Received: 28 November 2024 Accepted: 10 February 2025

DOI: 10.1002/acm4.33

REVIEW ARTICLE c

An updated review on the phytochemistry and
pharmacological activity of black cumin (Nigella sativa L.)

Raghvendra Pandey’' | Brijesh Pandey® | Atul Bhargava'

'Department of Botany, Mahatma Gandhi

Central University, Motihari, Bihar, India Abstract

2Department of Biotechnology, Mahatma In this review, a comprehensive and systematic evaluation of the phyto-
Gandhi Central University, Motihari, Bihar, chemical constituents, traditional medicinal applications, current pharma-
India

cological research, toxicity, and nanobiotechnology of black cumin has been
undertaken. An exhaustive database retrieval was conducted to collect
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nology.” Several important phytochemicals are found in the seeds of N.
sativa L., and many of which seem to have a good impact on human health
and are put to important use in the Ayurvedic, Unani, and Siddha systems of
medicine. Among the active compounds, thymoquinone is the most
important, forming about 30%—48% of the oil fraction. Besides thymoqui-
none, a wide range of phytochemicals such as thymohydroquinone, dithy-
moquinone, p-cymene, sabinene, carvacrol, 4-terpineol, kaempferol
(glucoside) t-anethol, longifolene (sesquiterpene), a-pinene, a-hederin
(pentacyclic triterpene), and thymol have also been reported. Current
research has provided scientific evidence for the traditional uses of black
cumin, especially antioxidant, anti-inflammatory, antibacterial, antifungal,
antiviral, anticancer, antidiabetic, neuroprotective, gastroprotective, and
antiarthritic effects. The review provides an in-depth analysis of the phyto-
chemistry, traditional uses as well as potential pharmacological properties
of N. sativa L. Since the plant is being extensively investigated for its me-
dicinal properties, this review provides valuable up-to-date information on
the current research status and will act as a reference for future research
and applications of this important medicinal plant.
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AN UPDATED REVIEW ON BLACK CUMIN'S PHYTOCHEMISTRY & PHARMACOLOGY

INTRODUCTION

Nigella sativa L. (family: Ranunculaceae) is a herba-
ceous flowering plant used for centuries in various part
of the world. Originating in southwest Asia, where it is
commercially cultivated, black cumin has a rich history of
use as a dietary supplement, food additive, and tradi-
tional medicine. The species is widely cultivated in the
Mediterranean region, middle Europe, and vast south-
ern and western Asia tracts [1]. India leads the world
production of black cumin, with estimates of the species
being grown on about 9000 ha in India, with the pro-
duction of around 7000-8000 tons. The plant is also
cultivated in other South Asian countries, Egypt, and
Iraq, which produce black cumin in appreciable amounts
[2]. Black cumin has recently gained increasing attention
and has shown immense economic potential, particu-
larly in the food and pharmaceutical sectors [3].
Considering the immense therapeutic, commercial, and
industrial importance of N. sativa, this review compre-
hensively evaluates black cumin, including its phyto-
chemical composition, traditional uses, pharmacological
effects, toxicity, and potential nanobiotechnology
applications.

CHEMICAL COMPOSITION

Many important nutrients are found in black cumin,
facilitating its use in the Ayurvedic, Unani, and Siddha
systems of medicine. Apart from being a good source of

protein (16%—19%), oil (17%—-40%), carbohydrates
(28.5%—-33.7%), and fiber (5.5%—-8.9%), the seeds are
also rich in thiamine, niacin, pyridoxine, tocopherol, and
a wide range of minerals [4—6]. Seeds, roots, and shoots
are also known to contain appreciable amounts of caro-
tene and vanillic acid [7]. Black cumin seed oil is rich in
fatty acids, notably linoleic, linolenic, oleic, and palmitic
acids along with substantial amounts of arachidonic,
eicosadienoic, stearic, and myristic acids [8] (Figure 1).

Among the active compounds, thymoquinone (TQ), a
monoterpene with a molecular weight of 164.20 g/mol, is
the most important and forms about 30%—-48% of the oil
fraction [9]. Later, advanced isolation techniques estab-
lished the presence of a wide range of phytochemicals
such as thymohydroquinone (THQ), dithymoquinone,
p-cymene, sabinene, carvacrol, 4-terpineol, kaempferol
(glucoside), t-anethol, longifolene (sesquiterpene),
a-pinene, a-hederin (pentacyclic triterpene), and thymol
[10]. Nigella seeds also contain both isoquinoline
(nigellimine and nigellimine-N-oxide) and indazole rings
containing alkaloids (nigellidine and nigellicine)
(Figure 2). Thus, the unique fatty acid composition and
presence of a range of pharmaceutically important phy-
tochemicals such as alkaloids, quinones, and unsatu-
rated fatty acids, with traces of alkaloids and terpenoids
make Nigella oil an attractive constituent for nutritional
applications [11].

