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Abstract
Inflammation	and	oxidative	 stress	are	 involved	 in	 the	pathogenesis	of	 a	myriad	of	
chronic	disorders.	This	systematic	review	and	meta-	analysis	was	designed	to	deter-
mine	 the	 effects	 of	Nigella	 Sativa	 (NS)	 seed	 and	 seed	oil	 consumption	on	 several	
biomarkers	of	inflammation	and	oxidative	stress.	The	Scopus,	Web	of	Science,	and	
PubMed-	MEDLINE	databases	were	systematically	searched	until	August	2019.	The	
quality	assessment	and	heterogeneity	of	the	selected	randomized	clinical	trials	(RCTs)	
were	measured	using	the	Jadad	checklist,	and	Q and I2	tests,	respectively.	Finally,	a	
total	of	10	clinical	RCTs	were	found	to	be	eligible	for	this	meta-	analysis.	The	pooled	
findings	showed	 that	NS	consumption	significantly	 reduced	serum	high-	sensitivity	
C-	reactive	protein	(hs-	CRP;	WMD:	−0.67,	95%	CI:	−1.29,	−0.05,	I2 =	95.7%),	tumor	
necrosis	 factor-	alpha	 (TNF-	α;	WMD:	 −2.29,	 95%	CI:	 −4.48,	 −0.11,	 I2 =	 93%),	 and	
malondialdehyde	 (MDA;	WMD:	−1.18,	 95%	CI:	 −2.24,	 −0.12,	 I2 =	 85.4%),	 and	 sig-
nificantly	increased	total	antioxidant	capacity	(TAC;	WMD:	0.35,	95%	CI:	0.10,	0.59,	
I2 =	 77.1%),	 and	 superoxide	dismutase	 (SOD;	WMD:	66.30,	95%	CI:	 1.03,	131.57,	
I2 =	99.4%)	 levels.	Overall,	 the	 results	of	 this	systematic	 review	and	meta-	analysis	
imply	 that	 NS	 consumption	 may	 decrease	 inflammatory	 response	 and	 oxidative	
stress markers.

Practical applications
Overall,	the	evidence	supports	the	consumption	of	NS	to	reduce	hs-	CRP,	TNF-	α, and 
MDA,	and	to	increase	SOD	and	TAC	levels.	In	addition,	the	subgroup	analyses	find-
ings	concluded	that	lower	dosages	of	NS,	longer	durations	of	the	intervention,	and	
the	use	of	NS	seed	oil	may	 result	 in	more	effective	action	on	 inflammatory	mark-
ers,	but	because	of	the	limited	number	of	trials,	the	results	must	be	analyzed	with	
caution, especially for the subgroup analysis. However, further prospective studies 
regarding	the	effect	of	NS	consumption	on	biomarkers	of	inflammation	and	oxidative	
stress,	with	larger	sample	sizes,	from	various	countries	and	longer	follow-	up	periods,	
are	required	to	confirm	whether	NS	possesses	veritable	anti-	inflammatory	and	anti-
oxidant	effects.
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1  | INTRODUC TION

Many chronic diseases such as obesity, diabetes mellitus, athero-
sclerosis, and other cardiovascular disorders are associated with a 
higher	production	of	 reactive	oxygen	species	 (ROS;	Hussain	et	al.,	
2016).	 In	 such	diseases,	oxidative	 stress	 stimulates	 the	expression	
of inflammatory genes and promotes the cascade of inflammatory 
mediators,	 that	 is	 prooxidant	molecules,	 cytokines,	 lytic	 enzymes,	
and	 eicosanoids	 (Gholamnezhad	 et	 al.,	 2016).	 Furthermore,	 when	
oxidative	 stress	 levels	 are	 high,	 endogenous	 antioxidants,	 such	 as	
catalase	 (CAT),	 superoxide	dismutase	 (SOD),	 and	 glutathione,	may	
fail	to	counteract	the	excessive	production	of	ROS	which	can	dam-
age	cellular	proteins,	lipids,	and	DNA/RNA,	subsequently	resulting	in	
cell death and the development of disease (Hadi et al., 2016; Hussain 
et	al.,	(2016).	Biomarkers	of	oxidative	stress	and	inflammation,	such	
as	serum	malondialdehyde	(MDA),	tumor	necrosis	factor-	alpha	(TNF-	
α),	 and	high-	sensitivity	C-	reactive	protein	 (hs-	CRP),	have	generally	
been	used	to	assess	the	relationship	between	oxidative	damage	to	
macromolecules and disease progression (Hadi et al., 2016; Mahdavi 
et	al.,	2016).

