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Abstract: Medicinal and aromatic plants are mainly characterized by the presence of different bioac-
tive compounds which exhibit various therapeutic activities. In order to investigate the different
pharmacological properties of different Nigella sativa extracts, a multitude of research articles pub-
lished in the period between 2019 and 2021 were obtained from different databases (Scopus, Science
Direct, PubMed, and Web of Science), and then explored and analyzed. The analysis of the collected
articles allows us to classify the phytochemicals and the pharmacological activities through their
underlying molecular mechanisms, as well as to explore the pharmacological activities exhibited
by several identified compounds in Nigella sativa which allow a better understanding, and better
elucidation, of the bioactive compounds responsible for the pharmacological effects. Also shown are
the existence of other bioactive compounds that are still unexplored and could be of great interest.
This review could be taken as a guide for future studies in the field.

Keywords: Nigella sativa; thymoquinone; oil; organic extracts; pharmacological properties

1. Introduction

In emerging countries generally and Morocco particularly, the population have used
medicinal plants for primary health care due to their low cost and availability [1]. Nigella
sativa (NS), a Ranunculaceae commonly known as “black cumin” or “black seeds”, is an
annual plant that is widely distributed, particularly in North Africa, Middle East, Europe,
and Asia [2].

The black cumin has traditionally been used in Arab countries, the Indian subconti-
nent, and Europe for millennia for culinary and medicinal purposes [3]. The NS is an annual
herbaceous hermaphrodite plant with a height of around 60 cm. The plant is characterized
by branched erect stems, that become empty with age with a green to dark green color. It’s
leaves have a green color that turns to red with age. The NS lower flowers are short and
petaloid while the upper ones are long. The plant flowering begins in April until August,
mainly formed by five petals with a diameter of 20 to 35 mm. Flowers are characterized by
a green color at a young age which turn to blue in maturity. The plant’s fruits are composed
of three to six carpels, and each one of them contains seeds. The seeds are of ovoid size
(2 to 3.5 mm) composed of three to four finely granulated angles, their color becomes black
after maturity and exposure to the air [4]. The black cumin is a natural remedy for many
pathologies, especially for the treatment of asthma, inflammation, cough, eczema, and
flu-like conditions [5]. The seeds are used as a diuretic, carminative, and dewormer [5].
According to a belief commonly accepted among Muslims, “Habba sawda” as it is called in
Arabic, is a panacea used to treat all ailments except to prevent from death [5]. In Moroccan

Biomolecules 2022, 12, 20. https:/ /doi.org/10.3390/biom12010020

https://www.mdpi.com/journal /biomolecules


https://doi.org/10.3390/biom12010020
https://doi.org/10.3390/biom12010020
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomolecules
https://www.mdpi.com
https://orcid.org/0000-0002-0722-7414
https://orcid.org/0000-0002-8678-156X
https://doi.org/10.3390/biom12010020
https://www.mdpi.com/journal/biomolecules
https://www.mdpi.com/article/10.3390/biom12010020?type=check_update&version=1

Biomolecules 2022, 12, 20

2 of 37

traditional medicine, the plant is used to treat illnesses such as allergy, heart disease, hyper-
tension, scarring, dermatitis, abdominal pain, stomach ache, vomiting, osteoarthritis, and
rheumatic pain [6]. The black cumin is mainly formed by non-volatile compounds [7], such
as flavonoids, phenolic acids, tannins, and a volatile part containing terpene compounds [8].
Various extracts and other bioactive compounds derived from the seeds, particularly the
essential oil and its major compound, thymoquinone (TQ), are responsible for various
biological activities, particularly antioxidant, anti-inflammatory, antihepatotoxic, analgesic,
antineoplastic, antimutagenic, anti-nephrotoxic immunostimulant, hypoglycemic, antiulcer,
antimicrobial and antiparasitic activities [5,9]. The NS seeds have been mentioned to have
low toxicity [3]. Several review articles have been recently published on the different effects
of NS. A review assessed by Hwang et al. reported scientific evidence on the use of the NS
extract in the treatment of dermatological disorders [10]. While the reviews conducted by
Alhmied et al., and Hossain et al. focused on the anticancer and the molecular mechanisms
of the TQ by the inhibition of the cell proliferation, and the microbial pharmacology of this
bioactive compound respectively [11,12]. While another review assessed the TQ'’s therapeu-
tic potential against the progression of atherosclerosis and its associated complications [13].
While another review summarizes the possible immune system boosting effect and the
different phytochemicals that could influence and reinforce the immune response [14]. The
nutritional value of the NS and its bioactive compound has been mentioned as a protective
agent against food poisoning [15], and the pharmacology and safety of the plant used
traditionally on a large scale by the population [16]. The present study aims to highlight
the research trends on the Nigella sativa by summarizing the pharmacological activities and
the described molecular mechanisms involved. This study also allows for the summarizing
of bioactive molecules other than TQ that have shown a very strong pharmacological
potential. Furthermore, this review sheds light on some molecules, such as alkaloids, that
are identified but still not explored enough pharmacologically. Furthermore, our review
was assessed for a better direction of future research studies for a potential application in
order to improve health conditions.

2. Methodology of Research

This article is a comprehensive literature review that was assessed to provide an
overview of the phytochemistry and pharmacological activities of NS. Our literature search
was based on Scopus, PubMed, ScienceDirect, and Web of Science. The followed keywords
were, Nigella sativa, black cumin, phytochemistry, pharmacology. Concerning the pharma-
cological activities several keywords were used for each activity “antioxidant, antimicrobial,
anticancer, anti-inflammatory, immunomodulatory, cardioprotective, antihypertensive, an-
tidiabetic, lipid profile”. The bibliographic results were filtered and examined. All research
articles published during three years starting from 2019 till 2021 were the subjects of our
study.

3. Nigella sativa Phytochemistry
3.1. Volatile Compounds

Different studies assessed on the NS essential oil have revealed the presence of dif-
ferent molecules of different nature (Figure 1). They include mono-terpene, di-terpene,
sesquiterpenes, monoterpenoid alcohols, and ketone. Among them, we cite thymoquinone
(TQ), thymohydroquinone, thymol, carvacrol, Phellandrene, o-pinene, and {3-pinene [8,17].
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Figure 1. Some of the chemical compounds identified in the black cumin seeds using the GC-MS.
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3.2. Phenolic Acids and Flavonoids

All these flavonoids exhibit antioxidant properties and allow the protection of the
organism against free radicals. Also, flavonoids cause a decrease in inflammatory cell
adhesion to the subendothelium and therefore induce a decrease in the inflammatory
response. Inhibition of peroxidase activity is another benefit of flavonoids, which allows
the prevention from oxygen reactive species [18]. Among the extracted phenolic com-
pounds from the NS seeds (Figure 2), we mention gallic acid, ferulic acid, vanillic acid,
p-coumaric acid, chlorogenic acid, catechin, quercetin, apigenin, rutin, nigelflavonoside B,
and flavone [19,20].
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Figure 2. Phenolic compounds present in Nigella sativa L.

3.3. Alkaloids

Between the years 1985 and 1995 different NS alkaloids were isolated and identified
(Figure 3) such as nigellicine which is composed of an indazole nucleus [21], nigellimine
which is an isoquinoline molecule [22], also nigellimine N-oxide, and finally nigellidine
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which is a molecule of indazole nature [23]. While another molecule called magnoflorine
was recently identified in the aerial part of the NS plant [20].
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Figure 3. Nigella sativa isolated and identified alkaloids.

3.4. Saponins

Saponins are part of the secondary metabolites present in black cumin, their structures
contain steroids or aglycone triterpenes that are linked by a glycosidic bond to one or more
oligosaccharides. The presence of polar groups (carbohydrates) and non-polar groups
(steroids and triterpenes) give saponins a great capacity to bind to the cell surface and their
membrane components [24]. In a study on the black cumin methanolic extract, several
saponins were identified [25];

3-O-a-L-rtha-(1-2)-L-ara-28-O-a-Lrha(1-4)-3-D-glu(1-6)-3-D-glu-hederagenine;

3-O-3-D-xyl(1-3)-o-L-rha-(1-2)-«-L-ara-hederagenine.
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In another study several saponins were isolated and identified in the aerial part of
the plant [20], among these we cite, nigelloside, Kaempferol 3-O-rutinoside and Flaccidoside
(Figure 4).
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3. R-D-xyl(1-=3)-a-L-rha H

Figure 4. Some saponins isolated from the aerial part of NS.

3.5. Fatty Acids

The black cumin seeds were found to contain crude fiber, minerals (Na, Cu, Zn, P, and
Ca), and vitamins such as thiamine, niacin and folic acid [26]. Furthermore, the NS pos-
sesses different types of fatty acids that were determined using the GC-MS technique [19,27]
(Figure 5). The linoleic acid (55.6%) was among the most abundant fatty acids present
in the NS seeds, followed by oleic acid (23.4%), and palmitic acid (12.5%). While, stearic
acid, lauric acid, myristic acid, linolenic acid, and Eicosadienoic acid are present in small
amounts with a percentage ranging from 0.5% to 3.4% [28].
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Figure 5. Examples of fatty acids found in NS seeds.

