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Abstract 

Background: Preeclampsia characterised by new-onset hypertension with systolic blood pressure ≥ 140 

mmHg or diastolic blood pressure ≥ 90 mmHg, measured on two occasions at least four hours apart, and 

proteinuria of > 0.3 g per 24 hours or ≥ 1+ proteinuria, detected by urine dipstick after 20 weeks of 

pregnancy, or in the absence of proteinuria. Objectived: This study aimed to determine effect of EVOO as 

a strong exogenous antioxidant to decrease TNF-α, HSP-90 and ET-1 level in preeclampsia rat model. 

Method: This research consisted of five groups; negative control, positive control (preeclampsia rat 

model), doses 1, 2, and 3 that were preeclampsia rats given EVOO in 3 different doses (0.5 mL/day, 1 

mL/day and 2 mL/day respectively). After sacrificed, placentas were collected to determine HSP-90, TNF-

α and ET-1 level. Result: Result of this study showed that there was a reduction of HSP90 (p=0, 00), 

TNF-α (p=0.011), ET-1 (p=0.02). Conclusion: Administration EVOO decreased HSP-90, TNF-α and ET-1 

Level in preeclampsia rat model 
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Introduction 

Preeclampsia affects 3-14% of all pregnancies 

world-wide and can have a significant impact 

on health for both mother and fetus. For the 

fetus, preeclampsia can result in IUGR. For 

the mother complications of preeclampsia 

include renal failure, HELLP syndrome 

(haemolysis, elevated liver enzymes, and 

thrombocytopenia), seizures, stroke or death 

[1]. Approximately 72,000 pregnant women 

die every year because of eclampsia and 

severe preeclampsia. That amounts to nearly 

200 women every day. The risk that a woman 

in a developing country will die of 

preeclampsia or eclampsia is about 300 times 

that of a woman in a developed country [2]. 

Preeclampsia characterised by new-onset 

hypertension with systolic blood pressure ≥ 

140 mmHg or diastolic blood pressure ≥ 90 

mmHg, measured on two occasions at least 

four hours apart, and proteinuria of > 0.3 g 

per 24 hours or ≥ 1+ proteinuria, detected by 

urine dipstick after 20 weeks of pregnancy, or 

in the absence of proteinuria, new-onset 

hypertension with new onset of any one of 

the following: thrombocytopaenia (platelet 

count < 100 000/μl), renal insufficiency 

(serum creatinine concentration > 1.1 mmg/dl 

or a doubling of the serum creatinine 

concentration in the absence of other renal 

disease), impaired liver function (raised 

concentrations of liver transaminases to 

twice normal concentrations), pulmonary 
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oedema, or cerebral or visual problems [3]. 

Medical treatment depends on the severity of 

preeclampsia, and relies on antihypertensive 

medications and magnesium sulfate. Medical 

treatment does not alter the course of the 

disease, but aims at preventing the 

occurrence of intracranial hemorrhages and 

seizures [4]. Delivery of the placenta remains 

the only known treatment for this clinical 

disease, suggesting that the placenta is the 

principal contributor to the pathogenesis of 

preeclampsia [5]. The decision of terminating 

pregnancy and perform delivery is based on 

gestational age, maternal and fetal 

conditions, and severity of preeclampsia [4]. 

One factors in the pathophysiology of 

preeclampsia is deficient conversion of the 

uterine spiral arteries. The placenta is 

supplied by maternal spiral arteries, which 

undergo major modifications during 

pregnancy to accommodate the increase in 

uterine blood flow.  

Abnormal conversion of the maternal spiral 

arteries supplying the placenta and with 

subsequent placental malperfusion result in 

placental oxidative stress and release of a 

complex mix of factors, including pro-

inflammatory cytokines, apoptotic debris and 

angiogenic regulators into the maternal 

circulation [6]. 

