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Abstract—Nigella sativa(NS) is a commonly used traditional medicine which has been shown to have 
anti-inflammatory and immunomodulatory properties especially thymoquinone. However, its 
supplementation in patients of clinical trials showed conflicting results.Objectives: To perform a meta-
analysis regardingthe effects of NS supplementation on immune-inflammatory parameters such as Th1, 
Th2, Th17, Treg, CD4, CD8, CD4/CD8 ratio.Methods: Relevant articles were systematically searched 
through PubMed/Medline, SCOPUS, and Google Scholar databases from inception until June 6, 2020. 
Information related to: author’s name and year, study location,target population, sample size, age of 
participants, number of participants in each groups, type and dose of NS supplements, study duration, and 
the main results were extracted from each study. To determine the effect estimates, data were assessed 
using fixed or random effect model.Results:15 studies using 509 subjects were enrolled for meta-analysis. 
Our results found a significant reduction in Th17 cells (SMD -0.58 [-1.08, -0.34], p=0.02) following 
supplementation with NS. There was a significant increased inTreg cells(SMD 0.32 [0.01, 0.63], p=0.05) 
and CD4 (SMD 2.29 [0.27, 4.32], p=0.03) following NS supplementation. In addition, there was 
significantly higher ratio of CD4/CD8 (SMD 0.65 [0.30, 1.00], p=0.0003) following NS supplementation. 
Effects of NS on Th1 cells (SMD -0.04 [-0.56, 0.47], p=0.87), Th2 cells (SMD -0.08 [-0.49, 0.34], p=0.72) 
and CD8 (SMD 1.58 [-0.44, 3.61], p=0.12) were insignificant.Conclusion: This meta-analysis suggests that 
NS supplementation in humans may have beneficial effect on immune-inflammatory parameters especially 
CD4+ T cells, CD4/CD8 ratio, Treg, and Th17. 
 
Keywords— Nigella sativa, Immunomodulator, meta-analysis 
 
1. Introduction 
Nigella sativa (NS), commonly known as black seed or black caraway, is a medicinal plant that has been 
used in Asian,  Middle Eastern, Far Eastern, Eastern European and Northern African countries as a 
traditional medicine (1). NS belongs to the family of Ranunculaceae (buttercup), which have been explored 
with many pharmacological action such as gastroprotective, renal protective, hepatoprotective, 
bronchodilator, spasmolytic, anticancer, antidiabetic, analgesic, immunomodulator, antimictobial, and 
antioxidant properties (2,3). The active and important constituents of NS are thymoquinone (30%–48%), 
thymohydroquinone, dithymoquinone (nigellone), p-cymene (7%–15%), carvacrol (6%–12%), 4-terpineol 
(2%–7%), t-anethole (1%–4%), sesquiterpenelongifolene (1%–8%), α-pinene, thymol, and some alkaloids, 
which which have been shown to have therapeutic effect for wide range of diseases (4–6). 
 
The severity of several diseases such as autoimmune is mediated by high inflammatory parameters. T cells 
play many essential roles in the pathogenesis of diseases. Subpopulation of T cell, especially CD4+, CD8+ 
and T regulatory cells (Treg) was contributed to the pathogenesis, progression, and protection of many 
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autoimmune diseases (7,8). Dysregulation of immunomodulatory cells, such as imbalances between 
Th1/Th2 and Th17/regulatory T [Treg] cells was linked to progression of diseases (9).   NS is one of the 
herbs in several studies proven to reduce inflammation and modulate the immune response in several 
autoimmune diseases (10). Several studies have shown that NS has been proven to have anti-inflammatory 
and immunomodulatory capabilities by reducing the production of inflammation immune cytokine (11,12). 
High level of thymoquinone contained in NS can act as a free radical scavenger. NS is even able to increase 
the production and activity of immunomodulator such as Treg(13,14). 
 
A few systematic reviews and meta-analyses have been assessed the effectiveness of N.sativa(2,13,15–18) 
but none has assessed the immune-inflammatory capabilities of NS supplementation. Given the absence of a 
unifying and elucidatory analysis, we sought to systematically review and metaanalyse the effects of NS 
supplementation on immune-inflammatory parameters such as Th1, Th2, Th17, Treg, CD4, CD8, CD4/CD8 
ratio. Thus, the finding may help the decision-making process of a physician as to the usage of NS 
supplementation to improve immune-inflammatory status. 
 