This plant is popular for its therapeutic properties due
to the presence of more than a hundred chemical com-
pounds, of which TQ s the most prominent one. Although
N. sativa L. seeds are one of the important natural
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sources of TQ, the phytochemical has been found in
numerous plants of Lamiaceae in addition to the
Ranunculaceae family (Table 1). In several plant fam-

dithymoquinone and THQ. These are known to exhibit
significant acetylcholinesterase inhibitory [20], antimi-
crobial [21], anticancer [22], anti-inflammatory [23], and

ilies, TQ is available in dimeric forms such as neuroprotective [24] activity.
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FIGURE 2 Phytoconstituents reported in N. sativa.
TABLE 1 Presence of thymoquinone in different plant species.
Genus-species Family Plant part References
Coridothymus capitatus (L.) Rchb.f. Solms Lamiaceae Flowering branches [12]
Crotalaria saharae Coss. Leguminose Roots [13]
Cucurbita pepo L. Cucurbitaceae Flowers [13]
Eupatorium cannabinum L. Asteraceae Aerial [14]
Juniperus communis L. Cupressaceae Needle oil [15]
Monardia didyma L. (chemotype 2) Lamiaceae Inflorescence, aerial [14]
M. media Willd Lamiaceae Aerial [14]
M. menthifolia Graham Lamiaceae Aerial [14]
Mosla dianthera (Buch-Ham. ex Roxb.) Maxim. Lamiaceae Leaf [13]
Nepeta leucophylla Benth. Lamiaceae - [16]
Nigella sativa L. Ranunculaceae Seed [7]
Origanum syriacum L. Lamiaceae Aerial [17]
Piper longum L. Piperaceae Seeds [13]
Satureja montana L. Lamiaceae Aerial [14]
Thymbra spicata L. Lamiaceae Branch [18]
Thymus maroccanus Ball. Lamiaceae - [13]
T. pulegioides L. Lamiaceae Aerial [14]
T. serpyllum L. Lamiaceae Aerial [19]
T. vulgaris L. Lamiaceae Aerial [14]
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FOOD AND CULINARY USES

Across diverse cultures, black cumin seeds are a pop-
ular spice and condiment. In South Asia, they are
incorporated into breads, pickles, and beverages and
sprinkled on salads or mixed with honey [25, 26]. In
many Middle Eastern countries, the seeds are dry-
roasted and used to enhance the flavor of curries and
spice mixtures [26, 27].

BLACK CUMIN IN COMPLEMENTARY
AND ALTERNATIVE MEDICINAL
SYSTEMS

According to ethnopharmacological investigations,
several species of Nigella have been utilized in alter-
native medicinal systems and folk medical practices
worldwide, highlighting their historical importance in
healthcare (Table 2). The plant has been used in
complementary medicine systems since the first cen-
tury A.D. when Pliny referred to the plant as “Gith” [34].
Pliny further elaborated on the role of black cumin as a
digestive agent and component of antidotes against
shake bites [33]. In India, black cumin holds a promi-
nent position in various traditional systems of medicine,
such as Unani, Ayurveda, and Siddha [9]. The plant is

considered a remedy for all diseases except death and
is suggested for regular consumption in “Tibb-e-Nabwi.”
Black cumin's historical importance as a medicinal plant
is evident in its mention as a curative black seed in the
Bible and as “Melanthion” by ancient scholars such as
Hippocrates and Dioscorides [34, 35].

Asia has witnessed widespread use of N. sativa in
traditional medicinal systems as well as in folk medicine.
Black cumin has been mentioned in Ayurveda, the
traditional Indian system of medicine, for its medicinal
and health benefits [36]. The Pharmacopoeia of India
recommends 0.5—4 g of N. sativa L. seed powder as a
stimulant to relieve bowel, as a carminative, and in
digestive disorders [7]. In India and Bangladesh, itis also
used to treat menstrual discomfort and diabetes [7, 37].
In Pakistan, the plant is used by medical practitioners
known as “Hakims” as a sexual tonic, in diabetes, for
lactation, and against bacterial infections [38], whereas
in Iran, the plantis used as an anthelmintic, antiparasitic,
antitussive, digestive, and as a remedy for dysmenor-
rhea [39]. In Mauritius, Nepal, Thailand, Bangladesh,
and several Middle Eastern Asian countries, the species
is widely used and regarded as a panacea for its thera-
peutic properties [33, 40].

Black cumin has also been utilized in several African
countries for a long time. The plant has been used in
traditional Algerian medicine as a remedy against

TABLE 2 Medicinal uses of Nigella sativa as reported in the traditional systems of medicine.

Vernacular name
Ayurveda system

Kalonji/Mangrail/Kalauniji

Unani system

Habatut Barakah Shooneez/Habba Sauda/Habb al-

barka/Kamun eswid/Habbat al-barakah

Chinese medicine

Hei Zhong Cao

Miscellaneous

Black seed/Fennel flower/Nutmeg flower/Roman
coriander

Medicinal uses Country

Known to balance India
e Vata (movement energy)
e Kapha (structure and lubri-

cation energy)

Stomachic
Laxative Egypt, and Turkey
Carminative

Galactagogue

Inflammation

Ascites

Jaundice

Piles

Tertian fever

Paralysis

Eye diseases

Digestive system China
Soothing stomach pains

Spasms

Bloating

e Headaches England
e Cough and asthma
e Kidney stones

Saudi Arabia, Pakistan, Iran,

References

[26, 28, 29]

[26-28]

(30, 31]

[32, 33]




AN UPDATED REVIEW ON BLACK CUMIN'S PHYTOCHEMISTRY & PHARMACOLOGY | 17

bacterial infections, diabetes, and high blood pressure.
Furthermore, Bedouins, the nomadic Arab tribe inhab-
iting parts of Egypt, use the plant stem as a remedy for
jaundice and the seeds for high blood pressure and
heart diseases [33]. In Morocco, the seeds and leaves
of black cumin are taken orally in the form of powder,
herbal tea, decoction, or inhalant to cure diabetes, al-
lergy, otolaryngological, urological, and nephrological
disorders [33, 41].