The condition of preeclampsia will cause 

vascular hypoxia. Hypoxic conditions in the 

vascular stimulate increased hypoxia 

inducible factor (HIF). HIF is a 

transcriptional activator that regulates cell 

death or survival and has the ability to 

mediate adaptive responses to changes in 

cellular oxygen tension. HIF-1 is very 

sensitive to hypoxic stimulus. Furthermore, 

an increase in HIF-1 and heat shock 

conditions in cells will stimulate 

transcription of heat shock factor (HSF). 

HSF-1 plays a central role in controlling the 

heat stress response (HSR).  

Increased HSF-1 is very important for 

transcription of heat shock protein (HSP) 

during hypoxic and reoxygenated events [7,8, 

9]. HSP is a protein that has an effect on the 

transcription process so as to produce 

proinflammatory cytokines such as IL1β and 

TNF-α. Stimulation of proinflammatory 

cytokines (IL-1β and TNF-α) in endothelial 

blood vessels will release monocyte adhesion 

molecules, one of which is VCAM-1. VCAM-1 

in monocytes will release the MMP-9 enzyme 

which can damage type 4 and vascular 

collagen. Vascular damage causes endothelial 

dysfunction which is part of the maternal 

inflammatory reaction, causing ischemic 

arterial spirals which will have an impact on 

decreased placental perfusion and the 

appearance of clinical symptoms of 

preeclampsia [9].One of HSP or also known 

as stress protein which is dominantly 

induced in cells is heat shock protein 90 

(HSP90). In a non-stress state, the amount of 

HSP90 is abundant in cells, which is around 

1-2% of the total protein and can be found in 

the cytosol, nucleus and endoplasmic 

reticulum of cells. HSP90 functions as an 

anti-apoptosis and has the function of 

chaperone which is maintenance of cell 

survival after various pathological conditions 

such as the process of endothelial dysfunction 

in preeclampsia [10, 11, 12].Recent studies 

have shown that HSP90 as a stress protein 

plays an important role in the regulation of a 

number of inflammatory signaling pathways.  

HSP90 can also be a stimulating response to 

systemic inflammatory immunity that 

endangers pregnancy. In the case of 

preeclampsia, an increase in HSP90 levels is 

a marker of hypoxia, oxidative stress and 

systemic inflammation [9]. The inflammatory 

response involves activation of  various 

transcription factors.  

One that plays an important role in the 

inflammatory response is Nuclear Factor 

Kappa Beta (NF-kβ). NF-kβ is regulatior of 

the expreesion of  inflammatory genes, and 

triggers the production of cytokin that effect 

inflamation such as tumor necrosis factor-α 

(TNF-α) [13]. The increase in TNF-α is 

proven to occur in the condition of 

preeclampsia, therefore it can be used as a 

marker of the incidence of preeclampsia. 

Exposure to inflammatory cytokines, will also 

interfere with the work of endothelial cells 

[14].  

Oxidative stress, inflammation, genetics and 

immunological disorders are real processes 

that underlie the pathogenesis of 

preeclampsia. This condition can cause 

ischemia or hypoxia in the placenta. Hypoxia 

Inducible Factor 1a (HIF-1a), Flt-1 (sFlt-1), 

angiotensin II type receptor autoantibodies 

(AT1-AA), and placental growth factor PlGF) 

are factors known to be involved in 

preeclampsia. Increased these factors cause 

endothelial dysfunction, reduce 
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bioavailability of Nitric Oxide (NO) and 

increase Reactive Oxygen Species (ROS) and 

Endothelin (ET-1), which cause changes in 

kidney function, increase Total Peripheral 

Resistance (TPR), and eventually become 

hypertensive [15]. Endothelin (ET)-1 is 

another factor that is found to be elevated in 

pre-eclampsia compared with normal 

pregnancy. In plasma from healthy pregnant 

women, the concentration of ET-1 ranges 

from 5 to 10 pg/ml, whereas the 

concentration is 20-50 pg/ml in the presence 

of pre-eclampsia [16].  

