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Abstract
Objective: Behcet's disease (BD) is a chronic inflammatory
disorder characterized by recurrent oral and genital aphthous ulcers,
uveitis and skin lesions. Oxidative stress and inflammation have
important role in the pathogenesis of BD. The aim of this study was
to assess the effect of Nigella sativa (NS) oil administration on
malondialdehyde (MDA), total anti-oxidant capacity (TAC), tumor
necrosis factor-α (TNF-α), IL-10 and high sensitivity C-reactive
protein (hs- CRP) levels in patients with BD.
Materials and Methods: In this randomized, double-blind and
placebo-controlled clinical trial, 96 BD patients were randomly
assigned to NS or placebo groups. Study groups received 1000
mg/day NS oil and placebo soft gels for 8 weeks. Serum levels of
TNF-α, IL-10, hs-CRP, MDA and TAC were measured before and
after treatment.
Results: Eighty-nine individuals completed the study. Significant
decreases in the serum levels of MDA and increases in the serum
levels of TAC were found in the NS group. However, differences in
the changes of MDA and TAC in the NS and placebo groups were
not significant. Pre- and post-intervention changes of TNF-α, IL-10
and hs-CRP levels in the NS group were non-significant.
Conclusion: NS 1000 mg per day is probably not effective in
reducing the inflammatory and oxidative markers in BD.
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Introduction
Behcet's disease (BD) is a chronic
inflammatory disorder characterized by
recurrent oral and genital aphthous ulcers,
uveitis and skin lesions. BD is most
commonly observed along the ancient Silk
Road (Davatchi et al., 2000). Despite the
unknown pathogenesis of BD, many studies
have suggested the role of autoimmunity
(de Smet et al., 2000; Yamamoto et al.,
1993). Environmental factors such as
microbial agents and vitamin D deficiency,
epigenetics and genetics play a role in
inducing abnormal immune responses
(Alipour et al., 2017; Hosseini et al., 2015;
Khabbazi et al., 2019; Mazzoccoli et al.,
2016). Over-activation of T helper 1 and 2
lymphocytes
in
parallel
with
polymorphonuclear leukocytes (PMNs)
culminates in liberation of miscellaneous
cytokines and overproduction of free
radicals, which exert detrimental impact on
the cells (Doğan et al., 1999; Mantaş et al.,
1999; KÖSE et al., 1995; Mazzoccoli et al.,
2016; Nielsen et al., 1997; Sharifian et al.,
2005; Takeno et al., 1995; Turan et al.,
2008). On the other hand, nutrients can
control immune responses in living
organisms by stimulating or suppressing
inflammatory circuits. One of the novel and
efficacious
anti-inflammatory plants,
Nigella sativa (NS), known as black seed or
black cumin belongs to the Ranunculaceae
family and is native to the southern Europe,
North Africa and Asia (Schleicher et al.,
2000). NS anti-inflammatory effects are
related to suppression of inflammatory
cytokines such as interleukin 1β (IL-1β),
IL-6 and tumor necrosis factor α (TNF-α),
increasing anti-inflammatory cytokines
production, like IL-10, stimulation of
antioxidant enzymes, and suppression of
nuclear
factor
kappa
B
(NFκβ)
(Budancamanak et al., 2006; Gheita et al.,
2012; Majdalawieh et al., 2010; SayedAhmed et al., 2012). Most of the
therapeutic effects emanated from this plant
are attributed to an alkaloid called
thymoquinone (TQ), which down-regulates
a wide variety of the inflammatory

cytokines (Budancamanak et al., 2006; ElMahmoudy et al., 2002; Mansour et al.,
2004; Sethi et al., 2008). TQ in rats with
adjuvant-induced rheumatoid arthritis (RA)
significantly improved the symptoms and
the inflammatory profiles (Tekeoglu et al.,
2007; Umar et al., 2012). The therapeutic
effects of NS in RA were demonstrated
(Hadi et al., 2016).
Medicinal plants are commonly used in
traditional Iranian medicine to treat
rheumatic
diseases.
The
immunomodulatory and anti-inflammatory
effects of NS make it a good candidate for
BD treatment. It is, therefore, important to
examine the effect of NS on oxidative stress
factors,
inflammatory
and
antiinflammatory cytokines in patients with
BD. To the best of our knowledge, no study
was conducted on the effect of NS on
oxidative stress factors and various
cytokines in BD. This randomized doubleblind controlled (RCT) study was
conducted to assess the effect of NS oil
administration
on
malondialdehyde
(MDA), total anti-oxidant capacity (TAC),
TNF-α, IL-10 and high sensitivity Creactive protein (hs- CRP) levels in patients
with BD.

