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ABSTRACT: 

Background: Rheumatoid arthritis (RA) is an inflammatory joint disease characterized by a variety 

of abnormal cellular processes. Toll-like receptors (TLRs) have been linked to immunological 

abnormalities in RA patients. 

Objectives: The purpose of this study was to look at the role of TLR2 and TLR4 in progression of 

arthritis and their modulation by N-(2-hydroxyphenyl) acetamide. 

Material and Methods: Arthritis was induced in rats by Heat-killed Mycobacterium tuberculosis 

(MT37Ra). Progression and impact of disease was observed macroscopically and at molecular level. 

Reactive oxygen species (ROS) and antioxidants production was estimated in serum to assess the 

immune response. 

Results: We observed over expression of TLRs on bone marrow cells parallel to the severity of 

arthritis progression in arthritic control group. Over-expression of TLRs triggered ROS expression 

followed by a decrease in antioxidants resulting in destruction of bones and cartilage in arthritic 

control group. Treatment with N-(2-hydroxyphenyl) acetamide (NA-2) reduced severity of arthritis 

by reducing the expression of toll like receptors TLR2 (*P < 0.043) and TLR4 (**P < 0.001) on BMCs 

in arthritic rats. Production of Reactive oxygen species, a marked increase in the GSH and SOD. 

Conclusions: 

Our findings suggest that TLRs may play a role in the etiology of arthritis by causing direct activation 

of BMCs. Our data further suggest that NA-2 inhibits TLR-mediated joint inflammation and other 

arthritis-related symptoms, implying that it could be used to treat arthritis. 

https://jptcp.com/index.php/jptcp/issue/view/79
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1. INTRODUCTION 

Rheumatoid arthritis is a chronic inflammatory, systemic autoimmune disease which results in 

progressive joint damage and lifelong disability (1). RA is characterized by inflation of inflammatory 

cells in synovium along with synovial hyperplasia, pannus formation, angiogenesis and cartilage 

damage which may lead to bone degradation (2). Unusual activation and phenotypic changes in 

circulating neutrophil in RA has already been observed in previous studies. Delayed apoptosis and 

increased reactive oxygen species (ROS) and cytokines production leads to destruction of cartilage 

and bones of joints (3-6). 

Toll-like (TLRs) receptors are special receptors that are expressed on innate immune cells and can 

recognize special patterns. They are responsible for maintaining the inflammatory loop in chronic 

inflammation and have a significant role in progression of RA (7). These receptors are expressed both 

extra cellularly and intracellularly. When they are expressed extracellularly, they can recognize 

lipopolysaccharide (LPS), flagellin, and dsRNA which are bacterial products and are referred to as 

pathogen associated molecular pattern (PAMPs) (8). Some toll like receptors like Toll-like receptors 

(TLRs)- 3, 7, 8 and 9 are expressed intracellularly and can be activated by self and foreign nucleic 

acid structures. TLR-2 can recognize lipoprotein of gram-positive bacteria whereas 

lipopolysaccharide of gram negative bacteria can be recognized by TLR-4 (9,10). It is supported by 

various studies that TLRs have significant impact in the progression of various chronic inflammatory 

diseases like rheumatoid arthritis. TLRs can be expressed on various immune cells including B cells, 

T cells, macrophages, and dendritic cells. When TLRs are stimulated it results in increased production 

of pro-inflammatory cytokine, and up regulation of co-stimulatory molecules due to which they form 

a bridge between innate and adaptive immunity. In addition to the exogenous ligands derived from 

bacteria and viruses, TLRs can also be activated by endogenous proteins and oligosaccharides. The 

endogenous ligands are released from damaged tissue and are known as damage associated molecular 

patterns (11,12). Other endogenous ligands include a group of proteins called acute phase proteins, 

for example amyloid A protein. TLRs signaling involves two inflammatory cascades which are 

MyD88 dependent and MyD88-independent or TRIF pathway. Both of these pathways result in 

stimulation of nuclear factor kappa-B (NFkB) and production of pro-inflammatory cytokines (13). 

