741±216 g) (Table 2).

Body weight has a correlation with PlGF, GLUT1 and GLUT3
with different correlation strengths. PlGF levels have the
strongest correlation with postpartum infant weight
(Table 3).
PlGF level was parameters for early preeclampsia
detection, i.e., a lower PlGF level may mean more severe
hypoxia and worse preeclampsia complications. This also
affects to GLUT1 and GLUT3 levels in addition to birth weight
(Fig. 1). In early onset preeclampsia group, PlGF, GLUT1 and
GLUT3 appears to correlate with infant weight, the higher
protein content has tendency for body weight to increase
(a)
2500

Mean (SD)
29 (6.3)
Range
18-41
Age classification (years)

29 (8.1)
16-43

0.21

<18
3
18-35
21
>35
5
Pregnancy age (weeks)

0
25
4

0.177

Mean (SD)
Range
Parity

32 (1.6)
28-34

38 (1.5)
35-41

0.001**

Primiparity
Multiparity
Preeclampsia

11
18

16
13

0.188
0.188

SGA
13 (44.8)
3 (10.3)
Non SGA
16 (55.2)
26 (89.7)
*p<0.05 significant, **p<0.01 highly significant

Correlation between birth weight and variables studied:

p-value

0.04*

Table 2: Comparison of type of preeclampsia in the SGA and non-SGA group
Preeclampsia
SGA
Non-SGA
p-value
Early onset
n = 13
n = 16
PlGF (pg mLG1)
2084.0±1122
3870.0±878
0.001**
GLUT1 (pg mLG1)
132.0±72
171.0±46
0.09
GLUT3 (pg mLG1)
242.0±244
289.0±176
0.56
Birth weight (g)
1152.0±311
1741.0±216
0.01**
Late onset
n=3
n = 26
PlGF (pg mLG1)
2905.0±1266
4265.0±2016
0.27
GLUT1 (pg mLG1)
188.0±62
197.0±56
0.82
GLUT3 (pg mLG1)
452.0±181
580.0±115
0.24
Birth weight (g)
1990.0±329
3036.0±482
0.01**
SGA: Small for gestational age, Non-SGA: Non small for gestational age, *p<0.05
significant, **p<0.01 highly significant
(b)
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Fig. 1(a-b): Correlation PlGF to birth weight, GLUT1 and GLUT3, (a) Early onset preeclampsia and (b) Late onset preeclampsia
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Table 3: Correlation between birth weight and the variables studied
Preeclampsia

Variable correlation

Early onset

Late onset

Moreover, fetal growth was predominantly influenced by the

R

p-value

PlGF

0.86

0.001**

GLUT1

0.57

0.001**

in nutrient transport directly affect intrauterine development

GLUT3

0.43

0.02*

disorders13.

PlGF

0.10

0.59

GLUT1

0.02

0.94

GLUT3

-0.16

0.40

transport of nutrients from mother to the fetus and changes

The placenta has a high metabolic rate with greater
oxygen and glucose consumption than the fetus, which was
facilitated by multiple transport and biosynthetic activities

R: Correlation, *p<0.05 significant, **p<0.01 highly significant

occurring simultaneously11. Muscular layer persistence causes
(Fig. 1a). Figure 1b show a case of late onset preeclampsia,

the spiral artery to not widen, while the need for blood flow

differing from the case of early onset (Fig. 1a) with a picture

increases as the fetus grows. This blood flow deficit, in turn,

showing no significant correlation between body weight and

results in chronic hypoxia that causes cellular damage.

placental protein content.

Placental pathology, in general, disrupts the remodeling
process and is often characterized by a poor prognosis.
However, the prognosis in LOP was generally better, because

DISCUSSION

hypoxia or hypertensive exposure did not occurred as a part
of the early onset, so that the risk to fetal growth was lower14.

