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ABSTRACT 
Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with wide manifestations that require long-term 
treatment. Current treatment has not shown a satisfying result and still yields some side effects. Nigella sativa (NS) 
has anti-inflammatory and immunomodulatory effects and thus has the potential to improve SLE symptoms. This 
study aims to understand the NS effect on the level of anti-dsDNA and Treg percentage in pristane-induced lupus 
(PIL) mice. Anti-dsDNA has an important role in diagnosing and prognosing SLE with high specificity. Treg has been 
known to be disturbed in SLE. This is a true experimental, randomized posttest only controlled group design with 25 
female Bagg and Albino/c mice as the subject, divided into five groups: negative control/K(−)/healthy mice, positive 
control/K(+)/PIL mice, and three treatment groups (three different doses of NS, 1.2, 2.4, and 4.8 g/kgBW/day). Anti-
dsDNA analysis was conducted using enzyme-linked immunosorbent assay and Treg using flow cytometry. Treatment 
group 4.8 g/kgBW/day has significantly lower anti-dsDNA and significantly higher Treg than K(+) (p < 0.01). Linear 
regression test showed that escalation of NS dose is correlated with the decrease of anti-dsDNA and increase of Treg 
in PIL mice. Thus, NS has the potential to repair the immune function in SLE.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic 

debilitating autoimmune disease that affects various organ systems 
simultaneously or sequentially and undergoes flare-up and 
remission stage (Jaryal and Vikrant, 2017). SLE requires a long-time 
treatment. The complexity and the long-term requirement of SLE 
therapy can burden patients psychologically, which slow down the 
treatment and leads to mistreatment (Rubinstein et al., 2018). Two-
thirds of SLE patients experience lupus nephritis that contributes 
to the main cause of patients mortality (Jaryal and Vikrant, 2017). 
SLE is a common autoimmune disease that presents various clinical 
manifestations, thus called “The Disease of A Thousand Faces” 
(Pan et al., 2020). The high number of these diseases is shown in the 

epidemiological data in The USA, where the SLE patient number 
was 1.5 million (Benaroya Research Institute, 2019). Nine out of 
10 patients diagnosed with lupus are women, thus biologic sex is 
important in disease development (Cunningham et al., 2016). It was 
estimated that there was a role of estrogen in the high incidence of 
SLE in women, based on the theory that the immune cells have an 
estrogen receptor (Maidhof and Hilas, 2012).

The latest journal mentioned that the SLE cannot be cured 
because the present treatment is still only targeting symptomatic 
relief. It is due to the etiology of this disease which is still hard 
to be discovered; thus, the specific therapy is also still hard to be 
determined (Atik et al., 2020). The three major common etiologies 
of SLE are genetic, hormonal, and environmental factors (Finzel 
et al., 2018). Physiologically, the cell will undergo apoptosis and 
then immediately be phagocytized due to the cell surface alteration 
caused by the apoptosis process (Miles et al., 2012). Meanwhile, 
in SLE, there is a clearance defect of the apoptotic cells; thus, the 
phagocytosis does not happen immediately. 

SLE is an autoimmune disease marked by the production 
of various antibodies toward self-nucleus, antinuclear antibodies 
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(ANAs), which includes anti-dsDNA that acts as a diagnosis and 
prognosis of SLE. ANA and anti-dsDNA have high sensitivity and 
specificity in patients with SLE (Wichainun et al., 2013). Anti-
dsDNA level has been recognized as the classification criteria 
for SLE by the American College of Rheumatology (ACR) and 
Systemic Lupus International Collaborating Clinics (SLICC) 
(Rekvig, 2015). Therefore, the first variable determined in this 
research was anti-dsDNA. 

Cells that undergo secondary necrosis can trigger 
the release of danger-associated molecular patterns that 
stimulates inflammatory cytokine response and contributes 
to the autoimmunity process (Mahajan et al., 2016). Thus, 
inflammation has become one important target in many studies 
because inflammation is triggered by autoimmune itself. 
Moreover, Treg regulation also becomes a relatable research to 
an immunomodulatory function. Earlier studies stated that Treg 
dysfunction underlies autoimmunity (Tahernia et al., 2017). Treg 
cells hold an important role in maintaining peripheral tolerance 
and prevent autoimmune diseases (Barlianto et al., 2018).