PHARMACOLOGICAL ACTIVITIES OF N.
SATIVA

The numerous medicinal benefits of the plant are
ascribed to TQ, an essential oil ingredient classified as
“Generally Recognized as Safe” (GRAS) by the FDA.
The key pharmacological properties of the plant and its
phytoconstituents include anticonvulsant, antimicrobial,
anticancer, antipyretic, antihistaminic, antidiabetic, anti-
inflammatory, and antioxidant.

Antioxidant

Various progressive pathological disorders such as
neurological dysfunction (Parkinson's and Alzheimer's
disease), chronic obstructive pulmonary disease,
rheumatoid arthritis (RA), and endocrine illness are
correlated to oxidative stress and an increase in free
radical levels [42]. Black cumin has been identified for
its potent antioxidant activity in both in vivo and in vitro
investigations [43].

A substantial drop was observed in malondialdehyde
(MDA) levels in the plasma of normal postmenopausal
women after ingesting Allium sativum and N. sativa
seeds for two months. Along with this, enhanced activity
was observed in erythrocyte glutathione peroxidase
(GSH-Px) and superoxide dismutase (SOD) in the
studied sample [44]. Similarly, in the case of oxidative
stress induced by potassium bromate in a rodent model,
black cumin seed oil showed a considerable increase in
GST, glutathione reductase, and GSH-Px [45].

Separate treatment of black cumin and nano-sized
clinoptilolite has revealed a substantial increment in
antioxidant enzymes that were higher than the concur-
rent administration in Wistar rats [46]. The methanolic
extract and cumin seed oil successfully refilled over 80%
of the plasma total antioxidant potential by 88% and
efficiently mitigated lipidemic oxidative stress in athero-
genic suspension [47]. Likewise, N. sativa oil (NSO) and
TQ treatment markedly ameliorated cisplatin-stimulated
changes in both antioxidant and carbohydrate biotrans-
formation enzymes in adult male Wistar rats [48]. It was
concluded that NSO and TQ served as potential novel
antioxidant agents that can be employed as important
nutrients to promote health and avoid diseases [43]. The

evaluation of N. sativa essential oil's antioxidant activity
using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-
bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS),
ferric ion reduction, and SOD enzymatic assays offers
important information about its capacity to neutralize
reactive oxygen species (ROS) and safeguard oral tis-
sues [49]. These results are important because antioxi-
dants assist the maintenance of oral health and the
prevention of illness by preventing oxidative damage to
cells and tissues. In another study, the capacity of cold-
pressed black cumin oil, TQ, and THQ was assessed
forthe superoxide scavenging activity [50]. Their findings
demonstrated that, although THQ has two para-hydroxyl
groups, it had no impact on the scavenging of the su-
peroxide radical, whereas oil and TQ are potent scav-
engers [50].

Antidiabetic

Diabetes mellitus is a metabolic condition defined by
persistently elevated levels of glucose in the blood,
mainly due to the weakened ability of the body to pro-
duce or respond to insulin [51]. Neuropathy, nephrop-
athy, retinopathy, coronary heart disease, accelerated
atherosclerosis, and gastrointestinal and genitourinary
dysfunctions are some of the problems associated with
diabetes [52]. Conventional medicine is a compara-
tively low-cost healthcare option for diabetes patients
but is marred by several side effects [53]. Several
studies have proved that plant and seed extract of black
cumin improved disease outcomes in alloxan or strep-
tozotocin (STZ)-induced diabetes in rodents through
enhanced antioxidant activity, regulation of blood lipids,
and improved tissue regeneration (Table 3) [63-66].
Furthermore, the biological production of silver nano-
particles (AgNPs) using the seed extract has shown
promise in treating diabetic neuropathy by targeting
inflammation, oxidative stress, and nerve growth factor
production [67]. Another in vitro cell-free experiment
has shown that silver nanoparticles produced from
NSO have a-amylase inhibitory activity, confirming its
hypoglycemic effects [62].

NSO displayed antidiabetic benefits in rodent
models that have been attributed to its multifaceted
actions, including promoting cell survival and sup-
pressing apoptosis, stimulating growth factor signaling
and reducing inflammation, enhancing insulin and
antioxidant production, inhibiting extracellular matrix
gene expression, and favorably altering lipid profiles
[68-70]. As shown in Table 3, findings from various
preclinical and clinical trials suggest that black cumin
and NSO can serve as useful herbal medications for
treating diabetes and associated disorders. According
to Shaukat et al. [71], ROS levels increase as diabetes
worsens and have previously been linked to beta cell
death. TQ is valuable as a possible treatment despite
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TABLE 3 Anti-diabetic effects of black cumin.

Plant part
Form of ns used Model/System Duration
Extract Seed Alloxan induced diabetic 2 months
rabbit
Qil Seed oil Streptozotocin- diabetic 2, 4, and
rats 6 weeks
Aqueous Seed Streptozotocin- diabetic 30 days
extract rats
TQ Seed Streptozotocin-diabetic rats -
component
Aqueous Streptozotocin- diabetic
extract rats
TQ Seed Streptozotocin-induced 30 days
component diabetic hamsters
TQ Seed Streptozotocin-NA-induced -
component diabetic rats
Silver NSO In vitro biochemical assay -
nanoparticles

Result observed References

| Increased conc. of glucose and lipid peroxidation and [54]
| glutathione and ceruloplasmin and ameliorated
biochemical and histological sign of liver damage

| Blood glucose [55]
| Levels of glucose serum [56, 57]

Inhibit the COX-2 enzyme expression, lipid peroxidation [58]
and MDA levels, 1SOD level in pancreatic tissue

|Oxidative stress and preserved pancreatic beta cell [59]
integrity
| Fasting blood glucose and glycate HB levels, [60]

lglyconeogenesis

1 Insulin and glycemic status [61]
| plasma glucose

Decrease « amylase activity [62]

Abbreviations: COX-2, cyclooxygenase-2; HB, hemoglobin; MDA, malondialdehyde; NSO, Nigella sativa oil; SOD, superoxidase dismutase; TQ, thymoquinone.

its lack of action on nuclear factor kappa-B (NF-xB), a
transcription factor whose activation by oxidative stress
is a precursor to diabetes [71].

