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Abstract

Nigella sativa has been shown to exhibit anti-inflammatory and anti-oxidant effects on cells in literature. Increased
concentrations of TNF-a, COX-2, iNOS are found in acute and chronic inflammatory conditions. These mediators have been
shown to play a key role in inflammatory process and thus can be a potential target for therapeutic intervention.

The current study was designed to evaluate the effects of ThymoPure™ (Nigella sativa) oil on the in-vitro expression level of
cytokines TNF-a, COX-2 and iNOS in mouse macrophage cells.

ThymoPure™ (Nigella sativa) oil was initially studied for cytotoxicity on mouse macrophage cells by exposing them to
different concentrations of the test substance. Further two non-toxic doses of 125 mg/ml and 62.5 mg/ml were selected for the
study. Mouse macrophage cells were treated with 125 mg/ml and 62.5 mg/ml of the test substance along with LPS (1 pg/ml)
and were incubated for 24 hours. The cells were then harvested for studying the gene expression level of TNF-a, COX-2 and
iNOS by Quantitative RT-PCR analysis. The study results showed a decrease in mMRNA gene expression of TNF-a (0.97 &
1.17 folds), iNOS (0.91 & 0.99 folds) and COX-2 (1.05 & 1.17 folds) on exposure to lower and higher dose of the test
substance respectively when compared to the cell control. The level of expression was observed to decrease when the cells
were treated with higher dose (125 pg/ml) in comparison to lower dose (62.5 pg/ml) of ThymoPure™ (Nigella sativa) oil for
24 hours.

In the current in-vitro study ThymoPure™ (Nigella sativa) oil has shown potential anti-inflammatory effects as it reduced the

expression of TNF-a, COX-2 and iNOS in an accelerated dose response.
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Introduction

Nigella sativa (NS) also known as black cumin, is a potent
anti-inflammatory and immunomodulatory  substance.
Notably, the seed’s biological activity has been associated
with its thymoquinone (TQ) content [ 2, NS has shown to
inhibit inflammatory mediators (IL-6, IL-2, PGE>) in human
primary T-lymphocyte cells, human primary monocytes,
and A549 lung epithelial cells substantiating its effect on the
respiratory system?3. The review of literature revealed that
NS inhibits the release of PGE,, which is thought to have a
broncho-dilatory effect on the bronchial epithelium [ 31,
This suppressive effect on the PGE; release from T-
lymphocytes may be considered to be a beneficial effect due
to the general pro-inflammatory properties of PGE; and its
effect of PGE, on Th2 and IgE responses. Interestingly,
there is a positive relationship between the TQ level in the
body and the inhibition of inflammatory mediators that
includes 1L-2, IL-6, and PGE; . TQ has shown the ability
to modulate or inhibit inflammatory responses e.g. IL-1, IL-
6, IL-10, 1L-18, TNF-a, and NF-xB B,

Inflammatory cytokines secreted from immune cells like
tumor necrosis factor (TNF)-alpha and interleukin (IL)-6 are
commonly seen in an active immune response and as a part
of cytokine storm. TNF promotes inflammatory response,
which may result in the clinical symptoms associated with
diseases like inflammatory lung disease, rheumatoid

arthritis, crohn’s disease, psoriasis etc & 7 & % In a study by
Partsch et al high levels of TNF-a and other
proinflammatory cytokines were seen the synovial fluid in
psoriatic arthritis. The level of TNF-alpha, IL-1beta, and IL-
8 were significantly higher in the synovial fluid of psoriatic
arthritis than in osteoarthritis, although lower than in
rheumatoid arthritis %, TQ has shown the ability to inhibit
the production of pro-inflammatory cytokines through a
variety of methods. In a study by Arjumand et al TQ
downregulated TLR2, TLR4, TNF-o, IL-1 and NFkb
MRNA expression in rats with rheumatoid arthritis, thus
exhibiting antiarthritic effect !4,

