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Abstract Obesity is closely associated with increased inci-
dence of cardiovascular diseases, cancer, insulin resistance,
and immune dysfunction, and thus obesity-mitigation strate-
gies should take into account these secondary pathologies in
addition to promoting weight loss. Recent studies indicate that
black cumin (Nigella sativa) has cardio-protective, anti-
cancer, anti-diabetic, antioxidant, and immune-modulatory
properties. While black cumin and/or its major bioactive
constituent, thymoquinone have demonstrated bioactivity in
a variety of disease models, the mechanisms of action are
largely unknown. Given the growing interest in and the use
of functional foods and nutraceuticals, as well as the increase
in obesity and chronic diseases worldwide, further research
into the therapeutic/preventive effects of black cumin may be
beneficial.
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Introduction

Epidemiological evidence indicates that certain dietary patterns
are detrimental to health by contributing to the development of
cardiovascular diseases, cancer, and diabetes. Conversely, the
consumption of certain foods and their associated compounds
has also been linked to the prevention of these diseases [1]. For
example, high intake of red meat is associated with increased
incidence of colon cancer, whereas adequate intake of certain
fruits and vegetables has a preventive/inhibitory effect on colon
cancer [2]. The health-promoting properties of fruits and veg-
etables have been attributed to the presence of non-nutrient
phytochemicals, such as carotenoids, anthocyanins, phenolics,
and flavonoids [3]. There is a growing interest in dietary
bioactive compounds that protect against and/or mitigate the
severity of chronic diseases without the undesirable side effects
of many pharmaceutical treatments. Black cumin (Nigella
sativa) is an annual herbaceous plant of the Ranunculaceae
family native to the Middle East and cultivated for its seed,
which is added to a variety of foods (e.g., curries, pastries,
honey, breads, and cheeses) to impart a slightly bitter, peppery
flavor [4]. Black cumin has traditionally been used to treat a
variety of chronic diseases/disorders such as hypertension,
hypercholesterolemia, inflammation, asthma, bronchitis,
cough, dizziness, fever, headache, and influenza [5]. It is also
used to treat skin diseases such as psoriasis and eczema [4].

Black cumin has demonstrated effectiveness in the treatment
of cardiovascular diseases, cancer, insulin resistance, and im-
munodeficiency [6–8]. Thymoquinone (TQ), a bioactive com-
pound in black cumin has also demonstrated a variety of
biological activities that warrant further investigation into its
potential uses as a therapeutic agent and nutraceutical [6, 9, 10].
The current increase in obesity and its secondary pathologies
(e.g., cardiovascular diseases, cancer, and diabetes) poses a
significant healthcare burden that warrants further investigation
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into non-conventional treatments such as functional foods/
nutraceuticals [11]. Black cumin has been used medicinally
for millennia. However, the mechanisms of action of black
cumin are still being elucidated. This review will discuss (i)
black cumin bioactive constituents, (ii) obesity and its associat-
ed physiology pertaining to the activities of black cumin (iii) the
activity of black cumin against cardiovascular disease, cancer,
insulin resistance, reactive oxygen species, and immune func-
tion, and (iv) the toxicological properties of black cumin.

Black Cumin Constituents

Large variation exists regarding micronutrient content of
black cumin in the published literature [12, 13]. This may
be due to genotype, environment, genotype x environment,
post-harvest processing and differences in analytical proce-
dures (Table 1). A majority of the over 100 components
present in black cumin are present in the seed, which con-
tains approximately 36–42% fixed oils, 23% proteins, 1%
volatile oils and smaller amounts of amino acids, fatty acids,
alkaloids (nigellicine and nigelledine), tannins, saponins (α
hederin), phytosterols, reducing sugars, vitamins (ascorbic
acid, thiamine, niacin, pyridoxine, folic acid), minerals (Fe,
Na, Cu, Zn, P, Ca) and other compounds [4]. The total fixed
(or crude) seed oil has been found to be rich in fatty acids.
Thirty-two fatty acids (99.9%) have been identified in the
fixed oil and the major fatty acids were linoleic acid (50.2–

