ORIGINAL ARTICLE

Eastern Journal of Medicine

East J Med 28(4): 644-652, 2023
DOI: 10.5505/ejm.2023.92693

Anti-inflammatory Potential of Thymoquinone in Tumor
Necrosis Factor-alpha Stimulated SW982 Human

Synovial Fibroblasts

Mehmet Berkoz'’, Oruc Yunusogluz, Miroslaw Krosniak®, Renata Francik*

'Department of Biochemistry, Faculty of Pharmacy, Van Yuzuncu Yil University, Van, Tiirkiye

2Department of Medical Pharmacology, Faculty of Medicine, Bolu Abant I3zet Baysal University, Bolu, Tiirkiye
’Department of Food Chemistry and Nutrition, Medical College, Jagiellonian University, Krakow, Poland
*Department of Bioorganic Chemistry, Chair of Organic Chemistry, Medical College, Jagiellonian University, Krakow,
Poland

ABSTRACT

Rheumatoid arthritis is a common systemic autoimmune disease characterized by chronic inflammation of the joints that
can induce the formation of pannus tissue and ultimately leads to joint destruction. Thymoquinone, the major bioactive
constituent of Nigella sativa seed oil has diverse pharmacological properties. Although there are some studies in the
literature showing the anti-inflammatory activity of thymoquinone, it is not yet clear whether thymoquinone can prevent
inflaimmation caused by rheumatoid arthritis. The goal of this study was to investigate the potential anti-inflammatory
effects of thymoquinone treatment on synovial fibroblasts. In our study, we investigated the effects of thymoquinone on
nitric oxide production, interleukine-6 (IL-6), IL-8, and prostaglandin E2 (PGE2) levels, inducible nitric oxide synthase
(INOS), cyclooxygenase-2 (COX-2), tumor necrosis factor receptor-1 (TNF-R1), and TNF-R2 protein expressions,
extracellular signal-regulated protein kinases 1 and 2 (ERK1/2), Jun N-terminal kinase (JNK), p38 mitogen-activated
protein kinase (MAPK), and Akt phosphorylation levels in tumor necrosis factor-alpha (TNF-«) stimulated SW982 human
synovial fibroblasts. Thymoquinone treatment (0-1 uM) resulted in significant and concentration-dependently reduced the
TNF-a stimulated production of nitric oxide, IL-6, IL-8, and PGE2 levels compared to the untreated group (p<0.05). Also
thymoquinone treatment in high concentrations exerted an anti-inflammatory effect by suppressing iNOS, COX-2, TNF-
R1, and TNF-R2 protein exptressions and the phosphotrylation of JNK, p38 MAPK, ERK1/2 and Akt in SW982 synovial
fibroblasts (p<0.05). Taken together, these results show that thymoquinone in high concentrations is able to play a
beneficial role in TNF-a mediated signaling in rheumatoid arthritis synovial fibroblasts.

Keywords: Thymoquinone, SW982 cell line, human synovial fibroblasts, inflaimmation, tumor necrosis factor-alpha,
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Introduction environmental factors (4). Rheumatoid arthritis is

characterized by the occurrence of chronic
Rheumatoid arthritis is a chronic  disorder inflammatory changes in the joints (5). The synovial
characterized by inflammation of the synovial membrane is primarily involved in rheumatoid

membrane of peripheral joints and may lead to
progressive functional impairment. Common joints
involved are the small joints of hands and feet, often
asymmetrically resulting in pain, stiffness and loss of
function (1). Approximately 1% of the population is
affected in the world. Women are 3 times more
affected than men, it usually occurs in the age group
of 40 and 60 years (2,3). Although the cause is
unknown, rheumatoid arthritis is considered to be
due to faulty response of the immune system and the
complex interaction  between  genetic  and

arthritis. Synovial membrane is a thin lining present
between joint capsule and joint cavity. It offers
nutrients to the cartilage as well as secretes lubricants
like hyaluronic acid, collagen, and fibronectin and
contains fibroblasts and macrophages (6).

During inflammation the synovium becomes
infiltrated with cluster of differentiation 4 (CD4+) T
cells, macrophages and mononuclear cells. The
mononuclear cells differentiate into multinucleated
osteoclasts (7). Synovial infiltration is accompanied by
angiogenesis leading to synovial hypertrophy. This
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hypertrophy is also called as pannus that causes
destruction of cartilage (8,9). These inflammatory
changes are mediated by pro-inflammatory cytokines,
such as interleukine-1 (IL-1), I1L-6, IL-8, and tumor
necrosis factor-alpha (INF-a) elaborated by the
inflaimmatory cells which activate osteoclasts causing
bone destruction (9-11). In addition, elaboration of
proteolytic ~ enzymes  such as  collagenase,
metalloproteinase and stromelysin by the synovial
cells and chondrocytes results in further destruction
of the cartilage and narrowing of joint space (12,13).

There is no cure for rheumatoid arthritis, but there
are several different pharmaceutical options available
to treat the symptoms of the disease as well to slow
the progression. It has been found that these
treatments are most effective when prescribed eatly in
the disease. The pharmaceutical options include
disease-modifying antirheumatic drugs, biologics,
corticosteroids and nonsteroidal anti-inflammatory
drugs (14,15).

