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Black cumin (Nigella sativa L.), a highly valued nutraceutical herb with a wide array of health benefits, has attracted
growing interest from health-conscious individuals, the scientific community, and pharmaceutical industries. The
pleiotropic pharmacological effects of black cumin, and its main bioactive component thymoquinone (TQ), have
been manifested by their ability to attenuate oxidative stress and inflammation, and to promote immunity, cell
survival, and energy metabolism, which underlie diverse health benefits, including protection against metabolic,
cardiovascular, digestive, hepatic, renal, respiratory, reproductive, and neurological disorders, cancer, and so on.

Furthermore, black cumin acts as an antidote, mitigating various toxicities and drug-induced side effects.

black seed thymoquinone nutraceutical essential oil molecular mechanism

| 1. Introduction

The plant kingdom, in addition to maintaining the balance of the environment and providing life-sustaining oxygen,
plays an essential role in human diets, functioning as an inevitable source of modern medicines. Plant-based foods
meet basic nutritional demands, keep the body healthy, and protect against a wide range of ailments by boosting
the immune system. In recent decades, the concepts of ‘nutraceuticals’ or ‘functional foods’ have become popular
among health-conscious individuals, as there is a close link between a healthy diet and average life expectancy .
These concepts have also attracted the attention of dietitians, nutritionists, food scientists, physicians, as well as
food and pharmaceutical industries. As the global market for functional foods expands, extensive research is
underway to explore conventional foods with promising health benefits. Among the variety of functional food
materials, minor, but indispensable ingredients, such as herbs and spices, which are mostly used as flavoring
additives and preservatives, contain an abundance of biofunctional molecules [2. Most of these culinary herbs and
spices, although primarily used in cooking, are also known for their nutraceutical values, as they have enormous

health-promoting potentials 21,

One spicy, medicinal herb is Nigella sativa L. (Ranunculaceae), also called black cumin or black seeds, which is
famous for its culinary uses, and is historically precious in traditional medicine. Black cumin is native to a vast
region of the eastern Mediterranean, northern Africa, the Indian subcontinent, and Southwest Asia, and is cultivated
in many countries, including Egypt, Iran, Greece, Syria, Albania, Turkey, Saudi Arabia, India, and Pakistan. Being a
panacea, black cumin, in the form of essential oil, paste, powder, and extract, has been indicated in traditional
medicine for many diseases/conditions, such as asthma, bronchitis, rheumatism, headache, back pain, anorexia,
amenorrhea, paralysis, inflammation, mental debility, eczema, and hypertension, to name a few 4 These

traditional uses of N. sativa seeds are largely attributed to their wide array of medicinal properties, including
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antioxidant, anti-inflammatory, immunomodulatory, anticancer, neuroprotective, antimicrobial, antihypertensive,
cardioprotective, antidiabetic, gastroprotective, and nephroprotective and hepatoprotective properties 2. Black
cumin seed, particularly its essential oil, contains thymoquinone (TQ), thymohydroquinone, thymol, carvacrol,
nigellidine, nigellicine, and a-hederin, which are mostly responsible for its pharmacological effects and therapeutic
benefits €. The food value of black cumin, although less focused on in scientific literature, is by no means low,
because it contains an adequate quantity of protein and fat, and an appreciable amount of essential fatty acids,
amino acids, vitamins, and minerals 2. Both active phytochemicals and the vital nutrients of black cumin contribute
equally to the immunity and well-being of the human body, making this culinary herb a valuable source of

nutraceuticals.

Here, we critically review the existing literature on the pharmacological properties and health benefits of black
cumin and TQ and discuss the reported underlying molecular mechanisms. As the clinical application of TQ is
limited by its poor bioavailability, we update the recent development of nanotechnology-based TQ delivery to
overcome this limitation. We also highlight pharmacokinetic herb—drug interactions and address safety issues

related to medicinal uses of black cumin.

| 2. Phytochemical Profiles

The phytochemical composition of black cumin varies, depending on the growing regions, maturity stage,
processing methods, and isolation techniques. Bioactive phytochemicals of black cumin, comprising major and
minor secondary metabolites, have been categorized into different chemical classes, including terpenes and
terpenoids, phytosterols, alkaloids, tocols, and polyphenols.

3. Benefits of Black Cumin on Human Health and Disease
Conditions

Health benefits of black cumin and its bioactive TQ cover almost every physiological system, ranging from the

nervous system to the integumentary system, and metabolic disorders, and various cancers (Tables 1-10).

3.1. Antioxidant Effects

Health benefits of black cumin are largely vested on its antioxidant property. Here, a summary of recent studies
focused on their antioxidant properties in cell-based in vitro models and in vivo models, covering the last five years,
is presented. Being a potential source of natural antioxidants, black cumin lowered the reactive oxygen species
(ROS) level while upregulating antioxidant enzymes, such as superoxide dismutase (SOD) and catalase (CAT),
and molecules, such as glutathione (GSH), as evident in several studies ¥, EI-Gindy et al. reported a significant
rise in blood TAC and a reduction in malondialdehyde (MDA) in rabbits supplemented with 600 mg/kg of black
cumin seeds 19, |n Wister rats given with NSO (1 mL/kg), there was a significant reduction in ROS and nitrous
oxide production in amygdala, thereby attenuating chlorpyrifos-induced oxidative stress [11. TQ treatment resulted

