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Abstract
Tecoma stans (L.) Juss.exKunth (Bignoniaceae) is mainly found in tropical and subtropical regions of Africa
and Asia. The leaves, flowers, roots, and bark are used to treat various aliments includes, skin infections,
kidney problems, intestinal disorders, jaundice, toothaches, joint pain and repair cracked bones, antidotes for
snake, scorpion, and rat bites. The aim of the study is to assess the anti-arthritic properties of T. stansleaf
using Complete Freund's adjuvant (CFA)-induced rat model. The ethanol extract of T. stansleaf (ETSL) was
taken for Gas Chromatography-Mass Spectrometry (GC-MS) and Liquid Chromatography-Mass
Spectrometry (LC-MS) analysis for the identification of potential bioactive. The in vitro antioxidant and anti-
arthritic activity was studied at concentrations of 25, 50, 100, 200, 400, and 500 μg/ml. In vivo anti-arthritic
activity was carried out by administering CFA (0.1 ml) into the sub-plantar surface of the right hind paw. The
experimental animals were treated with indomethacin (10 mg/kg) and ETSL (250, 500 mg/kg) once a daily
for fourteen days. The arthritic parameters such as paw thickness, arthritic index, arthritic score, body
weight, organ weight, and hematological and biochemical parameters were evaluated. Pro-inflammatory
cytokines; tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-1β, anti-inflammatory cytokines; IL-4 and
IL-10 and inflammatory mediator cyclooxygenase-2 (COX-2) were examined in blood serum. In vivo
antioxidants parameters; superoxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH), and lipid
peroxidation (LPO) was carried out in liver and joint. Radiological and histopathological analysis of joint was
performed.A computational molecular docking investigation of the phytoconstituents was conducted
against COX-2, IL-1β, IL-6, and TNF-α receptors by utilizing AutoDock 4.2 and BIOVIA-Discovery Studio
Visualizer software. The in vitro result showed concentration dependent antioxidant activity with highest
percentage of inhibition at 500 µg/ml. The in vivo result demonstrated significant restoration of arthritic
parameters, hematological and biochemical indices and oxidative stress in CFA-induced rat which was
further supported by radiological histological examination at ETSL 500 mg/kg. In addition, there was
significant (p<0.05) reduction in pro-inflammatory cytokines, inflammatory mediators and up-regulation of
anti-inflammatory cytokines was observed in the treated group. Verbascoside was found to exhibit better
biding affinities -10.4, -7.4, -7 and -6.2 kcal/mol against COX-2, IL-1β, TNF-α, and IL-6 respectively, confirmed
through in silico study. The observed outcome suggests that ETSL at a dosage of 500 mg/kg demonstrated
notable anti-arthritic effects by suppressing pro-inflammatory cytokines and oxidative stress biomarkers.
This effect could potentially be attributed to the presence of bioactive verbascoside identified in the LC-MS
analysis.

Introduction
Rheumatoid arthritis (RA), an autoimmune disease, causes persistent inflammation of the synovium inside
joints. This inflammation affects the lining of the joints and may affect the ligaments and bones within the
joints, leading to stiffness, discomfort, and degeneration of the articular cartilage(Jain et al. 2023). The risk
of developing RA between 30 and 50 years of age is 2 to 3 times higher for women than men (Shamlan et al.
2021). Compared to the global prevalence of 0.46%, India's prevalence of RA is estimated at 0.7% (Bagepally
et al. 2023). As a result of arthritis, cartilage, which generally protects joints, breaks down, causing synovial
fluid to accumulate in the joints and causing inflammation. Pro-inflammatory modulator stimulates the
production of inflammatory cells in the synovial membrane, resulting in bone damage(Shamlan et al. 2021).
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The inflammatory response associated with arthritis is accompanied by hyperplasia of synovial cells.
Cartilage damage and joint alkalosishave been involved in the pathology of disease progression (Jain et al.
2023).

The cause of joint damage has been found to be increased levels of pro-inflammatory cytokinessuch as
tumor necrosis factor-alpha(TNF-α), interleukin-1-beta (IL-1β), interleukin-6 (IL-6), metabolic enzymes, and
decreased levels of anti-inflammatory cytokines; interleukin-4(IL-4) and interleukin-10(IL-10) (Jain et al.
2023). According to recent research, pro-inflammatory mediators cyclooxygenase-2 (COX-2), an inducible
enzyme secreted from fibroblasts, macrophages, leukocytes, and cytokines, were found in higher
concentrations in the synovial fluid of RA patients and play a crucial in theetiology of disease(Hassan et al.
2019).Specific pathological diseases such as inflammation and RA cause an increase in the expression of
this enzyme due to a variety of stimuli, including growth factors and cytokines. The degradation of joint
cartilage associated with RA is brought on by increased expression of COX-2 in subchondralbone(Tu et al.
2019).Studies demonstrate that pro-inflammatory cytokines are probably responsible for the overexpression
of COX-2(Sokolove and Lepus 2013). Thus, a novel strategy for treating RA may involve by decreasing these
pro-inflammatory cytokinesandup regulating of anti-inflammatory cytokines(Hong et al. 2021).

Though several numbers of molecules, such as prostaglandins, TNF-α, IL-1β, and IL-6 are implicated in the
pathophysiology of RA, reactive oxygen species (ROS) trigger the inflammatory processes by damaged
articular cartilage, membrane lipids, proteins, and DNA (Jain et al. 2023). It is observed that inflammatory
cells such as neutrophils, lymphocytes, macrophages, and endothelial cells found in the inflammatory joint
tissue are the main source of ROS(Sindhu et al. 2012). The primary cause of RA can be identified as
oxidative stress. By generating pro-inflammatory cytokines and COX-2, ROS induces oxidative stress, which
is a crucial modulator of inflammatory reactions at the inflamed joint during the development of arthritis
(Goldring 2003). The defense mechanism against the damaging effects of free radicals is comprised of a
variety of detoxifying enzymes and metabolites. The two main antioxidant enzymes involved in
detoxification are catalase (CAT) and superoxide dismutase (SOD) (Phull et al. 2017). As a result, many
research studies have been investigated to explore the anti-inflammatory properties of antioxidants. Most
antioxidants are derived from dietary sources and are crucial for preventing the harmful effects of ROS on
living systems. Antioxidants possess the capacity to protect an organism from the harmful effects of free
radical damage, thereby reducing or delaying the emergence of multiple pathologies like cardiovascular,
cancer, atherosclerosis, RA, and neurodegenerative illnesses(Silva et al. 2023).

Currently available therapies such as non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and
disease-modifying anti-rheumatic drugs (DMARDs) to treat RA are associated with several side effects,
including damage to the liver, cardiovascular problems, and nausea (Su et al. 2022). The current state of
medicines has limited their wide application in the treatment of RA due to the high cost and unpredictable
response. Thus, there is an urgent desire to identify drugs with fewer adverse effects and established
therapeutic efficacy(Lv et al. 2022). According to published research, natural products are a promising
alternative source for treating RA because they are less toxic and have fewer adverse effects(Zhang et al.
2008). The unique chemical compositions and biological activities of herbal products allow them to treat
various ailments. Manyphytocomponents, such as flavonoids, terpenoids, glycosides, and alkaloids, have
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been reported with anti-arthritic properties(Jain 2014). Therefore, there is an increasing focus on using
natural substances and their products in managing arthritis.