Materials and Methods
Study design
A double-blind placebo-controlled RCT
was carried out at Tabriz University of
Medical Sciences (TUOMS) from April
2015 until February 2017 and approved by
the Ethics Committee of TUOMS. This
survey was registered on the website of the
Iranian Registry of Clinical Trial (IRCT)
(http://www.irct.ir/) with IRCTID: IRCT
201511086975N5.
Subjects
We screened 123 patients with BD and
96 patients were recruited and randomly
allocated to the NS (n=49) or placebo
(n=47) groups. However, 47 of the NS
group and 42 of the placebo group
completed the study (Figure 1).
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Figure 1. Recruitment and enrollment of the study participants and outcomes.

We performed randomization using
RandList
software
1.2
(http://www.randomisation.eu). BD was
diagnosed based on the international
criteria of Behcet’s disease (ICBD)
(Davatchi et al., 2014). All the participants
were recruited from a BD cohort in the
Connective Tissue Diseases Research
Center clinic of Tabriz University of
Medical Sciences (TUOMS) and they
signed an informed consent. The inclusion
criteria were (1) age older than 16 years old;
(2) no change in medications 2 months prior
to the start of study; and (3) no intake of
antioxidant supplements from one month
before the study. The exclusion criteria
were (1) pregnancy and lactation; (2) taking
contraceptive
pills;
(3)
hormone
replacement therapy; (4) endocrine
disorders including thyroid dysfunction and
Cushing's syndrome; (5) severe obesity
(BMI≥40); (6) chronic diseases such as
diabetes mellitus, malignancy or renal
dysfunction; (7) any outstanding change in
social habits (diet, physical activity and the
lifestyle); and (8) being a smoker or a
passive smoker.
Assessments
The NS and placebo groups received soft
gels containing 1000 mg NS oil (Barij
Essence, Kashan, Iran) or 1000 mg placebo
, respectively, per day 30 minutes before

lunch for 8 weeks. Routine therapies
continued. From patients, 10 ml blood was
taken before and 8 weeks after the
commencement of the study. Samples were
immediately centrifuged and serum
samples were stored at -70°C until
biochemical analyses. Serum levels of
TNF-α and IL-10 were measured by the
enzyme-linked immunosorbent assay
(ELISA) kits (IBL, Germany, Ref NoTNF-α.
BE55181 and Ref NoIL-10. BE53101). hsCRP was checked by using Monobind
ELISA kit (Monobind, USA, Ref No.
1331624). All of these factors were
evaluated by the ELISA plate reader
(STATFAX-2100, Multi-detection Multi
Plate Reader, USA). Finally, TNF-α and
IL-10 absorption was determined by a
Sicilian spectrophotometer (UK) at 450 nm.
hs-CRP’s absorption was assessed by
Alcyon 300 autoanalyzer. Based on the
instructions provided by the manufacturers
of the kits, plates were read at 450 nm (with
a reference wave length of 630 nm). MDA
measurement as an oxidative product was
done based on the reaction with
thiobarbituric acid (TBA), extraction with
normal
butanol,
spectrophotometer
absorption measurements at 532 nm, and
comparison of the absorptions with the
standard curve (Bilici et al., 2001). In this
measurement, Cecil spectrophotometer
(UK) was utilized. To measure TAC,
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Randox, UK Kit (Cat No. NX2332) was
used (Miller et al., 1993). Then, the initial
light absorption of the cuvettes was
measured at 600 nm by using Alcyon 300
auto analyzer at 37°C in the air. The final
light absorption was determined three
minutes after adding 200 μl of the substrate
to each cuvette.
Statistical analysis
Statistical analysis of the data was
performed by SPSS software version 24.0.
At first, both of the groups were examined
for sex and age. Then, the KolmogorovSmirnov test was utilized to determine the
normal or skewed distribution of the data in
both groups. According to the results of this
test, MDA, TAC and age were analyzed by
parametric methods. While TNF-α, hs-CRP
and IL-10 were evaluated by nonparametric statistical methods.
Independent-T and Mann-Whitney U
tests were used to compare the
homogeneity of the groups before the
intervention. The male/female ratio in the

study groups was compared by Chi-Square
test. Then, pre- and post-intervention data
were compared in both groups by using
Paired Sample-T test (as a parametric
method) and Wilcoxon Test (as a nonparametric equivalent). Finally, the
correlations between the quantitative data
(∆MDA, ∆TAC, ∆TNF-α, ∆IL-10, and
∆hs-CRP) were analyzed by using the
Pearson parametric and Spearman nonparametric tests. A p value less than 0.05
was considered statistically significant.