Heretofore, the treatments are given to the SLE patients 
such as corticosteroid and immunosuppressant that only treat 
symptomatically but do not decrease SLE progressivity (Hersh et al., 
2009). Treatment of SLE patients is a long-term medication and the 
drug side effect needs to be considered. One of the complications 
caused by the drug side effect is lupus nephritis (Fanouriakis 
et al., 2019). From the latest update, there is an emerging interest 
in studying herbal benefits for SLE. Some studies discovered that 
some herbal medicine has an anti-inflammatory effect, while some 
other herbals have the potential to be an immunomodulator. In this 
research, we would like to apply a new attempt in searching for SLE 
solutions, by using a herbal that has both anti-inflammatory and 
immunomodulatory effect, which is Nigella sativa (NS) (Manan 
and Hussain, 2016). This herbal plant from the Ranunculaceae 
family is often used as a traditional medicine in the middle east, 
India, and another Asian region (Botnick et al., 2012). Since 
Hippocrates and Galen era, this herbal plant has been a medicine 
for various diseases and symptoms such as bacterial and parasite 
infection, headache, toothache, and lepra (Botnick et al., 2012). 
Some of the active compounds in NS are thymoquinone (30%–
48%), dithymoquinone, and p-cymene (7%–15%). Thymoquinone 
is one of the bioactive metabolites in NS that has been known to 
have an anti-inflammatory and immunomodulatory effect (Ahmad 
et al., 2013). Both effects have also been proven in the earlier 
study by Barlianto et al. (2018) that NS can improve the clinical 
outcome in asthma patients by increasing Treg function There have 
been many studies that supported that NS was useful for various 
diseases, yet there have not been many studies about NS on SLE; 
thus, there is still a big opportunity for researchers to explore more 
about this. In this research, we aim to understand the effect of NS 
extract in the lupus mice model by analyzing its effect on the anti-
dsDNA level and Treg cell percentage in pristane-induced lupus 
(PIL) mice model.

MATERIALS AND METHODS

Preparation of experimental animals
Twenty-five female Bagg and Albino (BALB)/c mice 

(6–8 weeks) were adapted in the Animal House, Faculty of 

Medicine, Universitas Brawijaya. The water and food were 
given ad libitum. The wood husks were replaced every 3 days. 
The study protocol was approved by the Ethical Committee for 
Animal Experimentation in the Faculty of Medicine, Universitas 
Brawijaya (325/EC/KEPK-S1-PD/11/2019).

Induction of lupus
A total of 20 BALB/c mice were injected with pristane 

(Sigma-Aldrich, Saint Louis, MO) intraperitoneally at a dose of 
0.5 ml (concentration of 782 µg/ml). Sixteen weeks after injection, 
clinical manifestations of lupus were observed in the mice. The 
treatment was given after clinical findings of lupus. 

Extraction of NS
The seeds of NS were mashed and then extracted with 

ethanol solvent using the soxhletation method. The resulting 
mixture was vortexed for 1 minute and sonified for 20 minutes. 
After that, it was incubated with ethanol solution for 24 hours in 
a constant Rotamix and Soxhlet machine, then revortexed for 1 
minute, and centrifuged for 25 minutes at 1,400 rpm. 

Measurement of anti-dsDNA antibody levels using ELISA
Serum anti-dsDNA antibody levels were detected by 

mouse anti-dsDNA IgG enzyme-linked immunosorbent assay 
(ELISA) kit (MyBiosource) following the manufacturer’s protocol. 
The primary antibody was diluted using Phosphate Buffer Saline 
(PBS) (1:500). After incubated for 1 hour, it was washed using 
Phosphate Buffer Saline Tween (PBS-T) 0.2%. Streptavidin- 
horseradish peroxidase (1:1,000) was added and incubated for 1 
hour. Substrate sureblue TBM was added and incubated for 30 
minutes. Without removing the sureblue TBM, the reaction was 
stopped with HCl 1N that incubated for 15 minutes. The results 
were read using ELISA reader (λ = 450 nm).

Treg cell percentage measurement using flow cytometry
The isolation of lymphocyte cells from spleen was carried 

out by grinding them in PBS. Then, the sample was transferred 
into a 15 ml propylene tube and PBS was added. Samples were 
centrifuged for 5 minutes at a speed of 2,500 rpm and temperature 
of 10ºC using a Refrigerated Centrifuge (Hermle Z326K). After 
that, the pellet was stained with fluorescein isothiocyanate Anti-
Mouse Antibody (Biolegend) for 20 minutes. After surface staining, 
the cells were stained with PE Anti-Mouse CD4 + CD25 + FoxP3 
+ IL10 (Biolegend) Antibody for Treg cells and incubated for 30 
minutes. The stained cells were transferred to the cuvette for flow 
cytometry analysis using a BD FACS Calibur Flow Cytometer.