Pro-inflammatory mediators like nitric oxide (NO) and
prostaglandins when released in high concentration,
increases inflammation. Immunostimulatory cytokines or
bacterial pathogens activate the enzyme inducible nitric
oxide synthase (iNOS) and generate high concentration of
NO through the activation of inducible nuclear factors
including NFkb 2. Overproduction of NO is catalysed by
iINOS. The expression of iNOS expression has been
described in rheumatoid arthritis, multiple sclerosis,
Alzheimer’s disease and tumour of brain, breast etc 3 14 15
16171, Black seed oil has shown the ability to inhibit nitric
oxide (NO) production and synthesis, thus helps mediate the
inflammatory process Bl. In an invitro study by Mahmood et
al, the inhibitory effect of aqueous extract of Nigella
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sativa seeds on nitric oxide (NO) production by murine
macrophages was demonstrated 8, TQ has also shown to
suppress the expression of inducible nitric oxide synthase
(iNOS) and transforming growth factor-p1 (TGF-B1)
mRNAs, preventing inflammatory modifications associated
with asthma [,

Prostaglandins are generated through arachidonic acid
metabolism by cyclooxygenase-1 and -2 enzymes (COX-1
and COX-2) 201, COX-2 is rapidly expressed in several cell
types in response to growth factors, cytokines, and pro-
inflammatory  molecules Y. In allergic  airway
inflammation, TQ has been shown to suppress COX-2
expression and the generation of prostaglandins. In the study
on mice with allergic airway inflammation sensitized by
ovalbumin (OVA), there was a significant increase in PGD2
and PGE2 production in the airways, an increase in the
inflammatory cell numbers and Th2 cytokine levels in the
bronchoalveolar lavage (BAL) fluid, lung airway
eosinophilia and goblet cell hyperplasia, as well as the
induction of COX-2 protein expression in the lung.
Intraperitoneal injection of TQ for 5 days before the first
OVA challenge attenuated airway inflammation as
demonstrated by the significant decrease in Th2 cytokines,
lung eosinophilia, and goblet cell hyperplasia. This
attenuation of airway inflammation was concomitant to the
inhibition of COX-2 protein expression and PGD?2
production 2%, Al Wafai et al showed that supplementation
with TQ and N Sativa in streptozotocin (STZ) stimulated
diabetic rats prevented COX-2 enzyme expression in
pancreatic tissue ?4,

In our previous studies with ThymoPure™ (Nigella sativa)
oil on mouse macrophages, the dendritic cell maturation,
survival, and cytokine release (TNF-alpha, IL-6, IL-1-b and
IL-17) was seen to be counteracted following LPS exposure
231 In another study with ThymoPure™ (N. sativa) oil
potentiation effects on phagocytosis were seen on mouse
macrophages 241,

The current in-vitro study was designed to evaluate the
effects of ThymoPure™ (Nigella sativa) oil on the gene
expression levels of TNF-a, iNOS and COX-2 in mouse
macrophage cells. These mediators play a key role in
inflammatory processes and thus an understanding of the
mRNA gene expression level under inflammatory
conditions may be useful as potential targets for therapeutic
intervention in number of pathological conditions.

Materials and Methods

Test substance information

ThymoPure™ (Nigella sativa) oil was manufactured by
Bio-gen Extracts Pvt Ltd, Bangalore, INDIA. This was
stored at room temperature with a shelf life of about three
years. ThymoPure™ (Nigella sativa) oil, was manufactured
by super-critical-fluid-extraction (SCFE) technology.

Preparation of test solution

ThymoPure™ (Nigella sativa) oil, 10 mg was weighed and
separately dissolved in DMEM-HG (Dulbecco’s modified
eagle’s medium-high glucose) supplemented with 2%
inactivated FBS (fetal bovine serum). The volume was made
up with media to obtain a stock solution of 1 mg/ml
concentration and sterilized by filtration. Serial two-fold
dilutions were prepared from the stock solution to perform
cytotoxic studies and further efficacy studies. The non-toxic
concentrations of the test substance were selected to
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evaluate its effect on the mRNA gene expression of TNF-a,
iNOS and COX-2 on mouse macrophage cells.

Cell line and Culture medium

Raw 264.7 (Mouse macrophage) cell line was procured
from National Centre for Cell Sciences (NCCS), Pune,
India. Stock cells were cultured in DMEM supplemented
with 10% inactivated foetal bovine serum (FBS), penicillin
(100 1U/ml), streptomycin (100 pg/ml) and amphotericin B
(5 pg/ml) in a humidified atmosphere of 5% CO; at 37°C
until confluent. The cells were dissociated with trypsin
phosphate versene glucose (TPVG) solution (0.2% trypsin,
0.02% EDTA, 0.05% glucose in PBS). The stock cultures
were grown in 25 cm? culture flasks and all experiments
were carried out in 96-well microtiter plates (Tarsons India
Pvt. Ltd., Kolkata, India).

