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Abstract

Background: During placental preeclampsia experiencing oxidative stress, oxidative stress can increase
the expression and activation of nuclear factor-kappa B which regulates the levels of TNF α (Tumor
necrosis factor-α), interleukin-6, interleukin-8, COX-2 (Cyclooxygenase-2) genes.
Objective: Analyzing the positive effects of black cumin ethanol extract (Nigella sativa) on reducing
serum TNF-α levels and serum interleukin-8 in mice model preeclampsia.
Methods: Research design True experimental with type post-test only control group design. Research
using pregnant Balb/c strain mice was healthy used as preeclampsia model mice and divided into 6
groups. Ethanol extract of seeds is Nigella sativa gave orally in the treatment group from 15 to 19 d at a
dose of 500 mg kg/d, 1000 mg/kg/d. 1500 mg/kg/d, 2000 mg/kg body weight/d, and terminated at 20th

gestational age. Measurement of TNF-α levels and Interleukin-8 levels using ELISA (Enzyme-linked
immune sorbent assay).
Results: TNF-α levels and interleukin-8 levels showed a decreased level after being given treatment at a
dose of 1500 mg/kg body weight.
Conclusions: Black cumin extract has a positive effect to reduce serum TNF-α and serum interleukin-8
levels to be used as a therapy for preeclampsia disorders.
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Introduction
Preeclampsia in pregnancy that can be experienced by pregnant
women varies from mild hypertension, severe hypertension,
eclampsia to hemolysis syndrome, elevated liver enzymes, low
platelet count, endothelial dysfunction in the body such as in
the kidneys, liver, heart and brain. The impact of preeclampsia
is preterm birth, intrauterine growth retardation and fetal death
[1].

The incidence of preeclampsia is approximately 5-8% of all
pregnancies, the incidence of preeclampsia in the second
pregnancy is less than 1% of pregnant women with normal
blood pressure during the first pregnancy [2]. Preeclampsia
complicates 1.3%-6.7% of all pregnancies and the main cause
of maternal and perinatal morbidity and mortality worldwide
[3-5]. Three classic causes of maternal death are an infection,
bleeding, and preeclampsia [6]. Based on the Indonesian
Demographic and Health Survey year of maternal mortality in
Indonesia for the period 2008-2012 was 359 deaths per
100,000 live births higher than the results of the 2007 which
amounted to 228 per 100,000 live births. The incidence of

preeclampsia is said to be a public health problem if the case
fatality rate of preeclampsia reaches 1.4% to 1.8%. In
Indonesia, the frequency of preeclampsia is around 3-10% [7].

The initial cause of preeclampsia is still unknown because
preeclampsia is “the disease of theories” [8]. Preeclampsia is
one of the complications in pregnancy whose clinical findings
are characterized by an increase in blood pressure accompanied
by proteinuria in pregnant women with gestational age above
20 w who previously had no history of previous hypertension
[9-12]. The cause of preeclampsia is the molecular mechanism
of abnormal development, placental hypoxia, and endothelial
dysfunction. Cytokines are intermediate proteins released by
immune cells that function to regulate or stimulate other body's
immune cells. Several types of cytokines have been shown to
increase in preeclampsia and may be used as a marker of
preeclampsia [8,13].

During placental preeclampsia experiencing oxidative stress,
oxidative stress can increase the expression and activation of
NF-κB (nuclear factor-kappa B) which regulates the levels of
TNF α, interleukin-6, interleukin-8, and COX-2
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(Cyclooxygenase-2) genes. In preeclampsia, there is an
increase in NF-kB in trophoblast cells that experience
oxidative stress [14,15].

Black cumin (Nigella sativa) as an anti-inflammatory and
antioxidant. The results of chemical analysis of black cumin oil
showed that the fixed oil content of line oleic acid, oleic acid,
eicosanoat acid, palmitoleic acid, palmitic acid, stearic acid,
myristic acid, sterols, and volatile oil showed the main active
ingredient, thymoquinone (2-isopropyl- 5-methyl-
benzoquinone) proved to have anti-inflammatory activity [16].
The main components of black cumin seeds, thymoquinone,
have the ability to inhibit pro inflammatory cytokines such as
TNF-α, interleukin-1, interleukin-6, NF-kB (nuclear factor-
kappa B) [17-19]. Thymoquinone works as an inflammatory
inhibitor that works through the pathway as an anti-
inflammatory. The inflammatory immune response starts from
the recruitment of inflammatory cells into the inflammatory
lesion [20-22].

