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The effect of Silymarin on VEGF, VEGFR-1 and IL-1a levels
in placental cultures of severe preeclamptic women
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Objective: The purpose of this study was to evaluate the effects of Silymarin on vascular endothelial growth factor (VEGF), soluble VEGF Re-
ceptor-1 (sSVEGFR-1) and Interleukin-1 alpha (IL-1c) levels in placental tissue samples of severely preeclamptic women.

Material and Methods: We conducted an in vitro study in Bagkent University Faculty of Medicine, Ankara, Turkey between September 2008 and
May 2009. A total of 16 placental tissue samples (8 from severe preeclamptic, and 8 from controls) were analysed. Placental samples were incu-
bated, and VEGF, sVEGFR-1, and IL1- o were measured in culture media using an ELISA kit. The effect of Silymarin on these levels was investigated.
Descriptive statistics were initially performed, followed by Mann Whitney U-test and Kruskal-Wallis test to compare means between groups. P
values less than 0.05 were considered statistically significant.

Results: Eight patients were included in the severe preeclampsia (SP) group, whereas the remaining 8 patients were included in the control
group. There were no significant correlations between gestational age and placental VEGF, sVEGFR-1 and IL-1a after 48 or 72 hours of incuba-
tion. Basal VEGF levels were lower in the SP group; however, it did not reach statistical significance. sVEGFR-1 and IL-1a levels were also similar
between the SP and control groups (p>0.05). After 48 and 72 hours of incubation, sSVEGFR-1 levels in Silymarin-added SP and control placental
cultures were lower than in the samples without Silymarin addition; however, this difference also did not reach significance.

Conclusion: Although we could not demonstrate a significant effect on placental cytokines, considering the role of vasospasm, inflammation,
angiogenesis, endothelial cell activation, and oxidative stress in preeclampsia, the potential benefits of Silymarin should be evaluated in future trials

with a larger sample size. (J Turk Ger Gynecol Assoc 2014; 15: 30-5)
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Introduction

Preeclampsia is a syndrome that is specific to pregnancy, and
is mainly characterised by decreased organ perfusion second-
ary to vasospasm and endothelial activation. The pathophysi-
ological changes observed in preeclampsia develop with the
influence of genetic, immunological and inflammatory factors
(1-3). In healthy pregnancies, spiral arterioles within the utero-
placental bed are invaded endovascularly by the trophoblasts;
thus, they are converted to vessels with low resistance, low
pressure and high blood flow (4). Vascular endothelial growth
factor (VEGF) is thought to play an important role in placental
evolution, particularly in angiogenesis and microvascular per-
meability (5). VEGF production was previously reported to be
decreased in preeclampsia (6). VEGF acts by binding to the
tyrosine kinase receptors VEGFR-1(Flt-1) and VEGFR-2 (7-12).
However, free VEGFR-1 in the circulation (sVEGFR-1 - soluble
VEGFR-1) has a strong antagonistic effect on VEGF and pla-
cental growth factor (PIGF). High sVEGFR-1 levels are detected

in preeclamptic pregnant women compared with normal
pregnant women, and these high levels are thought to have
negative effects on angiogenesis (13). Studies on preeclamp-
tic pregnancies have also shown that placental interleukin-1
(IL-1) has a key role in maternal inflammatory response and
endothelial activation (14-16).

Silymarin is a flavonoid, which is extracted from the plant
Silyburm marianum. Its major bioactive component is Silybinin.
It has anti-proliferative, pro-apoptotic, anti-angiogenic, anti-
inflammatory and anti-fibrotic effects (17-24). This study was
designed to evaluate the effects of Silymarin on VEGF, VEGF
Receptor-1 (VEGFR-1) and IL-1 alpha (IL-1a) levels in placen-
tal tissue samples of severely preeclamptic women.

Material and Methods

Patient Selection
We conducted an in vifro study in Baskent University Faculty
of Medicine, Ankara, Turkey between September 2008 and
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May 2009, following scientific and ethical approval from Baskent
University Institutional Review Board (BUTF IRB Approval
No:08/59, 02.04.2008). A total of 16 placental tissue samples
(8 preeclamptic, and 8 controls) were analysed.