Antibacterial

One of the significant health challenges in the 21st
century is a steep increase in bacterial infections and
the development of resistance among microbes. Me-
dicinal plants have been at the forefront of biological
research as potential sources of novel antimicrobial
agents, driven by the pressing need to combat rising
antimicrobial resistance [72, 73]. Many such research
studies have been initiated to assess the antibacterial
properties of black cumin seeds. Studies have
confirmed that black seed extract possesses strong
antibacterial properties, including activity against
several strains of bacteria that have developed resis-
tance to multiple drugs. This finding underscores the
potential of black seed extract in addressing the
growing challenge of antibiotic resistance. According to
Babu et al. [74], TQ exhibited strong antibacterial ac-
tivity against Staphylococcus aureus, with minimum
inhibitory concentration (MIC) values for most isolates
ranging from 2 to 8 pg/mL. Furthermore, the essential
oil found in NSS (N. sativa seed) exhibits moderate
effectiveness against some bacteria, such as S. aureus
and Bacillus subtilis, and efficiently suppresses intes-
tinal parasites [75]. Spherical-shaped platinum nano-
particles with sizes between 1 and 6 nm synthesized
using black cumin seed extract have shown strong
antimicrobial activity [76] against Gram-positive and

negative types at 100 and 500 pg/mL concentrations,
respectively [77]. Likewise, polyethylene glycol-capped
graphene oxide nanoparticles loaded with N. sativa
seed extract were evaluated for efficient drug delivery
against S. aureus and E. coli by Jihad et al. [78]. The
results exhibited increased cell wall permeability,
reduced cell wall integrity, and nucleic acid damage in
the bacterial cells.

Antiviral

Quite a few recent research studies have assessed the
antiviral activity of black cumin extract. Barakat et al.
[79] reported significant results with respect to the effect
of NSO against hepatitis C virus (HCV). HCV-infected
subjects who could not receive interferon (IFN)-a were
administered NSO in capsules. A drop in total viral
count was observed after three months of three-times-
daily treatment. A rise in antioxidant activity indicated a
decrease in RBCs and platelet hemolysis. The blood
glucose levels and lower limb edema were also signif-
icantly reduced. These results showed the efficacy of
black cumin in reducing viral load in HCV patients and
improved oxidative stress and carbohydrate manage-
ment in diabetic subjects. Black cumin and its de-
rivatives have been found to be highly effective in
controlling a range of viral infections in animals, namely
coronavirus [80], Newcastle disease virus [81], and
peste des petits ruminants virus [82]. When compared
to the control group, N. sativa dramatically decreased
the risk of death in COVID-19 patients. This effect only
applied to early treatment; late therapy commencement
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did not lower mortality risk [80]. The plant and its major
component, TQ, have proved to be efficient in man-
aging plant viruses such as the broad bean mosaic
virus [83], tobacco mosaic virus [84], and zucchini
yellow mosaic virus [85, 86].

Antifungal

TQ, THQ, and thymol exhibit potent antifungal action
against several pathogenic fungi, molds, and yeasts
[87—89]. Rogozhin et al. [88] isolated two novel defen-
sins from black cumin, namely Ns-D1 and Ns-D2, which
displayed significant antifungal activity against a range
of phytopathogenic fungi.

Black cumin defensins (Ns-D1 and Ns-D2) showed
potent antifungal activity with 1C50 values below
10 pg/mL for most tested fungi. Although spore germi-
nation was unaffected, the defensins inhibited hyphal
growth and triggered spore destruction in germinated
conidia. Interestingly, Ns-D2 exhibited more vigorous
antifungal activity than Ns-D1 against several species,
including Bipolaris sorokiniana, Fusarium oxysporum,
B. cinerea, and the potato blight pathogen Phytoph-
thora infestans. Both defensins showed similar efficacy
against Fusarium species, with an MIC of 55 mg/mL,
resulting in 81%—86% growth inhibition. In addition to
inhibiting hyphal growth, the defensins induced
morphological changes in fungal spores, with varying
effects across different genera. Therefore, the powerful
antifungal activity of black cumin defensins makes them
ideal candidates for developing fungus-resistant plants
(Figure 3).

Extracted

Black cumin seed oil is known to exhibit significant
inhibitory action against filamentous fungi, yeasts, and
even aflatoxin-producing fungi. NSO primarily acts by
targeting the plasma membrane, fungal cell wall, and
membrane-bound organelles [90]. TQ and extracts of
black cumin have also displayed strong fungicidal action
against Trichophyton mentagrophytes and Micro-
sporum gypseum, which are superior to that reported for
fluconazole [91]. TQ also arrests the development of A.
niger and F. solani, the activity being similar to
amphotericin-B, a macrocyclic, polyene, antifungal
agent [92], and has been quite effective against Candida
albicans, C. tropicalis, and C. krusei [93]. Thus, black
cumin's significant antifungal action warrants further
exploration and use in the food and pharmaceutical
industries.