Materials and Methods

Research
Design true experimental research design with post-test only
control group design, researchers measured the effect of
treatment on the experimental group by comparing the control
group, without first pretesting [23]. Research using pregnant
mice was injected with serum of severe preeclampsia mothers
and serum of normal pregnant women, using human serum to
be injected in pregnant mice to obtain symptoms of
preeclampsia in mice that had received ethical approval from
the ethics committee of the Brawijaya University Faculty of
Medicine.

Healthy mice were used as mice that approached the
preeclampsia model by injecting with serum of severe
preeclampsia mothers and divided into 6 groups, with the
details of the control group in group 1 of normal pregnant
mice, group 2 of preeclampsia mice and the treatment group
which was given a group of black cumin ethanol extract. 3:
dose of 500 mg/kg body weight/d, in group 4: dose 1000
mg/kg body weight/d, in group 5: dose 1500 mg/kg body
weight/d and in group 6: dose 2000 mg/kg body weight/d,
increase in dose for each group given with a counting series
with a difference of 500 mg from the previous dose. The
duration of giving black cumin extract is given orally from the
15th to 20th d of gestation [24,25].

The process of making black cumin extract through 3 stages:
the drying process, the extraction process (the results of this
extract will be used in the study of this extract in the form of
thick liquid (dark oil) and dark brown close to 100 cc black,
active substance concentration this extract is 100%) and, the
evaporation process.

Measurement of tumor necrosis factor-α (TNF-α)
Tool: Micropipette, blue, yellow, and white tip, vortex,
dependent, ELISA (Enzyme-linked immuno sorbent assay)
reader, computer with MS. Excell. Material: Serum mouse
control and treatment group and ELISA (Enzyme-linked
immuno sorbent assay). Measurement of TNF-α levels using
ELISA (Enzyme-linked immuno sorbent assay) (Bio Legend,
catalog number 430907).

Measurement of interleukin-8 (interleukin-8)
Tool: Micropipette, blue, yellow, and white tip, vortex, shaker
mixer, incubator, ELISA (Enzyme-linked immuno sorbent
assay) reader, computer with MS. Excell.Ingredients: Serum
mouse samples of animal samples both control and treatment
groups and ELISA KIT. BioLegend's Interleukin 8
(interleukin-8) ELISA (Enzyme-linked immuno sorbent assay)
measurement, E1481Mo catalog number).

Statistical analysis
All the data was recorded in the entry form, and further
organized using descriptive statistics, presented as mean ± SD
for numerical data, and proportion (%) for the categorical data.
The statistical analysis was carried out by using ANOVA one
way and continuous using (Multiple comparisons) with the
least significant difference (LSD). Values of p<0.05 were
considered statistically significant.

Result

General overview of mice preeclampsia model
Making mice model of preeclampsia refers to research
conducted [24,26]. To evaluate the characteristics of
preeclampsia with hypertension and positive urinary protein.
The basic characteristics of mice in each control group and
treatment group can be seen in the Table 1. Basic
characteristics are homogeneous according to inclusion and
exclusion criteria.

Table 1. Baseline characteristics of mice preeclampsia model.

Characteristics K (-) K (+) PI P2 P3 P4

(Mean ± SD) (Mean ± SD) (Mean ± SD) (Mean ± SD) (Mean ± SD) (Mean ± SD) )

Number of groups 5 5 5 5 5 5

BB initial 25.6 ± 1 25. ± 1.2 26.6 ± 41.6 27.4 ± 0.5 27 ± 0.9 26.4 ± 1.6

BB end 38.6 ± 3.6 39.6 ± 2 41.6 ± 3.9 41.8 ± 2.1 42 ± 3.9 39 ± 1.4
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Systolic pressure 118.4 ± 6.4 170.1 ± 0.7 174.4 ± 13.7 160.2 ± 9.1 166 ± 7.7 163.6 ± 11.3

Diastolic pressure 79.8 ± 0.4 78.8 ± 1.5 79.4 ± 0.8 77.8 ± 3.9 79 ± 0.9 79.2 ± 0.7

Urine protein 4.8 ± 1.21 12.2 ± 0.7 12.8 ± 1.3 14.3 ± 0.7 12.4 ± 1.1 11.8 ± 2

The results showed that the mice had positive control and the
group that would be treated after the injection of severe
preeclampsia mothers on the 10th and 11th d and on the 15th d
were measured blood pressure and urine protein had
hypertension and urine protein levels were higher than negative
controls.