Tecomastans (L.) Juss. ex Kunth (Bignoniaceae) is amedium-sized ornamental blooming perennial
deciduous shrub known as yellow-elder, yellow trumpet bush, and yellow-bells and found in tropical and
subtropical regions of Africa and Asia (Anand and Basavaraju 2021). It is also found as an invasive weed in
South Africa(Madire 2013). It is extensively dispersed throughout India, from the plains extending to the
southernmost point of the country to the Shiwalik levels in the Himalayas. It has been observed in several
regions of the nation, including Shimla in Himachal Pradesh(Thakur 2012); Nalgonda, Baptala, Tirumala hills,
Put-taparthi, Simhachalam, and Warangal in Andhra Pradesh; and in Orissa (Dash 2011). The genus Tecoma
is rich in phytoconstituent; prior research has identified and isolated numerous constituents belonging to
various chemical classes, including phenolics, indolic compounds, iridoids, flavonoids, alkaloids, and
triterpenoids. This genus also has a wide range of pharmacological properties, including antibacterial,
diuretic, spasmolytic, hypoglycemic, anti-inflammatory, and protozoal illnesses. Other biological activities
also have been described, such as anti-diarrhea, antioxidant, anti-proliferative, insecticidal, and astringent
properties(Abdel-Mageed et al. 2012). With expressivepantropical distribution, the Bignoniaceae family of
plants has around 830 species, whereT. stans is recognized as an exotic in Brazil and extensively utilized as
ornamental plants. This species produces a variety of compounds, including unsaturated fatty acids,
carbohydrates, proteins, resins, phenolic acids, flavonoids, carotenoids, terpenoids, saponins, glycosides,
and phytosterols(Raju 2011). Several alkaloids were reported from the leaf of T. stans, such as tecomine,
tecostanine, boschniakine, 4-hydroxytecomanine, N-normethylskytanthine, 5-hydroskytanthine, 7-
hydroskytanthine, γ-skytanthine, tecomanine, and 4-noractinidine (Hammouda and Amer 1966). Leaf also
reported with phenolic acids, namely, chlorogenic, cinnamic acid, ferulic acid, gallic acid, caffeic, vanillic, o-
coumaric, and sinapic acids, sitosterols, triterpenoids, and flavonoids, namely, flavonone, apigenin,
chrysoeriol, kaempferol, luteolin, quercetin, rutin, 7,8-dihy-droxy-4,6-dimethoxy flavone, and verbascoside.
The different parts of the plants, including leaves, flowers, roots, and bark, are used to treat a variety of
disorders and ailments, including skin infections, kidney problems, intestinal disorders, jaundice, heart pain,
joint pains, and antidotes for snake, scorpion, and rat bites(Anand and Basavaraju 2021). The ancient
methods of preparing herbal remedies from T. stansthat were most frequently cited were the decoction of
aerial parts, infusion of leaves, flowers, and young leaves. The leaf is utilized in the rural Kyaing Tong
Township, Myanmar, to treat arthritic joint pain and repair cracked bones. A paste was prepared by
combining the leaf with other medicinal plants and rice water and applied as a poultice to the affected area.
A week is needed for the fractured bones to heal for children and 15 days for adults over 25(Anand and
Basavaraju 2021). Besides that, a wide range of biological activities such as hypoglycemic(Lozoya-Meckes
and Mellado-Campos 1985);cardioprotective(Villar 1997); anticancer (Thirumal M 2012);
hepatoprotective(Kameshwaran et al. 2012); antimicrobial (Binutu and Lajubutu 1994); antinociceptive and
anti-inflammatory ; wound healing (Das 2010); antispasmodic (Gharib-Naseri 2007); antidiarrheal
(Kameshwaran et al. 2012); antiulcer (Shanmukha 2013), gastroprotective, anti-obesity and insecticidal
(Silva et al. 2023)have also been reported.

A literature survey revealed thatT. stanswas reported with many phenolic and flavonoid compounds. These
compounds effectively prevent and manage RA by interacting with different target sites (Ali et al. 2023). The
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anti-arthritic potential of T. stansleaf has not been documented to date. Hence, this current study aimed to
explore the anti-arthritic potential in rats induced with Complete Freund's adjuvant (CFA) by assessing
parameters such as paw diameter, arthritic index and score, inflammatory cytokines, and oxidative
biomarkers. Moreover, GC-MS and LC-MS analyses were conducted to characterize the bioactive
compounds accountable for the anti-arthritic activity. Additionally, computational methods were employed to
assess the anti-arthritic potential of bioactive compounds identified from LC-MS analysis against COX-2, IL-
1β, IL-6, and TNF-α protein.

Materials and Methods
Chemicals and reagents

Complete Freund's adjuvant (CFA), TNF-α, IL-6, IL-1β, IL-4, IL-10 and COX-2, were obtained from Sigma
Aldrich, USA. Indomethacin was acquired from Micro Lab Pvt. Ltd, India. Sodium carboxyl methyl cellulose,
2,2-diphenyl-1-picrylhydrazyl, Tris-HCl, Ethylenediaminetetraacetic acid, Perchloric acid, Ascorbic acid, n-
hexane, and Ethanol were purchased from Merck Pvt. Ltd, Germany.

Plant collection

The leafof T. stanswere collected from Bhubaneswar during August 2023with demographic details N 20°
17.1548' and E 85° 46.3195'and authenticated by Dr. Pratap Chandra Panda, Taxonomist, Siksha ‘O’
AnusandhanDeemed to be University, Bhubaneswar, Odisha, India with voucher specimen CBT/2457.

Preparation of extract

The collected leaf material was shade dried and then subjected to coarse powder. The powder material was
successively extracted with n-hexane and ethanol for 48 hours using soxhlet apparatus andconcentrated
using a rotary evaporator. The percentage yield of n-hexane and ethanol extract were found to be 7.45 and
18.29 w/w, respectively, and refrigerated until further use.

Analysis of ETSL by GC-MS

Gas chromatography and mass spectroscopy(GC-MS) analysis of ethanol extract of T. stansleaf (ETSL) was
performed using modified procedure(Das et al. 2022a). A mass detector (MS TSQ 8000) was attached to the
Thermo Trace 1300GC and Thermo TSQ 800 Triple Quadrupole MS which connected to the BP-5MS (5%
Phenyl Polysilphenylene-Siloxane) capillary column (30m X 0.25mm, 0.25µm film thickness).1 µl of the ETSL
was added to the column at a split flow rate of 30 ml/minute. The mass spectra from m/z 35 to 650 were
obtained at intervals of 0.5 seconds. The temperatures of the injector, MS transmission line, and ion source
were changed to 250℃, 280℃, and 230℃, respectively. A steady carrier flow of 1 ml/min was maintained.
The oven was heated to 280℃ at a rate of 10℃ per minute after keeping at 60 ℃ for six minutes. The
metabolites were identified by comparing the GC-MS investigation results with Wiley and the NIST 2.0 library
database (National Institute of Standards and Technology).

Analysis of ETSL by LC-MS 
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The LC-MS analysis of ETSL was carried outusing Water Alliance e2695/HPLC-TQD mass spectrometer. The
compounds were separated on an RP High Strength Silica (HSS) T3 C18 column (250 mm × 4.6 mm,
comprising particles with a diameter of 5 μm, Waters). The temperatures of the auto-sampler and column
were adjusted at 5 °C and 35 °C, respectively.A gradient solvent system comprising solvents (A) acetonitrile
and (B) ammonium acetate were utilized for the chromatographic separation. ETSL was passed through a
0.2 μm nylon membrane filter. The injection volume was kept at 5.0 μl.Total run time was maintained for 40
minutes. The run duration of 1-10 minutes comprises of 5% for (A) and 95% for (B); 30 % for (A) and 70% for
(B); 16-24 minutes: 60% for (A) and 40% for (B); 80% for (A) and 20% for (B); 24-32 minutes: 80% for (A) and
20% for (B); 32-35 minutes: 80% (A) and 20% for (B); 5% (A) and 95% for (B); 35-40 minutes: (A) 5%, (B) 95%.
The pressure was kept at 1,200 barand the flow rate was maintained at 1.5 ml/min. The capillary voltage,
source cone voltage, and extraction cone voltage were kept at 3.5 kV, 30 V, and 3 V, and;at 3.5 kV, 60 V, and 3
Vin positive and negative mode,respectively.Adesolvation gas, nitrogen was added at a flow rate of 650
l/hour. The temperatures of the desolvation and source were kept at 350°C and 120°C, respectively. Both
positive and negative ionization modes of electrospray were used to get the mass spectrum data. Mass
spectra were obtained by covering the m/z range of 150-750Da.

Assessment of in vitro antioxidant potential of ETSL

In vitro antioxidant property of ETSLat25, 50, 100, 200, 400 and 500μg/ml was performed using DPPH (2, 2-
diphenyl-1-picrylhydrazyl), ferric reducing, nitric oxideradicalscavengingand reducing power assay, and
ascorbic acid used as a standard(Dash and Ghosh 2017). IC50 value was calculated by plotting the graph,
scavenging activity versus the concentration.

Assessment of in vitro anti-arthritic potential of ETSL

Protein denaturation efficacy of ETSL

The protein denaturation efficacy of ETSL was assessed as per the standard method(Alamgeer et al. 2017).
The test mixture comprises of Fresh hen's egg albumin (0.2 ml), phosphate-buffered saline (2.8 ml), various
concentration (25, 50, 100, 200, 400 and 500 µg/ml) of ETSL and indomethacin (2 ml). Double-distilled water
was used as control.Thereaction mixture was incubatedfor 15 minutes at 37 ± 2 °C, followed by heating for 5
minutes at 70 °C. The absorbance of these solutions was recordedat 660 nm. The percentage of inhibition
was calculated using following formula.

Membrane stabilization efficacy of ETSL

Human red blood cell (HRBC) was used to evaluate membrane stabilization potential of ETSL. HRBC(10 ml)
wastaken in heparin centrifuge and added with equal volume of Alsever’s solution. The resultant mixture
was centrifuged with 0.85% isosaline. Equal quantities of ETSL (25-500 µg/ml) were added to 1ml of HRBC
suspension and incubatedfor 30 minutes at 37 °C. Then it was subjected to centrifugation. Mixture without
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extract was considered as control. The amount of haemoglobin in the supernatant solution was measured at
560 nm(Ajithkumar et al. 2020).The following formula was used to calculate the percentage of hemolysis.