After obtaining informed consent, severe preeclamptic women
who underwent caesarean section above 30 weeks of gestation
were prospectively included in the study. Severe preeclampsia
(SP) was defined as new-onset hypertension and proteinuria
in a >20 week pregnant woman with one or more of the fol-
lowing features: 1) severely elevated blood pressure (systolic
=160 mmHg and/or diastolic =110 mmHg) measured at least
twice with a 6 hour interval; 2) proteinuria =5 gr in 24-hour col-
lected urine or =2+ in dipstick test; 3) serum creatinine =1.2
mg/dL; 4) oliguria (<400 cc in 24 hours); 5) thrombocytopenia
(<100,000/mm?); 6) microangiopathic haemolysis (Lactate
dehydrogenase (LDH) =600 U/L or uncongugated bilirubin
=1.2 mg/dL); 7) impaired liver function tests (Aspartate serum
transaminase = twice normal); 8) foetal growth restriction
(FGR); 9) symptoms of central nervous system dysfunction
(severe headache, blurred vision); 10) symptoms of liver cap-
sule distention (epigastric or right upper quadrant pain); and 11)
symptoms suggesting pulmonary oedema (dyspnoea) or cya-
nosis.

Patients with pre-existing hypertension, diabetes, renal disease,
and patients in whom steroids were used for foetal pulmonary
maturation were excluded from the study. A control group
comprising 8 women with a normal pregnancy follow-up, who
underwent caesarean section (C/S) due to a previous C/S and
gave informed consent, was constituted for comparison with
the SP group.

Preparation of Placental Samples

During caesarean section, a 1xlcm sample of placental tissue
sample involving foetal membranes and decidua was obtained
using a sterile technique. Placental samples were placed in a
transport medium RPMI-1640 (PAA Cell Culture Company, NJ,
USA) and was transferred to the laboratory in +4°C containers
within 12 hours of delivery. Samples were further separated into
chorionic villi under laminar airflow. Culture medium was com-
posed of 5% foetal bovine serum, 1% Penicillin-Streptomycin,
and 2% L-Glutamine (Biochrom KG, Berlin, Germany).

A total of six wells were processed for each placental sample.
Each well contained 0.5 mL of culture medium and 20 mg
placental tissue. The 1st and 4th wells were processed without
Silymarin. Silymarin concentrations in wells were based on the
study by Wang et al. (25). Concentrations of 6.25 mg/L were
achieved in the 2nd and 5th wells. In the 3rd and 6th wells, 25
mg/ml Silymarin concentrations were achieved (Table 1).
Placental samples were incubated in a CO, incubator (Heraeus,
Thermo Scientific Corp., Asheville, NC, USA) in a 5% CO, envi-
ronment. Incubation durations were 48 hours for the 1st, 2nd
and 3rd wells, and 72 hours for the 4th, 5th and 6th wells. Upon
completion of the incubation period, incubated cultures were
transferred into sterile Eppendorf tubes (1.5 ml) and were trans-
ferred at +4°C to the laboratory for biochemical analysis.
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Measurement of Placental Cytokines

Samples transferred for biochemical analysis were initially
stored at -80°C until reaching the kit sample size. Samples were
then defrosted, and Vascular Endothelial Growth Factor (VEGF),
soluble VEGF receptor-1 (sVEGFR-1) and Interleukin (IL)-1c
were measured in culture media using an ELISA kit (Bender
MedSystems, Austria).

Statistical Analysis

Statistical analysis of the study data was performed with SPSS
16.0 (SPSS Inc., IL, USA) software. Descriptive statistics were ini-
tially performed, followed by Mann Whitney U-test and Kruskal-
Wallis test to compare means between the groups. Correlations
between variables were assessed with Spearman’s correlation
analysis. P values less than 0.05 were considered statistically
significant.

Results

A total of 16 patients were included in the study. Eight patients
were included in the severe preeclampsia (SP) group, whereas

Table 1. Processing order of the placental samples

Incubation | Incubation
time prior | time after Total
Well Silymarin | to Silymarin| Silymarin | incubation
Number |concentration| addition addition time
1 None - - 48 hrs
2 6.25 mg/L 24 hrs 24 hrs 48 hrs
3 25 mg/L 24 hrs 24 hrs 48 hrs
4 None 72 hrs
5 6.25 mg/L 24 hrs 48 hrs 72 hrs
6 25 mg/L 24 hrs 48 hrs 72 hrs

Table 2. Demographic and clinical characteristics of severe pre-
eclampsia and control groups

Severe Control group
preeclampsia (n=8)
group (n=8) mean*SD
mean=SD (range) (range) p

Maternal age 29.6+9.5 (17-42) | 31.6+5.1(24-39) | >0.05
(years)
Parity 1.9+£2.7 (0-8) 0.4+0.5 (0-1) |>0.05
Gestational age 33.1x2.8 38.5*1.6 0.002
(weeks) (30-39) (35-40)
Systolic blood 155.0+9.3 111.3+8.3 0.01
pressure (mmHg) (140-170) (100-120)
Diastolic blood 105.0+9.3 68.8+6.4 0.02
pressure (mmHg) (90-120) (60-80)
Platelet count 170250+72013.4 | 278250+127928.3| >0.05
(/mm?) (82,000-272,000) | (161000-550000)
Newborn 1870.0+600.9 3361.3+390.8 | 0.03
weight (gr) (1130-3010) (2840-3810)
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the remaining 8 patients were included in the control group.
Demographic and clinical characteristics of the SP and control
groups are presented in Table 2. In the SP group, 4 patients had
systolic blood pressures >160 mmHg, 4 had diastolic blood
pressures >110 mmHg, 6 had >5 gr/ 24hrs proteinuria, and 2
had platelet counts less than 100,000/mm?. None of the women
had oliguria, impaired renal or hepatic function tests, or labo-
ratory findings suggesting haemolysis. Four foetuses in the SP
group had foetal growth restriction.

