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Purpose: To observe the effect of soya yoghurt (Soyghurt), which is high in flavonoid substance, on the expression of preeclampsia 
biomarkers (sFLT-1 and PLGF) on preeclampsia serum-induced trophoblast primary cell culture isolated from placental tissue.
Methods: The trophoblast primary culture was induced by preeclampsia serum (10%). The Soyghurt treatment was performed with 
2.5%, 5%, and 7.5% Soyghurt supernatant concentrations in culture media. The expression of preeclampsia markers, sFLT-1 and 
PLGF, were evaluated using ELISA.
Results: Expression of sFLT-1 on preeclampsia-induced cell culture treated with Soyghurt was significantly lowered compared to the 
untreated group (p<0.01). However, no significant difference was observed in the PLGF levels of all groups induced by preeclampsia 
serum (p>0.05).
Conclusion: This study demonstrates the potential effect of Soyghurt’s in balancing preeclampsia marker expression by inhibiting the 
expression of sFLT-1 in preeclampsia serum -induced trophoblast cells.
Keywords: preeclampsia, PLGF, sFLT-1, soya yoghurt, trophoblast

Introduction
Soybeans are unique legumes with high protein and dietary fiber levels. It is also a potent antioxidant source due to 
a concentrated amount of phenolic compounds, such as flavonoids and isoflavones, in them. Apart from its role as an 
antioxidant, flavonoids, and other phenolic compounds also regulate blood pressure and anti-inflammation.1,2 Isoflavone 
substances were also reported to reduce the risk of developing degenerative diseases such as osteoporosis and cancer.3

Due to its nutritional content, many functional foods were developed using soybeans as their raw material, such as 
soymilk and soya-based yoghurt (soyghurt), since it is convenient to consume. Soyghurt is a symbiotic drink that consists 
of probiotics as the fermentation agent, which could increase the beneficial effect of soybeans. The probiotics used in this 
process are commonly lactic acid bacteria (LAB), which produce lactic acid bacteria during their fermentation process. 
LAB also synthesized various beneficial nutritional compounds during the yoghurt fermentation process, such as 
vitamins, several types of protein, and antioxidants.4,5

Preeclampsia is one of the contributors to mortality in pregnant women and their children worldwide. The etiology of 
this medical condition currently is still unknown. One of the theories mentions that one of the underlying causes of 
preeclampsia development is the failure of trophoblast invasion. This condition can happen because of several factors, 
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including genetic factors, immunological factors, and oxidative stress. Those three factors inhibit adequate trophoblast 
invasion into the mother’s endometrium, leading to endothelial dysfunction. The endothelium dysfunction will disrupt the 
uteroplacental flow, resulting in ischemic conditions.6,7 This condition will induce the trophoblast cells to secrete 
inflammatory mediators and generate chronic oxidative stress. Escalation of inflammation, oxidative stress, and endothe-
lial dysfunction are the aspects that promote an imbalance condition of angiogenic substance (sFLT-1) and antiangiogenic 
(PLGF) in preeclampsia.6–9

An excessive sFLT-1 level can be found in pregnant women with preeclampsia compared to those with standard 
conditions. sFLT-1 is an antiangiogenic substance that operates by inhibiting PLGF and VEGF activity. sFLT-1 acts as an 
antagonist of VEGFR by binding with VEGF-A, VEGF-B, and PLGF, hence interfering with the activation of 
angiogenesis through the VEGF pathway.10 The increase of sFLT-1 serum level can be detected approximately 4–6 
weeks before the appearance of the symptoms of preeclampsia.6–9 Besides the level of sFLT-1, the PLGF level has also 
been used as a diagnostic marker for preeclampsia. PLGF is an angiogenic agent that stimulates vascular proliferation by 
elevating the synthesis of NO. Pregnant women with preeclampsia tend to have lower PLGF serum levels than women 
with normal pregnancies.11–13

Unfortunately, the most common treatment used to overcome preeclampsia is by terminating the pregnancy and 
removing the fetus and placenta. However, the possibility of poor prognosis due to complications from preeclampsia 
before childbirth can also happen.14 Therefore, a primary preventive measure in managing preeclampsia is required, and 
all the efforts to find an effective prevention method are needed. One of the prospective ways to prevent preeclampsia is 
by utilizing functional food such as soyghurt.