in the reduction of intracellular ROS and protection against hydrogen peroxide-induced neurotoxicity in human SH-
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SY5Y cells by a mechanism that involves upregulation of antioxidant related genes (SOD and CAT), as well as
signaling genes, such as c-Jun N-terminal kinase (JNK), extracellular signal-regulated protein kinase (ERK)1/2,
p53, protein kinase B (Akt) 1, and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) 12, |n
adult male rats exposed to contaminated drinking water with lead acetate (2000 ppm) for five weeks, TQ (5
mg/kg/day) ameliorated toxic effects by inducing activities of CAT, glutathione reductase (GR), glutathione
peroxidase (GPx), and SOD, and by increasing GSH level in liver tissues [£3l. TQ treatment has also been shown to
reduce oxidative stress markers (superoxide, hydrogen peroxide, and nitric oxide) and attenuate oxidative stress in
lipopolysaccharide (LPS)/interferon-gamma (IFNy) or H,O,-activated BV-2 microglia by promoting antioxidant
enzymes (SOD and CAT), and GSH level, downregulating pro-oxidant genes and upregulating antioxidant genes
(241 A meta-analysis of five studies using 293 human subjects suggests that black cumin supplementation may
have a beneficial role as an antioxidant by improving SOD levels without affecting MDA level and total antioxidant
capacity 221, With these recent data, it can be concluded that black cumin (in the form of NSO) and its main
ingredient TQ have potential antioxidant values that underlie their protective actions against oxidative stress-
induced cellular pathology. Further clinical trials are needed to determine the protective functions of black cumin

and its compounds against oxidative stress-induced cellular pathology occurred in different diseases condition.

3.2. Anti-Inflammatory Effects

Anti-inflammatory activities are important pharmacological properties of black cumin and TQ [2€l. Here, in addition
to the antioxidant properties, recent developments on the anti-inflammatory potentials of black cumin seeds,
covering the last five years, are focused on. In low-grade inflammation in human pre-adipocytes, freshly extracted
NSO reduced the interleukin-6 (IL-6) level, while stored NSO reduced IL-1p level 17, Following NSO treatment
(400 mg/kg) in rats with carrageenan-induced paw edema, there was a significant improvement in the pro-
inflammatory cytokines IL-6, IL-12, and tumor necrosis factor (TNF)-a in paw exudates and sera 8. Moreover,
topical application of balm stick containing 10% NSO in rats with paw edema substantially mitigated acute and sub-
acute inflammation with a marked edema inhibition (60.64%), and a reduced leucocytes count (43.55% lower than

control), and TNF-a level (50% lower than control) on the inflammation area 26!,

As a major bioactive, TQ is the key compound responsible for the anti-inflammatory property of black cumin.
Hossen et al. reported that TQ inhibited pro-inflammatory factors, including nitric oxide (NO), nitric oxide synthase
(iINOS), TNF-q, IL-6, IL-1, and cyclooxygenase (COX) 2 in LPS-stimulated murine macrophage-like RAW264.7
cells, involving a mechanism that includes the inhibition of IRAK-linked AP-1/ NF-kB pathways 19, TQ also
promoted the autophosphorylation of TANK-binding kinase 1 (TBK1), reduced the mRNA expression of interferons
(IFN-a and IFN-B), and downregulated the IRF-3 signaling pathways in LPS-stimulated murine macrophage-like
RAW264.7 cells 29 Current evidence of anti-inflammatory potentials of black cumin and TQ are promising,
however, most of the studies so far have been conducted in animal models. Future studies should focus on

determining the anti-inflammatory potential in ameliorating human disease conditions.

3.3 Protection against Neurological Disorders
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Black cumin and TQ have shown their therapeutic promises against a range of neurological conditions, including

neurodegenerative disorders (Alzheimer’s disease (AD), and Parkinson’s disease (PD)), ischemic stroke and acute

brain injury, anxiety and depression, epilepsy, and schizophrenia (Table 1). Moreover, black cumin and TQ were

shown to protect against various chemical-induced neuronal injury in experimental conditions (Table 1). The

neuroprotective potentials of black cumin and TQ mostly stem from antioxidative and anti-inflammatory properties

24 (Eigure 1).

Table 1. Comprehensive summary on the protective effects of black cumin against neurological and mental

problems.

Treatment with . Major Findings
Doses 2P LGS (Including Molecular Changes) S
Neuroinflammation
TO LPS/IFNy or H,0,-
. o) 3 . . (14]
(12.5 uM for 24 h) activated BV-2 microglial 1H,0,; 1GSH; 1SOD and CAT
cell
tGlutaredoxin-3, biliverdin reductase A,
70 LPS/IFNy or H,0,- 3-mercaptopyruvate sulfurtransferase,
activated BV-2 microglial and mitochondrial Lon protease; |1L-2, [22]
(12.5 pM for 24 h)
cell IL-4, IL-6, IL-10, and IL-17a, CFB,
CXCL3 and CCL5
TQ LPS-activated IROS; 1LKB1 and AMPK; tnuclear -
neuroinflammation in BV-2 .
(2.5-10 uM) . . accumulation of SIRT1
microglial cell
Alzheimer’s disease
AB1-42-induced
TQ neurotoxicity in hiPSC- 1GSH; |ROS; Isynaptic toxicity, 124]
(100 nv) derived cholinergic attenuate cell death and apoptosis
neurons
TQ fraction rich
nanoemulsion of High fat/cholesterol diet- 1AB40 and AB42; tAPP; |PSEN1 and
seeds (TQRFNE) induced neurotoxicity in PSENZ2; |BACE1 and RAGE; tIDE and [25]
(250 and 500 mg/kg rats LRP1
BW)
TQ fraction rich
nar?oemuIS|on of High fat/cholesterol diet- {Memory impairment; |lipid peroxidation
Nigella seeds . S ) S 26]
(TORFNE) induced neurotoxicity in and soluble A levels; rtotal antioxidant
(250 and 500 mg/kg rats status and antioxidants genes expression
BW)
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Treatment with
Doses