Cytotoxicity Studies

The cell viability was assessed by MTT reduction assay in
semi confluent monolayer cultures. The solution of the test
substance were added to cells and incubated at 37°C in 5%
CO, atmosphere. After 72 hr of incubation, plates were
centrifuged at 500g and the solutions of test substance in the
wells were carefully removed and 100 pl of MTT in PBS
was added to each well. The plates were gently shaken and
incubated for 3 h at 37 °C in 5% CO, atmosphere. The
supernatant was removed as mentioned above and 100 pl of
DMSO was added and the plate was gently shaken to
solubilize the formed formazan. The absorbance was
measured using a microplate reader at a wavelength of 540
nm. The plates were protected from light throughout the
procedure. The percentage growth inhibition was calculated
using the standard formula and concentration of test
substances, needed to inhibit the growth of the cell by 50%
i.e., CTCso values were generated from the dose-response
curves. The inhibition was expressed as the percentage
relative to the cell control. Cells were exposed to different
concentrations of the ThymoPureTM (N. sativa) oil.
Dilutions of 1000mg/ml, 500 mg/ml, 250 mg/ml, 125 mg/ml
and 62.5mg/ml were studied (Table 1). ThymoPureTM (N.
sativa) oil demonstrated a CTC50 value of 210.5+2.45.
Furthermore, the non-toxic concentrations of 125 pg/ml and
62.5 pg/ml were identified and selected for further studies.
Treatment for gene expression

Mouse macrophage cells (1.5 x 10°) were seeded into 60
mm petri dishes and were grown in DMEM media until
confluency. When the cells reached about 70-80%
confluency, they were treated with the non-toxic
concentrations of the test substance along with LPS (1
pg/ml). The petri dishes were incubated for 24 h at 37 °C
and thereafter the cells were harvested for gene expression
studies.

RNA isolation and cDNA synthesis

The mouse macrophage cells treated with test substance
were subjected to cell lysis by treating with Tri-extract
reagent. Chloroform was added, to isolate the total RNA
from the sample which was then subjected to centrifugation.
Out of the three distinct layers observed, upper layer was
collected in a fresh tube and an equal volume of isopropanol
was added and incubated at -20°C for 10mins. After the
incubation followed by centrifugation, appropriate volume
of ethanol was added to resuspend the pellet. After
incubation and centrifugation, the pellet was air dried and
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appropriate volume of TAE buffer was added. The isolated
total RNA was further used for cDNA synthesis. cDNA was
synthesized by priming with oligo dT primers followed by
reverse transcriptase enzyme treatment according to
manufacturer’s protocol (Thermo scientific). The cDNA
thus synthesized was taken up for PCR for the amplification
of TNF-a, iINOS and COX-2 and GAPDH (internal control).

RT-PCR Procedure

The mRNA expression levels of TNF-a, iINOS and COX-2
were determined using  semi-quantitative  reverse
transcriptase-polymerase chain reaction (RT-PCR). 50ul of
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the reaction mixture was subjected to PCR for amplification
of TNF-o, iINOS and COX-2. cDNAs using specifically
designed primers procured from Eurofins, India and as an
internal control GAPDH (housekeeping gene) was co-
amplified with each reaction.

Amplification conditions for TNF-a, iNOS and COX-2
genes

95°C for 5 min followed by 35 cycles of denaturation at
95°C for 30 seconds, annealing Tm for 30 seconds and
extension at 72°C for 45 seconds. This was followed by
final extension at 72°C for 10 min.