Results
Subjects
Ninety-six patients suffering from BD
were enrolled in the study. Eighty-nine
individuals completed the study (Figure 1).
Demographic and clinical characteristics
and medications of studied groups at the
baseline, are presented in Table 1. The
differences were not significant (p>0.05).

Table 1. Demographic and clinical characteristics and medications of studied groups at the baseline.
Variables

Nigella sativa group
(N=47)

Placebo group
(N=42)

p-value

Age, mean (±SD), years old
Male : Female
Disease duration, months

39.8±10.2
31:16
10 (min 4, max 35, mode 5)**

38.3±10.2
24:18
9 (min 1, max 44, mode 4)**

NS*
NS†
NS**

Clinical Manifestations
Oral aphthous ulcer (%)
Genital ulcer (%)
Skin lesions (%)
Uveitis (%)
Pathergy (%)
Arthritis (%)
Vascular involvement (%)
CNS involvement (%)
GI involvement (%)

36 (97.3)
21 (56.8)
14 (37.8)
16 (43.2)
12 (32.4)
7 (18.9)
5 (13.5)
2 (5.4)
0 (0.0)

33 (97.1)
17 (50.0)
16 (47.1)
16 (47.1)
13 (38.2)
6 (17.6)
5 (14.7)
3 (8.8)
1 (2.9)

NS
NS
NS
NS
NS
NS
NS
NS
NS

Medications
Prednisolone (%)
Colchicine (%)
Azathioprine (%)
Interferon-ɑ (%)
Methotrexate (%)
Cyclosporine (%)
NSAID (%)
Mycophenolate Mofetile (%)
Infliximab (%)
Sulfasalazine (%)
Cyclophosphamide (%)

27 (73.0)
13 (35.1)
10 (27.0)
6 (16.2)
5 (13.5)
1 (2.7)
1 (2.7)
1 (2.7)
2 (5.4)
2 (5.4)
1 (2.7)

28 (82.3)
10 (29.4)
12 (35.3)
2 (5.9)
7 (20.6)
1 (2.9)
4 (11.8)
2 (5.9)
3 (8.8)
0 (0.0)
0 (0.0)

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS=Non-significant; CNS=Central nervous system involvement; NSAID=Nonsteroidal antiinflammatory drug; GI=Gastrointestinal; SD=Standard deviation; *Performed using IndependentSample T Test; †Performed using Chi-Square Test; ** 2 Independent Samples, Mann- Whitney U Test
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in both groups. This analysis showed that
the TAC level increased significantly and
the MDA level decreased significantly pre
and post-intervention in the NS group
(Figure 2A and B). On the other hand,
changes in the TAC and MDA levels in the
placebo group were not significant (Figure
2A and B).

Biochemical analysis
According to Kolmogorov-Smirnov test,
IL-10, TNF-α and hs-CRP had skewed
distribution and were evaluated by the
nonparametric tests. However, MDA and
TAC were analyzed by parametric
equivalents. Thereafter, the pre- and postintervention data were compared separately

Figure 2. Cytokine profile and stress oxidative markers levels in the Nigella sativa and placebo groups.
MDA= Malondialdehyde; TAC= total anti-oxidant capacity; TNF-α= tumor necrosis factor-α; IL-10= interleukin10; and hs-CRP= high sensitive C-reactive protein.

groups (∆= after minus before). Minus and
plus signs besides the calculated digits
disclosed decreased and increased levels
after intervention. This comparison showed
no significant differences in the ∆TAC,
∆MDA, ∆hs-CRP, ∆IL-10 and ∆TNF-α,
between the studied groups (Tables 2 and
3).