4. Pharmacological Properties of Nigella sativa
4.1. Antioxidant Activity
4.1.1. In Vitro

A study carried out by Mahmoud et al., 2021 [29] demonstrated a high antiradical
scavenging activity of NS seeds which was attributed to the high content of phenolic and
flavonoid compounds. A study by Bocsan et al., 2021 [30], indicated that the NS oil has
a high antiradical scavenging activity when tested against 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical. Another in vitro study based on the exposition of washed erythrocytes
to H,O, (10 mM) in the presence and the absence of methanolic extract of NS indicated
that the preincubation of the washed erythrocytes with methanolic extract at different
concentrations showed a decrease of the malondialdehyde (MDA) and antioxidant enzymes,
and an increase of the glutathione GSH in a dose-dependent manner. In addition to the
mentioned effects, anti-hemolytic activity has also been noticed [31] (Table 1). These results
are in accordance with those obtained in the study of Farshori et al., 2021 [32] where the
pretreatment of human umbilical vein endothelial cells (HUVEC) with different doses of
the ethanolic extract of the NS seeds protected the cells from the negative effect of the
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H,0O, which confirms the antioxidant effect of the plant. The radiations have an enormous
interactive capacity with human tissue and can cause free radical generation by radiolysis
of water molecules which induce damage at the level of the DNA and cell death. The
irradiation of Keratinocyte cells by the ultraviolet A-rays (UVA) (320 and 400 nm) can cause
oxidative stress, inflammation, and apoptosis. So, the pretreatment of HaCaT by the TQ
induced a protective effect against the UVA light by inhibition of the cyclooxygenase-2
(COX-2), and this by the activation of the NrF2/ARE pathway. The COX-2 has already
been mentioned to be an indicator of epithelial cell proliferation, oxidative stress, and
inflammation. Hence, the TQ can attenuate the oxidative stress, and inflammatory activity
at the keratinocytes level [33]. The investigation of the combination between the aqueous
extract and honey showed a significant antiradical scavenging activity in comparison with
the ascorbic acid used as control, the ICsy value noted was 20 mg/mL [34]. At the same
level, a study on antioxidant activity using antiradical scavenging activity and the ferric
reducing power of the methanolic extract showed that this organic extract is endowed
with a weak antioxidant activity when tested in comparison with the ascorbic acid used
as a positive control [35] (Table 1). The NS oil (NSO) was indicated to have an important
antioxidant activity, the ICsg value for the DPPHe was 3.8 mg/mL, the ABTSe + 4.7 mg/mL,
and for the ferric reducing power assay 0.8 mg/mL. While no effect was observed in the
[3-carotene bleaching test [36]. Besides the seed’s chemical composition, the methanolic
extract of the aerial part is also rich with several chemical compounds of flavonoids
nature. The evaluation of their antioxidant activities was evaluated using two methods
DPPH and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assays. The results
obtained show that among the 12 isolated molecules only five molecules (magnoflorine,
nigelflavonoside, quercetin sphorotrioside, kaempferol-3, 7-diglucoside, and rutin) were
active with an ICsg ranging from 95.18 uM to 197.8 uM for DPPH, while for ABTS the
ICs varies from 95.18 uM to 247 uM [20] (Table 1). A comparative study showed that the
water-soluble extract (ICs5p = 33.32 mg/mL) gave a very important antiradical activity in
comparison with the oil extract (IC5y = 73.66 mg/mL), while the ascorbic acid gave the
lowest ICsg (4.28 mg/mL) [37]. The evaluation of the free radical scavenging activity and
ferric reducing power of native and roasted NS seeds showed a significant elevation of the
antioxidant potentials whether native, pan or microwave roasting [38] (Table 1).

Table 1. Summary of the antioxidant activities of the NS.

Extract/Compound

Methods Test Results Reference

NS seeds

DPPH (antiradical

In vitro . .
scavenging activity)

IC50 =1.367 mg TE/g

NS supplementation - For 30 g/kg the TAC
(30 and 50 g/kg BW) L . value was 1.0170 [29]
. . Total antioxidant capacity
In vivo (Wistar rats) (TAC) mmol/L
- For 50 g/kg the TAC
value was 1.31 mmol/L
DPPH IC50 =12.713mM T/100 g [30]
) -  DPPH - ICsp=3.8mg/mL
In vitro - ABTS - ICs =47 mg/mL
NSO - FRAP - ICsy=0.8mg/mL
(5 mg/mL) [36,39]
| MDA
In vivo Wistar rats J GSSH

1 Hydrogen donor capacity
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Table 1. Cont.
Extract/Compound Methods Test Results Reference
NS seeds
MeOH extract Erythrocytes exposed to J Antioié\;[r]?tinz mes
(0.2/0.4/0.6 and In vitro y sz o, P | GSH Y [31]
0.8 mg/mL) Anti-hemolytic activity
In vitro Human umbilical vein 1 GSH level
E{OH endothelial cells H,O, 1 Lipid peroxidation
t extract
(10, 30 and 50 pg/mL) | DNA damages (32,401
n vivo istar rats 1pid peroxidation
In vi Wi | Lipid p idati
1 SOD
TQ Irradiation HaCaT C clooinhlfrllzss ZO(fCt}(SeXZ) via
(6 and 12 uM) In vitro keratinocytes cells by the Y Y& [33,41]
(50 mg/kg/day) UVA the activation of NrF2/ARE
&/ Kkg/day pathway.
Arylesterase (not significant)
TQ 1 Paraoxonase
(6 and 12 M) In vivo Irradiation of Sprague Sulfhydryl groups (not [33,41]
Dawley rat kidney tissue significant) ’
(50 mg/kg/day) y y
1 Ceruloplasmin
J Lipid hydroxide
Aqueous extract +
honey In vitro DPPH IC59 = 20 mg/mL [34]
(25-125 mg/mL)
Aqueous extract 1 MDA (not significant)
(0.2/0.4/0.6 and In vivo Human healthy subjects 1 SOD (Not significant) [31]
0.8 mg/mL) 1 GSH level
- Inhibition percentage
MeOH extract - DPPH . reached 40.37% at
(100 pg/mL et In vitro - FRAP (ferric 1000 pg/mL [35]
1000 pg/mL) reducing power) - The percentage 48.4%
at 100 ug/mL
Water-soluble extract In vitro DPPH ICs50 = 33.32 mg/mL [37]
Inhibition percentage of
DPPH DPPH 87.76%, 86.14%,
- Not roasted seeds 87.11% respectively, for the
- Pan-roasted seeds i different prepared seeds
- Microwave In vitro ; . [38]
roasted The ferric reducing power
ERAP percentage, 80.07%, 83.46%,

85.09% respectively for the
different preparations
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Table 1. Cont.

Extract/Compound

Methods Test Results Reference

Aerial part

Magnoflorine

(25, 50, 75 and 100 uM

for DPPH test)
(50, 100, 125 and
250 uM for ABTS test)

) - DPPH - IG5 =71 uM
In vitro - ABTS - IG5 =139.2 uM

Nigelflavonoside

(25, 50, 75 and 100 uM

for DPPH test)
(50, 100, 125 and
250 uM for ABTS test)

. - DPPH - ICs =327 uM
In vitro - ABTS - 1C5p=95.18 uM

Quercetin
sphorotrioside

(25, 50, 75 and 100 uM

for DPPH test)
(50, 100, 125 and
250 uM for ABTS test)

. - DPPH - 1Cs=355uM
In vitro - ABTS - ICsp =988 uM [20]

Kaempferol-3,7-
diglucoside

(25, 50, 75 and 100 uM

for DPPH test)
(50, 100, 125 and
250 uM for ABTS test)

) - DPPH - IG5 =197.8 uM
In vitro - ABTS - IC59 =247 uM

Rutin

(25, 50, 75 and 100 uM

for DPPH test)
(50, 100, 125 and
250 uM for ABTS test)

_ - DPPH - ICsp =39.6uM
In vitro - ABTS - IC50 =129 LLM

1: Upregulation; |: Downregulation.

4.1.2. In Vivo

The supplementation of rats with NS seeds was able to cause an increase in cata-
lase (CAT) activity and the total antioxidant activity in comparison with the control [29]
(Figure 6). In a clinical study, the antioxidant activity tested in vivo on healthy subjects by
a daily administration of the aqueous extract (200-250 mL) during five days indicated a
non-significant decrease on the sixth day of the MDA, and a non-significant increase of
superoxide dismutase (SOD), while a significant increase of the erythrocyte glutathione
GSH was noticed [31] (Table 1). A supplementation of rats with NSO or with TQ has
induced an increase of the ceruloplasmin which represents an extracellular antioxidant
responsible for the reduction of the Fe?* to Fe**. The administration of both the NSO and
TQ were found to have a preventive effect of renal tissues against the radiations and this by
an elevation of the paraoxonase on one side and a decline of the hydroperoxide lipid on
the other side. The NS seeds induced a reduction of the total antioxidant status, and the
oxidative stress index at the renal level of irradiated rats. All these results confirm those
obtained in the in vitro studies [41] (Table 1). The streptozotocin (S5TZ)-induced diabetes
model was used to assess DNA damage by comet assay, which measures STZ-induced
breaks directly, and also to evaluate the protective effect of NS against the STZ damage. A
daily administration of 500 mg/kg of NS ethanolic extract produced a significant decrease
of the induced damage at the level of the DNA, a decline at the level of the lipid peroxi-
dation, as well as an observed elevation of the SOD activity [40]. Similarly, the treatment
of rats with black cumin oils proved their antioxidant activities which are characterized
by a decrease of the MDA and oxidized glutathione (GSSG), as well as an increase of the
hydrogen donor capacity [39] (Table 1).
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Figure 6. Comprehensive summary of the NS pharmacological activities.

4.2. Antimicrobial Activity/Antibacterial Activity
4.2.1. In Vitro

The obtained fractions from the methanolic extract of NS showed an important an-
tibacterial activity on different strains such as Staphylococcus aureus, E. coli, and Pseudomonas
aeruginosa (Figure 6). Also, this inhibition potential was confirmed on multi-drug resistant
bacteria like the Staphylococcus saprophyticus and Staphylococcus epidermis [35]. A synergic
effect was observed when testing the antibiotics (ATB) with the NS oils obtained with the
cold press technique on the methicillin-resistant S. aureus (MRSA) which showed poten-
tiation of the effect exerted by the ATB. This combination of the oil with ATB especially
with ‘Augmentin” showed a better bactericidal effect on the MRSA. The scanning electron
microscope revealed a membrane deformation of the bacterial cell [42]. Concerning the
aqueous extract obtained by a decoction of the NS, seeds indicated an antibacterial poten-
tial at a concentration of 100ug/mL against gram-positive (Micrococcus luteus, S. aureus,
Bacillus subtilis), and gram-negative bacteria (Agrobacterium tumefaciens, Salmonella setubal,
Enterobacter aerogenes) [43] (Table 2).