Table 1
Gene Primers Expected product size

TNE-aloh Forward: 5° GCA TGA TCC GCG ACG TGG AA 3’ 1350

-alpha Reverse: 5’ TTC CAC GTC GCG GAT CAT GC 3’ P
NOS Forward: 5° CAC CTC ACT GTG GCC GTG GT 3’ 3600

! Reverse: 5° CAC CTG GAA CAG CAC TCT CT 3° P

Forward: 5° ATT CAA CAC ACT CTATCACT 3’
cox-2 Reverse: 5° TTG CAC ATT GAA AGA AGT GA 3° 610bp

Results

ThymoPure™ (Nigella sativa) oil was initially studied for
cytotoxicity on Raw 264.7 macrophage cells by MTT assay
in vitro. Macrophage cells were exposed to different
concentrations of the ThymoPure™ (Nigella sativa) oil.
Dilutions of 1000 mg/ml, 500 mg/ml, 250 mg/ml, 125
mg/ml and 62.5 mg/ml were studied (Table 1). The
compound demonstrated a CTCs value of 210.5+2.45;
consequently, the non-toxic concentrations (125 pg/ml and
62.5 pg/ml) were identified and selected for further gene
expression studies. Mouse macrophage cells were treated
with the non-toxic concentrations (125 pg/ml and 62.5
pg/ml) of the test substance along with LPS (1 pg/ml). The
petri dishes were incubated for 24 h at 37 °C and thereafter
the cells were harvested for gene expression studies. The
MRNA expression levels of TNF-a, iNOS and COX-2 were
determined using semi-quantitative reverse transcriptase-
polymerase chain reaction (RT-PCR). TNF-o, iNOS and
COX-2 genes were amplified from cell control, LPS control
and the test substance ThymoPure™ (Nigella sativa) oil
with mouse macrophage cell line (Figure 1). First lane in the
distribution was assessed as cell control (untreated), test
substance (62.5 pg/ml) in Lane 3 and (125pg/ml) in Lane 4
was compared with LPS control (Lane 2). The data obtained
was normalised with reference to GAPDH values. There
was a reduction of TNF-a gene expression in macrophage

cells treated with the test substance ThymoPure™ (Nigella
sativa) oil at concentrations of 62.5 pg/ml and 125ug/ml as
compared to LPS control and cell control (Table-2).
Reduction of TNF alpha gene expression was about 22%
(125ug/ml) and 6.8% (62.5 pg/ml) compared to LPS
control. This reduction of TNF alpha gene expression was
higher in highest concentration compared to lower
concentration as exhibited in the RT-PCR data. The gene
expression level of iNOS was reduced in macrophage cells
treated with the test substance ThymoPure™ (Nigella
sativa) oil at concentrations of 62.5 pg/ml and 125ug/ml as
compared to LPS control and cell control (Table-2).
Reduction of iNOS gene expression was about 19.7%
(125pg/ml) and 16.8% (62.5 pg/ml) compared to LPS
control. This reduction of iINOS gene expression was higher
in highest concentration compared to lower concentration as
exhibited in the RT-PCR data. A reduction of COX-2 gene
expression was seen reduced in macrophage cells treated
with the test substance ThymoPure™ (Nigella sativa) oil at
concentrations of 62.5 pg/ml and 125ug/ml as compared to
LPS control and cell control (Table-2). Reduction of COX-2
gene expression was about 28.57% (125ug/ml) and 20.4%
(62.5 pg/ml) compared to LPS control. There was rapid
reduction of COX-2 gene expression amongst test substance
which was much higher with higher doses compared to low
doses of ThymoPure™ (Nigella sativa) oil.

Table 2: Cytotoxic properties of ThymoPure™ (Nigella sativa) oil against Raw 264.7 cells

SI. No Name of Test substance Test Conc. (ug/ml) % Cytotoxicity CTCso (ug/ml)
1000 64.99 + 0.6
ThymoPure™ (Nigella sativa) 500 62.97 0.5
1. oil 250 60.39+1.1 2105+ 245
(Raw 264.7) 125 2756 +0.6
62.5 16.62+1.4

Table 3: Modulatory effect of ThymoPure™ (Nigella sativa) oil on TNF-a, iNOS and COX-2 gene expression in mouse macrophages

Regulation in Terms of Folds
Test Sample TNFa iNOS cCoX2
Cell control 1.00 1.00 1.00
LPS control 1.25 1.19 1.47
RR200568- (62.5 ug/ml) 117 0.99 117
RR200568- (125 pg/ml) 0.97 0.91 1.05
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L =100 bp Ladder

1 = Cell Control

2 = LPS control

3 =RR200568 (62.5 ng/ml)
4 =RR200568 (125 pg/ml)

GAPDH e e
Fig 1: RT-PCR profile of TNF-a gene amplified from test
substance ThymoPure™ (Nigella sativa) oil treated Mouse

Macrophage cell line: Effect of the ThymoPure™ on TNF-a
transcripts in mouse macrophage L: 100bp marker, Lane 1: Cell

Control (Untreated), Lane 2: LPS control (1 pg/ml), Lane 3: (62.5

pg/ml), Lane 4: (125pg/ml).