Pre and post-intervention levels of hsCRP, TNF-α and IL-10 levels in the NS and
placebo groups were not significantly
different (Figure 2C, D and E). Thereafter,
the pre- and post-interventional changes in
values were compared separately in studied
groups. We compared the pure alteration of
the values between the NS and placebo

Table 2. Correlations between the changes in MDA, and TAC levels after 8 weeks of treatment with Nigella sativa
and placebo.
Parameters

Nigella sativa group
∆MDA

Placebo group
∆TAC

∆MDA

∆TAC

r

p value

r

p value

r

p value

r

p value

∆MDA

-

-

- 0.71

0.001**

-

-

-0.83

0.001**

∆TAC

- 0.71

0.001**

-

-

-0.83

0.001**

-

-

∆MDA=MDA after 8 weeks of placebo treatment minus MDA at the baseline; ∆TAC=TAC after 8 weeks of
placebo treatment minus TAC at the baseline; r=Correlation coefficient; **Pearson’s Test was used to determine
correlations between ∆MDA and ∆TAC.
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Table 3. Correlations between the changes in TNF-α, IL-10, hs-CRP levels after 8 weeks of treatment with Nigella
sativa and placebo.
Parameter

Nigella sativa group

Placebo group

∆TNF-α

∆IL-10

∆hs-CRP

∆TNF-α

∆IL-10

∆hs-CRP

r

p value

r

p value

r

p value

r

p value

r

p value

r

p value

∆TNF-α

-

-

0.06

0.66 *

0.18

0.2 *

-

-

0.12

0.44*

0.08

0.59*

∆IL-10

0.06

0.66 *

-

-

0.16

0.26*

0.12

0.44*

-

-

-0.47 0.002*

∆hs-CRP

0.18

0.2 *

0.16

0.26*

-

-

- 0.08

0.59*

0.47

0.002*

-

-

*Spearman’s rho was used to determine correlations between ∆ TNF-α, ∆ IL-10 and ∆ hs-CRP; Δ TNF-α=TNF-α
(after 8 weeks of placebo treatment) minus TNF-α (baseline); Δ IL10=IL-10 (after 8 weeks of placebo treatment)
minus IL-10 (baseline); ∆ hs-CRP=hs-CRP (after 8 weeks of placebo treatment) minus hs-CRP (baseline);
r=Correlation coefficient

Discussion
The present study showed that 8 weeks
of treatment with NS 1000 mg per day
compared with placebo, did not
significantly change MDA, TAC, hs-CRP,
IL-10 or TNF-a levels.
TNF-α is a very important inflammatory
cytokine that dramatically increases in
chronic inflammatory disorders (Yoruk et
al., 2010). IL-10 is one of the important
anti-inflammatory cytokines and its
amplification
in
vivo
suppresses
inflammatory reactions and modulates the
immune responses (Ahmed and Hassanein,
2013). hs-CRP is a pentameric protein
synthesized in hepatocytes in response to
several inflammatory agents (Ebru et al.,
2008). hs-CRP amplifies the process of the
phagocytosis and activation of the
complement system. Its reduction discloses
a relatively silent circumstance without
grave inflammatory reactions in the body.
Hadi et al. (2016), similar to our study, did
not find significant changes in the amount
of TNF-α using NS in RA patients.
However, they found a dramatic increase of
IL-10 in patients treated with NS (Hadi et
al., 2016). Mahdavi et al. found that NS in
combination with a low-calorie diet can
significantly reduce TNF-α and hs-CRP
levels (Mahdavi et al., 2016).
Many studies showed the role of
oxidative stress in BD pathogenesis and its
correlation with BD manifestations. Najim
et al. (2007) in a study on 76 BD patients,
showed increased levels of serum MDA.