In vitro study in drug discovery study is essential. Previous studies on preeclampsia used trophoblast cells isolated 
from placental tissue.15 One of the studies reported decreased preeclampsia markers (TNF-alfa and s-Eng) in trophoblast 
cell culture induced by preeclampsia serum.16 Therefore, this study aims to evaluate the effect of soyghurt supernatant on 
other preeclampsia markers (sFLT-1 and PLGF) levels in the primary placenta culture, which had been induced by 
preeclampsia serum.

Materials and Methods
Soya Yoghurt Production
The production of soyghurt utilized Lactobacillus bulgaricus ATCC 11842 bacterial culture. The purified bacteria culture 
was inoculated into 5 mL lactose broth and incubated for 24 h at 37°C. Bacteria were subcultured on MRS (de Mann, 
Rogosa, and Sharpe) agar (OXOID, CM0361), then incubated for 24 h at 37°C.

The raw material used in the production process was soybeans collected from a Tasikmalaya, West Java, Indonesia 
farm. Initially, cleaned soybeans were soaked in 5 L water with 0.25–0.5% NaHCO3 for 12–24 h. Afterward, the beans 
were rinsed and drained well before peeling the skin. Then, the peeled soybeans were crushed using a blender and mixed 
with 2.5 L hot water (80°C-100°C) for 7 min until it reached porridge texture. Subsequently, the soybean porridge was 
filtered using a cloth filter to collect the raw soymilk. After that, the filtered soymilk was mixed with 125 g granulated 
sugar and then sterilized using a vertical autoclave at 121°C with high-pressure steam at 1 atm (15lbs) for 10 min.

After the soymilk was ready, the L. bulgaricus ATCC 11842 bacteria culture was inoculated into 100 mL soymilk to 
make the starter soyghurt. The culture was incubated in a 5% CO2 incubator at 37°C for 48 h. The soyghurt was then 
produced by adding 10% (v/v) of starter soyghurt into soymilk and incubating for 48 h. The total bacteria colony and the 
product’s pH level had met the standard production of fermented drinks in Indonesia (SNI).

Preparation of Soyghurt Supernatant
The supernatant of the soyghurt was used to reach optimal intervention on the primary cell. The supernatant was 
harvested by centrifugation of soyghurt product with the speed of 4500 r/min at 4°C for 10 min. The collected 
supernatant was then filtered using a 0.2 µm filter membrane to eliminate the remaining debris and bacteria. The 
filtration was done twice.17
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Phytochemical Screening Evaluation
The phytochemical screening on soyghurt supernatant was done based on the standard procedure from the previous 
study.18

Flavonoid Test
Soyghurt supernatant (1 mL) was added to 100 mL of hot water. Later on, the mixture was brought to a boil for 5 min 
before it was filtered. Then, magnesium powder and hydroxide acid were added to the filtrate. Following that, amyl 
alcohol was added and mixed vigorously. Let the mixture sit and separate naturally. The formation of reddish-orange or 
reddish-purple indicates the presence of flavonoids.

Saponin Test
Soyghurt supernatant (1 mL) was added to 100 mL of hot water. Later on, the mixture was brought to a boil for 5 min 
before it was filtered. The filtrate inside the reaction tube was vertically shaken for about 10s and then let sit for 10 min. 
The foam formation for around 1–10 cm suggested that the test was positive. A further test was done by adding several 
drops of HCl 2N into the foam. If the foam disappeared, it means that the test turned out negative. On the other hand, if 
the foam remains, it means the test is positive.

Alkaloid Test
In the water bath, 3 mL of soyghurt supernatant was mixed with 3 mL HCl 1%. Afterward, 1 mL of the mixture was 
placed into two tubes. In the first tube, several drops of Dragendroff’s reagent were added into the mix, then the change 
was observed. The formation of orange-red precipitation indicates a positive result. As for the second tube, Mayer’s 
reagent was added to the mix. A formation of buff-colored precipitation is an indication of the presence of alkaloids.

Sesquiterpene/Monoterpene Test
The soyghurt supernatant was added to the mixture of 10% vanillin and concentrated HCl. The appearance of colors 
indicated the presence of monoterpenoid and sesquiterpene.

Triterpenoid Test
Lieberman-Burchard’s reagent was added to 100 mL of soyghurt supernatant. A purple color appearance demonstrated 
the triterpenoid positive. Meanwhile, the presence of steroids was indicated by a greenish-blue color appearance.

Quinone Test
Soyghurt supernatant (100 mL) was added to 5% potassium hydroxide. Yellow to red color appearance indicated the 
positive result of the quinone test.