60%), oleic acid (20–25%), palmitic acid (12%), margaric
acid (10.3%), cis-11,14-eicosadienoic acid (7.7%), eicosenoic
acid (0.5%), linolenic acid (0.3%), myristic acid (0.3%), and
stearic acid (3%). Thirty-two compounds have been identified
in the volatile oil, which constitute more than 86%. The major
compounds of the volatile oil were trans-anethole (38.3%), p-
cymene (14.8%), limonene (4.3%), and carvone (4.0%). The
essential oil contains a variety of compounds, including TQ,
thymohydroquinone, thymol, limonene nigellone, p-cymene,
trans-anethole, terpinene G, terpinene α, campholenel α, thu-
jene α, pinene β, pinene α, and carvacrol (Fig. 1) [6, 14–16].

Seed oils are typically extracted using cold-pressing tech-
nology that uses no heat treatment or solvents. However,
limited information is available on how different batches of
cold-pressed oils differ in their bioactive content and compo-
sition. A recent study investigated the six different batches of
cold-pressed cumin seed oil on fatty acid profiles, thymoqui-
none contents, oxidative stability, and antioxidant properties
[17]. Phenolic components ranged from 1.02 to 1.40mg gallic
acid equivalents/g oil. A two-fold change in oxidative stability
index (OSI) was observed among the batches, with ~155 h,
and ~76 h of the greatest and lowest OSI, respectively. Thy-
moquinone, a major bioactive compound in seed oil ranged
from 3.48–8.73 mg/g. Furthermore, stability of edible oils is
compromised during storage and marketing. In general, oxi-
dative stabilities of crude/cold pressed oils were stronger than
their stripped (removes most of the non-triacylglycerol

Table 1 Proximate composition
and mineral analysis of Nigella
sativa L. seeds

agdw: gram dry weight

Proximate composition (%) Nergiz & Otles [70] Iqbal et al. [12] Sultan et al. [13]

Moisture 6.4±0.15 – 6.5±0.17

Ash 4.0±0.29 – 4.2±0.11

Fat 32.0±0.54 – 31.2±0.82

Crude fiber 6.6±0.69 – 6.03±0.16

Crude protein 20.2±0.82 – 22.8±0.60

Carbohydrate 37.4±0.87 – 29.4±0.78

Micronutrients & vitamins (mg/100 gdw)a

Potassium 1,180±10.0 0.6–1.0 (%) 808±6.6

Phosphorus – 0.5–0.7 (%) 543±10.0

Calcium 188±1.5 7.4–10.8 570±21.5

Magnesium – 9.4–11.6 265±4.9

Sodium 85.3±16.07 0.2–0.7 17.6±2.2

Iron 57.5±0.5 0.1–0.7 9.7±0.65

Zinc – 0.01–0.1 6.23±0.21

Copper – 0.02–0.03 2.60±0.03

B l (thiamin) 831±11.36 – –

B 2 (riboflavin) 63±3.32 – –

B 6 (pyridoxin) 789±8.89 – –

PP (niacin) 6,311±16.52 – –

Folic acid 42.0±4.58 – –

Total tocopherols 340±8.66 – 361.7±10.2
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components, including polar lipids and phenolics) counter-
parts [18]. Thus, these results suggest that it is critical to
include details on the post-harvest storage, oil extraction
methods, post-storage and marketing conditions, bioactive
compound and fatty acid profiles, while reporting the health
benefits of black cumin seed oil to ensure the placement of
results in the proper contexts within the growing body of
research on black cumin. Indeed, the entire field of dietary
bioactive compounds would benefit from such context and
understanding.