Negative group (K-) and positive control group (K+)
maintained for 20 d by feeding and drinking as usual, while the
treatment group exposed to various doses of ethanol extract of
seeds Nigella sativa in pregnant mice with a dose of group 1:
dose of 500 mg/kg body weight/d, in group 2: dose 1000
mg/kg body weight/d, in group 3: dose 1500 mg/kg body
weight/d and in group 4: dose 2000 mg/kg body weight/d for 5
days on the 20th d termination was done for good mouse mice
negative control group (K-) and positive control group (K+)
and treatment for serum TNF-α levels and serum interleukin-8
levels serum collection results stored at -40°C numbering on
the cap and arranged for measurement ELISA (Enzyme-linked
immunosorbent assay). The results of serum surgery of mice
model of preeclampsia with negative control group, positive
control group, treatment group dose 1: dose as much as 500
mg/kg body weight/d, treatment group dose 2: dose 1000
mg/kg body weight/d, treatment group dose 3: dose 1500
mg/kg body weight/d and treatment group dose 4: dose 2000
mg/kg body weight/d can be seen in the picture below (Figure
1).

Collection of serum samples of mice negative control,
positive control and treatment

Figure 1. Number. A39, A41, A45, A47, A48 negative controls;
number. B.7, B.10, B.12, B.13, B.19 Positive control, number. C.1, C.
4, C.5, C.6, C.9: PE model mice with black cumin ethanol extract 500
mg/Kg body weight, Number D.2, D.3, D.6, D. 10, D.14 mice model
PE with black cumin extract 1000 mg/kg body weight, number. E.3,
E.4, E.6, E.9, E.18: PE models with black cumin extract 1500 mg/kg
body weight, number. F.2, F.3, F.5, F.6, F.16 PE model mice with 2000
mg/kg body weight black cumin ethanol extract.

Results of measurement of serum TNF-α levels
Based on the results of the test one-way ANOVA on TNF-α
levels obtained there were significant differences in the mean
levels of TNF-α the five observation sample groups, this was
indicated by p-value=0.000<α. Furthermore, in the multiple
comparisons test with the test, it is least significant difference
(LSD) obtained and displayed in full in the table below (Table
2).

Table 2. Comparison of TNF-α level (pg/ml).

Observation group n (Mean ± SD) p-value

Positive control (PEB) 5 47.91 ± 6.32a 0.000 <

PEB+ethanol extract ns
500 mg

5 31.64 ± 1.87b

PEB+ethanol extract ns
1000 mg

5 22.68 ± 3.46c

PEB+ethanol extract ns
1500 mg

5 9.29 ± 1.93d

PEB+extract ethanol ns
2000 mg

5 15.66 ± 2.14e

Description: At (Mean ± SD) if you load different letters, their differences are
significant (p-value<0.05) and if you load the same letter, there is no significant
difference (p-value>0.05).

The results showed that the treatment of extract ethanol Nigella
sativa various doses of had a significant effect on decreasing
levels of TNF-α in models of preeclampsia. Similarly, the dose
obtained ethanol extract of Nigella sativa optimum lower
levels of TNF-α is a 1500 mg dose.

Results of measurement of serum interleukin-8 levels
Based on the results of the one way ANOVA test on serum
interleukin-8 levels data, there was a significant difference in
the mean serum interleukin-8 levels of the five observation
sample groups, this was indicated by p-value=0.007<α.
Furthermore, in the multiple comparisons test with the least
significant difference (LSD) test, it is obtained and displayed in
full in the table below (Table 3).

Table 3. Comparison of serum interleukin-8 levels.

Observation group n (Mean ± SD) p-value

Positive control (PEB) 5 186.43 ± 7.53a 0.007<α

PEB+ethanol extract ns 500 mg 5 140.66 ± 22.47b

PEB+ethanol extract ns 1000
mg

5 154.60 ± 24.75b

The positive effect of black cumin ethanol extract (Nigella sativa) on decreasing serum TNF-a levels and interleukin-8
levels in mice model of preeclampsia
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PEB+ethanol extract ns 1500
mg

5 147.20 ± 10.39b

PEB+extract ethanol ns 2000
mg

5 130.34 ± 33.17b

Description: In (Mean ± SD) if you contain different letters means there are
significant differences (p-value<0.05) and if you load the same letter means
there is no significant difference (p-value> 0.05).