Experimental Model

Major Findings

(Including Molecular Changes) References

TQ
(10, 20, and 40
mg/kg/day p.o. for 14
days)

TQ
(intragastrically, 20
mg/kg/day once daily
for 14 days)

Combined AlClzandD-Gal-

induced AD in rats

Combined AICI3 and D-Gal
induced neurotoxicity in

rats

Improved cognitive deficits; AR
formation and accumulation; | TNF-a and 27]
IL-1B; I TLRs pathway components; | NF-
kB and IRF-3 mRNAs

1 Memory performance; 1t SOD; | TAC;
IMDA; {NO; | TNF-a; |AChE activity; (28]
tBDNF and Bcl-2

TQ
(intragastrically, 20 AR (1-42) infused rat IMemory performance (Morris water [29]
mg/kg/day for 15 model of AD maze test); |IFN-y; 1 DCX and MAP2
days)
Parkinson’s disease
o-Synuclein-induced rat . ! .
(100 M) nppocampaland PSC: e .
derived neurons ycling, 1sp 9 y
TQ

(10 mg/kg BW, 1
week prior to MPTP
at 25 mg/kg BW)

TQ
(7.5 and 15
mg/kg/day, p.o.)

MPTP-induced mouse PD

model

Rotenone-induced rat PD

model

IMDA; 1GSH; 1SOD; 1CAT; (IL-1p and
IL-6; ITNF-a; 1COX-2 and iNOS; lo- 3]
synuclein aggregation

1Oxidative stress; tParkin; | Drpl; [32]
tdopamine; 1TH levels

Ischemic stroke

Hydroalcoholic seed
extract
(20 mg/kg BW)

Global ischemia in rats

Stroke-prone

{Brain edema and infarct volume; [33]
tVEGF, HIF and MMP9

TQ spontaneously 1Chemoattractant protein-1, Cox-2, IL- [34]
. 1B, and IL-6
hypertensive rats
Traumatic brain injury
TQ Feeney'’s falling weight-

(5 mg/kg/day for
seven days)

induced moderate head

trauma

tNeuron densities; |MDA (5]

Anxiety and Depression

Ethanolic seed

Chronic stress-induced

INO 261
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Treatment with

Major Findings

Doses SO L (Including Molecular Changes) GG
extract depression model
TQ-loaded solid lipid
nanoparticle Chronic str.ess-lnduced JIL-6. TNFo: 1BDNF: 15-HT: 11DO 37]
(20 mg/kg, p.o.) and depression model
TQ (20 mg/kg, p.o.)
NSO Stress-induced depression
(0.2 mL/kg for 20 P tMemory performance (FST) (8]
model
days)
Hydroa;i?:;iltlc seed Stress-induced depression  tAnxiolytic (Open field and elevated plus- [39]
(200 and 400 mg/kg) and anxiety model maze test); depression (FST)
Epilepsy
Ethanolic seed . - IKindling development; tmemory
extract (400 Tz 'ndrl:]i)ed(l kindling performance (Morris water maze test); (491
mg/kg/day, p.o.) ILTP /
: 1d
NSO (400 and 600 Electroshock-induced . L [41]
mg/kg BW) seizures tAnticonvulsant activity 95,
TQ Lithium chloride and tMemory performance; 1SOD; tNrf2,
(10 mg/kg, i.p) pilocarpine-induced HO-1 142
. sms
seizure
TQ Lithium chloride and tMemory performance; |COX-2, TNF-a
(10 mg/kg, i.p) pilocarpine-induced and NF-kB 2]
seizure
Hydroalcoholic seed PTZ-induced seizure tMemory performance (Morris water Levier:
extract model maze and passive avoidance test); 1 total [44] i '
(200 and 400 mg/kg thiol; MDA
for 5 days)
1in): A
Schizophrenia Med.
Mice model of
TQ (haF(;:helzric:j%T-ri(ralzzjlce d Anti-amnesic effect; | AChE activity; |
(20 mg/kg, daily for b TBARS; 1GSH and catalase; tdopamine [43] '
28 days, i.p.) catalepsy and level J. Nat
yS, LP- apomorphine-induced ' '
climbing behavior)
Miscellaneous effects ack

Chemical-induced toxicity
8. Kazemi, M. Phytochemical compositon, antioxidant, ant-iInflammatory and anumicrobial activity of