Proteinase inhibitory efficacy of ETSL

The method outlined by (Sivapalan et al. 2024)was used to evaluate the proteinase inhibition efficacy of
ETSL. Thereaction mixture (1 ml of 20mMtris HCL buffer(pH 7.4), 1 ml of ETSL(25-500 µg/ml), and 0.06 ml
of trypsin) was incubated for five minutes at 37 °C. Casein (1 ml, 0.8%) was added to the above mixture and
kept for twenty minutes. Then 2 ml of perchloric acid (70%) was added and centrifuged (2500 rpm) for five
minutes.The absorbance was measured at 280 nm. The proteinase inhibitory activity was estimated using
the following formula:

Animal 

Healthy young adult Wistar rats (6-8 weeks) weighing 150-180 g of both sexes were used. Before animal
experiment, all animals were acclimatized in animal house for seven days. The animal house was
maintainedlight-dark cycle (12 hours), temperature (22 ± 3 °C), and a relative humidity (30-70%). Feeding was
done using a standard lab diet.The experimental protocol was approved by Institutional Animal Ethic
Committee (IAEC/SPS/SOA/128).

Assessment of in vivo anti-arthritic potential of ETSL

Experimental protocol

Animals were divided into five groups (n=6). Group I: Normal control (NC) received carboxy methyl cellulose-
sodium (CMC-Na, 1% w/v); Group II: Disease control received CFA 0.1 ml; Group III: positive control received
indomethacin (IND) 10 mg/kg;Group IV and V: test control received ETSL 250 and 500 mg/kg, respectively.
0.1 ml of CFA (10 mg) of heat-killed mycobacterium tuberculosis per ml of paraffin oil was injected into the
sub-plantar surface of the right hind paws for the induction of RA (Das et al. 2021). The doseof ETSL was
selected as previously reported elsewhere(S. Kameshwaran 2013). The inflammatory edema of the injected
paw was observed after 6 to 8 days of CFA immunization, and the maximum severity was noticed on the
14thday.Thetreatment was commenced from day 15 to 28.

Evaluation of arthritis was performed by measuring paw diameter on days 0, 7, 14, 21, and 28 by using
Verniercalipers; arthritic score (0-4) with maximum possible score for each animal was 16; arthritic index;
body weightandorgan (liver, kidney, and spleen) weightexamination(Das et al. 2021).

Examination of hematological and biochemical parameters
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Experimental animals were sacrificed by cervical dislocation method on 29th day. Blood sample was
collected through cardiac puncture and examined for hematological parameters like red blood cells (RBC),
white blood cells (WBC), haemoglobin (Hb), platelet count, erythrocyte sedimentation rate (ESR) and
biochemical indicators; rheumatoid factor (RF), aspartate aminotransferase (AST), alanine amino
transferase (ALT), alkaline phosphatase (ALP), creatinine, urea, and C-reactive protein (CRP)(Jain et al.
2023).

Analysis of pro-inflammatory and anti-inflammatory cytokines

The pro-inflammatory cytokinesTNF-α, IL-6, IL-1β,anti-inflammatory cytokines; IL-4 and IL-10, and
inflammatory mediator COX-2were measured in the serum of experimental animals using Enzyme-linked
immunosorbent assay (ELISA) (Uttra et al. 2018).

Determination of oxidative stress biomarker

The tissue homogenate of liver and joint were analyzed to measure the oxidative stress biomarkerssuch as
SOD, CAT, reduced glutathione (GSH), and lipid peroxidation (LPO).The tissues were washed with cold saline
and homogenized in Tris-HCl buffer (0.05 M, pH 7.4). Then, 10% w/v tissue homogenatewascentrifuged at
12,000 rpm for 30 minutes and the supernatant was used to measure the stress biomarkers(Sundaram et al.
2019).

Radiological and histopathologicalanalysis of joint

Radiographic analysis ofexperimental joint rats was carried out andimages were takenfor the evaluation of
joint deformation.Further, histopathology of ankle joints wasperformed after fixing with 10% v/v formalin.
Boneswere decalcified by immersing in 10% ethylenediaminetetraacetic acid (EDTA) for 30 days. The
microtome sections were taken at 5μm thickness by embedding joints in paraffin wax followed by
stainedwith eosin and hemotoxyline.The images were captured at 400x magnification by photomicroscope.
Thehistopathological changes in the ankle joints, such as bone degradation, swelling, and pannus formation
were examined(Uttra et al. 2019).

Histological score

Histological score of arthritic rats were measured to assess the extremity of RA in terms of proliferation of
synovial vascularity, hyperplasia, inflammation, and expansion of the synovial lining. The score was
assessed using a semi-quantitative 4-point grading method; absent (0), mild (1), moderate (2), severe (3)
with highest score of 21(El-Tanbouly and Abdelrahman 2022).

Molecular docking study

The phytocompounds tentatively identified through LC-MS analysis from ETSL were taken for in silico
analysis to establish a correlation between the observed anti-arthritic activity and their active constituents.
Accordingly, 19 compounds were selected as ligands for molecular docking studies. Based on literature
findings, four potential targets COX-2, IL-1β, IL-6, and TNF-α were selected to evaluate the effectiveness of
each ligand individually. The structures of all ligands, including indomethacin, were obtained from the
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PubChem website in SDF format. OPEN BABEL software was employed to convert all the ligands into PDB
format. Furthermore, the software Avogadro was utilized to optimize the 3D structures of all compounds,
which were then saved as dot pdb (PDB) files. These optimized structures were subsequently used to derive
reliable docking scores (kcal/mol).The 3D crystal structures of the target proteins with PDB IDs 2AZ5 (TNF-
α), 4G6J (IL-1β), 1ALU (IL-6), and 1PXX (COX-2) were retrieved from the Protein Data Bank (PDB) at
http://www.rcsb.org/pdb. The fragmented protein structures were remodelled using SWISS MODEL and
saved in dot PDB format for subsequent molecular docking investigations. The binding affinity (Docking
Score) of the compounds was computationally determined using AutodockVina 4.2 software. The
visualizations of protein-ligand binding characteristics were conducted using BIOVIA-DISCOVERY
VISUALIZER 2024 software(Das et al. 2024).

Statistical analysis

Data were collected in triplicate for the in vitro investigation and expressed as mean ± standard
deviation(SD). Using unpaired student t-tests, the statistical difference between the groups was analyzed. All
data for the in vivo experiment were presented as mean ± SD. One-way ANOVA followed by Tukey's multiple
comparison tests were used to determine the statistical significance of the differences between each of the
groups. Using two-way ANOVA and Bonferroni's post hoc test, the findings of paw edoema, arthritic index,
arthritic score, and body weight were analyzed.Statistical analysis was performed by GraphPad Prism 5.0,
where P˂0.05 was considered as the level of significant difference. 

Results
GC-MS analysis of ETSL

GC-MS analysis of ETSL revealed 18 compounds (Fig. 1). The retention time, molecular formula and weight,
and chemical nature of the compounds were presented in Table 1. The compound with highest percentage
of area was identified as 13-Docosenamide, (Z)-(18.55 %).

LC-MS analysis of ETSL

The LC/MS chromatogram of ETSL in positive and negative mode was presented in Fig. 2&3, respectively.
The phytocomponent of ETSL were tentatively identified based on their retention time, MS/MS fragments,
experimental m/z, and metabolite classes and then confirmed using literature data. Total 20 secondary
metabolites were identified with 14 in positive mode and 6 in negative mode of ionization (Table 2). For the
purpose of determining the m/z ratio of sample, it demonstrated that the positive and negative modes of
ionization in mass spectrometry involve the production of positive ions [M+H]+ (m/z) and negative ions
[M+H]- (m/z), respectively. All the phytochemicals were first time reported through LC-MS analysis. 

In vitro antioxidant potential of ETSL 

In vitro antioxidant potential of ETSL (25-500 µg/ml) was presented in Fig4. The result revealed that, ETSL
exhibited highest percentage of inhibition at concentration 500µg/ml against reducing power assay
(75.23±1.15), DPPH (74.23±1.05), nitric oxide (69.56±2.08) and ferric reducing assay (72.66±2.60) with
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corresponding IC50 values of 292.06 ±3.12, 263.36±2.36, 324.34±4.89 and 267.64±3.65µg/ml, respectively.
Standard ascorbic acid at concentration 500µg/ml also exhibited greater percentage of inhibition
92.33±0.88, 86.33±1.33, 81.33±1.20 and 83.89±2.08 against reducing power assay, DPPH, nitric oxide and
ferric reducing assay, with corresponding IC50 values of 148.80±1.45, 172.79±2.58, 235.24±2.74 and
260.80±3.14 µg/ml, respectively.     

Assessment of in vitro anti-arthritic potential of ETSL

In vitro, the anti-arthritic property of ETSL was assessed by protein denaturation, membrane stabilization,
and proteinase inhibition assay at concentrations 25, 50, 100, 200, and 500µg/ml. ETSL exhibited protein
denaturation (78.32±1.36), membrane stabilization (71.10±1.08), and proteinase inhibition (79.33±0.82) with
corresponding IC50values of 305.57±2.84, 320.35±3.12 and 280.12±3.65µg/ml at a concentration of

500µg/ml, respectively. The standard indomethacin also exhibited remarkable in vitro anti-arthritic potential
with 92.88±1.31, 91.33±1.45 and 95.33±2.88 percentage of inhibition against these parameters with
corresponding IC50 values of 197.45 ±1.24, 212.54±2.58 and 209.20±1.86 µg/ml, respectively (Fig. 5). 