Obesity

Approximately 605 of Americans are obese/overweight and
one-third of adults in the U.S. are obese compared to one-ninth
in 1980 [19]. Obesity is generally defined as having a body
mass index (BMI) greater than or equal to 30 kg/m2, the point
at which increasing body mass is significantly associated with
negative health consequences. Obese individuals are at greater
risk for cardiovascular diseases, certain cancers, type II diabe-
tes, and reduced immunocompetence [20–23]. While the
mechanisms underlying these associations are not fully under-
stood, it is likely that obesity disrupts the metabolism and
regulation of various biomolecules including insulin, adipo-
nectin, ghrelin, leptin, cytokines, adipokines, and other

hypothalamic neurotransmitters and peptides, which play a
potential causative role in these conditions. Importantly, the
physiological changes that accompany these chronic condi-
tions are not mutually exclusive. In the case of obesity-
associated diabetes, the dysregulation of insulin, glucose and
free fatty acid levels promotes the development of prostate and
colon cancers [24]. Accordingly, bioactive compounds that are
effective in the treatment of one of these chronic conditions
may also be effective in the treatment of others, as demonstrat-
ed by resveratrol [25].

Obesity is the physiological result of a complex interaction
between genetic, environmental, and psychosocial factors
[26]. Conventional dietary strategies to prevent/mitigate obe-
sity often involve caloric restriction or altering the ratio of
macronutrients. However, an alternative strategy would be for
an individual to consume specific functional foods and bioac-
tive compounds that, in combination with conventional treat-
ments, may contribute to weight loss/management and reduce
the risk for obesity-related diseases [27]. A recent study found
a reduction in body mass index in obese males
consuming1.5 g of black cumin per day for three months,
whereas obese males in the control group showed an increase
in their body weight and waist circumference [28].

Biological Activities

Black Cumin and Cardiovascular Disease

Black cumin mitigates hypertension and hyperlipidemia,
thereby protecting against the development of cardiovascular
disease. Dehkordi & Kamkhah [6] performed a randomized,
double-blind placebo-controlled trial to evaluate the efficacy
of two doses of black cumin seed oil (100 or 200 mg oil, twice
per day) on patients with mild hypertension. The authors
found that black cumin oil significantly reduced both systolic
and diastolic blood pressure in a dose-dependent manner, and
also reduced total and LDL-cholesterol levels. Suddek [29]
examined the effect of TQ on rat pulmonary arterial rings (ex
vivo) that were pre-contracted with phenylephrine and
observed a dose-dependent decrease in the tension of rings
treated with TQ. Ebru et al. [30] examined the ability of black
cumin seed oil to protect against cyclosporine A-induced
cardio-toxicity in rats. Rats treated with black cumin seed oil
had greater levels of endogenous anti-oxidants such as super-
oxide dismutase, catalase, and glutathione peroxidase (enzymes
involved in antioxidant defense). Furthermore, rats treated with
cyclosporineA and black cumin seed oil showed reduced levels
of malondialdehyde, a marker of oxidative stress, compared to
rats treated only with cyclosporine A.

Pourghassem-Gargari et al. [31] and Nader et al. [32] found
that black cumin seed supplementation reduced total choles-
terol, LDL-cholesterol, triglyceride, and malondialdehyde in
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Fig. 1 Structures of thymoquinone (I), thymol (II), limonene (III), and
thymohydroquinone (IV); major bioactive compounds present in
Nigella sativa
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hyperlipidemic rabbits by 43.7% (p<0.001), 42.8% (p<
0.001), 34.9% (p<0.01) and 51.1% (p<0.001), respectively,
after one month, and 46.7% (p<0.001), 48.2% (p<0.001),
38.5% (p<0.001), 49.2% (p<0.001), respectively, after two
months of treatment compared to the control. However, no
significant change in total antioxidant status, superoxide dis-
mutase, and glutathione peroxidase levels between groups
were reported, indicating that black cumin may improve car-
diovascular health by other unidentified mechanisms in addi-
tion to antioxidant defense. These findings suggest that the
cardio-protective effect of black cumin is partly due its ability
to stimulate endogenous antioxidant defense systems.

