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Effects of Nigella sativa oil on Th1/Th2, cytokine
balance, and improvement of asthma control in
children
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Abstract

Background Asthma is a chronic inflammatory disease of the
airways characterized by involvement of a variety of inflammatory
cells. Asthma is associated with imbalances between Th1/Th2
cells and their characteristic cytokine profiles. Nigella sativa is a
plant that possesses immunomodulatory and anti-inflammatory
properties.
Objective To investigate the potential anti-asthmatic effect of
Nigella sativa oil on Th1/Th2 cells, IFN-g/IL-4 cytokines, and
improvement of asthma control.
Methods Children aged 6-15 years with asthma in Dr. Saiful Anwar
Hospital, Malang, were enrolled in this study. All patients were
treated based on standard treatment guidelines for asthma. Nigella
sativa oil (NSO) was given per oral as supplementary treatment at
a dose of 15-30 mg/kg/day for 8 weeks, in a randomized, singleblind, controlled trial. Peripheral Th1 and Th2 cells were counted
by flow cytometry and IFN-g and IL-4 cytokines were measured
by ELISA. Improvement of asthma control was assessed by the
asthma control test (ACT) score.
Results Twenty-eight patients completed the study, 14 in the
NSO treatment group and 14 in standard treatment group. No
significant differences were found in the number of Th1 and Th2
cells, or in the Th1/Th2 ratio between groups after treatment
(P=0.074, P=0.481, and P=0.265, respectively). Compared
to the control, the NSO group showed a significant elevation
of IFN-g (P=0.046) and reduction of IL-4 (P=0.002). At the
end of study, ACT score was not significantly different between
groups (P=0.413).
Conclusion Supplementation with Nigella sativa oil improves
IFN-g/IL-4 balance and asthma control in children with
asthma. [Paediatr Indones. 2017;57:223-8 ; doi: http://dx.doi.
org/10.14238/pi57.5.2017.223-8 ].
Keywords: Nigella sativa; IFN-g/IL-4; Th1/Th2;
ACT score; asthma

A

sthma is a chronic inflammatory
disease of the airways characterized
by wheezing, difficulty breathing, or
repetitive paroxysmal cough. Airway
inflammation and hyperresponsiveness are central
pathogenic features of asthma.1 This process has a
complex pathogenesis involving both genetic and
environmental factors. One of the mechanisms
underlying airway inflammation is an imbalance in T
helper immune cells.2 Experimental and clinical data
suggest that the balance between the Th1 and Th2
cellular responses are central to the pathogenesis of
allergic airway inflammation.3-5 It is widely accepted
that Th2 cytokines such as interleukin (IL)-4, IL-5,
IL-9, and IL-13 play critical roles in orchestrating
and amplifying allergic inflammation, while the Th1
cytokines, such as IFN-g and IL-12, are thought to
prevent this process.6 In asthma, T helper type 2 (Th2)
cells are functionally upregulated, while Th1 cells are
inhibited, which enables Th2 cytokines to promote
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inflammation. Interleukin-4 (IL-4), secreted by Th2
cells, induces airway inflammation by activating
eosinophils and promoting IgE secretion.7 Therefore,
one effective treatment for asthma is to improve Th1
immune responses and simultaneously inhibit Th2
immune responses to restore Th1/Th2 balance.8
One important goal of asthma treatment is to
control the disease. Poor compliance with conventional
asthma medications remains a major problem in
achieving asthma control. Other problems are that
some patients do not respond to intense asthma
medications or they experience many undesired side
effects due to long-term use of the medication.8 The
Global Asthma Physician and Patient (GAPP) Survey
reported that 39% of asthma patients exchanged or
stopped their asthma medication because of adverse
events. 9 For this reason, introduction of novel
treatment strategies is a key step for better asthma
control.
Black seed or Nigella sativa reportedly has antiinflammatory and anti-allergy effects.10 For thousands
of years, Nigella sativa has been traditionally used as a
spice, food additive, preservative, and herbal remedy
for various diseases.11 In several clinical studies,
Nigella sativa showed positive effects on clinical and
biochemical markers of asthma inflammation.12,13
In mouse models of asthma, Nigella sativa oil (NSO)
reduced airway hyperresponsiveness, total leukocytes,
macrophages, eosinophils, and serum levels of total
immunoglobulin E (IgE).14 The aim of this study was
to investigate the potential anti-asthmatic effect of
Nigella sativa on IFN-g/IL-4 cytokines, Th1/Th2 cells,
and improvement of asthma control in children with
asthma.