Tanin Test
Around 100 mL of soyghurt supernatant was transferred into the reaction tube, and water was added to the supernatant. 
After that, the mixture was heated up before it was filtered. Gelatin solution (1%) was added to the filtrate. The positive 
result was indicated by white precipitation in the mixture.

Isolation of Trophoblast Cells from Placental Tissue
Trophoblast primary culture cells were isolated from the placental tissue of a mother with normal pregnancy who had 
accepted the informed consent, which complied with the Declaration of Helsinki and was reviewed and approved by the 
ethical committee of the Faculty of Medicine, Universitas Padjadjaran (No.858/UN6.C.10/PN/2017). The placental tissue 
was harvested during caesarian section childbirth with the size of 2×3 x 1 cm on the maternal side, which then was 
cleaned using 0.9% NaCl solution. Subsequently, the tissue was chopped finely and added to 0.25% trypsin-EDTA 
(Gibco 25200056) before being incubated for 10 min at 37°C. The undigested placental tissue was re-incubated with 
0.25% trypsin-EDTA for another 15–20 min. Then, trypsin-EDTA was inactivated using complete media (Amniomax 
C-100, basal media (Gibco, 171001074) + Amniomax C-100 supplement (Gibco 12556023)). Later, the digested tissue 
was filtered by a 100 µm strainer.
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The supernatant was taken and centrifuged with 1500 r/min for 10 min. Next, the pellet was resuspended into 
complete media. The Ficoll gradient as put slowly into the cell solution and then centrifuged with 1500 r/min for 30 min. 
The cells in the buffy coat were then transferred into PBS solution and centrifuged for 5 min. The pellet was collected 
and transferred into a cell culture flask with Amniomax C-100 basal media supplemented by Amniomax C-100 
supplement, antibiotic, and antimycotic. Cytokeratin-7 staining was performed to confirm the presence of trophoblast 
(Figure 1).

Serum Preparation
The serum was obtained from women’s blood with normal pregnancy and women with preeclampsia. The pregnancy was 
considered normal when there were no medical and obstetric complications during the pregnancy. Meanwhile, pregnancy 
with preeclampsia was determined when the mother’s systolic pressure was ≥ 160 mmHg, diastolic pressure ≥ 80 mmHg, 
and positive proteinuria. All the criteria followed the standard operational and procedure in Hasan Sadikin Central 
General Hospital, Bandung; which had been reviewed and approved by the ethical committee of the Faculty of Medicine, 
Universitas Padjadjaran (No.858/UN6.C.10/PN/2017).

The serum was separated from the whole blood by using the centrifugation method. Initially, the whole blood was 
allowed to clot by leaving it at room temperature. Afterward, the clotted blood was centrifuged with 3000 r/min for 15 
min before the serum was harvested.

Induction of Preeclampsia Serum on the Trophoblast Cells
Primary trophoblast cells (5x104) were cultured in a 24-well plate until confluent. The cells were induced by 10% of 
preeclampsia serum and incubated for 24 h at 37°C. Afterward, the viability test was conducted before the confirmation 
test on the preeclampsia marker was performed by evaluating the sFLT-1 and PLGF levels using ELISA.

Dosage Determination of Soyghurt Supernatant on Trophoblast Cells Induced by 
Preeclampsia Serum
Primary trophoblast cells (1x104) were seeded into the 96-well plate and incubated for 24 hours in a 5% CO2 incubator at 
37°C temperature. Following that, the cells were intervened by various concentrations of Soyghurt supernatant (1–20%) and 

Figure 1 The procedure of primary trophoblast cells isolation.
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incubated for another 24 hours. The MTT assay was conducted the following day to evaluate the cytotoxicity of the Soyghurt 
supernatant. The used media in the wells were discarded and replaced with 100µL of fresh medium with 5mg/mL MTT 
reagent. The cells were then incubated for 2–4 hours at 37°C in a CO2 incubator until the crystal formazan was formed. After 
that, 100µL of SDS in HCl was added into each well to dilute the crystal formazan. The absorbances were evaluated using 
a microplate reader using 450–550 nM wavelength and finally, the viability cells were determined using statistical analysis.

Soyghurt Supernatant Intervention
After 24 h of incubation, the cells were divided into five groups:

(1) Control 1: The cells were not induced by preeclampsia serum
(2) Control 2: The cells were induced by preeclampsia serum
(3) Group SS 2.5%: The cells were induced by preeclampsia serum + intervention by 2.5% soyghurt supernatant.
(4) Group SS 5%: The cells were induced by preeclampsia serum + intervention by 5% soyghurt supernatant.
(5) Group SS 7.5%: The cells were induced by preeclampsia serum + intervention by 7.5% soyghurt supernatant.