Based on the description of the research results it can be
interpreted that the treatment of extract ethanol Nigella sativa
various doses of has a significant effect on the reduction of
interleukin-8 levels in mice modeled in preeclampsia.
Likewise, a dose of ethanol extracts Nigella sativa the most
optimum was reduced to 1500 mg.

Discussion

Positive effects of black cumin ethanol extract
(Nigella sativa) on decreasing serum TNF-α levels in
mice model of preeclampsia
This study shows that there are significant differences in mean
TNF-α levels between positive control group (model of
preeclampsia mice) (47.91 ± 6.32a pg/ml) with the treatment
group giving ethanol extract Nigella sativa 500 mg of (31.64 ±
1.87100022.68b pg/ml), with a dose of ± 3.46c pg/ml), at a
dose of 1500 mg (9.29 ± 1.93d pg/ml), and also at a dose of
2000 mg (15.66 ± 2.14e pg/ml). Effect of extract ethanol
Nigella sativa is able to reduce levels of TNF-α.There was a
decrease in TNF-α levels along with an increase in the dose of
ethanol extract Nigella sativa given to mice in the
preeclampsia model. So the second hypothesis has been
proven, the ethanol extract of Nigella sativa can reduce levels
of TNF-α in mice model of preeclampsia.

Furthermore, there is also a significant difference mean levels
of TNF-α between the treatment groups of ethanol extract
Nigella sativa 500 mg (31.64 ± 1.87b pg/ml) with treatment
group ethanol extract Nigella sativa 1000 mg (3:46 ± 22.68c

pg/ml), with the group treatments extract ethanol of Nigella
sativa 1500 mg (9:29 ± 1.93d pg/ml), and also to the treatment
group of ethanol extract Nigella sativa 2000 mg (15.66 ± 2:14e

pg/ml). If based on the mean value, it can be seen that there is a
decrease in the mean level of TNF-α along with the increase in
the dose of ethanol extract Nigella sativa to the mouse
preeclampsia model, except at a dose of 2000 mg increased
slightly.

Furthermore, at a dose of 1000 mg, 1500 mg, and 2000 mg of
ethanol extract Nigella sativa also showed a significant
difference in the mean levels of TNF-α in the mice model of
preeclampsia. If based on the mean value of TNF-α levels in
the treatment group 1500 mg dose showed the smallest average
value of TNF-α (9.29 ± 1.93d pg/ml) compared to groups at
other doses. This means that the treatment of ethanol extract
Nigella sativa 1500 mg dose can is considered the most
optimum dose in reducing TNF-α levels in mice model of
preeclampsia.

Based on the description of the study it can be interpreted that
the treatment of extract ethanol Nigella sativa various doses of
had a significant effect on decreasing levels of TNF-α in mice
model of preeclampsia. So the second research hypothesis has
been proven, namely the administration of extract ethanol
Nigella sativa can reduce levels of TNF-αin mice model of
preeclampsia. Similarly, the dose obtained ethanol extract of
Nigella sativa optimum lower levels of TNF-α is a 1500 mg
dose.

Proinflammatory cytokines such as TNF-α and interleukin-6
are higher in preeclampsia patients when compared with
normal pregnant patients [27]. High levels of interleukin-6 will
induce differentiation from T cells to Th17 cells, followed by a
decrease in the regulatory function of Treg so that the Th17:
Treg ratio. Furthermore, this condition will activate the
response and differentiation of B cells to CD19+CD5 + B cells.
This type of B cell is an autoreactive B cell that can secrete
high AT1AA in preeclampsia patients. The AT1-AA formed
will bind to the AT1 receptor (AT1R) which returns to induce
TNF-α and sFlt-1 [24,25] . TNF-α binds TNFR1 and TNFR2
with high affinity. Human TNF-α receptors can bind to TNF-α
receptors in some specific species such as TNFR1 in mice [28].

Other studies that have been conducted show that the serum
ability of preeclamptic patients to increase sFlt-1 and
production in endothelial cell cultures is inhibited by the
administration of anti-TNF-α drugs. So it can be concluded
that TNF-α can directly increase the production of sFlt-1 and
[25].

