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Keywords ABSTRACT

huvecs, preeclampsia, The main characteristics of preeclampsia are endothelial dysfunction and
soybean ethanol extract, inflammatory response of the immune system. Oxidative stress contributes to
tnf-a the pathogenesis of preeclampsia by increasing tumor necrosis factor-o (TNF-

o) due to increased reactive oxygen species (ROS). Isoflavones are known to be
able to prevent endothelial dysfunction due to increased ROS and
proinflammatory cytokines. This study aims to determine the effect of soybean
extract on TNF-a associated with preeclampsia using the endothelial cell culture
method. The study using in vitro design with human umbilical vein endothelial
cells (HUVECs) cultures sample induced by normotensive plasma and
preeclampsia plasma and then given various doses of soybean ethanol extract.
The TNF-a level of each observation group was determined by the enzyme-
linked immunosorbent assay (ELISA) procedure. Statistical analysis were
performed with One-Way ANOVA test using SPSS Version 25. Statistical
analysis showed a significant difference (p <0.05) in TNF-a levels of HUVECs
cultures exposed to preeclampsia plasma. Compared to the group exposed only
to preeclampsia plasma (223.975+5.222ng/mL), the model given a dose of 35
ppm soybean ethanol extract showed a significant decrease in TNF-a levels
(178.350£10.093ng/mL), similar to the control group exposed to normal plasma
(185.993£16.393ng/mL). This study results indicate that the bioactive
compounds in soybean ethanol extract assumed can reduce TNF-a levels in
HUVEC:s cultures induced by preeclampsia plasma and have a potential future
therapy for preeclampsia.

INTRODUCTION

Preeclampsia remains a leading cause of maternal and neonatal morbidity and mortality
worldwide, affecting 2-10% of pregnancies and contributing to an estimated 50,000-60,000
maternal deaths annually (Al-Jameil, 2013; Costa & Cecatti, 2018; Eiland et al., 2012). In
Indonesia, it is the second leading cause of maternal death after postpartum hemorrhage (Akbar,
2020; Say et al., 2014). The pathogenesis of preeclampsia is multifactorial, but its main
characteristics are widely recognized as endothelial dysfunction and an exaggerated systemic
inflammatory response (Rana et al., 2019). This dysfunction involves an imbalance between
vasoconstrictors and vasodilators, leading to hypertension and tissue hypoxia. Hypoxia, in turn,
activates leukocytes and promotes the release of pro-inflammatory cytokines, including tumor
necrosis factor-a (TNF-a), primarily through the nuclear factor-kappa B (NF-kB) pathway
(Susianto et al., 2009). TNF-a is a key regulator of inflammation and a potent mediator of
endothelial cell dysfunction, playing a central role in the systemic manifestations of
preeclampsia (Alijotas-Reig et al., 2017) (Calleja-Agius et al., 2012).

Research by Rahardjo et al. demonstrated that increased levels of the pro-inflammatory
cytokine TNF-a occurred concomitantly with increased levels of the transcription factor NF-
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kB in monocyte cell cultures exposed to preeclamptic plasma (Rahardjo et al., 2014). Another
study by Ambarwati et al. stated that TNF-a levels were significantly increased in the group of
HUVECs induced by preeclamptic plasma compared to the group induced by normotensive
plasma (Ambarwati et al., 2017). This suggests that the plasma of preeclamptic women can
stimulate an inflammatory response in cell cultures—both monocyte cells and HUVECs—
because preeclamptic plasma contains several circulating factors produced by the placenta,
such as syncytiotrophoblastic microparticles (STBM) and reactive oxygen species (ROS),
which are capable of stimulating monocytes and endothelium to increase the production of pro-
inflammatory cytokines, one of which is TNF-a (C. W. G. Redman & Sargent, 2008).

Vascular endothelial cells are in direct contact with the bloodstream, making them ideal
sensors for circulating factors and increasing their susceptibility to damaging agents.
Endothelial cell activation induced by inflammatory substances increases leukocyte adhesion
due to enhanced expression of adhesion molecules. Leukocytes such as neutrophils adhere to
endothelial cells through these adhesion molecules and increase the production of ROS,
causing oxidative stress (Lamarca, 2012). The elevated production of the pro-inflammatory
cytokine TNF-a occurs concomitantly with increased oxidative stress caused by ROS.
Phosphorylation of the IkB kinase (IKK) complex by ROS leads to activation of the
transcription factor NF-xB, which enters the nucleus and subsequently increases the
transcription of TNF-a (Aouache et al., 2018) (Tendrio et al., 2019).