ELISA sFLT-1 Level
The measurement of the sFLT-1 level was conducted after incubation with preeclampsia serum for 24 h and following the 
protocol of Elisa sFLT-1 kit (Thermofisher, no. cat. BNS268-3). Each well was filled with 100 µL of supernatant. The 
biotin solution in conjugated diluent (1:100) was added and incubated at 18–25°C on a microplate shaker with 400 r/min 
speed for 2 h. After that, the well was washed, and then each was added to the streptavidin solution (1:300). 
Subsequently, the sample was incubated on a microplate shaker for one hour at 18–25°C. After the incubation and 
washing, the TMB substrate solution was put into the wells and incubated for 30 min on a microplate shaker with the 
same temperature. In the last step, the stop solution was added to the samples before reading the result using 
a spectrophotometer in 450 nm wavelength.

ELISA PLGF Level
PLGF level was measured after induction and incubation of cells with preeclampsia serum for 24 h. The procedure used 
followed the ELISA PLGF kit protocol (Thermofisher, no. cat. EHPGF). The standard and sample (100 µL) were put into 
96-well plates, followed by incubation for 24 h before washing the wells. Afterward, the biotinylated antibody was 
diluted in assay diluent with a ratio of 1:80. Subsequently, 100 µL of the solution was put inside the well and incubated 
for 1 h on a microplate shaker. Later, the cells were washed, and 100 µL TMB substrate was added before the plate was 
put on a microplate shaker and incubated in the darkroom for 30 min. Stop-solution was then added after the incubation 
before reading the result using a spectrophotometer in 450 nm wavelength.

Statistical Analysis
The presented data was the average ± SEM (Standard Error Mean). The evaluation results were analyzed using one-way 
ANOVA and a post hoc Tukey multiple comparison tests. The result data with p<0.05 indicated a significant outcome, 
while p<0.01 indicated a very significant outcome. Statistical analysis was conducted using GraphPad Prism 10.

Results
Soyghurt and Supernatant Soyghurt Characteristic
This study used lactic acid bacteria, Lactobacillus bulgaricus, to ferment soya milk into soyghurt. The experiment 
showed that L. bulgaricus could grow in soya milk with the bacteria characteristic of a bacillus gram-negative bacterium 
with a negative result on the catalase test. The product contained 2×108 CFU/mL of bacteria with a pH level of 5.39. The 
bacteria amount and pH level of soyghurt complied with the national standard of Indonesia (SNI).

The soyghurt supernatant was used to intervene in the trophoblast primary cell culture. The phytochemical screening 
on the soyghurt supernatant demonstrated the presence of saponin, sesquiterpene/monoterpene, and quinone (Table 1).
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Induction of Preeclampsia Serum to Trophoblast Primary Cell Culture Increases sFLT-1 
Expression While Decreasing PLGF Expression
The cells isolated from the placenta showed the morphological characteristic of trophoblast cells (Figure 2). The 
brownish color in the cytoplasm indicated the expression of CK7, which is a biomarker for trophoblast.

Trophoblast primary cell culture was cultured into three groups, and two of them were induced by preeclampsia 
serum (PS) and normal serum (NS) as control, respectively. This study chose 10% as the dosage for preeclampsia 

Table 1 Phytochemistry Screening of Soyghurt

No Substances Result

1 Flavonoid –

2 Saponin +

3 Polyphenols –

4 Alkaloid –

5 Sesquiterpenes/Monoterpenes +

6 Triterpenoid –

7 Quinone +

8 Tannin –

Figure 2 Trophoblast primary cell culture. (A) Primary cell culture, 100x magnification; (B) 100x magnification, immunocytochemistry staining of CK-7 (+); (C) 200x 
magnification, immunocytochemistry staining of CK-7 (+).

https://doi.org/10.2147/JEP.S446961                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

Journal of Experimental Pharmacology 2024:16 116

Khairani et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


serum induction based on a previous study.19 After induction, the preeclampsia environment of the cell culture was 
verified by evaluating the sFLT-1 and PLGF levels using ELISA. The group induced by preeclampsia serum showed 
a higher level of sFLT-1 (33.15±0.453) than normal serum (29.793±0.768), which indicated that the induction of 
preeclampsia serum to trophoblast cell culture elevated the sFLT-1 level (Figure 3A). On the other hand, the PLGF 
level of the PS group (4.83±0.514) was significantly lower (p<0.01) than the NS group (31.21±0.751) and the 
control group (Figure 3B). The result validated that a preeclampsia-like condition could be demonstrated by 
induction of preeclampsia serum into trophoblast cell culture.