Alternative	natural	 treatments	with	 lower	adverse	effects	may	
help in the management of various noncommunicable diseases, 
as they contain a wide range of bioactive phytochemicals with di-
verse properties which can influence the metabolism (Mahboubi 
et	al.,	2018).	One	such	example	 is	Nigella sativa Linn	 (NS),	which	 is	
a dicotyledonous flowering plant from the family of Ranunculaceae 
and is generally known as black cumin, black seed, or Kalonji 
(Namazi	et	al.,	2015).	 It	 is	 traditionally	used	 in	some	areas	such	as	
the	 Middle	 East,	 Northern	 Africa,	 and	 Southern	 Europe,	 for	 the	
prevention	 or	 treatment	 of	 several	 conditions,	 for	 example,	 rheu-
matoid arthritis, cardiovascular diseases, dyslipidemia, diabetes, 
gastrointestinal	 disorders	 (e.g.,	 diarrhea),	 asthma,	 and	 bronchitis	
(Daryabeygi-	Khotbehsara	et	al.,	2017;	Namazi	et	al.,	2015).

NS	contains	several	chemical	 ingredients	with	pharmacological	
properties,	such	as	thymoquinone	(TQ),	nigellone	(a	carbonyl	poly-
mer	of	TQ),	polyunsaturated	fatty	acids,	tocopherols,	phytosterols,	
flavonoids,	and	terpenes	(Namazi	et	al.,	2015).	TQ	is	a	major	bioactive	
ingredient in black seed and is responsible for many of the medical 
benefits	of	NS,	that	is,	antihistaminic,	antihypertensive,	hypoglyce-
mic, antineoplastic, and immune- stimulating effects (Majdalawieh & 
Fayyad,	2015).	Recently,	it	has	been	discovered	that	TQ	may	act	as	
a	potent	antioxidant	and	inhibit	lipid	peroxidation	and	generation	of	
superoxide	 radicals,	 as	well	 as	 enhance	 the	activity	of	 antioxidant	
enzymes	in	normal	tissues	(Schneider-	Stock	et	al.,	2014).

The	effects	of	NS	consumption	on	biomarkers	of	 inflammation	
and	oxidative	stress	have	already	been	studied	in	some	clinical	tri-
als,	although	the	current	findings	are	controversial.	For	example,	NS	
oil	consumption	at	a	dosage	of	3	g/day	for	8	weeks	was	associated	
with a significant reduction in inflammatory markers, namely hs- CRP 

and	TNF-	α	in	obese	women	(Mahdavi	et	al.,	2016).	Conversely,	Hadi	
et	al.	 (2018)	have	 indicated	that	1	g/day	of	NS	oil	 for	8	weeks	 re-
sulted	in	no	changes	in	TNF-	α and SOD levels in patients diagnosed 
with	diabetes	mellitus	type	2.	Furthermore,	there	is	some	evidence	
that,	in	therapeutical	terms,	NS	oil	is	more	effective	than	the	seeds	
of	the	same	plant	(Ahmad	et	al.,	2013).

To	 the	 best	 of	 our	 knowledge,	 there	 are	 two	 recent	 meta-	
analyses	which	 have	 reported	 the	 beneficial	 effects	 of	NS	 on	 hs-	
CRP	 levels	 (Tavakoly	 et	 al.,	 2019)	 and	oxidative	 stress	 parameters	
(Ardiana	et	al.,	2020).	However,	none	of	these	studies	comprehen-
sively	examined	the	effects	of	black	seed	consumption	on	biomark-
ers	of	inflammation	and	oxidative	stress.	Therefore,	we	intended	to	
conduct a systematic review and meta- analysis to investigate the ef-
fects	of	NS	seeds	and	NS	seed	oil	consumption	on	serum	biomarkers	
of	inflammation	and	oxidative	stress	in	humans.

2  | MATERIAL S AND METHODS

The	 current	 meta-	analysis	 was	 conducted	 in	 agreement	 with	 the	
Systematic	 Reviews	 and	 Meta-	Analyses	 statement	 guidelines	 for	
RCTs	(Liberati	et	al.,	2009).

2.1 | Search strategy

A	 systematic	 literature	 search	was	 performed	using	 several	medi-
cal	databases	(PubMed-	MEDLINE,	SCOPUS,	and	Web	of	Science)	up	
to	August	2019	using	the	following	keywords	and	medical	subject	
heading	(MeSH)	terms:	(“Nigella	sativa”	OR	“Kalonji”	OR	“Kalonjus”	
OR	 “Black	Cumin”	OR	 “black	 seed”	OR	 “N.	 sativa”	OR	 “thymoqui-
none”	OR	“nigella	sativum”	OR	“karayal”	OR	“black	onion	seed”)	AND	
(“oxidative	stress”	OR	“inflammation	markers”	OR	“reactive	oxygen	
species”	OR	 “nitric	 oxide”	OR	 “malondialdehyde”	OR	 “thiobarbitu-
ric	acid	reactive	substances”	OR	“glutathione”	OR	“total	antioxidant	
capacity”	OR	“superoxide	dismutase”	OR	“interleukin	6”	OR	“inter-
feron gamma” OR “tumor necrosis factor- alpha” OR “nuclear factor 
kappa	B”)	AND	(“clinical	trials	as	topic”	OR	“cross-	over	studies”	OR	
“double-	blind	method”	OR	“single-	blind	method”).	To	 identify	pos-
sibly omitted trials, the reference lists of the related articles were 
manually searched.