2. Methods 
The data in this meta-analysis are reported according to the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) guidelines (19). 
 
2.1 Search Strategy 
We performed a comprehensive searching in PubMed/Medline, SCOPUS, and Google Scholar databases to 
collect the relevant studies published from inception until June 6, 2020. The search strategy was developed 
using the following keywords and medical subject heading (MeSH) terms: “Nigella sativa” OR “black seed” 
OR “black caraway” OR “thymoquinone” AND “immunomodulator” OR “anti-inflammation” or “anti-
inflammatory” AND “clinical trial” OR “clinical” OR “patient.” No restriction was conducted based on 
language or publication date. To avoid missing any study, the reference lists of all eligible articles, related 
reviews, and meta-analyses were also reviewed. The references cited by all the selected original research 
articles and reviews were searched for additional articles that might have been missed. Any document 
reporting a measure of NS supplementation in clinical trials based on primary data was considered. Studies 
were excluded if they did not contain primary data, used unreferenced sources. Duplicate data, 
commentaries, letters, correspondence, and editorials are excluded. Unpublished records such as conference 
papers, theses, and patents were not included in this meta-analysis. 
 
2.2 Eligibility Criteria 
This systematic review and meta-analysis were conducted according to the PRISMA guidelines. Studies 
included in the meta-analysis had to satisfy the following criteria: (i) the study was a clinical observation in 
humans; (ii) the study reported parameters before and after the intervention in both placebo and treatment 
groups; (iii) no language or time frame restriction; and (iv) the study included baseline information 
regarding inflammation indicators, such as CD4, CD8, CD4/CD8 ratio, Th1 (CD4+ IFN-γ+), Th2 (CD4+ 
IL-4+), Th17(CD4+ IL17+), Treg (CD4+ CD25+). All articles of any design (randomized controlled trials, 
non-randomized controlled trials, case-control studies, and cross-sectional studies) were included except for 
narrative review, comment, opinion piece, or methodological report.  
 
2.3 Exclusion Criteria 
The exclusion criteria of this meta-analysis were as follows: (1) being non-clinical trials studies; (2) 
conducted on animals; (3) not being placebo-controlled trials; (4) lack of sufficient data for the outcomes of 
interest in NS or control group. 
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2.4 Data Extraction 
Two independent reviewers (T.M and A.C) abstracted relevant data from the selected trials. This process 
was verifed by another independent reviewer (S.A). The following data were extracted from the included 
studies by using standardized protocol: first author’s name; year of publication; study location; target 
population; sample size; age of participants; number of participants in each groups; type and dose of NS 
supplements; study duration; and the main results. 
 
2.5 Quality Assessment of Studies  
The methodological quality of enrolled studies was assessed using the scoring system developed by Jadad et 
al.(20), where total score ranges 0–5 points based on the 5 items: 1) randomization, 2) appropriate method 
for randomization, 3) blinding, 4) appropriate method for blinding, and 5) description of dropouts and 
withdrawals. The scores of 3 or more represented high quality while 0–2 indicated a low-quality study. This 
section was also independently accomplished by two researchers (T.M and A.C). Each paper’s quality was 
independently assessed by two experts and disagreements were resolved through consensus.  
 
2.6 Statistical Analysis 
NS supplementation and control group will be pooled and evaluated for the mean differences and standard 
deviations (SDs) of the following outcomes: (i) Th1, (ii) Th2, (iii) Th17, (iv) Treg, (v) CD4, (vi) CD8, (vii) 
CD4/CD8 ratio. The fixed-effect model is used to estimate the overall effect size for homogeneous data. The 
random-effect model is used to estimate the overall effect size for heterogeneous data. Heterogeneity was 
examined using Cochrane’s Q test (significance point at p < 0.05). The risk of bias in reporting the 
cumulative incidence was independently calculated by the authors. The publication bias of each study was 
assessed through Egger’s test. A p value <0.05 in Egger’s test was suggestive of publication bias. All 
statistical analyses were done using Review Manager (RevMan) 5.4 (Computer program, The Cochrane 
Collaboration, London, UK) and Comprehensive Meta-Analysis (CMA) 3.3 (Computer program, New 
Jersey, USA). p< 0.05 was considered as statistically significant.  
 