There are several herbal treatments that have been
shown to have beneficial effects in rheumatoid
arthritis patients. Camellia sinensis, Celastrus aculeatus,
Uncaria  rhynchophylla (cat’s claw), Lepidinm meyenii,
Tripteryginm wilfordii Hook F (thunder god vine), Perna
canaliculus, Curcuma longa (turmeric), Curcuma phaeocanlis,
Zingiber officinale (ginger), and Semecarpus anacardinm
Linn are some of the available herbal medicines used
in the complementary medicine for rheumatoid
arthritis treatment (10).

Nigella sativa, commonly known as black seed or black
cumin, is an annual plant belonging to the family
Ranunculaceae. Native to western Asia, black seed has
been used for many years, dating as far back as
ancient Egypt. Black seeds were found in the tomb of
Tutankhamun (17). Black seed has been used in the
Middle and Far East countries for culinary and
medicinal purposes to treat many ailments including
asthma, hypertension, diabetes, inflammation, cough,
bronchitis, headache, eczema, fever, dizziness, and
influenza. The seeds of N. sativa ot its oils are used as
a diuretic, to promote digestion and elimination, to
increase lactation, to aid in the elimination of
intestinal parasites, and to relieve flatulence and
abdominal distension (18). Black seed has been used
as a condiment and as a spice in foods. IN. sativa seeds
contain fixed oils, proteins, alkaloids, saponin, and
essential oil. The major active compound of N. sativa
seed is thymoquinone (19,20). Numerous studies have
indicated  the  anti-inflaimmatory  effects  of
thymoquinone. Houghton et al. (21) found that
thymoquinone inhibited cycloxygenase and 5-
lipooxygenase pathways of arachidonate metabolism
in rat peritoneal leukocytes. Although there are some
studies in the literature showing the anti-inflammatory

activity of thymoquinone (22,23), it is not yet clear
whether thymoquinone can prevent inflammation
caused by rheumatoid arthritis.

In view of all this, the goal of this study was to
investigate the potential effects of thymoquinone
treatment in TNF-o-stimulated SW982 cells (human
rheumatoid arthritis-synovial fibroblast cell line) and
to investigate in depth their effects on anti-
inflaimmatory signaling pathways. In addition, the
production of proinflammatory mediators, protein
expression of proinflammatory enzymes and the role
of mitogen-activated protein kinases (MAPKSs)
pathway were examined in the current study.

Materials and Methods

Materials: SW982 cell line was purchased from
American Type Culture Collection (ATCC® HTB-
93™)_ All cell culture chemicals were bought either
from Sigma-Aldrich or Merck. Primer and seconder
antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). All the other
chemicals were bought either from Sigma-Aldrich,
Merck or other standard suppliers.

Culture Media: The SW982 human synovial
fibroblasts were cultured in Roswell Park Memorial
Institute 1640 (RPMI-1640) supplemented with foetal
bovine serum (FBS) (5%) containing penicillin (100
IU/mL)/streptomycin (100 pg/mL) and 1% L-
glutamine in 75 cm? flasks. The flasks cells were
maintained in a humidified incubator (at 37°C, 95%
air, and 5% COy). Culture medium was changed with
fresh RPMI-1640 every 48 hours. Confluent cells
were washed with phosphate-buffered saline (PBS)
and trypsinized with 0.25% trypsin- ethylenediamine
tetraacetic acid (EDTA) solution. RPMI-1640 was
added to terminate the action of trypsin. Thereafter,
cells were collected in 50 mL sterile centrifuge tubes
and centrifuged at 1200 rpm for 5 minutes. The
medium was then aspirated, and cells were re-
suspended in fresh complete medium. The suspended
cells were counted and sub-cultured in a new flask or
seeded out at a concentration of 2 x 105 cell/mL in
various cell culture plates (24). To determine the
numbers of cells that needed to be seeded for
experiments, 10 pL. of the cell suspension was loaded
onto a haemocytometer. Cells in the four squares of
the haemocytometer were counted, averaged, and
multiplied by 104 (25).

Preparation of Thymoquinone Solutions In
Different Concentrations: To examine the effect of
thymoquinone on SW982 human synovial fibroblasts,
various concentrations of thymoquinone solutions

(0.1, 0.25, 0.5, 1, 2.5, 5, and 10 uM) were prepared.
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First, thymoquinone was dissolved in dimethyl
sulfoxide (DMSO) to make a 50 mM stock solution
and stored at -20°C until use in subsequent
experiments. Additional dilutions were performed in
RPMI-1640 so that the final DMSO concentration
was <0.1%. However, in order to eliminate the
possible cytotoxic effect of DMSO used in minimal
concentration, the same concentration of DMSO
used as a solvent was also applied to the cells that
were not treated with thymoquinone.