Harzallah et al. (2008) measured plasma
MDA
levels,
reduced
glutathione
(GSH)/oxidized glutathione (GSSG) ratio,
erythrocyte superoxide dismutase (SOD),
catalase and glutathione peroxidase in 40
patients with BD. They found higher MDA
and catalase and lower GSH/GSSG ratio
and SOD levels in BD patients compared
with healthy controls. MDA is a toxic
oxidant that is produced as a hazardous byproduct during lipid peroxidation in the
body and amplifies during extensive
oxidative stress (Nielsen et al., 1997). The
free radicals produced during the
biochemical reactions in the body, may
invade the biomolecules including lipids
with at least 3 double bonds (Gawel et al.,
2004). Distortion of the above-mentioned
lipids by free radicals, leads to MDA
production. TAC assesses the antioxidant
status of biological samples and can
evaluate the antioxidant response to free
radicals produced in a particular disease
(Sharifian et al., 2005). Antioxidant agents
can neutralize a wide variety of free radicals
in the body by increasing the TAC. This
study did not show the antioxidant effects
of NS in BD patients. Contrary to our
findings, in a study conducted on women
with RA, MDA was significantly lower in
the NS-treated group (Yoruk et al., 2010).
Hadi et al. also found a significant
reduction in MDA and increase in TAC
levels in RA patients treated with NS
extract (Hadi et al., 2016).
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To the best of our knowledge, this study
was the first clinical trial which evaluated
the effects of NS on MDA, TAC, TNF-α,
IL-10 and high sensitivity C-reactive
protein (hs- CRP) levels in patients with
BD.
However, our study had some
limitations. Short duration of intervention,
small sample size, using low dose of NS
(1000 mg per day) and treating BD patients
with immunomodulatory medications
during the study which may blur the effects
of NS, were the main concerns. Designing
another study with a higher number of
patients, longer duration of treatment with
NS and using different doses of NS may
solve these problems.
NS 1000 mg per day is probably not
effective in reducing the inflammatory and
oxidative markers in BD.
Acknowledgment
We appreciate the help of department of
Biochemistry-Tabriz University of Medical
sciences and Barij Essence pharmaceutical
company.
Conflicts of interest
The authors have declared that there is
no conflict of interest.

References
Ahmed MA, Hassanein KM. 2013. Cardio
protective effects of Nigella sativa oil on
lead induced cardio toxicity: Anti
inflammatory and antioxidant mechanism. J
Physiol Pathophysiol, 4: 72-80.
Alipour S, Nouri M, Sakhinia E, Samadi N,
Roshanravan N, Ghavami A, Khabbazi, A.
2017. Epigenetic alterations in chronic
disease focusing on Behcet’s disease:
Review. Biomed Pharmacother, 91: 526533.
Bilici M, Efe H, Köroğlu MA, Uydu HA,
Bekaroğlu M, Değer O. 2001. Antioxidative
enzyme activities and lipid peroxidation in
major
depression:
alterations
by
antidepressant treatments. J Affect Disord,
64: 43-51.
Budancamanak M, Kanter M, Demirel A,

Ocakci A, Uysal H, Karakaya C. 2006.
Protective effects of thymoquinone and
methotrexate on the renal injury in collageninduced arthritis. Arch Toxicol, 80: 768776.
Davatchi F, Chams-Davatchi C, Shams H,
Shahram F, Nadji A, Akhlaghi M, Faezi T,
Ghodsi Z, Sadeghi Abdollahi B, Ashofteh F,
Mohtasham N, Kavosi H, Masoumi M.
2017. Behcet's disease: epidemiology,
clinical manifestations, and diagnosis.
Expert Rev Clin Immunol, 13: 57-65.
Davatchi F, Assaad-Khalil S, Calamia KT,
Crook JE, Sadeghi-Abdollahi B, Schirmer
M, Tzellos T, Zouboulis CC, Akhlagi M, AlDalaan A, Alekberova ZS, Ali AA,
Altenburg A, Arromdee E, Baltaci M,
Bastos M, Benamour S, Ghorbel I, Boyvat
A, Carvalho L, Chen W, Ben-Chetrit E,
Chams-Davatchi C, Correia J, Crespo J,
Dias C, Dong Y, Paixao Duarte F,
Elmuntaser K, Elonakov AV, Grana Gil J,
Haghdoost AA, Hayani RM, Houman H,
Isayeva AR, Jamshidi AR, Kaklamanis P,
Kumar A, Kyrgidis A, Madanat W, Nadji A,
Namba K, Ohno S, Olivieri I, Vaz Patto J,
Pipitone N, de Queiroz MV, Ramos F,
Resende C, Rosa CM, Salvarani C, Serra
MJ, Shahram F, Shams H, Sharquie KE,
Sliti-Khanfir M, Tribolet de Abreu T,
Vasconcelos C, Vedes J, Wechsler B, Cheng
YK, Zhang Z, Ziaei N. 2014. The
International Criteria for Behcet’s Disease
(ITR-ICBD). The International Criteria for
Behcet’s Disease (ICBD): a collaborative
study of 27 countries on the sensitivity and
specificity of the new criteria. J Eur Acad
Dermatol Venereol, 28: 338-347.
De Smet MD, Dayan M. 2000. Prospective
determination of T-cell responses to Santigen in Behcet’s disease patients and
controls. Invest Ophthalmol Vis Sci, 41:
3480-3484.
Doğan P, Tanrikulu G, Soyuer Ü, Köse K.
1994.
Oxidative
enzymes
of
polymorphonuclear leucocytes and plasma
fibrinogen, ceruloplasmin, and copper levels
in Behcet's disease. Clin Biochem, 27: 413418.
Ebru U, Burak U, Yusuf S, Reyhan B, Arif K,
Faruk TH, Emin M, Aydin K, Atilla II,
Semsettin
S,
Kemal
E.
2008.
Cardioprotective effects of Nigella sativa oil
on cyclosporine A‐induced cardiotoxicity in
rats. Basic Clin Pharmacol Toxicol, 103:

AJP, Vol. 10, No. 2, Mar-Apr 2020

187

Amizadeh et al.
574-580.
El-Mahmoudy A, Matsuyama H, Borgan MA,
Shimizu Y, El-Sayed MG, Minamoto N,
Takewaki T. 2002. Thymoquinone
suppresses expression of inducible nitric
oxide synthase in rat macrophages. Int
immunopharmacol, 2: 1603-1611.
Gaweł S, Wardas M, Niedworok E, Wardas P.
2004. Malondialdehyde (MDA) as a lipid
peroxidation marker. Wiad Lek, 57: 453455.
Gheita TA, Kenawy SA. 2012. Effectiveness of
Nigella sativa oil in the management of
rheumatoid arthritis patients: A placebo
controlled study. Phytother Res, 26: 12461248.
Hadi V, Kheirouri S, Alizadeh M, Khabbazi A,
Hosseini H. 2016. Effects of Nigella sativa
oil extract on inflammatory cytokine
response and oxidative stress status in
patients with rheumatoid arthritis: a
randomized,
double-blind,
placebocontrolled clinical trial. Avicenna J
Phytomed, 6: 34-43.
Harzallah O, Kerkeni A, Baati T, Mahjoub S.
2008. Oxidative stress: correlation with
Behcet’s disease duration, activity and
severity. Eur J Intern Med, 19: 541-547.
Hosseini A, Shanehbandi D, Estiar MA,
Gholizadeh S, Khabbazi A, Khodadadi H,
Sakhinia E, Babaloo Z. 2015. A single
nucleotide polymorphism in the FOXP3
gene associated with Behcet’s disease in an
Iranian population. Clin Lab, 61(12):1897903.
Houghton PJ, Zarka R, de las Heras B, Hoult
JR. 1995. Fixed oil of Nigella sativa and
derived thymoquinone inhibit eicosanoid
generation in leukocytes and membrane
lipid peroxidation. Planta med, 61: 33-36.
Khabbazi A, Ghojazadeh M, Hajebrahimi S,
Nikniaz Z. 2019. Relationship between
vitamin D level and Bechet’s disease
activity: A systematic review and metaanalysis. Int J Vitam Nutr Res, 21: 1-8.
Köse K, Doğan P, Aşçioğlu M, Erkiliç K,
Aşçioğlu O. 1995. Oxidative stress and
antioxidant defenses in plasma of patients
with Behcet’s disease. Tohoku J Exp Med,
176: 239-248.
Mahdavi R, Namazi N, Alizadeh M, Farajnia S.
2016. Nigella sativa oil with a calorierestricted diet can improve biomarkers of
systemic inflammation in obese women: A
randomized
double-blind,
placebo-

