mmuum#L\

Artery Research

Vol. 25(3-4); December (2019), pp. 157-163 /" ArTERY
DOI: https://doi.org/10.2991/artres.k.191114.002; ISSN 1872-9312; eISSN 1876-4401 : ‘ F
https://www.atlantis-press.com/journals/artres o %‘ -

Research Article

Nigella sativa Extract and Thymoquinone Regulate
Inflammatory Cytokine and TET-2 Expression in
Endothelial Cells

Jason Amartey', Samuel Gapper', Nurudeen Hussein'?, Keith Morris"’, Cathryn E. Withycombe'

'Department of Biomedical Sciences, Cardiff Metropolitan University, Western Avenue, Cardiff, CF5 2YB, UK
*Technical Support, R&D, Ortho Clinical Diagnostics, Felindre Meadows, Pencoed, Bridgend, CF35 5PZ, UK

ARTICLE INFO

Article History

Received 01 November 2019
Accepted 11 November 2019

Keywords

Nigella sativa

TET-2

endothelial dysfunction
cytokine expression

ABSTRACT

Numerous natural compounds including Nigella sativa (N. sativa) demonstrate anti-inflammatory and anti-diabetic antiangiogenic
properties. Lipopolysaccharide (LPS) mediated inflammation is regarded as an important contributor to the inflammation that
is associated with the development of arteriosclerosis. In this study, it was hypothesised that N. sativa Extract (NSE) and its main
active component Thymoquinone (TQ) could potentially inhibit LPS mediated inflammatory cytokine secretion and monocyte
recruitment factors and monocyte in Human Vascular Endothelial Cell (HECV) lines. In addition the Ten-Eleven Translocation
(TET-2) an epigenetic regulator, increasingly regarded has having a major role in both the regulation of cytokine secretion and
in the development of atherosclerosis through its ability to inhibit the inflammasome Nod-like Receptor Protein 3 (NLRP3) and
Interleukin-1/ (IL-1/3) secretion was investigated. NSE significantly inhibited the production of both IL-6 and -8 and both NSE
and TQ inhibited the gene expression of vascular endothelial growth factor and monocyte chemotactic protein-1in HECV cells.
NSE and TQ inhibited the gene expression of NLRP3 and IL-1/and significantly upregulated the gene expression of TET-2 in the
presence of LPS. To conclude, NSE and TQ attenuated inflammatory and monocyte recruitment response and also demonstrate
a potentially important role in regulating both NLRP3 and TET-2 expression.

1. INTRODUCTION

Many natural compounds in particular flavonoids and polyphenols
have been studied for their potential antiinflammatory actions.
Nigella sativa (N. sativa) commonly known as black cumin is a
spice, demonstrating anti-inflammatory, antidiabetic, antimicro-
bial and anticancer properties [1-3]. The spice is from the botan-
ical Ranunculacea family and is found in North Africa, Southern
Europe, India and the Middle East and has been used as herbal
medicine in the treatment of several diseases including asthma,
chronic headaches and skin disorders. Several compounds are
present in Nigella seeds including Thymoquinone (TQ), thought
to be its main active compound, as well as nigellicine, thymol and
carvacol [4,5].

Inflammation underpins a wide range of diseases including ath-
erosclerosis [6]. Atherosclerosis a specific type of arteriosclerosis,
is a chronic inflammatory disease characterized by endothelial
dysfunction, lipid deposition, smooth muscle cell proliferation,
cell apoptosis, and local and systemic inflammation. The bal-
ance between proatherogenic inflammatory and atheroprotective
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anti-inflammatory responses involves complex interactions among
vascular components and immune cells [7,8].

The recruitment of peripheral blood monocytes to the endothe-
lium through their interaction with endothelial cells is major com-
ponent in the initiation and progression of cardiovascular disease
[9]. The activation of the endothelium, recruitment of inflamma-
tory monocytes, macrophage accumulation, that induces and mac-
rophage generation of inflammatory mediators, which also activate
the endothelium [10,11]. Through these stages, the positive feed-
back loop is formed, which generates and promotes expansion of
the atherosclerotic process. Endothelial cells secrete key promo-
tors of angiogenesis such as Interleukin 8 (IL-8) [12], Monocyte
Chemotactic Protein (MCP)-1 [13,14] a chemokine which has been
reported to play a direct role in Vascular Endothelial Growth Factor
(VEGF) which is a key factor in promoting vascular inflammation
and inflammatory associated angiogenesis [15]. Evidence indicates
that endothelial inflammatory activation promotes hypertension
development [16].