2.2 | Study selection

After	the	duplicates	were	removed,	the	remaining	papers	were	sepa-
rately screened based on their titles and abstracts. Reviews, irrel-
evant	records	and	animal	studies	were	excluded.	Then,	the	full	texts	
of the remaining studies were reviewed to select only the records 
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related to the topic of our systematic review and meta- analysis. 
Ultimately,	all	 the	randomized	controlled	trials	 (RCTs)	that	met	the	
following	criteria	were	included	in	this	report:	(a)	original	RCTs	either	
with a parallel or a crossover design that investigated the effects of 
NS	seed	and	seed	oil	 consumption	on	biomarkers	of	 inflammation	
and	oxidative	stress,	 (b)	RCTs	conducted	 in	adults	 (age	≥18	years),	
and	(c)	RCTs	that	reported	appropriate	data	on	the	mean	[standard	
deviation (SD)	or	95%	confidence	intervals	(CI)]	changes	on	biomark-
ers	 of	 inflammation	 and	 oxidative	 stress,	 namely	 hs-	CRP,	 TNF-	α, 
MDA,	TAC,	and	SOD	at	baseline	and	at	the	endpoint	of	intervention	
(NS	 seed	and	 seed	oil	 consumption)	 for	 each	group	 (intervention/
placebo).

The	 studies	which	were	 not	RCTs,	 those	without	 an	 appropri-
ate control group, those that did not report enough data for the re-
sults	regarding	the	effects	of	NS	seed	and	seed	oil	consumption	on	
biomarkers	of	inflammation	and	oxidative	stress	and	for	the	control	
groups, those which were in vitro or animal studies, reviews, unpub-
lished	trials,	and	trials	without	a	published	full	text	were	excluded.	In	
addition, only studies published in English were considered.

2.3 | Data extraction

Data	extraction	was	performed	by	two	 independent	 investigators.	
This	process	was	examined	by	another	 investigator.	The	 following	
data	 from	each	 included	 trial	were	 extracted:	 first	 author's	 name,	
publication time, study location, study duration, study design, par-
ticipants’	characteristics,	sample	size,	type	and	dose	of	supplements/
placebo used in intervention/control group, and the main outcomes. 
When the results were reported for multiple periods, only the data 
related to the longest duration of treatment was evaluated.

2.4 | Quality assessment

The	 methodological	 quality	 of	 the	 eligible	 studies	 was	 evaluated	
using	 the	quantitative	5-	point	 scoring	 system	developed	by	 Jadad	
et	 al.,	 (1996).	 High-	quality	 studies	 were	 defined	 by	 scores	 ≥3,	
whereas a score of 0– 2 was indicative of a low- quality report.

2.5 | Statistical analysis

The	 pooled	weighted	mean	 difference	 (WMD)	 and	 its	 95%	 confi-
dence	interval	(CI)	were	calculated	to	evaluate	the	effects	of	NS	seed	
and	seed	oil	on	serum	hs-	CRP,	TNF-	α,	MDA,	SOD,	and	TAC	levels.	
Data from the last time point were used for analyses in studies that 
presented more than one time point for outcomes throughout the 
intervention.	To	ensure	that	this	meta-	analysis	was	not	sensitive	to	
the selected correlation coefficient, all the analyses for each param-
eter	were	repeated	using	a	correlation	coefficient	of	0.2	and	0.8.	The	
presence of between- study heterogeneity was determined by the I2 
statistic.	Low,	moderate,	and	high	heterogeneity	was	attributed	to	I2 

values	less	than	25%,	between	25%	and	50%,	and	over	50%,	respec-
tively	 (Higgins	&	Green,	2011).	To	determine	 the	possible	 sources	
of between- study heterogeneity, we carried out a preplanned sub-
group	analysis	based	on	NS	dosage	(>2	or	≤2	g/day),	sex	(male,	fe-
male,	or	male/female),	duration	of	the	intervention	(≤8	or	>8	weeks),	
and	intervention	form	(powder	or	oil).	Heterogeneity	between	sub-
groups	was	assessed	using	a	fixed-	effect	model.	Sensitivity	analysis	
was also performed to evaluate the impact of every single study on 
the	overall	 effect	 size.	Publication	bias	was	estimated	using	visual	
assessment of funnel plots and Egger's weighted regression tests 
(Egger	et	al.,	1997).	All	statistical	analyses	were	conducted	using	the	
Stata 12.0 software with a two- sided p value significance level of 
<.05.