Biomolecules 2022, 12, 20 12 of 37
Table 2. Summary of the antimicrobial activities of NS.
Extract/Fraction Method Bacterial Strains Results Reference
Antibacterial Activity
- Eradication of H. pylori
NS supplementation + in vivo - Amelioration of body
quadritherapy Clinical study on Helicobacter pylori weight, and the body [44]
(2 g/day) unhealthy volunteers mass index.
S. aureus
in vitro E coli ) All tested bacteria showed a
MeOH fraction T - aeruginosa susceptibility toward the [35]
Agar diffusion method gARS ﬁ o DR methanolic fraction
. epidermis
)
NS + ATB (Augmentin ') . Potentiation of the ATB
(5and 7.5 ug/mL for NS, In Vitro MRSA activity, plus a membrane [42]
10 and 20 mg for Agar diffusion method c/l P .
Augmentin®) eformation
M. luteus
S. aureus
P B. subtilis
in vitro .
Aqueous extract Agar diffusion method A. tumefaciens MIC at 100 pg/mL [43]
S. setubal
E. aerogenes
Inhibitory activity on the
o S.aureus (clinical strain) tested strains that was
P(Ile 5(8 II: e/)i:i;t Acar difl? Vim:m thod S.auregs (MTCCQ) characterized by an inhibition [45]
& &2 uston metho S.typhi (MTCC) diameter between 11.25 to 19
mm.
- Inhibitory activity of
different gram+ and
K.pneumoniae gram™ bac;teria with a
S.epidermis (ATCC) MIC ranging from 1.04
S.aureus t0 8.3 pg/mL.
S.epidermis - Synergic activity in the
TQ in vitro Bacillus subtilis presence of ATB
(50 pg/mL) Microdilution technique, Bacillus licheniformis B Inhibition of bacterial
(1.25, 2.5 and 6 mg/uL) and agar diffusion method Chlamydia trachomatis growth . [46-48]
- Inhibition of bacterial
(1 pg/mL)
growth
- ICsp=3.12 M

Fusobacterium nucleatum
associated to Actinomyces

naeslundii

Inhibition of biofilm formation

at a concentration of 0.1%
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Table 2. Cont.
Extract/Fraction Method Bacterial Strains Results Reference
Antibacterial Activity
in vitro - Bac%llus s.ubtili.s ) A bacterial inhibition at a [47]
Agar diffusion method - Bacillus licheniformis concentration of 5 ug/mL.
NSO
(1.25,2.5and 5 mg/uL) Injection of bacterial strains to
(7% mL/kg diet) o Oreochromis niloticus CYPIA »
fvive - Ahydrophila v [49]
- P.fluorescens
- Inhibition diameter of
about 13 mm.
Aqueous extract in vitro - S,aur(?us - Inhibition diameter [50]
(20 mg/mL) Agar diffusion method - E. coli 6 mm. g
At a concentration of
20 mg/mL
- P. aeruginosa A strong activity with an MIC
- K. pneumoniae value ranging from 0.25 to 1
n-butanol extract in vitro B A.baumannii uL/mL
(1.5,2 and 2.5 uL./mL) Microdilution method [51]
- E. coli .
] S aureus Inactive
in vitro - S. gallinarium Inactive
Agar diffusion - S. enteriditis
[52,53]
Onin felcr’;e‘gtlli?ela cells Chlamydia trachomatis 1Cs59 = 0.009% v/v
J Total number of bacteria and
. 1 oil in vitro also of the cold-resistant
ssential ot . Bacillus spp. bacteria [54,55]
(100((1)“1%// )mL) On Stocked boilers meat Total inhibition of bacterial
/e rowth
(0.25 and 0.5%) &
- MRSA An inhibitory potential with
in vitro - Extended-spectrum an MIC ranging from 3 to 20
Microdilution technique beta-lactamase pL/mL and an MBC value [8]
! A.baumannii varies between (3 to 40
- P.aeruginosa pL/mL).
Carvacrol in vitr
(3.12, 6.25,12.5, 25, 50 and On infected h(:ela cells Chlamydia trachomatis IC5¢ = 6.25 UM
100 uM)
in vitro . .
Thymol On infected hela cells Chlamydia trachomatis ICsp = 6.25 uM
(3.12, 6.25,12.5, 25, 50 and Fusobacteri leat
100 uM) . usoBacterim nucteatiin Inhibition of biofilm formation [48,56]
o in vitro associated to Actinomyces .
(0.1%) naeshindii at a concentration of 0.1%
Cymene in vitro

(3.12, 6.25,12.5, 25, 50 and
100 ©M)

On infected hela cells

Chlamydia trachomatis

ICso = 3.12 uM
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Table 2. Cont.
Extract/Fraction Method Bacterial Strains Results Reference
Antifungal activity
NS Seeds
Inhibition of 66.67% of
the tested fungi, while
the 33.3% left were
- Trichophyton sp. resistant.
- Candida albicans C. tropicalis was the
in vitro - Candida tropicalis highly sensitive strain
MeOH extract Agar diffusion method - Candida krusei (18.0 mm), while (3]
- Penicillium sp. Penicillium sp. Was less
- Aspergillus niger sensitive.
Aspergillus niger was not
sensitive to the crude
extract
in vitro - Candida albicans MIC =25 mg/mL
EtOH extract Microdilution method - -Candida parapsilosis MIC =12.5 mg/mL (571
n-butanol extract in vitro ) gang}ga Elblcap s MIC value between 0.125 and [51]
(1.25,2 and 2.5 uL./mL) Microdilution method ) andlaa kruset - 0.5 uL./mL -
- Candida parapsilosi
Sodium
carboxymethylcellulose Iniecti . . . .
. njection of Candida albicans to Significant decrease of colonies
NS extract in vivo [58]
female rats at a dose of 6.6 mL/kg
(5 mg/mL at a dose
6.6 mL/kg)
Hexane fraction was
active on the different
strains (2.0 to 50.0 mm)
Chloroform fraction was
active on only 33%.
Trichophyton sp. and
Candida tropicalis were
considered as highly
) Trichophvton s sensitive to the different
Hexane, Ethyl acetate, ophyTon sp- fractions.
- Candida albicans .
MeOH, Chloroform L . o Ethyl acetate fraction
extracts (Obtained by n vitro ) Candida tropicalis had a zone inhibition [35]
Agar diffusion method - Candida krusei :

methanolic extract
fractionation)

- Penicillium sp.
- Aspergillus niger

ranging from (2.0 to 12.0
mm).

The different tested
strains were found to be
sensitive to MeOH
fractions except for
A.niger.

Aspergillus niger was not
sensitive to the
chloroform and ethyl
acetate fractions.
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Table 2. Cont.
Extract/Fraction Method Bacterial Strains Results Reference
Antifungal activity
NS Seeds
Nigellothionines in vitro - A flavus The zone inhibition ranged
(concentrations ranging Acar diffusion method - A fumigatus from 11 to 12.7 mm, and the [56]
from 0.5 to 64 mg/mL) & - A.oryzae MIC was 0.77 uM
Aerial part

- Ethyl acetate frac-

tion
- n-hexane fraction
- n-butanol fraction
- Aqueous fraction

(Obtained from
methanolic extract
fractionation)
(concentrations ranging
from 1.562 to 200 mg/mL)

Antifungal bioassay

The different fractions
exhibited a biomass reduction
at 50 mg/mL, except for the [59]
aqueous fraction that had a
low activity

- Fusarium oxysporum
- Macrophomina phaseolina

1: Upregulation; |: Downregulation.

The n-hexane extract showed promising antibacterial activity when tested on isolated
clinical S. aureus, also on MTCC bacteria S. aureus, and Salmonella typhi [45]. A study
assessed on TQ showed that the molecule has a great capacity to inhibit the bacterial growth
for several bacterial strains. The treatment by different concentrations of the same molecule
showed significant inhibition of the biofilm formation. It has also been demonstrated
that the molecule showed a highly synergic effect in the presence of the antibiotics and
this against gram-positive and gram-negative bacteria [46]. Similarly, the effect of TQ,
methanolic extract, and NSO (extracted and commercial) showed better inhibition of the
Bacillus subtilis, and Bacillus licheniformis [47].

The n-butanol extract obtained from the seeds of NS exhibited a strong antibacterial
activity on P. aeruginosa, Klebsiella pneumoniae, and Acinetobacter baumannii, with a minimal
inhibitory concentration that varies between 0.25 and 1 pL/mL. On the contrary, the same
extract was inactive on E. coli and S. aureus. The antibacterial effect of butanol extract
against the bacterial strains responsible for food poisoning and nosocomial infection could
be due to its richness with fatty acids and terpenoid compounds [51]. The nanoparticles
formed by green synthesis from the silver nitrate, plus the NS aqueous extract gave an
antibacterial activity with different inhibition diameters 13 mm for S. aureus and 6 mm
for the E. coli at a concentration of 20 mg/mL [50]. On the other hand, the tested NS EO
was found to be inactive on multidrug-resistant bacteria isolated from poultry like the
Salmonella gallinarium and Salmonella enteriditis [52]. In the same way, the black cumin EO
and the different compounds such as thymol, TQ, carvacrol, and f-cymene were found to
be very effective on Chlamydia trachomatis one of the principal causes of sexually transmitted
diseases [53]. Finally, in a comparative study assessed by Dalli et al., 2021 [8] the NS EOs
originating from four countries have shown their antibacterial effect on MDR-bacteria such
as MRSA, extended spectrum beta-lactamase, A. baumannii, and P. aeruginosa which was
attributed to the different bioactive compounds present in the different volatile compounds
obtained by hydrodistillation. Another study on the in vitro inhibitory capacity of the
NS EO, thymol, and TQ showed an inhibitory capacity against Fusobacterium nucleatum
associated with Actinomyces naeslundii [48] (Table 2).

4.2.2. In Vivo

The NSO was found to be very effective on bacterial infection after an intraperitoneal
injection of Aeromonas hydrophila and Pseudomonas fluorescens to Oreochromis niloticus. This
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administration of NSO was accompanied by a decrease in the cytochrome P450 1 A (CYP1A)
expression which increases in the case of infection as a response to oxidative stress and
for detoxification of the organism [49]. In a clinical study, the supplementation of the NS
with the quadritherapy demonstrated a beneficial effect on the eradication of Helicobacter
pylori, also an amelioration of different parameters such as body weight, and the body mass
index [44]. Moreover, an addition of essential oils to stocked boilers meat gave satisfactory
results, leading to a reduction in the total number of bacteria and cold-resistant bacteria
while also helping to maintain the nutritional value of the meat [54]. These results were in
accordance with those obtained after the pre-treatment of the meat with the commercial
essential oil which induced a significant decrease of Bacillus spp. This latter was found to be
very sensitive to the EO and the NS powder [55] (Table 2).