Reactive oxygen species (ROS) are unstable molecules which contains oxygen and peroxides and can 

easily react with other molecules. They are formed as by products during the metabolism of oxygen 

in electron transport chain in mitochondria (14,15). In inflammatory disorders they also act as 

signaling molecules leading to progression of disease. During inflammation, oxidative stress 

produced by polymorph nuclear leukocytes (PMNs) causes an opening at inter-endothelial junction 

allowing the migration of inflammatory cells across the endothelial barrier. The function of migrated 

cells is to clear the pathogens but in RA these migrated immune cells interact with resident cells in 

synovial tissue resulting in qualitative alteration of cell phenotype and increased inflammation 

. Migrated leukocytes to the joints develop both innate and adaptive responses causing a powerful burst 

of oxidative stress under the influence of inflammatory factors (16,17). During this period, a large 

amount of oxygen is consumed and converted into a variety of free radicals forming a local 

environment of highly reactive oxygen species, which plays a role in the occurrence and persistence of 

RA (18). Reactive oxygen species (ROS) are molecules with at least one oxygen atom and one or more 

unpaired electrons and can exist independently (19). This group includes oxygen and nitrogen radicals 

as well. Under physiological conditions, they are formed in small amounts in cells and participate in 

oxygen respiration. In addition, ROS are primarily signaling molecules and can induce cell 

differentiation and apoptosis. There is a balance between the formation and clearance of free radicals 

in the body (20). When ROS are overproduced, antioxidant system of the body gets damaged, leading to 

tissue damage, which is called oxidative stress Currently, the evidence strongly suggests that oxidative 

stress plays a role in the pathogenesis of RA (21). According to one study, there is a 

https://jptcp.com/index.php/jptcp/issue/view/79
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strong link between oxidative stress levels and synovial fluid oxidative damage markers (22). ROS 

has strong positive relationships with clinical and biochemical indicators present in the blood of RA 

patients (23). ROS could be useful indicators for tracking disease development. large amount of ROS 

produced by phagocytes, recruited immune cells and proliferating synovial stromal cells in the RA 

synovitis microenvironment, but the complex interactions between ROS and these cells remain 

unclear. Therefore, the primary aim of present study is to evaluate the role and molecular mechanisms 

of ROS in various cells in the RA synovial microenvironment and summarize the therapeutic 

intervention of ROS to restore the redox balance in RA patients, providing a new research direction 

for treatment. In RA patients, reactive oxygen intermediates (ROI) are abundant in the synovial fluid 

(SF) and peripheral blood, while glutathione (GSH) antioxidant protection may be impaired (24-25). 

This could be due to inflammatory processes or dietary insufficiency of stimulation of TLR-2 and 

TLR-4 on synovial tissue resulting in increased production of pro- inflammatory cytokines which 

could further flare-up the inflammation associated with arthritis. Blocking TLR-2 or TLR-4 or down-

regulating their expression can decrease the spontaneous release of pro- inflammatory cytokines from 

synovial explants (27-29). Therefore, TLR inhibitors can be used as potential therapeutic agent for the 

treatment of rheumatoid arthritis. Keeping in view the role of TLRs, the present study was carried out 

with the purpose of exploring the effect of novel anti-arthritic compound N-(2-hydroxyphenyl) 

acetamide (NA-2) on the expression levels of TLRs, downstream ROS and antioxidants in AIA model 

of rat. NA-2 is a derivative of salicylic acid and has shown a very promising anti-inflammatory and 

anti-arthritic activity in our earlier studies (30). Therefore, we aimed to explore its therapeutic effects 

on the above d mentioned marker involved in the pathogenesis of RA. 

2. Materials and Methods 

2.1. Animals 

Female Sprague Dawley rats (SD) weighing 160-240 g were used for the experiments. Five to six 

animals were housed in a cage in a controlled humidity and temperature environment with a 12/12- h 

dark-light cycle. Animals were given normal diet which includes standard laboratory rat food pellets 

and water. Ethical guidelines of the International Association for the Study of Pain in conscious 

animals (31) and the Scientific Advisory Committee on Animal Care, Use, and Standards, 

International Center for Chemical and Biological Sciences (ICCBS) were followed to care for the 

experimental animals. 

 

2.2 Adjuvant/Drugs: 

Disease was induced in the animals by Heat-killed Mycobacterium tuberculosis (MTH37Ra) 

purchased from DIFCO Laboratories (Detroit, MI, USA). It was used as adjuvant and injected at the 

tail base of each animal. Indomethacin was used as reference drug and N-(2-hydroxyphenylg) 

acetamide (derivative of salicylic acid) was used as test drug and were purchased from Sigma 

Chemical Company (St. Louis, MO, USA). 