3  | RESULTS

3.1 | Flow- chart of study selection

The	selection	and	the	 identification	process	of	 the	eligible	studies	
are	presented	in	Figure	1.	Initially,	735	studies	were	identified	via	the	
search	strategy,	of	which	331	were	excluded	 for	being	duplicates.	
After	 reviewing	 the	 titles	 and	 abstracts	 of	 the	 remaining	 articles,	
386	publications	 that	were	 irrelevant	 to	 the	 study	purposes	were	
excluded	(supplementary	file).	Finally,	10	articles	(Amin	et	al.,	2015;	
Darand	 et	 al.,	 2019;	Hadi	 et	 al.,	 2016,	 2018;	Kaatabi	 et	 al.,	 2015;	
Kheirouri et al., 2016; Mahdavi et al., 2016; Mohtashami et al., 2016; 
Namazi	et	al.,	2015;	Nikkhah-	Bodaghi	et	al.,	2019)	were	eligible	to	be	
included into this systematic review and meta- analysis.

3.2 | Study and participant characteristics

The	characteristics	of	10	RCTs	using	NS	seed	powder	and	its	oil	have	
been	summarized	in	Table	1.	This	meta-	analysis	 included	630	indi-
viduals.	Nine	trials	were	double-	blinded	(Amin	et	al.,	2015;	Darand	
et	al.,	2019;	Hadi	et	al.,2016,	2018;	Kheirouri	et	al.,	2016;	Mahdavi	
et	al.,	2016;	Mohtashami	et	al.,	2016;	Namazi	et	al.,	2015;	Nikkhah-	
Bodaghi	et	al.,	2019)	and	one	study	(Kaatabi	et	al.,	2015)	was	single-	
blinded.	Among	 the	 included	 trials,	 one	 (Mohtashami	 et	 al.,	 2016)	
was	 conducted	 using	 the	 crossover	 method.	 The	 duration	 of	 the	
intervention	 varied	 from	 6	 to	 48	 weeks	 (Kaatabi	 et	 al.,	 2015;	
Nikkhah-	Bodaghi	 et	 al.,	 2019).	 The	 daily	 recommended	 dosage	 of	
NS	seed	and	seed	oil	varied	between	1	and	3	g/day	across	differ-
ent	studies	(Hadi	et	al.,	2016,	2018;	Kheirouri	et	al.,	2016;	Mahdavi	
et	 al.,	 2016;	Namazi	 et	 al.,	 2015).	 The	 included	 studies	were	 con-
ducted in different populations, namely patients diagnosed with 
diabetes	 mellitus	 type	 2	 (Hadi	 et	 al.,	 2018;	 Kaatabi	 et	 al.,	 2015),	
obesity	 (Mahdavi	et	al.,	2016;	Namazi	et	al.,	2015),	metabolic	syn-
drome	 (Amin	 et	 al.,	 2015;	Mohtashami	 et	 al.,	 2016),	 nonalcoholic	
fatty	liver	disease	(NAFLD;	Darand	et	al.,	2019),	rheumatoid	arthri-
tis	 (Hadi	 et	 al.,	 2016;	Kheirouri	 et	 al.,	 2016),	 and	 ulcerative	 colitis	
(Nikkhah-	Bodaghi	et	al.,	2019).	Overall,	six	RCTs	reported	changes	in	
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hs-	CRP	(Amin	et	al.,	2015;	Darand	et	al.,	2019;	Kheirouri	et	al.,	2016;	
Mahdavi	 et	 al.,	 2016;	 Mohtashami	 et	 al.,	 2016;	 Nikkhah-	Bodaghi	
et	 al.,	 2019),	 five	 in	TNF-	α	 (Darand	et	 al.,	 2019;	Hadi	 et	 al.,	 2016,	
2018;	Mahdavi	et	 al.,	2016;	Nikkhah-	Bodaghi	et	 al.,	2019),	 four	 in	
MDA	(Hadi	et	al.,	2016,	2018;	Namazi	et	al.,	2015;	Nikkhah-	Bodaghi	
et	al.,	2019),	four	in	SOD	(Hadi	et	al.,	2016,	2018;	Kaatabi	et	al.,	2015;	
Namazi	 et	 al.,	 2015),	 and	 four	 in	 TAC	 (Hadi	 et	 al.,	 2016;	 Kaatabi	
et	al.,	2015;	Namazi	et	al.,	2015;	Nikkhah-	Bodaghi	et	al.,	2019)	levels	
following	NS	 consumption.	 The	 Jadad	 checklist	 confirmed	 that	 all	
studies	except	for	one	(Salem	et	al.,	2017)	had	a	high	methodological	
quality.	The	scores	of	the	quality	assessment	of	the	included	studies	
are	presented	in	Table	2.