Recently the Ten-Eleven Translocation (TET-2) an epigenetic
modifier (involved in DNA methylation) has gained considerable
attention, due to its role in the pathogenesis of diseases related
to atherosclerosis. and cardiovascular diseases [17,18]. Its role in
atherosclerosis has been linked to its ability to regulate the action
of the inflammasome particularly Nod-like Receptor Protein 3
(NLRP3) and secretion of its regulated cytokine IL-15 NLRP3
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pharmacological inhibition has been shown to reduce blood pres-
sure and angiogenesis [19]. The ability of natural products to mod-
ulate TET-2 expression and activity is not a well-researched area
and the data presented from this study would add to the scientific
knowledge of this gene.

We have recently demonstrated that a naturally occurring glyco-
sidic flavonoid, Vicenin-2 could regulate Lipopolysaccharide (LPS)
reduced inflammatory cytokine secretion significantly increased
TET-2 expression and NLRP3 expression in human macrophages
[20]. Given the importance of endothelial cells in the regulation of
arterial inflammation, we hypothesised that an extract of Nigella
seeds and its major component TQ, could regulate inflammatory
cytokine secretion and monocyte chemoattractant regulators in an
immortalised human endothelial cell model. We further hypothe-
sised that a methanolic extract of Nigella sativa seeds (Nigella sativa
Extract; NSE) and TQ could both upregulate TET-2 and NLRP3
expression as a result of this modification. This study aimed to
investigate the anti-inflammatory actions of NES and one of its
constituent TQ in endothelial cells, was associated with the factors
typically associated with endothelial inflammation and monocyte
recruitment process. In addition we investigated if the extract and
TQ could reduce expression of TET-2 and of NLRP3.

2. MATERIALS AND METHODS
2.1. Ethics

The Cardiff Metropolitan University Biomedical Sciences Ethics
Panel granted the application for ethical approval (Project
Reference Number: 9830).

2.2. Methanolic Extraction of N. sativa Seeds

About 40 g of N. sativa seeds (Bodrum, Turkey) were pulverised
using a pestle and mortar and added to 200 mL of methanol and
spun at 7500 for 15 min in 2 x 50 mL centrifuge tubes. The tubes
were placed in a rotary mixer maintained at 25°C overnight. The
tubes were centrifuged (6000 g) for 15 min at room temperature.
The supernatant was collected, and the solvents evaporated in vacuo
using a rotary evaporator and further subjected to N, to obtain
dry residue. The residue (extract) was reconstituted in Dimethyl
Sulfoxide (DMSO) for increased solubilisation and termed NES.
The extracts were stored at —20°C.

2.3. Tissue Culture and Reagents

The Human Endothelial Vascular Cell (HECV) line was purchased
from the European Collection of Animal Cell Cultures (Salisbury,
UK). HECV cells were grown in Dulbecco’s modified Eagle Medium
(DMEM) (Gibco, Life Technologies, UK) (high glucose) supplemented
with 2 mmol/L L-glutamine, 1% streptomycin and penicillin (Gibco,
Life Technologies, UK), and 10% Foetal Calf Serum (FCS) (Labtech
International Ltd., Sussex, UK). Cells were maintained at 37°C under
a 5% CO, and 95% air atmosphere at constant humidity in a New
Brunswick Galaxy 170R incubator (Eppendorf India Pvt. Ltd., India).
Thymoquinone (A3134) was purchased from Sigma Aldrich (Dorset,
UK) and dissolved in DMSO and stored at —20°C. Capture Antibody

for VEGF was purchased from R&D Systems, UK. Detection antibod-
ies for VEGF was also purchased from R&D Systems, UK.

2.4. Cell Viability Assay using Cell Titer Blue

A cell viability assay was conducted to establish the optimum con-
centrations for the HECV cells to work at. Cells were plated at
25,000 cells per well and cultured overnight until 80% confluence
was achieved. The cells were then treated with either NSE or TQ at
concentrations of 5, 2, 1, 0.5, 0.25, 0.125, 0.625 and 0.131 mg/mL,
respectively. Control cells were treated with media only. The cells
were then counted after both 6 h, 24 and 48 h incubation, 20 pL of
Cell Titer Blue were added to each well and left for a further 1-4 h.
Plates were read with a Tecan M200 (Tecan, Switzerland) infinite
multi-detection reader using I-contro® software/excitation of 560
nm and emission of 590 nm set on optimal gain. Experiments were
performed in triplicates to allow three sets of data to be obtained
for statistical analysis.

2.5. Time Course

Human vascular endothelial cells were seeded at 10° cells per well
in a 24-well plate. Cells were treated with either media (control),
NSE, TQ, LPS (100 ng/mL), LPS with TQ and LPS with NSE
respectively for 6 and 24 h time periods. After time periods were
achieved, supernatants were collected, and mRNA was extracted
using TRIzol® (Life Technologies, UK) for further analysis.

