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ABSTRACT

Ethnopharmacological relevance: Nigella sativa (N. sativa) L. (Ranunculaceae), well known as black cumin,
has been used as a herbal medicine that has a rich historical background. It has been traditionally and
clinically used in the treatment of several diseases. Many reviews have investigated this valuable plant,
but none of them focused on its clinical effects. Therefore, the aim of the present review is to provide a
comprehensive report of clinical studies on N. sativa and some of its constituents.
Materials and methods: Studies on the clinical effects of N. sativa and its main constituent, thymoquinone,
which were published between 1979 and 2015, were searched using various databases.
Results and discussion: During the last three decades, several in vivo and in vitro animal studies revealed
the pharmacological properties of the plant, including its antioxidant, antibacterial, antiproliferative,
proapoptotic, anti-inflammatory, and antiepileptic properties, and its effect on improvement in ather-
ogenesis, endothelial dysfunction, glucose metabolism, lipid profile dysfunction, and prevention of
hippocampus pyramidal cell loss. In clinical studies, antimicrobial, antioxidant, anti-inflammatory, an-
titumor, and antidiabetic properties as well as therapeutic effects on metabolic syndrome, and gastro-
intestinal, neuronal, cardiovascular, respiratory, urinary, and reproductive disorders were found in N.
sativa and its constituents.
Conclusion: Extensive basic and clinical studies on N. sativa seed powder, oil, extracts (aqueous, etha-
nolic, and methanolic), and thymoquinone showed valuable therapeutic effects on different disorders
with a wide range of safe doses. However, there were some confounding factors in the reviewed clinical
trials, and a few of them presented data about the phytochemical composition of the plant. Therefore, a
more standard clinical trial with N. sativa supplementation is needed for the plant to be used as an
inexpensive potential biological adjuvant therapy.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
1.1. Botanical, historical, and traditional characteristics

Nigella sativa (N. sativa) L. (Ranunculaceae) is an annual flow-
ering plant, which is native to South and Southwest Asia and is
cultivated and used in different parts of the world, such as the
Mediterranean countries, southern Europe, and North Africa (Polat
et al., 2011; Tembhurne et al., 2011). It is an annual grassy plant
with green- to blue-colored flowers and black trigonal seeds. The
seeds are the source of the active ingredients of the plants (El-
Tahir and Bakeet, 2006). This plant is known all over the world by
different common (folkloric) names, such as Habbat al-barakah in
Arabic, Siah-Daneh in Persian, and black cumin or black seed in
English. Based on historical records, this plant was known as far
back as 1400 years ago and its seeds were extensively used for
flavor (Zohary et al., 2012). In Unani traditional medicine, N. sativa
is considered as a herbal medicine for a number of diseases, and in
Islamic medicine, it has been named as a cure for all diseases ex-
cept death and aging by a Hadith of the Holy Prophet Muhammad
P.B.U.H (Tembhurne et al., 2011). The therapeutic use of N. sativa
has been recommended not only in Islam but in the Bible and
other religious sources as well (Chevallier, 1996).

N. sativa, as a herbal medicine with a rich historical back-
ground, has been traditionally used in the treatment of several
diseases, including infertility, fever, cough, bronchitis, asthma,
chronic headache, migraine, dizziness, chest congestion, paralysis,
hemiplegia, back pain, dysmenorrhea, obesity, diabetes, infection
and inflammation, rheumatism, hypertension, and gastrointestinal
disorders such as flatulence, dyspepsia, diarrhea, and dysentery
(Ave-Sina, 1990; Durmuskahya and Oztiirk, 2013; Nasir et al.,
2014). In addition, N. sativa oil has been used as an ointment for
relief from abscesses, nasal ulcers, orchitis, eczema, and swollen
joints. N. sativa in combination with honey has also been tradi-
tionally used to treat respiratory disorders such as asthma,

bronchospasm, and chest congestion (Ave-Sina, 1990; Nasir et al.,
2014).

1.2. Chemical composition of the seeds

The chemical composition of N. sativa seeds was reported for
the first time in 1880 (Greenish, 1880), which were composed of
oils, proteins, carbohydrates, fibers, ashes, moisturizers, etc. The oil
component of N. sativa (36-38%) (Al-Jassir, 1992; Houghton et al.,
1995) mostly consisted of linoleic (50-60%), oleic (20-23.4%),
palmitic (12.5%), dihomolinoleic (10%), and eicosadienoic (3%)
acids as well as arachidonic, stearic, and myristic acids; beta-si-
tosterol; cycloeucalenol; cycloartenol; sterol esters; and sterol
glucosides (Al-Jassir, 1992; Ali and Blunden, 2003; Nickavar et al.,
2003; Matthau and Ozcan, 2011) with some other minor lipid
constituents such as methylnonadeca-15, 17-dienoate, pentyl
hexadec-12-enoate, and pentyl pentadec-11-enoate (Nickavar
et al., 2003). Their multipurpose preventive and relieving effects
have been attributed to prominent constituents such as nigellicine,
nigellidine, thymoquinone (TQ), dithymoquinone, thymol, and
carvacrol (Ahmad et al., 2013). Many other active compounds have
also been isolated and identified in different N. sativa varieties. The
essential oil of the plant contains various pharmacologically active
constituents, such as TQ (30-48%) (Fig. 1a), thymol (Fig. 1b), thy-
mohydroquinone (Fig. 1c), dithymoquinone, p-cymene (7-15%),
carvacrol (6-12%), sesquiterpene longifolene (1-8%), 4-terpineol
(2-7%), t-anethol (1-4%), and o -pinene (Houghton et al., 1995;
Ahmad et al., 2013). The seeds of the plant also contain many non-
oily and non-caloric components in trace amounts, including
pyrazole alkaloids (nigellidine and nigellicine, Fig. 1d), isoquino-
line alkaloids (nigellicimine and nigellicimine-N-oxide, Fig. 1e),
alpha-hederin (a water-soluble pentacyclic triterpene, Fig. 1f), sa-
ponin (a potential anticancer agent), vitamins (riboflavin, thiamin,
niacin, pyridoxine, folic acid, and vitamin E), and minerals (po-
tassium, sodium, calcium, phosphorus, magnesium, copper, and
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Fig. 1. Chemical structure of active ingredient of N. sativa essential oil.

iron) (Nergiz and Otles, 1993). However, the phytochemical com-
position of the N. sativa extract or oil has been determined and
formulated in only a few clinical studies. In addition, free fatty acid
or volatile oil contents of the plant were found in some of them
(Boskabady et al., 2007, 2010; Dehkordi and Kamkhah, 2008;
Fallah Huseini et al., 2013; Heshmati et al., 2015; Kolahdooz et al.,
2014).

2. Methods

Databases such as PubMed, Science Direct, Scopus, and Google
Scholar were searched for the terms of N. sativa, its different
constituents, clinical effects, and different disorders between the
years 1979 and 2015 to prepare this review. For validating the
plant's scientific name, Plantlist.org and international plant name
index databases were used.

3. Biological activities and pharmacological properties
(results)

Various studies have shown the role of this plant in the treat-
ment of a wide spectrum of diseases, including asthma, diarrhea,
headache, toothache, nasal congestion, and several types of cancer
(Ali and Blunden, 2003; Salem, 2005). The seeds of N. sativa have
proven to have antidiabetic, anticancer, anti-inflammatory, im-
munomodulatory, antioxidant, antimicrobial, analgesic, spasmo-
lytic, bronchodilatory, and hepatoprotective properties, as well as
therapeutic effects on renal, gastrointestinal, neurological, and

cardiovascular disorders (Ahmad et al, 2013). Many basic and
clinical studies have revealed that the extract of N. sativa seeds and
its constituents could be used to suppress coughs (Boskabady
et al., 2003; Mahfouz and El-Dakhakhny, 1960), dissolve kidney
stones (Dollah et al., 2013a; Hadjzadeh et al., 2011), inhibit carci-
nogenic processes (Al-Sheddi et al., 2014; Randhawa and Al-
ghamdi, 2011), reduce abdominal pain, cure diarrhea, and be
gastro-protective (Gali-Muhtasib et al., 2006). In addition, the
plant has been shown to have antimicrobial, anti-inflammatory,
and antioxidant properties (Chakravarty, 1993; Landa et al., 2009;
Rakhshandeh et al., 2011; Randhawa and Alghamdi, 2011; Salem,
2005). It was also shown that the essential oil of the plant has
anthelmintic (Agarwal et al., 1979), antinematodal (Akhtar and
Riffat, 1991), antischistosomal (Mahmoud et al., 1991), anti-
microbial (Aboul-Ela et al., 1996; Hanafy and Hatem, 1991), and
antiviral effects (Ahmad et al., 2013). Moreover, many studies have
shown that N. sativa is an effective remedy in the treatment of
allergic diseases (bronchial asthma and eczema) (Kalus et al.,
2003) as well as neurological disorders (Ahmad et al., 2013; Akhtar
et al., 2012).