Statistical analysis
A one-way analysis of variance (ANOVA) was used to 

analyze all the data. Statistical analysis was done using Statistical 
Product and Service Solution software version 25.

RESULTS AND DISCUSSION

Clinical manifestations of PIL mice
We first analyzed SLE clinical symptoms that appeared 

16 weeks after the mice were induced by pristane. Some of the 
clinical manifestations of SLE in PIL mice in this study were shown 
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in Table 1 and Figure 1. According to the latest lupus diagnostic 
criteria, SLICC, and ACR, PIL mice showed manifestations such 
as alopecia, arthritis, and the formation of anti-dsDNA (Petri 
et al., 2012). In this research, ascites was found a lot in the positive 
control group. There are two mechanisms that are expected to 
cause ascites in lupus: first, self-reactive B lymphocyte produces 
an antibody that bound to the circulated antigen, forming an 
immune complex deposited on the peritoneum thus causing local 
inflammation; second, vasculitis occurs in the blood vessels of 
the peritoneal or serous membrane of the abdominal organ, thus 
producing exudate (Petri et al., 2012).

Serological manifestation of BALB/c PIL mice
Autoantibody and the immune complex are contributing 

to the tissue damage in SLE. There are many autoantibodies in 
SLE, but anti-dsDNA is used for diagnosing and monitoring the 
development of SLE disease. The mean of the results of anti-
dsDNA levels between PIL mice and normal mice is shown in 
Table 2. The increase of anti-dsDNA level in serum can cause a 
relapse in SLE disease activity (Infantino et al., 2018). NS therapy 
was done for 1 month. Previously, a study by Balaha et al. (2012) 
has done a NS therapy orally for 1 month in bronchial asthma 
model BALB/c mice and shows a significant decrease of airway 
hyperresponsiveness and a balance Th1 and Th2 that contributes 
to the pathogenesis of SLE.

The effect of NS on the level of anti-dsDNA in PIL mice
The increase of anti-dsDNA levels in SLE is caused by 

the function of Th2 cells that increased more than normal, leading 

to the overreactivity of B cell, thus producing autoantibody and 
causing tissue damage (Atik et al., 2020). In this study, the anti-
dsDNA levels in PIL mice have been proven to increase due to 
pristane injection. This corresponds to a study by Albaar et al. 
(2019) that found an increase in anti-dsDNA on the twelfth week 
after pristane injection.

Thymoquinone in NS can decrease the production of 
reactive oxygen species which is one of the main factors in SLE 
pathogenesis (Huang and Pearl, 2018). In the autoimmune disease, 
NS has been tested in the sclerotic multiple diseases using an 
Experimental Autoimmune Encephalomyelitis (EAE) mice model 
and shows a suppression in the inflammation that happens in 
EAE mice. NS also has increased the remyelination in cerebellum 
and decreased the expression of Transforming Growth Factor β1 
(Noor et al., 2015). The immunomodulation effect of NS dose 
4.8 g/kgBW/day, given as long as 9 weeks, can increase the total 
number of Tregs significantly in asthmatic mice model (Barlianto 
et al., 2012). 

Anti-dsDNA level was measured by ELISA based on an 
intracardiac blood sample. The result calculation of anti-dsDNA 
levels between five groups is shown in Figure 2 and Table 3.  
The treatment group dose of 1.2 and 2.4 g/kgBW/day is not 
significantly different from the positive control, which is probably 

Table 1. Characteristics of PIL mice on 20th weeks.

Groups Negative 
control

Positive 
control

N. sativa

Dose 1.2 Dose 2.4 Dose 4.8

Number of mice with alopecia + 0 5 5 4 4

Number of mice with arthritis + 0 5 3 3 3

Mean of body weight 34.36 24.50 30.59 30.92 33.23

Figure 1. Clinical manifestation of PIL mice after being injected with single-dose pristane intraperitoneally. (A) Alopecia (Black arrow), (B) arthritis 
in K(+) when compared with K(−) (black arrow), and (c) ascites (black arrow).

Table 2. Mean of anti-dsDNA level between PIL mice and normal mice.

Groups Anti-dsDNA level (ng/ml) p-value

PIL mice (n = 5) 55.97 ± 0.37
0.009

Normal mice (n = 5) 43.33 ± 2.10
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because these two doses have not reached the therapeutic window 
of NS for SLE, while dose 4.8 g/kgBW/day has been proven to 
be effective in the previous study using asthmatic mice model 
(Barlianto et al., 2012).

Based on the Kruskal-Wallis test, a significance value 
of p < 0.05 was obtained, which means that there is a statistically 
significant difference between two or more groups. After that, 
it was followed by the Mann-Whitney test to determine the 
comparison of the mean levels of anti-dsDNA. From Mann-
Whitney test, the mean of the negative control group compared 
to the positive control had a significant difference of p = 0.009 
(Table 4). 