Small for gestational age was higher in EOP that
associated with low placental protein, especially lower glucose

Under hypoxic conditions, expression levels of proteins

transporter as a supporter of metabolism and growth in the

such as PlGF, sFlt-1 and VEGF changes in the placenta and

fetus. PlGF and GLUT1 protein levels in the SGA group were

these changes can be used to detect the possibility of

lower if compared to the nonSGA group and statistically

preeclampsia15. Moreover, the expression levels of these

showed significant differences. In the EOP group with SGA,

proteins decrease according to the degree of severity of

showed that PlGF and GLUT1 levels were lower than those of

hypoxia occurring in preeclampsia1,9,16-18.

NonSGA had statistically significant differences. Statistical

Result study showed that PlGF, GLUT1 and GLUT3

levels of PlGF, GLUT1 and GLUT3 did not show a statistically

expression in the EOP group correlated with birth weight,

significant difference in the LOP category between the SGA

suggesting that these placental protein factors play a role in

and NonSGA groups.

EOP pathology. The LOP group showed no significant

This show that glucose transport was important as a

correlation between placental protein and birth weight.

source of fetal energy influenced by PlGF. If PlGF was low it will

Placental tissue samples from LOP group showed the

affect the low of GLUT1 and will directly affect to fetal growth.

incidence of SGA was relatively lower. Another thing that

The number of neonates in the SGA category at EOP was

causes no correlation to birth weight because not to long

higher than LOP, that pointed to a disruption of metabolism

expose hypoxia so formation of proteins was not disturbed.

in the placenta and reflects disruption due to more dominant

The transfer of glucose to the fetus was often adversely

placental factors, when compared to maternal factors (LOP).

affected by the onset and duration of hypoxia5. Moreover,

Glucose was transported across the placenta through a

glucose can be converted into fat, which serves as a food

membrane diffusion mechanism. Other nutrients pass through

reserve that contribute in fetal weight gain. If it happens

an active transporter that requires energy derived from the

anomalies in glucose transfer have an effect on negatively

breakdown of sodium, chloride and protons. Thus, an

impact the metabolism and growth of the fetus, ultimately

imbalance in the availability of energy availability affects
nutrient transfer10. During the first few days post implantation,

increasing the risk of low birth weight.

blastocyst nutrition was derived from the interstitial fluid

examination in normal pregnancy. Examination in cases of

endometrium and surrounding maternal tissue. Therefore,

normal pregnancy will increase information about

maternal nutritional intake provides all the nutrients to the

pathogenesis of preeclampsia, especially in terms of

fetus. Moreover, food consumed by the mother could be

improving pregnancy outcome in severe preeclampsia.

stored in forms that could be transferred to the fetus

Comparison of level protein in normal pregnancy will add

continuously, to meet energy, tissue repair and growth

information on how far down the protein formed by the

needs11. Intrauterine fetal growth was an important risk factor

placenta in the case of preeclampsia, in addition to adding

for metabolic abnormalities such as cardiovascular disease,

information about the levels of protein PlGF, GLUT1 and

The limitation of this study was not comparative

12

obesity and diabetes in the perinatal and adult life phases .

GLUT3 in the placenta. This study showed the changing role
27
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6.

of nutrient transport in preeclampsia especially glucose due to
decreased glucose transfer and influences fetal output. So the
theory of hypoxia due to stunted fetal growth can be
explained by the mechanism through decreased nutrient
transport.

7.

CONCLUSION
The disorder originates from the placenta as occurred in
early onset preeclampsia, it caused disruption of placental
protein including placental growth factor (PlGF) and glucose
transporter (GLUT1, GLUT3) so that it affected to fetal growth,
therefore increasing cases low birth weight in postnatal
babies.

8.

9.

SIGNIFICANCE STATEMENT
10.

This study discovers a correlation between nutrient
transfer with prolonged hypoxia in the placenta in cases of
early onset preeclampsia. The longer hypoxia occurs will result
in disruption of the formation of placental proteins such as
PlGF, GLUT1 and GLUT3. This study will help the researcher to
uncover the critical areas of intrauterine growth retarded
because disruption of placental protein that many researchers
were not able to explore. Thus a new theory of early onset
preeclampsia disrupted nutrient transporter, maybe arrived
at.

11.

12.

13.
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