Nigella sativa L. essential oil. J. Essent. Oil Bear. Plants 2014, 17, 1002-1011.
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Treatment with . Major Findings sition. in
Doses SO L (Including Molecular Changes) ReferenceslaCk
1
70 Improved gait abnormalities; 1GSH;
(5 malkq, i.p. for Acrylamide-induced IMDA;lcaspases 3 and 9, and Bax/Bcl- [46]
fld% sg) neurotoxicity in rats 2, pP38/P38 and pJNK/JINK; .
1 y I|pERK/ERK; restore BBB integrity nmunity,
mn.
TQ Acrylamide-Induced Improved gait abnormalities; tGSH and
(5 and 10 mg/kg, i.p., Peripheral Nervous IMDA;lcaspases 3 and 9, and Bax/Bcl- [47]
1 for 11 days) System Toxicity in rats 2, pP38/P38 and pJNK/INK; IpERK/ERK ic and
70 Arsenic-induced Promotes DNA repairing; |ROS, nd
cytotoxicity in SH-SY5Y balanced transmembrane potential; | (48] L .
(10 uM and 20 uM) cells Bax and PARP-1, and 1Bcl-2 2d. Sci.
TQ o Improve anxiety behavior (Open field test
1 (5 mg/kg/day, for 3 hi oﬁ;?:n; tlcr:gilcj:icte?n rats and elevated plus maze); 1GSH and (491
days, p.o.) PP P y SOD; {DNA damage; | TNF-a and INF-y h
TQ Arsenic-induced ling
(2.5 and 5 mg/kg BW, hippocampal toxicity in tAPm (501
for 8 days, p.o.) Wistar rats
1 NSO Dichlorvos-induced L ystem
(1 mLikg BW for 7 oxidative and neuronal Vacuolation in the frontal and cerebellar [51]
9 . cortices; 1 TAC and GSH{ROS
days) damage in rats
1 t Effects
Radiotoxicity 227—
Radiation-induced
TQ oxidative stress in brain tAntioxidant enzymes 2] i

1 tissue Iva
Suppliementation on UXidative Stress and AntioxXidant Parameters: A Vieta-AnalysSIS OT
Randomized Controlled Trials. Sci. World J. 2020, 2020.

16. Dwita, L.P,; Yati, K.; Gantini, S.N. The anti-inflammatory activity of nigella sativa balm sticks. Sci.
Pharm. 2019, 87, 3.

17. Bordoni, L.; Fedeli, D.; Nasuti, C.; Maggi, F.; Papa, F.; Wabitsch, M.; De Caterina, R.; Gabbianelli,
R. Antioxidant and anti-inflammatory properties of nigella sativa oil in human pre-adipocytes.
Antioxidants 2019, 8, 51.

18. Attia, H.N.; Ibrahim, F.M.; Maklad, Y.A.; Ahmed, K.A.; Ramadan, M.F. Characterization of
antiradical and anti-inflammatory activities of some cold pressed oils in carrageenan-induced rat
model of acute inflammation. Der Pharma Chem. 2016, 8, 148-158.

19. Hossen, M.J.; Yang, W.S.; Kim, D.; Aravinthan, A.; Kim, J.H.; Cho, J.Y. Thymoquinone: An IRAK1
inhibitor with in vivo and in vitro anti-inflammatory activities. Sci. Rep. 2017, 7, 42995.

20. Aziz, N.; Son, Y.J.; Cho, J.Y. Thymoquinone suppresses irf-3-mediated expression of type i

interferons via suppression of tbk1. Int. J. Mol. Sci. 2018, 19, 1355.
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21. Samarghandian, S.; Farkhondeh; T Samini, F. A review on possible theraéeutic effect of nigella

sativa and thymggquinone in nela) eneraﬂ%rﬂse%Neurolé D,fi rd. Drug Targets
2018, 17, 417720 e S0 ..

22. Cobourne-Duval, MKM

cytokines andihe g?m exprﬁsmn NF«B pathway sigaaling
microglia cells. J* I\j;furo‘immg_no b18 320‘3‘7’—9"""‘“"

'n.ll' ‘.“ i

23. Velagapudi, R.\B+& : ~ O'gu;gade F.; OTajlde O.A. AMPK Cand SIRT1
activation c@htri HETT "mormf r‘ﬂrm"ﬂam ion by@rﬁoqumone in BV2 microglia. Mol.
Cell Biochemy 201'7 435 -1,49 16 'ﬂj‘j‘i ‘o .
24. Alhibshi, A I—T" Odaweka, A SU“BkI el NEUL ctive efficacy of thym
beta- mduced" neurotezgg,tyunhmm ndq(f p potenf‘a‘:ar.n 0 cell- Jezived

Biochem. B’S‘p‘g‘ﬁep 2019, 7 Iﬂ’&gﬁéﬁ_ -~

25. Ismail, N.; Isfauﬂmf,ﬁanmrl Balegs, M, A Ylda\'Z Adulia s i,
Thymogquinon@-rich fraction nanoemulsion (TQRFNE) decreases ABTG"and A[342 levels by
modulatlng APP processing, up-regulating IDE and LRP1, and down-regulating BACE1 and

FIONRGE i r8SBonatta g Tar/chaledh 1ng, o5 RaRRbiolony 8" wiegenerajiye, brain disordeys apd. post-

|schf§6|c/.}r§l§matlc consequences showmg point of action of black cumin and TQ. The neuroprotective

"=

Pogivynaplic neures

inone against amyloid
linergic neurons.

mechanisms of black cumin and TQ involve (1) attenuation of inflammatory response via inhibition of NF-kB
28 hamg!l (Y- insimiadh M- AR, Abdviiy Besardibiion ofYiifeddatABrase byseaRiviR add@slibribr Nrf2/ARE
patRgl @ cMsbidiepaliciah Rifectm @NFQBFARYS] QieARRicANT 6ABNARTIRE LM HISICASORIBREINOI)
profieficH. dpit Reraxisiatianaiah aRtiakisanRg NALKS. MHIEKEIaISHRNGS SRIESHRRRNGLINRER by
actiMRls NiiaREaEERRISStRIPhAigtHRCIH eedddi sisNemu Riflejuiglingt prRddotdR /ERK pathway: (9)