Cell Viability Assay: To determine the
concentrations of thymoquinone that did not exhibit
harmful effects on cell viability (£10% cytotoxicity),
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) assay was performed. This assay is a
quantitative colorimetric method that determines cell
viability based on the reduction of yellow MTT into
purple  formazan by nicotinamide  adenine
dinucleotide (NADH) in the mitochondria of
proliferating cells. SW982 human synovial fibroblasts
were seeded at 10,000 cells/cm? in a 96-well plate and
incubated for 24 hours in the cell culture incubator.
The media was replaced with fresh culture media

containing  0.1-10 ~ pM  concentrations  of
thymoquinone. After 48 hours of incubation, cell
viability =~ was  determined according to the

manufacturer’s instruction (Sigma-Aldrich, USA).
Briefly, the media was removed and replaced with 100
uL of fresh culture media including 0.5 mg/ml of
MTT reagent, and cells were incubated for 3 hours at
37°C in the cell culture incubator. During the
incubation period, the yellow MTT reagent was
reduced and resulted in the formation of purple
formazan precipitation at the bottom of the wells.
The media was gently removed and 100 pL. dimethyl
sulfoxide (DMSO) was added to solubilize the
precipitated formazan. Absorbance was measured at a
wavelength of 570 nm using VersaMax Microplate
Reader (26). All experiments were performed in at
least five replicates.

Determination of Nitrite Production: Nitrite
concentration in the culture medium was measured
using the Griess method to measure the nitric oxide
level. The principle of the assay is based on the
conversion of sulfanilic acid to a diazonium salt by
reaction with nitrite in acid solution. The diazonium
salt is then coupled to N- (l-naphthyl)
ethylenediamine, forming an azo dye that can be
quantified through colorimetry at 540 nm in
microplate reader and calculated against a sodium
nitrite standard curve (27).

Prostaglandin E; (PGE2) Assay: The concentration
of PGE, was measured using enzyme immunoassay
(EIA) kit (Lifespan Biosciences, Seattle, WA, USA) at
450 nm according to the manufacturer’s instructions.

The concentration of PGE; was calculated compared
to the standard curve.

IL-6 and IL-8 Assay: The concentration of 1L-6 and
IL-8  were measured using  enzyme-linked
immunosorbent assay (ELISA) kits (Lifespan
Biosciences, Seattle, WA, USA) at 450 nm according
to the manufacturer’s instructions. The
concentrations of 1L-6 and IL-8 were calculated
compated to the standard curve.

Western Blotting Analysis: Cell lysis buffer is used
to lyse cells under non-denaturing conditions to study
protein levels in the cell. Whole cell lysates were
prepared by washing cells with ice-cold PBS, followed
by addition of 20 uL cell lysis
radioimmunoprecipitation assay buffer (RIPA) (Cell
Signaling) which contains 1 mM phenylmethylsulfonyl
fluoride (PMSF) (Sigma-Aldrich, St. Louis, MO,
USA). The cells were incubated on ice for 10 minutes
and sonicated for 1 minute followed by cold
centrifugation for 15 minutes at 13500 rpm. The
resulting supernatants were collected, quantified and
stored at -80 °C. Total protein concentrations of the
supernatant were determined by Pierce™ BCA
Protein Assay Kit (Thermo Scientific Pietce).

An equal amount of total protein (20-50 pg) was
loaded into sodium dodecyl sulphate polyacrylamide
gel electrophoresis and separated by electrophoresis
under 80-100 V. After electrophoresis, the protein
bands were transferred to polyvinylidene difluoride
(PVDF) membrane under 100 V for 1 hour in cold
water bath. Then, the PVDF membranes were
blocked with phosphate-buffered saline (PBS)
containing 5% nonfat milk or BSA for 1 hour and
incubated with the primary antibodies against tumor
necrosis factor receptor-1 (TNF-R1) (1:1,000) (sc-
8436), TNF-R2 (1:1,000) (sc-8041), inducible nitric
oxide  synthase  (ANOS)  (1:500)  (sc-7271),
cyclooxygenase-2  (COX-2) (1:500) (sc-376861),
extracellular signal-regulated protein kinases 1 and 2
(ERK1/2) (1:1,000) (sc-514302), p-ERK1/2 (1:1,000)
(sc-101760), Jun N-terminal kinase (JNK) (1:1,000)
(sc-7345), p-JNK (1:1,000) (sc-6254), p38 MAPK
(1:1,000) (sc-81621), p-p38 MAPK (1:1,000) (sc-
7973), Akt (1:1,000) (sc-5298), p-Akt (1:1,000) (sc-
135650), and B-actin (1: 1,000) (sc-8432) overnight at
4°C. The PVDF membrane was washed 3 times with
phosphate-buffered saline containing 0.05% Tween-
20 (PBST) and incubated with the horseradish
peroxidase (HRP)-conjugated secondary antibody
(1:10,000) (sc-2357) at 37°C for 1 hour. The PVDF
membranes were washed 3 times with PBST again
and labeled with the enhanced Pierce™ Fast Western
Blot Kit (Thermo Scientific Pierce) for 1 minute at
room temperature in dark. Finally, the PVDF
membranes were exposed to the imaging system
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(Image] software, National Institutes of Health,
Bethesda, MD, USA) to capture the light signals of
protein bands. The protein levels were expressed as a
relative value to that of B-actin.

Statistical ~Analyses: All experiments were
performed in at least five replicates. For the 96-well
microtiter tissue culture plates, 4 replicate wells were
used per category. The data were analyzed by SPSS
statistics software (version 15.0, SPSS Inc., Chicago,
IL, USA). For significant differences between control
and experimental values, the p value between groups
was determined by one-way analysis of variance
followed by Tukey’s test. The significance level was
set at p<0.05.