Black Cumin and Cancer

Obesity is associated with increased incidence of certain can-
cers, including breast, colon, liver, pancreatic, and prostate
[21]. Recent evidence suggests that these associations are
mediated by hormonal imbalances that accompany excess
body fat. In particular, the synthesis and signal transduction
pathways of the hormones insulin and leptin are up-regulated
in obesity [30]. Excess insulin induces a decrease in the
production of insulin-like growth factor binding proteins
(IGF-BP). These proteins bind to insulin-like growth factor
(IGF), thereby inhibiting its downstream effects on cell pro-
liferation and apoptosis. The concomitant increase in the
levels of IGF and insulin stimulates anti-apoptotic pathways,
increasing the likelihood of tumor growth and metastasis.
Increased leptin is also associated with the promotion of
neoplastic growth [33].

The oil fraction and bioactive components of black cumin
(e.g., TQ) have been extensively studied for anti-cancer
properties. A recent rodent multi-organ carcinogenesis bio-
assay study reported that either 1,000 or 4,000 ppm of black
cumin oil in the diet resulted in reduced tumor size and lower
incidences, and multiplicities [34]. TQ, a component of
black cumin oil, has been recognized as the principal com-
ponent of anti-cancer activity. TQ may promote oxidative/
electrophilic stress via quinine-quinol redox cycles [35], and
this TQ-induced cytotoxicity is similar to that observed in
cells treated with fluorouracil, a commonly used chemother-
apeutic drug [9]. However, treatment with fluorouracil
increases the risk of ischemia, pericarditis, congestive heart
failure, and cardiogenic shock, whereas TQ does not pro-
mote these risks [4]. TQ has been tested against colon,
laryngeal, breast, skin, and lung cancer cell lines in vitro,
and in each case has been shown to induce cell cycle arrest
and apoptosis [36–39]. Cancer cells treated with TQ have an
increased proportion of cells in the G1-phase and fewer cells
in the S-phase. Prior to DNA replication, cells in the G1-
phase must pass the regulatory G1 checkpoint, which safe-
guards against the replication of damaged or mutated DNA.
Cancer cells that have passed this checkpoint can proliferate

more aggressively. Therefore, maintaining cells in the G1
phase deters tumor progression [37, 39].

TQ has shown to inhibit neoplastic growth via p53-
dependent apoptotic pathways. TQ-treated colon cancer cells
showed a significant increase in p53 mRNA and protein as
well as the downstream target of p53, p21WAF1. When these
cells were treated with pifithrin-α, a p53 inhibitor, levels of p53
and p21WAF1 returned to normal levels, and the TQ-induced
cell cycle arrest was suppressed [36]. However, a study on
osteosarcoma cells lacking an intact p53 pathway found that
treatment with TQ still induced cell cycle arrest, indicating that
TQ may also act via a p53-independent mechanism [38]. This
is important since many cancers are induced and promoted by
mutations in the p53 pathway, and is therefore unresponsive to
drugs targeting this pathway. Importantly, TQ does not
adversely affect normal cells, but selectively affects cancer
cells [36]. There is a need to identify the mechanisms through
which TQ exerts its anti-cancer effects, and whether these
mechanisms vary depending on the type of cancer and/or
mutations present.

TQ also increased the activity of c-jun N-terminal kinase
(JNK), an enzyme involved in the cell differentiation, pro-
liferation, and apoptosis. Treatment with a JNK inhibitor did
not completely suppress TQ-induced cytotoxicity, indicating
that TQ’s anti-proliferative effects are only partly mediated
by a JNK-independent pathway. The authors also reported
that TQ treatment increased the levels of pro-apoptotic
proteins GADD45α and AIF, and decreased the levels of
anti-apoptotic Bcl2-related proteins, suggesting that it is
through these pathways that TQ exerts its pro-apoptotic activ-
ity [40]. Androgen-receptor (AR)-independent and AR-naïve
prostate cancer cells treated with TQ increased production of
reactive oxygen species and suppressed production of gluta-
thione. In the AR-independent cell line, TQ suppressed the
levels of total and nuclear AR and AR-directed transcriptional
activity in a dose-dependent manner. However, subsequent
treatment with N-acetylcysteine inhibited both TQ-induced
ROS generation and growth inhibition but not the TQ-induced
AR suppression, indicating that TQ’s anti-proliferative effects
are due to increased ROS generation and decreased GSH levels
and are independent of AR regulation. This is highly relevant
considering that prostate cancer cells typically become AR-
independent in their latter stages, rendering any treatment target-
ing AR-receptor regulation ineffective. Anti-cancer effects of
black cumin and the mechanisms of action are extensively
covered in a recent review article by Randhawa&Alghamdi [8].