2.7 Ethical Approval  
This meta-analysis did not require ethical approval since all of the data retrieved for the studies were already 
available in the public domain. 
 

3. Results 
3.1 Study Selection 
A total of 146 publications were identified using the search strategy previously described in the method part. 
After excluding duplicated papers, 98 publications were admitted to the screening step. By reviewing the 
title and abstracts of the remaining articles, 78 publications which were irrelevant to the study objectives 
were excluded. Subsequently, 20 full-text articles were carefully reviewed for eligibility and 5 clinical trials 
were excluded because of the following reasons: four studies had no relevant outcome reported, and one 
article included a duplicate data. Finally, 15 studies were considered eligible for the meta-analysis. The 
PRISMA flow diagram (21) for the study selection process presented in Figure 1. 
 
3.2 Study Characteristics   
Out of selected papers, a total of 509 patients with age ranged between 4 to 50 years old were included in 
our investigation. Among 15 articles included in analysis, 11 were performed in Indonesia (22–31), 2 in 
Turkey   (32,33), 1 in Iran (14), and 1 in Egypt (34). All studies involved in this research were considered to 
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have high quality (Jadad score ≥ 3), except four studies (29,32–34). Most of the study participants were 
children (22–31), only three studies used adult population (14,32,33). Patients with asthma (22–31), beta 
thalassemia (34), allergic rhinitis (33), rheumatoid arthritis (14), and healthy volunteer (32) participated in 
these studies. Nigella sativa form and dosage varied between 15mg/kgBW/day and 2 g / day in these 
studies, including either capsule or powder form taken orally.  Characteristics of studies entered into meta-
analysis are presented in Table 1. 
 
3.3 Effect of Nigella sativa on Th1, Th2, Th17, and Treg 
The effect of Nigella sativa supplementation was shown in standardized mean difference (SMD) between 
Nigella sativa and control group from several studies. Analysis from two studies showed that Nigella sativa 
supplementation did not significantly reduce Th1 cells compared to control (SMD -0.04 [-0.56, 0.47], p = 
0.87). Similar result was shown in Th2 cells from the analysis of three studies (SMD -0.08 [-0.49, 0.34], p = 
0.72).  
 
A significant reduction was found in Th17 cells following supplementation with Nigella sativa (SMD -0.58 
[-1.08, -0.34], p = 0.02) compared to control group from the analysis of three studies. Marginally significant 
increased Treg cells was found from the analysis of four studies in favour of Nigella sativa supplementation 
compared to control group (SMD 0.32 [0.01, 0.63], p = 0.05) (figure 2). 
 
3.4 Effect of Nigella sativa on CD4, CD8, and CD4/CD8 ratio 
Nigella sativa supplementation showed significantly increased CD4 compared to control (SMD 2.29 [0.27, 
4.32], p = 0.03) from the analysis of four studies, but failed to show significant increase of CD8 compared to 
control group from the analysis of four studies (SMD 1.58 [-0.44, 3.61], p = 0.12). The ratio of CD4/CD8 
was analyzed from three studies. The result showed the significantly higher ratio in Nigella sativa 
supplementation compared to control group (SMD 0.65 [0.30, 1.00], p = 0.0003) (figure 3). 
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Figure 1.   PRISMA Flow Diagram for the included studies. 
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3.5 Publication bias 
Potential publication bias was assessed via Eggers' regression symmetry test. No significant publication bias 
were found on Th17 (p=0.45), Th2 (p=0.18), CD4 (p=0.29), CD8 (p=0.3), and CD4/CD8 ratio (0.63). 
However, there was a significant publication bias on Treg (p=0.004) 
 

 
 
 
 
 

Table 1. Characteristic of the included studies 

First Author 
and Year 

Sample 
Size 

Country Target Population Age 
(years) 

NS Form and daily dose Duration Outcome 

Barlianto, 2017 
(24) 

