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Preeclampsia is the main cause in both maternal and paerinatal morbidity and mortality during
pregnancy. Its incidences remains high yet its etiology and patophysiology is still poorly understood.
Placental ischemia and angiogenic imbalance (sFlt-1 and PlGF), are suggested to play major role in
preeclampsia. Lovastatin, widely used as hypercholesterol agent, has been assumed to provide
protective effects in vascular endothelium. This study evaluated difference between level of sFlt-1,
PlGF and its ratio in vitro in HUVEC cell line induced by normal and preeclampsia serum, as well as
effects of lovastatin on its level and ratio. Results showed that treatment of lovastatin significantly
decreased sFlt-1 and increased PlGF, as well as decreased ratio sFlt-1/PLGF in both normal and
preeclampsia-induced HUVEC ATCC CRL 1730 (p<0,05). These findings exhibit another ability of
lovastatin as an agent to balance angiogenic factors in endothelial cells as one of predesposing factors
in preeclampsia.
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INTRODUCTION
Preeclampsia has been an issue in pregnancy,
delivery, and lochia that increase maternal and
perinatal morbidity and mortality in developing
countries. Its incidences are found 2-8% of
pregnancies and 5-8% in developing countries.
To date, this number remain high for last decade
(Cheng et al., 2005; Ahmed, 2011).
Several preventions and treatments have been
performed, both primary and secondary, using
various supplements and drugs, yet it shows poor

results. The use of MgSO4 only aims to treat
seizure and as antihypertension agent without
decreasing risk of preeclampsia. Moreover,
supplements containing fish oil, calcium or
antioxidant vitamin C and E also fail to prevent
preeclampsia. Low dose of aspirin is known to
prevent preeclampsia yet it has several adverse
effets. Low dose of aspirin is only useful before 16
weeks of gestational age. Overall, none of these
efforts provide promising outcomes (Ramma and
Ahmed, 2011; Ogge et al., 2011; Redman and
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Sargent, 2005; Lam et al., 2005; Conde-Agudelo
et al., 2005).
To date, etiology of preeclampsia has not been
established yet, however it has been assumed to
employ many factors such as immune, genetics,
epigenetic, environment, biochemistry, and
inflammation. Many researches believe that
placenta is a fundamental factor of preeclampsia
due to endothelial dysfunnction due to ishcemia
and angiogenic imbalance. Placental ischemia
occurs due to red blood cell damage mainly in
placenta area that generates hemoglobin release,
or heme and Fe in large amount into circulation
and angiogenics imbalance such as soluble fmslike tyrosine kinase-1(sFlt-1), soluble Endogline
(sEng) with vascular endothelial growth factor
(VEGF), and plasenta growth factor (PlGF)
(Lindheimer and Romero, 2007; Gilbert et al,
2010; Murphy et al,, 2010; Jebbink et al., 2011;
Ridwan et al., 2017).
Repairment of angiogenic imbalance is important
that can be promising strategy in preventing and
treating preeclampsia, one of which is by reducing
level of sFlt-1 below treshold. Protective agents
derived from Hmox is proposed to be drug
candidate against preeclampsia that induces
Hmox system, resulting in decreased level sFlt-1
and sEng and increased PlGF and VEGF which is
useful in preclampsia prevention. Statin derivative
confirmed to induce Hmox system (Gilbert et al,
2007; Murphy et al., 2010; Jebbink et al., 2011;
Ridwan et al., 2017; Farina et al., 2008).
Studies has been conducteed to prevent and treat
preeclampsia. Recently, statin derivatives are
developed to treat preeclampsia. Statin has been
widely used to
treat hypercholesterolemia
through inhibition of HMG-CoA reduktase in liver
reducing
low density lipoprotein (LDL)
cholesterol. Statin is believed to posses protective
effects vascular endothelial cells. Role of statin
emphazise on inducing Hmox-1 and inhibiting
sFlt-1 release mediated by cytokine in placenta
culture cell. In other study, rats treated with statin
shows Hmox activity indicated by increasing CO
release along with increasing antioxidant in
plasma. Hmox inhibitor and statin fails to increase
antioxidant in rats, that might be due to the fact
that Hmox system is mediated by statin. Based on
the explanation above, this studdy to observe
effect of statin derivative, lovastatin, to
significantly
reduce
anti-angiogenic
in
preeclampsia (Ramma and Ahmed, 2014; Ahmed
and Williams, 2009; Petersen et al., 2008;
Winterfield et al., 2013; Kazmin et al., 2007;
Hosokawa et al., 2003; Lopez et al., 2003).