The crude oil derived from the seeds of N. sativa exhibited a
variety of pharmacological effects, such as diuretic and anti-
hypertensive (El-Tahir et al., 1993; Zaoui et al., 2000), antioxytocic
(Agel and Shaheen, 1996), antinociceptive (Abdel-Fattah et al,,
2000), respiratory stimulating (El-Tahir et al., 1999), hematological
(Enomoto et al.,, 2001), hepatoprotective (Daba and Abdel-Rah-
man, 1998), hypoglycemic (Al-Hader et al., 1993), antihistaminic
(Chakravarty, 1993; Mahfouz et al., 1965), and immunomodulatory
(Swamy and Tan, 2000) effects. N. sativa oil has also been used as a
therapeutic agent to treat headache, flatulence, blood hemostasis
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abnormalities, rheumatism, and related inflammatory diseases
(Boulos, 1983). In addition, N. sativa oil has been used as an oint-
ment for relief from abscesses, nasal ulcers, orchitis, eczema, and
swollen joints in traditional medicine (Ave-Sina, 1990).

According to the literature, most biological activities of N. sativa
are mainly related to its essential oil components, mainly TQ (Woo
et al,, 2012). The beneficial effects of TQ on antioxidant enzymes,
pro-inflammatory mediators/cytokines, nuclear factor kappa B
(NF-xB), signal transducer and activator of transcription 3 (STAT3),
mitogen-activated protein kinase (MAPK), peroxisome pro-
liferator-activated receptor gamma (PPAR-y), AKt, chemo-drug
toxicity, metastasis, angiogenesis, proliferation, apoptosis, cell cy-
cle arrest, tumor suppressors, and enhancement of chemo-drugs
as well as its effect on the reactive oxygen species (ROS) system
have been shown in recent years, which demonstrate the effec-
tiveness of N. sativa in cancer and different inflammatory diseases
(Woo et al., 2012).

The prophylactic effect of nigellone (a carbonyl polymer of TQ)
has been demonstrated in asthma and bronchitis (Wienkotter
et al., 2008). The antiasthmatic effect may be due to the inhibitory
effect of nigellone on the release of histamine from the mast cells
(Chakravarty, 1993), and its anti-inflammatory effects are due to
inhibition of 5-lipoxygenase product synthesis in polymorpho-
nuclear leukocytes (El-Dakhakhny et al., 2002).

In the present article, the clinical evidence regarding pre-
ventive and relieving effects of N. sativa on different diseases has
been reviewed.

3.1. Anti-inflammatory effects

Inflammation is one of the main pathophysiological character-
istics of many chronic and acute diseases. Infection and oxidative
stress activate the expression of inflammatory genes, which result
in promotion of the cascade of inflammatory mediators, including
eicosanoids, oxidants, cytokines, and lytic enzymes. Therefore,
introduction of a preventive and multipotential agent is promising
in the treatment of inflammatory disorders.

According to several preclinical studies, N. sativa and TQ could
suppress inflammatory mediators and oxidative stress (Salem,
2005). Plant oil (12.5-50 mg/ml), nigellone (6.25 and 50 pg/ml), or
TQ (0.01 and 6.25 ug/ml) treatment inhibited the synthesis of
5-lipoxygenase products and 5-hydroxyeicosatetraenoic acid pro-
duction in calcium- or ionophore-stimulated polymorphonuclear
leukocytes in rats (El-Dakhakhny et al.,, 2002). In human blood
cells, TQ (1, 3, 10, 100 uM/ml) inhibited eicosanoid generation
through inhibition of both 5-lipoxygenase and LTC4 synthase
pathways (Mansour and Tornhamre, 2004). The effective con-
centration of TQ needed for the inhibition of eicosanoid generation
in human blood cells was 0.16-16.4 ug/ml, which is very close to
the animal effective concentration range.

The anti-inflammatory effect of TQ in allergic en-
cephalomyelitis (EAE) was demonstrated. TQ (1 mg/kg, injected
into the tail vein) increased the glutathione level and reduced
perivascular inflammation and EAE symptoms in rats (Mohamed
et al, 2003). TQ (15 mg/kg, i.p. injection in mice) treatment
showed 90% preventive and 50% curative effects in chronic re-
lapsing multiple sclerosis (Mohamed et al., 2009).

In a comparative, parallel, randomized, double-blind, placebo-
controlled clinical study, the effects of N. sativa and Phyllanthus
niruri (NSPN) extract in 186 patients with acute tonsillopharyngitis
were examined. The patients were orally administered NSPN
capsules (360 mg N. sativa and 50 mg Phyllanthus niruri) t.i.d. for
7 days. On the first day of medication (14.4 mg/kg/day N. sativa
and 2 mg/kg/day Phyllanthus niruri), swallowing, inflammation,
and pain significantly decreased compared with the placebo group
(Dirjomuljono et al., 2008). Despite applying valid methodology

and evaluating the safety of therapy in this study, a more rando-
mized clinical trial (RCT) is needed to meta-analyze such findings.
In a placebo-controlled study, the anti-inflammatory effect of N.
sativa oil in patients with rheumatoid arthritis was examined.
During supplementation, patients received placebo capsules
(twice a day) for 1 month and treatment was followed by 1 month
of N. sativa oil capsules (500 mg twice daily). After N. sativa sup-
plementation (13.3 mg/kg/day), the white blood cell (WBC) count
and the disease activity score (DAS-28) significantly decreased
compared with the pretreatment results as well as those of the
placebo group. In addition, the number of swollen joints and the
duration of morning stiffness decreased and there was a marked
improvement in the disease activity as shown by both ACR20 and
European League Against Rheumatism (EULAR) response criteria
after N. sativa treatment. According to those previous basic studies,
TQ was mentioned as a candidate constituent for these therapeutic
effects of the plant (Gheita and Kenawy, 2012). Acceptable sample
size (40), taking into account inclusion and exclusion criteria, and
placebo control evaluation validate the finding of this study.
However, more RCT and N. sativa supplementation is needed for
the plant to be used as an inexpensive potential adjuvant biolo-
gical therapy in inflammatory disorders. Table 1 shows a summary
of the anti-inflammatory effects of N. sativa and its constituents.

3.2. Immunomodulatory effects

It has been suggested that N. sativa and its constituents can
improve immune response in humans (Salem, 2005). The effect of
the plant seed therapy on cellular immunity was investigated in
human volunteers. Subjects were treated with N. sativa of a dosage
of 1 g (twice daily) for 4 weeks. In most of the subjects who re-
ceived N. sativa (26.7 mg/kg/day), the CD4" /CD8* T cell ratio and
natural killer (NK) cell function were increased (El Kadi et al,,
1990). The result of this study was presented in the 1st Interna-
tional Conference On Scientific Miracles of Quran and Sunnah, but
there are no data about the methodology. In addition, the im-
munomodulatory effects of the whole and soluble fractions of N.
sativa seeds (0.1-10 pg/ml) on human peripheral blood mono-
nuclear cell (PBMC) responses to different mitogens were in-
vestigated. The effect of the whole plant and its purified proteins
on mixed lymphocyte culture (MLC) was stimulatory as well as
inhibitory (in different donors). However, in pokeweed mitogen
(PWM)-stimulated lymphocytes, an inhibitory effect of N. sativa
and all its four peaks at a concentration of 10 pg/ml was observed
(Haq et al., 1999). The effect of N. sativa proteins on cytokine se-
cretion was also evaluated. In non-stimulated PBMCs and allo-
geneic cells, the incubation of the whole plant increased IL-1p
secretion, while the fractionated N. sativa was less effective as
compared with whole plant proteins. IL-4 secretion was not sig-
nificantly changed in non-activated, PWM-activated, or allogeneic
cells. The whole N. sativa plant inhibited and stimulated the pro-
duction of IL-8 in non-activated and PWM-activated PBMC, re-
spectively. The effect of incubation of the whole N. sativa plant
peaks (2 pg/ml) in PWM-activated cells was stimulatory on the
induction of IL-8, but it had no effect in allogeneic PBMC. The
whole plant and its fractionated proteins had stimulatory effects
on the production of TNF-«a in both non-stimulated and mitogen-
stimulated cells (Haq et al, 1999). Moreover, the im-
munomodulatory effects of N. sativa extracts (0.1-5 mg/ml) on
human PBMC (stimulated with phytohemagglutinin and con-
canavalin as mitogens) were investigated. In this study, two im-
munobiochemical pathways (tryptophan degradation and neop-
terin production) that are induced by pro-inflammatory cytokine
interferon-y have been evaluated. Incubation of N. sativa sup-
pressed the production of neopterin and mitogen-enhanced de-
gradation of tryptophan, which showed its inhibitory effect on
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Anti-inflammatory and immunomodulatory effect of N. sativa and its constituents.