 

2.3. Preparation of adjuvant: 

A uniform suspension of heat killed mycobacterium (MTH37Ra) in mineral oil (MP Biomedicals, 

Germany) with final concentration of 10 mg/ml was prepared at the beginning of each experiment. It 

acts as complete Freund’s adjuvant (CFA). 

 

2.4. Induction of Arthritis & Treatment: 

Arthritis was induced by injecting 0.1ml of freshly prepared adjuvant intradermally at the tail base of 

each animal under anesthesia (32). After the induction of disease, animals were carefully monitored 

until the arthritic score 4 was developed in the arthritic control group, receiving no other treatment. 

Treatment with reference and test drug was started on the day of induction of arthritis. Grouping of 

animals and treatment given to the animals are shown in table 1. Treatment doses were set by our 

preliminary dose finding studies and literature review. 

https://jptcp.com/index.php/jptcp/issue/view/79
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Table 1: Treatment regime followed for the administration of N-(2-hydroxyphenyl) acetamide or 

indomethacin (n = 12/ group). 

 

2.5. Assessment of Disease Progression: 

Progression of disease was measured by observing rise in paw volume, decrease in body weight, and 

increase in pain sensation on alternate days after induction of disease (33). 

 

2.6. Assessment of Reactive Oxygen Species& Endogenous antioxidants: 

After establishment and validation of model Reactive oxygen species (nitric oxide and peroxide) and 

endogenous antioxidant (glutathione and superoxide dismutase) levels were measured 

calorimetrically in the serum samples of animals using kit method (Bio Assay system, CA, USA). 

 

2.7. Isolation of Bone Marrow Cells (BMCs): 

Cells were obtained under sterilized conditions from the rats' femur bones at the end of each 

experiment and used for BMC isolation and culture. Cells were cultured in DMEM cell culture media 

(supplemented with 5% FBS. 1% penicillin/ streptomycin 11% amphotericin B, 1% glutamine, and 

1% pyruvate). Confluent cells were used for reverse transcriptase polymerase chain reaction (RT- 

PCR) for mRNA expression and protein of TLR2 and TLR4. 

 

2.8. Determination of mRNA Expression of TLRs by RT-PCR: 

2.8.1 RNA Isolation: 

The primary cultured BMCs were trypsinized and centrifuged (800-1000 rpm) for 20 seconds. The 

supernatants were discarded and the cells pellets were used to isolate RNA using SV total RNA 

isolation system (Promega). 

 

2.8.2 c DNA synthesis and RT-PCR: 

The isolated RNA samples were reverse-transcribed into cDNA using oligo deoxy thymidine (dT) 

primers and first strand cDNA synthesis kit (USB, Corporation). Manufacturer protocol was followed 

for cDNA synthesis. The transcribed cDNA was amplified by Reverse Transcriptase-Polymerase 

Chain Reaction, using Omni script RT kit (QiagenInc Valencia, CA, USA) and oligonucleotide 

primers of respective genes. 

https://jptcp.com/index.php/jptcp/issue/view/79
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2.8.3. Gel Electrophoresis: 

After amplification DNA sequence was resolved by 1% agarose gel electrophoresis. The bands were 

visualized in Gel-Dock System (Fluor Chem, Alpha INNOTECH) under UV- lamp. Density of each 

band was quantified. For mRNA analyses, housekeeping gene, GAPDH density was used to 

normalize the density of amplified gene product. The integrated density value (IDV) was obtained 

through the corresponding pixel intensity using Spot density Tools of the Gel-Doc system for 

comparison purposes. 

 

3. RESULTS: 

After induction for arthritis, severity and progress of disease was closely monitored by measuring 

paw volume, body weight and nociception. Clinical feature of disease was further validated by 

measuring level of reactive oxygen species and antioxidant in the serum. 

 

3.1. Measurement of Reactive Oxygen Species Levels in Serum: 

A significant increase in the serum concentration of nitric oxide (NO) (*P< 0.001) and peroxide (PO) 

(*P < 0.004) was observed in arthritic rats as compared to normal control animals (Table 2). We 

observed a decrease in NO and PO serum concentration of arthritic rats after treatment with 

indomethacin and NA-2 (Table 2). 