Results

After 48 hours of treatment with varying doses of
thymoquinone (0.1-10 pM), the viability of the
synovial fibroblasts was measured using an MTT
viability assay. The effects of different concentration
of thymoquinone on cell viability were shown in
Figure 1. Thymoquinone treatment at concentrations
of 0.1-1 uM for 48 hours, this compound had no
significant inhibitory effects on cell viability (£10%
cytotoxicity). At the concentration of 2.5-10 pM,
thymoquinone showed inhibition activity on cell
growth in 48 hours (>10% cytotoxicity) (Figure 1).

The effect of thymoquinone on nitrite production in
TNF-o stimulated SW982 synovial fibroblasts was
evaluated. Thymoquinone dose-dependently
suppressed the release of nitrite following stimulation
with in TNF-« (»<0.01) (Figure 2(A)). Further
investigations using western blotting showed that
thymoquinone (0.1-1 uM) produced significant
suppression of elevated levels of iINOS protein
following TNF-a stimulation (p<0.01) (Figure 2(B)).
These results suggest that thymoquinone suppressed
NO production in TNF-a activated SW982 synovial
fibroblasts by reducing the levels of iNOS protein.

The effects of treatment with thymoquinone were
tested on PGE: production in SW982 synovial
fibroblasts which were stimulated with TNF-a. As
shown in Figure 3(A), stimulation of SW982 synovial
fibroblasts produced elevation of PGE, compated to
untreated cells in a dose-dependent manner. Besides
this, in the presence of thymoquinone at
concentrations of 0.5 pM and 1 pM, there was
significant reduction in PGE; production (p<<0.01)
(Figure 3(A)). Following results showing effects of
thymoquinone on PGE, production, further
experiments were performed to determine whether its
actions were mediated by the COX-2 enzyme. Results
in Figure 3(B) show an increase in the levels of COX-
2 protein in TNF-« stimulated cells, when compared

with unstimulated cells. Treatment with 1 pM
thymoquinone produced significant reduction in
TNF-a  stimulated elevation in COX-2 protein
expression (p<0.01) (Figure 3(B)). These results
suggest that thymoquinone inhibits TNF-a stimulated
PGE; production by suppressing the levels of COX-2
protein in SW982 synovial fibroblasts.

There was a significant decrease in I1L-6 production
by SW982 synovial fibroblasts at doses of 0.5 pM and
1 uM thymoquinone compared to the untreated
TNF-a stimulated cells (p<<0.05). On the other hand,
a dose-dependent decrease in IL-8 production
occurred in all concentrations applied to SW982
synovial fibroblasts compared to the untreated TNF-
a-stimulated cells (p<<0.001) (Figure 4).

TNF-R1 and TNF-R2 protein  expressions
significantly decreased in TNF-o stimulated SW982
synovial ~ fibroblasts  after  administration  of

thymoquinone at a concentration of 1 pM (p<0.05).
The other thymoquinone concentrations didn’t alter
TNF-R1 and TNF-R2 protein  expressions
significantly (p>0.05) (Figure 5).

In SW982 synovial fibroblasts treated with 0.5 and 1
uM thymoquinone, phosphorylation of JNK and p38
MAPK significantly decreased, besides this only 1 uM
thymoquinone treatment significantly decreased the
phosphorylation of ERK1/2 and Akt in SW982
synovial fibroblasts that received 30 minute TNF-o
stimulation (»p<0.05) (Figure 6).

Discussion

In recent years, many studies have been carried out to
develop effective strategies for the prevention and
treatment of rheumatoid arthritis, but only a few of
them seem to benefit to the desired extent (14,15).
Based on our evaluation in cultured SW982 cells,
thymoquinone may have promising potential for the
development of a new and effective nutritional
supplement for rheumatoid arthritis that suppresses
the key proinflaimmatory mediators of rheumatoid
arthritis and cytokines involved in the pathogenesis of
rheumatoid arthritis through blockage of MAPKs
signalling pathway. In pathogenesis of rheumatoid
arthritis, synovial fibroblasts function as a major
population of cells to participate in chronic
inflammatory responses in the invasive pannus. In the
current study, it was aimed to investigate whether
thymoquinone inhibits the activation of TNF-«
induced SW982 human synovial fibroblasts and to
what extent it may be effective in inhibiting the
inflammatory response (28,29).

In this study, firstly non-cytotoxic concentrations of
thymoquinone were determined by using MTT test.
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Thymoquinone Concentrations (pM)

Fig. 1. Effect of thymoquinone on the cell viability of
SW982 synovial fibroblasts. Cells were plated in 96 well
plate at density of 1X10* cells/well. The cells wete
pretreated with various concentrations of thymoquinone
(0-10 uM) for 24 h and cytotoxicity was determined by
MTT assay. Data are shown as the means £ SD (#» = 5).
MTT; 3-(4, 5-dimethythiazol- 2-yl)-2, 5 diphenyl
tetrazolium bromide

While thymoquinone at concentrations of 0.1-1 uM
did not show cytotoxic effect on SW982 synovial
fibroblasts, application of higher concentrations led to
an excessive increase in cell death. In our study, we
also calculated the ICio value of thymoquinone on
SW982  synovial fibroblasts. 1Cip value of
thymoquinone was found as 1.59 pM. This shows
that thymoquinone in low concentrations can be
safely used without causing too much cell death.