MATERIALS AND METHODS
This was study with post test only control group
design based on 24 hours incubation using
Human Umbilcal Vein Cell (HUVEC) obtained
from American Type Collection Culture (CRL
1730) divided into normal and preeclampsia
model, then treated with lovastatin to observe
level of sFlt-1, PlGF and its ratio. HUVEC was
cultured in Laboratorium of Cells and Genetic,
Faculty of Medicine.
Research subjects involved 3 pregnant women
with preeclampsia and 1 normal pregnancy at ≤
34 weeks that met inclusion and exclusion criteria,
admistred in
Department of Obstetrics and
Gynecology, Hasan Sadikin Hospital, Bandung.
Peripheral blood was carried anf further
formulated into serum according to standard
(albumin, alpha 2 globulin, beta 1 globulin, beta 2
globulin and ratio A/G).
Lovastatin was made from isolation of natural
compound through red yeast rice fermentation by
Monascus purpereus, in Laboratorium of
Chemistry, Universitas Achmad Jani, Cimahi.
Measurement of sFlt-1 and PlGF was performed
with ELISA, in Laboratorium of Biomoleculer,
Faculty of Medicine, Universitas Padjajaran.
This study consisted of three steps: assesment
of LC50 (lethal concentration 50) with BSLT using
dimethyl sulfoxide (DMSO) on lovastatin,
preeclampsia model inl HUVEC induced by
preeclampsia serum and measurement of sFlt-1,
PlgF and its ratio.This study was approved by
Ethics Comitte, Faculty of Medicine, Universitas
Padjajaran.
Data Analysis
Data were analyzed with ANOVA and
continued with Dunnet’s test to determine
difference among variables each treatment with
software SPSS versi 22.0 for Window.
RESULTS
Measurement of LC50
Lovastatin was divided into 2 doses, 100
μg/ml and 1000 μg/ml consisting of 10 multiplied
doses each group which was performed in
triplicate. Percentage inhibition of lovastatin was
found at 500 ug/ml (50,02%), and 250 ug/ml (<
37,77%). Activity of lovastatin was determined by
observing 50% (LC50) of HUVEC ATCC CRL
1730, n which LC50 less than 500 ug/ml indicates
non-toxicity to cell. LC50 of lovastatin can be seen
in Figure 1.
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Figure 1. LC50 of lovastatin to HUVEC ATCC CRL 1730

Figure 2. Comparison of sFlt-1 in HUVEC cell line after treatment of lovastatin in various
concentration for 24 hours between normal (above) and preeclampsia serum (below)
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Standarization of Serum
Before and after induction to HUVEC,
levels of sFlt-1 and PlGF were measured as
shown in Table 1. Table 2 shows PlGF level was
lower in preeclampsia-induced HUVEC than that
in normal one. Meanwhile, level of sFlt-1 was
lower in normal-induced HUVEC than that in
preeclampsia. These findings indicate that
HUVEC cell line was successfully induced as
preeclampsia model.
Table 1. Level of sFlt-1 and PlGF between
normal and preeclampsia.
Variable

Normal

Preeclampsia

P value*

sFlt-1
PlGF

31,62 (0,20)
6,031 (0,00)

39,54 (0,01)
2,34 (0,00)

p0,0001
p0,0001

*

Note: significant difference (p0,05)
Table 2.Level of sFlt-1 and PlGF in normal and
preeclampsia-induced HUVEC

Variable

Normal serum
-induced
HUVEC

Preeclampsia
-induced
HUVEC

sFlt-1

31,62 (0,20)

40,03 (0,01)

p <0,0001

PlGF

6,03 (0,00)

2,21 (0,00)

p <0,0001

Note:

P value*

*

significant difference (p0,05)

Measurement of sFlt-1
As shown in Figure 2, level of sFlt-1 was
significantly higher in preeclampsia-induced
HUVEC compared to normal (p<0,05). Lower sFltin preeclampsia was associated with higher
lovastatin. Treatment of angkak beras merah
extract at 31,25 ug/ml in peeclampsia-induced
HUVEC showed comparable sFlt-1 level to
normal.
Measurement of PlGF
Preeclampsia-induced
HUVEC
showed
significantly lower PlGF level than that in normal
(p<0,05). yang rendah dibandingkan normal.
Level of PlGF started to increase after treatment
of lovastatin at 1,953 ug/ml. Its level gradually