2.6. Determination of Interleukin-6 and -8
in Culture Supernatant using Enzyme-
Linked Immunosorbent Assay

Enzyme-Linked Immunosorbent Assay (ELISA) assays for cyto-
kines were undertaken as per manufacturer instructions (R&D
Systems, UK). In brief, a 96-well ELISA plate was coated with
diluted Capture Antibody and incubated overnight at room tem-
perature. Each well was washed with Wash Buffer three times.
Plates blocked by adding Block Buffer to each well and incubated
at room temperature for a minimum of 1 h. The samples and
standards in reagent diluent were added and incubated for 2 h at
room temperature. Detection Antibody was added and diluted in
reagent diluent, to each well. And then incubated for 2 h at room
temperature. Streptavidin-HRP was added to each well, the plate
was covered and then incubated for 20 min at room temperature.
Substrate Solution TMB (3,3',5,5'-tetramethylbenzidine) was
added to each well and then incubated again for 20 min at room
temperature. A stop solution (HCL) was then added to each well.
The optical density of each well was then determined immediately,
using a Tecan M200 infinite plate reader set to 450 nm.

2.7. RNA Extraction and Determination of
Gene Expression using Quantitative
Real Time Polymerase Chain Reaction

RNA was isolated from cell monolayer using TRIzol (Life
Technologies, UK) according to manufacturer’s guidelines. The RNA
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purity of samples was established using Nanodrop ND 1000 through
measurement of the ratio of their absorbance at 260 and 280 nm
and samples with a purity of >1.8 was preferred to be used in the
quantitative Real Time Polymerase Chain Reaction (RT-PCR). RNA
was converted to cDNA using high capacity cDNA reverse tran-
scription kit (Applied Bio systems, Warrington, UK). Gene expres-
sion was analysed using Applied Bio Systems Fast 7500 Real-Time
PCR System (Applied Bio systems, UK). Pre-designed probes used
for GAPDH (Hs99999905_m1), MCP-1 (Hs00174265_m1) VEGF
(Hs009000055_m1) IL-1/ (Hs01555410_m1) TET2 (Hs00325999_
m1) and NLRP3 (Hs00918082_m1) were purchased from Thermo
Fisher Scientific (UK). The comparative CT method was used to cal-
culate relative gene expression CT values were normalized against
the housekeeping gene with intreated samples being used as the
experimental controls.

2.8. Statistical Analysis

Graphs of data were expressed as a mean of independent triplicates
+ standard deviation. Data analysis was conducted using the
Microsoft Excel and Graph Pad Prism® programs. The one-way
analysis of variance (ANOVA) test was used to find significant dif-
ference amongst the means. A multiple comparison test was used
as a follow-up to calculate the comparisons between the different
concentration groups to find significant differences between them.
Values of p < 0.05 were considered significant.
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3. RESULTS

3.1. The Effect of NSE and TQ on Cell Viability
in Human Vascular Endothelial Cells

The viability of the HECV was expressed as a percentage of
untreated cells. This was analysed by the Cell Titer Blue” assay at
a 6, 24 and 48 h and is outlined in Figures 1 and 2. HECV via-
bility when treated with a range of extracted NSE concentrations
(0.015-5 mg/mL) demonstrated that cell viability was decreased
from 0.5 mg/mL and upward with viability decreasing with increas-
ing concentrations. Viability at 6 and 24 h show a proliferation of
cells when treated with 0.25 and 0.125 mg/mL respectively, with
0.25 mg/mL being significantly higher than 0.125 mg/mL at 48 h,
0.25 mg/mL showed at least 90% viability of HECV cells whereas
0.125 mg/mL did not. Hence, 0.25 mg/mL was selected as the con-
centration to be used in further experiments.

With TQ being reported to be the most potent compound in
N. sativa, it is expected that less of it is required to induce an effect
of cells, therefore much lower concentrations were used in the cell
viability test, and concentrations of 500 pg/mL all the way down
to 3.125 pg/mL were chosen for this experiment. As expected, the
higher concentrations from 50 pg/mL induced a cytotoxic effect
on the HECV cells at 6 and 24 h respectively, while 25 pg/mL also
showed a less 90% viability at 48 h. About 3.125 ug/mL did not
induce a positive effect at 6, 24 and 48 h. These results correlate
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Figure 1 Effect of NSE on cell viability using Cell Titer Blue assay at (A) 6, (B) 24 and (C) 48 h. Data represents mean + SD (n = 4) and data were
analysed using one-way ANOVA with Tukey’s test for pairwise analysis, "p < 0.001.
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Figure 2 Effects of TQ on cell viability using Cell Titer Blue assay at (A) 6, (B) 24 and (C) 48 h. Data represents mean + SD (1 = 4) and data were
analysed using one-way ANOVA with Tukey’s Test for pairwise analysis. TQ, thymoquinone, ""p < 0.001.
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Figure 3 Effect of NSE, TQ and/or LPS (100 ng/mL) on (A) IL-6 and (B) IL-8 protein expression. HECV cells were treated with media only, TQ, NSE only
and/or LPS for 24 h. Cytokine production were quantified by ELISA. Data represents mean + SD (n = 3) and data were analysed using one-way ANOVA with
Tukey’s Test for pairwise analysis. TQ, thymoquinone; ELISA, enzyme-linked immunosorbent assay; HECV, human vascular endothelial cell, p < 0.05.

with other studies who use similar concentrations of TQ. A recent
study by Ismail et al. [5], used 46 uM of TQ in a hepatocellular car-
cinoma cell line, which relates to the 6.25 pg/mL/38.1 uM used in
the future experiments in this study.