Neuroprotection

The importance of black cumin as a promising neuro-
pharmacological medicine in facilitating learning and
memory has recently been exhaustively examined [94—
96]. The hydroalcoholic extracts of N. sativa seeds
were assessed with respect to memory and oxidative
damage to brain tissues during pentylenetetrazole-
induced seizures [97]. According to Mahmoud Janloo
et al. [98], the reduced MDA levels in the brain support
the idea that giving N. sativa for two weeks might
enhance memory and reduce lipid peroxidation. Anti-
oxidant enzymes such as SOD therefore rose dramat-
ically. N. sativa may alleviate oxidative damage and
cognitive impairment in mice receiving cisplatin. As a
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result, N. sativa may be a useful dietary supplement to
help chemotherapy patients avoid neurotoxicity [98]. It
was observed that N. sativa enhanced antioxidant ef-
fects in the rat brain and prevented learning and
memory impairments. In another study, treatment with
1 mL/kg of black cumin oil for 14 days prevented
elevation of hippocampal nitric oxide (NO) levels,
enhanced synthesis of neurogenic proteins such as
Ki67", improved acetylcholinesterase (AChE) action,
and reduced depletions of neuro-cognitive indicators
after chlorpyrifos treatment in rats [99]. NSO is also
known to significantly enhance neurocognitive indices
such as Morris water maze (MWM).

Anticancer

Black cumin contains anti-proliferative, cytotoxic, and
anti-metastatic properties as evidenced by many
research studies [100] (Table 4). Several phytochemi-
cals such as dithymoquinone, THQ, carvacrol, thymol,
nigellimine-N-oxide, nigellicine, and nigellidine have
been implicated in the anticancer activities exhibited by
the plant. Treatment of black cumin seed extract, seed
oil, TQ, and nanoemulsion to different cancer cell lines
has shown significant alteration in cell morphology,
reduction in cell viability and cell proliferation, along

with anti-metastatic and NK-dependent cytotoxic ef-
fects [101, 103]. N. sativa and its derivatives display
significant chemo-sensitizing effects and have been
found to be highly effective in liver, colon, breast, renal,
cervical, lung, ovarian, pancreatic, prostate, and skin
cancers. Most of the effects were attributed to the
presence of TQ in the cumin derivatives. Another in vivo
investigation indicated that NSO and TQ had a pro-
tective effect against breast carcinogens at doses
ranging from 1 to 10 mg/kg [108]. Shahin et al. [100]
proposed that regular supplementation of black cumin
ethanolic seed extract (150-350 mg/kg), TQ (20 mg/
kg), and silymarin reduced the hepatocellular carci-
noma proliferation induced by diethylnitrosamine, an
extremely potent carcinogen (Figure 4).

TQ has shown potent antitumor activity through its
ability to modulate different cell signaling pathways
such as VEGF, bcl2/bax ratio, STAT3, PI3K/AKT,
MAPK, NF-xB, and PPARy [109]. The evidence sup-
porting the therapeutic benefits of phytochemicals
derived from NS in the treatment of breast cancer is
strengthened by the network pharmacology and mo-
lecular docking study and its experimental validation as
reported by Arif et al. [110]. As a result, these phyto-
chemicals can be considered as promising candidates
for the development of novel anticancer agents against
breast cancer [110]. The blend of anticancer drugs and

TABLE 4 Anticancer activities of Nigella sativa plant parts.
Types of
cancer Form of ns Experimental model Result observed References
Breast Seed extract, NSO, Human breast cancer cell line (MCF-7) | Cell viability, 1 apoptosis, alter cellular [101]
cancer nanoemulsion morphology with IC50 value 0.41-82 pL/mL
TQ Human breast cancer cell line Potent therapeutic adjuvant with IC50 = 64.93 [102]
and T47D, IC50 = 165 pmol/L, antagonistic
and synergistic effect
Liver Ethanolic seed Diethylnitrosamine induced hepatocellular | p-EGRF, p-ERK1/2, deactivation of EGRF/ [100]
cancer extract, TQ and carcinoma in albino-Wistar rat model ERK1/2 signaling, | c-fos, PCNA, Bcl2, |cell
silymarin proliferation, | alpha- fetoprotein (AFP),
hepatic enzyme, 1 antioxident
Cervical TQ Hela cervical cell line Dose-dependent antiproliferative effect [103]
cancer
Colon NSO Wister rats-colon cancer induced with | Reduced malignant and benign colon tumor [104]
cancer carcinogens sizes, incidences and multiplicities
Gastric TQ Gastric cancer cell line 1 Apoptosis [105]
cancer
Renal TQ Renal cell cancer cell lines (786-O and | Migration, invasion and epithelial— [106]

cancer ACHN)

Pancreatic TQ

cancer lines (AsPC1 and MiaPaCa-2)

Pancreatic ductal adenocarcinoma cell

mesenchymal transition, | metastasis by
induction of autophagy via AMPK/mTOR
signaling

| Bcl-2 and HDAC, 1 apoptosis and G2 cell  [107]
cycle arrest, | cell viability, | reduce tumor
size, 1 p53 and p21

Abbreviations: Bcl2, B-cell ymphoma 2; c-fos, proto-oncogene; EGRF, epidermal growth factor receptor; ERK1/2, extracellular signal-regulated kinase; G2, growth
2; HDAC, histone deacetylases; IC50, inhibitory concentration; p21, cyclin-dependent kinase inhibitor; p53, tumor suppressor protein; PCNA, proliferating cell
nuclear antigen; p-EGRF, phosphorylated epidermal growth factor receptor; p-ERK1/2, phospho-extracellular signal-regulated kinase; T47D, ductal carcinoma.
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factor.