From the results of the linear regression test (Fig. 3), it 
was found that the anti-dsDNA levels tend to decrease with the 

increasing of NS extract dose. This result corresponds to the other 
studies about the effect of NS to autoimmune disease-specific 
autoantibodies, such as the study of Hashimoto thyroiditis where 
NS can decrease the vascular endothelial growth factor (VEGF) 
serum level, the autoantibody that is involved in Hashimoto 
thyroiditis, after 8 months of therapy (Farhangi et al., 2016). 
Another study shows that NS can improve the clinical symptoms 
and glucose level and decrease the islet cell autoantibody serum 
level in a mice model of type 1 diabetes (Hmza et al., 2013).

There are several mechanisms that support the potential 
of NS in decreasing anti-dsDNA levels. The first mechanism: NS 
can repair the balance of Th1 and Th2 cells (Balaha et al., 2012). 
In SLE, this balance is damaged. Most references stated that in 
SLE cause a decrease in Th1 function and increase in Th2 function 
that causes excessive B cell activation, increasing autoantibody 
production including anti-dsDNA. A few references stated that 
Th1 is more dominant in SLE, especially in the case of lupus 
nephritis (Pan et al., 2020). Improvement of Th1 and Th2 balance 
can reduce the hyperreactivity of immune cells and decrease the 
anti-dsDNA level in the circulation.

The second mechanism: it has been proven that NS 
extract can increase the number of Treg cells and decrease the 
number of Th17 cells (Barlianto et al., 2018). Th17 is a subtype 
of T CD4+ cell that can produce some inflammatory cytokine 
including IL-17. IL-17 is the main cytokine that supports Th17 role 
in the pathogenesis of SLE. It has been proven that IL-17 increases 
in lupus nephritis patients. Treg is able to modulate the function of 
effector T cell, maintaining immune homeostasis and preventing 
autoimmunity. Treg cell is found to decrease in SLE patient. In 
a normal condition, Th17 and Treg are in the state of dynamic 
equilibrium condition. This equilibrium state does not occur in 
SLE (Pan et al., 2020). Thus, the ability of NS in increasing Treg 
and decreasing Th17 can return to the equilibrium state.

Figure 2. Diagram of anti-dsDNA level (ng/ml) mean between groups.

Figure 3. Graph of simple linear regression equation between N. sativa dose and 
anti-dsDNA level in treatment groups.

Table 3. Anti-dsDNA level (ng/ml) mean between groups.

Groups Mean

Negative control K(−) 43.33 ± 2.10

Positive control K(+) 55.97 ± 0.37

NS 1.2 g/kgBW/day 55.90 ± 6.30

NS 2.4 g/kgBW/day 54.10 ± 7.06

NS 4.8 g/kgBW/day 48.25 ± 0.14

Table 4. Mann-Whitney significance value between negative 
control group with positive control groups.

Group 1 Group 2 p-values

K− K+ 0.009

NS 1.2 0.009

NS 2.4 0.016

NS 4.8 0.009

K+ NS 1.2 0.917

NS 2.4 0.917

NS 4.8 0.009

NS 1.2 NS 2.4 0.754

NS 4.8 0.076

NS 2.4 NS 4.8 0.117
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The difference of anti-dsDNA level dose of 1.2 and 2.4 
g/kgBW/day is not significant compared to the positive control. 
Beside the dose factor that has not reached the therapeutic dose, 
this can also be the influence by stress factor. Studies have shown 
that therapy toward mice using the orogastric lavage method 
can induce significant stress characterized by the increase of 
blood pressure, heartbeat, and plasma cortisone level (Walker 
et al., 2012). There are many studies in human and animal that 
shows the influence of various stressor toward immune function. 
Stress can induce inflammation, characterized by the presence of 
cytokine and acute phase reactant cytokine that is related to some 
metabolic disease, including IL-6 and the effects that it generates 
(Stojanovich, 2010).

Stress can interfere in the balance of Th1 and Th2, 
those involved in the pathogenesis of many diseases including 
autoimmune. A study using BALB/c mice given a stressor shows 
the decrease of T cell proliferation and the increase of B cell 
proliferation (Palumbo et al., 2010). In dose 4.8 g/kgBW/day, the 
therapeutic effect is more capable of complementing the stress 
effect caused by routine care and treatment in mice; thus, the 
anti-dsDNA result that was obtained can be significantly lower 
compared to the positive control group. However, the mean of 
anti-dsDNA level of all the treatment groups is still lower than 
the positive control. Thus, it can be concluded that NS has the 
potential to lower the anti-dsDNA in SLE.