L 1 — wdem 4

L =100 bp Ladder

1 = Cell Control

2 =LPS control

3 =RR200568 (62.5 ng/ml)
4 = RR200568 (125 pg/ml)

GAPDH

g - |

Fig 2: RT-PCR profile of iNOS gene amplified from test substance
ThymoPure™ (Nigella sativa) oil treated Mouse Macrophage cell
line: Effect of the ThymoPure™ (RR200568) on iNOS transcripts
in mouse macrophage L: 100bp marker, Lane 1: Cell Control
(Untreated), Lane 2: LPS control (1 pg/ml), Lane 3;: RR200568
(62.5 pg/ml), Lane 4: RR200568 (125ug/ml)

L =100 bp Ladder

1 = Cell Control

2 = LPS control

3 =RR200568 (62.5 pg/ml)
4 =RR200568 (125 pug/ml)

GAPDH

Fig 3: RT-PCR profile of COX-2 gene amplified from Thymo
Pure™ (Nigella sativa) Qil treated Mouse Macrophage cell line:
Effect of the ThymoPure™ (RR200568) on COX-2 transcripts in

mouse macrophage L: 100bp marker, Lane 1: Cell Control

(Untreated), Lane 2: LPS control (1 pg/ml), Lane 3: RR200568

(62.5 pg/ml), Lane 4: RR200568 (125pg/ml)

Discussion and Conclusion

The immune system is complex and it reacts in ways
designed to protect the body from foreign aggressors. This
complex activity is an orchestra of cells and proteins that
provide a combination of powerful offensive capabilities
alongside solid-defence mechanisms. Cytokines are
relatively low-molecular-weight proteins produced by many
cell types and are pharmacologically active, exhibiting both
beneficial and pathologic effects on the target cells.
Imbalanced expression of cytokines has been implicated in
the progression of many diseases °l. Overexpression of
TNF-a, iNOS have been seen in inflammatory lung disease
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(1, rheumatoid arthritis [": 3 etc. In a study by Fathy M et al
(241 overproduction of the inflammatory mediators (NO,
TNF-a, and IL-6) and stimulation of iINOS enzyme activity
and expression was reported in DENA-induced
hepatocarcinogenesis®.Overall cytokines such as TNF-a,
COX-2 and iNOS play a huge role in triggering chronic
inflammatory responses as a part of the inflammatory
cascade. Inhibition of these cytokines can be a potential
target for compounds synthesized for boosting the immune
system.

The present study was conducted to evaluate the effect of
ThymoPure™ (Nigella sativa) oil on the mRNA gene
expression levels of cytokines TNF-o, COX-2 and iNOS on
mouse macrophage cells. Quantitative RT-PCR analysis
revealed that the mRNA gene expression of TNF-a was
decreased on exposure to ThymoPure™ (Nigella sativa) oil
at lower (62.5 pg/ml) and higher concentration (125 pg/ml)
compared to the cell control over a period of 24 hrs.
ThymoPure™ (Nigella sativa) oil at the concentration of
62.5 pg/ml and 125 pg/ml down-regulated the TNF-a gene
expression levels compared to the control by 1.17 and 0.97
folds respectively. There was a two-fold difference between
the expression levels of TNF- « in the cells treated with
ThymoPure™ (Nigella sativa) oil compared to the cell
control. Salem 1 reported that N. sativa inhibited the
inflammatory cytokines 1L-1 and TNF-a. It further
enhanced IL-8 expression in human Peripheral Blood
Mono-nuclear Cells (PBMC) through an alteration of
trafficking of inflammatory cells. This was done by
modulating the expression of chemokines and or other
adhesion molecules. Howard et al [ reported that N.
sativa helps to balance the inflammatory response during
endotoxemia. Velagapudi et al 1 demonstrated that TQ
administration in rats abrogated LPS-stimulated increase in
PGE;, TNF-a, IL-6, and IL-1B. In another study TQ
downregulated TLR2, TLR4, TNF-a, IL-1 and NF-kb
MRNA expression in rats with rheumatoid arthritis, thus
exhibiting antiarthritic effect (111,