4.3. Antiviral Activity

The study of the effect of black cumin oil on patients who tested positive for COVID-
19 with mild symptoms shows that this oil at a dose of 500 mg/kg was able to improve
the average number of days to cure in the NSO group, around 10.7 days compared with
the control group’s 12.4 days. The percentage of patients cured in the NSO group was
significantly higher than in the control group, with 57 patients (63%) versus 32 patients
(35%), respectively [60].

Several studies have been realized computationally (in silico) for a better understand-
ing of the antiviral activity assessed on SARS-CoV 2. A study performed in silico showed
that TQ may exhibit inhibitory activity against the SARS-CoV 2 protease [61], and has been
mentioned as being able to induce oxidation of the virus, protecting cells by modulating
endosomal pH [62]. The molecular docking study confirms the same results obtained by
Koshak et al. 2021 [60] which suggest that TQ can act against COVID-19 by inhibiting the
angiotensin-converting enzyme 2 (ACE2) which inhibits the interaction of viral proteins.
Several hypotheses suggest that nigellimine, an alkaloid present in NS seeds, can block the
entry of SARS-CoV 2 through an inhibitory activity on ACE2 and it has also been reported
that co-administration of hydroxychloroquine (HCQ) with black cumin seeds reduced the
toxicity and potentiated the antiviral action of HCQ against COVID-19 [63]. In the in-silico
study by molecular docking of nine bioactive compounds from black cumin, the theoretical
results show that four of them gave good binding affinity towards RNA-dependent RNA
polymerase. For example, o-hederin gave a binding affinity that is higher than that demon-
strated by Remdesivir used as an antiviral agent. While TQ, nigellicine, and nigellidin gave
an affinity low to that recorded by «-hederin but was close to that of Remdesivir [64]. The
inhibitory power of several bioactive compounds was tested in silico on transmembrane
serine protease 2 (TMPRSS2) which is an enzyme present at the level of pneumocytes II
and in the case of the presence of the virus this enzyme truncates (amputates) the spike
protein which thus facilitates its endocytosis. The results obtained show that carvacrol was
able to theoretically inhibit TMPRSS2 more than Comstat used as a control, while thymol,
given in silico, always produced a low activity [65]. A study conducted by Sajjad Ahmad
et al., showed that nigellone, also called dithymoquinone, was able to theoretically inhibit
all four crucial targets of coronavirus [66], while nigellidine and kaempferol, which are two
compounds present at the seed level, also showed a high affinity with COVID-19 C19MP
proteases [67] (Table 2).

4.4. Antifungal Activity

The fractions obtained from methanolic extract were found to exhibit an antifungal
activity when tested on Trichophyton sp., Candida albicans, Candida tropicalis, Candida krusei,
Penicillium sp. and Aspergillus niger [35] (Figure 6). An MIC value of 25 and 12.5 mg/mL
respectively of Candida albicans and Candida parapsilosis was noted when testing the NS
ethanolic extract [57]. The aqueous extract tested on fungal strains has been mentioned
to be effective when evaluated on different Mucor fungal species such as Fusarium solani,
Aspergillus fumigatus, Aspergillus flavus, and Aspergillus niger, with the inhibition percent-
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ages ranging from 30 to 70% [43]. Furthermore, an isolated peptide from the NS seeds
named nigellothionines has been found to exhibit an antifungal activity toward A. flavus,
A fumigatus, and on A.oryzae [56] (Table 2). Meanwhile, n-butanol extract has been found to
have an antifungal action against Candida albicans, Candida krusei, and on Candida parapsilosis
with an MIC of 0.125 and 0.5 uL/mL. The terpenoid compounds and the fatty acids could
be the responsible elements for the antifungal effect [51].

The different fractions obtained after fractionation by different organic solvents from
the methanolic extract of the vegetative parts of nigella have been tested for their antifungal
power and this on two strains Fusarium oxysporum, and Macrophomina phaseolina. The
obtained results indicate that the ethyl acetate fraction was able to inhibit the growth of the
two used fungi at a concentration of 50 mg/mL; furthermore, the chloroform fraction has
the same ability to inhibit M. phaseolina at the same concentration of 50 mg/mL. Meanwhile,
the n-hexane and the n-butanol extracts induced a significant inhibition that reached the
level of 88% at 50 mg/mL, finally, the aqueous fraction has the lowest inhibitory activity of
about 5% [59] (Table 2).

In Vivo

An in vivo study on the therapeutic potential of black cumin was verified on female
rats inoculated with Candida albicans which is considered as the major cause of vulvovaginal
candidiasis. The results obtained reveal a significant decrease in the number of fungal
colonies after treatment with NS extract at a dose of 6.6 mL/kg [58] (Table 2).

4.5. Antiparasitic

Concerning the antiparasitic activity of the plant, it has already been mentioned by
El-Sayed et al. in 2019 [68] that TQ has a great ability to inhibit, in vitro, different parasites
such as Babesia bovis, Babesia bigemina, Babesia divergens, Theileria equi, and Babesia caballi.
The combination of TQ and the diminazen aceturate on Babesia bovine, Babesia equine,
and Theileria parasites gave a considerably high effect. The per os administration and
intraperitoneal injection of TQ at a dose of 50 and 70 mg/kg to mice induced the growth
inhibition of Babesia microti [68].

4.6. Anticancer Activity

More than the antioxidant activity mentioned before, the formulation between the NS
extract and honey gave an inhibition of the growth of ovarian cancer cells PA-1, and this in a
dose-dependent manner [34]. In the same context, the aqueous extract has demonstrated a
cytotoxic effect on brine shrimp Artemia salina, the obtained results indicate the presence of
a cytotoxic effect with an ICs( value equal to 284.9 mg/mL [43]. The nigellothionine tested
on B16 cells (mice melanoma), HTC-116 (human adenocarcinoma), and human postnatal
fibroblasts (HPF) showed a decrease in the cell viability of the three used cell lines [56]
(Table 3).

Table 3. Summary of the anticancer activities of NS.

Extract/Compound Method Cell Lines Results Reference
Aqueous extract In vitro Brine shrimp assay on artemia  Cytotoxic effect with an ICsg [43]
(250, 500, 1000 mg/mL) salina value equal to 284.9 mg/mL
(concei]’i*;cizizi};n i Inhibition of the cell
gng In vitro Ovarian cancer cells PA-1 proliferation in a [34]

between 10 and
70 pg/mL)

dose-dependent manner.
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Table 3. Cont.
Extract/Compound Method Cell Lines Results Reference
Aqueous extract
prepared with Mouse squamous cell 5% of the diluted extract
mimicking the chewing In vitro carcinom;lcells SCC VII induced inhibition of cancer
process cell growth.
(1.25, 2.5 and 5%) [69]
a-hederin Mouse squamous cell The a-hederin alone at a dose
(5,10, 20, 40 and In vitro carcinomz?cells SCC VII of 20 pg/mL induced an
80 ug/mL) antiproliferative effect.
B16 cells (Mice J Cell viability of the
Nicellothioni melanoma) three used cell lines.
tgetiothionines . HTC-116 (Human The IC5( values
(concentrations ranging In vitro . . [56]
P 0.1-50 uM adenocarcinoma) registered were 0.30 for
rom 0.1-50 uM) Human postnatal B16, 0.20 for HTC-116,
fibroblasts (HPF) and 0.55 for HPF.
J THP-1 cell viability to
90% as well as a cell
THP-1 CeEs a lﬁulr.nan arrest at the level of
monocytic cell line GO/G1 at 500 pg/mL.
1 TLR4
NS melanin Reduction of 80% of
(concentrations ranging HEK?293 cells
from 7.8-500 pg/mL) In vitro HEK293 embryonic at500 pg/mlL. [70,71]
(concentrations ranging kidney cells Blockage of the cell cycle
from 5-200 pg/mL) at the G2 phase.
No TLR 4 increase.
1+ ROS
Colorectal o
adenocarcinoma HT29 Activation of the JNK
Colorectal cancer P atl'wye‘ly.
metastasis SW620 Inhibition of the ERK
phosphorylation
| Polychromatic erythrocyte
NSO (PCE) at 500 mg/kg of NSO,
(500 mg/kg/day) In vivo Balb/c mice and NSO + Cisplatin which [72]

indicated a bone marrow

recovery.
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Table 3. Cont.
Extract/Compound Method Cell Lines Results Reference
- Activation of cell
apoptosis
Liver cancer cells - 1 P38phosphorylation
- 1 Extracellular
SK-Hep 1 . .
signal-regulated kinases
Breast cancer cells (ERK)
MDA-MB 231 - Inhibition of cell
proliferation at low doses
of 50 and 100 uM
TQ : - 71 Pro-apoptotic marker
In vitro POPpLOUC Markers
(1,10 and 25 uM) P53, Bax, and
Cytochrome C at 25 uM.
- | Anti-apoptotic markers
Bcl-2 and Bel-xl.
Renal human cancer cells - Inhibition of
CaKi-1 JAK2/STAT3 pathway
phosphorylation which [73,74]
induces cyclin D1, cyclin
D2, and the survivine
inhibition.
- TROS
- No effect was observed
Ferulic acid at 250 uM.
(250, 350 and 450 uM) - Antiproliferative action
at a dose of 450 uM.
.. . Breast cancer cells
TQ + ferulic acid In vitro
(“25 uM + 250 tM”, “50 MDA-MB 231
KM + 350 uM”, “50 uM 25 uM + 250 UM
+ 450 uM”, 7100 kM + antiproliferative effect
350 uM” and “100 uM + p
450 (“25 uM + 250 uM”
respectively)
HCT116, AGS, and on 1C5p that was lower than
HCC-LM3 10 uM
Sapindoside B -
(1, 5,10, 20 and 50 uM) In vitro Ab49, H1299, H460, HGC27, ICs5 ranging from 11.93 to [75]
Y and HepG2 20.05 uM
Gastric cancer cells MGC830 Inactive
NS virgin oil rich with
volatile compounds LCsp 1.6 pg/mL and
(concentrations ranging MCF5 1.3 ug/mL for MCF5 and
from 0.46 to In vitro A324 A325. [76]
3.09 mg/mL

Virgin oil without
volatile compounds

No effect even at high doses
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Table 3. Cont.