Since the balance between pro-oxidants and antioxidants regulates ROS production, an
imbalance due to excessive ROS leads to vascular dysfunction and endothelial barrier
impairment, mainly through reduced nitric oxide (NO) bioavailability (Losso, 2022).
Flavonoids and their derivatives are known to exert strong anti-inflammatory and antioxidant
effects by reducing pro-inflammatory cytokine levels and ROS production in human, animal,
and cell culture models (Al-Khayri et al., 2022; Di Gesso et al., 2015; Losso, 2022). One of the
flavonoid-rich natural food sources is soybean (Glycine max), which contains isoflavones—
compounds that act as antioxidants and anti-inflammatory agents (Astuti, 2008; Hu et al.,
2020).

Administration of isoflavones has been reported to reduce the risk of cardiovascular
disorders associated with inflammation by downregulating TNF-a at the endothelial level
through inhibition of the NF-kB transcription system (Yu et al., 2016) (Droke et al., 2007), as
well as preventing oxidative stress by acting as a ROS scavenger. However, evidence regarding
the effect of soybean ethanol extract as a therapeutic agent in preeclampsia remains limited. To
date, no further studies have examined soybean-based interventions targeting endothelial
inflammatory reactions as a causal mechanism of preeclampsia (Tohalifah et al., 2020). This
knowledge gap inspired the current research, which was designed to determine the anti-
inflammatory effect of soybean extract on NF-kB and TNF-a levels associated with
preeclampsia in an endothelial cell culture model.

Therefore, this study was conducted to investigate the anti-inflammatory effect of
soybean ethanol extract on TNF-a levels in HUVEC cultures induced by preeclamptic plasma.
The primary aim was to determine whether the extract could modulate this key inflammatory
cytokine, potentially by interfering with the NF-xB pathway. By addressing this gap, the study
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seeks to contribute to the development of novel nutritional or adjunctive therapeutic strategies
for preeclampsia, focusing on alleviating endothelial inflammation and dysfunction.

METHOD
Soybean ethanol extract

Anjasmoro cultivar soybean was obtained from Balai Penelitian Tanaman Aneka Kacang
dan Umbi (BALITKABI) Malang Regency, East Java. Two kilograms of soybeans are
processed into simplicia. Extraction of soybean simplicia was performed by maceration method
using 96% ethanol solvent with a ratio of 1:10 overnight, then the solvent was evaporated using
a rotary evaporator. This process produced 40 grams condensed extract from a total of 500
grams of extracted simplicia. Screening for phytochemical compounds was performed to
determine the bioactive compounds in the ethanol extract of soybeans.
Plasma Isolation

Normotensive plasma was taken from healthy pregnant women at 37 weeks' gestation
and preeclampsia plasma was taken from preeclampsia-diagnosed pregnant women at 36
weeks' gestation. Informed consent was given prior to taking the samples. Blood samples were
taken using a 3.2% citrate vacutainer with aseptic technique, then centrifuged at 1000g for 10
minutes. Plasma samples were aliquoted into eppendorf tubes and stored in a -40°C refrigerator
prior to use.
Umbilical cord sample isolation

Newborn’s umbilical cord sample were collected from vaginal delivery of healthy
pregnant women, with informed consent before. Umbilical cord was cut 15-20 cm long and
immediately put into the cord solution as soon as the placenta was born. Endothelial cells
(HUVEC:S) isolation and culture performed at maximum of 8 hours after sample was collected.
Endothelial cell isolation and culture

HUVECs cultures were made at the Biomedical Laboratory, Faculty of Medicine,
Brawijaya University using newborn’s umbilical cord sample. Endothelial cells isolated from
the umbilical vein, then grown in a 25 cm? culture flask coated with 0.2% gelatin. The cell
culture was incubated in a CO» incubator at 37°C until a monolayer was formed. Subcultures
were performed on well plates once the cells were 80-90% confluent in the flask. The treatment
was given on cell culture with passage one.
Treatment

A negative control group was given normotensive plasma, a positive control group was
given preeclamptic plasma alone without soybean ethanol extract, and five treatment groups
were treated by preeclamptic plasma and soybean ethanol extract at 17.5 ppm, 35 ppm, 70 ppm,
140 ppm and 280 ppm dosages. After treatment, cultures were incubated for 24 hours then the
supernatant was collected for examination.
Analysis of TNF-a levels

TNF-a levels in HUVECs cultures were analyzed using the enzyme-linked
immunosorbent assay (ELISA) method. The procedure performed based on the standard
procedure of the kit used, which is Human TNF-a ELISA Kit (Bioassay Technology
Laboratory, China, Catalog Series No. EO082Hu). Optical density (OD) was measured using a
microplate reader with a wavelength of 450 nm then the final result were calculated in ng/mL.
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Statistical analysis

Hypothesis testing was performed using the One-Way ANOVA test with statistical
software SPSS version 25 (SPSS Inc., Chicago, IL, US). If the results show a significant
difference, then proceed with the Tukey's HSD post hoc test.
Ethics

This study has passed an ethical review by the Health Research Ethics Committee of Dr.
Saiful Anwar General Hospital Malang, East Java, Indonesia with Ethics No.
400/059/K.3/102.7/2023.

