
Contents lists available at ScienceDirect

Biomedicine & Pharmacotherapy

journal homepage: www.elsevier.com/locate/biopha

Thymoquinone attenuates rheumatoid arthritis by downregulating TLR2,
TLR4, TNF-α, IL-1, and NFκB expression levels

Sabeen Arjumanda,b, Muhammad Shahzada,⁎, Arham Shabbirc, Muhammad Zubair Yousafd

a Department of Pharmacology, University of Health Sciences, Lahore, Pakistan
bDepartment of Pharmacology, Sharif Medical and Dental College, Lahore, Pakistan
c Department of Pharmacy, The University of Lahore-Gujrat Campus, Gujrat, Pakistan
dDepartment of Biological Sciences, Forman Christian College University, Lahore, Pakistan

A R T I C L E I N F O

Keywords:
Rheumatoid arthritis
Thymoquinone
FCA
Toll like receptors
NFκB

A B S T R A C T

Background: Thymoquinone (TQ), the most important active principle of Nigella sativa is known to have anti-
inflammatory, analgesic, antimicrobial and antioxidant properties.
Aim: The present study was designed to see the anti-arthritic effect of TQ in rat model of arthritis.
Methods: In the current research, anti-arthritic effect of TQ was determined in Freund’s Complete Adjuvant
(FCA)-induced arthritic rats by measuring TLRs expression levels. The mRNA expression levels of toll-like re-
ceptor 2 (TLR2), toll-like receptor 4 (TLR4), interleukin-1 (IL-1), nuclear factor-kappa B (NFκB) and tissue ne-
crosis factor-α (TNF-α) were measured by reverse-transcription polymerase chain reaction. Arthritic signs were
observed by macroscopic criteria. Hematoxylin and Eosin staining was used to perform ankle joint histo-
pathology and agglutination method was used for measuring C-reactive protein (CRP) levels. Rheumatoid factor,
alanine transaminase, aspartate aminotransferase, urea and creatinine were also determined in serum.
Results: TQ treatment reduced the macroscopic arthritic score, levels of CRP, synovial inflammation, pannus
formation and bone erosion. It also reduced the mRNA levels of TLR2, TLR4, IL-1, NFκB and TNF-α.
Methotrexate, used as a reference drug also significantly decreased their expression levels. TQ also normalized
the hematological markers and did not depict any signs of hepatotoxicity and nephrotoxicity as determined by
serum levels of alanine transaminase, aspartate aminotransferase, urea and creatinine. Our results showed that
TQ possesses significant anti-arthritic activity which can be due to its anti-inflammatory and immunomodulatory
effects.
Conclusion: Results indicate that TQ has got the potential to ameliorate rheumatoid arthritis by downregulating
TLR2, TLR4, TNF-α, IL-1, and NFκB expression levels.

1. Introduction

Rheumatoid arthritis (RA) is a chronic debilitating autoimmune
disorder affecting the entire system occurring predominantly in females
rather than males and increasing with age [1]. It is the most prevailing
form of inflammatory arthritis and globally affects up to 1% of the
population in industrialized world, with survival rates comparable to
coronary artery disease and cancer [2–4].

In the last few years, many researchers have conjoined in an attempt
to figure out the part played by TLRs in the manifestation of rheumatoid
arthritis having a pivotal part in the initiation of inflammatory reaction
to microbial antigens [5]. These receptors are single, non-catalytic,
stretching over the cell membrane whose high expression levels are
seen in many cell types of the immune system including macrophages,

monocytes, dendritic cells (DCs), neutrophils, B cells, T cells, NK cells
and also been detected in synovial cells, fibroblasts, osteoblasts, os-
teoclasts, chondrocytes and endothelial cells [6]. TLRs recognition of
the microbial antigens results in primary immune response, which
could end up in chronic inflammation, and may also progress to disease
[7]. The inflammation occurs mainly from the stimulation of macro-
phages and neutrophils that leads to the formation of cytokines like
NFκB, TNF-α and IL-1 that have an essential part in the innate immune
response [8]. TLRs role in RA pathogenesis is confirmed from the
findings that inducible heat shock protein 70 (Hsp70), commonly
agreed upon as a TLR4 ligand, is elevated in RA synovium and on
dendritic cells segregated from RA synovial fluid along with increased
expressions of TLR2, TLR3, TLR4, and TLR7 [9].