TQ synergistically affects cancer cell viability and
mortality. TQ has been found to be a potent therapeutic
adjuvant against human breast cancer cell lines MCF-7
[111] and T47D and was reported to have both antag-
onistic and synergistic effects when used with anti-
cancer drugs [102]. The most recent approach involving
TQ in cancer therapy utilizes targeting miRNAs, which
are considered hallmarks for cancer diagnosis and
therapy. TQ has the unique ability to interfere with
various signaling pathways and regulate the expression
of miRNAs, preventing cancer cell growth and devel-
opment [112].

Different studies have confirmed the presence of
several saponins, such as a-hederin and Nigella (A-D),
which may play a significant role in protecting against
cancer. Interestingly, when compared to vehicle-
administered mice, Nigella A and B reduced tumor
growth in mice, possibly mediated through an AMPK-
activated autophagy and mTOR inhibition [113].

Antiarthritic

Arthritis is the inflammatory illness of joints and stiff-
ness primarily affecting the elderly. RA is characterized
by synovial membrane inflammation, swelling, and
generation of autoantibodies in serum and synovial
fluid [114, 115]. NSO and TQ have been demonstrated
to be useful against arthritis, particularly RA, due to
their powerful anti-inflammatory properties. Several

studies have pointed toward the antiarthritic potential of
NSO and TQ [116, 117]. TQ has been seen as an
effective therapeutic agent for the treatment of osteo-
arthritis because it is known to suppress IL-14-induced
prostaglandin E, (PGE,), NO, and MMP synthesis in
chondrocytes, which leads to the inhibition of inflam-
mation [118].

A placebo-controlled experiment investigated the
usefulness of black cumin seed powder for the treat-
ment of inflammatory conditions. Significant improve-
ment was observed in the treated individuals with no
side effects [119]. The pain-relieving effect of black
cumin oil in geriatric individuals afflicted with osteoar-
thritis was evaluated by Tuna et al. [120]. Applying NSO
without massaging led to a considerable reduction of
knee pain in osteoarthritis patients. A similar experi-
ment involving topical application of NSO for 21 days
witnessed a significant drop in osteoarthritis pain in
people aged between 60 and 80 [121]. The mean pain
score before NSO administration was 75 4+ 16.29,
which reduced to 38.88 + 17.84 after 21 days of
treatment. Nasuti et al. [122], determined the anti-
arthritic potential of NSO in a rat model of arthritis us-
ing two doses viz. 1.82 and 0.91 mL/kg. NSO minimized
the loss in body mass, decreased the injected hind paw
volume, and reduced proinflammatory mediators. It was
concluded that a higher dose of NSO (1.82 mL/kg) was
quite efficient in controlling arthritis during the acute
phase but was ineffective in the chronic phase. The
chondroprotective effects of intraarticular injection of
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0.3 ml whole NSO for five weeks in a rabbit osteoar-
thritis model were first evaluated by Turhan et al. [123].
The intraarticular injections reduced the cartilage
deterioration in the early stages of osteoarthritis. The
anti-arthritic effect of TQ in FCA-induced arthritic rats
was assessed by Arjumand et al. [124]. Administration
of TQ reduced the arthritic score through decreased
paw swelling and improved inflammatory signs without
any hepatotoxic or nephrotoxic effects. There was also
a considerable reduction in the mRNA levels of toll-like
receptor 2 (TLR2), TLR4, IL-1, NF-xB, and TNF-a.
Black seed is also known to cure a number of illnesses
by inhibiting the inflammatory cytokine TNF-a. The
plant also exhibits potent anti-inflammatory, gastro-
protective, neuroprotective, analgesic, antitussive, and
antioxidant properties [125]. A study investigating the
effect of black cumin extracts in collagen-induced
arthritic  mice showed reduced inflammation and
neutrophil infiltration score [126]. All these studies
support the anti-inflammatory and immunomodulatory
properties of N. sativa and its components.

Anti-inflammatory and analgesic

Inflammation, a normal part of the body's defense
involving local response to cellular injury, is involved in
numerous medical disorders, including autoimmune
diseases, asthma, depression, type 2 diabetes (T2D),
cancer, and gastrointestinal and neurodegenerative
disorders. Anti-inflammatory medicines currently avail-
able in the market fall into two categories: those that
cause significant side effects such as gastric ulcers,
adrenal suppression, hyperglycemia, glycosuria, and
psychic disorders when used for an extended period of
time, and others that are free from these effects [43]. N.
sativa L. could be beneficial in this respect since its vast
array of novel compounds could be utilized to develop
anti-inflammatory drugs with few adverse effects. Ac-
cording to Wahab and Alsayari [127], N. sativa has
been found to be useful in a wide range of ailments,
including chronic inflammatory disorders. Similar to
indomethacin, NSO and TQ have shown potent anti-
inflammatory effects during acute inflammation in Al-
bino Wistar rats through inhibitory effects on the pe-
ripheral mediators [128]. Zakaria et al. [129] performed
an acetic acid-induced writhing test on a rodent model.
They found less abdominal constrictions and hindlimb
elongation in mice treated with an aqueous extract of N.
sativa. Compared to diclofenac sodium, the alcoholic
extract of the plant exhibited a significant pain-relieving
effect in mice [130]. TQ's anti-inflammatory activities
might be due to its ability to block cyclooxygenase and
lipoxygenase enzymes, reducing the oxidative products
of arachidonic acid production, such as thromboxane
B, and leukotriene [43].