There are several factors that can stimulate 

the production of ET-1 such as cytokines, 

thrombin, stress and also hypoxic conditions 

[17].Increased plasma concentrations of ET-

1, cause vasoconstriction of the uterine 

arteries and contribute to systemic 

hypertension [18]. One alternative that might 

be used in additional therapy or support for 

preeclampsia is the provision of Extra virgin 

olive oil or commonly called EVOO. Extra 

virgin olive oil is one type of oil that comes 

from the first juice of olives [19].  

The antioxidants contained in EVOO have 

the role of delaying the oxidation process. In 

this case, the main antioxidant that inhibits 

the oxidation process at EVOO is OP (Olive 

Phenols), which acts as a chain breaker by 

donating hydrogen radicals to alkylperoxyl 

radicals produced by lipid oxidation and the 

formation of stable derivatives during 

reaction [20]. With the increase in 

antioxidants is expected to reduce endhotel 

dysfunction and reduce levels of HSP90, 

TNF-α and ET-1. 

Materials and Methods 

Animal Model 

This research was in vivo laboratory 

research. The design was a Post Test Only 

Control Group design.This research was use 

experimental animals rats (Rattus 

norvegicus) wistar strain. This study used 20 

pregnant rat and divided into 5 groups. The 

negative control group was normal pregnant 

rats; the positive control was pregnant pre-

eclampsia rats (pre-eclampsia rat model); and 

the treatment group 1, 2, and 3 were 

preeclampsia rat given Extra Virgin Olive Oil 

(EVOO) in three different doses (0,5 mL/day, 

1 mL/day and 2 mL/day) respectively [21]. 

The next day after mating was assumed to be 

the day 1 of pregnancy.  

The sacrifice of rat did in 19 day of 

pregnancy. The sample used in the study was 

placenta and plasma. The research was 

carried out in the Laboratory of Biosains 

Universitas Brawijaya, Laboratory of 

Physiology and Laboratory of Biomolecular 

Biochemistry, Faculty of Medicine 

Universitas Brawijaya Malang. 

Preeclampsia Induction and EVOO 

Administration 

The material used for induction of 

preeclampsia was using NOS inhibitors, L-

NAME (C7H15N5O4 • HCl) from Sigma-

Aldrich (Merck KGaA, Darmstadt, Germany) 

[22]. Pregnant rat were randomly placed in 5 

groups consisting of negative control group, 

positive control group and three treatment 

groups. Each group contains 4 pregnant rats. 

Intraperitoneal injection of L-NAME with a 

dose of 125 mg L-NAME / kilogram of body 

weight was given to rats with 13-19 days of 

gestation [23]. Preeclampsia rat model can be 

made by injection of L-NAME 

intraperitoneally used dose of 125 

mg/Kilogram of body weigt was injected to 

rats with 13 days of gestation until 19 days of 

gestation [19]. 

Clinical and Sample Examination 

Measurement of HSP90 level was performed 

with ELISA KIT HSP90 (No catalog E-EL-

0042).ELISA kit with pre-coated plates rat 

TNF-α No. E-EL-R0019. ELISA KIT ET-1 

level was performed with ET-1 ELISA KIT 

(No catalog E-EL-R0167). Data was analyzed 

statistically with ANOVA. 

HSP90 Activity Measurement 

Measurement of HSP90 levels was carried 

out using the protocol found in the 

Elabscience kit with the catalog number E-

EL-0042.Sample used blood of rats. Prepare 

wells for blanks, standards and 

samples.Enter standard and 100 mL samples 

per well except blank.Cover with adhesive 

strips then incubate for 90 minutes at 370 C. 

Remove each liquid, enter 100 µl biotin into 

all wells except blanks.Cover with adhesive 

strips then incubate for 60 minutes at 370 

C.Wash the well using wash buffer for 3 

times.Enter 100 μl HRP antibodies to all 

wells except blanks. Cover with adhesive 

strips then incubate for 30 minutes at 370 

C.Wash well 5 times. 
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Enter 90 µl Substrate Reagents in all wells. 

Protect Substrate Reagents from light.Cover 

with adhesive strips then incubate for 15 

minutes at 370 C.Put a 50 µl stop solution on 

all wells.Determine optical density (O.D) 

using a 450 nm ELISA reader. 