controlled clinical trial. J Clin Lipidol, 10:
1203-1211.
Majdalawieh AF, Hmaidan R, Carr RI. 2010.
Nigella sativa modulates splenocyte
proliferation, Th1/Th2 cytokine profile,
macrophage function and NK anti-tumor
activity. J Ethnopharmacol, 131: 268-275.
Mansour M, Tornhamre S. 2004. Inhibition of
5-lipoxygenase and leukotriene C4 synthase
in human blood cells by thymoquinone. J
Enzyme Inhib Med Chem, 19: 431-436.
Mantaş C, Direskeneli H, Ekşioglu-Demiralp E,
Akoglu T. 1999. Serum levels of Th2
cytokines IL-4 and IL-10 in Behcet's
disease. J Rheumatol, 26: 510-512.
Mazzoccoli G, Matarangolo A, Rubino R,
Inglese M, De Cata A. 2016. Behcet
syndrome: from pathogenesis to novel
therapies. Clin Exp Med, 16: 1-12.
Miller NJ, Rice-Evans C, Davies MJ,
Gopinathan V, Milner A. 1993. A novel
method for measuring antioxidant capacity
and its application to monitoring the
antioxidant status in premature neonates.
Clin Sci (Lond), 84: 407-412.
Najim RA, Sharquie KE, Abu-Raghif AR.
2007. Oxidative stress in patients with
Behcet's disease: I correlation with severity
and clinical parameters. J Dermatol, 34:
308-314.
Nielsen F, Mikkelsen BB, Nielsen JB,
Andersen HR, Grandjean P. 1997. Plasma
malondialdehyde as biomarker for oxidative
stress: reference interval and effects of lifestyle factors. Oxid Med Cell Longev, 43:
1209-1214.
Sayed-Ahmed MM, Aleisa AM, Al-Rejaie SS,
Al-Yahya AA, Al-Shabanah OA, Hafez
MM, Nagi MN. 2010. Thymoquinone
attenuates diethylnitrosamine induction of
hepatic carcinogenesis through antioxidant
signaling. Oxid Med Cell Longev, 3: 254261.
Schleicher P, Saleh M. 2000. Black cumin: the
magical Egyptian herb for allergies, asthma,
and
immune
disorders.
Inner
Traditions/Bear & Co.
Sethi G, Ahn KS, Aggarwal BB. 2008.
Targeting nuclear factor-κB activation
pathway by thymoquinone: role in
suppression of antiapoptotic gene products
and enhancement of apoptosis. Mol Cancer
Res, 6: 1059-1070.
Sharifian A, Farahani S, Pasalar P, Gharavi M,
Aminian O. 2005. Shift work as an oxidative

AJP, Vol. 10, No. 2, Mar-Apr 2020

188

Nigella sativa against Behcet’s disease
stressor. J Circadian Rhythms, 3: 15.
Takeno M, Kariyone A, Yamashita N,
Takiguchi M, Mizushima Y, Kaneoka H,
Sakane T. 1995. Excessive function of
peripheral blood neutrophils from patients
with behcet's disease and from hla‐b51
transgenic mice. Arthritis Rheum, 38: 426433.
Tekeoglu I, Dogan A, Ediz L, Budancamanak
M, Demirel A. 2007. Effects of
thymoquinone (volatile oil of black cumin)
on rheumatoid arthritis in rat models.
Phytother Res, 21: 895-897.
Turan B, Pfister K, Diener PA, Hell M, Möller
B, Boyvat A, Ergin S, Villiger PM. 2008.
Soluble tumour necrosis factor receptors
sTNFR1 and sTNFR2 are produced at sites
of inflammation and are markers of arthritis
activity in Behcet’s disease. Scand J
Rheumatol, 37: 135-141.
Umar S, Zargan J, Umar K, Ahmad S, Katiyar

CK, Khan HA. 2012. Modulation of the
oxidative stress and inflammatory cytokine
response by thymoquinone in the collagen
induced arthritis in Wistar rats. Chem Biol
Interact, 197: 40-46.
Vaillancourt F, Silva P, Shi Q, Fahmi H,
Fernandes JC, Benderdour M. 2011.
Elucidation of molecular mechanisms
underlying the protective effects of
thymoquinone
against
rheumatoid
arthritis. J Cell Biochem, 112: 107-117.
Yamamoto JH, Minami M, Inaba G, Masuda K,
Mochizuki M. 1993. Cellular autoimmunity
to retinal specific antigens in patients with
Behcet's disease. Br J Ophthalmol, 77: 584589.
Yoruk O, Gur F, Uyanik H, Yasar M, Mutlu V,
Altas E, Baysal E, Taysi S. 2010.
Antioxidant effects of Nigella sativa in the
treatment of experimentally induced
rhinosinusitis. Macedonian J Med Sci, 3:
132-137.

AJP, Vol. 10, No. 2, Mar-Apr 2020

189