3.2. IL-6 and -8 Production in HECV Cells
Treated with NSE and TQ

IL-6 and -8 are factors that are both produced by endothelial cells.
IL-6 is a cytokine that can act as either a pro- or an anti-inflam-
matory cytokine [21]. IL-8 on the other hand is a cytokine that is
purely a proinflammatory cytokine. This experiment examined
both extracted NSE and its main active constituent TQ on HECV
cells using ELISA. HECV cells were treated with either media only
(control), NSE, TQ, LPS only, LPS with TQ and LPS with NSE for
24 h. As shown in Figure 3A, there was no significant difference
between cells only and the cells treated with NSE and TQ alone.
Stimulation with LPS showed a significant increase in IL-6 protein
quantification, whereas co stimulation with LPS and NSE showed
a significant reduction in IL-6 protein levels at 24 h. There was a
reduction in IL-6 levels when the cells where treated with LPS and
TQ; however, this was not found to be statistically significant.

The experiment was repeated with IL-8 quantification being the
focus. As seen in Figure 3B, there was no significant difference
between cells, only and the cells treated with either NSE or TQ
with the IL-8 being at basal levels. There is a significant increase
when the cells are stimulated with LPS and a significant decrease
when the cells are treated with LPS and NSE. The decrease
seen when treated with LPS and TQ; however, was not found to be
statistically significant.

3.3. NSE and TQ Inhibits the Gene
Expression of VEGF in HECV Cells

Endothelial cells such as HECV express factors such as VEGF and
MCP-1 as regulators of inflammation and angiogenesis. VEGF is a
growth factor that is strongly associated with both the angiogen-
esis and inflammatory response cascade. This experiment exam-
ined both the extracted NSE and its main active constituent TQ on
HECYV cells using RT-PCR analysis. HECV cells were treated with
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Figure 4 Effect of NSE, TQ and/or LPS (100 ng/mL) on VEGF
production at 24 h. HECV were treated with media only, TQ, NSE only
and/or LPS. Gene expression at the mRNA of VEGF was determined by
qRT-PCR. Data represents mean + SD (n = 3) and data were analysed
using one-way ANOVA with Tukey’s Test for pairwise analysis. LPS,
lipopolysaccharide; TQ, thymoquinone; HECV, human vascular
endothelial cell; qRT-PCR, quantitative real time polymerase chain
reaction; VEGE, vascular endothelial growth factor, "p < 0.01.

either media only (control), NSE, TQ, LPS only, LPS with TQ and
LPS with NSE for 24 h. As shown in Figure 4, there was no signif-
icant difference between cells only and the cells treated with NSE
and TQ alone. Stimulation with LPS showed a significant increase
in VEGF expression, whereas co stimulation with LPS and either
TQ or NSE showed a significant reduction in VEGF mRNA expres-
sion (p < 0.05) at 24 h.

3.4. NSE and TQ Inhibits Gene Expression
of MCP-1 in HECV Cells

Human vascular endothelial cells also express MCP-1 as a regu-
lator of inflammation and endothelial monocyte activation. This
experiment examined both the extracted NSE and its main active
constituent TQ on HECV cells using RT-PCR analysis. HECV cells
were treated with either media only (control), NSE, TQ, LPS only,
LPS with TQ and LPS with NSE for 24 h. As shown in Figure 5,
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there was no significant difference between cells only and the cells
treated with NSE and TQ alone. Stimulation with LPS showed a
significant increase in MCP-1 expression, whereas co stimulation
with LPS and either TQ or NSE showed a significant reduction in
MCP-1 mRNA expression at 24 h. These results suggest both NSE
and TQ modulate antiangiogenic responses in endothelial cells.