28 Indonesia Asthma in children  8.75 15-30mg/kgBW/day oil 
capsule 

8 weeks Th1, Th2 

Barlianto, 2018 
(23) 

28 Indonesia Asthma in children 8.75 15-30mg/kgBW/day oil 
capsule 

8 weeks Th17, Treg 

El-Shanshory, 
2018 (34) 

50 Egypt Beta Thalassemia 
in children 

6 - 18 2g/day powder 3 months CD4, CD8 

Fattory, 2015 
(25) 

31 Indonesia Asthma in children 4 - 14 15mg/kgBW/day capsule 56 weeks CD4/CD8 ratio 

Isik, 2010 (33) 24 Turkey Allergic rhinitis 34 2g/day orally 30 days CD4, CD8 

Kardani,  2013 
(27) 

31 Indonesia Asthma in children 4 - 14 15mg/kgBW/day powder or 
capsule 

14 weeks Th17 

Kartini,  2014 
(28) 

31 Indonesia Asthma in children 4 - 14 15mg/kgBW/day powder or 
capsule 

56 weeks Th2 

Kaya, 2003 (32) 60 Turkey Healthy Volunteer 24 30mg/kgBW/day orally 4 weeks CD4, CD8, 
CD4/CD8 ratio 

Kheirouni, 2016 
(14) 

43 Iran Rheumatoid 
Arthritis 

42.26 1000mg/day oil capsule 8 weeks CD4, CD8, 
CD4/CD8 ratio 

Muhyi,  2015 
(26) 

31 Indonesia asthma in children 4 - 14 15mg/kgBW/day 56 weeks Th17 

Olivianto, 2013 
(29) 

28 Indonesia asthma in children Not 
mentioned 

Not mentioned 14 weeks Treg 

Ratih, 2015 (30) 31 Indonesia Asthma in children 4 - 14 15mg/kgBW/day capsule 56 weeks Th1 

Sugiono., 2013 
(35) 

31 Indonesia Asthma in children 4 - 14 15mg/kgBW/day powder or 
capsule 

14 weeks Th2 

Sumantri, 2015 
(31) 

31 Indonesia Asthma in children 4 – 14  15mg/kgBW/day capsule 56 weeks Treg 

Susanti, 2013 
(22) 

31 Indonesia Asthma in children 4 -14 15mg/kgBW/day capsule 14 weeks Treg 

KgBW, kilogram body weight; NS, Nigella sativa; Th1, T helper 1; Th2, T helper 2; Th17, T helper 17; Treg, T regulator. 
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Figure 2. The effect of Nigella sativa on (a) Th1, (b) Th2, (c) Th17, and (d) Treg. Comparison between 
Nigella sativa and control group. 

4. Discussion  
The pathogenesis of allergic and autoimmune disease are associated with an underlying chronic 
inflammatory process determined by a balance of pro-inflammatory and anti-inflammatory mediators, Many 
studies of Nigella Sativa(NS) have revealed the positive effects on clinical outcomes, cytokines, and 
balancing immune cells (36,37). Previous studies reported a favorable effect of NS on immune response and 
pro and anti-inflammatory cytokines (36). Immune response include items on CD4, CD8,Th1, Th2, Th17 
and Treg. In present study, there was no significant differences in the number of Th1 and Th2 cells after 
supplementation of NS. The studies that analyses Th1 and Th2 all were in asthmatic patients. In asthma, T 
helper type 2 (Th2) cells are functionally upregulated, while Th1 cells are inhibited, which enables Th2 
cytokines to promote inflammation (38). An in vivo study reported that an aqueous extract of NSincreased 
IFN-g and decreased IL-4 cytokines (39). Majdawaliehet al showed that NS reduces the secretion of Th2 
cytokines by splenocytes(38). Other study described that NS supplementation has no significant effect in 
Th1 and Th2 cytokines secreted from splenic mononuclear cells (40). Clinical study from Barliantoet al 
showed unsignificantly increased of Th1 and the ratio of Th1 / Th2 (24).  The inconsistent results most 
likely due to different condition including dose, mode of administration. Clinicalstudies should be done 
more with more participants to shed more light on the immunomodulatory effects of NS on Th1 and Th2. 
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Figure 3. The effect of Nigella sativa on (a) CD4, (b) CD8, and (c) CD4/CD8 ratio. Comparison between 
Nigella sativa and control group 
 