Extract/Compound Method Cell Lines Results Reference
- Cell morphology changes
and reduction of the cell
volume.
Combination of (NS, - 300 pg/mL induced
Hemidesmus indicus, DNA fragmentation.
and smilax glabra) ethyl In vitro Lung cancer cells NCI-H292 - 1 Caspase 3/7 activity at [77]
acetate extract 50 pg/mL.
(25, 50, 100, 200 and - Subexpression of Bac and
400 pg/mL) P53 induced apoptosis of
cancer cells.
- | Heat shock proteins
(Hsp) 70 and 90
Hydroalcoholic extract IC 1 ted
(100, 200, 400, 600 and In vitro MCF-5 50 va ue noted was [78]

800 pg/mL)

3.29 mg/mL

1: Upregulation; |: Downregulation.

To evaluate the potential of NS seeds as an application to the oral mucosa in the pre-
vention of oral cancer. An aqueous extract of whole seeds of NS was prepared, mimicking
the case of chewing the seeds within the mouth. The results obtained indicated that 5% of
the diluted extract induced inhibition of cancer cell growth. The chemical analysis of this
extract showed the presence of a small amount of TQ, while the x-hederin was the major
compound. The x-hederin alone at a dose of 20 pg/mL induced an effect very similar to
that of the aqueous extract on oral cancer cells, which suggests that this molecule is the
element responsible for the anticancer activity [69]. Another study that focuses on testing
TQ on liver cancer cells SK-Hep 1 demonstrated that this molecule can activate cell death
by the activation and elevation of P38 phosphorylation and by an increase of extracellular
signal-regulated kinases (ERK) (Figure 6). The P38 inhibition was accompanied by the
cessation of TQ activity [79]. Similarly, TQ inhibited breast cancer cells MDA-MB 231, and
inhibited their proliferation at low doses of 50 and 100 uM (Table 3).

Ferulic acid, a phenolic compound present in the seeds of NS gave, an antiproliferative
action at a concentration of 450 uM. On the other hand, no effect of the ferulic acid was
noted at a concentration of 250 uM, but its combination with the 25 uM of TQ induced a
significant decrease in cell proliferation [73]. Concerning the virgin oil, rich with volatile
compounds of NS, obtained by cold press and tested on MCF5 and A324, this showed an
apoptotic activity that was dose-dependent with an LCsq of 1.6 ug/mL and 1.3 ug/mL for
MCF5 and A325, respectively. Whereas, the black cumin oil without volatile compounds
gave no cytotoxic effect even at a high dose of 3.09 ug/mL, and this despite the presence of
TQ which suggests the intervention of other molecules in the obtained pharmacological
property [76] (Table 3).

The plant melanin was obtained from NS seeds tested on THP-1 cells (a human
monocytic cell line derived from acute monocytic leukemia) and also on HEK293 embryonic
kidney cells. The obtained results indicate that the exposition of THP-1 to 500 pg/mL of
plant melanin caused a significant decrease in the cell viability to 90% as well as a cell
arrest at the level of GO/G1. This registered effect was accompanied by an augmentation of
TLR4 which is known as the site of apoptosis induction. While no effect was observed on
HEK?293 at lower doses, at a dose of 500 ug/mL a cell viability reduction of about 80% was
noticed; in addition to a blockage of the cell cycle at the G2 phase. No TLR4 expression
was observed at the level of HEK293 cells [70]. The cytotoxic effect of the NS melanin was
confirmed in a study performed by Al-Obeed et al. in 2020 [71], which demonstrated that
the plant melanin was endowed with an inhibitory action of the colorectal adenocarcinoma
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HT?29, and on the colorectal cancer metastasis SW620. In addition to this cytotoxic effect
there was an elevation of the reactive oxygen species, modulation of the MAPK pathway
by activation of the JNK pathway, and an inhibition of the ERK phosphorylation. The
supplementation of Balb/c mice by 500 mg/kg of “NSO” only or with “NSO + cisplatin”
induced an increase in the polychromatic erythrocyte (PCE) which reflects a rapid recovery
of bone marrow performance. This indicates the cytoprotective and reno-protective effects
of black cumin seed oils [72] (Table 3).

TQ was found to induce apoptosis of renal human cancer cells CaKi-1 at a concentra-
tion of 25 uM, an effect that was accompanied by an elevation of pro-apoptotic markers
such as P53, Bax, and Cytochrome C. On the counterpart, a reduction of the expression of
anti-apoptotic elements Bcl-2 and Bcl-xI was noticed. In the same study, it is mentioned that
treatment with TQ-induced inhibition of JAK2/STAT3 pathway phosphorylation induces
inhibition of different elements such as cycline D1, cycline D2, and survivine (Figure 6)
which are mainly involved in cell proliferation and the fight against apoptosis. TQ effec-
tively protected the localization of phosphorylated STAT3 in the nucleus and thus inhibited
its binding to DNA. In addition to its inhibitory role, TQ also caused an increase in reactive
oxygen species (ROS) inside CaKi-1 cells. The antitumor effect was also verified by in-
traperitoneal injection of CaKi-1 tumor cells and TQ into BALB/c mice. The results obtained
show a reduction in the number of injected cancer cells compared with the control [74]
(Table 3).

The treatment of lung cancer cells NCI-H292 with an herbal combination formed by
NS seeds, Hemidesmus indicus, and Smilax glabra demonstrated that the ethyl acetate extract
of the formulation showed a better cytotoxic effect. The induced effect was accompanied
by changes at the level of the cell morphology such as a reduction of the cell volume and
the formation of bulbs. Also, a tiny fragmentation at the DNA level was observed after
treatment with the ethyl acetate extract at a concentration of 300 pg/mL. At the molecular
level, it has been noted that an augmentation of capase 3/7 activity at 50 ug/mL with a
subexpression of Bac and P53 induced apoptosis of cancer cells. On the counterpart, a
downregulation was registered of heat shock proteins (Hsp) 70 and 90 [77] (Table 3).

The study by Kordestani et al. in 2020 showed that the NS hydroalcoholic extract
was able to inhibit the cancer cell proliferation of MCFE-5 in a dose-dependent manner,
with the registered ICsg after 24 h of treatment being 3.29 mg/mL [78]. The sapindoside
B extracted from black cumin seeds presented a cytotoxic action against HCT116, AGS,
and on HCC-LM3 with an ICs5( that was lower than 10 uM, but was moderately active on
Ab549, H1299, H460, HGC27, and HepG2 with an ICsy ranging from 11.93 to 20.05 uM. The
extracted saponin was inactive on gastric cancer cells MGC830 [75] (Table 3).

4.7. Anti-Inflammatory and Immunomodulatory Activity

Concerning the anti-inflammatory activity, NSO injection at different doses to rats with
carrageenan-induced edema in the hind paw causes significant suppression of the edema,
this effect has been attributed to the inhibition of eicosanoid and lipid generation [80].
Gholamnezhad et al. investigated the immunomodulatory effect of NS on Wistar rats
after injection of 10% PHA (phytohemaglutinin), where an improvement of the animal
weight was observed. The supplementation of the animals with a dose of 50 g/kg caused
an increase in the size of the spleen which is an organ responsible for the clearance of
particles that hurt the body. The antioxidant effect of the plant can be attributed to its
immunostimulant activity which is manifested by the increase of IL-12 which in turn
stimulates the production of TNF-«, IF-y, and also CDS8 in the spleen of treated rats [81]
(Table 4).
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Table 4. Summary of the anti-inflammatory and immunomodulatory activities of NS.

Extract/Compound

Method Test type

Results

Reference

NSO
(1,2 and 4 mL/kg BW for
the acute phase, 4 mL/kg
BW for the subacute
phase)

Inflammation caused by
carrageenan on the rat’s path

Suppression of the edema

In vivo

Acute treatment and subacute

- Doses of 2 and 4 mL/kg
showed their
anti-inflammatory in the acute
test.

- No activity in the subacute
test.

[39,80]

NS supplementation
(200 mg/kg BW)
(2 g/day added to foods
or drinks)

Injection of 10% PHA
phytohemagglutinin to rats

In vivo

- 50 g/kg daily
supplementation induced an
increase in the size of the
spleen

- 1 IL-12.

- 1 TNF-a

- TRy

- 1 CDS8 production.

[81]

Clinical study on patients with
B-thalassemia

(2 g/d) for 3 months induced:

- 1 Neutrophils, 1 CD4, and 1
CD8

- 1 Phagocytic capacity of
macrophages

[82,83]

Hydroalcoholic extract

In vivo Oreochromis niloticus

- J NFK and | IKK mRNAs
- JIL-1B
- } CYP1A

[49]

Ethanolic extract
(12,24and 4.8 g/kg
BW/day)

In vivo On lupus mice

- | anti-DNA

- Improvement of the Th1, and
Th2 balance

- 71 T-cells in lupus mice at
48¢g/kg/d

- 200 mg/kg which may balance
the Th1/Th2 cytokine profile

[81,84]

NS polysaccharides
(NSSP)
(0.1mL/10 g)

Injection cyclophosphamide

Invivo CTX to mice

Protection of thymus and spleen
against CTX-induced damage

- 4LDH

- 1 Acid phosphatase

- 1T TAC

- 1 SOD

- T CAT activity

- | MDA.

- 1 IL-2, IL-4, and IL-6 in the
serum of mice.

- | TNF-«, and regulation of cy-
tokines level.

[85]

TQ

Human monocytic leukemia cell

In vitro line THP-1

- Protection against subgingival
inflammation
- Inhibition of TNF-

[48]

1: Upregulation; |: Downregulation.
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Acute treatment with black cumin oil by a dose of 2 and 4 mL/kg showed anti-inflammatory
effects in comparison with diclofenac used as control, while no anti-inflammatory activity was
observed in sub-acute treatment with black cumin oils [39]. TQ was signaled to protect against
subgingival inflammation, a chronic periodontitis pathology, and achieved this by inhibiting the
production of TNF-x [48]. Kordestani et al. have mentioned the ability of the hydroalcoholic
extract to decrease the expression of NFK and IKK mRNAs (Figure 6) which explains that
the anti-inflammatory effect of the plant is associated with a reduction in the expression of
these genes [78]. Black cumin oils were also able to decrease the expression of IL-13 and also
CYP1A [49] (Table 4).