The cytotoxicity of the Soyghurt supernatant was tested using the MTT assay to determine the dosages that were 
used in this study. The result indicated decreasing cell viability in a dose-dependent manner, particularly in the group 
with a dosage over 12.5%. Furthermore, the group’s viability induced by 20% of the Soyghurt supernatant showed 
around 75% viability. Nevertheless, the administration of Soyghurt supernatant within the 1–7.5% concentration range 
was considered safe (Figure 4). Hence, this study chose 2.5%, 5%, and 7.5% as the dosage of Soyghurt supernatant 
intervention.

Figure 3 ELISA result of sFLT-1 and PLGF levels after normal serum (NS) and preeclampsia serum (PS) induction. (A) sFLT-1 levels; (B) PLGF levels. The data were analyzed 
using one-way ANOVA, ****p< 0.0001.

Figure 4 Viability of trophoblast primary cells under the treatment of Soyghurt supernatant after 24 hours of the incubation period with dosage concentrations of soygurt 
supernatant within the range 1–20%.
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The Decrease of sFLT-1 Level in Preeclampsia Serum Induced-Trophoblast Cell 
Culture Upon Intervention by Supernatant Soyghurt
The group intervened by supernatant soyghurt was divided into three subgroups with soyghurt dosage: 2.5%, 5% and 
7.5%. The sFLT-1 levels of all the intervention groups were lower than those of other groups (p<0.01), which were 
induced preeclampsia serum or normal serum. The data also exhibited the dosage of supernatant yoghurt affecting the 
decrease of the sFLT-1 level. The sFLT-1 level was lower when the dosage of supernatant yoghurt was higher (Figure 5).

The Decreased of PLGF Level in Preeclampsia Serum Induced-Trophoblast Cell 
Culture Upon Intervention by Supernatant Soyghurt
The result showed that the PLGF level of the PE group (4.83±0.514) was lower than the NS group (31.21±0.751). 
Further, the PLGF level of all groups intervened by supernatant Soyghurt was significantly lower than the control 
group (PE and NS), with a p-value < 0.01. The lowering of PLGF level showed a dose-dependent manner: 2.5% 
(2.34±0.466, 5% (2.06±0.589), dan 7.5% (1.7±0.531). This finding demonstrated that the intervention by super-
natant Soyghurt on preeclampsia serum-induced trophoblast cells lowered the PLGF level (Figure 6).

Discussion
This study used soya milk as an animal milk replacement to make a fermented product. The use of soya milk in 
fermentation-based milk products did not affect the number of lactic acid bacteria (LAB) growing in the product (Shori 
2013). The number of LAB colonies in Soyghurt was within the normal range based on the national standard in Indonesia 
(SNI). The fermentation process of soya milk produces lactic acid, which decreases the pH level of the fermented 

Figure 5 The sFLT-1 level of all treatment groups. The sFLT-1 level of PE groups was compared with NS groups, while sFLT-1 levels of SS groups (2.5%, 5%, and 7.5%) were 
compared with NS and PE groups. The data were represented as the mean±standard deviation, ***p<0.001, ****p<0.0001, one-way ANOVA. 
Abbreviations: NS, normal serum; PE, preeclampsia serum; SS, supernatant soyghurt.
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product. Thus, it further resulted in the coagulation of the milk, making them more solid and stable consistency.20 The pH 
level of the Soyghurt product used in this study was 5.39, within the normal range of acidic levels for fermented soya 
milk.20

Soybean, as the raw material of soya milk, contains flavonoid, which has antioxidant properties.21 Further, the 
fermentation process of raw materials such as soybeans could enhance the product’s nutrition content.22 The phyto-
chemical screening of the Soyghurt showed the presence of saponin, monoterpene, and quinone in the product. Those 
phytochemical substances also hold antioxidant properties, making this product a potential candidate for functional food 
that could prevent preeclampsia development.

Preeclampsia is a pathological condition of pregnancy developed through various pathways, which can be identified 
by the increase of sFLT-1 level and decrease of PLGF.13,23 This study aimed to evaluate the potential of Soyghurt to 
prevent preeclampsia through in vitro experiments. The cells used were primary trophoblast cells cultured from the 
human placenta. The isolated trophoblast cells were obtained from the placental tissue of a mother with normal 
pregnancy and were confirmed as trophoblast cells by CK 7 expression in the cells.24 The expression of CK 7 was 
marked by the brownish color of the cytoplasm (Figure 2).