TQ as a Chemotherapeutic Adjuvant

A number of common anti-cancer drugs and therapies such
as anti-angiogenic drugs, COX-2 inhibitors, tyrosine kinase
inhibitors, and chemotherapeutic drugs adversely affect the
cardiovascular system [41]. Thus, it is critical to identify
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compounds with anti-cancer activity that lack cardio-toxicity
or potentially improve overall cardiovascular health. Resver-
atrol, a polyphenolic compound found in red and purple grape
skins is one such compound that consistently demonstrates
both anti-cancer and cardio-protective activities, and evidence
indicates that black cumin shares these properties [42]. Alenzi
et al. [43] found that both black cumin seed oil and TQ
significantly decreased cyclophosmamide-induced toxicity in
rats via stimulation of antioxidant defense mechanisms. Jafri
et al. [44] studied the effect of TQ alone and in combination
with cisplatin and found that TQ exhibited significant anti-
proliferative activity, but that the combined activity of TQ and
cisplatin exceeded that of either agent alone. Effenberger-
Neidnicht & Schobert [45] reported that TQ enhanced the
anti-proliferative activity of doxorubicin in multi-drug resis-
tant breast carcinoma and leukemia carcinoma cell lines. The
efficacy of doxorubicin treatment is compromised by rapid
desensitization of cancer cells to the drug, as well as by its
cardio-toxic side effects. Thus, adjuvant agents such as TQ
that minimizes these undesirable effects while enhancing the
tumoricidal activity of traditional anti-cancer drugs should be
considered as complementary to chemotherapeutic regimens.

Black Cumin and Insulin Sensitivity

It is estimated that 2.8% of the world’s population have type II
diabetes, which is characterized by peripheral insulin resis-
tance [46]. Compared to normal weight individuals, the risk
for developing type II diabetes is 7 and 28 times higher in
obese men and women, respectively [47, 48]. Obese individ-
uals have higher circulating levels of non-esterified or free fatty
acids, which reduce the expression of insulin receptor genes
thereby lowering the ability of the liver and skeletal muscle to
“sense” circulating insulin and take up glucose. In response,
hepatic cells increase glucose production, resulting in tempo-
rary hyperglycemia. The pancreas responds to this increase in
glucose by increasing insulin production; however, pancreatic
β-cells eventually fatigue and are unable to compensate for
elevated levels of glucose resulting in hyperglycemia.

The seed and seed extract of black cumin have demonstrated
anti-diabetic activity in vitro and in vivo. Cultured rat pancreatic
islet cells were challenged with 8.3 mmol/L glucose, and upon
the addition of varying concentrations of black cumin extract
(defatted or basic sub fraction), a dose-dependent increase in
insulin secretion was observed. The acidic and neutral sub-
fractions also induced insulin secretion, but only at higher
concentrations [10]. Multiple studies demonstrate the effect
of N. sativa extracts on Akt activity, and suggested that black
cumin extract affects central metabolic processes and energy
regulation [7, 49]. A recent in vitro study demonstrated
enhanced Akt activity following N. sativa treatment [49]. The
extract was also found to affect AMP kinase and act as a
PPARγ mimic. Le et al. [7] reported that the addition of the

petroleum ether seed extract of black cumin to the diet of
Sprague-Dawley rats at 2 g/kg/day body weight for four
weeks activated MAPK/Erk and protein kinase B/Akt, both
of which are involved in insulin signal transduction pathways.
Erk pathway is known to stimulate protein synthesis and cell
proliferation, while protein kinase B/Akt activity induces sev-
eral downstream effects, including glucose uptake by skeletal
muscle. Both pathways are known to stimulate glycogenesis
in the liver. Rats treated with the extract showed a reduction in
appetite, body mass, and plasma triglycerides, and an increase
in HDL-cholesterol, and normal fasting glucose levels
throughout a four week treatment [7].