Targeting TLRs particularly can be beneficial therapeutically as its
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role in conditions like sepsis syndrome, systemic lupus erythematosus
(SLE), asthma and rheumatoid arthritis is arising [10]. Nowadays many
steroidal, non-steroidal, disease modifying anti-rheumatic drugs
(DMARDs) and immunosuppressive agents are used to control rheu-
matoid arthritis but they have restricted effectiveness and are poten-
tially harmful [11].

Among many others, Nigella sativa is a promising medicinal plant
related to family Ranunculaceae. People have benefited from the seeds
of N. sativa for centuries for treating different ailments. N. sativa is
being widely investigated for its pharmacological properties and po-
tential medicinal value. It’s gastroprotective, hepatoprotective, renal
protective, immunomodulatory, anti-inflammatory and antioxidant ef-
fects are well established [12]. In several researches based on in-
flammatory models like experimental encephalomyelitis, colitis, peri-
tonitis, edema, and arthritis TQ which the fundamental constituent of
the black seed oil has shown strong anti-inflammatory effects by sup-
pressing prostaglandins and leukotrienes [13].

In the present study we evaluated the anti-arthritic effect of TQ in
FCA-induced arthritic rats by measuring Toll-like receptors expression
levels and other immuno-modulatory parameters.

2. Materials and methods

2.1. Animals

40 male Sprague-Dawley rats, 6–8 weeks old were weighed and
placed into four groups I, II, III and IV with 10 rats in each group. They
were maintained at animal house of University of Health Sciences,
Lahore under standard environmental conditions of 22–24 °C. Animals
had free approach to water and standard pellet diet ad libitum. Ethical
Review Committee, University of Health Sciences, Lahore had per-
mitted all the experiments (UHS/ERC/17-42).

2.2. Experimental design

It was an experimental study and simple random sampling was done
by balloting method. Rats were numbered 1–40 and randomly assigned
to four groups I, II, III, IV. All the experiments were performed twice.
Commercially purchased Thymoquinone (Sigma-Aldrich) was used for
the study.

2.2.1. Group I (Vehicle Control)
0.5 ml of distilled water was given intraperitoneally.

2.2.2. Group II (Arthritic control)
0.5 ml of distilled water and 0.1% DMSO was given in-

traperitoneally.

2.2.3. Group III (TQ treated)
TQ, 10mg/kg of body weight reconstituted in 0.1% DMSO and

dissolved in distill water was given intraperitoneally [14].

2.2.4. Group IV (MTX treated)
Methotrexate, 0.5 mg/kg of body weight dissolved in distilled water

was given intraperitoneally [15].

2.2.5. Induction of arthritis
Arthritis was induced by injecting 0.2ml FCA in sub plantar region

of the left hind rat paw on day 0 in all groups except vehicle control
group. Treatment with TQ and methotrexate was initiated at the 8th
day of arthritis induction as a single dose per day for 20 consecutive
days. All animals were sacrificed at day 28 [16].

2.3. Assessment of arthritis development

It was determined by using the modified methods of [17] and [18].

Morphological features of the arthritis such as redness, swelling and
erythema were examined. Occurrence and severity of arthritis was as-
sessed through arthritic scoring method. Macroscopic criteria were
adopted for grading the arthritic score at 0, 4, 8, 12, 16, 20, 24, and 28
days where 0 was given to normal paw, whereas, score 1 to 4 was given
starting from the redness and swelling of one digit or paw to the in-
volvement of all digits and entire paw [4].

2.4. Hematology and biochemical markers

At day 28th, the blood samples were collected by cardiac puncture
and hemoglobin levels and inflammatory cells i.e. total leucocyte count,
neutrophils, lymphocytes and monocytes were checked by automated
hematology analyzer (XT-1800i Sysmex Japan). ALT, AST, urea, and
creatinine levels (Randox kit) were also analyzed by using chemistry
analyzer (Humalyzer 3500).

2.5. Determination of CRP levels and rheumatoid factor

At day 28, CRP levels in blood were determined by agglutination
method according to the manufacturer’s code (Antech Diagnostic
Products-UK). Semi-quantification of CRP results was done as per
manufacturer’s instructions. RF in blood was also detected by aggluti-
nation method using reagent kit (Human Diagnostics).

2.6. Ankle joint histopathology

After sacrificing the rats, ankle joints were removed and placed in
10% neutral buffered formalin for fixation. They were decalcified using
hydrochloric acid, ethylenediamine tetra acetic acid, sodium tartrate
and potassium sodium tartrate containing decalcifying solution.
Analysis of inflammatory cells was done after staining the paraffin
sections of 5-um thickness with hematoxylin and eosin (H&E) [17].
Slides were examined by the Pathologist in a blinded fashion. Ankle
joints were analyzed for the presence of bone erosion, pannus forma-
tion, and infiltration of inflammatory cells. 0, 1, 2, 3, and 4 numbers
were given to normal, minimal, mild, moderate, and severe changes
respectively and the results were semi-quantified [19].