To test the effect of NS polysaccharides (NSSP), mice were subjected to intraperi-
toneal injection of cyclophosphamide CTX to induce immunosuppression. Gavage of mice
with different concentrations of polysaccharides induced protection of thymus and spleen
against CTX-induced damage. It has been mentioned by the same authors that an increase
of lactate dehydrogenase and acid phosphatase indicates the immunomodulatory effect
exerted. The administration of CTX was accompanied by a decrease in total antioxidant
capacity, SOD, as well as a decrease in the activity of endogenous antioxidants such as
CAT, while an increase in MDA was also recorded. All these effects were mitigated by the
administration of polysaccharides where an increase in total antioxidant capacity, SOD,
was recorded. This administration induced an increase in CAT activity accompanied by a
decrease in MDA. The results of this experiment show that the high dose group of NSSP
significantly increased the levels of IL-2, IL-4, and IL-6 in the serum of mice (Figure 6),
decreased the level of TNF-«, and regulated the level of cytokines to exert immunomodu-
latory effects. PTEN is a homologous negative regulator of the phosphatase-tensin gene,
and its deregulation and deletion lead to the activation of the PI3K signaling pathway. It
has been found that the administered group exerted immunomodulation by up-regulating
PI3K protein expression and down-regulating PTEN expression, increasing antioxidant
enzyme activity and decreasing ROS and TNF-«, a pro-inflammatory factor. Decreasing
the expression of PTEN, a negative regulator of PI3K, by activating the PI3K/Akt sig-
naling pathway to regulate FoxO1 factor, inhibited TLR4/NF-B and the expression of
pro-inflammatory cytokines, increasing the release of anti-inflammatory factors and thus
exerting the immunomodulatory effect [85] (Table 4).

Systemic lupus erythematosus (SLE), is a systemic disease characterized by the pro-
duction of anti-nuclear antibodies directed in particular against native DNA. The effect
of NS ethanolic extract was tested on lupus mice by pristane. The results obtained show
that anti-DNA tends to decrease with increasing dosage of ethanolic extract. These results
suggest that black cumin was able to improve the Th1 and Th2 balance, which is accom-
panied by a reduction in immune hyperreactivity. In the case of (SLE) a decrease of Thl
and an increase of Th2 results in excessive activation of (3 cells and therefore an increase of
autoantibodies including anti-DNA. Treatment with a dose of 4.8 g/kg/d for one month
increased regulatory T cells in lupus mice. Thus, the ability of black cumin to increase
regulatory T cells and decrease Th17 induces a return to a steady state which explains the
potential of black cumin seeds to repair immune function in SLE (Guritno et al., 2021). The
same results are mentioned by Gholamnezhad et al. after administration of 200 mg/kg of
black cumin which may balance the Th1/Th2 cytokine profile of the spleen in favor of Th1,
especially in unstimulated overtraining conditions [81] (Table 4).

In addition to its effect on improving the antioxidant activity in patients with f(3-
thalassemia, supplementation with NS seeds (2 g/d) for 3 months boosts cell-mediated
immunity which is characterized by an increase in the number of neutrophils and also an
increase in CD4 from 1319.8 to 2007.6 cells/uL. While CD8 increased from 727.09 before
administration to 1145.3 cells/uL [82]. Finally, it has been noted that hydroalcoholic extract
induced an increase of the phagocytic and lethal capacity of macrophages towards S. aureus
in comparison with control [83] (Table 4).
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4.8. Cardioprotective and Antihypertensive Activity

The administration of NSO to patients suffering from hypertension over eight weeks
induced a reduction in systolic and diastolic blood pressure [86] (Figure 6). The pre-
treatment of rats over 14 days by a dose of 4 mL/kg/day produced a reduction in the
increase of troponin and also that of creatinine kinase after their increases by an injection
of isoproterenol (ISO). Pre-treatment with this oil also caused a significant reduction of
aspartate aminotransferase (ASAT) after acute induced myocardial infarction. Also, the
NSO has shown no influence on the complex QRS or the PR interval. A reduction in the
prolongation of QT and QTc intervals was observed and the prevention of a reduction in
R-wave amplitude induced by ISO [30] (Table 5).

Table 5. Summary of the cardioprotective activities of NS.

Extract/Compound Method Test Results Reference

Clinical on patients suffering 1 Systolic and Diastolic blood

In vivo from hypertension (8 weeks [86]
treatment) pressure
- } Troponin, | Creatinine
kinase
Pre-treatment of rats during - LASAT
In vivo 14 days by a dose of - No effect on the complex QRS
4 mL/kg/day pursued with or the PR interval
isoproterenol injection - } QT and QTc intervals
- No effect on R-wave
amplitude.
NSO
(2.5 mL/day)
(0.4 mL/100 g BW) - 0K
(4 mL/kg BW/day) - bﬁi
(400 mg/kg BW/day) In vivo Cotreatment of rats using : iTNF [30,87,88]
Azithromycin® and NSO x .
- Preservation of cardiac
morphology
- | Caspase-3.
- Normal histological structure
after treatment with NSO
In vi Female rats with - Hyperemia and hyaline
n vivo .. . Lo
streptozotocin-induced diabetes degeneration in some muscle
cells.
- 71 Bcl-2 overexpression
NSsupplementation . Clinical study on health_y obese - | Systolic pressure
(2000 mg/day) In vivo and overweight subjects - No effect was observed on [89]
g/daay (2 g/day) diastolic pressure
- Better control of blood
NS + amlodipine In vivo Hypertensive rats pressure [90]
- | Heart rate
- } Aortic contractions
EtOH extract . . - Improvement of the reactivity
(400 mg/kg) Exvivo Aortic ring of the aorta to vasoconstrictor (1]

and vasodilator agents
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Table 5. Cont.

Extract/Compound Method Test Results Reference
In vivo Mice | Lipid dep051_t10n at the cardiac
tissue
- Two months treatment
induced an inotropic effect
50 /l;fQBW/d characterized by maximal
(10 mg/kg BW/daY) tension that is mediated by [92,93]
(10mg/kg ay) In vivo Rats increased sensitivity of

contractile proteins to Ca2*

- No effect on half-relaxation
time and myocardial
output

1: Upregulation; |: Downregulation.

The supplementation of healthy obese and overweight subjects with 2 g/day demon-
strated a decrease in systolic pressure while no effect was observed on diastolic pressure [89].
Similarly, a study of cardiac hypertrophy showed an increase in cardiomyocyte diameter in
sedentary rats, under-exercised rats, and also in rats under “exercise + NS”. This increase
was accompanied by a significant elevation of growth hormone GH and Akt. The action of
GH is mediated by the release of IGF-I from various tissues such as the liver, myocardium,
and skeletal muscle. IGF-I, which is a structurally similar peptide to insulin, is released
into the myocardium in a paracrine way, then binds to transmembrane tyrosine receptors
in cardiomyocytes, and causes activation of the PI3K-Akt pathway to mediate cardiac hy-
pertrophy. In this study, IGF-I was elevated only in the exercise group while no difference
was observed in the “NS + exercise” group. This suggests that the administration of NS
may cause the intervention of another IGF-I analog. Thus, Ns-induced cardiac hypertrophy
is mediated by the GH-IGF I-PI3P-Akt pathway [94] (Table 5).

In another study, Azithromycin was able to induce myocardial necrosis, fibrosis, and
apoptosis as well as increased creatinine phosphokinase (CPK), lactate dehydrogenase
(LDH), TNF«, and malondialdehyde and smooth muscle x-actin. Cotreatment with NSO
significantly reduced CPK, LDH, MDA, and TNF« levels, preserved cardiac morphology,
and decreased Caspase-3 and «-SMA immunoreactivity compared with the Azithromycin
group [87]. Pei et al. demonstrated the cardioprotective effect of TQ which was shown to be
responsible for the decrease of lipid deposition at the cardiac tissue [92]. The hydroalcoholic
extract was responsible for the significant reduction of aortic contractions subjected to high
concentrations of phenylephrine, while it was also observed that this extract gave the best
aortic relaxation effect. Thus, the administration of hydroalcoholic extract improves the
reactivity of the aorta to vasoconstrictor and vasodilator agents [95]. Likewise, black cumin
seeds were able to decrease systolic and diastolic blood pressure in hypertensive rats, as
well as their combination with amlodipine, showed better control of blood pressure and
also a reduction of heart rate [90] (Table 5).

The cardioprotective effect of black cumin oils was tested on female rats with streptozotocin-
induced diabetes. The results mention that the NSO group showed a normal histological structure
while in the untreated diabetic group there was observed a mild myositis, hyaline degeneration,
and extensive Zenker necrosis. Concerning the diabetic group treated with NSO, hyperemia
and hyaline degeneration in some muscle cells was observed, an effect that was accompanied
by an elevation of Bcl-2 overexpression thus improving cell survival by suppressing apoptosis.
Thus, NSO was able to exert a cardioprotective effect in diabetic rats [88]. In the same context,
the long-term administration of TQ (two months) induced an inotropic effect characterized by
maximal tension that is mediated by increased sensitivity of contractile proteins to Ca?*. No
effect was observed of TQ on half-relaxation time and myocardial output [93] (Table 5).
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The administration of black cumin seeds at a dose of 300 mg/kg/day to hypertensive
rats (L-NAME) showed a decrease in systolic blood pressure (SBP) by 8.7% and diastolic
blood pressure (DBP) by 10.52%. While the maximum decrease value was 16.7%, recorded
after 4 h of administration. The combination of L-NAME, Nigella seeds, and metoprolol
induced a decrease in SBP by 16.1% and in DBP by 23.26%. The maximum value observed
after 4 h of administration was 25.6% for SAP and 31.72% for DBP. There was a decrease
in mean arterial pressure (MAP) of 9.71% after treatment with “NS + L-NAME”, while
treatment with “L-NAME + NS + Metropolol” induced a decrease in MAP by 11.43% [96]
(Table 5).