3.5. NSE and TQ Inhibits the Gene Expression
of NLRP3 and IL-14 and Upregulates
LPS Mediated Expression of TET-2

The NLRP3 inflammasome is an essential mediator of host immune
responses through the activation of cytokines such as IL-153 [22].
The NLRP3 inflammasome activity is also regulated by epigene-
tic regulators proteins such as TET-2. The effect of TQ and NSE
on the expression at mRNA level of NLRP3, TET-2 and IL-1/5was
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Figure 5 Effect of NSE, TQ and/or LPS (100 ng/mL) on MCP-1 gene
expression at 24 h. HECV cells were treated with media only, TQ, NSE
only and/or LPS for 24 h. Gene expression at the mRNA of the MCP-1
was determined by qRT-PCR. Data represents mean + SD (n = 3) and
data were analysed using one-way ANOVA with Tukey’s Test for pairwise
analysis. LPS, lipopolysaccharide; TQ, thymoquinone, MCP-1, monocyte
chemotactic protein; HECV, human vascular endothelial cell; qRT-PCR,
quantitative real time polymerase chain reaction.
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determined. Figure 6A shows that both NSE and TQ significantly
downregulates the expression of NLRP3 in LPS stimulated HECV.

Due to the growing interest in the role of TET-2 in its potential
of regulating the NLRP3 inflammasome, its LPS expression was
also explored in the presence of NSE and TQ. As can be seen
in Figure 6B, TQ increases significantly the expression of TET-2
mRNA in the absence of any stimulus by LPS. Upon stimulation of
the HECV cells with LPS, there was a significant decrease of TET-2
mRNA expression. When the LPS stimulated cells were treated
with TQ and NSE, a significant increase was observed with the TQ
treated cells; however, there was no significant difference between
that of the LPS only cells and the LPS and NSE treated cells at 24 h.

4. DISCUSSION

This study investigated the effect of NSE and its main active com-
pound TQ on inflammatory and monocyte recruitment factors in
HECYV and established that both NSE and TQ significantly inhib-
ited VEGF and MCP-1 gene expression in LPS-induced HECV
cells. Furthermore, both compounds were shown to downregulate
the secretion of IL-6 and -8, responses associated with both inflam-
mation and monocyte recruitment to the endothelium. The study
also for the first time demonstrated that both the NSE and TQ
could regulate both TET-2 and NLRP3 expression.

Lipopolysaccharide treatment of endothelial cells led to an increase
in IL-6 and -8 protein expression. NSE was found to significantly
attenuate this inflammatory response indicating the potential of
the extract in preventing inflammation in endothelial cells. LPS-
induced inflammation produces a microenvironment similar to
that of what can be expected in disease whereby release of major
proinflammatory and proangiogenic cytokines can be studied [23].
Gram-negative bacterial endotoxin (LPS) has been invoked in the
pathogenesis of many diseases-not only as a trigger for septic shock,
once it is most cited role, but also as a contributor to atherosclerosis,
obesity, chronic fatigue, metabolic syndrome, and many other con-
ditions. For instance, there is an increasing evidence that changes
in the gut microbiota and the secretion of LPS is associated with
changes in blood pressure [24]. Endothelial cells in conjunction
with monocytes can induce vascular inflammation as well as tissue
remodelling and adaptation by secreting inflammatory cytokines
chemokines and transforming into inflammatory macrophages.
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Figure 6 Effect of NSE, TQ and/or LPS (100 ng/mL) on (A) NLRP3, (B) TET-2 and (C) IL-1#mRNA expression. HECV cells were treated with media only,
TQ, NSE only and/or LPS for 24 h. Gene expression at the mRNA of the NLRP3, TET-2 and IL-1/were determined by qRT-PCR. Data represents mean + SD
(n = 3) and data were analysed using one-way ANOVA with Tukey’s Test for pairwise analysis. LPS, lipopolysaccharide; TQ, thymoquinone; NLRP3, nod-like
receptor protein 3; TET-2, ten-eleven translocation; HECV, human vascular endothelial cell; QRT-PCR, quantitative real time polymerase chain reaction.
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A multitude of adhesion molecules promote the infiltration and
accumulation of monocytes into vasculature in hypertension. All
these facets offer the possibility to nutraceutical target of endothe-
lial cells may represent novel therapeutic ways to treat hypertension,
attenuate hypertension-associated end organ damage or prevent the
development or worsening of high blood pressure.

NSE and TQ’s effect on endothelial cell secreted monocyte recruit-
ment factors was demonstrated through a significant reduction of
both VEGF and MCP-1 expression. In addition, VEGF is widely
accepted to promote angiogenesis itself a mediator of athero-
sclerosis and has been the target of multiple therapies to inhibit
angiogenesis [25,26]. Likewise, previous studies have reported the
proangiogenic properties of MCP-1. Niu et al. [13] found that this
chemokine promoted angiogenesis by MCP-1-induced protein and
its suppression therefore supressed MCP-1 expression.