2.7. Evaluation of mRNA expression levels of TLR2, TLR4, NFκB TNF-α
and IL-1

Blood was collected on day 28th of the study and RNA extraction
was done by TRIzol method by acquiring standard procedure according
to the manufacturer’s instructions (Thermo Fisher Scientific, America).
Gel electrophoresis confirmed the purity of RNA and quantification of
RNA concentration was determined through optical density. Reverse
transcription polymerase chain reaction was done to produce cDNA
from mRNA. Appropriate primers were made and used for the pro-in-
flammatory mediators for the production of copies by RT-PCR [16].
GAPDH gene was used as a housekeeping gene.

3. Statistical Analysis

Graph-Pad prism (v. 5) software was used for the data analysis. One-
way ANOVA was applied and Post hoc Tukey test was applied to detect
which group means is different from other. Mean ± SD was done for
quantitative variables. Percentages and frequencies were given for
qualitative variables. Statistically p-value of ≤ 0.05 was considered
significant.

4. Results

4.1. TQ suppressed arthritic score

Arthritic signs were observed after sub plantar injection of FCA in
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injected and non-injected paws indicating primary and secondary ar-
thritic lesions, respectively. Signs of inflammation were observed
around days 1–9. Vehicle control group did not show any signs of paw
swelling. Treatment with TQ was commenced at the 8th day of induc-
tion and notably decreased (P < 0.01) the arthritic score (2.1 ± 0.56)
at 12th day in comparison to the arthritic control group (2.7 ± 0.48).
MTX also showed significant (P < 0.01) decrease (2.0 ± 0.47) on
12th day. TQ also significantly (P < 0.01) suppressed the arthritic
score compared to the arthritic control group on day 16 (2.0 ± 0.47 vs
3.7 ± 0.48), day 20 (1.9 ± 0.31 vs 3.8 ± 0.42), day 24 (1.6 ± 0.51
vs 4.1 ± 0.31) and day 28 (1.0 ± 0.66 vs 4.2 ± 0.42) as well. There
wasn’t any significant difference in reducing arthritic score between TQ
and MTX treated groups (Fig. 1).

4.2. TQ normalized the hematological parameters

The study exhibited significant elevation of total leucocyte count
(7.95 ± 1.42; P < 0.001), lymphocytes (85 ± 3.22; P < 0.001),
neutrophils (44.9 ± 5.17; P < 0.001) and monocytes (2.5 ± 0.54;
P < 0.01) of arthritic control group in comparison to vehicle control.
Treatment with TQ significantly normalized TLC (6.28 ± 0.42;
P < 0.001), lymphocytes (78.17 ± 2.63; P < 0.001), neutrophils
(23.2 ± 4.58; P < 0.001) and monocytes (1.5 ± 0.54; P < 0.01).
Similarly, MTX also significantly reduced TLC (3.41 ± 0.50;
P < 0.001), lymphocytes (74.83 ± 3.43; P < 0.001), neutrophils
(21.5 ± 2.46; P < 0.001) and monocytes (1.16 ± 0.40; P < 0.01) as
compared to arthritic control group (Fig. 2).

4.3. Treatment with TQ alleviated CRP levels

Increased levels of CRP were found in arthritic control group
(32.2 ± 2.09) as compared with vehicle control group. CRP levels
were less than the minimum detectable range (12mg/I.U./ml) of
available CRP kit in vehicle control group. Treatment with TQ
(22.1 ± 1.79; p < 0.001) and MTX (20.0 ± 2.16; p < 0.001)

showed significant decrease of CRP levels (Fig. 3).

4.4. TQ reduced histopathological score

Our results showed a significant increase in severity of inflammation
(2.16 ± 0.40; P < 0.001), pannus formation (2.0 ± 0.94; P < 0.01)
and bone erosion (1.4 ± 0.51; P < 0.01) in arthritic control group as
compared to vehicle control group. Treatment with TQ significantly
attenuated inflammation (1.5 ± 0.54; P < 0.01), pannus formation
(1.1 ± 0.73; P < 0.001) and bone erosion (0.8 ± 0.42; P < 0.001).
Methotrexate also demonstrated significant decrease in inflammation
(1.16 ± 0.40; P < 0.01), pannus formation (0.9 ± 0.31; P < 0.001)
and bone erosion (0.7 ± 0.48; P < 0.001) (Table 1 and Fig. 4).