2RI, PRNTEINSRAHy PRORU iR SaUARY EiaNBAICE0. REUEARNoHINENY 388a6H9) dnguction of
MiteARO ELARH RS eV iBHEE R B,G Tk RANRRERYEBENAISKRIRTRS dRRRAEZARIL M RIERYIRRYF terminal
of NeyANI4BhABHaN e SIBTRSR RS U L XqiTRRIBIIous T8 SIS ¥iay Blgoking Gzsecretase activity: and (14) Ap-
clearance by upregulating IDE, LRP1, and RAGE. TLR, toll-like receptor; LPS, lipopolysaccharide; NF-kB (p50-
2;)8656‘ brlfluh:: rﬁc dr%%%r?&'%h%r'\\' eh'ﬁgr?egrd C)\A aAﬁvafelal%f él? l\?Pzd a%lear'afagcr)(r)t&% \fgl er%ﬁgtgé factor
2, ARETQAIIRANG Per]sp%r%alai:(etr%se%ta[l](% IR RO S RANERH RYr 8&%&'%%%% BoaNRTicAted
pro e%toﬂogfgglfl cycC gcpx%/\élgr@ég i}ang%% I\llnecyumLIB |es%f02rpn1%f Akpt’rlézéxée Synthase; ROS, reactive oxygen
2peEidisoliB- 1 TeeneghydeadseS!; Bk, NASENH aqyi@nEhymdopdineage (T Glemorstiagesdis E2; NO,
nitrigeaxider dteldtivetetradin b ath Enitivtdi@uinatopcemtio MBR. theiEdIpr4) raofusetk et iRBd el ofv-density
lipopteteireestdigeted ProjaihidttpElinsutytsitoptiagraaaohe2 RS R RS PRLBSP. advanced glycation end-
3products JNK, c-Jun N-terminal kinases; GIuNZB N- meth I D aspartate receptor subtype 2B; GFR, growth factor
hebshi, A.H.; Odawara, A.; Gotoh, M.; Suzuki, %molgumone %rotects cultured hippocampal,
receptor; PI3K, phosphomosmde 3-kinases; Akt, protein kmase EB, cAMP-response element binding protein;
and human induced pluripotent stem cells-derived neurons against a-synuclein-induced synapse
BDNF, Brain-derived neurotrogéhlc factor; Drpl d{namln -related protein-1; AChE, acetylcholinesterase; Ach,

damage. Neurosci. Lett. 2014, 570, 1
acetylcholine; Y, mitochondrial membrane potentlal This image is modified from 53],
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3.4\ Anti-CandéeBffects!.M.; Haque, M.E. Thymoquinone prevents neurodegeneration against

MPTP in vivo and modulates a-synuclein aggregation in vitro. Neurochem. Int. 2019, 128, 115—
Blaglygumin and its compounds are widely known for their potent anticancer actions. Accumulating evidence
suggests that chemical constituents of black cumin seeds are chemopreventive and potent in inhibiting cell

3ok g BroBINAT apeptESRANAL 118 5RR07 LGy, Kol RE SN SN B A CLR IS LR AIRGHNR:
extAE L ARTRALModelof Rarkinson s disease. ToXICok ka2 AklntfiPod98na benA)-induced liver
33rGotgrneasinejatirekucRasmaiiFR andatef ey elh atahiieia G B Heden Ahatadt M.R.; Asadollahi, K.

Effects of Nigella sativa Extract on Markers of Cerebral Angiogenesis after Global Ischemia of

Brain in Rats. J2B¥ k& CBPEBIRAL SHEN 3 P7, 1§ 2fntiepicessifects of black cumin.

2 Treatment with - Major Findings ral
Doses SO LLLE (Including Molecular Changes)ReferenceS| omeost
Seeds incorporated
silver nanoparticles Human breast cancer cell line Dose-dependent cytotoxicity; (cell [55]
q (NS-AgNP) (HCC-712) density .
~  (25-200 pg/mL) ’
)del of
Aqueous seed . Potent cytotoxic effect with ICsq
Human breast cancer cell line [56]
extract 11.5 pg/mL; tcaspase-3,8 and 9,
(MCF-7)
q (11.5 pg/mL) and Bax 1. Res
NSO nanoemulsion Human breast cancer cell line L Cell proliferation; tapoptosis and 57]
(10-100 pL/mL) (MCF-7) necrosis
3 aded
TQ Human breast cancer cell line Inhibit tumor cell growth; 1p53; 58] ne 2.3-
(25 pmol/L) (MCF-7) induce apoptosis '
Seeds incorporated
3 platinum Dose-dependent cytotoxic effect f
nanoparticles (NS- HelLa cervical cancer and MDA- with 1Cgq value 36.86 pg/mL 59] apie
PINP) MB-231 breast cancer cell lines (MDA-MB-231) and 19.83 pg/mL
(25, 50, 100 and 150 (HeLa), respectively
Hg/mL)
3 of
TQ Hela cervical cancer cell line Dose-dependent antiproliferative [60] ’018,
(0.78 uM) effect
TQ Human colon cancer cell line Inhibit metastasis; 1JNK, p38; I
- [61] 2lla
(2, 4,6 and 8 uM) (LoVo) 1P13K, ERK1/2, IKKa/f and NF
KB Z-
Reduce cell proliferation; 1p-
TQ Human colon cancer cell line P13K, p-Akt, p-GSK3[3, B-catenin 162] |
4 (20 pmol/L) (LoVo) and COX-2; |PGE2, LEF-1 and . of
TCF-4 siol.
TQ Human bladder cancer cell lines Inhibit proliferation and [63]
(20-120 pmol/L) (253J and T24) metastasis; |MYC, Axin-2, MMP- .
rain
ey et ettt ot anr ey 1ttt e et e+ an e e i i e oo e T, 8, 9=
14.
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4 Treatment with Major Findings