Moreover, the data presented here that both NSE and TQ signifi-
cantly inhibited the gene expression of NLRP3 and the proinflam-
matory cytokine IL-1/3 a potent pro-inflammatory cytokine that is
associated with atherosclerosis. Additionally this study demonstrated
that NSE and TQ significantly increased the expression of TET-2.
In a recent study by Fuster et al. [18], showed that TET-2-deficient
macrophages exhibited an increase in NLRP3 inflammasome-
mediated IL-1/fsecretion, and pharmacological inhibition of NLRP3
inhibits hypertension development [19]. The importance of muta-
tions such as TET-2 in the pathogenesis of atherosclerosis was
reported recently by Jaiswal et al. [27,28] and its potential impor-
tance as a novel target in atherosclerosis. In their study Hassan
et al. [20] proposed the anti-inflammatory actions of another natu-
rally occurring glycosidic flavonoid vicenin-2 (V2) in phorbol myri-
state acetate (PMA)-differentiated THP-1 cells (dTHP-1) and that
its anti-inflammatory actions where associated with upregulating of
TET-2. This study supports the hypothesis that the anti-inflammatory
properties of other naturally occurring compounds can be associated
with the upregulation of TET-2 in endothelia cells. Whether this can
definitely be linked to the upregulation of TET-2 will require further
investigation and in multiple cell lines. However, our data is support-
ive of a role in TET-2 regulation by naturally derived compounds in
endothelial cells as well as in monocytic cells.

This study did not investigate the mechanism of the action of either
NSE or TQ. The anti-inflammatory actions of NSE could possibly
be linked to the suppression of the protein complex; the nuclear
factor kappa-light-chain-enhancer of activated B cell (NF-xB). This
protein complex has been mainly considered as a proinflammatory
pathway due to its activation of proinflammatory cytokines such
as the interleukin-1 family. A study by Elkady et al. [29] founded
that an extract of NSE suppressed the NF-kB protein in a human
colon cancer cell line. In this study it would have proved useful to
investigate this protein complex as well as other protein complexes
in endothelial cells to fully understand the mechanism of action
that NSE has on the endothelial cells.

5. CONCLUSION

This study presents significant anti-inflammatory and monocyte
recruitment properties of NSE and its main active component TQ
in endothelial cells in vitro, through their ability to reduce secre-
tion and expression the cytokines IL-6 and -8 and both VEGF and
MCP-1. The study also presented a novel data on their ability to

upregulate the epigenetic regulator TET-2 and inhibiting NLRP3
and IL-1/. These reductions would suggest that these compounds
could potentially play a role in the prevention of arteriosclerosis
in part through the regulation of blood pressure. Further studies
should be carried out on in multiple cell lines to confirm their ben-
eficial effects and if these effects are also observed in vivo.

CONFLICTS OF INTEREST

The authors declare they have no conflicts of interest.

AUTHORS’ CONTRIBUTION

JA contributed in investigation, study conceptualization, formal
analysis, methodology writing (draft), validation. CW contributed in
study conceptualization and writing (draft), project administration,
supervision, funding acquisition, resources. NH and SG contributed
in investigation, methodology, validation. KM contributed in
writing - review & editing, supervision, visualization, resources.

FUNDING

That the work was funded internally by Cardiff Metropolitan
University.

REFERENCES
[

—

] Tavakkoli A, Mahdian V, Razavi BM, Hosseinzadeh H. Review on
clinical trials of black seed (Nigella sativa) and its active constitu-
ent, thymoquinone. ] Pharmacopuncture 2017;20:179-93.

[2] Shuid AN, Mohamed N, Mohamed IN, Othman F, Suhaimi F,
Mohd Ramli ES, et al. Nigella sativa: a potential antiosteoporotic
agent. Evid Based Complement Alternat Med 2012;2012:696230.

[3] Ahmad A, Husain A, Mujeeb M, Khan SA, Najmi AK, Siddique
NA, et al. A review on therapeutic potential of Nigella sativa: a
miracle herb. Asian Pac ] Trop Biomed 2013;3:337-52.

[4] Razavi BM, Hosseinzadeh H. A review of the effects of Nigella sativa
L. and its constituent, thymoquinone, in metabolic syndrome.
] Endocrinol Invest 2014;37:1031-40.

[5] Ismail N, Abdel-Mottaleb Y, Eissa Ahmed AA, El-Maraghy NN.
Novel combination of thymoquinone and resveratrol enhances
anticancer effect on hepatocellular carcinoma cell line. Future J
Pharm Sci 2018;4:41-6.

[6] Herrero-Fernandez B, Gomez-Bris R, Somovilla-Crespo B,
Gonzalez-Granado JM. Immunobiology of atherosclerosis: a
complex net of interactions. Int ] Mol Sci 2019;20:pii: E5293.

[7] Talepoor AG, Fouladseresht H, Khosropanah S, Doroudchi M.
Immune-inflammation in atherosclerosis: a new twist in the old
tale. Endocr Metab Immune Disord Drug Targets 2019;19:1.