Nigella sativa has the main active ingredient, thymoquinone
has the ability to inhibit proinflammatory cytokines such as
TNFα, interleukin-1, interleukin-6, NF-kβ [17-19].
Thymoquinone works as an inflammatory inhibitor that works
through the pathway as an anti-inflammatory and proapoptotic.

TNF-α is a proinflammatory cytokine that plays an important
role in this process. The NF-ҡβ pathway is activated by TNF α,
thymoquinone works to inhibit NF-ҡβ which is activated by
TNF α and inhibits NF-ҡβ translocation to PDA cell nuclei
(Ductal adenocarcinoma) pancreatic [20-22]. So that it can be
explained that the administration of ethanol extract Nigella
sativa in mice model of preeclampsia has been shown to
reduce serum TNF-α levels.

Positive effects of black cumin ethanol extract
(Nigella sativa) on decreasing serum interleukin-8
levels in mice model of preeclampsia
Based on multiple comparison test results with test LSD (Least
significant difference) showed that there were significant
differences in serum interleukin-8 levels between positive
control group (model of preeclampsia mice) (186.43 ± 7.53a

ng/L) with the treatment group administration of ethanol
extract Nigella sativa dose of 500 mg (140.66 ± 22.47b ng/L),
with a dose of 1000 mg (154.60 ± 24.75b ng/L), with a dose of
1500 mg (147.20 ± 10.39b ng/L), and also at a dose of 2000 mg
(130.34 ± 33.17b ng/L). This means that there is an effect of
treatment with of ethanol extracts of Nigella sativa 500 mg,
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1000 mg, 1500 mg, and 2000 mg on decreasing serum
interleukin-8 levels in models of preeclampsia. The
administration of extract ethanol Nigella sativa various doses
of had a significant effect on lowering serum interleukin-8
levels in models of preeclampsia.

Thymoquinone inhibits transcription of NF-kB by reducing its
promoter activity, first inhibits the NF-kB signaling pathway
and inhibits its transcription and inhibits transcription of
cytokines and inflammatory chemokines such as interleukin-8,
thymoquinone as an inhibitor of inflammatory pathways which
is a combination as anti-inflammatory and anti-apoptosis.
Administration of thymoquinone after administration of 6 h
and 24 h can reduce interleukin-8 and after 24 h of
administration completely eliminates interleukin-8 expression
[17-19].

TQ is the most bioactive ingredient of black seed oil which
inhibits the expression and activity of NF-kB, the exact
mechanism by which thymoquinone regulates interleukin-8
and cancer cell growth. Treatment of interleukin-8
thymoquinone-suppressing and its receptors in hepatocellular
carcinoma (HCC).

The results of this study showed that the administration of
black cumin reduced interleukin-8 in serum in models of
preeclampsia mice through suppression of dysflex NF-kB
expression and inhibition of NF-kB p65 activation in the cell
so transcription did not occur. Proinflammatory gene
(interleukin-8). The dose of ethanol extract of Nigella sativa
optimum was obtained which was 2000 mg dose.

In this study, the ethanol extract of black cumin seeds dose
2000 mg/kg body weight/d there was an increase in
interleukin-6 levels, this might be due to the effects of
hormesis, biphasic dose response wherein low doses give a
beneficial effect and at high doses have a detrimental effect or
toxic effect [29]. This is due to the response of cells or
organisms at low doses to be considered as an adaptive
compensation process following the initial disruption of
homeostasis. Many articles published data showing biphasic
responses to cells, organisms or changes in environmental
conditions. Calabrase et al. also described the meta-analysis of
biphasic dose-response curves. Although not all factors can
cause biphasic dose response in cells and organisms but there
are several things that are common. Examples include
exposure to chemicals, changes in temperature, the presence of
radiation, activities, energy/food intake and others [30].

Conclusion
Various doses of ethanol extract of Nigella sativa had a
significant effect on decreasing levels of TNF-α in models of
preeclampsia. Similarly, the dose obtained ethanol extract of
Nigella sativa optimum lower levels of TNF-α is a 1500 mg
dose. The administration of extract ethanol Nigella sativa
various doses of had a significant effect on lowering serum
interleukin-8 levels in models of preeclampsia. TNF-α levels
and interleukin-8 levels showed a decreased level after being
given treatment at a dose of 1500 mg/body weight.

Limitation of Research
No further examination of the content of black cumin is carried
out after extraction so that the dose becomes more accurate.
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