Treatment of diabetic hamsters with TQ (50 mg/kg body
weight/day) reduced plasma glucose, and black cumin seed
oil inhibited gluconeogenesis [50]. Another study [51]
found that the seed oil increased the levels of circulating
insulin by inducing regeneration/proliferation of pancreatic
β-cells. This suggests that black cumin may reverse the
events leading to insulin resistance and type II diabetes,
and lower plasma glucose in the short-term.

These investigations provide evidence for the activity of
black cumin to lower plasma glucose and prevent the develop-
ment of insulin resistance/type II diabetes by a number of
mechanisms: (i) stimulating insulin secretion, (ii) facilitating
the activity of MAPK p42/44erk and protein kinase B/Akt
pathways, (iii) stimulating glycogenesis, and (iv) inhibiting
gluconeogenesis and glycogenolysis. These mechanisms may
work synergistically to counteract the obesity-induced decrease
in insulin sensitivity.

Black Cumin and Immune Function

Obesity negatively affects the innate and adaptive compo-
nents of the immune system, and increases the likelihood of
immunodeficiency [52]. Specifically, obesity alters antibody
production, macrophage function, and lymphocyte activity,
primarily mediated by the hormonal changes that accompa-
ny excess body fat [53]. Black cumin has been shown to
attenuate the negative effects of obesity on the immune
system by a variety of mechanisms, including the stimula-
tion of natural killer cell activity and proliferation, monocyte
function, T-cell based immunity, and macrophage activity
[6, 54]. However, Haq et al. [55] found that the effect of
black cumin on human blood-derived lymphocyte activity is
variable. At 10 μg/ml, whole black cumin and its individual
proteins had a suppressive effect on lymphocytes activated
by pokeweed mitogen, but at a concentration of 1 μg/ml,
black cumin demonstrated a stimulatory effect. In mixed
lymphocyte cultures, black cumin (10 μg/ml) had varying
effects, both stimulatory and suppressive, depending on the
donor. These results suggest that the effect of black cumin
on lymphocyte activity may be dose-dependent and subject-
dependent. The observed suppressive effect of black cumin
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(at 10 μg/ml) on lymphocyte activity is of concern, as
this will result in a decrease in the output of antibodies
in response to infection. Further investigation into this
effect is needed if black cumin is to be prescribed for
immune-related conditions, especially for individuals
who are immuno-compromised.

In rodent models, black cumin has been shown to attenuate
the allergic inflammatory response [56, 57]. Shahzad et al.
[57] found that black cumin significantly reduced nitric oxide
production and serum levels of inflammatory signals includ-
ing IL-4, IL-5, IL-6, IgE, IgG1, and OVA-specific IgG1 in rats
sensitized to and challengedwith ovalbumin. Rats treated with
black cumin experienced an attenuated T-cell response and
reduced T-cell proliferation in the spleen but no histopatho-
logical changes in lung tissue. Rats not treated with black
cumin showed a thickening of the alveolar wall and increased
numbers of goblet cells. This study indicates that black cumin
inhibits Th-2-induced T-cell proliferation and differentiation,
thereby halting the inflammatory response. El Mezayen et al.
[56] found that rats challenged with ovalbumin but pretreated
with TQ had reduced lung inflammation mediated by a reduc-
tion in Th-2 cytokines, lung eosinophilia, and goblet cell
hyperplasia. Also, TQ-treated rats showed a reduction in
COX-2 expression, PGD2 production, and a slight reduction
in COX-1 expression and PGE2 production. COX-2 mediates
the inducible inflammatory response by converting arachi-
donic acid into pro-inflammatory prostaglandins, whereas
COX-1 mediates constitutive or “housekeeping” inflamma-
tion. Long-term elevated COX-2 activity is recognized as an
underlying cause of many chronic inflammatory disorders,
thus inhibition of COX-2 is favorable in cases of chronic
inflammatory conditions, for example, rheumatoid arthritis.
Black cumin, specifically TQ, exerts its anti-inflammatory
activity primarily via inhibition of COX-2 and PGD2 production