RESULT AND DISCUSSION

Based on the statistical analysis of One-Way ANOVA and Tukey's HSD, there was found
a significant difference (p <0.05) in the TNF-a levels of HUVECs cultures. There was a
significant difference (p <0.05) in the levels of TNF-a in HUVECs cultures induced by
preeclampsia plasma compared to the control group induced by normotensive plasma.
Significant differences were also found (p <0.05) in TNF-a levels in the control group induced
by normotensive plasma with the control group induced by preeclampsia plasma and the groups
treated with 140 ppm and 280 ppm dosages. A significant difference (p <0.05) was also found
between the control group induced by preeclampsia plasma and the group induced by
preeclampsia plasma and treated to 17.5 ppm and 35 ppm dosages. However, there was no
significant difference between the groups induced by preeclampsia plasma given 70 ppm
dosage compared to the control group.

Table 1. TNF-a levels examined with ELISA method after the treatment given

. Mean+SD
Observation Group (ng/mL) p-value
HUVECs normotensive 185,993+16,393%
HUVEC:s preeclamptic (PE) 223,975+5,222¢

HUVECs PE + soybean17,5 ppm  191,241+7,205%P

HUVECs PE + soybean 35 ppm 178,350+10,093*  0,000<a
HUVECs PE + soybean 70 ppm 202,782+14,929%b<¢

HUVECs PE + soybean 140 ppm  216,808+11,204°¢

HUVECs PE + soybean 280 ppm 219,579+15,655°¢

p value < 0.05 means that there is a significant difference; different alphabet means there was
a significant difference (p < 0.05)

As shown in table 1, compared to the control group of HUVECS induced by preeclampsia
plasma (223.9754+5.222 ng/mL), the mean value of TNF-a levels was lower in the group
induced by preeclampsia plasma and treated 35 ppm dosage of soybean ethanol extract
(178.350+£10.093 ng/mL). In addition, the mean value of the group induced by preeclampsia
plasma with soybean ethanol extract at 35 ppm dosage was also lower than the mean value of
the control group induced by normotensive plasma (185.993+£16.393 ng/mL).
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Figure 1. Histogram showing a comparison of TNF-a levels in HUVEC cultures
incubated with preeclamptic plasma and various doses of soybean ethanol extract. Identical
alphabets indicate no significant difference (p > 0.05).

Various concepts and theories related to the pathogenesis of preeclampsia have been
widely described; however, the main characteristics remain the inflammatory response of the
immune system and endothelial dysfunction. An exaggerated inflammatory immune response
has been suggested as a major driver contributing to endothelial dysfunction and the clinical
syndrome of preeclampsia. Pregnancy is associated with several stimuli that can enhance the
inflammatory response, including cellular particles, cytoplasmic proteins, soluble fetal DNA,
placental lipid peroxidation products, pro-inflammatory cytokines, soluble fms-like tyrosine
kinase-1 (sFlt-1), and soluble endoglin (sEng), all of which are released into the maternal
circulation from syncytiotrophoblast surfaces (C. W. G. Redman et al., 1999; C. W. Redman &
Sargent, 2000).

In the present study, TNF-a levels increased significantly in endothelial cells induced by
preeclamptic plasma compared with endothelial cells induced by normotensive plasma. This
indicates that plasma from preeclamptic pregnant women contains substantial factors capable
of increasing the inflammatory response. Research by Baktiyani et al. reported that 2%
preeclamptic plasma exposure could significantly increase TNF-a levels in HUVEC cultures
(Walsh, 2006). Rahardjo et al. also suggested that plasma from preeclamptic pregnant women
contains several factors capable of inducing the expression of pro-inflammatory cytokines,
such as STBM, ROS, and various cytokines. Redman and Sargent speculated that STBM in
maternal circulation not only directly damages endothelial cells but also stimulates a systemic
inflammatory response. STBM activate neutrophils secondarily when interacting with human
umbilical endothelial cells in vitro.