Estimation of INOS mRNA gene expression by quantitative
RT-PCR analysis revealed a decrease in gene expression
level on exposure to ThymoPure™ (Nigella sativa) oil
compared to the cell control. ThymoPure™ (Nigella sativa)
oil in higher concentration (125 pg/ml) decreased the
expression by 0.91 folds, while in lower concentration (62.5
ug/ml) decreased the iNOS expression by 0.99 folds as
compared to the cell control over a period of 24 hrs.
Ibrahim et al 28], showed that NS inhibited hepatotoxicity
induced by carbon tetra chloride by down regulation of
CYP2E and CYP3A protein expressions due to reduction of
nitrous oxide through downregulation of inducible nitrous
oxide synthase (iNOS) expression. In another study TQ
inhibited the increase in INOS mRNA expression induced
by LPS in rat peritoneal macrophages, and the inhibitory
effects were confirmed by decreased immunoreactivity for
iNOS by immunofluorescence staining as compared to
control LPS-stimulated cells. They concluded that TQ
suppresses the production of NO by macrophages; an effect
which may be useful in ameliorating the inflammatory and
autoimmune conditions Y. Fathy M et al 4l in their study
on the In vivo modulation of iNOS pathway in
hepatocellular carcinoma by Nigella sativa observed a
significant increase in serum AFP, NO, TNF-a, and IL-6
levels and iINOS enzyme activity in rats treated with DENA.
Significant up-regulation of liver INOS mRNA and protein
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expression was also observed. Subsequent treatment with
NSEE (Nigella sativa Ethanolic Extract) significantly
reversed these effects and improved the histopathological
changes in malignant liver tissue. They concluded that
attenuation of the iNOS pathway and suppression of the
inflammatory response mediated by TNF-a, and IL-6 could
be implicated in the antitumor effect of NSEE [26],
Quantitative RT-PCR analysis of COX-2 m-RNA gene
expression revealed that the expression of COX-2 was
decreased on exposure to ThymoPure™ (Nigella sativa) oil
at lower (62.5 pg/ml) and higher concentration (125 pg/ml)
as compared to the cell control over a period of 24 hrs.
ThymoPure™ (Nigella sativa) oil at higher concentration
(125 pg/ml) decreased the expression by 1.05 fold and at
lower concentration (62.5 pg/ml) the decreased COX-2
expression by 1.17 fold in comparison to the cell control. In
mice with allergic airway inflammation, TQ has been shown
to suppress COX-2 expression and the ensuing generation of
prostaglandins®.  Wafai et al [ Showed that
supplementation with TQ and N. Sativa in streptozotocin
(STZ)-stimulated diabetic rats prevented COX-2 enzyme
expression in pancreatic tissue [?2.  Another study
determined the expression of cox-2 gene in human
Gastroenteropancreatic neuroendocrine tumors (GEP-NETS)
and the effect of nonsteroidal anti-inflammatory drugs
(NSAIDs) on both anchorage-dependent and independent
growth of GEP-NET cells. They found 87.8% of GEP-NET
tissues stained positive for COX-2 and the PGE2
(prostaglandin E2) amounts quantified in the supernatants of
NET cells matched to cox-2 expression level.

NS is known to have anti-inflammatory and
immunomodulatory effects in literature. Several studies
published in literature have confirmed the pharmacological
action of NS in regulating inflammatory cytokines during
obstructive respiratory disorders e.g. Thymoquinone
suppresses mMRNA  expression which downregulates
interferon gene and other inflammatory responses [,
Similarly, a-hederin suppresses the miRNA-126 expression
which consequently interfere with IL-13 secretion pathway
(39, Molecular docking results have showed the superiority
of these compounds on FDA approved drugs B4, In the
current in vitro study ThymoPure™ (Nigella sativa) oil has
produced anti-inflammatory effects as it has reduced the
level of expression of TNF-a, COX-2 and iNOS gene in an
accelerated dose response. The study results have given
some understanding of expression of cytokines TNF-a,
COX-2 and iNOS in vitro. However, these studies have to
be repeated in a clinical program to elucidate the effects of
ThymoPure™ (Nigella sativa) oil on the expression of these
cytokines.
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