Basal (no Silymarin) VEGF, sVEGF-R and IL-1a levels in placen-
tal cultures of SP and control groups (wells 1 and 4) are pre-
sented in Tables 3 and 4. When all cases (n=16) were included
in the analysis, there were no significant correlations between
gestational age and placental VEGF, sVEGFR-1 and IL-1a after
48 or 72 hours of incubation (p>0.05). On the other hand,
basal VEGF levels after 72 hours of incubation had a significant
correlation with newborn weight (r=0.615, p=0.001). VEGF,
sVEGFR-1 and IL-1a levels after the administration of 6.25 mg/L
and 25 mg/L Silymarin after 48 and 72 hours of incubation in the
SP and control groups are presented in Table 5.

Discussion

Preeclampsia is a clinical condition that is specific to pregnan-
cy, of which the underlying aetiopathological factors remain
to be discovered. Recent investigations have focused on pro-
inflammatory processes that cause disturbances in placental
angiogenesis as an aetiological factor. In this study, we inves-
tigated VEGF, sVEGFR-1 and IL-1a levels in placental cultures
of pregnant women with severe preeclampsia compared to
the control group with healthy pregnancies. In addition, the
impact of low (6.25 mg/L) and high (25 mg/L) concentrations
of Silymarin, a drug with anti-angiogenic and anti-inflammatory
properties, on these cytokine levels were assessed.

Vascular endothelial growth factor (VEGF) plays an important
role in angiogenesis, induces nitrous oxide and prostacycline
secretion from endothelial cells, and has a critical function
in controlling the vascular tonus (6, 26, 27). It also promotes
the migration and adhesion of leukocytes to the inflammation
site and increases vascular permeability, thereby acting as a
cytokine with proinflammatory properties (28, 29). Previous
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studies have demonstrated that in cases with preeclampsia,
inadequate invasion of spiral arterioles by trophoblasts com-
monly exists (5, 30). There are also studies that have reported
lower local concentrations of angiogenic factors such as VEGF
and PIGF in preeclamptic subjects (1, 8, 9, 31, 32). On the
other hand, some publications have claimed that defects in
placental invasion of trophoblasts might result in increased
VEGF levels (33).

In this study, we found that basal VEGF levels were lower in
the SP group; however, it did not reach statistical significance.
In addition, basal VEGF levels after 72 hours of incubation cor-

Table 3. Basal levels of VEGEF, sVEGFR-1 and IL-10 after 48

hours of incubation

Severe Control group
preeclampsia (n=8)
group (n=8) mean*SD
mean=xSD (range) (range) p
VEGF (pg/mL) 12.75+£7.59 23.64+32.06 |>0.05
(7.230-29.401) (5.429-95.910)
SVEGFR-1 (pg/mL) 8.29+4.93 5.43+3.34 >0.05
(1.096-14.933) (1.332-11.257)
IL-1a (pg/mL) 1.05+0.46 1.07+0.16 >0.05
(0.643-2.051) (0.792-1.274)

VEGF: Vascular endothelial growth factor; sVEGFR-1: Soluble VEGF
receptor-1; IL1a: Interleukinl alpha

Table 4. Basal levels of VEGF, sVEGFR-1 and IL-10 after 72
hours of incubation (Well 4)

Severe Control group
preeclampsia (n=8)
group (n=8) mean+SD
mean*SD (range) (range) P
VEGF (pg/mL) 12.19+3.37 32.95+24.85 |>0.05
(8.269-19.327) (8.542-73.141)
SVEGFR-1 (pg/mL 8.12+2.81 6.08+3.51 >0.05
(4.652-12.169) (1.474-13.258)
IL-1 o (pg/mL) 1.03+0.53 1.05+0.36 >0.05
(0.739-2.315) (0.668-1.892)
VEGF: Vascular endothelial growth factor; sVEGFR-1: Soluble VEGF
receptor-1; IL1ca: Interleukinl