Plant preparations

Study models

Effects

References

Anti-inflammatory
N. sativa oil (500 mg twice/day)

Thymoquinone

Immunomodulatory

N. sativa (1 g b.i.d. for 4 weeks)

Whole N. sativa and its purified
proteins

Whole N. sativa and its purified
proteins

Whole N. sativa

N. sativa seed solution in RPMI

N. sativa oil (40-80 mg/kg/day)

N. sativa ointments
N. sativa oil for 30 days
N. sativa seed (2 g/day orally)

for 30 days
N. sativa oil (twice/day) on le-

Rheumatoid arthritis patients

Human blood cells

Human volunteers
Human peripheral blood mono-
nuclear cells (PBMC)

Pokeweed mitogen (PWM) stimu-

lated PBMC

non-stimulated PBMC
Human PBMC

Patients with allergic rhinitis,
bronchial asthma, and atopic
eczema

Patients with hand eczema

Patients with allergic rhinitis
Patients with allergic rhinitis

Patients with vitiligo lesions

|Disease activity score, swollen joints, and the duration of
morning stiffness
Inhibition of both 5-lipoxygenase and LTC4 synthase pathways

1CD4"/CD8* T cell ratio and natural killer (NK) cell function
Stimulatory/suppressive effects on mixed lymphocyte cultures

Suppressive effects on lymphocyte, 11L-8, and TNFa

1IL-1beta secretion and TNFa«, |IL-8

Inhibitory effect on mitogen-stimulated T cells and macrophage
1IgE and eosinophil count, |in plasma T and tin HDL cholesterol,
no change in lymphocyte subpopulations, endogenous cortisol
levels, and ACTH release

Improvement in hand eczema and | in dermatology life quality
index I scores

|Nasal mucosal congestion, nasal itching, runny nose, sneezing
attacks, turbinate hypertrophy, and mucosal pallor

1PMN functions, 1+ CD8 counts

| Size of patient’s lesions

(Gheita and Kenawy, 2012)

(Mansour and Tornhamre,
2004)

(El Kadi et al., 1990)
(Haq et al., 1999)

(Haq et al., 1999)

(Haq et al., 1999)
(Winkler et al., 2008)
(Kalus et al., 2003)
(Yousefi et al., 2013)
(Nikakhlagh et al., 2011)
(Isik et al., 2010)

(Ghorbanibirgani et al.,

sions for 6 months

2014)

mitogen-stimulated T cells and macrophage (Winkler et al., 2008).
All these well-designed in vitro studies showed a potent po-
tentiating effect of lipid-soluble components of the plant on T-cell-
mediated immunity, while water-soluble components affected
B-cell-mediated immunity. These effects could also change de-
pending on the type of immune system stimulation.

The effect of N. sativa oil (40-80 mg/kg/day) as an adjuvant
therapy in patients with allergic diseases (allergic rhinitis, bron-
chial asthma, atopic eczema in both adults and children) was
evaluated. In four studies (two RCT and two open label), 152 pa-
tients were assessed (for 8 weeks) for subjective severity of target
symptoms as well as biochemical parameters. N. sativa oil treat-
ment decreased scores of subjective feeling, IgE, and eosinophil
count. A mild decrease in plasma triglycerides and a discrete in-
crease in high-density lipoprotein-cholesterol (HDL-C) occurred,
but the lymphocyte subpopulations, adrenocorticotropic hormone
(ACTH) release, and endogenous cortisol concentration did not
change. In addition, no side effect was reported except in children
receiving a high dose of 80 mg/kg. According to previous basic
studies, it was suggested that TQ and nigellone may be responsible
for the immunological effects of the plant (Kalus et al., 2003).
Although the methodologies of these studies (randomized, place-
bo-controlled, double-blind trial) are acceptable, the type of ran-
domization was not mentioned, and more studies are needed for
evaluating the long-term effects of N. sativa adjuvant therapy.

The therapeutic effect of topical N. sativa (2% ointment) on the
severity of hand eczema and the life quality of patients was
compared with that of eucerin and betamethasone. Sixty patients
received medication twice a day for 4 weeks in three therapeutic
groups (N. sativa, betamethasone, and eucerin). Patients were
evaluated at the beginning, on the 14th, and on the 28th day of the
study by hand eczema severity index (HECSI) and dermatology life
quality index (DLQI), respectively. N. sativa and betamethasone
treatment caused a significantly more rapid improvement in hand
eczema and also a significant decrease in DLQI scores as compared
with eucerin. Topical administration of the plant did not result in
any significant allergic and eczematous adverse effects. There was
no significant difference in the mean DLQI and HECSI of N. sativa
and betamethasone groups over time. TQ, dithymoquinone, and
thymohydroquinone were mentioned in this study as effective

constituents of the plant (Yousefi et al., 2013). This clinical trial
(randomized, controlled, and double-blind) were well designed
and the process of recruitment, random allocation, and analysis of
participants (n=68) were mentioned. However, more studies with
a larger sample size are needed for the determination of long-term
therapeutic and side effects of topical N. sativa usage.

The therapeutic effect of N. sativa oil was compared with those
of fish oil on vitiligo lesions, an autoimmune skin disorder. In this
well-designed randomized, double-blind clinical trial, 52 patients
participated and were divided into two equal groups, who applied
oil twice a day on their lesions for 6 months. N. sativa and fish oils
effectively reduced the size of lesions, but the plant oil was more
effective than the fish oil and no significant side effects were re-
ported (Ghorbanibirgani et al., 2014). Although valuable, these
results could not be generalized because of some limitations, in-
cluding conducting the study in one clinic, and uncontrollable
factors that influenced skin lesions, such as patient nutrition.

The anti-inflammatory and immunomodulatory effects of N.
sativa in patients with allergic rhinitis symptoms were in-
vestigated. Sixty-six patients (case and placebo) were treated with
plant oil (6 mg/kg) for 30 days and individual characteristics, in-
cluding age and sex, and characteristics of the disease, including
nasal congestion, runny nose, itchy nose, and sneezing attacks,
were assessed. The results indicated that N. sativa treatment de-
creased nasal mucosal inflammatory symptoms (congestion, itch-
ing, runny nose, sneezing attacks, turbinate hypertrophy, and
mucosal pallor) during the first 2 weeks. The authors suggested an
antiallergic effect for N. sativa and its components, which is in line
with previous reports about the antihistamine properties of the
plant. Therefore, the plant could be considered for treating allergic
rhinitis (Nikakhlagh et al., 2011).

In another study, the effect of N. sativa adjuvant therapy was
investigated in allergic rhinitis patients. An experimental group of
24 patients, randomly selected from 31 patients sensitive to house
dust mites with allergic rhinitis, and a control group of 8 healthy
volunteers were treated with allergen-specific immunotherapy at
conventional doses for 30 days. The other 7 patients were given
0.1 ml saline solution subcutaneously once a week as placebo. At
the end of immunotherapy, 12 individuals out of the 24 patients
and the eight healthy volunteers received N. sativa seed
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supplementation (26.7 mg/kg/day orally) for 30 days. The re-
maining patients continued only on immunotherapy during the
same period. Before and after the treatment periods, the symptom
scores, polymorphonuclear leukocyte (PMN) functions, lympho-
cyte subtypes, and other hematological factors were assessed.
After immunotherapy, especially after the administration of N.
sativa seed, there was a significant increase in the phagocytic and
intracellular killing activities of PMNs of patients. Moreover, in
patients receiving specific immunotherapy plus N. sativa seed
supplementation, the CD8 counts significantly increased as com-
pared with patients receiving only specific immunotherapy. N.
sativa seed supplementation significantly increased PMN functions
in healthy volunteers compared with the baseline. These data
showed the therapeutic immunomodulatory and antiallergic ef-
fects for the plant as an adjuvant therapy (Isik et al., 2010). All
these studies showed that both lipid- and water-soluble fractions
of N. sativa are potent and safe immunomodulatory agents and
could be recommended as prophylactic and therapeutic adjuvants
in immune system diseases. Table 1 shows a summary of the im-
munomodulatory effects of N. sativa and its constituents.

3.3. Antimicrobial effects

The antibacterial effect of N. sativa essential oil (4 ul in pure or
1:200 dilution) as against various clinical isolates of bacteria re-
sistant to a number of antibiotics was evaluated. The oil exhibited
a potent dose-dependent antibacterial activity, which was more
pronounced against Gram-positive than Gram-negative bacteria.
Gram-positive bacteria such as Staphylococcus aureus (Oxford
NCTC 6571, ATCC 25923), S. epidermidis, other coagulase-negative
staphylococci, and Streptococcus pyogenes were sensitive, while
Enterococcus faecalis and Streptococcus agalactiae were resistant to
the oil. However, among the Gram-negative bacteria tested, only
Pseudomonas aeruginosa (NCTC 10662, ATCC 27853) was sensitive
to oil and Acinetobacter baumannii, Vibrio cholerae, Proteus mir-
abilis, Klebsiella pneumoniae, P. vulgaris, and Citrobacter freundii
were resistant (Salman et al., 2008). The antibacterial inhibitory
effect of N. sativa against methicillin-resistant Staphylococcus aur-
eus (MRSA), as one of the commonest pathogens encountered in
clinical settings, was investigated. The plant ethanolic extract at a
concentration of 4 mg/disc showed an antibacterial effect on all
the tested strains of MRSA, and the extract had an minimum in-
hibitory concentration (MIC) range of 200-500 pg/ml, which
showed the inhibitory effect of N. sativa on MRSA (Hannan et al.,
2008). The traditional use of the plant as a natural remedy for
treatment of skin infection was investigated. The antibacterial ef-
fect of N. sativa seed extract (33%) on pustules and staphylococcal
skin infection in 40 neonates was compared with the standard
medication mupirocin. The result showed no significant differ-
ences in recovery time between N. sativa- and mupirocin-treated
groups, and the plant extract was as effective as mupirocin in the
treatment of pustules in tissues in all patients (Rafati et al., 2014).

The bactericidal effect of TQ and its biofilm inhibitory activity
on 11 human pathogenic bacteria were investigated. TQ (0-512 pg/
ml) showed a significant antibacterial activity against most of the
bacteria tested (MIC values ranged from 8 to 32 ug/ml), especially
Gram-positive bacteria (Staphylococcus epidermidis CIP and 106510
Staphylococcus aureus ATCC 25923). The cellular oxidative activity
was influenced by TQ, which prevented cell adhesion to the sur-
face of the glass slide (Chaieb et al., 2011).