4.5. TQ suppressed mRNA expression levels of TLR2, TLR4, IL-1, NFκB and
TNF-α

The results showed that mRNA expression levels of TLR2, TLR4, IL-
1, NFκB and TNF-α were significantly (P < 0.001) raised in arthritic
control group when compared to vehicle control group. Treatment with
TQ and MTX significantly (P < 0.001) decreased mRNA expression
level of all the above-mentioned parameters. There was no significant
difference found in the tendency of MTX and TQ in decreasing the
mRNA expression levels when compared with one another (Fig. 5).

4.6. Rheumatoid factor

Visible agglutination was seen in blood sera of arthritic control, TQ
and Methotrexate treated groups. Treatment with TQ and Methotrexate
didn’t affect the levels of Rheumatoid factor (Data not shown).

Fig. 1. TQ and MTX significantly suppressed arthritic score at days 12,16, 20,
24, and 28. Results are presented as mean ± SD for 10 rats in each group. **
shows p < 0.01 and indicates significant difference compared to arthritic
control group. ## shows p < 0.01 and indicates significant difference com-
pared to vehicle control group.

Fig. 2. TQ and MTX significantly reduced TLC (A), Lymphocytes (B), Neutrophils (C), and Monocytes (D). Results are presented as mean ± SD for 10 rats in each
group. ** and *** shows p < 0.01 and p < 0.001 indicating significant difference compared to arthritic control group. ## and ### shows p < 0.01 and
p < 0.001 indicating significant difference compared to vehicle control group.

Fig. 3. Effect of TQ and MTX on CRP in serum samples. Results are presented as
mean ± SD for 10 rats in each group. *** shows p < 0.001 indicating sig-
nificant difference compared to arthritic control group. ### shows p < 0.001
indicating significant difference compared to vehicle control group.
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4.7. TQ didn’t show toxic effects

Alanine transaminase (ALT), aspartate amino- transferase (AST),
serum urea, creatinine and Hb levels were measured and results de-
monstrated normal values in all groups except Hb levels which were
decreased in the arthritic group and normalized by TQ (Fig. 6).

5. Discussion

In the present study, experimental arthritis was developed by in-
jecting 0.2 ml of FCA in the sub-plantar region of rats resulting in in-
flammatory response due to immune reaction against the intruding
pathogens causing severe pain and swelling of joints [20]. Maximum
paw edema was developed within 3–5 days reported similarly by [21].

Treatment with TQ 10mg/kg/day in FCA-induced arthritic rats
profoundly reduced the macroscopic arthritic score by decreasing the
paw swelling. TQ is the main bioactive constituent of essential oil of an
extensively used medicinal plant Nigella sativa. Methotrexate a com-
monly used DMARD for treating rheumatoid arthritis was a reference
drug and we also found that TQ almost unanimously corresponded to
the MTX group suggesting that it also exhibit immunomodulatory and
anti-inflammatory properties.

The increase in inflammatory cells have a significant pathogenic
role in the aggravation of arthritis by discharging pro-inflammatory
compounds which results in the pathology of joint tissue. The study
revealed that TQ inhibited the proliferation of all inflammatory cells i.e
TLC, neutrophils, lymphocytes and monocytes in blood of arthritic rats
and also restored the Hb levels. By decreasing inflammation TQ also
resulted in reducing the CRP levels in the treated group.

Histopathological studies also justified the possible anti-arthritic
effect of TQ. Severe bone erosion, pannus formation and cellular in-
filtration was seen in the ankle joints of arthritic rats. TQ treatment
revealed marked improvement in overall inflammatory signs which is
comparable to the reference standard drug MTX. [22].

In the present research, we also observed that TQ treatment sig-
nificantly decreased the expressions of TLR2 and TLR4 in FCA-induced
arthritic rats. Toll-like receptors are germline-encrypted pattern re-
cognition receptors with vital role in identification of host cells and
reactions to antigens associated with microbes [23]. Various studies
have revealed the raised levels of TLR2 and TLR4 in fibroblasts of RA

synovium, synovial fluid, macrophages, arthritic joints and pannus
[24]. Both of these receptors are present extracellularly and identify
lipids from gram+ve and gram–ve microorganisms [25]. Endogenous
TLR ligands stimulate the macrophages causing an increased level of
inflammatory cytokines such as TNF-α, IL-1 and IL-6, finally resulting
in the destruction of cartilage and bone. Debilitation of TLR signaling is
thought to be an innovative treatment strategy in patients affected by
arthritis [26]. With the exception of TLR3, all TLRs use MyD88-de-
pendent pathway leading to the stimulation of transcription factors
among which NFκB, AP-1 and interferon regulatory factor (IRF) family
members are being currently explored regarding RA [25]. The cyto-
kines including TNFα, (pro)IL-1β and IL-6, type-1 IFNs, and chemo-
kines [25] are excited by these transcription factors which in turn
produce complex immune response.