A previous study reported that the induction of preeclampsia serum in the pregnant mouse model could increase sFLT 
serum and s-Eng as well as cause hypoxia at the maternal-fetal interface.19 Preeclampsia serum induction also increased 
TNF-alpha and endothelin-1 levels while decreasing NO levels.25,26 This study induced the preeclampsia serum into 
trophoblast primary cell culture, which showed the increase of sFLT-1 level and decreased PLGF level (Figure 3). This 
condition was aligned with the result obtained from the ELISA evaluation of serum from a mother with preeclampsia.27 

Figure 6 The PLGF level of all treatment groups. The PLGF levels of PE and SS groups (2.5%, 5%, and 7.5%) were significantly lower compared to the NS group. The data is 
represented as the mean±standard deviation. ****p<0.0001, one-way ANOVA. 
Abbreviations: NS, normal serum; PE, preeclampsia serum; SS, supernatant soyghurt.
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Therefore, it indicated that the administration of preeclampsia serum into trophoblast primary cell culture demonstrated 
preeclampsia-like condition.

The Soyghurt supernatant was administered to the trophoblast cell culture 24 hours after the induction of preeclamp-
sia serum into the culture. The result demonstrated the decrease in sFLT-1 level in the group that intervened with 
Soyghurt (Figure 5). The decrease of the sFLT-1 level was expected to decrease its activity as an anti-VEGF receptor. 
Thus, it could increase the angiogenic factor. However, the result showed no elevation in the PLGF level.

The phytochemical substances such as isoflavones, flavonoids, saponins, and phenolic compounds are reported to 
influence the balance in angiogenic factors.4,28 Evidence demonstrates the suppressive effect of luteolin, a flavonoid, on 
sFlt-1 secretion through the HIF-1α/sFLT-1 pathway.29 The phytochemistry screening of Soyghurt showed the positive 
presence of saponin, quinone, and monoterpene (Table 1). These bioactive compounds, especially saponin, were 
suspected to be the substances that inhibit the production of sFLT-1. Saponin is a steroid glycosidic compound that is 
abundantly present in the plant. The saponin compound inside soybean has been reported to have antioxidant activity.30 

Previous study on Chinese medicine Astragalus, which is rich in Saponins, flavonoids, and polysaccharides, displayed 
favorable improvement of preeclampsia condition in an in vivo rat model. The study reported the anti-inflammatory 
potential effect of the bioactive compound by suppressing the expression of inflammatory cytokines, including IL-6 and 
IL-1β via the TLR-4/NF-κB signaling pathway.31 Another bioactive compound found in soygurt is quinone. Quinone or 
pyrroloquinoline quinone (PQQ) is a phytochemical compound with an antioxidant effect that defense against oxidative 
stress of the mitochondria. Previous preeclampsia in vivo studies demonstrate the antioxidative effect of PQQ by 
elevation of NRF2 expression in NF- κB/Nrf2 pathway.32,33 Besides the active compounds, Soyghurt also contains 
probiotic components. Previous studies stated that probiotics have a role as an immunomodulatory by modulating the 
immune system through a “cross-talk” mechanism.34,35 Besides, probiotics could also inhibit the production of pro- 
inflammatory cytokines. Yeganegi et al reported that supplementation of L. rhamnosus GR-1 could inhibit IL-10 
production in lipopolysaccharides-induced trophoblast cells.17 In addition, a clinical study in Norway disclosed that 
the administration of probiotics lowered the risk of developing preeclampsia.36

In our study, the intervention groups showed no elevation in their PLGF level. This condition occurred due to the 
inability of the active compound or probiotic in the product to modulate the cascade mechanism to increase the 
production of PLGF. This case might also happen because the preeclampsia serum was more effective in suppressing 
the PLGF production.

Nevertheless, many missing links exist between how the Soyghurt mechanism and probiotics affect the markers in the 
cascade of preeclampsia development. Hence, further study is needed to explore more of those mechanisms related to the 
active compounds in Soyghurt. Thus, more study at the genomic level is also suggested to get a more extensive and 
comprehensive analysis of the effect of Soyghurt products on preeclampsia development.

Conclusion
The administration of preeclampsia serum could induce imbalance expression of angiogenic markers (sFLT-1 and PLGF), 
while did not affect the cell viability. The administration of Soyghurt as a functional food could assist in attenuating the 
preeclampsia marker, specifically by decreasing the sFLT-1 level.
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