In a clinical study, the effects of ethanolic extracts of N. sativa,
Zingiber officinale (Z. officinale), and their mixture in patients with
hepatitis C virus (HCV) infection were evaluated. Patients were
divided into five groups: I) healthy subjects; II) (HCV) as HCV
control; IlI) HCV+ a capsule containing 500 mg of the plant ex-
tract administered twice daily; IV) HCV+ a capsule containing

500 mg Z. officinale extract administered twice daily; and V) HCV +
a capsule containing 500 mg of each extract administered twice
daily. The results showed that ethanolic extracts of N. sativa
(13.3 mg/kg/day) and Z officinale had a potent effect in HCV pa-
tients, as it decreased the viral load and altered the liver function
(Adel et al., 2013). In another study, administration of N. sativa oil
(16.88 mg/kg/day for 3 months) in patients with HCV decreased
the viral load and improved oxidative stress, clinical condition, and
glycemic control. N. sativa administration was safe in all patients,
and only one patient reported epigastric pain and hypoglycemia
(Barakat et al., 2013).

All these studies demonstrated that N. sativa seed extract and
oil are potent antimicrobial agents, which probably do not elicit
resistance in microorganisms (Hannan et al.,, 2008). In addition,
antimicrobial activity of TQ at low concentrations suggested the
necessity of further in vivo studies. Therefore, isolation and the
formulation of new antimicrobial components from this herb
should be carried out in the future, and more clinical trials should
be designated before marketing.

3.4. Antitumor effects

The antitumor activity of N. sativa seed extract and oil against a
human lung cancer cell line (A-549 cells) showed that incubation
of N. sativa seed extract (0.25, 0.5, and 1 mg/ml) and N. sativa seed
oil (0.1, 0.25, 0.5, and 1 mg/ml) significantly reduces the viability
and changes the cellular morphology of A-549 cells (lose their
typical morphology and appear smaller in size) in a concentration-
dependent manner (Al-Sheddi et al., 2014). The plant oil could also
regulate the cell growth and differentiation in human monocyte
and monocyte-derived macrophages. Incubation (24 h) of N. sativa
oil (140 ng/ml) reduced macrophage growth and increased the
suppressive effect of low-density oxidized lipoprotein on CD11b
expression (Mat et al., 2011). Moreover, the lipid fraction of the N.
sativa seed extract was cytotoxic to MCF-7 cells at low con-
centrations (LC50 of 2.72 + 0.232 mg/ml), while cytotoxicity of the
aqueous extract was clear at high concentrations (50 mg/ml) and
its low concentrations had a hormetic rather than a cytotoxic ef-
fect (Mahmoud and Torchilin, 2013). It was reported that the
plant's hydroalcoholic extract (50-2000 mg/ml) and its fractions
reduced the cell viability of ACHN (human renal adenocarcinoma)
in a dose- and time-dependent manner but had no significant
cytotoxic effect on the GP-293 cell (normal renal epithelial)
(Shahraki et al., 2015).

There are many reports about the antitumor activity of TQ (the
main lipid constituents of N. sativa) in both in vitro and in vivo
studies (Woo et al., 2012). The inhibitory effects of TQ (10-200 uM)
on the growth of colon cancer cells were shown. The apoptotic
effects of TQ could be mediated by Bcl-2 protein by increasing the
mRNA expression of p53 (Gali-Muhtasib et al., 2004). In addition,
the inhibitory and apoptotic effects of TQ (20, 40, and 80 pmol/l)
on human osteosarcoma cell line (Sa0S-2) and blocking the hu-
man umbilical vein endothelial cell (HUVEC) tube formation were
shown to be dependent on dose. Different mechanisms, including
inhibition of tumor growth and tumor angiogenesis (through
suppressing NF-xB and its regulated molecules), were responsible
for this effect (Peng et al., 2013). It was also shown that TQ reduced
cell survival in a dose-dependent manner and this effect was more
marked in p53-null MG63 cells (IC(50)=17 uM) as compared with
p53-mutant MNNG/HOS cell (IC(50)=38 uM) (Roepke et al., 2007).
Moreover, the cytotoxic effect of TQ (IC(50)=10.67 +0.12 and
9.33 4+ 0.19 pg/ml) in SiHa (cervical squamous carcinoma) cells was
more pronounced as compared with cisplatin, but it was less cy-
totoxic towards the normal cells (3T3-L1 and Vero) (Ng et al,,
2011).

Cytotoxic and apoptotic effects on different human cell lines,
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Table 2
Antitumor effect of N. sativa and its constituents.

Plant preparations Study models

Effects References

N. sativa seed extract and oil Human lung cancer cell line

N. sativa oil Human monocyte and macrophages
Lipid fraction of N. sativa seed extracts = Human MCF-7 breast cancer cells
Aqueous extract of N. sativa seed Human MCF-7 breast cancer cells
Adjuvant therapy of oil nanoemulsion Human MCF-7 breast cancer cells
Hydroalcoholic extract of N. sativa and
its n-hexane and ethyl acetate
fractions
Thymoquinone HCT-116 human colon cancer cells
Thymoquinone Human osteosarcoma cell line (Sa0S-2)
Thymoquinone Human umbilical vein endothelial cell
Thymoquinone Human osteosarcoma cell lines

Thymoquinone

ACHN (human renal adenocarcinoma) and
GP-293 (normal renal epithelial) cell lines

Human cervical squamous carcinoma cells

|Viability and change in the cellular morphology of
cancer cells

Regulatory effect in cell growth and differentiation in
monocyte and monocyte-derived macrophage
Cytotoxic to MCF-7 cells at low concentrations

(Al-Sheddi et al.,
2014)
(Mat et al., 2011)

(Mahmoud and
Torchilin, 2013)
(Mahmoud and
Torchilin, 2013)
(Mahmoud and
Torchilin, 2013)
(Shahraki et al., 2015)

Cytotoxicity of aqueous extract at high concentration
and hormetic effect at low concentrations
1 Antitumor activity of doxorubicin

|Cell viability of ACHN dependent on dose and time
More pronounced morphological changes and apop-
totic effect of total extract in ACHN cells compared
with the GP-293 cells

Apoptotic effects of TQ on HCT-116 (by 1 Bcl-2 protein
and mRNA expression of p53)

Apoptotic effect (|tumor angiogenesis and tumor
growth through suppressing NF-xB)

Apoptotic effect (Jtumor angiogenesis and tumor
growth through suppressing NF-xB)

p53-independent apoptosis in human osteosarcoma
cells

Cytotoxic effect (elevation of p53 and downregulation
of the antiapoptotic Bcl-2 protein)

(Gali-Muhtasib et al.,
2004)

(Peng et al., 2013)
(Peng et al., 2013)
(Roepke et al., 2007)

(Ng et al., 2011)

including lung cancer, breast cancer, renal adenocarcinoma, colon
cancer, osteosarcoma cell, and cervical squamous carcinoma, were
shown in the above mentioned in vitro studies. However, more
clinical trials are needed to recommend N. sativa derivatives as
potential anticancer products. Table 2 shows a summary of the
antitumor effects of N. sativa and its constituents.

3.5. Effects on metabolic disorders

Several animal and clinical studies showed antidiabetic and
antihyperlipidemic activities of N. sativa and its effects on other
metabolic disorders. Many possible mechanism(s) have been
proposed for these effects. It was seen that the antioxidant prop-
erty of the plant contributed to its effect of reducing insulin re-
sistance and increasing insulin sensitivity by improving the in-
tracellular pathways of insulin receptors and increasing their
sensitivity to insulin (Le et al., 2004; Rchid et al., 2004). Various
reports on the effect of N. sativa on body weight showed an as-
sociation between weight loss and improvement in the lipid pro-
file and glucose status (Haque et al., 2011; Heshmati et al., 2015;
Najmi et al., 2008). N. sativa could act as an agonist of PPAR-y gene
and increase the PPAR-y activity (Benhaddou-Andaloussi et al.,
2010). It was proposed that the plant could decrease glucose ab-
sorption by inhibiting the sodium-glucose co-transporter; in ad-
dition, its polyphenol ingredients could have suppressive effects
on glucose absorption (Meddah et al., 2009). The N. sativa seed
ethanol extract could also inhibit gluconeogenesis by the liver and
muscle activation of adenosine monophosphate-activated protein
kinase (AMPK) (Benhaddou-Andaloussi et al., 2011). It was de-
monstrated that TQ (the main constituent of N. sativa) could re-
duce the expression of gluconeogenic enzymes (glucose-6-phos-
phatase and fructose 1, 6 bisphosphatase) and hepatic glucose
production (Al-Rasheed et al.,, 2014; Alimohammadi et al., 2013).
TQ could increase the uptake of low-density lipoprotein-choles-
terol (LDL-C) by upregulation of hepatic receptors of LDL-C (Ibra-
him et al., 2014a). Phytosterols such as beta-sitosterol (cholesterol-
lowering effect), polyunsaturated fatty acids, polyphenol compo-
nents (with antioxidant activity), TQ, thymol, nigellamine (low-
ering triglyceride levels in primary cultured mouse hepatocytes),
lipase, and tannins were responsible for N. sativa metabolic effects

(Sabzghabaee et al., 2012; Ibrahim et al., 2014a; Heshmati et al.,
2015).