4.9. Antidiabetic Activity

It has been shown that different organic extracts of black cumin such as hydroacetone
extract have the ability to inhibit x-amylase [97] (Figure 6). Also, the consumption of
5 g/day of black cumin for six months caused a decrease in glycated hemoglobin [98]. On
the other hand, the nanoparticles formed from silver nitrates showed inhibitory activity
on both a-amylase enzymes and x-glucosidase which was higher than that obtained by
aqueous extract or even by acarbose used as a control [99]. The hydroalcoholic extract
(50%) was tested on rats with streptozotocin-induced diabetes. The results obtained show
that this extract can decrease fasting blood glucose [95]. As reported by Dalli et al. [19], the
different fractions obtained by the soxhlet apparatus (Aqueous, MeOH, EtOH, Hex) induced
important inhibition not only for the x-amylase (in vitro) but also for the intestinal glucose
absorption (in situ) (Table 6). The combination of TQ and metformin (50/200 mg/kg) caused
a decrease in blood glucose level by 41.3%. The administration of the combination of TQ
(50 or 100 mg) with metformin (1000 mg) caused some adverse effects in some volunteers,
among the effects mentioned, were diarrhea and abdominal pain. For those who completed
the study a decrease in glycated hemoglobin was observed after three months. A greater
reduction in fasting blood glucose and postprandial blood glucose was also observed in
both groups compared with the control group [100]. The study of the inhibitory activity of
a hydroalcoholic combination (70%) of Morinda citrifolia, Trigonella foenum-graecum, and NS
on pancreatic x-amylase showed that this combination at different doses was able to inhibit
the activity of the enzyme. Thus, it was mentioned that the dose of 140/70/140 mg/kg
was the most effective among the doses studied and it was shown that this dose was able
to inhibit a-amylase at low doses with an ICsg 35.7 pg/mL in comparison with acarbose
used as control (83.07 ug/mL). The study of this combination in vivo confirmed the results
obtained in vitro and it was mentioned that all three doses were able to decrease the blood
glucose level, especially dose 2 which gave the best anti-diabetic effect followed by dose
1 [101] (Table 6). The n-hexane extract obtained by maceration from black cumin seeds
was able to inhibit the activity of two key enzymes in type 2 diabetes a-amylase with an
ICs 403.5 ng/mL and x-glycosidase with an ICsg of 74.7 pg/mL. These obtained results
were attributed to the different chemical compounds present such as linoleic acid and
palmitic acid [36]. A study carried out on overweight, type 2 diabetes, and overweight +
type 2 diabetes volunteers by a combination of black cumin seeds and fenugreek induced
a decrease in glycated hemoglobin which correlated positively with a decrease in liver
enzymes [102]. From the methanolic extract of the aerial part of NS, several chemical
compounds were isolated and tested on intestinal x-glucosidase and phosphatase tyrosine
kinase (PTP1B), which is considered a negative regulator in insulin signal transduction.
Hederagenin, flaccidoside III, quercetin-3-gentiobiosides, magnoflorin, nigelflavonoside
B, nigelloside, quercetin sphorotrioside, kaempferol-3, 7-diglucoside, Kaempferol 3-O-
rutinoside, and rutin were able to inhibit a-glucosidase at different concentrations with
an ICs) ranging from 256.7 &+ 3.7 pM to 331.9 £ 1.6 uM. The compound named 3-O-[«-L-
Rhamnopyranosyl-(1-2)-a-l-arabinopyranpsyl] hederagenin was the only compound able
to inhibit phosphatase tyrosine kinase with an ICsp of 91.3 & 2.5 uM [20] (Table 6). The
ethanolic extract (300 mg/kg) of black cumin seeds, when tested on rats with streptozotocin-
induced diabetes, revealed a non-significant decrease in blood glucose, while the tested
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extract induced a significant decrease in fructosamine, as well as an improvement of the
lipid profile. Histologically, only a few samples showed pycnotic changes (early necrosis)
in the pancreas. On the contrary, the rest of the tested samples showed an improvement in
the number and morphology of islet cells, which were quite normal with a slight interstitial
dilation of the blood vessels, and a slight perivascular dilation [103]. Regarding the glucose
tolerance test, the methanolic extract at a dose of 500 mg/kg was able to decrease blood
glucose. A suppression of sucrose-induced hyperglycemia after treatment with the same
extract, as well as an increase in unabsorbed sucrose, was observed in the stomach, upper
and mid intestine after 30 min of administration, after 1 h in the lower intestine, and in
the cecum and large intestine after 2 h. The methanolic extract was not only able to inhibit
glucose absorption but also to inhibit the enzyme disaccharidase [104]. The study carried
out on volunteers revealed that there is no effect after supplementation with black cumin
seeds on insulin secretion [105]. Aqueous and ethanolic extracts exerted an anti-glycation
effect at different doses [106], these same results were observed after supplementation
of rats with hexane extract, where a decrease in glycated hemoglobin percentage was
reported [107]. Treatment with a combination of three medicinal plants Artemisia sieberi, NS,
and Teucrium polium uncovered a significant decrease in blood glucose in treated rats. The
mentioned effect was accompanied by a decrease in intrinsic antioxidant enzymes such
as SOD and CAT [108]. Treatment of rats with a combination of hydroalcoholic extracts
(water 80%-MeOH 20%) of Trigonella foenum-graecum, NS, Zingiber officinale, Olea europea,
Fraxinus ssp for two months protected the functioning of the pancreas. Ultrastructure
study by transmission electron microscope (TEM) showed that the acinar cells of the group
treated with the herbal combination had normal ultrastructure, with normal cell activity
and nuclei, and a well-developed rough endoplasmic reticulum with abundant zymogen
(Proenzyme) granules. This treatment with a mixture of plants allowed the protection of the
pancreas against the different degenerative effects caused by diabetes induced by alloxan
injection. While, the untreated diabetic rats presented disturbances in the arrangement of
pancreatic acinar cells, a decrease in secretory granules, vacuolation of the cytoplasm, and
pycnotic nuclei were observed (Table 6). This confirms the pancreato-protective effect of
this combination [109]. These results were in agreement with those obtained by Aboul-
Mahasen & A. Alshali who showed that supplementation with black cumin seeds unveiled
regeneration of exocrine and endocrine parts of pancreatic tissues of hyperlipidemic rats
fed with NS seeds [110].

Table 6. Summary of the antidiabetic activities of NS.

Extract/Fraction/Compound Method Test Type Results Reference
NS Seeds
Glycated hemoglobin
(5 g/day of black cumin for 1 Glycated hemoglobin [98]
6 months)

NS supplementation

(5 g/day) . - No effect on insulin secretion
(1 g/day for 4 weeks) Invivo Volunteers - Regeneration of exocrine and [105,110]
(1.5 mg/kg BW) - Rats endocrine parts of pancreatic v
tissues
Hydroacetone extract
(concentrations ranging between 156.25 In vitro «-amylase 1Csp = 314.4 pg/mL [97]

and 2000 pg/mL)
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Table 6. Cont.
Extract/Fraction/Compound Method Test Type Results Reference
NS Seeds
n-hexane fraction _
(0.45,0.9 and 1.82 mg/mL) [Cs0 = 0.760 mg/mL.
EtOH fraction -
(0.45,0.9 and 1.82 mg/mL) [Cs0 = 0.255 mg/mL.
MeOH fraction B
(0.45,0.9 and 1.82 mg/mL) In vitro o -amylase ICs5 = 0.103 mg/mL [19]
Aqueous fraction _
(0.45,0.9 and 1.82 mg/mL) [Cs0 = 0.310 mg/mL.
Dichloromethane fraction _
(0.45,0.9 and 1.82 mg/mL) ICs0 =1.330 mg/mL
140/70/140 mg/kg was the most
Hydroalcoholic combination (70%) of In vitro effective among the all doses with an ICsy
Morinda citrifolia, Trigonella =35.7 ug/mL
‘oenum-graecunt, and NS
(15.625, 31.25, 62.5, 125 and 250 png/mL) )
(3 doses: 70/70,/280, 140/70/140 and o -amylase [101]
70/140/140 mg/kg BW) In vivo (rats) 1 blood glucose level in rats
: tract ) - « -amylase - ICsp = 403.5 pg/mL
( 100 f;ij‘lr(‘e BW 7da ) In vitro - & -glucosidase - ICsy=747 ug/mL [36,107]
8/%6 Y - Glycated hemoglobin - 1 Glycated hemoglobin
300 mg/kg of the NS induced:
Rats with - 1 Blood glucose (non-significant)
Ethanolic extract In vivo streptozotocin-induced - J Fructosamine
(300 mg/kg BW/day) diabetes - Improvement in the number and [103,106]
(1.5,3.5 and 10 mg/mL) morphology of islet cells
In vit Glycation of bovine serum Antiglycation effect at different
nvitro albumin concentrations
MeOH extract
(Glucose tolerance/Residual gut sucrose - 1 Blood glucose
content/Intestinal glucose - Suppression of sucrose-induced
absorption/Gut motility /Intestinal . _ hyperglycemia 4
disaccharidase enzyme activity: Invivo Long-Evans rats - 1 unabsorbed sucrose [104]
500 mg/kg BW) - Inhibition of disaccharidase
(Insulin secretion from isolated islets: 25, enzyme
50,100 and 200 pg/mL)
Aqueous extract In vit Glycation of bovine serum Antiglycation effect at different [106]
(1.5,3.5 and 10 mg/mL) Vo albumin concentrations
- Protection of the pancreas’ proper
functioning
- Ultrastructure study by
transmission electron microscope
Trigonella foenum-graecum, NS, Zingiber (TEM) showed that the acinar cells
officinale, Olea europea, Fraxinus ssp had normal ultrastructure with
(water 80%-MeOH 20%) In vivo Rats normal cell activity and nuclei, [109]

(concentrations of extracts graded from
10-100 mg/kg BW)

and well-developed rough
endoplasmic reticulum with
abundant zymogen granules

- Protection against the
degeneration caused by diabetes
induced by alloxan injection
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Table 6. Cont.

Extract/Fraction/Compound

Method Test Type Results Reference

NS Seeds

NS + fenugreek
(4.7 and 0.75 g powdered NS and
fenugreek respectively seed/day)

Clinical study on overweight,
In vivo type 2 diabetes, and
overweight + type 2 diabetes

- 1 Glycated hemoglobin [102]
J Liver enzymes

- Adverse effects in some of the
volunteers such as diarrhea and

TQ (50 or 100 mg) with metformin (1000 abdominal pain (100]

mg)

In vivo Clinical study on volunteers - | Glycated hemoglobin was
observed after 3 months
- | Fasting blood glucose
- | Postprandial blood glucose

Aerial part

Hederagenin,

Flaccidoside III,

Quercetin-3-gentiobiosides,

Magnoflorin,

Nigelflavonoside B,

Nigelloside,

- «-glucosidase
- Phosphatase tyrosine - ICs) ranging from 256.7 £3.7 uM

Quercetin sphorotrioside,

kinase (PTP1B) to 3319 £ 1.6 uM

Kaempferol-3,
7-diglucoside,

- No activity on PTP1B
In vitro
(12.5, 25, 50 and [20]

Kaempferol 3-O-
rutinoside

100 M)

Rutin

3-O-[x-L-Rhamnopyranosyl-(1-2)-«-1-

arabinopyranpsyl]
hederagenin

_ Phosphatase tyrosine oo of 913 4 2.50UM
kinase (PTP1B) 50 Of 1. Su

1: Upregulation; |: Downregulation.