Animal studies of inflammatory arthritis in vivo also reinforce the
view that NFκB exhibit a very major part in the development and
growth of arthritis [27]. NFκB transcription factor is mostly found in
the cytoplasm as a dormant complex adhered to the IκB (inhibitors of
κB) proteins. NFκB moves to the nucleus when activated after the en-
zymatic degeneration of IκB, which is liable to keep NFκB in the cyto-
plasm [28]. NFκB signaling pathways resolve many important events in
the inflammatory reaction by chondrocytes, resulting in continual de-
struction of extracellular matrix and cartilage [29]. NFκB inhibitors are
known to possess high therapeutic effectiveness and are suitable for
treating RA in humans [30]. Our research demonstrated that TQ sig-
nificantly reduced NFκB expression levels.

Many pro-inflammatory cytokines including TNF-α are maximally
expressed in the presence of NFκB which shows its leading role. The
stimulation of TLR2 results in abrupt discharge of TNF-α and other pro-
inflammatory cytokines from synovium [31]. If TNF-α is present in
abundance in the synovial fluid of arthritic patients, destruction of
joints and inflammation are surely to occur which are thought to be the
trademark of RA [32]. Moreover TNF-α also promotes the synthesis of
PGE2 and collagenase resulting in injury to connective tissue. Our re-
search revealed that there was appreciable rise in expression level of
TNF-α in arthritic control group as compared to vehicle control. In the
current study TQ also markedly reduced the expression levels of TNF-α
along with another pro-inflammatory cytokine, IL-1. The results were
almost similar to the standard reference drug MTX.

Although a variety of drugs has been developed for the treatment of
arthritis; these include NSAIDs, DMARDs, steroids etc. but drugs with
low cost and minimal side effects are still lacking. Many herbs are also
commonly used to treat arthritis but the therapeutic efficacies and
mode of action of such medicines are currently unclear. Therefore, large
scope of new drug development exists in the treatment of rheumatoid
arthritis. This study has provided insight into possible anti-arthritic
effect of TQ.

Moreover, TQ does not show any hepatotoxic or nephrotoxic effects
according to the levels of ALT, AST, creatinine and urea in the serum.

6. Conclusion

The current study highlights that anti-inflammatory and

Table 1
Mean± SD of Histopathological score in all groups (n=10).

Parameters Group I
(Vehicle
control)

Group II
(Diseased)

Group III
(TQ)

Group IV
(MTX)

Severity of
inflammation

0 2.16 ± 0.40a 1.5 ± 0.54b 1.16 ± 0.40b

Pannus formation 0 2.0 ± 0.94a 1.1 ± 0.73b 0.9 ± 0.31b

Bone erosion 0 1.4 ± 0.51a 0.8 ± 0.42b 0.7 ± 0.48b

a shows a significant difference with group I.
b shows a significant difference with group II.

Fig. 4. (A) H & E staining, showing normal ankle joint tissue, normal synovium (red arrow), cartilage (blue arrow), bone (black arrow) and no inflammation
(Control). (B) H & E staining, showing severe inflammation (blue arrow), pannus (red arrow), bone erosion (black arrow) (Arthritic). (C) H & E staining showing
resolution of inflammation (blue arrow), pannus formation (red arrow) and bony erosion (black arrow) (TQ). (D) H & E staining showing resolution of inflammation
(blue arrow), pannus formation (black arrow) and bony erosion (red arrow) (MTX) (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article).
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immunomodulatory effects of TQ has almost similar therapeutic effects
to methotrexate, suggesting that TQ may be an alternative DMARD for
treating RA. It significantly decreased arthritic score, the total count of
leukocytes in the blood, improved the histopathological changes and
reduced the expressions of TLR1, TLR2, IL-1, NFκB and TNF-α. To es-
tablish the safety of TQ, liver function tests and renal function tests
were also performed and was found to be completely safe. Cell type-
specific assessment assay is required in future studies to investigate the
cell type modulated by TQ.
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