3.5.1. Antidiabetic effects

Therapeutic effect of N. sativa on carbohydrate and lipid me-
tabolism disorders was indicated in previous studies. Several ani-
mal and clinical studies have shown the therapeutic effect of the
plant on metabolic parameters in diabetes (Heshmati and Namazi,
2015). According to the evidence and traditional usage, in many
clinical studies, hypoglycemic and hypolipidemic effects of N. sa-
tiva in patients suffering from diabetes and metabolic syndrome
have been reported (Bamosa et al., 2010; Sabzghabaee et al., 2012).
Adjuvant therapy of N. sativa seed (26.7 mg/kg/day for 12 weeks)
in patients with type 2 diabetes resulted in reduction in fasting
blood glucose (FBS), 2-h postprandial blood glucose (2hPG), gly-
cosylated hemoglobin (HbAlc), and insulin resistance, but it did
not cause any adverse effect on renal or hepatic functions of the
diabetic patients (Bamosa et al., 2010).

In diabetes, chronic elevation of blood glucose results in the
production of reactive oxygen species (ROS), which enhance cel-
lular damage and contribute to the development and progression
of diabetic complications. The effect of N. sativa treatment in this
regard was examined. The effect of long-term supplementation of
the plant (1 year) on glycemic control and oxidant/antioxidant
status in patients with type 2 diabetes was determined. In diabetic
patients, N. sativa (seeds powder) add-on therapy (26.7 mg/kg/
day) significantly reduced FBG and HbA1c in all the samples taken
in 1 year compared with the baseline that represented the gly-
cemic control of the patients. The difference in C-peptide was not
significant, but the insulin resistance was lower and p-cell activity
was higher in N. sativa-treated patients than in the placebo group.
Plant supplementation caused a significant increment in total
antioxidant capacity (TAC), superoxide dismutase (SOD), catalase
(CAT), and glutathione and a significant reduction in thiobarbituric
acid-reactive substances (TBARS). There were no significant
changes in the results of renal and liver functions between the two
groups and the complete blood count remained normal. Therefore,
long-term N. sativa supplementation enhanced glucose home-
ostasis and improved antioxidant balance in patients with type
2 diabetes receiving oral hypoglycemic drugs (Kaatabi et al., 2015).
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The antihyperglycemic effect of plant oil adjuvant therapy in
type 2 diabetes in an RCT was investigated. Patients received
2.5ml of N. sativa oil (30 mg/kg/day) in addition to their anti-
diabetic drug, and FBS, 2hPG, HbA1(, lipid profile, body mass in-
dex (BMI), and liver and renal function tests were measured at the
baseline and after 3 months. In N. sativa-treated patients, all the
measured parameters were decreased compared with baseline
and placebo groups and no side effect was detected. Although
there was some limitations, such as lack of identification of plant
constituents, the high content of linoleic and oleic acid in the oil
and its lipase activity were implicated in the hypolipidemic effect
of N. sativa according to previous basic studies (Hosseini et al.,
2013). In another study, the effect of the plant oil (40 mg/kg/day)
on serum levels of lipids and glucose metabolism in patients with
type 2 diabetes was evaluated in a double-blind, randomized,
controlled clinical trial. The fatty acid and TQ concentration of N.
sativa oil was determined by gas chromatography-mass spectro-
metry (GC-MS) technique and presented in the result. Both in-
tervention and placebo groups were advised to continue the an-
tidiabetic medication. After 12 weeks, weight and BMI decreased
in the N. sativa-treated group compared with those of the baseline
group, without any significant differences between the two
groups. No side effects were reported throughout the intervention
except mild gastrointestinal problems. The amount of diet intake
in both groups changed compared with that of the baseline group.
FBS, HbAlc, triglyceride (TG), and LDL-C were significantly de-
creased in the plant-treated group compared with those in the
placebo group, but there were no significant changes in the total
cholesterol (TC), HDL-C, and insulin secretion between the two
groups. The authors concluded that unsaturated fatty acids such as
linoleic and oleic acids and polyphenol components improved
glucose and lipid profile parameters (Heshmati et al., 2015). In

Table 3

their study, Memon et al. showed that the add-on therapy of type
2 diabetes mellitus patients with N. sativa seed (3.3 mg/kg) in
combination with Trigonella foenum-graecum increased HDL-C, but
TG and creatinine levels remained unchanged in comparison with
the group that received a routine dose of glibenclamide (Memon
et al., 2012). In all the studies mentioned, despite demonstrating
valuable findings, there were confounding factors and limitations
that made data interpretation difficult. Lack of designing of the
placebo control group or mentioning the type of randomization,
uncontrolled patient diet or psychological status and physical ac-
tivity, self-testing blood glucose, small sample size, short duration
of study, and lack of identification of active constituents of the
plant are examples of those limitations. Table 3 shows a summary
of the antidiabetic effects of N. sativa and its constituents.

3.5.2. Antihyperlipidemic and antimetabolic syndrome effects

The effect of N. sativa on the glycemic control in patients with
metabolic syndrome and poor glycemic control (HbAlc > 7%) was
shown. Dietary supplementation of the plant (seed powder or oil)
could improve dyslipidemia, as it decreased the total lipid, TG, and
LDL levels in diabetic patients, but an increase in the HDL level is
under question (Qidwai and Ashfaq, 2014). N. sativa (6.67 mg/kg/
day seed powder) treatment as an add-on therapy in metabolic
syndrome patients (n=80) for 2 months significantly reduced the
FBG, PPBG, HbA1lc, and LDL-C levels, which showed the effective-
ness of the plant for glycemic control in metabolic syndrome, and
the presence of unsaturated fatty acids as well as TQ, thymol, li-
pase, and tannins could also be responsible for these effects (Najmi
et al., 2012). In this study, there was no placebo-controlled group
and the type of randomization was not mentioned, which could
decrease data validation. In addition, N. sativa treatment (2 g/day
seed powder) in hyperlipidemic patients decreased TC, LDL, and

Antidiabetic, antihyperlipidemic, hepatoprotective, and other effects of N. sativa and its constituents on metabolic syndrome.

Plant preparations Study models

Effects

References

N. sativa seed 2 mg/day for 12 weeks Patients with type 2 diabetes
Adjuvant therapy
Patients with type 2 diabetes
Adjuvant therapy
Patients with type 2 diabetes Adjuvant
therapy
Patients with type 2 diabetes
Adjuvant therapy
N. sativa seed (250 mg)+ Trigonella  Patients with type 2 diabetes
foenum-graecum Adjuvant therapy
N. sativa (500 mg/day seed powder) Patients with metabolic syndrome
N. sativa oil (2.5 ml twice daily) for Patients with metabolic syndrome
6 weeks
N. sativa treatment (2 mg/day)

N. sativa seed 2 g/day for 1 year
N. sativa oil (2.5 ml) for 3 months

N. sativa oil (3 g/day) for 12 weeks

Hyperlipidemic patients

N. sativa powder (1 g/day) for
2 months
N. sativa powder (2 g/day) for
8 weeks
N. sativa powder (1 g/day) for
2 months
N. sativa seed (1.6 g/day) for 12
weeks
N. sativa seed (500 mg)+ Allium
sativum oil (250 mg)
Ethanolic extract (10-100 mg/ml) Human liver microsomes (in vitro)
Ethanolic extract (2.5 g twice daily) Healthy volunteers
for 7 days
N. sativa oil (80 mg/kg/day)

Hypercholesterolemic patients
Overweight females
Menopausal women
Premenopausal women

Psoriasis-induced dyslipidemia

Methotrexate therapy in ALL children

| FBS, 2hPG, HbAlc, and insulin resistance

|Weight and BMI (NS), FBS, |HbA1lc, TG, and LDL-C; NS
changes in TC, HDL-C, and insulin secretion
tHDL-C; NS changes in triglycerides and creatinine

1FBG, PPBG, HbA1c, and LDL-C
IFBG, TC, and LDL-C

ITC, LDL-C; NS changes in FBS and HDL-C

ITC, LDL-C, HDL-C, and TG

|TC, LDL-C, TG, and t HDL-C

ITC, LDL, TG and tHDL-C

IBG and LDL; NS changes in TC, TG, and HDL-C
|Non-HDL, TG, LDL and cholesterol, and tHDL

|Formation of CYP3A4 and CYP2D6 metabolites
IUrinary metabolic ratios of DEX/DOR and DEX/3-MM

(Bamosa et al., 2010)

|FBG, HbA1c, and insulin resistance; 1p-cell activity; 1TAC, (Kaatabi et al., 2015)
SOD, CAT, and glutathione, | TBARS
|FBS, 2hPG, HbA1(, lipid profile, body mass index (BMI)

(Hosseini et al., 2013)
(Heshmati et al., 2015)
(Memon et al., 2012)

(Najmi et al., 2012)
(Haque et al., 2011)

(Sabzghabaee et al.,
2012)

(Bhatti et al., 2009)
(Farzaneh et al., 2014)
(Ibrahim et al., 2014b)
(Latiff et al., 2014)

(Ahmad Alobaidi, 2014)

(Al-Jenoobi et al., 2010)
(Al-Jenoobi et al., 2010)

|Total, direct, and indirect serum bilirubin; serum ALT, AST, (Hagag et al., 2013)
and alkaline phosphatase levels; and prothrombin time

FBS (fasting blood glucose), 2hPG (2-h postprandial blood glucose), HbAlc (glycosylated hemoglobin), TAC (total antioxidant capacity), SOD (superoxide dismutase), CAT
(catalase), TBARS (thiobarbituric acid reactive substances), NS (Not Significant), DEX (dextromethorphan), DOR (dextrorphan), 3-MM (3-methoxymorphinan), ALT (alanine

transaminase), and AST (aspartate transaminase).
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TG levels, but had no effect on FBG and HDL levels (Sabzghabaee
et al,, 2012). In this randomized, placebo-controlled trial, limita-
tions such as short-term duration of the study and self-reporting
information about diet and exercise made interpretation of result
difficult.