Table 5. VEGF, sVEGFR-1 and IL-1a levels after administration of Silymarin

Silymarin | Silymarin Silymarin | Silymarin
Basal 48h | 6.25 mg/L | 25 mg/L Basal 6.25 mg/L | 25 mg/L
(pg/mL) |48h (pg/mL)48h (pg/mL) p 72h (pg/mL)|72h (pg/mL)|72h (pg/mL)| p
Control VEGF 23.6 =32 | 28.8+28.5 | 27.4%+28.2 >0.05 32.9+24.9 | 38.5+48.8 | 48.9£54.2 | >0.05
Group VEGFR-1 5.4+3.3 5.0£2.5 5.8+x2.4 >0.05 6.0+£3.5 48+1.5 4.2+0.6 >0.05
IL-1a 1.0+0.16 | 1.0x0.16 | 1.0+0.18 >0.05 1.0+0.36 1.3+0.6 1.1+0.47 >0.05
Severe VEGF 12,776 | 17.6=10.7 | 13.2%5.5 >0.05 12.2+3.3 14.3+x59 | 18.5x114 | >0.05
Preeclampsia| VEGFR-1 8.2+49 6.4+3.7 5.5+4.3 >0.05 8.1+2.8 6.0+£3.5 4.8+3.4 >0.05
IL-1a 1.0+0.46 | 1.4%+0.86 1.5x1.6 >0.05 1.0+0.5 1.8x1.3 1.7x1.6 >0.05
VEGEF: Vascular endothelial growth factor; sSVEGFR-1: Soluble VEGF receptor-1; IL1a: Interleukinl
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related significantly with newborn weight. Not surprisingly, our
findings of decreased VEGF levels in FGR support the claim that
inadequate placentation might be an important aetiological fac-
tor in these cases (34).

Previous studies have reported increased VEGFR-1 levels in
cases with preeclampsia (1, 13, 35-38). It has also been sug-
gested that high levels of sVEGFR-1 inhibits angiogenesis by
antagonising the effects of VEGF and PIGF (39, 40). It has also
been shown that sVEGFR-1 levels positively correlate with
the severity of preeclampsia (1, 9). In this study, we could not
demonstrate significantly different VEGFR-1 levels in placental
cultures of women with SP compared to controls (p>0.05).
IL-1a and IL-1p are secreted from monocytes and tissue mac-
rophages, therefore playing a role in acute and chronic inflam-
mation (15, 41). It has also been previously reported that IL-1
has a role in maternal inflammatory response and endothelial
dysfunction in preeclamptic women (42). In several studies,
it has been shown that IL-1a secretion from placental villous
tissue is increased in accordance with tissue hypoxia (43-45).
From this point of view, in this study, we compared IL-1a levels
in placental samples between severely preeclamptic women
and controls. However, IL-1a levels were similar between the
two groups after 48 and 72 hours of incubation.

Silymarin is a flavonoid with anti-proliferative, anti-inflam-
matory, anti-oxidant, pro-apoptotic, anti-angiogenic and
anti-fibrotic properties that is derived from the plant Silybum
marianum (46). It has been previously investigated as a drug
against cancer, diabetes, chemotherapeutic resistance, and
biliary disturbances in pregnant women. In this study, we
investigated the effects of low (6.25 mg/L) and high (25 mg/L)
concentrations of Silymarin on placental VEGF, sVEGFR-1 and
IL-1a levels in severely preeclamptic and control (healthy preg-
nant) subjects. Compared to basal VEGF levels, we observed
a Silymarin dose-dependent rise in VEGF levels in the SP and
control groups after 72 hours of incubation (p=0.01).

After 42 and 72 hours of incubation, sVEGFR-1 levels in
Silymarin added SP and control placental cultures were lower
than the samples without the addition of Silymarin; however,
this difference did not reach significance. Interestingly, we
also observed that this decline was positively correlated with
Silymarin dose and incubation duration. These results sug-
gest that Silymarin may have favourable effects in SP cases.
IL-1a levels after incubation periods in Silymarin added SP and
control groups were similar to levels in the samples without
the addition of Silymarin. The mean gestational age was higher
in the control group when compared with the SP group. As
basal VEGF, sVEGFR-1 and IL-1a levels in the SP and control
groups were similar after 48 and 72 hours of incubation, an
analysis including all study subjects (n=16) was conducted to
determine the associations between gestational age and VEGF,
sVEGFR-1 and IL-1a levels after 48 and 72 hours of incuba-
tion. However, no significant correlations were noted between
these groups. Thus, we assumed that the difference between
gestational ages of study groups did not have any effect on our
findings.

Kaya et al.
Evaluating Silymarin in preeclampsia 3 3

In currently ongoing studies, the role of secretion and the effects
of placental cytokines in preeclampsia pathogenesis are being
investigated. Considering the role of vasospasm, inflammation,
angiogenesis, endothelial cell activation, and oxidative stress
in preeclampsia, the potential benefits of Silymarin should be
evaluated in future trials.
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