Assessment of in vivo anti-arthritic potential of ETSL

Effect of ETSL on paw thickness

Sub-plantar injection of CFA into the right hind paw causes a remarkable (13.41±1.38, P<0.001) rise in paw
thickness of CFA rats on the 14thday in contrast to normal control rats. The increase in paw thickness of
disease-induced rats was also noticed on day 28. Administration of IND (10 mg/kg) and ETSL (250 & 500
mg/kg) declined the paw diameter compared to CFA-induced rats. A remarkable decrease in paw thickness
by IND (4.35±1.29, p<0.001) and ETSL (500 mg/kg) (6.38±1.20, p<0.01) was observed on the 28th day.
However, ETSL (250 mg/kg) on day 28 also significantly (9.43±1.35, p<0.05) decreased the paw thickness.
The study indicates that ETSL (500 mg/kg) shows a better effect than 250 mg/kg (Fig. 6A).  

Effect of ETSL on arthritic index

The arthritic index of experimental animals is presented in Fig 6B. Treatment with IND (10 mg/kg)
(32.25±1.75, p˂0.001) and ETSL (500 mg/kg) (57.05±2.18, p˂0.01) showed a noticeable reduction in the
arthritic index on day 28 in contrast to CFA-induced animal (277.51±1.16). Considerable decline was also
marked by ETSL (250 mg/kg) (166.60±1.64, p˂ 0.05) on day 28, indicating dose-dependent response of
ETSL.

Effect of ETSL on arthritic score

Based on the arbitrary score method, the arthritic score of the disease control animals was found to be
maximum (10.83± 1.6) on the 28thday. The group administered with IND (10 mg/kg) noticeably (p˂0.001)

reduced the arthritic score (5.5 ± 1.34). However, administration of ETSL (250 and 500 mg/kg) from the 15th

to the 28th day showed a dose-dependent effect in depletion (p˂0.05, p˂0.01) of the arthritic score (8.5 ±
1.15, 7.5 ± 1.56) as compared to CFA induced rats, respectively(Fig.6C). 
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Effect of ETSL on body weight

CFA-induced rats were found to have a remarkable reduction (p˂0.001) in body weight (147.83 ± 1.71) as
compared to normal control rats (186.23 ± 2.25) on the 28th day. Contrarily, treatment with the IND (10
mg/kg) and ETSL (500 mg/kg) noticeably raised the body weight by 170.83 ± 2.86 (p<0.001) and 167.76 ±
1.82 p<0.01), respectively, in contrast to disease control rats on the 28th day. However, ETSL (250 mg/kg)
also considerably (p<0.05) raised the weight of the body (161.16 ± 2.83) on the 28th day as compared to the
CFA group. This suggests that a higher dose of ETSL was found to have more effect than a lower dose
(Fig.6D).

Effect of ETSL on organ weight

The disease control group was observed with a remarkable (p<0.001) increase in weight of the kidney
(9.14±0.76) (Fig.7B) and spleen (7.59±0.46) (Fig.7C) and decline in the liver (5.85±0.41) (Fig.7A) as
compared to normal control rats (4.52±0.46, 3.69±0.55, 9.13±0.21), respectively. Treatment with IND (10
mg/kg, p˂0.001), ETSL (250 mg/kg, p˂0.05), and ETSL (500 mg/kg, p˂0.01) noticeably restored the weight as
compared to the disease control group. 

Effect of ETSL on hematological and biochemical parameters

Significant elevation in the levels of WBC, Platelets, ESR, CRP, RF, AST, ALT, ALP, urea, and creatinine, and a
decline in RBC and Hb were observed in the disease control group in contrast to normal control rats.
Supplementation of IND (10 mg/kg, p˂0.001), ETSL (500 mg/kg, p˂0.01), and ETSL (250 mg/kg, p˂0.05)
significantly normalized these altered values in contrast to disease control animal. The data of RBC, WBC,
platelets, AST, ALT, ALP, urea, and creatinine were given in Table 3, whereas hemoglobin, ESR, CRP, and RF
were presented in Fig. 8. 

Effect of ETSL on TNF-α, IL-1β, IL-6 and COX-2

The result indicated significant increases in TNF-α (7.58 ± 0.85, p<0.001) in the CFA-induced group as
compared to the normal group (1.91±0.16). However, animals treated with IND (10 mg/kg) (2.40±0.59,
P˂0.001), ETSL (250 mg/kg) (5.33±0.96, P˂0.05),and ETSL 500 mg/kg (4.33±1.16, P˂0.01) noticed with
remarkable decline in TNF-α expression (Fig.9A). Similarly, CFA-induced group was marked with significant
(P˂ 0.001) increased in IL-1β expression (191.28 ± 6.19) in contrast to healthy animals (45.85±3.94).
Treatment with IND (10 mg/kg) (79.89±3.92, P˂ 0.001), ETSL (250 mg/kg) (141.48±6.75, p˂0.05), and ETSL
(500 mg/kg) (100.24±6.80, p˂0.01) demonstrated notable declined in the IL-1β expression (Fig.9B).
Remarkable elevated level of IL-6 was noticed with disease control rat (6.81±0.69, p˂0.001) as compared to
normal rats (1.59±0.12). Administration of IND (10 mg/kg) (2.78±0.60, p˂ 0.001) and ETSL (500 mg/kg)
(3.49±0.48, p˂0.01) notably reduced the IL-6 level in treatment rats as compared to disease control rats
(Fig.9C). ETSL at 250 mg/kg (5.51±0.49, P˂ 0.05) also reduced the level of IL-6 in comparison to CFA group.
The CFA-induced disease control group observed a remarkable (p<0.001) rise in COX-2 (15.01±2.44) in
contrast to normal control rats (4.16±0.60). Treatment with IND (10 mg/kg) (8.08±2.17, p<0.001), ETSL (250
mg/kg) (10.57±1.96, p<0.05), and ETSL (500 mg/kg) (8.76±2.01, p<0.01) significantly declined the level of
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COX-2 as compared to disease control rats(Fig.9D). The observed result indicated that ETSL at dose of 500
mg/kg was found more effective in reducing the TNF-α, IL-6, IL-1β and COX-2 level than 250 mg/kg.

Effect of ETSL on IL-4 and IL-10

The CFA-induced disease control group was noticed with a remarkable (56.14±5.86, p<0.001) decline in IL-4
expression in contrast to normal control animals (86.62±3.16). Group administered with IND (10 mg/kg)
(79.60±3.71, p<0.001), ETSL (250 mg/kg) (72.41±2.92, p<0.5), and ETSL (500 mg/kg) (76.03 ± 3.04, p<0.01)
were observed with significant up-regulation in IL-4 expression in contrast to CFA-induced rats (Fig.9E).
Similarly, the expression of IL-10 in disease control group (2.39±0.47, p<0.001) was notably declined in
contrast to normal rats (6.75±0.44). The expression of IL-10 was remarkably up-regulated after
administering with IND (10 mg/kg) (6.13±0.37, p< 0.001), ETSL (250 mg/kg) (3.87±0.26, p<0.05), and ETSL
(500 mg/kg) (4.97±0.31, p<0.01) as compared to CFA-induced group revealed dose-dependent effect in up-
regulation of IL-4 and IL-10 level(Fig.9F). 

Effect of ETSL on oxidative stress biomarker

The antioxidant effect of ETSL in the joint and liver of the disease control group was presented in Fig.
10&11.Significant (p<0.001) decreases in SOD (3.17±0.17, 0.96±0.12), CAT (16.18±2.19, 62.32±2.12), GSH
(2.78±0.41, 2.94±0.58) and increased in LPO (34.12±3.35, 35.65±2.74) in joint and liver in CFA disease
induced rats was noticed as compared to the normal control rats, respectively. Supplementation with IND
(10 mg/kg) caused a remarkable (p<0.001) increase in SOD (6.12±0.36, 1.89±0.13), CAT (37.73±1.96,
107.16±2.56), GSH (7.35±0.83, 5.94±0.40) and decreased in LPO (12.67±2.42, 20.67±1.34) in joint and liver,
respectively in contrast to CFA control group. Similarly, supplementation of ETSL (500 mg/kg) also
remarkably (p<0.01) augmented the level of SOD (5.01±0.33, 1.73±0.12), CAT (33.65±2.44, 89.60±2.96), GSH
(6.44±0.56, 5.54±0.42) and decreased in LPO content (19.24±1.64, 24.48±2.34) in joint and liver, respectively
as compared to CFA-induced rats. However, ETSL (250 mg/kg)also causes noticeable (p<0.05) increased in
SOD, CAT, GSH and decreased in LPO in contrast to disease control rats. The observed result showed that a
higher dose of ETSL was found to be more effective than a lower 250 mg/kg in controlling the oxidative
marker.

Effect of ETSL on histopathology of joint

The histology result of the joint of disease-control rats showed cartilage and bone erosion,pannus formation,
and development of synovial hyperplasia. Supplementation with IND (10 mg/kg) and ETSL (250, 500 mg/kg)
from day 15-28 considerably reduced the histological changes, as shown in Fig.12. However, the ankle joint
of the normal control group did not observe any kind of histological changes. 