The effectiveness of N. sativa oil on various biochemical para-
meters of the metabolic syndrome was determined. The plant oil
(60 mg/kg/day for 6 weeks) add-on therapy in metabolic syn-
drome patients improved FBG, total, and LDL-C values. These re-
sults suggest that N. sativa could be a therapeutic agent in patients
with hyperlipidemia and hyperglycemia (Najmi et al.,, 2008). In
this randomized, placebo-controlled trial, limitations such as
short-term duration of the study and self-reporting information
about diet and exercise made interpretation of result difficult. In
another study, N. sativa oil (60 mg/kg/day) was used as an ad-
juvant therapy in patients with metabolic syndrome and the re-
sults were compared with the standard drugs. N. sativa add-on
therapy improved FBS, 2hPG, fasting lipid profile, BMI, waist cir-
cumference, hip circumference, body weight, and waist hip ratio,
and it was more effective than the standard medication. These
results indicated the therapeutic effects of the plant on hypergly-
cemia and dyslipidemia. The antiobesity effect of the plant con-
tributed to its lipase content (Haque et al., 2011). Although in this
parallel group, interventional, randomized, open-labeled, active
control, and comparative study was done, the active constituents
of the oil were not determined. However, the plant's insulin-sen-
sitizing action and its anti-inflammatory agent (TQ, thymol, var-
ious unsaturated fatty acids, lipase, and tannin) were the probable
causes of the findings described.

The antihyperlipidemic effects of N. sativa were also shown in
hypercholesterolemic patients. Subjects received the plant seed
powder (13.3 mg/kg/day) before breakfast for 2 months. This
supplementation reduced serum concentrations of TC, LDL-C,
HDL-C, and TG significantly, which showed the therapeutic effect
of the plant on the lipid profile (Bhatti et al., 2009). This study had
a very small sample size (n=10), and no control group and other
parameters of scientific methodology were designed, which lim-
ited the reliability of the findings.

Farzaneh et al. reported that N. sativa powder supplementation
along with concurrent aerobic exercise decreased TC, LDL-C, and
TG levels and increased HDL-C level in overweight females after
8 weeks (Farzaneh et al., 2014). Limitations such as small sample
size (n=20) and lack of plant's active component determination
decreased the validity of this well-defined randomized, double-
blind, controlled trial study. N. sativa treatment (13.3 mg/kg/day
capsulated plant powder) in menopausal women for 2 months
ameliorated the lipid profile by decreasing TC, LDL, and TG levels,
and the increase in the HDL level was more marked than that in
the placebo group. The synergistic action of various constituents of
N. sativa, including TQ, nigellamine, soluble fiber (mucilage),
sterols, flavanoids, and high content of polyunsaturated fatty acids,
contributed to this hypolipidemic effect (Ibrahim et al., 2014b). N.
sativa-treated premenopausal women received 21.3 mg/kg/day
encapsulated seed powder for 12 weeks, which led to improve-
ment in blood glucose and low-density lipoprotein in the treat-
ment group as compared with the placebo group, but TC, TG, and
HDL concentration changes were not significant between two
groups. The prevalence and severity of menopausal symptoms
were reduced in the treated group (Latiff et al., 2014). Although the
small sample size was a limitation of these studies, the similar
study design helped in interpreting and approving the results.

A well-designed randomized, double-blind, placebo-controlled,
two-arm parallel study with large sample size, which had a
planned 4-week diet stabilization period including a 4-week
baseline evaluation phase, followed by an 8-week treatment per-
iod, was conducted. In this study, the synergic effect of N. sativa

seed (6.67 mg/kg) and Allium sativum oil (3.3 mg/kg) on the im-
provement of dyslipidemia in patients with psoriasis was de-
termined. The combination of these herbal remedies as an add-on
therapy with simvastatin caused a significant reduction in non-
HDL, TG, LDL, and cholesterol and increased the HDL (more than
simvastatin alone). Although the chemical composition of the
plant could not be determined, the cholesterol-lowering effects of
the plant contributed to the ability of beta-sitosterol to inhibit
dietary cholesterol absorption. The recorded side effect was diar-
rhea in about 4% of patients, while biochemical markers did not
show any significant changes following treatments (Ahmad Alo-
baidi, 2014).

Several mechanisms have been proposed for the anti-
hyperlipidemic activity of N. sativa, including preventing the ab-
sorption of dietary cholesterol in the intestines by the anti-ab-
sorptive activity of beta-sitosterol or by increasing the flow of bile
acids (Farzaneh et al., 2014). The other possible mechanisms are a
slight anorexic effect and reducing the appetite property of the
plant. In addition, the plant inhibits de novo cholesterol synthesis
by downregulating 3-hydroxy-3-methylglutaryl-coenzyme A re-
ductase genes in HepG2 cells and the decrease in LDL-C could be
due to upregulation of LDL receptor gene (Tauseef Sultan et al.,
2009).

All these studies demonstrated the positive effects of N. sativa
on glycemic control and lipid profile, but the differences in the
dose and type of plant extract, the amount of dietary intake,
physical activity level, baseline biochemical profile, duration of
study, type of disease, ethnicity, and genotype could have affected
the results. Table 3 shows a summary of the antihyperlipidemic
and antimetabolic syndrome effects of N. sativa and its
constituents.

3.5.3. Hepatoprotective effects

The effects of N. sativa on the metabolic activities of CYP3A4
and CYP2D6 in human liver microsomes and in subjects using
dextromethorphan as a probe drug were evaluated. In in vitro
experiments, the formation of CYP2D6-mediated O-demethylation
and CYP3A4-mediated N-demethylation of dextromethorphan
(DEX) to dextrorphan (DOR) and 3-methoxymorphinan (3-MM)
DEX in the absence or presence of plant extract (10-100 pg/ml)
was measured by high-performance liquid chromatography
(HPLC). In a clinical study, four healthy volunteers were treated
with a single oral dose of DEX (30 mg) alone in the first phase and
with N. sativa (66.7 mg/kg/day for 7 days) in the second phase, and
at the end of the study, the urinary metabolic ratios (MRs) were
evaluated. The plant extracts significantly suppressed the forma-
tion of both metabolites in microsomes in a concentration-de-
pendent manner. The urinary MRs of DEX/DOR and DEX/3-MM
increased after consumption of N. sativa by volunteers, which in-
dicates that it has the potential to interact with substrates of
CYP2D6 and CYP3A4 (Al-Jenoobi et al., 2010). Therefore, more
caution should be exercised in the plant co-administering with
conventional drugs metabolized by CYP2D6 and CYP3A4 enzymes.
The plant constituents such as TQ, nigellone, and nigellamine were
suggested to have been responsible for these inhibitory effects by
the authors, which need further investigations.

The protective effect of N. sativa oil against methotrexate-in-
duced hepatotoxicity in children newly diagnosed with acute
lymphoblastic leukemia (ALL) was investigated. Twenty eight
males and 12 females (9.17 4+ 3.81 years) were divided into 20
patients of ALL under methotrexate therapy, delayed leukovorin
rescue (10 mg/m? orally or IV every 6 h for five doses beginning
2 days after the start of methotrexate infusion), and three divided
doses of N. sativa oil (80 mg/kg/day) for 1 week after each meth-
otrexate dose (Group I) and 20 patients of ALL under methotrexate
therapy, delayed leukovorin rescue (10 mg/m? orally or IV every
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6 h for five doses beginning 2 days after the start of methotrexate
infusion), and placebo for 1 week after each methotrexate dose
(Group II). Serum bilirubin, transaminase (ALT), aspartate transa-
minase (AST), alkaline phosphate concentration, and prothrombin
time were not significantly different between the intervention
(I) and placebo (II) groups, but there was a significant difference
between groups I and Il as compared with controls. No significant
difference in clinical manifestations (pallor, purpura, and fever
followed by hepatomegaly, splenomegaly, and lymphadenopathy)
was found on studying patients of groups I and II. The difference in
the total protein, albumin, and globulin levels and the albumin/
globulin ratio among the studied groups was not significant. After
methotrexate and N. sativa oil therapy, the result showed a non-
significant increase in the total serum bilirubin (direct and in-
direct), ALT, AST serum concentrations, alkaline phosphatase le-
vels, and prothrombin time in group I, but there was a significant
increase in group Il after treatment with methotrexate and placebo
with a significant difference between groups I and II after therapy.
There were significant differences in the overall and disease-free
survival between groups I and II. These results demonstrated the
anti-hepatotoxic effect of N. sativa oil (Hagag et al., 2013). Table 3
shows a summary of the hepatoprotective effects of N. sativa and
its constituents.

3.6. Gastrointestinal protective effects

The effect of N. sativa seed in comparison with triple therapy,
including clarithromycin, amoxicillin, and omeprazole against H.
pylori in patients with non-ulcer dyspepsia, was evaluated. Pa-
tients were randomly (not defined) divided into four groups: I)
triple therapy, II) N. sativa (13.3 mg/kg/day)+40 mg omeprazole,
I) N. sativa (26.7 mg/kg/day)+40 mg omeprazole, and IV) N. sa-
tiva (40 mg/kg/day)+40 mg omeprazole for 4 weeks. The results
indicated that the plant at a dose of 26.7 mg/kg/day+40 mg
omeprazole has a potential effect on H. pylori activity. The anti-
bacterial activity of essential oil content comprising TQ, dihy-
drothymoquinone, and terpenes could be responsible for this ef-
fect of the plant. The authors reported that the side effects in the
patients consuming N. sativa and antibiotics were similar with
only a minor short duration of gastrointestinal irritation (Salem
et al,, 2010).

