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Abstract : Preeclampsia is a pregnancy disorder characterized by systemic hypertension and 

endothelial dysfunction. Endothelin 1 (ET-1) plays a role in the onset of hypertension, which is 

the major sign of preeclampsia. Black cumin (Nigella sativa) serves as an anti-free radical, 

antihypertensive, and anti-inflammatory. The purpose of this study was to examine the effect of 

black cumin seeds extract against ET-1 level, blood pressure and urine protein in preeclampsia 

mice model. There were six groups: negative control group, positive control group (pregnant 

mice injected with severe preeclampsia (SPE) maternal serum without black cumin extracts), 

and 4-doses treatments with the addition of black cumin extracts. Steps of this study were: 

blood serum collection from research participants, maternal preeclampsia (SPE) serum 

injections on Balb/c mice, administration of black cumin extract (500mg/kg/d, 1000 mg/kg/d, 

1500 mg/kg/d and 2000 mg/kg/d), ET-1 test, proteinuria measurements, blood pressure 

measurement, and data analysis by using One-Way ANOVA. The results showed that the 

average value of the ET-1 level, systolic pressure, and urine protein were significantly different 

in each sample, but diastolic pressure did not provide a significant difference in each sample. 

Treatment of black cumin (Nigella sativa) ethanol extract was proven to have the ability to 

reduce the ET-1 level, systolic pressure and lower urine protein. The 2000mg/kg/d dose of 

Nigella sativa ethanol extract was the optimum dose to reduce the ET-1 level, systolic pressure 

and urine protein  in preeclampsia mice model. 

Keywords: ET-1, black cumin (Nigella sativa), Balb/c mice, proteinuria, systolic pressure, 

diastolic pressure, preeclampsia. 
 

Introduction 

Preeclampsia is a pregnancy disorder characterized by systemic hypertension and endothelial 

dysfunction 
1, 2

. The main symptoms of preeclampsia is hypertension (systolic blood pressure >= 140 mm Hg or 
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diastolic blood pressure ≥90 mm Hg), and proteinuria (300 mg or more, in 24-hour urine capacity). 

Hypertension and proteinuria are related to the occurrence of fetal death in the utero, stunted fetal growth and 

premature labor. The disease causes high morbidity and mortality on the mother and the fetal  

Endothelin-1 (ET-1) plays a role in the onset of hypertension as a major sign of preeclampsia. 

Endothelin-1 has implications on various biochemical pathways, which is the basis of preeclampsia 

pathogenesis 
3,4

. Conditions of endothelial dysfunction and vasodilation loss will lead to hypertension, 

proteinuria and systemic manifestations of preeclampsia 
5, 6, 7, 8, 9

. ET-1 is produced in small quantities by 

endothelial cells in physiological conditions while ET-1 is produced in large quantities in the pathological 

condition. Increasing concentration of ET-1 induces vasoconstriction and produce hypertension and proteinuria 

in preeclampsia 
10, 11

.  

Increasing oxidative stress is associated with hypertension pathogenesis in preeclampsia 
12

. Meanwhile, 

increasing blood pressure is associated with an imbalance between antioxidant defense mechanisms and the 

production of free radicals. Black cumin (Nigella sativa) can serve as an anti-free radical, antihypertensive, and 

anti-inflammatory. Black cumin with active Thymoquinone has shown to have anti-oxidant effects, hypotension 

through Ca-channel blockers, and diuretics 
13,14,15,16

. In addition, the thymoquinone (TQ) of black cumin seeds 

(Nigella sativa) can reduce the ET-1 level 
17, 18

. Based on the above descriptions, further study on the black 

cumin (Nigella sativa) potential to reduce blood pressure, proteinuria, and ET-1 levels in patients with 

preeclampsia is necessary to be done. 

Materials and Method 

Blood serum collection from research participants 

Serum was taken from the blood of patients with normal pregnancy and patients who have been 

diagnosed with severe preeclampsia (SPE). The gestational age ranges between 32-34 weeks. Blood was taken 

from the veins, under sterile conditions, by using a syringe until it reached 10 cc. Next, the identity was written 

and stored in plain vacutainer, left at room temperature for 12 hours to obtain normotensive pregnancy serum 

and severe preeclampsia pregnancy serum. Then it was centrifuged at the speed of 6000 rpm for 10 minutes. 

The blood serum was stored at -20°C, grouped into SPE maternal serum and normal maternal serum. Each 

group serum was homogenized, included in Eppendorf, and stored at -40°C until it was ready to be injected in 

experimental animals (mice) 
19,20,21,22

. 

PE maternal serum injection in experimental animals 

Maternal serum injections were administered twice on the 10
th
 and 11

th
 days of gestation. The injections 

were performed by injecting each pregnant women serum into 1 ml syringe until it reached 0.1 CC. Mice’s tail 

until the base of the tail was held, the rear body was held by hand palm and index finger and thumb gently 

placed on the left and right side of the neck, then the other hand was used to handling specified location for 

intraperitoneal injection 
20, 22, 23, 24

.  