Effect of ETSL on radiology of joint

An X-ray analysis of the ankle joints of experimental rats was presented in Fig. 12. Compared to normal
control rats, the diseased control rats showed signs of soft tissue swelling, joint space constriction, and
bone loss. A noticeable effect was observed in the group treated with IND (10 mg/kg) and ETSL (250, 500
mg/kg).
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Effect of ETLS on histological score

Several parameters, such as the degree of enlargement of the synovial lining cell layer, synovial hyperplasia,
synovial inflammation, synovial vascularity proliferation, pannus development, and bone and cartilage
erosion, were assessed to determine the histological score in CFA-treated rats. The increase in histological
score in the disease control rat (19.33±0.49) was remarkably declined by administration of IND (10 mg/kg)
(12.00±0.73, p<0.001), ETSL (250 mg/kg) (16.50±0.42, p<0.05) and ETSL (500 mg/kg) (14.16±0.47, p<0.01)
(Fig.13).

Molecular docking study

Molecular docking methodology facilitates the representation of molecular interactions between a ligand
and protein molecule at the atomic scale. In the present investigation, molecular docking was conducted to
elucidate the binding interactions of compounds identified through LC/MS analysis of ETSL with potential
key targets, including TNF-α, IL-1β, IL-6, and COX-2. The results of the docking analysis conducted in this
study are summarized in Table 4. The docking scores indicated that all ligands displayed activity ranging
from -6.2 to -7 against TNF-α, -6.5 to -7.7 against IL-1β, -6 to -6.6 against IL-6, and -6.3 to -10.4 against COX-
2. Analysis of the docking results revealed that phytoconstituents exhibited relatively stronger binding
affinity towards COX-2, followed by IL-1β, TNF-α, and IL-6. Verbascoside, rutin, and naringin demonstrated
the highest docking scores (-10.4, -10.3, and -10.2 kcal/mol, respectively) compared to indomethacin (-8.7
kcal/mol) against the COX-2 receptor. Sitosterols, naringin, and verbascoside recorded similar docking
scores (-7 kcal/mol) against the TNF-α protein but relatively lower than indomethacin (-8.1 kcal/mol).
Quercitrin displayed the highest docking score against IL-6 at -6.6 kcal/mol, surpassing the standard
indomethacin (-6.4 kcal/mol) (Fig.14).

Discussion
The GC-MS analysis of ETSL revealed several bioactive compounds that exhibited anti-inflammatory and
antioxidant activities. These compounds include pentadecane(Okechukwu 2020); heptadecane, 2,6,10,15-
tetramethyl- (Jeha F. Dela Pena 2019); 1-Hexadecanol (Murugan Prasathkumar 2022); cetene(Murugan
Prasathkumar 2022); 3-Eicosene, (E)- (Okechukwu 2020); methyl 9-cis,11-trans-octadecadienoate (Alabi A.
Adenike 2019); cis-13-Octadecenoic acid, methyl ester (Diab AT 2021); 13-Docosenamide, (Z)- (Tareq et al.
2020); 9-Octadecenamide, (Z)- (Awakan et al. 2018); 7,8-Epoxylanostan-11-ol, 3-acetoxy- (Never Zekeya
2014); hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester (Markkas 2015); ethyl iso-
allocholate(Johnson et al. 2020) and oleic acid, eicosyl ester (N. Habeela Jainab 2017).

LC-MS analysis of ETSL revealed 20 compounds: amino acids (2), alkaloid (1), phenolic (11), and flavonoid
compounds (6). The amino acids tryptamine(Vitalini et al. 2020) and tryptophan (Wang et al. 2019) showed
molecular ions [M+H]+ with a mass of 160.2 m/z and 203.3 m/z at retention time (RT) 25.89 and 16.79
minutes, respectively. The peak shown at RT 7.13 minutes indicates a molecular ion [M+H]- of
alkaloid,Boschniakine, with a mass of 161.1m/z (Wang et al. 2021). The peaks at RT of 5.56,6.65, 7.69,29.0,
10.95, 13.52, 16.13, 26.49, and 29.0 minutes revealed phenolic compounds such as p-coumaric acid (Cui et
al. 2010), luteolin(Shi et al. 2018), gallic acid (Yu et al. 2018), naringin(Fang et al. 2006), ferulic acid (Jain and
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Surana 2016), chlorogenic acid (Clifford et al. 2003), (-)-catechin(Kaigongi et al. 2020) and caffeic acid
(Wang et al. 2015) with molecular ions [M+H]+ and mass of 163.0 m/z, 285.2 m/z, 169.3 m/z, 580.5 m/z,
195.3 m/z, 353.3 m/z, 291.4 m/z and 181.3 m/z, respectively. Compounds hesperetin(Tong et al. 2012),
rosmarinic acid (Ma et al. 2013)and sitosterols(Kim et al. 2016) showed molecular ions [M+H]- with a mass
of 301.2 m/z, 353.3 m/z and 415.3 m/z at RT of 6.65,8.38 and 12.66 minutes, respectively. Flavonoid
compounds such as apigenin(Shaker et al. 2022), kaempferol(Chen et al. 2015), quercetin(Panchal and Shah
2017), quercitrin(da Costa et al. 2019), rutin(Wang et al. 2003) and verbascoside(Luca et al. 2019)at RT of
6.31, 7.14,8.10, 9.76,8.93 and 11.29 minutes showed molecular ions [M+H]+ with mass of 288.2 m/z, 287.2
m/z, 302.2 m/z, 447.4 m/z, 617.5 m/z and 624.5 m/z, respectively.

ROS is one of the main causes of RA. The overabundance of pro-inflammatory cytokines prompts
neutrophils and activated macrophages to release ROS into the synovial fluid and serve as a mediator of
tissue damage. ROS attacks biological components like lipids, proteins, enzymes, DNA, and RNA in adjuvant-
induced arthritis, causing damage to cells or tissues (Kumar et al. 2016). According to (Arulselvan et al.
2016), an imbalance between antioxidants and free radicals leads to oxidative stress, which damages
cellular components and induces inflammation. In the current study, ETSL exhibited in vitro antioxidant
properties in a concentration-dependent manner against DPPH, ferric-reducing assay, reducing power, and
nitric oxide radicals. Several phenolic and flavonoid compounds are known to possess antioxidant
properties. Protocatechuic acid (3,4-Dihydroxybenzoic acid) was reported to scavenge free radicals of H2O2

and DPPH (Semaming et al. 2015). Tryptamine possesses an antioxidant activity by metal chelating
effect(M. E. Neganova 2011). Ferulic acid and apigenin were known to scavenge free radicals such as
hydroxyl radicals, superoxide, hydrogen peroxide, and nitrogen radicals(Kashyap et al. 2022; Zhu et al. 2020).
Hesperidin (Adefegha et al. 2020)and quercetin(Haleagrahara et al. 2017)were also found to decrease the
reactive oxygen species levels. In the current study, these phenolic and flavonoid compounds were identified
by LC-MS analysis of ETSL and could be responsible for significant in vitro antioxidant properties. The free
radical scavenging property of T. stansleaf was also reported earlier by (Anand and Basavaraju 2021).

Denaturation of protein is considered a good indication of RA. The process in which proteins lose their
secondary and tertiary structures in response to external pressures, such as changes in temperature and pH
and exposure to organic or inorganic substances, is known as denaturation. The hydrophobic, electrostatic
hydrogen, and disulfide bonds are altered throughout the degradation process of proteins (Das et al. 2022b).
It is noted that RA is associated with the development of auto-antigens as a result of protein denaturation.
Denaturation of intercellular material or components of cell proteins may result in tissue damage (Osman et
al. 2016). Therefore, the ability of the substance to stop protein denaturation suggests its anti-inflammatory
properties. In the current investigation, ETSL inhibited protein denaturation in a concentration-dependent
manner, which might be due to its defense against protein denaturation and auto-antigen formation.
Phytochemicals, including alkaloids, flavonoids, tannins, and phenolic acids, were reported to inhibit the
protein denaturation reported by (Pavithra 2015). Therefore, the presence of these phytoconstituents in
ETSL may potentiate its protein denaturation efficacy. Protein denaturation inhibitory activity of ethanol leaf
extract of T. stans by bovine serum albumin and egg albumin was also studied earlier (Priyanka
Sivasubramanian 2021).
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Proteases are a class of proteolytic enzymes that break down polypeptide links and degrade the proteins.
Proteases are crucial regulators of physiological processes because proteins are important for preserving
homeostasis (Agbowuro et al. 2018). Proteinases have the ability to control the inflammatory cytokines by
regulating the expression and function of inflammatory mediators such as chemokines, immune cells, and
cytokines. These cytokines and macrophages increase in the inflammatory phase of RA produce excessive
amount of proteinase, and causes tissue deterioration. Thus, it is essential to control proteinase secretion.
Therefore, a considerable degree of protection was provided by proteinase inhibitors (Jyothilakshmi et al.
2017). In the current investigation, ETSL remarkably prevented the secretion of proteinase in a
concentration-dependent manner. The phytochemicals such as alkaloids, flavonoids, tannins, and phenolic
acids were identified in ETSL could be effective against proteinase secretion(Dharmeshkumar D. Prajapati
2015). The findings of the present investigation were also in agreement with the previously reported work
of(Govindappa M 2011).