Results of the present study, as shown in Table 1, revealed a significant difference (p <
0.05) in TNF-a levels among HUVEC cultures induced by normotensive plasma, preeclamptic
plasma, and cultures treated with soybean ethanol extract. Various doses of the extract were
administered to determine their effect on the pro-inflammatory cytokine TNF-a when exposed
to preeclamptic plasma. A significant decrease in TNF-a levels was observed at the 35 ppm
dose compared to HUVECs induced by preeclamptic plasma alone. This finding suggests that
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even a relatively low dose of soybean extract can reduce pro-inflammatory cytokines,
particularly TNF-a, resembling the HUVEC model induced by normotensive plasma.

Stimulation by pathological factors can reduce eNOS expression, consequently
decreasing NO synthesis and secretion, while simultaneously stimulating hypoxia-inducible
factor 1 (HIF-1) and endothelin-1 (ET-1) production in vascular endothelial cells. In addition,
these factors activate the NF-kB signaling pathway in endothelial cells, upregulating the
production of pro-inflammatory mediators such as TNF-a, which contribute to endothelial
dysfunction. These inflammatory factors also enhance ROS production and adhesion molecule
expression, further exacerbating endothelial damage (Baktiyani, 2013; Guber et al., 2018;
Liang et al., 2018; Loscalzo, 2018).

These findings align with a study by Yi et al., which demonstrated that TNF-a expression
increased in endothelial cells exposed to lipopolysaccharide (LPS), as detected by RT-PCR and
ELISA, compared with the control group. Pre-treatment with genistein-3'-sodium sulfonate
(GSS), an isoflavone derivative of soybean, inhibited the increased expression of TNF-a. Yi et
al. proposed that GSS attenuates TNF-a expression by inactivating the NF-kB signaling
pathway, a transcription factor that plays a critical role in initiating the inflammatory response
(Yietal., 2019; J. Zhang et al., 2016; Q. Zhang et al., 2021).

This study also corresponds with research by Ambarwati et al., who found that flavonoids
from red pomegranate extract reduced TNF-a levels by suppressing the modulation of pro-
inflammatory signaling in HUVEC cultures incubated with preeclamptic plasma, via inhibition
of NF-kB activation. Similarly, Chuang et al. demonstrated that isoflavones from Glycine
tomentella root extract, a member of the soybean family, produced a 67% inhibition of TNF-a
response in TO cells (macrophage-like lines from Atlantic salmon).

Irace et al.,, in their study measuring endothelial function, found that genistein
administration for six months significantly improved endothelial function in postmenopausal
women with metabolic syndrome (Irace et al., 2013). In parallel, Simao et al. reported a
significant increase in NO levels and a corresponding reduction in blood pressure in
postmenopausal women who were given konako soy containing isoflavones (Simao et al.,
2010).

Figure 1 shows a decrease in TNF-a levels at doses of 17.5 ppm and 35 ppm soybean
extract compared with the positive control group that did not receive soybean ethanol extract.
However, TNF-a levels increased at higher doses (70 ppm, 140 ppm, and 280 ppm). This
phenomenon may be attributable to the ICso value—where increased ICso correlates with
reduced antioxidant activity of the extract. Several studies have classified antioxidant strength
based on ICso as follows: below 50 ppm is categorized as very strong, 50-100 ppm as strong,
above 100 ppm as weak, and greater than 500 ppm as inactive (Asshidiqy et al., 2020;
Kusumawati et al., 2021; Nerdy & Manurung, 2018; Simorangkir et al., 2019).

According to the theory of the hormetic effect—a dose—response relationship in which a
compound produces adverse biological effects at moderate to high doses but beneficial effects
at lower doses (Calabrese et al., 2010)—the observed increase in TNF-a levels at higher extract
concentrations may reflect this biphasic effect. As the soybean extract dose increases, its
antioxidant inhibitory effect weakens, leading to possible detrimental or even cytotoxic
outcomes at excessive concentrations.
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CONCLUSION

Administration of soybean ethanol extract to endothelial cell cultures (HUVECs) induced
by preeclamptic plasma affected TNF-a levels by downregulating this pro-inflammatory
cytokine through inhibition of the NF-kB signaling pathway and a decrease in ROS production.
Isoflavone bioactive compounds in soybean are believed to inhibit NF-kB activation and
reduce ROS generation, thereby suppressing TNF-a cytokine expression. Thus, soybeans with
their isoflavone content may serve as potential future therapeutic candidates for preeclampsia
by mitigating endothelial dysfunction and reducing inflammatory responses.
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