Proteinuria measurement 

Mice were placed in a special cage on the 15
th
 and 20

th
 gestation days, urine was collected within 24 

hours, stored at -800 
0
C and urine protein level was checked with spectrophotometry 

20, 25, 26, 27
.  

Blood pressure measurement 

Blood pressure measurement was performed on the 15
th
 and 20

th
 gestation days by using Digimed 

Blood Pressure analyzer, mice adaptation was done for 5 minutes, measurements were taken for 3 times at 1 

minute interval, average value was calculated and a measurement was done by using Digimed Blood Pressure 

analyzer with a Rasia scale in Balb/c mice on the 15
th
 and 20

th
 gestation days 

22, 23
. 

Preparation of black cumin extracts  

The preparation of black cumin (Nigella sativa) extracts was divided into several steps: drying process, 

extraction process, and evaporation process. The drying process was done by drying and cleaning black cumin 
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seeds and placed it in an oven at a temperature of 40-60°C or by drying it under the sun. The extraction process 

was done by refining dried black cumin seeds in a blender, black cumin seeds that have been refined was 

weighed at 100 grams, refined black cumin seed was inserted in an ± 1L Erlenmeyer glass, soaked with 900 ml 

ethanol, shaken for 30 minutes until homogeneous, left for one night until it precipitated, the top layer of a 

mixture of ethanol (solvent) with active substances that have been mixed with filtration was taken by using 

filter paper, and soaked for 3 times. The evaporation process was done by entering the top layer of ethanol with 

active substances that have been taken from the 1L evaporation flask, evaporation flask was placed in the 

evaporator, filled water bath with water to the brim, all series of tools were assembled including the rotator 

evaporator, water bath heater was connected with electricity, ethanol solution was left until it was separated 

with the evaporation flask active substances, waited until ethanol stopped dripping from the ±900 ml flask 

shelter (± 1.5 to 2 hours for 1 flask), the extraction were inserted into the a plastic bottle, stored in a freezer and 

100 cc of black cumin seed extract in the form of a viscous (oil) dark-brown-black fluid was 100% ready to be 

used as concentration of active substances extract 
28, 29, 30

.  

Administration of black cumin extract 

Female Balb/c mice with 16 weeks pregnancy and with preeclampsia were used in this study. 

Preeclampsia was identified through signs of hypertension and positive urine protein. Females and males Balb/c 

mice were mated on the evening at 19.00 pm and checked on the next morning at 06.00 am to determine the 

occurrence of fertilization by looking at the female Balb/c mice’s vaginal white plague. Before administering 

the black cumin extract, the weighing of mice was done with ohaus balance. Black cumin extract was given 

orally on the 15
th
-20

th
 days of gestation with different doses (500 mg/kg/d, 1000 mg/kg/d, 1500 mg/kg/d and 

2000 mg/kg/d) 
31

 by using a sonde. Sonde was inserted into the mouth of Balb/c mice through the ceiling and 

slowly moved up to the pharynx and esophagus, and black cumin extract contained in the syringe was pushed 

into the esophagus until it reached the gastric. 

Examination of Endothelin-1 

All reagents, standard and samples were prepared, excess microplate strips were disposed from the 

frame disc, the foil pouch containing desiccant packs was returned and resealed, 150 μL of RD1-105 Assay 

diluents was added, 75 μL of standard was added, closed with adhesive strips, incubated for 1 hour at room 

temperature in a set of micro disc horizontal orbital shaker (0.12’ orbit), set at a speed of 500 ± 50 rpm, the disc 

provided for recording standard and sample was set, suctioned on each testing well, and washed for four times. 

The washing process was done by filling each Buffer (400 μL) test well by using spray bottle, manifold 

dispenser, or automatic washers. After the washing procedure, washing Buffer was removed by using aspiration 

or mixing, the back of disc was wiped with a paper towel until it cleaned, 200 μL of endothelin-1 was added for 

each test, covered with new adhesive strip, incubated in a shaker for 3 hours at room temperature, washing 

procedure was repeated again, 200 μL of substrate solution was added to each test wells, incubated for 30 

minutes at room temperature in a benchtop, protected from light, and 50 μL of solution was added. Well color 

has to change from blue to yellow. If the well was green or the color change did not appear universally, then the 

disc has to be pressed to ensure a thorough mixing. Furthermore, the optical density was determined in each 

well test within 30 minutes by using 450 nm micro disc readers. If the wave correction was available, set it to 

540 nm or 570 nm. If the correction wave was not available, then at 540 nm or 570 nm reading reduced into 450 

nm reading. Reading was done directly at 450 nm without correction might be higher. 