Inflammatory changes in synovial fibroblasts play a
vital role in the progression of rheumatoid arthritis.
One of the most critical proinflammatory mediator
released by TNF-a stimulated synovial fibroblasts is
nitric oxide. This molecule has been shown to be an
important signaling molecule that regulates a diverse
range of physiological processes, including host
defense as well as vasodilation and produced by the
action of iNOS (30). Nitric oxide is an important
mediator in rheumatoid arthritis synovium as it
mediates many metabolic events such as cytokine
production, signal transduction, mitochondrial
functions and apoptosis occurring at the site of
synovial inflammation. Many researchers have
suggested that experimentally induced arthritis is
suppressed by inducible nitric oxide synthase
inhibition and so this inhibition has beneficial effects
in acute and chronic joint inflaimmation (31). This
study demonstrated that in the presence of
thymoquinone, there was a reduction in nitric oxide
production caused by TNF-« stimulation of SW982
synovial fibroblasts. It was further shown that
suppression of nitrite oxide production by
thymoquinone was through reduction of iINOS.
These observations provided further evidence on the
inhibition of inflammation by thymoquinone, and
confirmed recent reports showing iNOS mediated
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Fig. 2. Effect of thymoquinone on nitrite production (A)
and iNOS protein expression (B) in SW982 cells stimulated
with TNF-a. SW982 cells were stimulated with TNF-a (20
ng/mL) in the presence or absence of thymoquinone (0.1,
0.25, 0.5, and 1 pM) for 24 hours followed by performing
Griess assay for nitrite production and western blot for
iNOS protein expression. Data are shown as the means £
SD (# = 5). TNF-a; tumor necrosis factor-alpha, iNOS;
inducible nitric oxide synthase. (*»<0.05 in comparison to

control cells, ¥**»<0.05 in comparison to TNF-a stimulated
cells)
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TNF-a (20 ng/mL)

INOS e

ue
™

Relative iNOS protein expression
(% of TNF-a Control)

. =
TNF-a (20 ng/ml.) -
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inhibition ~ of  nitric  oxide  production in
lipopolysaccharide induced RAW264.7 cells (32).
The role of COX-2-mediated inflaimmation in

rheumatoid arthritis synovium has been well explored.
One of the key downstream products of COX-2 is
prostaglandin  E» (PGE,). COX-2 is upregulated
during inflammation in synovial fibroblasts. PGE;
levels were found to be increased in the synovial fluid
of rheumatoid arthritis patients. Thus, PGE> is
considered as an important marker of the synovial
inflammation. Moreover, PGE; mediated release of
TNF-o, IL-1B, and nitrite may result in fibroblast
damage (33). In this study it was shown that
thymoquinone suppressed COX-2 protein expression
which might explain its ability to reduce PGE2
production in TNF-o stimulated synovial fibroblasts.
A number of studies reported that several
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Fig. 3. Effect of thymoquinone on PGE; production (A)
and COX-2 protein expression (B) in SW982 cells
stimulated with TNF-o. SW982 cells were stimulated with
TNF-a« (20 ng/ml) in the presence or absence of
thymoquinone (0.1, 0.25, 0.5, and 1 uM) for 24 hours
followed by performing EIA assay for PGE;2 production
and western blot for COX-2 protein expression. Data are
shown as the means £ SD (# = 5). TNF-o; tumor necrosis
factor-alpha, PGEy; Prostaglandin Eo, COX-2;
cyclooxygenase-2. (*p<0.05 in comparison to control cells,
*#p<0.05 in comparison to TNF-a stimulated cells)

phytochemicals inhibited the expression of COX-2
and reduced PGE; levels in synovial fibroblasts. It has
also been shown that thymoquinone suppresses
COX-2 and PGE: in LPS-stimulated mouse
macrophage RAW 264.7 cells (34). Another study
revealed that thymoquinone reduces spinal cord injury
by inhibiting inflammatory response, oxidative stress
and apoptosis (35). These outcomes show that
thymoquinone appears to exert modulatory activities
on COX-2/PGE; in diverse models of inflammation
(34,35). These results are also consistent with the
effects of the compound shown in the current
investigation.

This study provides evidence that exposure to
thymoquinone at 1 uM concentration may diminish
TNF-o mediated TNF-R1 protein expression in

mIL-6
mIL-8

L1
-
o
1 e
+ +

5

=

*
: .
@ I
"
w
=
I "
. ! -
| I I I
. I
- + +

TNF-a (20 ng/ml.) -
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Fig. 4. Effect of thymoquinone on pro-inflammatory
cytokines; 1L-6 and IL-8 production in TNF-a stimulated
SW982 synovial fibroblasts. Cells were stimulated with
TNF-a (20 ng/ml) in the presence or absence of
thymoquinone (0.1, 0.25, 0.5, and 1 uM) for 24 hours. At
the end of the incubation period, supernatants were
collected for ELISA measurements. Data are shown as the
means + SD (# = 5). TNF-o; tumor necrosis factor-alpha,
IL-6; interleukin-6, IL-8; interleukin-8. (*p<0.05 in
comparison to control cells, **»<0.05 in comparison to
TNF-a stimulated cells)

synovial fibroblasts. The protein expression of TNF-
R2 also reduced in TNF-a stimulated synovial
fibroblasts  exposed to thymoquinone at a
concentration of 1 pM. The reduction in protein
expression of TNF-R2, which is known to be useful
in the treatment of rheumatoid arthritis by
administration of thymoquinone at this dose to
SW982 synovial fibroblasts, was more pronounced
than the decrease in TNF-R1. This significant
decrease in expression levels of TNF-R2 could be the
result of potential cleavage of this receptor from the
cells, which has also been suggested as a possible
mechanism for the beneficial effects of TNF-R2 in
rheumatoid arthritis (36). Based on these results, one
can argue that thymoquinone treatment in high
concentrations may provide a sufficient systemic
concentration of thymoquinone to produce beneficial
effects in rheumatoid arthritis.