The effect of NS on the number of Treg cells in PIL mice
The percentage of T regulator (Treg) was measured by 

flow cytometry from the mice spleen. The markers used to measure 
the percentage of cell counts were CD4+CD25+Foxp3+IL10+. The 
results of flow cytometry on Foxp3+IL10+ marker from each group 
are shown in Figure 4. Based on the one-way ANOVA test, a 
significance value of p < 0.05 was obtained, which means that 
there was a statistically significant difference between two or 
more groups. After the one-way ANOVA test, it was followed 
by the post hoc Tukey test to determine the comparison of the 
Treg percentage mean between groups. The results of the post 
hoc Tukey test are shown in Table 5. From the linear regression 
test (Fig. 5), it was found that the correlation/relationship (R) was 
0.930, and the determination coefficient (R Square) was 0.865, 
which means that the effect of NS dose on the Treg percentage 
was 86% (p = 0.000). From the results of the linear regression test, 
it was found that the Treg percentage tends to increase with the 
increase of NS extract dose.

The pathogenesis of SLE is caused by the loss of 
tolerance of B cells and T cells. In the mid-19th century, B-cell 
autoreactivity was first discovered as a major component of SLE. 
However, in subsequent studies, it was also found that T cells 
play a role in the pathogenesis of SLE, especially related to the 
mechanism of systemic inflammation (Rottman and Willis, 2010). 
That mechanism is also used as the basic principle of pristane 
injected intraperitoneally as an inducing agent for lupus mice 
model, which is able to induce the formation of autoreactive B cells 
and T cells and reduce the number and activation of regulatory T 
cells (de Zubiria Salgado and Herrera-Diaz, 2012).

It was explained that the tolerance failure of B and T 
cells was caused by a decrease in the number and function of Treg 
cells (Pan et al., 2020). In addition, newly diagnosed SLE patients 

Figure 4. (A) Diagram of Treg cell percentage mean between groups. (B) 
Results of Treg cell percentage examination (CD4+CD25+FoxP3+IL10+) using 
flow cytometry.

Table 5. Post hoc Tukey significance value between two groups.

Group 1 Group 2 p-values

K− K+ 0.000

NS 1.2 0.000

NS 2.4 0.000

NS 4.8 0.991

K+ NS 1.2 0.519

NS 2.4 0.994

NS 4.8 0.000

NS 1.2 NS 2.4 0.755

NS 4.8 0.000

NS 2.4 NS 4.8 0.000

NS 4.8 K- 0.991

K+ 0.000

NS 1.2 0.000

NS 2.4 0.000
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are known to have decreased the number of CD4+CD25+ cells 
because the Foxp3+ Treg cells in SLE patients have a decreased 
ability to suppress CD4 and CD8 cell proliferation. Thus, the 
decreased Treg causes failure to inhibit autoreactive B cells and 
T cells in mice and humans with SLE (Rottman and Willis, 2010).

Increasing the number of Tregs is one of the therapeutic 
targets in preventing the progression of SLE. In this study, giving the 
NS extract with the dose of 4.8 g/kgBW/day for 1 month increases 
the number of Tregs in PIL mice. So it could be interpreted that 
NS extract was effective in returning Treg production because the 
results were almost the same as the healthy group mice. This occurs 
because therapy helps compensate mechanisms for increasing the 
number of Tregs in response to high proinflammatory immune 
cells that must inhibit both their proliferation and activation (Arvey 
et al., 2020). In addition, the results for the percentage of Treg in the 
1.2 and 2.4 g/kgBW/day groups were lower than the control group, 
although not significantly different because the two doses were not 
yet in the therapeutic window or not sufficient to restore the Treg 
function in SLE. Another factor is that there is a stress mechanism 
that can activate the hypothalamic-pituitary-adrenocortical axis 
which stimulates the release of corticosterone and the production of 
proinflammatory cytokines such as IL-6 and IL-17. If NS is given 
in adequate doses, there will be a stress compensation and the Treg 
will return to high. There will be suppression of Treg due to stress 
mechanisms, whereas this did not occur at doses of NS 4.8 because 
of the adequate doses (Harpaz et al., 2013).

CONCLUSION
In conclusion, there is a relation between the increase 

of NS extract dose with the decrease of anti-dsDNA level and the 
increase of Treg percentage. The most effective NS dose in this 
research is 4.8 g/kgBW/day. NS has the potential to be an adjuvant 
therapy for SLE.
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