[56]. A recent review on the effect of thymoquinone on inflam-
matory disorders extensively covered the anti-inflammatory
effects and mechanisms of thymoquinone, an important constit-
uent of black cumin seed oil [58].

Antioxidant Activity of Black Cumin

A number of compounds derived from black cumin have been
analyzed for antioxidant (AO) activity. Four compounds (TQ,
carvacrol, t-anethole, and 4-terpineol), in addition to the es-
sential oil, have demonstrated AO activity in multiple assays
[59]. Isolated TQ was found to have free radical and superox-
ide scavenging properties but not chelating properties [60].
Khalife et al. [61] reported that TQ reacts with glutathione to
form glutathionyl-thymohydroquinone. This product and thy-
mohydroquinone have higher free radical scavenging activi-
ties than TQ. Bourgou et al. [62] found the methanolic extract
of the roots and shoots of black cumin to have 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and superoxide scavenging activities,
and reducing and chelating activities due to high polyphenolic
content.

In rats, black cumin oil protected against oxidative stress
induced by aflatoxin [63]. Aflatoxin treatment significantly
decreased erythrocyte levels of glutathione peroxidase and
superoxide dismutase, whereas rats treated simultaneously
with aflatoxin and black cumin seed oil showed no differences
in AO levels compared to controls. Kanter et al. [64] treated
rats with carbon tetrachloride (CCl4) thereby inducing elevated
liver enzymes (alanine aminotransferase, aspartate amino-
transferase, and alkaline phosphatase), increased plasma
malondialdehyde, weight loss, and reduced antioxidant levels
(glutathione, ceruloplasmin, vitamin E, vitamin C, β-carotene,
and retinol). Simultaneous treatment with black cumin oil
protected rats from all aforementioned effects of CCl4. Bourgou

Fig. 2 Physiological effects of N. sativa oil/extract and/or thymoqui-
none. Solid lines indicate a confirmed relationship and dotted lines
indicate an unconfirmed relationship (according to the references pro-
vided). Arrows indicate stimulation, and capped lines indicate inhibi-
tion. Malondialdehyde (MDA); nitric oxide (NO); protein carbonyl

(PC); superoxide dismutase (SOD); glutathione peroxidase (GSH);
catalase (CAT); interleukin (IL); immunoglobulin (Ig); cyclooxygenase
(COX); growth arrest and DNA damage (GADD); B-cell lymphoma 2
(Bcl2); apoptosis-inducing factor (AIF); androgen receptor (AR); pro-
tein kinase B (PKB); mitogen-activated protein kinase (MAPK)
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et al. [65] analyzed the ability of black cumin oil and its major
bioactive constituents to inhibit tert-butyl peroxide-induced
2′,7′-dichlorofluorescin (DCFH) oxidation. The oil signifi-
cantly inhibited the production of ROS, and TQ possessed
the strongest ex vivo AO capacity with an IC50 value of
1.0 μM. The thymoquinone-rich fraction (TQRF) of black
cumin increased the RNA expression of superoxide dismutase
1, catalase, and glutathione peroxidase 2 in the livers of
hypocholesterolemic rats given increasing doses of TQRF
(0.5–1.5 g/kg body weight) for eight weeks [66]. These
enzymes serve a critical role in endogenous AO defense
against oxygen-induced free radicals. Black cumin, specifically
TQ, may function as a direct antioxidant in addition to stimu-
lating endogenous antioxidant systems.