The process of protecting biological membranes, such as lysosomal and erythrocyte membranes, from heat
and osmotic-induced lysis is known as membrane stabilization (Anosike et al. 2019). The lysosomal
membrane lyses during the inflammatory process and releases active neutrophils, proteases, and
bactericidal enzymes that harm the surrounding organelles and tissues. Thus, controlling tissue damage
during inflammation requires blocking the release of lysosomal contents by stabilizing the lysosomal
membrane (Ghosh et al. 2018). Human red blood cell (RBC) membranes are analogous to lysosomal
membranes. Thus, stabilizing an RBC membrane implies stabilizing a lysosomal membrane. Hemolysis of
RBC in a hyposaline solution results in the release of internal hemoglobin into the surrounding solution.
Hence, the protection or stabilization of the RBC membrane by anti-inflammatory drugs during hyposaline-
induced hemolysis is necessary (Daram et al. 2021). In the current investigation, ETSL exhibited the
membrane stabilization potential in a concentration-dependent way. The binding of the ETSL to the
erythrocyte membranes and the resulting modification of the cell surface charges may be the cause of the
membrane stabilization potentials. This could hinder direct contact with aggregating agents or encourage
dispersion through the mutual repulsion of similar charges, which are necessary for red blood cell
hemolysis. Studies have demonstrated that flavonoids and saponins have a significant stabilizing impact on
the lysosomal membrane. Also, tannins and saponins have the capacity to bind cations and stabilize
erythrocyte membranes (Anosike et al. 2019). Therefore, the presence of these phytochemicals in T. stans
leaf might be responsible for protecting the erythrocytes membranes effectively (Dharmeshkumar D.
Prajapati 2015).

Paw edema is linked with increased fluid discharge, vascular penetrability, and cellular penetration in the
inflammatory region. This indicator is simple to quantify and offers a quick way to assess the anti-arthritic
potency of the drug. The decline in paw thickness indicates a reduction in the release of inflammatory
mediators and indicates the anti-inflammatory efficacy of the drugs in adjuvant arthritis (Manan et al. 2020).
The disease control group experienced a 28-day period of swelling due to increased mast cells, neutrophils,
and macrophages (Zheng et al. 2014). Rats in the ETSL (500 mg/kg) treated groups from days 15 to 28
displayed a notable reduction (p< 0.01) in paw diameter in contrast to disease-control rats. Several phenolic
and flavonoid compounds such as caffeic acid (Fikry et al. 2019); ferulic acid (Zhu et al. 2020); hesperidin
(Adefegha et al. 2020); rosmarinic acid (Jain 2021);β-sitosterol(Zhang et al. 2020), quercetin(El-Said et al.
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2022); naringin(Ahmad et al. 2014);verbascoside(Gutiérrez-Rebolledo et al. 2018) and catechin(Tang et al.
2007)were found to decrease the pain severity and inflammatory paw puffiness in adjuvant arthritis. These
compounds were identified by LC-MS analysis of ETSL. Hence, the reduction in paw diameter in the group
treated with ETSL might be due to the presence of these phytoconstituents.

In CFA-induced arthritis, the arthritis score serves as a standard for joint puffiness. The severity of arthritis
was monitored visually by the scoring method. The immunosuppressive and anti-inflammatory effects of T.
stans can be distinguished by a reduction in the arthritic index (Gautam et al. 2018). In the present
investigation, ETSL-treated rats noticed a significant (p<0.05) decrease in the arthritic index and arthritic
score as compared to the disease control group and protected against morphological changes by lowering
the swelling and redness of the paw. Hesperidin(Adefegha et al. 2020); β-sitosterol(Zhang et al. 2020);
catechin(Tang et al. 2007)and rosmarinic(Gautam et al. 2019)acid were reported to decrease arthritis score
and arthritic index in CFA arthritis.Identification of these compounds by LC-MS analysis in ETSL might be
responsible for the reduction in arthritic index and arthritic score in CFA-induced rats.

Rheumatoid cachexia is recognized as a loss of weight and lean body mass in RA (Roubenoff et al. 1994).
Previous studies suggested that a decline in the weight of the body is linked to inflammation because it
inhibits the gut's ability to absorb nutrients. The overexpression of inflammatory cytokines, such as TNF-α,
promotes energy use by improving lipid and protein metabolism and lowering calorie intake through their
anorectic action, which causes cachexia. Also, it has been shown that anti-inflammatory drugs can enhance
the compromised absorption ability of the intestine (Alamgeer et al. 2017). The results of the current
investigation revealed that ETSL 500 mg/kg noticeably (p<0.01) increased the body weight in the treated
group due to enhanced absorption of nutrients and inhibiting the level of inflammatory cytokines compared
to the disease control group. The decrease in body weight in CFA rats was significantly up-regulated by
phytocompoundsferulic acid(Zhu et al. 2020), β-sitosterol(Zhang et al. 2020), verbascoside(Gutiérrez-
Rebolledo et al. 2018),rosmarinic(Gautam et al. 2019)and quercetin(El-Said et al. 2022)as reported earlier
which were confirmed in our LC-MS analysis might be responsible for increase in body weight.

In the current study, the CFA-induced group noticed a decrease in liver weight and an increase in kidney and
spleen weight. These findings may be the result of changes in the cell populations in the organs, which are
linked to immune function (Phull et al. 2017). The supplementation of ETSL significantly (p <0.01) reversed
the change in organ weight in relation to the disease control group. Polyphenols are substances that have
the ability to regulate various immune system functions and minimize the severity of autoimmune diseases
(Shakoor et al. 2021). Therefore, the identification of different phenolic compounds by LC-MS in ETSL might
be responsible for correcting this altered organ weight.

A decrease in erythropoietin, bone marrow failure, and damage of erythrocytes causes a decline in Hb and
RBC levels in CFA-induced rats, which leads to anemia(Alamgeer et al. 2017). Pathogenic microorganisms
may trigger an immunological response in arthritic animals, leading to an increase in platelets, WBCs, and
ESR, essential hematological indicators for the diagnosis of inflammatory conditions (Phull et al. 2017). The
increased level of inflammatory proteins in the blood due to increased IL-6, TNF-α, and IL-1β concentration
also causes an increase in ESR count in the CFA group (Manan et al. 2020). Previous studies have shown
that cytokines such as IL-6, TNF-α, and IL-1β control the production of CRP from the liver (Littman et al.
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1995). In the present study, administration with ETSL considerably (p<0.05) restored the hematological
abnormalities in RA in contrast to the disease control group. The compounds ferulic acid(Zhu et al. 2020),
hesperidin (Adefegha et al. 2020)and rosmarinic acid (Gautam et al. 2019)have been reported to increase
the Hb and RBC and reduced WBC, platelets, ESR and CRP in CFA-induced arthritic rat. The identification of
these compounds using LC-MS study in ETSL might be responsible for restoring hematological
abnormalities.

Serum biochemical enzyme levels (ALP, ALT, and AST) were measured to determine the role of kidney and
liver damage in inflammatory arthritic diseases. The increased ALP, ALT, and AST in the blood of CFA-
induced animals suggest abnormal liver function. Furthermore, the liver is the primary organ involved in
inflammatory diseases like RA, where changes in the synthesis, release, and catabolism of enzymes are
important mediators and indicators of cellular damage caused by oxidative stress (Kumari and Anbarasu
2014). In the present study, treatment with ETSL (500 mg/kg) considerably (p<0.05) reduced the levels of
biochemical enzymes compared to CFA-induced rats. The decreased kidney function in disease control rats
led to increased blood levels of urea and creatinine(Chanda 2015). Groups under treatment with ETSL (500
mg/kg) marked a reduction in serum urea and creatinine levels. According to (Alamgeer et al. 2017) RF is an
auto-antibody that targets the Fc (fragment crystallizable form) of IgG (immunoglobulin G) and creates
immunological complexes that help in the development of RA. Administration of rats with ETSL (500 mg/kg)
showed a significant (p<0.05) decrease in RF as compared to disease control rats. The changes in the
biochemical parameters were reversed to normal state by phenolic compound ferulic acid in CFA-induced
rats, as reported previously by (Zhu et al. 2020)which confirmed by LC-MS analysis of ETSL.