3.7. Effects on neurological disorders

The therapeutic effect of N. sativa on aging and memory im-
pairment has been demonstrated in an animal study as it pre-
vented pyramidal cell loss in hippocampus and improved con-
solidation of the recall capability of stored information and spatial
memory (Azzubaidi et al., 2011). Therefore, clinical studies have
been designated to evaluate the effects of the plant on memory,
attention, and cognition. Forty healthy elderly volunteers were
randomly divided into an intervention group that received
13.3 mg/kg/day N. sativa capsule for 9 weeks and a control group
that received placebo. At the end of the study, neuropsychological
tests, including logical memory test, digit span test, Rey—Osterrieth
complex figure test, letter cancellation test, trail making test, and
Stroop test as well as a biochemical safety assay test, were per-
formed. There were significant differences in all neuropsycholo-
gical tests between the treated and placebo groups, but bio-
chemical markers of cardiac, liver, and kidney functions did not
significantly change after 9-week intervention, which showed the
safety of the administered dose. According to these results, N. sa-
tiva supplementation could prevent or slow down Alzheimer's
disease complications (Bin Sayeed et al., 2014). Conducting clinical
trials with a larger sample size would help the safety and efficacy
of plant in cognitive disorders.

The antiseizure effect of the plant oil (40-80 mg/kg/day) add-
on therapy was compared with antiepileptic drugs in children
suffering from intractable epileptic. In this randomized, single-
blind, controlled, crossover pilot study, thirty intractable epileptic
children were randomly assigned to either group I or group IL
Intervention included receiving placebo for 4 weeks, followed by a
2-week washout period, and subsequently N. sativa oil given for
4 weeks in one group and the reverse order in another. After
4-week treatment with the plant oil, there were no significant
differences in seizure frequency, severity, or oxidative stress mar-
kers (TAC and MDA) in epileptic children compared with baseline
and placebo therapy. Although the oxidative stress markers were
higher in intractable epileptic children compared with healthy
children, N. sativa oil supplementation could not improve it, but no
side effects were reported during the study (Shawki et al., 2013).
However, in another similarly planned study, administration of TQ
(the main constituents of the plant) showed antiepileptic effects in
children with intractable epilepsy. In this double-blind crossover
clinical study, the effects of TQ (1 mg/kg/day) adjuvant therapy on
the frequency of seizures were compared with those of the pla-
cebo. TQ adjuvant therapy for 4 weeks reduced the frequency of
seizures in comparison with baseline and placebo group, which
showed its anticonvulsant effects (Akhondian et al., 2011). Table 4
shows a summary of the clinical effects of N. sativa and its con-
stituents on neurological disorders.

3.8. Effects on cardiovascular disorders

Several in vitro and in vivo animal studies have reported the
therapeutic effect of N. sativa on diabetes, metabolic syndrome,
lipid profile disturbance, atherogenesis, endothelial dysfunction,
cardiac mass and contractility abnormality, platelet aggregation,
heart rate, blood pressure disorder, and cardiotoxicity. Therefore,
N. sativa as a safe multipotential plant with potent antioxidant and
anti-inflammatory properties could be used as a preventive and
therapeutic agent in cardiovascular disorders (Shabana et al.,
2013). A few studies have evaluated the cardioprotective activity of
the plant. Controversial findings have reported about the cardio-
vascular effects of the plant and its constituents in both human
and animal studies. Dehkordi et al. showed that oral N. sativa seed
extract supplementation in patients with mild hypertension for
2 months may have a blood pressure-lowering effect. After treat-
ment with 2.7 and 5.3 mg/kg/day of the plant extract, both systolic
blood pressure (SBP) and diastolic blood pressure (DBP) values
significantly reduced compared with the baseline. In addition, N.
sativa supplementation significantly reduced the total and LDL-C
concentrations compared with the baseline data. No complication
was reported throughout the study in both test and placebo
groups. In this study, the plant's essential oil phytochemical
composition was determined by HPLC, but was not presented in
the results of the published paper (Dehkordi and Kamkhah, 2008).

The effectiveness, safety, and tolerability of N. sativa powdered
seeds (in capsules) on serum lipid levels, blood sugar, blood
pressure, and body weight of 123 adult patients were evaluated in
a randomized, double-blind trial. Patients of the intervention
group were administered N. sativa (26.7 mg/kg/day) and the con-
trol group received powdered calcium lactate as placebo. In this
long-term evaluation (from February 2006 to January 2007), 39
patients in the intervention group and 34 in the control group
completed the study. Although the authors found favorable effects
of the plant supplementation on all the measured parameters, the
results were not statistically significant because of the small
sample size. The safety and tolerability of the N. sativa supple-
mentation were demonstrated in this study and no adverse effect
on liver and kidney functions was found (Qidwai et al., 2009).

The antihypertensive effect of the plant oil (60 mg/kg/day) was
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Table 4
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Effects of N. sativa and its constituents on neurological, cardiovascular, and respiratory disorders and their anti-infertility properties.

Plant preparations

Study models

Effects

References

Neurological effects

N. sativa seed (500 mg twice/day for
9 weeks)

N. sativa oil for 4 weeks

Thymoquinone (1 mg/kg)

Cardiovascular effects

N. sativa seed extract (100/200 mg twice a
day) for 2 months

N. sativa seed

N. sativa oil (2.5 ml two times/day) for
8 weeks

Respiratory effects
N. sativa powder & immunotherapy

N. sativa powder & immunotherapy

Boiled aqueous extract

Boiled aqueous extract
Boiled aqueous extract

N. sativa oil

Healthy elderly
volunteers
Intractable epileptic
children

Intractable epileptic
children

Patients with mild
hypertension
Adult patients

Healthy volunteers

Children with mild
asthma
Children with mild
asthma
Asthmatic patients

Chemical war victims
Asthmatic patients

Asthmatic patients

Improvement in all neuropsychological tests

No significant changes in seizure frequency, severity, or oxidative
stress markers (TAC and MDA)
Antiepileptic effects

ISBP and DBP; |TC and LDL

No significant decrease in serum lipid levels, blood sugar, blood
pressure, and body weight
1SBP and DBP

No effect on the Th17 cell number

Improvement in clinical symptoms

No effect on CD4"CD25" foxp3 " Treg and CD4* IL-10"
Improvement of clinical symptoms

Improvement in all asthmatic symptoms, asthma symptom/week,
chest wheeze, and PFT values

Reducing the usage of inhaler and oral g-agonists, oral corticos-
teroid, oral theophylline, and inhaler corticosteroid reduction
Decreasing the use of inhaler and oral p-agonists and oral corticos-
teroid in the study group

Lesser effectiveness on FEV,, PEF, MMEF, MEF;s, MEFsq, MEF,s, and
sGaw than theophylline

PI decrement

PEFR improvement

(Bin Sayeed et al., 2014)
(Shawki et al., 2013)

(Akhondian et al., 2011)

(Dehkordi and Kamkhah,
2008)
(Qidwai et al., 2009)

(Fallah Huseini et al.,
2013)

(Kardani et al., 2013)
(Susanti et al., 2013)

(Boskabady et al., 2007)

(Boskabady and Farhadi,
2008)
(Boskabady et al., 2010)

(Ahmad et al.,, 2010)

Anti-infertility properties

N. sativa oil (5 ml/12 h) for 2 months Infertile men

Improves sperm count, motility, morphology and semen volume, pH,

(Kolahdooz et al., 2014)

and round cells

PFT (pulmonary function test), FEV1 (volume in one second), PEF (peak expiratory flow), MMEF (maximal mid expiratory flow), MEF (maximal expiratory flow), sGaw
(specific airway conductance), Th, (T helper), foxp3 (factor forkhead box P3), Treg (Regulatory T), PEFR (peak expiratory flow rate), PI (pulmonary index).

also investigated in healthy volunteers. In this double-blind, ran-
domized study, 70 healthy volunteers with systolic blood pressure
(BP) from 110 to 140 mm Hg and diastolic BP from 60 to 90 mm Hg
were randomly divided into intervention (2.5 ml N. sativa oil) and
placebo (2.5 ml mineral oil) groups, who received medication two
times a day for 8 weeks. The total phenol (HPLC method) and fatty
acid (GC-MS) concentrations in the plant oil were measured and
presented. At the baseline and the end of the study, the systolic
and diastolic BPs, BMI, and blood concentrations of AST, ALT, al-
kaline phosphatase, creatinine, and blood urea nitrogen were
measured. The SBP and DBP significantly reduced compared with
baseline and placebo groups, while the other parameters did not
change significantly. TQ, polyphenols, flavonoids, and unsaturated
fatty acid contents of N. sativa were responsible for these anti-
hypertensive effects. The results also showed that a daily supple-
mentation of the plant oil did not result in any side effects of
hepatic and renal functions. (Fallah Huseini et al., 2013). Table 4
shows a summary of the clinical effects of N. sativa and its con-
stituents on cardiovascular disorders.