TNF-α Activity Measurement 

Measurement of TNF-α levels will be carried 

out using the ELISA method with No catalog: 

E-EL-R00197 produced by Elabscience. 

Sample used blood of rat. All reagents are 

placed at room temperature before use. 

Continue to work on standard and double or 

triple samples use one standard curve for 

each essay. Add standard solutions to the 

first two columns: each concentration of 

solution is added duplicates. Fill each well 

with 100µL.. Incubation for 90 minutes at 

37ºC. Discard the sanple without washing. 

Add 100 µL of Biotinylated immediately to 

each well. Incubated for 1 hour at 37ºC. Pour 

the soution from each well.  

Add 350µL buffer, turn it on for 1-2 minutes 

then discard the solution to each well. Cover 

with a plate sealer. Incubate for 30 minutes 

at 37ºC in dark place. Aspiration or pour the 

solution from each well. Repeat washing five 

times like step 4. Add 90 µL of reagent 

substrate to each hole. Close the new plate 

sealer. Incubate for 15 minutes at 37º C in a 

dark place. Add 50 µL from the stop solution 

to each wel. Read absorbance at 450 nm 

within 30 minutes with ELISA reader. 

ET-1 Activity Measurement 

Measurement of endothelin-1 levels will be 

carried out using the ELISA method with No 

catalog: E-EL-R0167 produced by 

Elabscience. The placenta was smoothed 

using PBS liquid in a ratio (tissue weight 

(grams): BS (mL) = 1: 9). Homogenation was 

done by centrifugation for 5 minutes to get 

the supernatant. Then a standard solution 

was added to each well (100 μL in each well) 

and incubated for 90 minutes at 37 ° C. 

Remove the liquid in each well without 

washing. Immediately add 100 μL of 

Biotinylated Detection Ab working to each 

well. Cover using a Plate Sealer. Incubate for 

1 hour at 37 ° C.  

Wash each well, repeats the process twice 

with a total of three washing times. Wash by 

filling each well with Wash Buffer (350μl) 

using a multi-channel pipette, manifold 

dispenser, or auto washer, and leave it for 2 

minutes, making sure the liquid in each well 

is completely empty. After the final washer, 

clean the remaining washes. Turn over well 

and clean with a clean paper towel. Then add 

100μl HRP-avidin to each well.  

Cover the microtiter plate with a new 

adhesive strip. Incubate for 30 minutes at 37 

° C. Repeat the aspiration / washing process 

five times. Add 90μl of TMB substrate to 

each well. Incubate for 15 minutes at 37 °C. 

Protect from light. Add 50μl Stop Solution to 

each well. Optical density was read on a 

micro pet reader with a wavelength of 

450nm. 

Data Analysis 

Data analysis using SPSS 25.00.Test used to 

observe group mean different was One Way 

Anova Test. 

Result and Discussions 

Effect of EVOO on HSP-90 Level 

Preeclampsia Rat Model 

Table 1 shows that the preeclampsia rat that 

were no treated with EVOO had a higher 

HSp90 levels compared to the preeclampsia 

rat model treated with EVOO. 

 

Table 1: Comparison of mean level of HSP-90 of negative control, positive control, treatment 1, treatment 2 and 

treatment 3 

Observation Group Mean HSP90 Level 

(pg/ ml± SD) 

p-value anova 

Negative Control 1898±11.4a  

 

0.000 
Positive Control 4234±64.5 c 

Treatment 1 2452±62.3b 

Treatment 2 1898±11.4a 

Treatment 3 1872±60.6a 

Note: Negative control is a normal pregnant rat. Positive control is a pregnant rat model of preeclampsia. Treatment 1 was a 

preeclampsia model rat that was given EVOO 0.5 cc. Treatment 2 was a preeclampsia model rat that was given EVOO 1 cc. 