Black Cumin Toxicity

Zaoui et al. [67] investigated the acute toxicity of black cumin
oil in mice. Single doses of black cumin oil ranging from 10 to
50ml/kg bodyweight were administered orally (p.o.) and doses
ranging from 0.25 to 6 ml/kg body weight were administered
intraperitoneally (i.p.). The LD50 values were 28.8 ml/kg body
weight and 2.06 ml/kg body weight for p.o. and i.p. adminis-
tration, respectively. These high values indicate that black
cumin oil is relatively non-toxic. When administered to rats at
a dose of 2 ml/kg body weight orally for 12 weeks, neither any
histopathological change in heart, liver, kidney, and pancreatic
tissues, nor any changes in liver enzymes were observed.
However, black cumin yielded significant decrease in triglycer-
ides, cholesterol, glucose, platelet, and leukocyte counts, and
significant increase in hemoglobin and hematocrit levels [67].
Given the stability of liver enzymes and lack of histopatholog-
ical changes with black cumin treatment over 12 weeks, this
investigation demonstrates black cumin’s relatively low chronic
toxicity and safety over a range of therapeutic doses. However,
the black cumin-induced decrease in hemoglobin and hemato-
crit indicates that thesemarkers should be closelymonitored if a
treatment regimen is prescribed. Interestingly, rats treated with
black cumin showed significantly lower body weights after six
weeks of treatment compared to control rats, suggesting that
black cumin may also be an effective weight loss aid [67].
Introducing as much as 4% black cumin oil for 56 days into the
diet was safe in a rodent model that measured toxicity indica-
tors for liver, kidney, and serum [13].

Badary et al. [68] performed acute and sub-chronic tox-
icity studies of TQ in mice, and reported an LD50 value of
2.4 g/kg body weight (p.o. administration). Twenty-four
hours following administration of 2 or 3 g/kg body weight,
tissue levels of reduced glutathione decreased, and levels of
alanine-aminotransferase, lactate dehydrogenase, and crea-
tine phosphokinase increased. Acute toxicity was attributed
to hypo-activity and difficulty in respiration, mediated by
TQ-induced depletion of glutathione reserves in vital tissues.

In the sub-chronic experiment, mice consumed approximately
30, 60, or 90 mg TQ/kg body weight/day for 90 days, and no
toxicological effects were observed. Importantly, these doses
are respectively 4, 8, and 12 times the dose previously
reported to produce a cytoprotective effect suggesting that
TQ, one of the major constituents of black cumin seed, confers
beneficial effects at concentrations far below the toxic dose. A
clinical study showed that the adult patients with solid tumors
or hematological malignancies tolerated a dose range of 75 to
2,600mg thymoquinone/day [69]. Indeed, in the United States
black cumin seeds have been accorded Generally Recognized
As Safe (GRAS).

Conclusion

Black cumin and one of its major active constituents, thymo-
quinone, have a variety of health-promoting actions (Fig. 2)
and low toxicity, warranting their consideration as potential
therapeutic agents and/or nutraceuticals. Given the associa-
tions between obesity and cardiovascular disease, cancer,
diabetes, and immune-suppression, black cumin should be
considered as a complementary treatment. Strong evidence
supports the potential use of black cumin as an adjuvant in
cancer therapy given its ability to prevent the adverse effects
of anti-cancer drugs on the cardiovascular system and its pro-
apoptotic properties selectively against cancer cells. Black
cumin has been used for centuries in certain parts of the world
as both food and medicine, and modern molecular methods
are just beginning to provide insights into its mechanisms of
action. Further studies on the activities of black cumin and its
bioactive constituents should be conducted to determine or
confirm (i) the compounds (or combination of compounds)
responsible for its biological effects, and their mechanism(s)
of action, (ii) the methods of preparation and administration
that yield the maximum health benefit in specific conditions,
in particular those afflicting obese individuals, and (iii) the
potential for negative drug interactions. Establishing these
parameters will allow the public health and medical commu-
nities to bring black cumin into the clinical setting and to test
its efficacy in the free-living population.
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