Table 2: Effect of NA-2 (5 mg/kg dose) on serum level of reactive oxygen species and endogenous 

antioxidants. *p ˂ 0.005 is taken as significant value. 
 

 

Groups of Animals 

Reactive oxygen species 
(mg/dl) 

Endogenous antioxidant 
(mg/dl) 

Nitric oxide Peroxide glutathione Superoxide dismutase 

Normal 119.6 43.53 56.4* 94.21* 

Arthritis 261.4* 92.21* 13.2* 44.16* 

Arthritis+Indo(5mg/kg) 147.2 52.19 41.8* 63.78* 

Arthritis +NA-2(5mg/kg) 185.7 53.56 29.0* 63.50* 

 

3.2. Measurement of Serum Endogenous Antioxidants: 

The serum levels of glutathione (GSH) and superoxide dismutase (SOD) were estimated in normal 

control, arthritic control and arthritic animals treated with NA-2 and indomethacin (Table 2). In 

comparison to the normal control significantly decreased levels of GSH (P < 0.001) and SOD (P < 

0.007) were observed in the nontreated arthritic rats. When non-treated arthritic group was compared 

with indomethacin and NA-2 treatment group, a marked increase in the GSH (P< 0.034 and (P< 0.01) 

and SOD (P< 19.04 and P <0.03) was noted respectively (Table 2). 

3.4. Measurement of mRNA Expression by PCR: 

Figures 1&2 show bands indicating comparisons of TLR-2 and TLR-4 mRNA levels in cultured 

BMCs from different experimental groups included in this work, as well as bar graphs for TLR-2 and 

TLR-4 integrated densities after normalization with housekeeping gene GAPDH. BMCs from the 

normal control group had the lowest TLR-2 and TLR-4 mRNA expression, hence they were utilized 

as a baseline to compare the treated and untreated arthritic groups. A significant increase in the 

expression of TLR-2 (P < 0.043) and TLR-4 (P< 0.001) was observed in arthritic control group as 

compared to normal animals. A significant decrease in expression level of TLR-2 and TLR-4 mRNA 

was observed in indomethacin and NA-2 treated arthritic rats as compared to arthritic control groups 

(P<0.001). Values for the significant difference between different groups are given in the rows under 

the figures. 
Fig.1 

https://jptcp.com/index.php/jptcp/issue/view/79


Contribution Of Toll-Like Receptors As A Therapeutic Target In Adjuvant Induced Arthritic Rat Model 

Page | 1777 Vol.31 No.5 (2024): JPTCP (1772-1784) 

 

 

E
xp

re
ss

io
nl

ev
el

 o
f 

T
L

R
-2

 

 

Normal Arthritis Arthritis+Indo  Arthritis+NA-2 NA-2 

 
Expression of TLR-2 

Expression of GAPDH 

12  Normal 
a  Arthritis 

10 Arthritis+Indomethacin (5mg/kg) 
Arthritis+NA-2(5mg/kg) 

8 NA-2(5mg/kg) 

 
6 

 
4 

 
2 

b 

0 Animal groups 

 

Comparison Groups P-values BMSCs 

Normal and Arthritic Control (0.001) 

Arthritic Control and Indomethacin 
(0.001) 

Arthritic Control + NA-2 (0.001) 

Figure 1. (a) Representative bands of TLR-2 in bone marrow cells and housekeeping Gene GAPDH 

in normal, arthritic and treated groups (b) Bar diagrams showing expression level of TLR- 2 in BMCs 

after normalization with house-keeping gene showing a significant increase in expression of TLR-2 

in arthritic animal compared with normal group. Treatment of indomethacin and NA-2 reduce the 

expression of TLR-2 significantly compared with arthritic animals. 
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Figure 2. (a) Representative bands of TLR-4 in bone marrow cells and housekeeping Gene GAPDH 

in normal, arthritic and treated groups (b) Bar diagrams showing expression level of TLR- 4 in BMCs 

after normalization with housekeeping gene showing a significant increase in expression of TLR-4 in 

arthritic animal compared with normal group. Treatment of indomethacin and NA-2 reduce the 

expression of TLR-4 significantly compared with arthritic animals. 
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3.5 Immunocytochemistry for TLR-2 and TLR-4: 