Data Analysis 

Data were statistically analyzed by using SPSS 19.0 software program for Windows. Prior to data 

analysis, normality test was done by using Shapiro-Wilk test to assess the probability of empirical error in p-

value. If the p-value>0.05, then data have a normal distribution, and if p-value<0.05 then the data doesn’t have 

a normal distribution, and thus parametric tests cannot be used 
32

. Furthermore, One Way ANOVA was used to 

compare the mean of measured variables between the positive control groups, that was the group of pregnant 

mice injected with serum of SPE pregnant women without black cumin extracts (Nigella sativa) and the group 

of pregnant mice injected with SPE maternal serum with black cumin extracts (Nigella sativa). Black cumin 

extracts were administered in 4 different doses to obtain data from each variable. 
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Results 

Effect of Nigella sativa on the systolic pressure 

The result showed that there were significant differences in the average value of systolic pressure on the 

six observation groups. It was indicated by the p-value=0.000<α.   

 

Figure 1. Average value of systolic pressure on the six observation groups  

Figure 1 showed that the average value of systolic pressure decreased as the doses of Nigella sativa 

ethanol extract increased. The group with the lowest average value of systolic pressure was the 2000mg 

(119.8±4.8) Nigella sativa ethanol extract. It can be concluded that 2000mg Nigella sativa ethanol extract was 

the most optimum dose in lowering systolic pressure in mice with preeclampsia. In other words, the optimum 

dose of 2000mg Nigella sativa ethanol extract can significantly lower the systolic pressure in mice with 

preeclampsia. 

Effect of Nigella sativa on the diastolic pressure 

The result showed that there were no significant differences in the average value of diastolic pressure 

on the six observation groups. It was indicated by the p-value=0.248<α.   

 

Figure 2. Average value of diastolic pressure on the six observation groups 
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Figure 2 showed that there were no significant differences of diastolic pressure average value of the 

four observation groups. It can be concluded that various doses Nigella sativa ethanol extract had the same 

effect on diastolic pressure in mice with preeclampsia.  

Effect of Nigella sativa on the urine protein 

The result showed that there were significant differences in the average value of urine protein on the six 

observation groups. It was indicated by the p-value=0.001<α.  

 

Figure 3. average value of urine protein on the six observation groups 

Figure 3 showed that the average value of urine protein decreased as the doses of Nigella sativa ethanol 

extract increased. The group with a the lowest average value of urine protein was the 1500mg. (5.74±0.95) 

Nigella sativa ethanol extract and the negative control group (healthy mice) (5.48±1.1). It can be concluded that 

1500mg Nigella sativa ethanol extract was the most optimum dose in lowering urine protein of mice with 

preeclampsia. Results also showed that administration of Nigella sativa ethanol extract in various doses 

significantly influenced the decreased urine protein of mice with preeclampsia. 

 Effect of Nigella sativa on the ET-1 level 

The result showed that there were significant differences in the average value of ET-1 level on the six 

observation groups.  

 

Figure 4. Average value of ET-1 level on the six observation groups 
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Figure 4 showed that the average value of ET-1 level decreased as the doses of Nigella sativa ethanol 

extract increased. The group with  the lowest average value of ET-1 level was the 2000mg (4.04±1.03) Nigella 

sativa ethanol extract and the negative control group (healthy mice) (4.12±0.79). It can be concluded that 

2000mg Nigella sativa ethanol extract was the most optimum dose in lowering ET-1 level of mice with 

preeclampsia. Results also showed that administration of Nigella sativa ethanol extract in various doses 

significantly influenced the decreased ET-1 level of mice with preeclampsia. 

Discussion 

General View of Mice with Preeclampsia 

Mice with preeclampsia are characterized by hypertension and elevated levels of urinary protein. The 

basic characteristic is homogeneous in accordance with the inclusion and exclusion criteria in Table 1. 

A hundred female mice (Mus musculus), within reproductive age and between 20-30 mg, were mated 

with 50 male mice of the same type at a ratio of 2: 1. Vaginal plug observation method was used to determine 

mice pregnancy. Vaginal plug observation resulted in 45 out of 100 positive female mice and it was set as day 

zero of pregnancy, then increased weight and distention were observed onward. Weight gain and abdominal 

enlargement are significant on 10
th
 day of gestation 

33
. After that, 30 mice were randomly picked as 

experimental animals. Experimental animals were injected with 0.1 cc per day of intraperitoneal serum from 

severe preeclampsia patients and normal serum in 10
th
 and 11

th
 days of gestation. Blood pressure and urine 

protein were measured on 15
th  

(pre) and 20
th
 (post) gestation, then termination was performed on the 20

th
 

gestation day 
20, 21, 22

. 