PROTECTION AGAINST EMERGING
DISEASES

The pharmacological potential of black cumin and some
of its components against severe acute respiratory syn-
drome coronavirus-2 (SARSCoV-2), the infectious agent
responsible for the recently emerged COVID-19 disease
associated with unprecedented spread and high mor-
tality, have been documented in several in silico in-
vestigations [131—133]. The effectiveness of black cumin
and its components against SARSCoV-2 in cell lines and
animal models have been effectively evaluated in a
recent study [134]. According to Ashraf etal. [135], honey
and N. sativa considerably decreased mortality, accel-
erated viral load clearance, and improved symptoms in
COVID-19 patients compared to a placebo. They also
reported no negative effects connected to honey and N.
sativa administration. TQ also exhibits antiviral proper-
ties against human immunodeficiency virus (HIV).
Chandra et al. [136] assessed the efficacy of black seed
oil against the long-term effects of highly active antire-
troviral therapy (HAART) in HIV-1-positive Sprague—
Dawley rats and obtained a decrease in HAART-
related hyperinsulinemia after a seven-month adminis-
tration. A middle-aged HIV patient was entirely cured and
stayed seronegative for six months after being treated
with a black cumin mixture [137]. Another study by the
same group evaluated the mix of honey and N. sativa
L. seeds on a 27-year-old HIV-positive woman who had
not been on antiviral medication [138]. It was observed
that the treatment eliminated all the HIV-infected cells
from the body, leading to sustained sero-reversion and
complete removal of the virus. Despite positive results,
these investigations have been inconclusive due to the
small sample size and lack of replicability. Thus, detailed
studies are required to confirm the antiviral activity of
black cumin seed against HIV using a large sample size.

EFFECTS ON MEMORY AND COGNITION

Several studies showed the beneficial effects of black
cumin constituents on memory in animal models. In
experimental mice with traumatic brain injury, the treat-
ment of N. sativa extract demonstrated notable neuro-
protective benefits against memory impairment and
synaptic dysfunction [139]. Bin Sayeed et al. [140]
examined the impact of black cumin on mood, anxiety,
and cognition in healthy adolescent human males aged
between 14 and 17 years using N. sativa L. capsules for
four weeks. It was observed that using black cumin as a
nutritional supplement stabilized mood, decreased anx-
iety, and positively modulated cognition. The effects of
black cumin extract administration in concentrations
ranging from 100 to 400 mg/kg during neonatal and ju-
venile growth on learning and memory were evaluated by
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Beheshti et al. [141] in female Wistar rats. Experiments
using the MWM, passive avoidance (PA) test, and
determination of total thiol and MDA concentrations
revealed that dietary supplementation with black cumin
extract during developmental stages significantly
improved learning and memory along with enhancement
in oxidative stress criteria in hippocampal and cortical
tissues. The same group further explored the potential
benefits of black cumin extract, specifically examining its
impact on learning and memory impairments linked to
hypothyroidism in rodents using MWM and PA tests,
along with total thiol and MDA concentration. The results
proved that different doses of black cumin extract
attenuated hypothyroidism-induced learning and mem-
ory impairment in female Wistar rats comparable to
vitamin C. This was probably due to an enhancement in
the total thiol concentrations in brain tissues and a
reduction in MDA concentrations. It was concluded that
these protective effects were due to the prevention of
oxidative damage against brain tissues.

Elibol et al. [142] evaluated the effects of TQ in 6-
month-old female Sprague—Dawley rats in which amy-
loid beta 1-42 (Ap1.42) was infused into the right hip-
pocampus. No significant decline was observed in
either the learning or memory performance of Ap-
treated rodents. TQ treatment improved memory in
treated rats through increased hippocampal cell num-
ber and decreased fibril deposition, plaque formation,
and neuron degeneration. Additionally, TQ attenuated
the expression of mir29c, miR26b, and Bax and
decreased the beta-site APP cleaving enzyme 1 protein
expression. Thus, TQ displayed recovery capability
during Alzheimer's disease by removing amyloid beta
plaques and increasing neuronal viability, leading to
memory consolidation. Kadil and Filali [143] assessed
the effects of Nigella oil on cognitive decline in rats
through behavioral evaluation, carried out different
tests, and pointed out the therapeutic effect of NSO on
cognitive decline. Many others have attributed the
neuro-regenerative effects of TQ to modulation in the
mitogen-activated protein kinase (MAPK) pathway,
probably through the activation of JNK protein, upre-
gulation of mir-124, and downregulation of ERK1/2 and
NOS enzymes [144]. Thus, TQ is an efficient and
promising natural neuroprotective agent that can be
developed into a safe therapeutic intervention for the
treatment of neurological disorders.

CLINICAL TRIALS AND TOXICITY ISSUES

Clinical investigations have verified several reported ef-
fects of black cumin and its derivatives in animal models,
both in vitro and in vivo [145, 146]. Results carried out on
T2D patients to assess the therapeutic effects of N.
sativa L. have shown significant reduction in blood
glucose [147], C-reactive protein, total cholesterol (TC),

low-density lipoprotein cholesterol (LDL-C), triglyceride,
2-h postprandial blood glucose (2hPG), and hemoglobin
Aic or glycated hemoglobin (HbA1c), as well as an
enhancement in g-cell function, glomerular filtration rate,
insulin, and serum high-density lipoprotein cholesterol
(HDL-C) levels [131, 146]. A nonrandomized clinical trial
involving 57 T2D patients administered black cumin seed
capsules for 1 year showed a substantial decreasein TC,
LDL-C, TC/HDL-C, LDL-C/HDL-C ratios, diastolic blood
pressure, mean arterial pressure, and heart rate, as well
as a surge in serum HDL-C level as compared to control
[148]. N. sativa trials have also been carried out for
obesity, dyslipidemia, skin diseases, neurological disor-
ders, infertility, infectious diseases, and respiratory dis-
orders [146]. Clinical studies have revealed the
promising potential of black cumin in preventing and
treating metabolic diseases, underscoring its versatility
as a therapeutic agent.