3.3 | Findings from the meta- analysis

3.3.1 | The	effects	of	Nigella	Sativa	on	
inflammatory markers

In	 the	 pooled	 result	 of	 data	 from	 six	 studies	 (Amin	 et	 al.,	 2015;	
Darand	 et	 al.,	 2019;	 Kheirouri	 et	 al.,	 2016;	Mahdavi	 et	 al.,	 2016;	
Mohtashami	et	al.,	2016;	Nikkhah-	Bodaghi	et	al.,	2019)	with	seven	
arms (n =	400),	there	was	a	significant	difference	at	follow-	up	be-
tween	 the	 NS	 and	 placebo	 groups	 regarding	 hs-	CRP	 concentra-
tions,	with	a	high	heterogeneity	[WMD:	−0.67,	95%	CI:	−1.29,	−0.05,	

I2 =	95.7%]	(Figure	2).	The	subgroups	analyses	for	the	intervention	
dose, duration, and type of intervention, and also gender, did not 
identify	any	possible	sources	of	heterogeneity.	However,	doses	≤2	g	
were	 more	 effective	 in	 reducing	 hs-	CRP	 concentrations	 [WMD:	
−1.13,	95%	CI:	−2.12,	−0.14]	compared	to	a	NS	supplementation	with	
a dose >2	g	(Figure	S1).	The	pooled	results	from	the	random-	effects	
model	of	five	RCTs	(n =	266),	the	changes	in	TNF-	α	levels	in	the	NS	
group compared to the control group at follow- up were significant 
[WMD:	−2.29,	95%	CI:	−4.48,	−0.11,	I2 =	93%]	(Figure	3).	The	sub-
groups analyses for the intervention dose, duration, and type of in-
tervention, and also for gender, did not identify any possible sources 
of heterogeneity. However, these analyses showed that a duration 
of the intervention >	8	weeks	and	supplementation	with	NS	oil	as	
an	intervention	reduced	TNF-	α levels more effectively versus inter-
ventions	 lasting	 ≥8	 weeks	 and	 supplementation	 with	 NS	 powder,	
respectively	(Figure	S2).

3.3.2 | The	effects	of	Nigella	Sativa	on	biomarkers	of	
oxidative	stress

The	pooled	WMD	of	four	effect	sizes	displayed	a	significant	difference	
in	MDA	(WMD:	−1.18,	95%	CI:	−2.24,	−0.12,	I2 =	85.4%),	TAC	(WMD:	
0.35,	95%	CI:	0.10,	0.59,	I2 =	77.1%),	and	SOD	(WMD:	66.30,	95%	CI:	
1.03,	131.57,	 I2 =	99.4%)	 levels	 in	 the	NS	groups	versus	 the	control	

F I G U R E  1  PRISMA	flow	diagram	of	study	selection	process

Records identified through 
international database searching

(n = 735)

Records after duplicates removed
(n = 404)

Records screened
(n = 404)

Records excluded after 
title/abstract review (n = 386)

Full-text articles assessed 
for eligibility

(n = 18)

Full-text articles excluded, 
(n = 8):
data presentation inappropriate 
for meta-analysis. (n = 5)
did not report the data required 
for meta-analysis. (n = 2)
Lack of control group. (n = 1)

Studies included in
systematic review and

meta-analysis
(n = 10)
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groups	(Figures	4–	6).	Because	of	the	limited	number	of	studies	for	each	
group, the subgroup analyses did not lead to reliable results. However, 
the gender of the participants and the type of intervention were possi-
ble	sources	of	heterogeneity	for	MDA	concentrations	(Figures	S3–	S5).

3.4 | Publication bias

No	publication	bias	was	identified	based	on	the	assessment	of	the	
funnel	 plots	 (Figure	 6)	 or	 via	 the	 Egger's	 test	 (p =.51 for hs- CRP, 

p =.24	for	MDA,	p =.12 for SOD, and p =.96	for	TNF-	α).	Based	on	the	
Egger's	regression	test,	there	was	a	publication	bias	for	TAC	concen-
trations (p =.01).	However,	the	Meta	Trim	and	fill	analyses	found	no	
unpublished article.

4  | DISCUSSION

To	the	best	of	our	knowledge,	this	is	the	first	systematic	review	or	
meta-	analysis	 to	 comprehensively	 report	 on	 the	 effects	 of	NS	 on	

TA B L E  2  Methodological	quality	scores	for	the	included	studies	using	the	Jadad	scale

Study Randomization
Methods of 
randomization Blinding

Method of 
blinding

Description of 
withdrawal

Total 
score

Nikkhah-	Bodaghi	et	al.	
(2019)