In the current study, we found that the exposure of
high concentration of thymoquinone (0.5 and 1 uM)
to synovial fibroblasts was more effective than lower
thymoquinone concentrations in downregulating
TNF-a-stimulated p38 MAPK activation. Our results
showed that phosphorylation of JNK was slightly
decreased dose-dependently at low concentrations of
thymoquinone, but at high  thymoquinone
concentrations (0.5 and 1 pM), the pJNK expression
significantly decreased. It appeared that the maximum
effect of thymoquinone on pJNK was reached with
the 1 pM concentration of thymoquinone. The
decrease seen in JNK phosphorylation with exposure
to thymoquinone at high concentrations is
encouraging because the JNK pathway has been
shown to mediate collagenase gene expression that
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Fig. 5. Effect of thymoqulnone on the protein expressions
of TNF-R1 and TNF-R2 in SW982 cells stimulated with
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comparison to TNF-ua stimulated cells)

regulates cartilage destruction in rheumatoid arthritis
(37). Because of this linkage, a decrease in JNK
phosphorylation may result in a protective effect
against the destruction of the extracellular matrix in
rheumatoid arthritis, slowing the joint destruction
resulting from this disease (38). It appeared that in the
study in which TNF-a stimulated synovial fibroblasts
were exposed with 1 uM thymoquinone, there was a
significant decrease in ERK1/2 phosphorylation. As
observed in a study done wusing osteoarthritis
chondrocytes by Wang et al. (39), thymoquinone
showed inhibitory effect on the phosphorylation of
JNK, ERK, and p38 MAPK. These results suggest
that inhibition of arthritis by thymoquinone maybe
dependent of the MAPKSs pathway.

In animal models, inhibition of p38 MAPK activation
resulted in reduced inflammation in the animal as well
as a decrease in the production of inflammatory
cytokines (40). The pro-inflammatory cytokine 1L-6 is
a major cytokine involved in the progression of
rheumatoid arthritis. It promotes MMP production,
autoantibody production and the differentiation of
Th17 cells. Besides this, synovial fibroblasts also
produce IL-8, a pro-inflammatory cytokine, which
recruits more T-cells, neutrophils and basophils to the
already inflamed joint (10). In this study, our results
suggest that high doses of thymoquinone (0.5 and 1
uM) were capable of inhibiting IL-6 and IL-8
production in rheumatoid arthritis synovial
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Fig. 6. Effect of thymoquinone on the phosphorylation of
JNK (A), p38 MAPK (B), ERK1/2 (C), and Akt (D) in
SW982 cells stimulated with TNF-o. SW982 cells were
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absence of thymoquinone (0.1, 0.25, 0.5, and 1 uM) for 24
hours followed by performing western blot for JNK, p38
MAPK, ERK1/2, and Akt phosphotylation. Data ate
shown as the means £ SD (# = 5). TNF-a; tumor necrosis
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fibroblasts. These results further attest to previous
publications showing the efficacy of thymoquinone in
regulating 1L-1B-induced IL-6 production (39).
Because IL-6 plays such a major role in rheumatoid
arthritis, even a modest decrease in 11.-6 levels could
be quite beneficial, especially when the fact that this
decrease would be coming as an effect of a
supplemental therapy (31). The results showing a
decrease in both IL-6 and IL-8 production may
support a study by Umar et al. (41), in which,
inhibition of phosphorylation of the JNK and p38
MAPK in rheumatoid arthritis synovial fibroblasts
exposed to thymoquinone resulted in the suppression
of IL-6 and IL-8 production. Overall, these results
suggest that the decrease in IL-6 and IL-8 production
in thymoquinone treated cells, may be at least partially
due to the inhibition of p38 MAPK and JNK
phosphorylation.

After observing the inhibitory effect that
thymoquinone had on JNK and p38 MAPK
phosphorylation, we decided to look into what effect,
if any, thymoquinone had on the phosphorylation of
Akt in TNF-a stimulated synovial fibroblasts. Akt is
an important survival protein that helps rheumatoid
arthritis ~ synovial fibroblasts in  uncontrolled
proliferation  (42).  Fibroblast-like  synoviocytes
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obtained from rheumatoid arthritis patients expressed
higher levels of p-Akt, further incurring synovial
hyperplasia and inflammation observed in rheumatoid
arthritis patients (43). In our study, only 1 uM
thymoquinone application decreased the
phosphorylation of Akt protein in TNF-a stimulated
SW982 synovial fibroblasts. This data showed us that
thymoquinone treatment in only high concentration
may sufficiently suppress the phosphorylation of Akt
in rheumatoid arthritis.