increase along with increasing concentration of
lovastatin.
Measurement of sFLT-1/PlGF ratio
Figure 4 shows sFlt-1/PlGF ratio decreased
in preeclampsia group after treatment of lovastatin
at 0,977 µg/ml. Decreasing ratio occurred at
concentration of 1,953-250 µg/ml. Higher
lovaststin was associated with lower sFlt-1/PlGF
in preeclampsia-induced HUVEC compared to
normal
DISCUSSION
In preeclampsia, angiogenesis is altered in
which extravillous trophoblast invasion occurs in
uterus resulting in failure of decreasing recruited
placental vascular. Diminished blood vessels
causes ischemia and damage in villous
trophoblast, leading to poor oxygen supply in
placenta (Conde-Aguelo et al., 2011; Lindheimer
and Romero, 2007; Farina et al., 2008). Altered
angiogenesis in preeclamptic patients can be
observed through overproduction of sFlt-1 (Gilbert
et al., 2007; Murphy et al., 2010; Jebbink et al,
2011). Soluble fms-like tyrosine kinase-1 is a
protein produced by placenta as a response
toward blood tension. Elevated sFlt-1 is followed
by decreased PlGF that worsen preeclamptic
patients (Murphy et al., 2010; Jebbink et al.,
2011).
It has been reported that sFlt-1 is responsible
in maternal preeclampsia occurence. Animal
model treated with sFlt-1 showed hypertension
9-11
and proteinuria.
sFlt-1is derived from
alternative splicing of mRNA Flt-1 that generates
Flt-1 without cytoplasmic and transmembrane
domain with remaining ligand-binding domain.
Hence, sFlt-1 binds to VEGF or PlGF that reduce
normal activity of these proangiogenic molecules.
Level of sFlt-1 significantly increase at the middle
of gestational age during pregnancy and increase
5-8 weeks before preeclampsia onset (Ridwan et
al., 2017; Farina et al., 2008; Sekizawa et al.,
2010). In the present study, it was confirmed that
sFlt-1 level was lower in normal pregnancy
compared to that in preeclampsia group.
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Figure 3. Comparison of PlGF in HUVEC cell line after treatment of lovastatin in various
concentration for 24 hours between normal (above) and preeclampsia serum (below)
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Figure 4. Comparison of sFlt-1/PlGF ratio in HUVEC cell line after treatment of lovastatin in
various concentration for 24 hours between normal (above) and preeclampsia serum (below)
In this study, lovastatin significantly increased
level of PlGF. Previous studies show that elevated
sFlt-1 further change other angiogenic factor as
well during preeclampsia, PlGF (Redman and
Sargent, 2005; Lam et al., 2005). Placental growth
factor has physiology patter during pregnancy
which consistently increase in normal pregnancy
at first and second trimester, and peaked at 29 to

32th weeks of gestational age; and then
consistently decreased along with age of
pregnancy. This might be caused by increasing
sFlt-1 from 33rd week until the end of pregnancy.
PlGF drastically decrease in preeclampsia due to
high level of sFlt-1. High level of sFlt-1 causes
altered vascular endothelial by occupying PIGF
receptor that leads to reduce PIGF. Therefore, it is
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thought as a promising strategy in preeclampsia
treatment by increasing PlGF level (Redman and
Sargent, 2005; Lindheimer and Romero, 2007;
Jebbink et al.,2011; Ramma and Ahmed, 2014).
In this study, treatment of lovastatin
significantly
decreased sFlt-1/PlGF ratio.
Referring to study done by Levine et al., sFlT1/PlGF ratio is found significantly higher in
preeclampsia compare to normal pregnancy or
pregnancy with pregnancy. Ratio sFlt-1/PlGF is a
better marker of preeclampsia compared to
angiogenesis factor alone. Previous retrospective
study shows that measurement of PlGF in urine
followed by angiogenic proteins (sFlt-1 and PlGF)
are promising for diagnosis. Measurement of sFlt1 and PlGF and its ratio, has been widely studied
in preeclampsia diagnosis prior to clinical
symtopms (Sekizawa et al., 2010; Levine et al,
2004; Abalos et al., 2007).
The result of the present study shows
antiangiogenesis activity of lovastatin. Lovastatin
posses several monacolin, mainly monacolin K
which is a statin commonly used to reduce
cholesterol through competetive inhibition of HMG
CoA reductase, a responsible enzyme to convert
HMG-CoA into mevalonat acid in liver(Ramma
and Ahmed, 2014; Ahmed and Williams, 2009;
Petersen et al., 2008; Winterfield et al., 2013;
Kazmin et al., 2007).
CONCLUSION
Lovastatin can be used as an agent to
compensate angiogenic imbalance that further
prevent vascular endothelial damage which is
believed as the cause of preeclampsia. Thus,
lovastatin is a potential compound to prevent
preeclampsia.
.
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