3.9. Effects on respiratory disorders

The preventive or prophylactic effect of N. sativa has been
studied in a number of clinical research. The prophylactic effect of
the plant boiled extract was shown in asthmatic patients. In the
study group and control group, 15 mg/kg/day of 0.1 g% boiled ex-
tract and a placebo solution, respectively, were administrated daily
throughout the study. The constituents of the essential oil of N.
sativa were assessed by the HPLC method, but these results were
not presented in the published paper. It was concluded that all

asthma symptoms, chest wheeze, and pulmonary function test
(PFT) values in a 3-month treatment period improved. In addition,
the need for inhaled and oral B-agonists, oral corticosteroid, oral
theophylline, and even inhaled corticosteroid decreased in N. sa-
tiva-treated patients (Boskabady et al., 2007). Regarding the re-
lieving effect of this plant, the bronchodilatory effect of the boiled
extract of the plant (50 and 100 mg/kg/day) in comparison with
theophylline (6 mg/kg/day) was studied in 15 asthmatic patients.
The quality of boiled extract of N. sativa was characterized by HPLC
and documented by a fingerprint in the “Results” section of the
paper. PFTs, including forced expiratory volume in 1 s (FEV,), peak
expiratory flow (PEF), maximal midexpiratory flow (MMEF),
maximal expiratory flow at 75, 50, and 25% of the FVC (MEF;s,
MEFsg, and MEF;s, respectively), and specific airway conductance
(sGaw), were measured before administration and repeated at 30,
60, 90, 120, 150, and 180 min after oral administration of the ex-
tract and theophylline. The results of this study showed that N.
sativa had a bronchodilatory effect, but this effect on most mea-
sured PFTs was less than that of theophylline at the concentrations
used (Boskabady et al., 2010). The prophylactic effect of daily ad-
ministration of the plant boiled aqueous extract (187 mg/kg/day of
50 g%) in chemical war victims was also examined for 2 months.
Forty patients were randomly divided into two equal control and
study groups. The use of inhaler, oral p-agonists, and oral corti-
costeroid after treatment in the study group was reduced at the
end of the study, while there were no obvious changes in the
amount of drug usage in untreated patients. All respiratory
symptoms, chest wheezing, and PFT values in the study group
significantly improved during the study visits, and no adverse ef-
fect was reported by the patients during the study period
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(Boskabady and Farhadi, 2008).

The effect of immunotherapy in combination with probiotics
and/or N. sativa (15 mg/kg/day) did not reduce the number of
peripheral blood Th17 but induced a significant difference in the
asthma control test (ACT) score compared with before interven-
tion. No side effect was reported at the end of the study (Kardani
et al,, 2013). In another study, the effect of a combination of im-
munotherapy of house dust mites and probiotics or N. sativa
(15 mg/kg/day) on the induction of CD4 ™ IL-10" and CD4"CD25™"
foxp3* Treg or the control of asthma symptoms in mild asthmatic
children was also evaluated. The asthma symptoms were sig-
nificantly reduced, but no significant reduction in other factors
was observed in the treated groups. The authors attributed these
bronchodilatory and anti-inflammatory activities to TQ. Im-
munotherapy and administration of N. sativa and probiotic caused
no adverse effects in the patients (Susanti et al., 2013).

The therapeutic role of N. sativa oil (0.09 mg/kg/day) in
wheezing associated with lower respiratory tract illness was de-
monstrated by Ahmed et al. In this study, the peak expiratory flow
rate (PEFR) and pulmonary index (PI) were increased in 84 pa-
tients on the 3rd, 7th, 10th, and 14th days. The PI significantly
decreased in treated groups as compared with the control group
on all days of treatment. There was also a significant improvement
in the PEFR of the test group as compared with the control group.
Taking into account the bronchodilatory as well as anti-in-
flammatory effects of TQ and its high content in the plant oil, it
was found to be responsible for those effects (Ahmad et al., 2010).
Table 4 shows a summary of the clinical effects of N. sativa and its
constituents on lung diseases.

3.10. Effect on infertility

The traditional use of N. sativa for treatment of infertility was
evaluated in a randomized, double-blind, placebo-controlled
clinical trial. Sixty-eight infertile men with abnormal semen
quality were chosen with the inclusion criteria, such as abnormal
sperm morphology < 30% or sperm count below 20 x 10%/ml or
type A and B motilities < 25% and 50%, respectively. The patients
were randomly divided into N. sativa oil (n=34) and placebo
group (n=34), who received medication orally two times a day for
2 months. The sperm count, motility, morphology, semen volume,
pH, and round cells as primary outcomes were determined at the
baseline and the end of the study. The results indicated that the
daily intake of 5ml N. sativa oil (60 mg/kg/day) for 2 months
significantly improved the sperm count, motility, morphology,
semen volume, pH, and round cells compared with the placebo
group, without any side effects. Fatty acid content of fixed oil and
chemical composition of the volatile oil components of the plant
oil were determined and presented in this study. The antioxidant
activity of TQ, vitamin E, selenium, and unsaturated fatty acid
contents of the N. sativa oil may be responsible for this effect of the
plant (Kolahdooz et al., 2014). Table 4 shows a summary of the
anti-infertility effects of N. sativa and its constituents.

3.11. Toxicological studies and safety of N. sativa

Several studies have evaluated the acute and chronic toxic ef-
fects of N. sativa seeds and its fixed oil as well as of TQ in rats and
mice, as given in detail below, and no toxic effects were reported.
For acute toxicity, LDsg values of the plant's fixed oil (oral and
intraperitoneal single dose administration to mice) were reported
to be 26 and 1.9 mg/kg, respectively. In addition, hepatic enzyme
levels, including AST, ALT, and gamma-glutamyltransferase, as well
as histopathological modifications (heart, liver, kidneys, and pan-
creas) were not observed in rats treated with N. sativa (oral dose of
2 ml/kg) after 12 weeks of treatment (Zaoui et al., 2002).

Moreover, the liver enzyme level did not change after supple-
mentation of N. sativa up to a dose of 1 g/kg for 28 days, and no
toxic effects on the liver function could be seen (Dollah et al.,
2013Db). The LDsq of TQ was determined to be 870.9 and 104.7 mg/
kg in mice and 794.3 and 57.5 mg/kg in rats in terms of oral and
intraperitoneal administration, respectively (Al-Ali et al., 2008;
Khader et al., 2009). These doses are much greater than ther-
apeutic doses and represent the relative safety of N. sativa and TQ,
especially following oral administration. In addition, no serious
side effects were reported in clinical trials (Paarakh, 2010).

4. Conclusion

The preclinical and clinical effects of N. sativa and its main
constituent, TQ, on various diseases were reviewed. The reviewed
papers showed the following pharmacological and clinical effects
of the plant and its constituents:

1) Anti-inflammatory effects of the plant, TQ, and nigellone on
basic and clinical studies.

2) Immunoregulatory effects of N. sativa and its lipid (affecting
T-cell immunity) and water-soluble (affecting B-cell immunity)
fractions, with TQ and nigellone being implicated in the clinical
immunoregulatory effects of the plant.

3) Antimicrobial effects of the whole plant and its constituent, TQ.

4) Antitumor effects of ethanolic and aqueous extract and the
fractions as well as its constituent, TQ, in various cancer cell
lines.

5) Effects on metabolic disorders, including antidiabetic, anti-
hyperlipidemic, metabolic syndrome, and hepatoprotective
effects.

6) Effect on gastrointestinal H. pylori, which could be due to TQ,
dihydrothymoquinone, and terpenes.

7) Effects on neurological disorders such as effect on aging and
memory impairment in both animals and humans for the plant
and antiepileptic effect for TQ.

8) Cardiovascular effects, mainly effect on hypertension, which
was suggested to be due to TQ, polyphenols, flavonoids, and
unsaturated fatty acids of the plant.

9) Effects on respiratory disorders, including bronchodilatory ef-
fect on asthmatic patients, preventive effect on asthma, and
prophylactic effect on respiratory disorders of chemical war
victims, all respiratory effects being exerted by its constituent,
TQ.

10) Effect on infertility.

All the above findings demonstrated in various studies support
the traditional use of N. sativa. In addition, a wide range of stan-
dard preparations (seed powder: 2-mg/day-3 g/day, oil: 40-10 ml/
day, and TQ: 1 mg/day) were used as oral supplementation in
different clinical studies, and no side effects and toxicity were
reported.

However, only in a few clinical studies the phytochemical
composition of the N. sativa extract or oil was assessed and in
some of them the total phenol, fatty acid, and volatile oil com-
ponents of N. sativa oil were presented. In addition, the clinical
effects of phytochemical compositions of the plants were not
studied. According to the described clinical studies, N. sativa and
its constituents have health-promoting properties by exhibiting
therapeutic effects on different disorders. In all the mentioned
studies, despite demonstrating valuable findings, there were
confounding factors and limitations that made data interpretation
difficult. Lack of designing placebo control group, baseline bio-
chemical profile, identification of active constituents as well as
phytochemical assessment and formulation of the applied agents,
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mentioning the type of randomization, uncontrolled patient diet
or psychological status and physical activity, self-testing, small
sample size, short duration of study, type of disease, ethnicity, and
genotype are examples of those limitations. In addition, there are
few studies about the pharmacological effects of other con-
stituents of N. sativa such as nigellone, nigellamine, and alpha (a)-
hederin. Therefore, more precise clinical studies regarding the
effect of N. sativa and its constituents on various diseases are
needed to ensure their exact clinical efficacy as well as the me-
chanisms of each effect.
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