Figure 3a & 4a shows the expression of TLR-2 and TLR-4 proteins on the bone marrow cell surface 

of different experiment groups. Image J software was used to find out the intensities for the expression 

of TLR-2 & TLR-4 are represented in figures 3b & 4b by bar graph. The expressions of TLR-2 & 

TLR-4 in normal samples were considered as baseline and the arthritic control groups and arthritic 

treated group were compared with it. A significant up-regulation of TLR-2 & TLR-4 (**P< 0.001) in 

BMCs of arthritic control group was observed compared to normal control. A significant down- 

regulation of TLR-2 & TLR-4 expression (**P < 0.001) in NA-2 and indomethacin treated groups was 

observed as compare to arthritic animals. 
 

 

Fig3 
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Figure 3. (a) Immunocytochemistry of active TLR-2 expression in bone marrow cells obtained from 

normal, arthritic control, indomethacin and NA-2 treated arthritic rats (b) graphical illustrations of 

immunostaining performed to analyze intensity of TLR-2 protein expression. Images showing a 

marked down regulation of TLR-2 expression in NA-2 and indomethacin treated treated groups as 

compare to arthritic animals. Histograms demonstrate the intensity of expression of TLR-2 in %. Each 

bar represents mean ± S.E.M of three independent experiments. Significant difference in expression 

between the arthritic group and indomethacin treated group was ** p< 0.001. 
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Figure 4. (a) Immunocytochemistry of active TLR-4 expression in bone marrow cells obtained from 

normal, arthritic control, indomethacin and NA-2 treated arthritic rats (b) graphical illustrations of 

immunostaining performed to analyze intensity of TLR-4 protein expression. Images showing a 

marked down regulation of TLR-2 expression in NA-2 and indomethacin treated groups as compare 

to arthritic animals. Histograms demonstrate the intensity of expression of TLR-4 in %.Each bar 

represents mean ± S.E.M of three independent experiments .Significant difference in expression 

between the arthritic group and indomethacin treated group was **p< 0.001. 

 

4. Discussion: 

Our findings indicate N-(2-hydroxyphenyl) acetamide's potentially essential features, such as its 

powerful anti-oxidative stress effects along with downregulation of TLRs (TLR2 & TLR4) on AIA- 

induced arthritic rats. The evidence implies its complicated multi-targeted action on reactive oxygen 

species, antioxidants and toll-like receptors (TLRs), which are major participants in the 

pathophysiology of rheumatoid arthritis and critical regulators of inflammation in general. 

Adjuvant-induced arthritis (AIA) rodent models are commonly used to test and develop anti-arthritic 

medicines (34). We used an SD rat rodent model to assess the effect of NA-2, a salicylic acid 

derivative, on oxidative stress markers linked to RA, with a focus on TLRs (TLR-2 and TLR-4) 

expression. Heat killed (MTH37Ra) suspension in mineral oil was employed as an adjuvant in this 

investigation [34]. Multiple features of the disease can be control by TLRs. Therefore, to find out the 

therapeutics of the disease TLRs or their signaling cascades inhibitors can be used to target 

inflammation and other arthritis related markers. 
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After validation of RA model, role of TLR-2 and TLR-4 in the progression of disease was examined. 

We used our test drug NA-2 against the TLRs. They are targeted for therapy of the disease. Both the 

TLRs (TLR-2 & TLR-4) which are considered in the study were found to be up-regulated on the bone 

marrow cells of arthritic control animals as compare to normal animals. TLRs (TLR-2 & TLR-4) are 

overexpressed as a result of both exogenous and endogenous ligands. Peptidoglycan and 

lipopolysaccharide operate as external ligands present in the cell wall of Mycobacterium tuberculosis 

(used as an adjuvant), while damage-associated molecular pattern acts as an endogenous ligand 

(35,36). They are produced in condition of cell stress and/or structural damage and are responsible 

for primary immune response that result in initiation of autoimmunity (37-39). It is already found that 

different pathways of stress signaling pathways are activated in the synovial membrane and synovial 

fluid of RA patients (40). Literature also cites that up-regulation of TLR-2/TLR-4 in the presence of 

endogenous ligands results in increased production of IL-12/IL-18, and MMPs leading to 

inflammatory changes that result in irreversible joint destruction (41). 