Treatment 3 was a preeclampsia model rat that was given EVOO 2 cc 

 

Our study confirmed that HSP90 levels 

significantly different between rat didn’t give 

EVOO and rat administrated with EVOO (p 

< 0.05). A significant decrease in HSP90 

levels was observed in the preeclampsia rat 

administered EVOO at 1 cc/day and 2 cc/day 
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doses. EVOO 0.5 cc/day did not appear to 

significantly decrease HSP90 levelin the 

preeclampsia rat model. The data showed 

that the levels of HSP90 in the treated group 

at 1 and 2 cc/day dose differ significantly 

from the mean in the normal pregnant rat 

group.  

This means that the optimum dose of EVOO 

to reduce HSP90 levels in the preeclampsia 

rat model was 1 and 2 cc/day. Extra Virgin 

Olive Oil contains flavonoids which have a 

role in scavenging free radicals. Scavenging 

activity in flavonoids begins with the 

administration of hydrogen or electron 

groups to free radicals which then produce 

flavonoid radical molecules and stable 

molecules (RH). Flavonoid radicals have 

lower reactivity than free radicals.  

Then flavonoid radicals bind with other 

radicals to become non-reactive compounds. 

Flavonoids contained in EVOO will inhibit 

lipid peroxidation in vitro in the early stages 

with its role as a scavenger of superoxide 

anions and hydroxyl radicals.  

This radical reaction chain will then be 

broken by donating hydrogen atoms to 

peroxyl radicals so that flavonoid radicals are 

formed which will react with free radicals to 

break the ROS chain [20, 24]. 

Effect of EVOO on TNF-α Level 

Preeclampsia Rat Model 

Table 2 shows that the preeclampsia rat that 

were no treated with EVOO had a higher 

TNF-α levels compared to the preeclampsia 

rat model treated with EVOO. 

 

Table 2: Comparison of mean level of TNF-α of negative control, positive control, treatment 1, treatment 2 and 

treatment 3 

Observation Group Mean ET-1 Level 

(pg/ ml± SD) 

p-value anova 

 

Negative Control 

99.9±10.9b  

 

0.011  

Positive Control 

312.6±171.6a 

 

Treatment 1 

143.5±29.3b 

 

Treatment 2 

167.0±52.3b 

 

Treatment 3 

92.1±2.9b 

Note: Negative control is a normal pregnant rat. Positive control is a pregnant rat model of preeclampsia. Treatment 1 was a 

preeclampsia model rat that was given EVOO 0.5 cc. Treatment 2 was a preeclampsia model rat that was given EVOO 1 cc. 

Treatment 3 was a preeclampsia model rat that was given EVOO 2 cc. 

 

Our study confirmed that TNF-α levels 

significantly different between rat didn’t give 

EVOO and rat administrated with EVOO (p 

< 0.05). A significant decrease in TNF-α 

levels was observed in the preeclampsia rat 

administered EVOO at 05cc/day, 1 cc/day and 

2 cc/day doses. The decrease in TNF- α levels 

was in line with the increase in EVOO dose 

given, although the three types of EVOO 

doses were not statistically significant. In 

general it can be said that there is a decrease 

in serumreatm TNF-α levels by 

administrering EVOO at various doses.  

So EVOO administration oh trese three doses 

can reduce TNF-α levels in preeclamsia 

pregnant mice. EVOO dose which is 

considered the fastest able to reduce TNF-α 

level is dose 1 by administering 0.5 mL/hr, 

because with smaller administration EVOO 

has been able to reduce TNF-α levels in dose 

1 group with mean values  close to TNF-α 

levels in the group negative control. 

However, because there  was no significant 

difference in the mean TNF-α levels between 

the three treatment dose.  

This situation means that the three EVOO 

dose given have the same ability in terms of 

reducing TNF-α levels. Giving extra virgin 

olive oil (EVOO) to wistar rats with 

preeclamsia models can reduce 

proinflammatory cytokines in cases of 

preeclamsia because EVOO has polyphenol 

content that is antiinflamatory and shows 

the ability to inhibit inflammatory cytokines 

such as TNF-α, interleukin-6, and factor NF-

kB transcription [25]. 