There are also Treg and Th17, CD4 and CD8 as an immune response pathway. IL-4, Th17  indicates 
increased inflammation while IFN-γ and Treg has the opposite effect (9,41). Administration of NS to 
patients with allergic autoimmune disease was associated with a reduction in Th17 (23,26,27), an indicator 
of the inflammatory reaction underlying pathogenesis of autoimmune disease(9). Recent animal and human 
evidences suggest that T cells have a role in controlling the development of autoimmune diseases, such as 
RA (42,43). In this meta-analysis, the effect of NS supplementation on Th17 was significant, suggesting that 
the effect of NS is beneficial for reducing proinflammatory pathway activity. 
 
Interestingly, this meta-analysis study showed that NS increased CD4+ T cells. This effect Strong evidence 
from animal studies indicated that CD4+ T cells may have a protective effect in autoimmune diseases. El-
shanshoryet al(34) showed that NS enhanced cell-mediated immunity where CD4+ T cells increased in 
beta-thalassemia major patients. Similar results was also found in RA patients after NS oil supplementation, 
with a marked negative association between CD4+ and the changes in diseases activity (14). Other study 
showed that NS treatment could result in increased numbers of CD4+ cells in splenocytes of 
cytomegalovirus infected mice  (44). However, there is no other report to address the relationship between 
CD4+ T cells and disease activity in the patients, despite many reports indicating a disease inducer role for 
CD4+ T cells (35). 
 
Studies in human indicate that CD8+ T cells play an important role in the establishment of germinal centers, 
observed in nearly 50% of autoimmune patients, rheumatoid arthritis, which may have a decisive role in the 
initiation and maintenance of the disease process. In a later study, the same authors had fractionated NS 
proteins by ion exchange chromatography and showed that some proteins have suppressive and other 
stimulatory properties in lymphocyte cultures (45). It may be speculated that an important number of 
cytokines induced by NS produce immunomodulatory changes.  Kheirouri et al (14) showed that NS oil 

a 

b 
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supplementation resulted in significant augmentation of Treg cell percentage in autoimmune RA patients in 
comparison to the placebo group or baseline. More interestingly, augmentation of CD4+ CD25+ Treg cell 
percentage was positively correlated to CD8+ T cell percentage. Even though previous study indicated that 
CD4+ CD25+ regulatory T cells limited CD8+ T-cell effector differentiation (46).  Other study have 
demonstrated that CD8+ responses to immune stimulation suppressed by CD4+ CD25+ Treg cells during 
both acute and chronic, asymptomatic phase of FIV infection (47). CD4+ CD25+ T cells, upon isolation and 
polyclonal T cell stimulation, were anergic and capable of inhibiting CD8+ T cell responses (48). 
Altogether, the results from the current study and previous findings indicated that increases in the number or 
activity of CD4+ CD25+ T cells was leading to suppressed CD8+ T cell responses or quantity and 
subsequent alleviation of disease activity. Interestingly, a significant positive correlation was observed 
between changes in CD4+ CD25+ T cells and changes in the CD4+ /CD8+ ratio (14). This may be due to 
the negative association between CD4+ CD25+ and CD8+. Therefore, the existences of consistency between 
the two findings reinforce and strengthen the findings. 
 
5. Conclusion 
Our findings suggest that NS seed supplementation may have beneficial effect on immune-inflammatory 
parameters especially CD4+ T cells, CD4/CD8 ratio, Treg, and Th17. To the best of our knowledge, this is 
the first meta-analysis that evaluates the effect of NS supplementation on immune mediator parameters. 
However, some limitations existed in this meta-analysis. Several factors that cannot be standardized 
between studies may greatly affect the meta-analysis results. These factors include non-standardized NS 
formulation since there is a lack of regulation for nutraceutical products, in addition to the difference in 
dose, disease type and severity, and supplementation duration between research studies. Thererefore, 
further clinical trials with similar intervention period, similar type of disease and severity, more subjects, 
and standardized NS preparation are needed. 
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