Experimental Model References"/!"0"¢

Doses (Including Molecular Changes)
7, MET and cyclin-D1; tWnt/p- S
catenin signaling cascade
4 Significant cytotoxicity and
reduction in cell proliferation; dro-
. tcaspase-3, cleaved PARP, Bax, /
TQ Human bladder cancer cell lines . [64]
(40, 60 and 80 M) (253] and T24) cyt ¢ and AIF; tER-stress marker 1 rats.
' GRP78, IRE1, ATF6, ATF4 and
CHOP; (Bcl-2 and Bcl-xl; induce
4 apoptosis
Inhibit cell viability; reduce tumor 421.
TQ Pancreatic ductal adenocarcinoma size; 1p53, p21; 1Bcl-2 and [65]
4 (10-50 pm) cell lines (AsPC1 and MiaPaCa-2) HDAC; induce apoptosis and G2 nase
cell cycle arrest duced
Human renal tubular epithelial cell Inhibit metastatic phenotype and
TQ line (HK2) and human renal epithelial-mesenchymal transition; [66]
4 (0.5-20 uM) cancer cell lines (769-P and 786- tE-cadherin; 1 Snail, ZEB1 and
0) vimentin; 1LKB1/AMPK signaling ‘inase
TQ Human renal cancer cell lines Inhibition of metastasis; 1LC3;
tAMPK/mTOR signaling; induce 7]
4 (0—100 pmol/L) (ACHN and 786-0) autophagy f phyto-
i
Anti-proliferative effects with Glsg
TQ Human kidney cancer cell lines VS:\;: e(égk?i)uiéﬁgzﬁ\)/;;d T?alagll [68]
4 (40 and 50 puM) (A498 and Caki-1) |Bel-2 and p-Akt; induce
apoptosis )650
£ Hexanic seed extract Human ovary cancer cell line Strong cytotoxic aCt'Y'ty ofSF2 [69] viates
(0-150 pg/mL) (A2780) with 1Cs0 10.89 pg/mL; tcaspase- )
H9 3 and 9; IMMP; induce apoptosis n
Seed.extract and AGS human gastric Activates mitochondrial pathways; [70]
z NSO with OM-90(0.5 . . . :
3 adenocarcinoma cell line induce apoptosis non,
and 2.4 mg/mL)
TQ Human prostate cancer cell lines el;r)]irt]:z;[iQ—iizt:::(fhi/ﬁ;ﬁ?aaesi?iZ?]' [71]
i (0.1-30 pMm) (PC3 and DU145) \TGF-B, Smad2 and Smad3 i
Dose-dependent cytotoxicity with diation.
TQ C';fggoanqg 2:5';;;‘;‘?&”8825‘:‘15 ", 1C50 value 12.12 uM (CAL27) and 12
(0—80 puM) CAL27) 24.62 M (SCC25), respectively;
c induce apoptosis ddin
TQ + Resveratrol Hepatocellular carcinoma cell line Significant cell inhibition; 23]
(46 pM) (HepG2) rcaspase-3; |GSH and MDA, 47.

54. Fathy, M.; Nikaido, T. In vivo attenuation of angiogenesis in hepatocellular carcinoma by Nigella
sativa. Turk. J. Med. Sci. 2018, 48, 178-186.
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, 388.
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E NSO human breast cancer (MCF-7), cells with ICsg 48ug/mL; tROS igella
(50-250 pg/mL) human lung cancer (A-549) and and LPO; |GSH and MMP; 1p53, [r4]
K9 normal human embryonic kidney caspase-3 and 9, Bax; |Bcl-2;
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l; K
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days/week for 9 cancer in Wistar rat model CDNK-1A and GPx; 1Wnt, {- L71
xeeks_ 5 catenin, NF-kB, VEGF, COX2, '
e > P-0- iNOS and TBRAS 1 etal
TQ + Piperine . Inhibit angiogenesis; | Tumor size; MT
(10 mg/kg/day for 14 EMTE/P cells-n;?co:ulated Balb/c tserum INF-y level; |VEGF; [zl
days; i.p) induce apoptosis
TQ + Resveratrol Inhibit angiogenesis; | Tumor size; n, G.; et
EMT®6/P cells- inoculated Balb/c rserum INF- level: IVEGF: [80] SS-

(50 mg/kg/day for 14
days; i.p)

mice

induce apoptosis
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4. Molecular Vi ezﬁaﬁ" ns Ya”@n 6?—;‘5’ hatmacolagical
.F |s etasa c% mesenc @Iﬁ] In renal cell carci ma y
regu?a?ng the(‘d.(g S|gna|ng pa way. (?nca % ) 4 3-1450.
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Aatophagy mduction ({SIT1)

72. Kotowski, U-ff;He“J.’dﬁl”@"aRa G.; Kadletz L Fahlf‘?'i Ségmannwﬂ\gchmld R.; Schneider, S.;

oy esatBa

73. Ismail, N.; Abdel-Maitalel. Y.; Ahme JAAE; wlﬂE}IﬂMaragjw “NIN. Navel com_p_matlon of

thymogquinone and{résveratrol enhanges ai é‘”‘t’t‘é&ﬁcb’“? ‘effe}}tmuhepatocwr carcinoma cell line.
Future J. Pharm. Sci. 2018, 4, 41~45u- s shuay g

74. Al-Oqail, M.M.; Al-Sheddi, E.S.;’?*assaréni;"éji-\'/l.; Siddig "EMA Ahmad, J.; Musarrat, J.; Al-
Khedhairy, A.A.; Farshori, N.N. Nigella sativa seed oil suppresses cell proliferation and induces