 Table 1 showed data of pregnant mice injected by 0.1 cc intraperitoneal serum from patients with 

severe preeclampsia on 10
th
 and 11

th
 days of gestation. Mice that were injected with normal patient's 

intraperitoneal serum were used as a negative control, whereas mice that were injected with severe 

preeclampsia patient's intraperitoneal serum were used as preeclampsia mice model, in which the systolic blood 

pressure ≥ 140 mmHg. Meanwhile, mice urine protein is said to be high when it reaches more than 10 mg/dl. 

Mice were divided into 6 groups: the negative control group, the positive control group, the black cumin seeds 

(Nigella sativa) ethanol extract treatment groups with doses of 500 mg/kg/day, 1000 mg/kg/day, 1500 

mg/kg/day and 2000 mg/kg/day for 5 days (15
th
-19

th
 of gestation days). The termination was done on the 

20
th
gestation day and the serum was taken. Evaluation of blood pressure and urine protein results as a 

characteristic of preeclampsia in mice models was in accordance with inclusion and exclusion in each group. 

Table 1. Primary Characteristics of Preeclampsia Mice  

Characteristic K(-) K(+) KP I KP II KP III KP IV 

Group 5 5 5 5 5 5 

Initial Weight 25.8±0.84 26.4±1.14 26.6±41.6 27.4±0.5 27±0.9 26.4±1.6 

Final Weight 39±4.3 40.2±3.27 41.6±3.9 41.8±2.1 42±3.9 39±1.4 

Systolic 

pressure (pre) 

118.4±7.27 174.6±8.62 174.4±13.7 160.2±9.1 166±7.7 163.6±11.

3 

Diastolic 

pressure (pre) 

78.8±1.3 96.2±9.6 79.4±0.8 77.8±3.9 79±0.9 79.2±0.7 

Urine Protein 

(pre) 

4.89±1.36 12.2±0.85 12.8±1.3 14.3±0.7 12.4±1.1 11.8±2 

 

Description: Characteristics of the preeclampsia mice model by hypertension and high urine protein levels.       

K (-): negative control, K(+): positive control ( injected Maternal serum severe preeclampsia (SPE)), KPI-IV: 

injected SPE+ Ethanol Extract of Nigella sativa (500, 1000, 1500, 2000 mg/kg/day) 
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Effect of black cumin ethanol extract in ET-1, blood pressure, and proteinuria on preeclampsia mice 

model 

This study found significant differences between the average values of Endothelin 1 (ET-1) on mice 

with preeclampsia. It proved the assumption that black cumin seeds (Nigella sativa) ethanol extract can reduce 

the ET-1 level in preeclampsia mice’s plasma. These results are consistent with in vivo studies before on 40 

asthma pigs with Thymoquinone (TQ) treatments in the low and high doses. Results of this study showed the 

levels of ET-1 in lung tissue of groups injected with TQ in low doses (20 M) when compared with control 

group. It was clear that TQ, the main content of black cumin seeds (Nigella sativa) can reduce the ET-1 level 
37

. 

Other studies also reported that the extract of black cumin seeds (Nigella sativa) can lower blood pressure 

significantly 
34

 . 

ET-1 reduction by black cumin seeds (Nigella Sativa) extracts and its potency as an antioxidant has 

been proven to be capable against several reactive oxygen species (ROS). The capability can suppress the 

formation of peroxynitrite (ONOO), which will further reduce the occurrence of endothelial dysfunction. It is 

characterized by a decrease in ET-1, which will cause smooth muscle relaxation and lower blood pressure 
17

. 

Other studies also reported the inhibition of nitric oxide synthesis in pregnant mice will lead to increased ET-1 

level 
35, 36.

 Black cumin (Nigella Sativa) potential as an antioxidant and anti-inflammatory can reduces levels of 

inflammatory cytokines serum, which will influence the decreased production of ET-1 by endothelial cells of 

preeclampsia mice model. 

ET-1 level influenced the urine protein directly and significantly. A decrease of the ET-1 level resulted 

in a decrease of the urine protein, due to the administration of Nigella sativa ethanol extract in preeclampsia 

mice model. Similarly, the ET-1 level also influenced the systolic blood pressure directly and significantly. A 

decreased of ET-1 level resulted in a decrease of systolic blood pressure, due to the administration of Nigella 

sativa ethanol extract in preeclampsia mice model. 

Conclusion 

It can be concluded that the average value of the ET-1 level, systolic pressure, and urine protein were 

significantly different in each sample, but diastolic pressure did not provide a significant difference in each 

sample. In addition, treatment of black cumin (Nigella sativa) ethanol extract was proven to have the ability to 

reduce the ET-1 level and lower urine protein. The 2000mg/kg/d dose of Nigella sativa ethanol extract was the 

optimum dose to reduce the ET-1 level, systolic pressure and urine protein in preeclampsia mice model. 
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