Previous study cited that administration of CFA in experimental animals activates T-cells, which in turn
initiate monocytes and macrophages, resulting in generations of pro-inflammatory cytokines (IL-1β, TNF-α,
and IL-6) in the subchondral bone layer, cartilage, synovial fluid, and cartilage membrane. These cytokines
are responsible for bone degradation, joint degeneration, production of auto-antibodies, and cell death (Xiao
et al. 2024). Inflammation and autoimmune diseases are largely caused by COX-2, which is involved in the
production of pro-inflammatory substances, vasodilation, and cartilage degradation (Shabbir et al. 2016;
Xiao et al. 2024). However, IL-10 and IL-4 are the immunoregulatory cytokines. In RA, it minimizes the effects
of antigen-presenting cells and protects the tissue integrity of the joints (Lin et al. 2013). In the current
investigation, it was found that the disease control group had noticed higher expressions of TNF-α, IL-1β, IL-
6, and COX-2 and lower expressions of IL-4 and IL-10. According to (Cheng et al. 2015), inhibiting the
synthesis and function of pro-inflammatory mediators and up-regulating the expression of anti-inflammatory
mediators is considered an efficient way to treat RA. In the present study, treatment with ETSL (500 mg/kg)
remarkably (p<0.05) boosted anti-inflammatory and lowered pro-inflammatory expression as compared to
disease control, thereby reducing inflammation, bone loss, and cartilage damage in RA. Different phenolic
and flavonoid compounds were reported to inhibit these cytokines. Protocatechuic acid (3,4-
Dihydroxybenzoic acid)(Semaming et al. 2015), tryptamine(Agista et al. 2022),p-coumaric acid(Zhu et al.
2018), apigenin(Lee et al. 2007), luteolin(Shi et al. 2015), β-sitosterol(Zhang et al. 2020), hesperetin(Lin et al.
2020), naringin(Ahmad et al. 2014),catechin(Tang et al. 2007), gallic acid (Bai et al. 2021)and ferulic
acid(Zhai et al. 2023)inhibited TNF-α, IL-1β, IL-6 and suppress COX-2 expression in carrageenan-induced
inflammation in animal model.Caffeic acid(Kim et al. 2023), quercetin(Guan et al. 2021); and
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kaempferol(Tian et al. 2021)exhibited anti-inflammatory effects through significant suppression of IL-6, IL-
1β, and TNF-α in lipopolysaccharide (LPS) stimulated RAW 264.7 cells. In the present investigation,
confirmation of these phenolic and flavonoid compounds by LC-MS analysis in ETSL proves its anti-
inflammatory activity in CFA rats by inhibiting pro-inflammatory cytokines.

In the progression of arthritis, endogenous antioxidant enzymes play a vital role in combating oxidative
damage. SOD is thought to be the first line of defense against the production of free radicals and is
necessary for the conversion of superoxide radicals into oxygen and hydrogen peroxide, which results in the
inactivation of CAT and glutathione peroxidase. As a result of ROS-mediated degradation, SOD activity may
have decreased during detoxification of these radicals(El-barbary et al. 2011). According to earlier research,
a decrease in CAT activity in RA patients may be due to inactivation of CAT by hydrogen peroxide
(Kalpakcioglu and Senel 2008). The increased production of ROS tends to proliferate abundantly during
chronic inflammation and consequently causes excessive damage to tissues and is responsible for lipid
peroxidation. Reduced membrane fluidity and inactivation of membrane-bound proteins cause lipid
peroxidation, which breaks down into harmful malondialdehydes (MDA) (Sahu et al. 2017). Therefore,
detoxification of these free radicals can stop cell damage and finally stop lipid peroxidation (Sadiq Umar
2012). GSH, a non-protein sulfhydryl molecule, is regarded as an essential non-enzymatic antioxidant
defense system against the production of hydrogen peroxide and organic peroxides. A reduction in GSH
level may worsen the clearance of H2O2 and encourage the creation of OH, which raises the free radical load
and disturbs homeostasis. Furthermore, the lower content of GSH has been noted in the liver of CFA-induced
rats(Comar et al. 2013).

In the current investigation, supplementation of experimental rats with ETSL (500 mg/kg) significantly
reduced the level of LPO and increased SOD, CAT, and GSH content in the liver and joints of CFA-induced rats
as compared to disease-control rats. The reduction in lipid peroxide and increase in level of SOD, CAT and
GSH in CFA-induced rat have been reported by several phenolic and flavonoid compounds such as
Protocatechuic acid (3,4-Dihydroxybenzoic acid)(Semaming et al. 2015), caffeic acid(Kim et al. 2023), β-
sitosterol(Zhang et al. 2020), naringin(Ahmad et al. 2014), p-Coumaric acid(Shen et al. 2019), hesperidin
(Adefegha et al. 2020)and rosmarinic acid(Jain 2021). Rutin significantly restored the GSH level and SOD
activity in collagen-immunized rats (Sadiq Umar 2012). The identification of these compounds in ETSL by
LC-MS study supports the potent antioxidant activity of T. stansleaf.

Histopathological analyses of arthritic joints were carried out in the current investigation to support the anti-
arthritic effect of ETSL. The specific etiopathogenesis of RA is still unknown, but the research has shown
that increased pro-inflammatory cytokine expression and oxidative stress are the main causes of synovial
hyperplasia, pannus formation and, the cartilage and bone destruction (Xiao et al. 2024). In the present
study, the administration of ETSL (500 mg/kg) noticeably prevented cartilage degradation and bone erosion,
as evidenced by a decrease in histological score. This might be due to the prevention of pro-inflammatory
cytokines and scavenging of free radicals by ETSL. The compounds such as caffeic acid(Fikry et al. 2019);
luteolin(Shi et al. 2015); naringin(Ahmad et al. 2014)and rutin(Sadiq Umar 2012)were known to alleviate
cartilage and bone destruction, synovial hyperplasia, decreased joint inflammation in CFA-induced rats.
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Hence, the identification of these phytoconstituents by LC-MS analysis of ETSL might be responsible for
protective effects against cartilage and bone destruction.

The advancement of computational methodologies offers a rapid and reliable process for screening the
enormous number of these natural compounds. To identify phytochemicals potentially responsible for the
therapeutic effects of ETSL on RA, various compounds were subjected to a docking study to interact with
TNF-α, IL-1β, IL-6, and COX-2 using computer-assisted modeling techniques.During the initiation of arthritis,
numerous inflammatory mediators such as TNF-α, IL-6, and IL-1β play pivotal roles(Aldossari et al. 2023).
COX-2 plays a significant role in the synthesis of prostaglandins, which serve as pain mediators and
contribute to the inflammatory process(Simon 1999). Hence, the inhibition of TNF-α, IL-1β, IL-6, and COX-2
proteins with PDB IDs 2AZ5, 4G6J, 1ALU, and 1PXX, respectively, is anticipated to constitute a potential
mechanism for anti-arthritis activity. In the present study, indomethacin was selected as the standard drug
due to its capacity to inhibit the production of IL-6, IL-1β, and COX-2(Bour et al. 2000; Tonby et al. 2016).After
evaluating individual docking scores, it was noticed that verbascoside emerged as the most promising
candidate against all four targets, followed by naringin and rutin. In the drug development process, hydrogen
bonding plays a crucial role in determining drug specificity, as it offers essential insights into protein-ligand
interactions(Aldossari et al. 2023). The highest docking score achieved by verbascoside against COX-2 can
be elucidated by its hydrogen bond interactions with amino acids HIS133, ASN39, GLU465, GLN461, CYS47,
ALA156, and CYS36, as well as its hydrophobic interactions with MET48 and LEU152. In IL-1β, verbascoside
exhibited a better docking score due to its hydrogen bond interactions with amino acids LYS103, VAL155,
GLU153, GLN166, and ALA85 and electrostatic interactions with GLU165 and hydrophobic interactions with
ALA83, ALA84, PRO40, ALA83, ALA85, and LYS103.In TNF-α, verbascoside demonstrated the highest
docking score primarily due to its hydrogen bond interaction with TYR151 and hydrophobic interactions with
TYR59 and LEU157.Likewise, verbascoside achieved a superior docking score against IL-6, which is
attributed to its hydrogen bond interaction with GLU23 and hydrophobic interaction with LYS27.This aligns
with punicalagin, a polyphenolic compound that has shown substantial binding affinities to identical protein
targets via hydrogen bonding and hydrophobic interactions(Jghef et al. 2023).Furthermore, verbascoside
has been reported to exhibit potent anti-inflammatory activities by suppressing the expression of COX-2
(Pongkitwitoon et al. 2024). A decrease in TNF-α, IL-1β, and IL-6 levels also has been observed in rats
administered with verbascoside(Rossi et al. 2023). Therefore, based on molecular docking analysis, it is
conceivable to consider that the compound verbascoside could be a novel potential candidate for the
management of RA.