It is already observed that migrated leukocytes to the joints stimulates both innate and adaptive 

immune responses (42). In the joints they stimulate a powerful oxidative burst under influence of 

inflammatory factors. Under this condition a large amount of oxygen is consumed and converted into 

a variety of free radicals and develop local environment of highly reactive oxygen which plays a very 

important role in the development and persistence of RA (43). 

In the present study an increase in paw oedema of arthritic control rat in comparison to the normal 

animals is observed after an increase in expression of toll like receptor in arthritic animals as compare 

to normal animals. It indicates that inflammatory reactions take place in the arthritic control rats and 

paw oedema occurs due to the infiltration of immune. Oedema is a result of infiltration of immune 

cells and inflammatory mediators such as cytokines, prostaglandins, and reactive oxygen (ROS) 

species and antioxidant is observed in inflamed tissue which are mainly responsible for cartilage 

destruction. We observed a decrease in disease progression with concomitant reduction in the TLR- 2 

and TLR-4 expression in bone marrow cells in NA-2 treated arthritic animals compared to arthritic 

control animals. Bone marrow cells play a critical role in the pathogenesis of RA. The primitive bone 

marrow mesenchymal cells can transverse cortical bone through pores and reside in the synovium, 

where they produce mediators that enhance synovitis before the onset of clinical disease. The bone 

marrow also contributes cells of lineage that travel to the synovium and aggravates the arthritis 

features. The NA-2 treatment was able to reduce proinflammatory mediators such as ROS improves 

antioxidant and significantly reverse the increased expression of TLRs. 

Previous studies show that increased expression of TLRs results in increase production of 

proinflammatory cytokines. It is already proved in previous studies that the increase in inflammatory 

cytokines production is responsible for progression of disease as they are responsible for destruction 

of joints and pain (44-51). Salicylic acid, a parent compound of NA-2 has been studied that it inhibits 

the activation of the transcription factor NF-κB in human monocytes through a cyclooxygenase 

independent mechanism This further inhibits the secretion of cytokines and other inflammatory 

mediators. The repressive action of NSAIDs provides us with the evidence that NA-2 may inhibit 

cytokines secretion by blocking NF-kB which can be activated by TLRs (52-54). 

Oxidative stress or reactive oxygen species (ROS) and nitrogen species serves as mediators in 

pathogenesis of cartilage destruction (55). Increased oxidative enzyme activity, along with decreased 

antioxidant levels (SOD and GSH) in sera and synovial fluids of arthritic patient and experimental 

animals have been observed by several groups (56). Results of present study are in accord with the 

previous studies showing increased level of peroxide and nitric oxide in the serum of control arthritic 

rats. 

In the present study indomethacin is used as reference drug established an inhibitory effect on the 

level of peroxide and nitric oxide with a parallel increase in GSH and SOD level treated arthritic rats. 

It is already studied that indomethacin has inhibitory action on ROS production by inhibiting COX 

and prostaglandin E2 (57,58) which support our present study data. The inhibitory effect of 

indomethacin might be responsible to increase the level of SOD. Increase in generation of superoxide 

ions due to the inhibitory action of indomethacin results in availability of increase levels of SOD 

https://jptcp.com/index.php/jptcp/issue/view/79
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show activity. These studies validate our choice of using indomethacin as a reference drug. It is also 

observed in the present study that treatment of NA-2 significantly reduces the levels of ROS with 

concurrent increase in the GSH and SOD activities. Salicylic acid the parent compound of NA-2 has 

also been studied previously and it is found out that it has suppressive effects on IL-1𝛽-induced NF- 

𝜅B production which regulate the expression of ROS (iNO) and antioxidants (59-60). In the light of 

these studies, it can be concluded that the antioxidant activity of NA-2 might be due to its intervention 

in NF-kB pathway. 

5. Conclusion 

In the present study we have established that NA-2 compounds possess both anti-inflammatory and 

anti-rheumatic activities in arthritic animal model. It effectively reduces the TLRs (TLR-2, and TLR- 

4) expression on BMCs and reduced oxidative stress by modulating reactive oxygen species and 

antioxidant. Thus, our study establishes that NA-2 may serve as a probable candidate to be further 

developed as an anti-arthritic agent. 
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