Despite the euphoria surrounding the pharmacolog-
ical effects of black cumin, studies on the toxicity aspect
have also been undertaken. Several studies have
pointed out that seed extract and its constituents exhibit
low level of toxicity. The LD50 value of TQ was found to
be 2.4 g/kg (range 1.52-3.77) [149], but high doses (2 g/
kg) caused respiratory disorders. A more recent study
evaluated the toxic effect of black cumin powder on the
liver function in Sprague—Dawley rats through histologi-
cal study and the assessment of liver enzymes, namely
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) [150]. No significant alteration in ALT
and AST levels was observed between the control and
treated groups. At the same time, histological studies
exhibited negligible variations in fatty degeneration even
at high doses and without inflammation and necrosis. No
toxicity and liver dysfunction were observed with a dose
of 1 g/kg supplemented for four weeks, thus proving the
safety of black cumin powder.

NANOTECHNOLOGY AND N. SATIVA

The recent spurt in nanobiotechnological research has
led to biomedical applications. N. sativa L. has gained
attention in developing functionalized nanomaterials and
is being extensively researched for green synthesis of
nanoparticles for biomedical applications. AQNPs have
been one of the most popular metal nanoparticles among
nanobiotechnologists [151]. Rohini et al. [152] undertook
the green synthesis of AgNPs by mixing 1 mM AgNO,
solution with an aqueous seed extract of black cumin and
tested their efficacy against human breast cancer (MCF-
7). The AgNPs with a 100—150 nm size range exhibited
dose-dependent cytotoxicity (1-200 pg/mL) and altered
the expression of Bax and Bcl-2 proteins and the in-
flammatory marker COX-2. Spherical AgNPs of ~25 nm
were biologically synthesized using ethanolic extract
from black cumin seeds [67]. Treatment of diabetic
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neuropathy rats with AQNPs alone and combined with N.
sativa L. extract served as potent neuroprotective agents
against inflammation and oxidative stress. Silver-
platinum bimetallic nanoparticles (N@Pt-Ag BNPs)
have also been produced using the ethanolic extract of
black seed. Characterization of the nanoparticles
showed spherical morphology with a size of 5.6 nm. The
N@Pt-Ag BNPs showed high efficacy against breast
cancer cell lines and potent antibacterial activity against
B. subtilis, E. coli, and methicillin-resistant S. aureus
(MRSA). The high catalytic activity of the nanoparticles
was quite effective in the photodegradation of azo
dyes [153].

Apart from silver, there are also reports of metal
and metal oxide nanoparticle synthesis using other
metals [76, 78]. Green synthesis of gold nanoparticles
(AuNPs) using chloroauric acid and N. sativa L.
extract was carried out by Fragoon et al. [154].
Crystalline and poly-shaped biocompatible AuNPs
were produced that were suggested to be used for in
vivo imaging and therapy. Dhandapani et al. [155]
undertook green synthesis of novel AuNPs, Curto-
Cumin AuNP (CC-AuNP), using black cumin seed
extract and membrane vesicles of Curtobacterium
proimmune. The anticancer activity of the newly syn-
thesized nano entities was evaluated against human
gastric adenocarcinoma (AGS) cells. It was observed
that CC-AuNP led to the production of ROS, upregu-
lated apoptotic signaling, and suppressed the
autophagy-related signaling pathway production,
pointing toward the potential of CC-AuNPs as an
effective anticancer agent.

FUTURE PROSPECTS AND CHALLENGES

N. sativa offers a safe remedy for several diseases
owing to the presence of a wide range of bioactive
compounds such as TQ, THQ, dithymoquinone, nigel-
limine, nigellidine, quercetin, p-cymene, a-thujene,
longifolene, p-pinene, a-pinene, and carvacrol [156].
However, a lot needs to be done to modulate its role in
pharmaceutical development. TQ has low bioavail-
ability (58%) and high hydrophobicity or lipophilicity (log
p = 2.54 value), which impedes its incorporation in
traditional dosage forms such as tablets and capsules.
In addition, its extremely thermolabile nature further
limits its use in pharmaceutical formulations. This has
led to rapid research through nanobiotechnology that
would enable its incorporation in formulation, especially
the development of nanoformulations. Encapsulation of
TQ using hydrophilic biodegradable polymers such as
polyethylene glycol (PEG) can significantly improve
solubility and systemic bioavailability [157]. This novel
approach may overcome the hindrance in pharmaceu-
tical development and increase the TQ's bioavailability

without compromising efficacy and safety. The bioac-
tive components of black cumin can boost the effec-
tiveness of other medications such as chemotherapy or
antibiotics through lower doses, which can lead to
better results and help overcome issues such as drug
resistance. Apart from this, in-depth studies are
required to assess the efficacy of TQ in monotherapy
and as an adjuvant, along with clear insights into the
toxicological profile so that it can be safely used in
higher quantities and for longer times.
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