In conclusion, this study suggest that thymoquinone
is able to play a beneficial role in TNF-o mediated
signaling in rheumatoid arthritis synovial fibroblasts.
Low concentrations of thymoquinone results in no
marked change in synovial fibroblasts inflammation.
As a result, thymoquinone may be a beneficial
supplemental  adjunct  treatment option for
rheumatoid arthritis. However, further studies are
required to validate the effect of thymoquinone in 7
vivo rheumatoid arthritis models.

Conflict of Interest: No conflict of interest was
declared by the authors.

Acknowledgement: This research was financially
supported in part by the Office of Scientific Research
Projects of Van Yuzuncu Yil University under Grant
number (TAP-2019-8120).

References

D, Mclnnes IB.
Lancet 2016;

1. Smolen ]S, Aletaha
Rheumatoid arthritis.
388(10055): 2023-2038.

2. Hunter TM, Boytsov NN, Zhang X,
Schroeder K, Michaud K, Araujo AB.
Prevalence of rheumatoid arthritis in the
United States adult population in healthcare
claims databases, 2004-2014. Rheumatol Int
2017; 37(9): 1551-1557.

3. Crane MM, Juneja M, Allen ] et al
Epidemiology and treatment of new-onset
and established rheumatoid arthritis in an
insured us population. Arthritis Care Res
(Hoboken) 2015; 67(12): 1646-1655.

4. Mclnnes IB, Schett G. The pathogenesis of
rheumatoid arthritis. N Engl J Med 2011;
365(23): 2205-2219.

5. Picerno V, Ferro F, Adinolfi A, Valentini E,
Tani C, Alunno A. One year in review: the
pathogenesis of rheumatoid arthritis. Clin
Exp Rheumatol 2015; 33(4): 551-558.

6. Sorsa T, Konttinen YT, Lindy O et al
Collagenase in synovitis of rheumatoid
arthritis. Semin Arthritis Rheum 1992; 22(1):
44-53,

7. Bartosinska J, Zakrzewska E, Krol A et al.
Differential expression of programmed death

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

1 (PD-1) on CD4*" and CD8" T cells in
rheumatoid arthritis and psoriatic arthritis.
Pol Arch Intern Med 2017; 127(12): 815-822.

Krumbholz G, Junker S, Meier FMP et al.
Response of human rheumatoid arthritis
osteoblasts and osteoclasts to adiponectin.
Clin Exp Rheumatol 2017; 35(3): 406-414.
Bommarito D, Hall C, Taams LS, Corrigall
VM. Inflammatory cytokines compromise
programmed cell death-1 (PD-1)-mediated T
cell suppression in inflammatory arthritis
through up-regulation of soluble PD-1. Clin
Exp Immunol 2017; 188(3): 455-466.
Malemud CJ. Recent advances in neutralizing
the IL-6 pathway in arthritis. Open Access
Rheumatol 2009; 1: 133-150.

Tateiwa D, Yoshikawa H, Kaito T. Cartilage
and Bone Destruction in  Arthritis:
Pathogenesis and Treatment Strategy: A
Literature Review. Cells 2019; 8(8): E818.

de Oliveira PG, Farinon M, Sanchez-Lopez
E, Miyamoto S, Guma M. Fibroblast-like
synoviocytes glucose metabolism as a

therapeutic target in theumatoid arthritis.
Front Immunol 2019; 10: 1743.

Hu XX, Wu Y], Zhang ], Wei W. T-cells
interact with B cells, dendritic cells, and
fibroblast-like synoviocytes as hub-like key
cells  in  rheumatoid  arthritis.  Int
Immunopharmacol 2019; 70: 428-434.

Salomon-Escoto K, Kay J. The "Treat to
Target" Approach to Rheumatoid Arthritis.
Rheum Dis Clin North Am 2019; 45(4): 487-
504.

Burmester GR, Pope JE. Novel treatment
strategies in rheumatoid arthritis. Lancet
2017; 389(10086): 2338-2348.

Venkatesha SH, Astry B, Nanjundaiah SM et
al. Control of autoimmune arthritis by herbal
extracts and their bioactive components.
AJPS 2016; 11(2): 301-307.

Padhye S, Banerjee S, Ahmad A, Mohammad
R, Sarkar FH. From here to eternity - the
secret of Pharaohs: Therapeutic potential of
black cumin seeds and beyond. Cancer Ther
2008; 6: 495-510.

Salem  ML. Immunomodulatory  and
therapeutic properties of the Nigella sativa L.
seed. Int Immunopharmacol 2005; 5(13-14):
1749-1770.

Tavakkoli A, Mahdian V, Razavi BM,
Hosseinzadeh H. Review on clinical trials of
black seed (Nigella sativa) and its active
constituent, thymoquinone.
Pharmacopuncture 2017; 20(3): 179-193.
Gholamnezhad Z, Havakhah S, Boskabady
MH. Preclinical and clinical effects of Nigella
sativa and its constituent, thymoquinone: A

East ] Med Volume:28, Number:4, October-December/2023

651


https://www.ncbi.nlm.nih.gov/pubmed/31428089
https://www.ncbi.nlm.nih.gov/pubmed/31428089
https://www.ncbi.nlm.nih.gov/pubmed/31428089

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

review. ] Ethnopharmacol 2016; 190: 372-
380.