+ + + + + 5

Darand	et	al.	(2019) + + + + + 5

Moustafa	et	al.	(2019) + + – – + 3

Hadi	et	al.	(2018) + + + – + 4

Salem	et	al.	(2017) + – – – + 2

Mahdavi	et	al.	(2016) + + + + + 5

Hadi	et	al.	(2016) + – + + + 4

Mahdavi	et	al.	(2016) + + + + + 5

Kheirouri	et	al.	(2016) + – + – + 3

Kaatabi	et	al.	(2015) + + + – + 4

Amin	et	al.	(2015) + + + – + 4

F I G U R E  2  Forest	plot	of	the	mean	difference	for	the	effect	of	NS	consumption	on	serum	hs-	CRP	levels
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biomarkers	of	inflammation	and	oxidative	stress.	The	current	meta-	
analysis,	conducted	on	10	RCTs,	showed	that	the	administration	of	
NS	 seed	 and	 seed	 oil	 significantly	 reduced	 serum	 hs-	CRP,	 TNF-	α, 
and	MDA	levels,	and	significantly	increased	SOD	and	TAC	levels.	All	
of	 these	molecules	are	widely	used	to	assess	the	redox	balance	 in	
different	conditions	(Smukowska-	Gorynia	et	al.,	2019).	Our	findings	
provide more underpinnings for the results of other studies that en-
compassed	the	impact	of	NS	supplementation	on	traditional	cardio-	
metabolic	markers	(Daryabeygi-	Khotbehsara	et	al.,	2017;	Sahebkar	
et	al.,	2016).

Systemic	 inflammation	 and	 oxidative	 stress	 partake	 in	
the development of a myriad of acute and chronic diseases 
(Gholamnezhad	et	al.,	2016).	The	present	meta-	analysis	reinforced	
the	 aforementioned	 hypothesis	 and	 demonstrated	 that	NS	 seed	
and seed oil intake results in a significant reduction in serum hs- 
CRP	and	TNF-	α levels. Our findings were similar to those reported 
in	 a	meta-	analysis	 conducted	by	Tavakoly	et	 al.	 (2019)	which	 in-
cluded	 five	 trials	 and	 confirmed	 the	 beneficial	 effect	 of	 NS	 on	
hs- CRP levels. However, the current study included additionally 
one	crossover	study	(Mohtashami	et	al.,	2016)	and	contains	sub-
group analyses performed by the gender of the participants and 
the	 intervention	 duration.	Moreover,	 a	 RCT	 concluded	 that	 two	
different	 doses	of	NS	 seed	powder	 capsules	 (1	 and	2	 g/day)	 for	
3 months improved serum inflammatory cytokine levels in adults 
with	asthma	(Salem	et	al.,	2017).

Furthermore,	 animal	 studies	 have	 also	 confirmed	 the	 anti-	
inflammatory	effects	of	black	seed.	For	instance,	Umar	et	al.	(2012)	

have reported that the oral administration of 5 mg kg−1 day−1	of	TQ	
for 21 days significantly reduced the levels of pro- inflammatory 
molecules,	namely	 interleukin-	6	 (IL-	6),	TNF-	α, and prostaglandin E 
(PGE),	 and	 suppressed	nitric	 oxide	 (NO)	production	 in	Wistar	 rats	
with	arthritis.	However,	Datau	et	al.	(2010)	revealed	that	men	with	
central	obesity	who	consumed	NS	seed	powder	capsules	(3	g/day)	
for	3	months	did	not	benefit	from	a	decrease	in	hs-	CRP	levels.	The	
disagreement between the results of these studies may be related 
to the differences in the baseline levels of inflammatory markers 
in patients with asthma versus men diagnosed with central obe-
sity. In our meta- analysis, one study showed a direct relationship 
between	NS	consumption	and	 inflammatory	markers,	 unlike	other	
studies	(Amin	et	al.,	2015;	Darand	et	al.,	2019;	Kheirouri	et	al.,	2016;	
Mahdavi	et	al.,	2016).	In	this	study,	the	clinical	status	of	the	patients	
with	 ulcerative	 colitis	 (UC)	 was	 different,	 since	 colonoscopy	 and	
tissue	biopsy	were	not	used	 to	 assess	UC	 severity.	 Thus,	 patients	
with different phases of UC and different baseline inflammation lev-
els	may	have	been	enrolled	in	the	study	(Higgins	&	Green,	2011).	In	
addition,	in	the	crossover	study	(phase	1)	which	we	included	in	our	
meta- analysis, hs- CRP increased following the consumption of bread 
containing	black	seed.	This	finding	might	be	related	to	the	reduction	
of	the	anti-	inflammatory	properties	of	NS	by	blending	it	with	wheat	
bran and by cooking it, which could have impacted on the quality and 
characteristics	of	NS	(Mohtashami	et	al.,	2016).	In	fact,	heating	NS	
seeds	at	≥200°C	leads	to	a	significant	reduction	in	the	TQ	content	
and	could	alter	the	properties	of	NS	to	inhibit	the	NF-	κB activation 
pathway	(Smukowska-	Gorynia	et	al.,	2019).