Impellizzeri (2011) suggested that EVOO’s 

phenolic content, oleuropein aglycos an 

weaken the inflammatory mouse models [26]. 

In another study mentioned that the intake 

of phenelolic enriched EVOO (70 mg/day-398 
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mg/day) can reduce the expression of several 

inflammatory genes including NF-kB and 

COX-2  [27]. 

Effect of EVOO on ET-1 Level 

Preeclampsia Rat Model 

Table 3 shows that the preeclampsia rat that 

were no treated with EVOO had a higher ET-

1 levels compared to the preeclampsia rat 

model treated with EVOO. 

Table 3 Comparison of mean level of ET-1 of negative control, positive control, treatment 1, treatment 2 and 

treatment 3 

Observation Group Mean ET-1 Level 

(pg/ ml± SD) 

p-value anova 

Negative Control 0.2569±0.0035b  

 

0.002 
Positive Control 0.3334±0.0337a 

Treatment 1 0.3187±0.0339a 

Treatment 2 0.2907±0.0150b 

Treatment 3 0.2724±0.0108b 

Note: Negative control is a normal pregnant rat. Positive control is a pregnant rat model of preeclampsia. Treatment 1 was a 

preeclampsia model rat that was given EVOO 0.5 cc. Treatment 2 was a preeclampsia model rat that was given EVOO 1 cc. 

Treatment 3 was a preeclampsia model rat that was given EVOO 2 cc 

 

Our study confirmed that ET-1 levels 

significantly different between rat didn’t give 

EVOO and rat administrated with EVOO (p 

< 0.05). A significant decrease in ET-1 levels 

was observed in the preeclampsia rat 

administered EVOO at 1 cc/day and 2 cc/day 

doses. EVOO 0.5 cc/day did not appear to 

significantly decrease ET-1 levelin the 

preeclampsia rat model. The data showed 

that the levels of ET-1 in the treated group at 

2 cc/day dose did not differ significantly from 

the mean in the normal pregnant rat group. 

This means that the optimum dose of EVOO 

to reduce ET-1 levels in the preeclampsia rat 

model was 2 cc/day. This is in line with 

research conducted by Rahma (2017) 

antioxidants in black cumin can reduce the 

expression of ET-1 in mice preeclampsia 

models.  

A study said that flavonoids found in 

chocolate can reduce levels of ET-1 in 

endothelial cells induced by plasma from 

patients with preeclampsia. These flavonoids 

reduce ET-1 by inactivating ECE (endothelin 

converting enzyme) together with the 

modulation of NO bioavailability production. 

Oxidative stress, inflammation cause an 

increase in factors such as Hypoxia Inducible 

Factor 1a (HIF-1a), sFlt-1, angiotensin II 

type receptor autoantibodies (AT1-AA), cause 

endothelial dysfunction, reduce the 

bioavailability of Nitric Oxide (NO) and 

increase endothelin (ET-1).  

At the systemic level, an increase in ET-1 can 

cause vasoconstriction and remodeling of 

blood vessels to become more resistant which 

causes changes in kidney function, increases 

Total Peripheral Resistance (TPR), and 

eventually becomes hypertension [15].The 

mechanism of decreasing ET-1 by EVOO 

through the potential of EVOO as an 

antioxidant. Antioxidants prevent damage to 

organs by free radicals by preventing the 

formation of ROS. Antioxidants also suppress 

the production of NF-kB and NF-kB itself 

inhibits the occurrence of endothelial 

dysfunction in preeclampsia by reducing the 

production of AT1-AA, by decreasing the 

production of AT-1AA resulting in decreased 

markers of endothelial dysfunction, such as 

decreasing ET-1.  

Antioxidants will suppress the formation of 

peroxynitrit (ONOO-) which will further 

reduce the occurrence of endothelial 

dysfunction which is characterized by a 

decrease in ET-1 which in turn will cause 

smooth muscle relaxation that will reduce 

blood pressure [28]. 

Conclusion 

Administration EVOO decreased HSP-90 

level, TNF-α level and ET-1 Level in 

preeclampsia rat model.  
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