Methods
Twenty-eight children aged 6-15 years diagnosed with
asthma in the Department of Allergy and Immunology,
Dr. Saiful Anwar Hospital, Malang, were recruited
between February and December 2013. Asthma
diagnosis and assessment of severity were performed
according to the Global Initiative for Asthma (GINA)
guidelines.1 Subjects were randomly divided into
either the treatment or the control group. This study
was a single-blind, controlled trial, which means
that only the subjects were blinded to the identity
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of the group. This study was approved by the Ethics
Committee of the Brawijaya University Medical
School. Written informed consent was obtained from
parents/guardians of all subjects.
In this study, we used softgel capsules containing
500 mg Nigella sativa oil (NSO), with brand name
Minyak Habbatussauda MADINAH and licensed
as an herbal medicinal product in Indonesia (POM
TR.123 329 761). All patients were on routine
asthma medications according to GINA guidelines
for standard asthma management.1 These included
inhalation of b2 agonist for intermittent asthma and
b2 agonist + corticosteroid inhalation for persistent
asthma. In the treatment group, NSO was given as
adjunctive therapy at a dose of 15-30 mg/kg/day for
8 weeks.
Peripheral blood mononuclear cells (PBMCs) of
heparinized peripheral blood from the study subjects
were isolated by Ficoll density gradient centrifugation.
The cells were cultured in RPMI 1640 medium
(Invitrogen) supplemented with 100 U/mL penicillin,
100 U/mL streptomycin, 2 mM glutamine, and 10%
fetal bovine serum (FBS) (Gibico, USA). The PBMCs
were harvested, washed, and stained with fluorescein
isothiocyanate (FITC)-conjugated anti-human
CD4 for 30 minutes (BioLegend, San Diego, CA).
After surface staining, the cells were stained with
phycoerythrin (PE)-conjugated anti-human IFN-g
(BioLegend, San Diego, CA) for Th1 detection, and
PE-conjugated anti-human IL-4 (BioLegend, San
Diego, CA) for Th2 detection, at 4°C for 30 minutes.
Data were acquired on a FACS Calibur and analyzed
using flow cytometry software.
Serum specimens were obtained from peripheral
venous blood that was centrifuged at 3000 rpm for 5
min. The measurement of serum IFN-g and IL-4 level
was done by human ELISA kit (Novateinbio Human
IFN-g ELISA Kit and Novateinbio Human IL-4 ELISA
Kit).
For assessment of asthma control, we used the
Asthma Control Test (ACT) questionnaire. The ACT
was one of the best-validated instruments to measure
asthma control, consisted of five questions on a total
scale of 5–25, with each question scaled from one to
five. Full control was defined as a total ACT score
of 25.1
Statistical analysis was performed by SPSS for
Windows version 16.0 (SPSS Inc., USA). Data were
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expressed as mean (SD). Statistical analyses were
performed using paired and unpaired T-test to evaluate
the differences between groups. The correlation
coefficient was generated by Pearson’s correlation.
Statistical significance was defined to be P values
<0.05.

Results
The clinical characteristics of participants are
summarized in Table 1. There were 14 children in the
NSO treatment group and 14 children in the standard
treatment group. During our study, all patients
completed the study and there were no treatment side
effects observed. The subjects’ mean ages were similar
in both groups. The subjects were predominantly
female and most had good nutritional status. More
than 50% percent of subjects had a family history
of atopic disease, such as rhinitis, asthma, eczema,
urticaria, and conjunctivitis. The most common
clinical manifestation was cough and dyspnea. The
assessment of asthma severity revealed 50% with
intermittent asthma and 50% with mild persistent
asthma, in each group.

No significant differences between groups were
found in the numbers of Th1 cells after 8 weeks
of treatment [19.335 (SD 7.328) vs. 20.577 (SD
13.273), P=0.074]. But the number of Th1 cells
tended to increase in both groups post-treatment.
There was also no significant differences between
groups in the numbers of Th2 cells after 8 weeks
of treatment [21.875 (SD 12.871) vs. 18.478 (SD
11.729), P=0.481], (Figure 1). Th1/Th2 ratio showed
no significant difference in the standard and NSO
treatment groups [1.459 (SD 1.292) vs. 1.994 (SD
2.135), P=0.265], but Th1/Th2 ratio was higher in
the NSO treatment group.