ROS dependent mitochondrial apoptosis through p53 pathway in hepatocellular carcinoma cells.
Figureng: gpgafgmelm!e)zgl_aygjechanism of black cumin and TQ-mediated pharmacological actions. The

general pharmacologlcal effects are manifested by their capacity to attenuate oxidative stress by actlvatlng the
7a5nt|}(§>%3 h{\l dé%ﬁgéask)}s (N'??hsﬁarﬁ% ng) |hh|\|/k|)q #gmlr_r']ébﬁdncb)} ra]lttcl%/é%?rigl'grﬂl inf arenrr%g 8}9 &gria?ngp 8\%t KB

andr D08 .néSOPn%b%Q'Prﬁr%&% R HALRlIaN, AL INESION R teauiating the QIondalion s
by A AR e AN SRR I8N RIS IR S RIRER! cancsy THRRAGAIRK Rewr Thedk
S|gn69|ng).18t%er S|gn§|cant molecular mechanisms include induction of autophagy (SIRT1 signaling), priming of
76 egmkalarallisiagia P K sk Tder B : 18eeh PBARYKsign&lingd,eativMigrk o g rBwt daatoy AigiGang@M3 Akt
sigidhieg)o i reathenaehtibym quirieinectradhpee ipxgirsbaamh aritRRIMdhacibityriptoyigh thatipegilayese
phamthcajpomassavbtwsrisn lifiple-auagatimedbTea sixeandetheliumsith Bieheditd nin cBoigdOproteteienBaghinst
mefaladicA0bEsiB7 dyliptieddld 7and diabetes), cardiovascular, digestive, renal, hepatic, osteogenic, respiratory,

777 g) “Ve\}‘ﬁ“mé‘fSﬁﬁl&QdN".‘ﬁTt;%%‘é Idgzrasry?%? V% ?ILJJS a%, IDNIS (icea rE)Cr((a)tectlve mechanism of Nigella

sativa against diethylnitrosamine-induced hepatocellular carcinoma through its antioxidant effect
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Antamd &G eERER 6 WA i goalin B mMgrenanongso th2lH8y133c @8gie@3IBfects that underlie many of its health
7 RERSHA SRR TGRSR %“ bRARSH R AN e e An S AR RRIS I Y Mo quinore
anq LSk &% ﬂn’%%? STOWIR A P13 ear?ugt%E')tﬁé‘“%éjr%%s rueing, varo EP P el SRS DI HSE 880
0328 0P N LI SS3EH IRSRE Bl AR PSR > 4981 J3 ansronal
regulatlon of Nrf2.
79. Talib, W.H. Regressions of breast carcinoma syngraft following treatment with piperine in

Act@ritpi natiof? \M'}tfeithl@nmethruémQem&htﬁ’:halﬂmha2®uh€‘o|85ip2l7ntervention leads to the up-regulation of over
50 dij t t i ' idant def t dox h t bioti
g0 015 aeﬁn‘[:é I R o I Nl o AT AR R0T QRS CE S oG Ton e Lo RBiAs it <enopiotic

detoxificat | d d t lecul d sub t dec k

stoxfication ol oniees raﬁé%rl%% 8 mﬁ%”br’é'a%? S R A SRS R SES. 'Ed)i‘fai'kﬁieﬁ'bad 958y
black cumin and TQ in various pharmacological effects indicate the involvement of Nrf2 activation [241(28131]142][82]
88z Hannan, M.A,; Dash, R.; Sohag, A.A.M.; Haque, M.N.; Moon, |.S. Neuroprotection Against

Oxidative Stress: Phytochemicals Targeting TrkB Signaling and the Nrf2-ARE Antioxidant System.
In derditibn Mo itNeeosalis 2020 titRjnbléellular antioxidant defense system, black cumin can directly scavenge
f lin vi | like DPPH [17][84][85][86] 1
g NRRETT, R M TRISSEIS A SeV RN 4R CBTEER safr?ﬁYéSsiseo silver nanoparticles uby‘N“ge‘Tf 2 Yafiee
TQ h | f
Q ?F‘a%t%Fét%%%’eé’%"ét?é‘f’ac"éuroﬁaﬁﬁ‘c'}hFSSgrﬁd'C S A O B S LA e efrddi, Lssaiagon

str%%Pegm ”é%é%eazj;]aé 41%_(‘?E18xert its antioxidant capacity by activating the Nrf2-dependent antioxidant
defense sysfem. Ht’)we\'/er, thymohydfoquinone, the reduced form of TQ, possesses a high radical-scavenging

ShpABHLERZRINAS Bl sPdaMeE Fat MENRMBRGNN A -ioTagnidrylir ARG ¥Bn AMuBIEKISREM that

the EXBRRAUIBRESD HRRERY RRAYNRNA LRSI REOHIH O NGRERIANAERER ofE OXidative stress in
streptozotocin-induced diabetic male Wistar rats. Oxid. Med. Cell. Longev. 2018, 2018.

LI Ve SGRRIREA TERY) SANANRY STALpesIRIEEl e PSIRTS EREPSE BHESira B BiBheg pachovens
a”dcé'rsr?b‘&?r‘? efdo %‘?ﬂcﬂ"s“p?.c”é%'%cr%‘a‘*ﬁﬁé%? PO A R oA At itfeg F e F BTSSR RS 58T
rele5a7e4%f7 4g1él9mmatory mediators and subsequently underlies the development of many mflammatory

diseases [88] TQ may improve inflammatory response in Alzheimer’s disease model by downregulating the

85 dRabbITLRYUighhihg 20Nadndvs 24 REIRad trdiIRioR AR Xieans BRI KiRh o [ackenimin (Nigella
sativa l.) extracts through different extraction methods. Curr. Bioact. Compd. 2019, 15, 623—-630.