[8] Poston RN. Atherosclerosis: integration of its pathogenesis
as a self-perpetuating propagating inflammation: a review.
Cardiovasc Endocrinol Metab 2019;8:51-61.

[9] Mestas J, Ley K. Monocyte-endothelial cell interactions in the devel-
opment of atherosclerosis. Trends Cardiovasc Med 2008;18:228-32.

[10] Cejkova S, Kralova-Lesna I, Poledne R. Monocyte adhesion to the

endothelium is an initial stage of atherosclerosis development.

Cor et Vasa 2016;58:e419-e25.


https://doi.org/10.3831/KPI.2017.20.021
https://doi.org/10.3831/KPI.2017.20.021
https://doi.org/10.3831/KPI.2017.20.021
https://doi.org/10.1155/2012/696230
https://doi.org/10.1155/2012/696230
https://doi.org/10.1155/2012/696230
https://doi.org/10.1016/S2221-1691%2813%2960075-1
https://doi.org/10.1016/S2221-1691%2813%2960075-1
https://doi.org/10.1016/S2221-1691%2813%2960075-1
https://doi.org/10.1007/s40618-014-0150-1
https://doi.org/10.1007/s40618-014-0150-1
https://doi.org/10.1007/s40618-014-0150-1
https://doi.org/10.1016/j.fjps.2017.08.001
https://doi.org/10.1016/j.fjps.2017.08.001
https://doi.org/10.1016/j.fjps.2017.08.001
https://doi.org/10.1016/j.fjps.2017.08.001
https://doi.org/10.3390/ijms20215293
https://doi.org/10.3390/ijms20215293
https://doi.org/10.3390/ijms20215293
https://doi.org/10.2174/1871530319666191016095725
https://doi.org/10.2174/1871530319666191016095725
https://doi.org/10.2174/1871530319666191016095725
https://www.ncbi.nlm.nih.gov/pubmed/31588428
https://www.ncbi.nlm.nih.gov/pubmed/31588428
https://www.ncbi.nlm.nih.gov/pubmed/31588428
https://doi.org/10.1016/j.tcm.2008.11.004
https://doi.org/10.1016/j.tcm.2008.11.004
https://doi.org/10.1016/j.crvasa.2015.08.002
https://doi.org/10.1016/j.crvasa.2015.08.002
https://doi.org/10.1016/j.crvasa.2015.08.002

(11]

[12]

(13]

(14]

(15]

(16]

(17]

(18]

[19]

J. Amartey et al. / Artery Research 25(3-4) 157-163

Woollard KJ, Geissman E. Monocytes in atherosclerosis: subsets
and functions. Nat Rev Cardiol 2010;7:77-86.

Boisvert WA, Curnss LK, Terkeltaub RA. Interleukin-8
and its receptor CXCR2 in atherosclerosis. Immunol Res
2000;21:129-37.

Niu J, Azfer A, Zhelyabovska O, Fatma S, Kolattukudy PE.
Monocyte chemotactic protein (MCP)-1 promotes angiogen-
esis via a novel transcription factor, MCP-1-induced protein
(MCPIP). ] Biol Chem 2008;283:14542-51.

Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte che-
moattractant protein-1 (MCP-1): an overview. ] Interferon
Cytokine Res 2009;29:313-26.

Rosen LS. Clinical experience with angiogenesis signaling inhib-
itors: focus on vascular endothelial growth factor (VEGF) block-
ers. Cancer Control 2002;9:36-44.

Mahmud A, Feely J. Arterial stiffness is related to systemic
inflammation in essential hypertension. Hypertension 2005;46:
1118-22.

Liu Y, Peng W, Qu K, Lin X, Zeng Z, Chen J, et al. TET2: a novel
epigenetic regulator and potential intervention target for athero-
sclerosis. DNA Cell Biol 2018;37:517-23.

Fuster JJ, MacLauchlan S, Zuriaga MA, Polackal MN, Ostriker
AC, Chakraborty R, et al. Clonal hematopoiesis associated with
TET?2 deficiency accelerates atherosclerosis development in mice.
Science 2017;355:842-7.

Krishnan SM, Ling YH, Huuskes BM, Ferens DM, Saini N,
Chan CT, et al. Pharmacological inhibition of the NLRP3
inflammasome reduces blood pressure, renal damage, and
dysfunction in salt-sensitive hypertension. Cardiovasc Res
2019;115:776-87.

[20]

(21]

(22]

[23]

(24]

[25]

[26]

(27]

(28]

[29]

163

Hassan N, Ali A, Withycombe C, Ahluwalia M, Al-Nasseri RH,
Tonks A, et al. TET-2 up-regulation is associated with the anti-
inflammatory action of Vicenin-2. Cytokine 2018;108:37-42.
Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro-
and anti-inflammatory properties of the cytokine interleukin-6.
Biochim Biophys Acta 2011;1813:878-88.