Table 1. Baseline characteristics of subjects
Characteristics

Mean age (SD), years
Gender, n
Male
Female

NSO treatment
group
(n= 14)
8.79 (2.940)

Standard
treatment group
(n= 14)
8.71 (3.771)

5
9

6
8

Nutritrional status, n
Good
Underweight

12
2

13
1

Family history of atopic
disease, n
Yes
No

10
4

9
5

Clinical manifestation, n
Cough
Dyspnea
Cough + dyspnea

2
4
8

2
5
7

Asthma classification, n
Intermittent
Mildly persisten

7
7

7
7

Figure 1. The number of Th1 and Th2 cells in the
standard and NSO treatment groups

At the end of study, serum IFN-g levels were
significantly increased in the NSO group, while
IL-4 was markedly decreased in the NSO group,
compared to the standard treatment group (P=0.046
and P=0.002, respectively). At baseline, there were
no significant differences in serum IFN-g and IL-4
levels between groups before treatment (P=0.575
and P=0.470, respectively). In addition, there was
no significant difference in IFN-g/IL-4 ratio between
groups both before and after treatment (P=0.275 and
P=0.130, respectively) (Table 2).
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Table 2. Serum levels of IFN-g and IL-4 cytokines
Pre-treatment
Variables

Post-treatment

Standard treatment
group

NSO treatment
group

P value

Standard treatment
group

NSO treatment
group

P value

10.083 (3.190)

12.495 (4.367)

0.575

9.786 (3.273)

20.035 (6.416)

0.046

Mean IL-4 (SD), pg/mL

1.303 (0.519)

1.413 (0.331)

0.470

1.434 (0.512)

1.107 (0.207)

0.002

Mean IFN-g/IL-4 ratio (SD)

8.959 (4.738)

10.421 (4.663)

0.275

9.476 (3.834)

20.516 (5.700)

0.130

Mean IFN-g (SD), pg/mL

After 8 weeks of treatment, the mean ACT
score was not significantly different in the standard
and NSO treatment groups (P=0.692). But, there
were significant increases in ACT scores between preand post-treatment in the standard treatment group
[17.57 (SD 1.222) vs. 19.36 (SD 1.151), respectively,
P<0.0001)] and the NSO treatment group [16.57 (SD
2.533) vs. 20.29 (SD 1.816), respectively, P<0.0001)]
(Figure 2).

Table 3. Correlation between biochemical markers and ACT
score in the NSO group
Variables

r

P value

IFN-g

0.081

0.681

IL-4

0.018

0.927

IFN-g/IL-4 ratio

0.049

0.803

Th1

0.070

0.722

Th2

0.152

0.278

Discussion

Figure 2. The mean ACT scores in the standard and
NSO treatment groups, pre- and post-treatment

Although the results of this study showed an
increase of IFN-g, decrease of IL-4, and improvement
of ACT score in the NSO group, we found no
significant correlations between IFN-g, IL-4, IFN-g/
IL-4 ratio, and ACT score. The number of Th1 cells,
Th2 cells, and the Th1/Th2 ratio also showed no
correlation with ACT score (Table 3).
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Nigella sativa (NS) or commonly known as black seed is a
one of medicinal plants that belongs to Ranunculaceae
Family. The seeds and oil of NS have been widely
used for the treatment of various diseases. NS has
been extensively studied for its biological activities
and therapeutic potential and shown to possess
wide spectrum of activities such as anticancer and
immunomodulatory, analgesic and anti-inflammatory,
anti-allergy, antimicrobial, anthelmintics, spasmolytic,
bronchodilator, gastroprotective, hepatoprotective
and antioxidant properties.15 A randomized, doubleblind, placebo-controlled trial conducted by Koshak
et al. showed that NSO improved the mean ACT
score in children with asthma.13 Our previous study
reported that the administration of Nigella sativa oil
along with immunotherapy and probiotic therapy to
asthmatic children, significantly increased their ACT
scores.12 Another study described that children with
asthma who were given NSO showed a significant
reduction in pulmonary index (PI) and improvement
of peak expiratory flow rate (PEFR).11 Boskabady et
al. also reported that prophylactic therapy with an
aqueous extract of NS could improve the severity
of asthma symptoms.16 However, in our study, both
groups had significantly improved ACT scores pre-