8RS e AR RhAHARRAR R Y Yan-BEY: RRORPAIGH, Bl ARRARR M2 HER sC'r?SAdéf“f\ﬁ‘.‘“n%‘?‘s_r;]d
VRSBt BRSS! Tgﬁﬁiﬂgtﬂat!}sg&r‘s tr?t{&‘{‘.‘d‘an‘?'M%rp%"rr{ﬂsgs%ﬂ%r?ﬁéa? BorposIe ang
P P AP BRIV TO O BIATR B (NidRiE RE A B E NG Baaal B Bt RERYARSIRI P&y ouan
actiﬁatj% fé]f(jnuclear accumulation of SIRT1 [23. Mitophagy, a form of autophagy that clears defective

mitochondria, is regulated by parkin and Drpl expression. An alteration of parkin and Drpl expression may lead to

Ghpaldniek K milRady BdhymgoainpReiantiRudansRMGRPhame 28R, K8téhBne hindered parkin-
gBediasd AHIoRTGTY by, UiegyaiachgT Ry ExpiRsien YMEINaREe RIS @i&géﬁ?@rﬁgné%]romising

Therapy for Inflammatory Diseases: A Journey from Molecular to Nano Therapeutics. Front.
Th$?]n CI%TCE an}egthgﬁgf black cumin and TQ are vested on their capacity to regulate various cellular pathways

that are implicated in proliferation, apoptosis, cell cycle regulation, carcinogenesis, angiogenesis, and metastasis

8% Haguiad, b AntieaiiEiaRe¥hae oRAER 0N BndSEh ade Acpdied R8 e dfaic 13578 Diating -c TR H8dox
systdmdJddighdligh WERIMESEN T 8SHOpRROSHIIE RHTHABIEQY FRF MRS BASTE NG RBAIRSIOR Irfd QYior
grolie B0 BirEARSatAMORD WA OHBISESIHREATY LRPRAG AN AITHRHREHRRRANSAATIORISH, LRk, p-

catglqg,oal%?ﬁﬁéiﬁféﬁnaling (901911921 TQ can prevent cancer development by its antioxidant function and can
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Anddahracte, Mbgreabide|rdrakgH itd. ArcGadtzert: Timyriong Bfo Be s X ntfirarcedd ant reffeisitivity to
chepaittrtiadanits amoe raremedye V8 raivee tndiwarssaogtient8dAatdd idf@383ory signaling pathways and

i - i [76][78][80][93]

93?“&%%9%%’r‘?&fﬁH?‘%ﬁ%@%ﬁﬁQ‘éﬁKhanfa, S.; Almawi, W.Y.; Maaloul, A.; Houas, Z.; Mahjoub, T. Effect

As & HYTO %'s?t?e”a?n"&‘.nla’szé,d'EI%%E“36'5'3!@%‘32%&”9#5%}8’%‘38%’@%@%%‘%%” ouAon AN o play a
fun g?nrgr%gppo% i%otﬁg Fe%ru !alrt]i%ﬂeo ecsel 'grcl)JV\r/'th 'an(? rr‘r?tsgbcgﬂérﬁ @.’ T%e LKBIZAMPK pathway acts as a cell
92 etaimgiivvicHe okpoitinadity dAtikg ; ddtgsawanandiéiMopAinmee) | Has AERatoatitnnsf thelprataotivarefiecettient
stafdigéd] arsatigya @xdtiaat any isspiesanKadtiveehsipasng, teadiog tinocreagdinstdd MBR Hnchtests with
obdsigast dahewsinfeanads, ratsvAiah oMeadB ISeiMPBE1Sgddling20ighP Bontribute to the suppression of cancer
5RO drus, Damaceiquicpl mpdlaion Sy as Qs which was shown ig adtivale LKB1SAMPK signajing (52
COUllrcmlshgﬁ/gimﬁ{?%eﬁgﬁ%&w{ﬁ%{gg TR ARK \Germq%?rkﬁect of Gemcitabine Through Abrogation of Notchl,

Apag_% %éﬁ%/gng;ge'?mgr%%#g er%e%lgarl]%lmgtﬁe%h\s/\t/ﬂ%%rwaﬁ%qﬁg??glgecl;[anno%%ég I'ggrgl)fllgérlst)cls'igr?a i5n’g6sc3)/’stems

thaf are targeted by black cumin and TQ, such as unfolded protein response (UPR). Triggering of endoplasmic
9tiShaokER) retyd3Bs, St@ammbh hhEhenhdaBA A MV E 9 qittivaygibée talnd| iwms aud gas Wiip odeteolxiyyenation
anduwidativeugieras SiRrmoNebdRais Sanacddl 2009 0@,0568ismfl its disruption results in the buildup of unfolded
Redrienglo ftech propeing it yor GRiikime censesioeninduP sp activated to resolve this protein-folding defect and

thus to restore ER homeostasis. In the case of an insufficient UPR, pharmacological activation can play a

therapeutic role in mitigating ER stress. Attenuation of ER stress by TQ suggests its protective role in maintaining
proteostasis. Moreover, black cumin nanoemulsion promoted AP clearance, thus maintained protein homeostasis
in the brain, by upregulating LRP1 B2 a type | transmembrane glycoprotein expressed abundantly in neurons that

facilitates trafficking and degradation of AR [22],
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