F I G U R E  3  Forest	plot	of	the	mean	difference	for	the	effect	of	NS	consumption	on	serum	TNF-	α levels
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F I G U R E  4  Forest	plot	of	the	mean	difference	for	the	effect	of	NS	consumption	on	serum	MDA	levels

F I G U R E  5  Forest	plot	of	the	mean	difference	for	the	effect	of	NS	consumption	on	serum	TAC	levels
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Because of the high heterogeneity of the studies, subgroup 
analyses were performed, but due to the low number of studies in 
each group, the heterogeneity source could not be well established. 
However, the subgroup analyses showed that the greatest impact of 
NS	in	decreasing	TNF-	α levels was when the duration of the inter-
vention	lasted	more	than	8	weeks,	and	when	NS	oil	was	employed	
as an intervention form. Since the main phytochemical component 
of	the	volatile	NS	oil	is	TQ,	which	accounts	for	28%–	45%	of	the	NS	
oil,	the	intake	of	NS	oil	in	longer	durations	may	cause	an	increased	
intake	of	 total	TQ	versus	NS	powder.	The	beneficial	effects	of	NS	
seed oil consumption was also pointed out by prior meta- analyses, 
which	 observed	 that	 it	 can	 reduce	 triglycerides	 (TG;	 Daryabeygi-	
Khotbehsara	 et	 al.,	 2017),	 body	weight	 (Namazi	 et	 al.,	 2018),	 and	
fasting	plasma	glucose	(FPG)	more	efficiently	than	NS	seed	powder	
(Askari	et	al.,	2019).	The	subgroup	analyses	also	revealed	that	an	in-
tervention	dose	≤2	g	was	more	effective	in	decreasing	hs-	CRP	levels.	
Therefore,	this	finding	should	be	interpreted	with	caution	because	
the between- study heterogeneity was considerable and the number 
of studies was limited.

Several	mechanisms	explaining	the	anti-	inflammatory	effects	of	
NS	have	been	reported.	Black	seed	and	TQ	can	inhibit	both	pathways	
(lipoxygenase	and	cyclooxygenase)	of	the	arachidonate	metabolism,	
which are involved in the production of inflammatory mediators. 
Moreover,	decreasing	NO	via	the	inhibition	of	inducible	nitric	oxide	
synthase	 (iNOS)	 can	 reduce	 the	 inflammation	 process	 (Mahboubi	
et	al.,	2018).	TQ	mediates	its	inhibitory	influence	on	NO	production	
via	a	reduction	of	the	iNOS	mRNA	and	protein	expression	and	nitrite	

production	 in	 lipopolysaccharide	 (LPS)-	activated	macrophages	 (El-	
Mahmoudy	et	al.,	2002).	The	inhibition	of	the	overproduction	of	NO,	
as	a	free	oxygen	radical	(NO.),	may	have	therapeutic	benefits	in	pa-
tients with inflammatory disorders by stopping its harmful effects, 
including the inhibition of mitochondrial respiration and damaging a 
variety of mitochondrial components, inhibition of the activity of an-
tioxidant	enzymes	such	as	glutathione	peroxidase,	reducing	the	lev-
els	of	some	cellular	antioxidants	such	as	ascorbic	acid,	uric	acid,	and	
plasma thiols and changing the structure and function of proteins, 
lipids,	carbohydrates,	and	DNA,	that	could	lead	to	oxidative	damage	
to	 tissues	 (Aktan,	2004).	Other	possible	anti-	inflammatory	effects	
are	due	to	the	inhibition	of	the	TNF-	α-	mediated	activation	of	NF-	κB 
via	suppressing	 the	activity	of	 the	 inhibitor	of	NF-	κB	kinase	 (IKK),	
as	well	as	 reducing	the	transportation	of	NF-	κB (transcription fac-
tor	aggravating	inflammation)	from	the	cytosol	to	the	nucleus	(Woo	
et	al.,	2012).	Thus,	these	molecular	events	can	suppress	the	expres-
sion of pro- inflammatory mediators, namely including interleukin- 1β 
(IL-	1β),	TNF-	α,	matrix	metalloproteinase	13,	cyclooxygenase-	2,	and	
PGE2	(Majdalawieh	&	Fayyad,	2015).

Our	meta-	analysis	showed	that	the	intake	of	NS	seeds	resulted	
in	a	significant	increase	in	TAC	and	SOD	levels,	and	also	in	a	sig-
nificant	decrease	of	MDA	levels	 (which	 is	as	an	 indicator	of	 lipid	
peroxidation).	Consistent	with	our	results,	a	recent	meta-	analysis	
by	Ardiana	et	al.	(2020)	showed	that	NS	supplementation	was	as-
sociated with improved SOD levels but had no significant effect on 
MDA	and	TAC	levels.	However,	unlike	in	our	paper,	that	study	did	
not	report	data	on	subgroup	analyses.	Moreover,	in	a	randomized	