Wisnu Barlianto et al: Effects of Nigella sativa oil on Th1/Th2, cytokine balance, and improvement of asthma control

and post-treatment. These improvements were not
significantly different between the two groups.
Several mechanisms of action have been
suggested for Nigella sativa, which may explain its
beneficial effects in asthma. One such mechanism is
the regulation of Th1/Th2 cellular balance. In allergy
conditions, such as in asthma, regulation of Th1 and
Th2 cells is a key process contributing to asthma
pathogenesis.3 Th2 cells promote the macrophage
activity and regulate the proinflammatory response,
whereas Th1 cells inhibit the activity of Th2. The
Th1 cells produce IL-2 and IFN-g, whereas Th2
cells produce IL-4 and IL-10.6 Interleukin-4 (IL-4),
secreted by Th2 cells, induces airway inflammation by
activating eosinophils and promoting IgE secretion.7
Majdalawieh et al. described that an aqueous extract of
Nigella sativa reduces the secretion of Th2 cytokines by
splenocytes.17 An in vivo study also reported that an
aqueous extract of Nigella sativa increased IFN-g and
decreased IL-4 cytokines, but histopathological findings
in lung parenchyma of ovalbumin-sensitized guinea
pigs were not improved.14 Clinical study conducted by
Salem et al. reported that there was significant increase
in the serum IFN-g and improvement in the ACT
score after 12 weeks of Nigella sativa supplementation
in asthmatic patients.18
This study showed that NSO treatment increase
of IFN-g and decrease of IL-4 serum level. It indicates
that there was stimulatory effect on Th1 cells and
inhibitory effect on Th2 cells. The underlying
mechanism of Th1/Th2 cytokine modulation by
Nigella sativa may be attributed to the inhibition of
the signal transducer and activator of transcription-6
(STAT6) signaling pathway.19 STAT proteins are a
group of transcription factors that transmit signals
from cytoplasmic milieu of cells to nucleus. The
activation of STAT6 is pivotal in naive CD4+T (Th0)
cell differentiation to Th2 pathways. At the same time,
STAT-6 induction inhibits Th1 differentiation, both
by increasing IL-4 production and by inhibiting the
master Th1 transcription factor.20,21
However, we found no significant differences in
the numbers of Th1 and Th2 cells in both groups after
8 weeks of treatment (Figure 1). But the number of
Th1 cells and Th1/Th2 ratio tended to be increased
in the NSO treatment group. It was reported that
Nigella sativa can potentially inhibit Th2 immune
responses, but there was no clear evidence that

Nigella sativa decreased Th2 cell population. Several
clinical studies reported a significant increase in the
percentage of CD4+ and CD8+ T cells producing
IL-4 in asthmatic children.22,23 This finding suggests
that IL-4 is not only produced by CD4+ Th2 cells,
but also by CD8+ T cells. While it is well established
that CD4+ T lymphocytes play a crucial role in the
initiation, progression, and persistence of asthma, the
role of CD8+ T cells is less understood.23 CD8+ T
cells form functionally similar subsets which exhibit
similar cytokine profiles as Th1 and Th2 cells, known
as Tc1 and Tc2. Evidence from animal studies suggest
that CD8+ T cells are capable of regulating IgE
production through the induction of IL-12 and IL18 production in dendritic cells, and that CD8+ T
cells may act to moderate Th2 polarization within the
localized lymph nodes during allergic sensitization.24
Despite the many published studies evaluating
immune functions of Nigella sativa products, this plant
is not yet in clinical use for treatment of asthma.
With regards to immunomodulatory effects of Nigella
sativa and its constituents, this plant has a potential
therapeutic effect on asthma. However, more studies
are required for clinical application of Nigella sativa.
In conclusion, the results indicate that there
is no different in ACT scores and Th1/Th2 balance
between NSO and standard treatment group, but there
is decrease of IL-4 and increase of IFN-g serum level in
asthmatic patients with NSO supplementation.
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