Houghton PJ, Zarka R, de las Heras B, Hoult
JR. Fixed oil of Nigella sativa and derived
thymoquinone inhibit eicosanoid generation
in  leukocytes and membrane lipid
peroxidation. Planta Med 1995; 61(1): 33-36.
Su X, Ren Y, Yu N, Kong L, Kang ]J.
Thymoquinone  inhibits  inflammation,
neoangiogenesis and vascular remodeling in
asthma mice. Int Immunopharmacol 2016;
38: 70-80.

Velagapudi R, El-Bakoush A, Lepiarz I,
Ogunrinade F, Olajide OA. AMPK and
SIRT1 activation contribute to inhibition of
neuroinflammation by thymoquinone in BV2
microglia. Mol Cell Biochem 2017; 435(1-2):
149-162.

Zebisch K, Voigt V, Wabitsch M, Brandsch
M. Protocol for effective differentiation of
3T3-L1 cells to adipocytes. Anal Biochem
2012; 425(1): 88-90.

Fischbach C, Seufert J, Staiger H et al. Three-
dimensional in vitro model of adipogenesis:
comparison of culture conditions. Tissue Eng
2004; 10(1-2): 215-229.

Mosmann T. Rapid colorimetric assay for
cellular growth and survival: application to
proliferation and cytotoxicity —assays. ]
Immunol Methods 1983; 65: 55-63.

Miranda KM, Espey MG, Wink DA. A rapid,
simple  spectrophotometric method  for
simultaneous detection of nitrate and nitrite.
Nitric Oxide 2001; 5(1): 62-71.

Asif Amin M, Fox DA, Ruth JH. Synovial
cellular and molecular markers in rtheumatoid
arthritis. Semin Immunopathol 2017; 39(4):
385-393.

Firestein ~ GS. Invasive  fibroblast-like
synoviocytes in rheumatoid arthritis. Passive

responders or transformed  aggressors?
Arthritis Rheum 1996; 39(11): 1781-1790.

Cuzzocrea S. Role of nitric oxide and reactive
oxygen species in arthritis. Curr Pharm Des
2006; 12(27): 3551-3570.

Bingham CO 34, The pathogenesis of
rheumatoid  arthritis:  pivotal  cytokines
involved in  bone  degradation and
inflaimmation. J] Rheumatol Suppl 2002; 65:
3-9.

El-Mahmoudy A, Matsuyama H, Borgan MA
et al. Thymoquinone suppresses expression
of inducible nitric oxide synthase in rat
macrophages. Int Immunopharmacol 2002;
2(11): 1603-1611.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hoxha M. A systematic review on the role of
eicosanoid pathways in rheumatoid arthritis.

Adv Med Sci 2018; 63(1): 22-29.

Hossen MJ, Yang WS, Kim D, Aravinthan A,
Kim JH, Cho JY. Thymoquinone: An IRAK1
inhibitor with in vivo and in vitro anti-
inflaimmatory activities. Sci Rep 2017; 7:
42995.

Chen Y, Wang B, Zhao H. Thymoquinone
reduces spinal cord injury by inhibiting
inflammatory response, oxidative stress and
apoptosis via PPAR-y and PI3K/Akt
pathways. Exp Ther Med 2018; 15(6): 4987-
4994,

Zhang H, Xiao W. TNFR1 and TNFR2
differentially mediate TNF-a-induced
inflaimmatory  responses in  rheumatoid
arthritis fibroblast-like synoviocytes. Cell Biol
Int 2017; 41(4): 415-422.

Grabiec AM, Angiolilli C, Hartkamp LM, van
Baarsen LG, Tak PP, Reedquist KA. JNK-
dependent downregulation of FoxO1 is
requited to promote the survival of
fibroblast-like synoviocytes in rheumatoid
arthritis. Ann Rheum Dis 2015; 74(9): 1763-
1771.

Malemud CJ. Matrix metalloproteinases and
synovial joint pathology. Prog Mol Biol
Transl Sci 2017; 148: 305-325.

Wang Y, Gao H, Zhang W, Zhang W, Fang

L. Thymoquinone inhibits
lipopolysaccharide-induced inflammatory
mediators in BV2 microglial cells. Int

Immunopharmacol 2015; 26(1): 169-173.

Li ZZ, Tan JP, Wang LL, Li QH.
Andrographolide  benefits rheumatoid
arthritis via inhibiting MAPK pathways.
Inflammation 2017; 40(5): 1599-1605.

Umar S, Hedaya O, Singh AK, Ahmed S.
Thymoquinone  inhibits =~ TNF-a-induced
inflaimmation and  cell adhesion in
theumatoid arthritis synovial fibroblasts by
ASK1 regulation. Toxicol Appl Pharmacol
2015; 287(3): 299-305.

Wu X, Long L, Liu J et al. Gambogic acid
suppresses  inflammation in  rheumatoid
arthtitis rats via PI3K/Akt/mTOR signaling
pathway. Mol Med Rep 2017; 16(5): 7112-
7118.

Kang EH, Kim D]J, Lee EY, Lee Y], Lee EB,
Song YW. Downregulation of heat shock
protein 70 protects rheumatoid arthritis
fibroblast-like synoviocytes from nitric oxide-
induced apoptosis. Arthritis Res Ther 2009;
11(4): 130.

East ] Med Volume:28, Number:4, October-December/2023

652