4.10. Anti-Obesity and Dyslipidemic Activity

Concerning the effect on the lipid profile, treatment with the NSO induced a decrease
in total cholesterols, low-density lipoproteins (LDL), and malondialdehyde (MDA). While
this administration was accompanied by an increase in high-density lipoproteins (HDL),
and glutathione reductase [30], the results obtained were in agreement with those obtained
by Bonab et al. [107]. The supplementation of obese and overweight healthy women
with 2 g/day for eight weeks induced an increase in HDL. On the other hand, there
was a decrease of atherogenicity index and LDL and also of serum glutamic-oxaloacetic
transaminase [89] (Table 7).

The supplementation of overweight, type 2 diabetes, and overweight + type 2 diabetes
volunteers with a combination of black cumin seeds and fenugreek induced a decrease in
LDL, TG, and VLDL and also atherogenicity index [102]. It was also mentioned that TQ
was responsible for the decrease of total cholesterol, LDL, and also C-reactive proteins [92]
(Table 7).
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Table 7. Summary of the hypolipidemic activities of NS.

Extract/Compound Method Test Type Results Reference
NS Seeds
J Total cholesterol
J Low-density lipoproteins
NSO (LDL)
In vivo Rats 1 Malondialdehyde (MDA) [30]
(0.4 mL/100 g BW) 1 High-density lipoproteins
(HDL)
1 Glutathione reductase
1 HDL.
J. Atherogenicity index
NS supplementation . Obese and overweight J LDL
(2 g/day) In vivo healthy women J Serum [89]
glutamic-oxaloacetic
transaminase
NS+ fenugreek over.welght, type + %gL
(4.7:0.75 g/day In vivo 2 diabetes, and + [102]
r. o tig Iy) overweight + type J VLDL
espectively 2 diabetes volunteers 1 Atherogenicity index.
TQ } Total cholesterol
In vivo Mice J LDL [92]
(50 mg/kg BW/day J C-reactive proteins
Six weeks treatment
Hydroalcoholic extract . Jcholesterol
(100, 200, and In vivo Rats 1 TG [111]
400 mg/kg) | LDL
1T HDL
J Cholesterol
. . J LDL
N (52+ 'flegu%ile)ek In vivo Volutnteer2 p;tlke)n;cs with | MDA [112]
&8 ype £ diabetes J Triglycerides
1+ HDL
J Cholesterol
Artemisia sieberi, NS, J LDL
and Teucrium polium In vivo Rats J Triglycerides [108]
(150 mg/kg BW) } ALAT and ASAT
1T HDL

1: Upregulation; |: Downregulation.

The treatment of rats for six weeks with the hydroalcoholic extract of NS induced
a reduction of cholesterol, TG, and LDL, while an increase in HDL was reported. There
was an improvement in the vasodilatory response to acetylcholine in the aorta of diabetic



Biomolecules 2022, 12, 20

31 0f 37

rats. The hydroalcoholic extract of NS prevented an increase of VCAM-1 in diabetic rats
which in case of elevation could recruit monocytes to the sites of atherosclerotic lesions
and play a crucial role in the initiation and development of inflammation. Thus, the
decrease in VCAM-1 could reduce vascular inflammation and improve endothelium [111].
An investigation on the supplementation of volunteer patients with type 2 diabetes with
a combination of NS and fenugreek (2 g:10 g/d) for two months showed a significant
decrease in total cholesterol, LDL, MDA, and triglycerides compared with the control
group. On the other hand, an increase in HDL was observed which was not significant
compared to the baseline. The effect exerted by the combination of NS and fenugreek can
be explained by a stimulation of carbohydrate metabolism, including the absorption of
glucose by the cell, improvement of gluconeogenesis, increase in the rate of absorption
from the gastrointestinal tract, and also an increase in insulin secretion [112] (Table 7).

In addition to the demonstrated hypoglycemic effect, the combination of Artemisia
sieberi, NS, and Teucrium polium had a hypolipidemic effect especially on cholesterol, LDL,
and triglycerides as well as a decrease in the liver enzymes ALAT and ASAT. While an
improvement was observed through an increase in HDL [108]. There was an improvement
in biochemical parameters after feeding with black cumin seeds with a decrease in HDL,
something which is in contradiction with later studies [110] (Table 7).

4.11. Toxicology

Several studies regarding NS demonstrate the non-toxicity of the plant which confer
to it a large interval of safety. The per os administration of NSO (2 mg/kg) for 12 weeks
showed a very low toxicity with an LDsg 28.8 mL/kg body weight. While the intraperi-
toneal administration gave an LD5q of 2.06 mL/kg body weight [113]. The acute toxicity of
the different fractions obtained using the soxhlet apparatus showed no toxic effect even
at higher doses (5 g/kg) [19]. Meanwhile, TQ administration to albino mice at a dose of
870 mg/kg body weight was highly toxic. The LDs5j value was 794 mg/kg body weight
when tested on rats [114]. A subacute treatment with TQ for a 90 days period demonstrated
no physiological changes [115].

5. Conclusions and Future Perspectives

Since the 1950's, NS phytochemicals and pharmacological properties have been stud-
ied exhaustively. In the present study we gathered almost of the published articles between
2019 to 2021. During this period, some illnesses were well described and their action
mechanisms were well illustrated; on the other hand, other illnesses were less prioritized.
In the last three years, scientists have started focusing more on the antiviral activity of the
plant especially after the COVID-19 pandemic, also more studies were performed on NS
nanoparticles obtained by green synthesis that are considered as promising agents in the
treatment of various diseases. Furthermore, such a combination of the NS with other herbs
was found to potentialize the pharmacological activity; while synergic effects with drugs
used clinically have proved its impact, something which could significantly help in the
development of effective drugs. Despite its poor availability, TQ was studied extensively,
while since their chemical identification in 1995, no in vitro or in vivo studies were found
in the literature on the pharmacological properties of the alkaloids of the NS seeds. In
addition to that, almost all conducted investigations are limited to the pre-clinical level,
further studies are required at the clinical level for a better translation of the obtained
results on humans. Finally, this review could be considered as a compass for upcoming
studies, and for future development of therapeutic agents in order to help reduce health
complications.
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Abbreviation

NS: Nigella sativa; NSO, Nigella sativa oil; TQ, Thymoquinone; DPPH, 1,1-diphenyl-2-
picryl hydrazine; MDA, Malondialdehyde; GSH, reduced glutathione; HUVEC, Human um-
bilical vein endothelial cells; HyO,, Hydrogen peroxide; DNA, Deoxyribonucleic acid; UVA,
Ultraviolet A-rays; HaCaT, human keratinocytes cells; COX-2, Cyclooxygenase-2; IC50,
The half maximal inhibitory concentration; ABTS, 2,2-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid; CAT, Catalase; SOD, Superoxide dismutase; FRAP, Ferric Reducing Power;
STZ, Streptozotocin; GSSG, Oxidized Glutathione; MDR, Multi-drug resistance; ATB,
Antibiotics; MRSA, Methicillin resistant Staphylococcus aureus; ESBL, extended spectrum beta-
lactamase; EOs, Essential Oils; CYP1A, Cytochrome P450 1 A; ACE2, angiotensin-converting
enzyme 2; HCQ, hydroxychloroquine; RNA, Ribonucleic acid; TMPRSS2, Transmembrane
serine protease 2; PA-1, human ovarian teratocarcinoma cell line; B16 melanoma, murine
tumor cell line; HTC-116, Human adenocarcinoma; HPF, Human postnatal fibroblasts;
SK-Hep 1, Liver cancer cells; MAPK, Mitogen-Activated Protein Kinases; ERK, extracellular
signal-regulated kinases; MDA-MB 231, Breast cancer cells; THP-1, Human monocytic cell
line; HEK293, Embryonic kidney cells; TLR4, Toll Like Receptor 4; SW620, Colorectal cancer
metastasis; JNK, c-Jun N-terminal kinases; PCE, polychromatic erythrocyte; CaKi-1, Renal
human cancer cells; ROS, Reactive oxygen species; NCI-H292, Lungs cancer cells; Hsp, Heat
Shock Protein; PHA, Phytohemaglutinin; IL-2, Interleukin 2; TNF-&, Tumor necrosis factor;
IFy, Interferon; IKK, IKB kinase; IL-13, Interleukin 1 (3; NSSP, Nigella sativa polysaccharides;
CTX, Cyclophosphamide; IL-4, Interleukin 4; IL-6, Interleukin 6; PTEN, phosphatase and
TENsin homolog; SLE, Systemic lupus erythematosus; Th1, T helper 1; Th2, T helper 2;
CDS8, cluster of differentiation 8; CD4, cluster of differentiation 4; ISO, isoproterenol; ASAT,
Aspartate aminotransferase; ALAT, Alanine aminotransferase; GH, Growth hormone; CPK,
Creatinine phosphokinase; LDH, lactate dehydrogenase; x-SMA, Alpha smooth muscle ac-
tine; L-NAME, N(gamma)-nitro-L-arginine methyl ester; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure, MAP, Mean arterial blood pressure; HbAlc, glycated hemoglobin;
MeOH, Methanol; EtOH, Ethanol; Hex, hexane; PTP1B, phosphatase tyrosine kinase; TEM,
transmission electron microscope; TG, triglycerides; LDL, low-density lipoproteins; HDL,
High-density lipoproteins; vLDL, Very low-density lipoproteins; VCAM]1, vascular cell
adhesion molecule 1; PI3K, Phosphatidylinositol 3-kinases; NF-B, Nuclear factor-kappa B;
Akt, Protein kinase B; MGC830, Gastric cancer cells.
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