Lopez-Castejon G, Brough D. Understanding the mechanism of
IL-1P secretion. Cytokine Growth Factor Rev 2011;22:189-95.
Munford RS. Endotoxemia—menace, marker, or mistake? ] Leukoc
Biol 2016;100:687-98.

Magrone T, Jirillo E. The impact of bacterial lipolysaccharides
on the endothelial system: pathological consequences and ther-
apeutic countermeasures. Endocr Metab Immune Disord Drug
Targets 2011;11:310-25.

Niu G, Chen X. Vascular endothelial growth factor as an
anti-angiogenic target for cancer therapy. Curr Drug Targets.
2010;11:1000-17.

Sun J, Wang DA, Jain RK, Carie A, Paquette S, Ennis E, et al.
Inhibiting angiogenesis and tumorigenesis by a synthetic mole-
cule that blocks binding of both VEGF and PDGF to their recep-
tors. Oncogene. 2005;24:4701-9.

Jaiswal S, Natarajan P, Silver AJ, Gibson CJ, Bick AG, Shvartz E,
et al. Clonal hematopoiesis and risk of atherosclerotic cardiovas-
cular disease. N Engl ] Med 2017;377:111-21.

Jaiswal S, Libby P. Clonal haematopoiesis: connecting ageing and
inflammation in cardiovascular disease. Nat Rev Cardiol 2019.
Elkady AI, Hussein RA, El-Assouli SM. Mechanism of action
of Nigella sativa on human colon cancer cells: the suppression
of AP-1 and NF-«B transcription factors and the induction of
cytoprotective genes. Asian Pac ] Cancer Prev 2015;16:7943-57.


https://doi.org/10.1038/nrcardio.2009.228
https://doi.org/10.1038/nrcardio.2009.228
https://doi.org/10.1385/ir:21:2-3:129
https://doi.org/10.1385/ir:21:2-3:129
https://doi.org/10.1385/ir:21:2-3:129
https://doi.org/10.1074/jbc.M802139200
https://doi.org/10.1074/jbc.M802139200
https://doi.org/10.1074/jbc.M802139200
https://doi.org/10.1074/jbc.M802139200
https://doi.org/10.1089/jir.2008.0027
https://doi.org/10.1089/jir.2008.0027
https://doi.org/10.1089/jir.2008.0027
https://doi.org/10.1177/107327480200902S05
https://doi.org/10.1177/107327480200902S05
https://doi.org/10.1177/107327480200902S05
https://doi.org/10.1161/01.HYP.0000185463.27209.b0
https://doi.org/10.1161/01.HYP.0000185463.27209.b0
https://doi.org/10.1161/01.HYP.0000185463.27209.b0
https://doi.org/10.1089/dna.2017.4118
https://doi.org/10.1089/dna.2017.4118
https://doi.org/10.1089/dna.2017.4118
https://doi.org/10.1126/science.aag1381
https://doi.org/10.1126/science.aag1381
https://doi.org/10.1126/science.aag1381
https://doi.org/10.1126/science.aag1381
https://doi.org/10.1093/cvr/cvy252
https://doi.org/10.1093/cvr/cvy252
https://doi.org/10.1093/cvr/cvy252
https://doi.org/10.1093/cvr/cvy252
https://doi.org/10.1093/cvr/cvy252
https://doi.org/10.1016/j.cyto.2018.03.016
https://doi.org/10.1016/j.cyto.2018.03.016
https://doi.org/10.1016/j.cyto.2018.03.016
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1016/j.bbamcr.2011.01.034
https://doi.org/10.1016/j.cytogfr.2011.10.001
https://doi.org/10.1016/j.cytogfr.2011.10.001
https://doi.org/10.1189/jlb.3RU0316-151R
https://doi.org/10.1189/jlb.3RU0316-151R
https://doi.org/10.2174/187153011797881210
https://doi.org/10.2174/187153011797881210
https://doi.org/10.2174/187153011797881210
https://doi.org/10.2174/187153011797881210
https://doi.org/10.2174/138945010791591395
https://doi.org/10.2174/138945010791591395
https://doi.org/10.2174/138945010791591395
https://doi.org/10.1056/NEJMoa1701719
https://doi.org/10.1056/NEJMoa1701719
https://doi.org/10.1056/NEJMoa1701719
https://doi.org/10.1038/s41569-019-0247-5
https://doi.org/10.1038/s41569-019-0247-5
https://doi.org/10.7314/apjcp.2015.16.17.7943
https://doi.org/10.7314/apjcp.2015.16.17.7943
https://doi.org/10.7314/apjcp.2015.16.17.7943
https://doi.org/10.7314/apjcp.2015.16.17.7943