F I G U R E  6  Forest	plot	of	the	mean	difference	for	the	effect	of	NS	consumption	on	serum	SOD	levels
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preliminary study, the twice- daily administration for 3 months of 
two	capsules	containing	500	mg	of	NS	in	patients	with	oral	submu-
cous fibrosis was accompanied by a significantly increase in SOD 
levels	(Pipalia	et	al.,	2016).	On	the	contrary,	Moustafa	et	al.	(2019)	
reported	no	 significant	 reduction	 in	 serum	TAC	 levels	 after	3	g/
day	of	NS	 administration	 for	 3	months	 in	 type	2	diabetes	melli-
tus	 patients.	 Furthermore,	 in	 another	 study	 recruiting	 epileptic	
children,	the	administration	of	40–	80	mg	kg−1 day−1 of black seed 
did	not	change	TAC	and	MDA	levels	significantly	as	compared	to	
placebo	(Shawki	et	al.,	2013).	In	general,	 it	seems	that	the	differ-
ences in study design, study populations, baseline inflammatory 
markers,	NS	dosage,	duration	of	intervention,	dietary	intakes,	and	
physical activity may lead to different outcomes among the cur-
rent evidence.

We	conducted	a	subgroup	analysis	for	oxidative	stress	biomark-
ers, but we were unable to reach a conclusion based on these results 
since the number of studies evaluating each marker was limited. 
The	antioxidant	mechanism	of	NS	can	be	due	in	part	to	its	proper-
ties	to	regulate	and	enhance	the	expression	of	antioxidant	enzyme	
genes	 (SOD,	 catalase,	 glutathione	 peroxidase,	 and	 glutathione	 S-	
transferase)	and	restore	the	activities	of	nonenzymatic	antioxidants,	
that	is,	glutathione	(GSH)	and	vitamin	C	(Kanter	et	al.,	2005;	Sheikh	
&	Ahmed,	2012).	 In	addition,	 some	NS	compounds	can	 inhibit	 the	
production	 of	 reactive	 oxygen	 species	 (ROS),	 including	 thymol	
which	acts	as	a	 singlet	oxygen	quencher,	TQ	and	dithymoquinone	
which	 showed	 superoxide	 dismutase	 (SOD)-	like	 activity	 (Leong	
et	al.,	2013).	Moreover,	TQ	can	antagonize	the	excessive	 lipid	per-
oxidation	and	stabilize	 the	 integrity	of	cellular	membranes	 (Abdel-	
Wahab,	2013).	Previous	studies	did	not	report	any	adverse	effects	of	
NS	consumption	in	humans	in	commonly	used	doses,	with	NS	being	
regarded	 as	 a	 safe	 herbal	medicine	 (Amin	&	Hosseinzadeh,	 2016;	
Mahboubi	et	al.,	2018).

The	 current	meta-	analysis	 has	multiple	 limitations.	 First,	 the	
number of studies assessing other biomarkers of inflammation and 
oxidative	 stress,	 that	 is	 IL-	6,	NF-	κB,	glutathione	peroxidase,	 and	
catalase	was	low.	Therefore,	we	did	not	analyze	other	biomarkers	
of	 inflammation	and	oxidative	 stress	 in	 this	 study.	 Second,	most	
of	 the	 included	 studies	 were	 characterized	 by	 short	 treatment	
periods	 (≤8	weeks).	 Third,	 the	 current	 study	 included	 trials	with	
multiple disease conditions, risk factors, and confounding factors. 
Finally,	 the	 subjects	 enrolled	 suffered	 from	 various	 disorders:	
NAFLD,	 type	 2	 diabetes	 mellitus,	 metabolic	 syndrome,	 obesity,	
UC, and rheumatoid arthritis. Because of the limited number of 
studies,	 it	 is	 difficult	 to	 judge	 the	effects	of	NS	 in	different	dis-
eases.	Each	of	these	disorders	is	characterized	by	its	own	patho-
genic mechanisms and pathophysiological processes that can 
ultimately	 affect	 inflammation	 and	 oxidative	 stress	 levels.	 Thus,	
this can be regarded as another limitation of the study. However, 
since	inflammation	and	oxidative	stress	are	key	factors	in	the	de-
velopment	 and	 evolution	 of	 all	 of	 these	 illnesses,	NS	 decreased	
inflammatory	response	and	oxidative	stress	markers,	regardless	of	
the type of disease.

5  | CONCLUSION

Overall,	the	evidence	supports	the	consumption	of	NS	to	reduce	hs-	
CRP,	TNF-	α,	and	MDA,	and	increase	SOD	and	TAC	levels.	Subgroup	
analysis	findings	also	proposed	that	lower	dosages	of	NS,	longer	du-
rations	of	 the	 intervention,	 and	 the	use	of	NS	 seed	oil	may	 result	
in more effective action on inflammatory markers, but due to the 
limited	number	of	trials,	the	results	must	be	analyzed	with	caution,	
especially for the subgroup analysis. However, further prospective 
studies	regarding	the	effect	of	NS	consumption	on	biomarkers	of	in-
flammation	and	oxidative	stress,	with	larger	sample	sizes,	from	vari-
ous countries and longer follow- up periods, are required to confirm 
whether	NS	possesses	veritable	anti-	inflammatory	and	antioxidant	
effects.
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