Conclusion
The anti-arthritic potential of ethanol extract of T. stansleaf was evaluated by in vitro, in vivo and in
silico approaches. ETSL exhibited significant in vitro antioxidant properties as well as in vitro anti-arthritic
potential in a dose-dependent manner. Further, the inhibition of pro-inflammatory cytokines and increase in
expression of anti-inflammatory cytokines support its in vivo anti-arthritic efficacy. The molecular docking
analysis identified verbascoside as having the highest docking score against COX-2 and IL-1β among the
various phenolic, flavonoid, and anti-inflammatory compounds detected through LC-MS and GC-MS
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analyses. This finding provides robust evidence for the potential clinical application of Tecoma stans leaf in
managing RA, and affirming its traditional medicinal efficacy.
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Table 1 Identification of compounds from ethanol extract of T. stans leaf by GC-MS analysis 
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Sl.no RT Compound name M.F M.W (g/mol) Nature of
compound

Area
(%)

1 11.15 Pentadecane C15H32 212.41 Alkane  1.84

2 16.62 Heptadecane, 2,6,10,15-
tetramethyl-

C21H44 296.6 Alkane  2.52

3 19.14 1-Hexadecanol C16H34O 242.44 Alcohol  2.23

4 24.04 Cetene C16H32 224.42 Alkene  2.07

5 27.33 Dimethyl palmitamine C18H39N 269.5 Amine  3.62

6 29.59 3-Eicosene, (E)- C20H40 280.5 Alkene  2.18

7 31.80 Methyl 9-cis,11-trans-
octadecadienoate 

C19H34O2 294.5 Ester  2.20

8 31.97 cis-13-Octadecenoic acid,
methyl ester

C19H36O2 296.5 Ester  2.49

9 37.23 13-Docosenamide, (Z)- C22H43NO 337.6 Carboxamide 18.55

10 43.91 9-Octadecenamide, (Z)- C18H35NO 281.5 Carboxamide 7.03

11 49.72 7,8-Epoxylanostan-11-ol, 3-
acetoxy- 

C32H54O4 502.8 Epoxide  2.03

12 49.80 Hexadecanoic acid, 1-
(hydroxymethyl)-1,2-
ethanediyl ester

C35H68O5 568.9 Ester  2.39

13 49.90 Eicosanoic acid, 9-
octadecenyl ester, (Z)-

C38H74O2 563.00 Ester  1.82

14 50.04 Ethyl iso-allocholate C26H44O5 436.6 Ester  1.60

15 50.25 9-Octadecenoic acid (Z)-, 2-
hydroxy-1-
(hydroxymethyl)ethyl ester

C21H40O4 356.5 Ester  1.59

16 50.31 9-Octadecenoic acid, 1,2,3-
propanetriyl ester,

(E,E,E)-

C57H104O6 885.4 Ester  0.96

17 50.35 Oleic acid, eicosyl ester C38H74O2 563 Ester  0.78

18 50.46 9-Octadecenoic acid (Z)-, 2-
hydroxy-3-[(1-
oxohexadecyl)oxy]propyl ester

C37H70O5 594.9 Ester  1.91

RT: Retention time; M.F: Molecular formula; M.W: Molecular weight
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Table 2 Identification of compounds from ethanol extract of T. stans leaf by LC-MS analysis
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Sl.no Peak
no.

RT [M+H]+

(m/z)

[M+H]-

(m/z)

Exact
mass 

 

M.F Proposed
metabolite

Chemical
nature 

1 59 25.89 160.2 - 160.216 C10H12N2 Tryptamine Amino
acid 

2 18 7.13 - 161.1 161.20 C10H11NO Boschniakine Alkaloid 

3 13 5.56 - 163.0 164.16 C9H8O3 p-Coumaric
acid

Phenolic
acid

4 22 7.69 169.3 - 170.12 C7H6O5 Gallic acid Phenolic
acid

5 66 29.0 181.3   180.16 C9H8O4 Caffeic acid Phenolic
acid

6 44 13.52 195.3 - 194.18 C10H10O4 Ferulic acid Phenolic
acid

7 49 16.79 203.3 - 204.229 C11H12N2O2 Tryptophan Amino
acid

8 16 6.31 288.2 - 270.24  C15H10O5 Apigenin Flavonoid

9 19 7.14 287.2 - 286.24 C15H10O6 Kaempferol Flavonoid

10 17 6.65 285.2 - 286.24 C15H10O6 Luteolin Phenolic
acid

11 61 26.49 291.4 - 290.27 C15H14O6 (-)-Catechin Phenolic
acid

12 23 8.10 302.2 - 302.23 C15H10O7 Quercetin Flavonoid

13 17 6.65 - 301.2 302.28 C16H14O6 Hesperetin Phenolic
acid

14 24 8.38 - 353.3 360.3 C18H16O8 Rosmarinic
acid

Phenolic
acid

15 47 16.13 353.3 - 354.31 C16H18O9 Chlorogenic
acid

Phenolic
acid

16 41 12.66 - 415.3 414.7 C29H50O Sitosterols Phenolic
acid

17 28 9.76 447.4 - 448.4 C21H20O11 Quercitrin Flavonoid

18 32 10.95 580.5 - 580.54 C27H32O14 Naringin Phenolic
acid 

19 26 8.93 - 617.5 610.5 C27H30O16 Rutin Flavonoid

20 34 11.29 624.5 - 624.6 C29H36O15 Verbascoside Flavonoid
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RT: Retention time; M.F: Molecular formula

Table 3 Effect of ethanol extract of T. stansleaf on haematological and biochemical parameters in CFA-
induced arthritis in rat

Parameters Treatment groups

NC CFA (0.1 ml) IND (10 mg/kg) ETSL (250
mg/kg)

ETSL (500
mg/kg)

RBC
(X106/mm3)

6.31±0.88 2.78±1.48## 5.24±1.56** 3.78±1.52ns 4.67±0.94*

WBC
(X103/mm3)

5.02±1.38 12.13±0.76## 6.96±1.42*** 10.47±1.02* 8.06±1.65*

Platelets 

(X 103/µl)

948.65±7.16 1323.92±1.99## 1014.86±5.50** 1191.77±4.14* 1062.07±5.21**

AST (IU/L) 23.28±2.30 52.30±3.16### 26.97±2.36*** 39.30±2.39** 35.17±2.59***

ALT (IU/L) 109.14±5.47 152.82±7.05## 119.16±3.87*** 130.27±3.95** 124.92±3.17**

ALP (IU/L) 154.40±2.62 299.07±5.60### 181.47±6.22*** 234.88±9.33** 203.06±6.74***

UREA
(mg/dL)

0.51±0.55 1.03±0.47##  0.61±0.35*** 0.77±0.88** 0.69±0.46**

CREAT
(mg/dL)

19.25±1.52 48.32±4.66### 26.39±2.56*** 36.57±2.91** 31.07±2.92***

RBC; Red blood cells, WBC; White blood cell, AST; Aspartate aminotransferase, ALT; Alanine transaminase,
ALP; Alkaline phosphatase; CFREAT-Creatinine. Values are expressed as mean ± SD (n=6). All data were
expressed as mean ± standard deviation (SD), (n= 6). The statistical significance of difference between
various groups was tested by one-way ANOVA followed by Tukey’s multiple comparison tests. Comparisons
were made between NC vs CFA, and CFA vs IND (10 mg/kg), ETSL (250 mg/kg) and ETSL (500 mg/kg). The
level of significant difference was checked between NC vs CFA at ##P˂ 0.01 and ###P˂ 0.001 and
between CFA and IND, ETSL (250 mg/kg) and ETSL (500 mg/kg) at *P˂0.05, **P˂0.01 and ***P˂0.001.

Table 4In silico docking studies of 2AZ5 (TNF-α), 4G6J (IL-1β), 1ALU (IL-6) and 1PXX (COX-2) by various
ligands.
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Protein Ligand/inhibitor Binding
affinity
(kcal/mol)

Interacting
residues

Hydrogen-
bond
interacting
active binding
site residues

Hydrophobic
Interaction

 

 

 

 

 

2AZ5

(TNF-α)

Apigenin -6.5 VAL91, LEU93,
GLN125, ARG82

ARG82 VAL91, LEU93,
GLN125

Kaempferol -6.3 GLY121, LEU120,
SER95, ALA96,
LYS98

GLY121 LEU120, SER95,
ALA96, LYS98

(-)-Catechin -6.4 GLY121, LEU120,
SER95, ALA96,
TYR119, PRO117

SER95,
GLY121

LEU120, ALA96,
TYR119, PRO117

Hesperetin -6.7 LEU55, ALA96,
GLY121, LEU120,
TYR119, PRO117

GLY121,
PRO117

LEU55, ALA96,
LEU120, TYR119

Rosmarinic
acid

-6.2 VAL91, ARG82,
LEU93, GLN125

ARG82, LEU93 VAL91, GLN125

Chlorogenic
acid

-6.4 LEU57, TYR59,
HIS15, TYR151

TYR151,
TYR59, HIS15

LEU57

Sitosterols -7 TYR151, TYR59,
LEU57, ILE155,
LEU157, VAL123

  TYR151, TYR59,
LEU57, ILE155,
LEU157, VAL123

Quercitrin -6.4 LYS98, PRO117,
TYR119, LEU120,
GLY121, LEU55

PRO117,
TYR119,
LEU55, GLY121

LYS98, LEU120

Naringin -7 LYS11, GLN61,
TYR59, TYR151

GLN61,
TYR151

LYS11, TYR59

Rutin -6.7 TYR119, PRO117,
ILE118, LEU120,
GLY121, LEU55,
GLN125, GLY54,
GLU53, ILE97,
LYS98

GLU53,
PRO117,
TYR119,
LYS98, ILE97,
GLN125,
GLY121

TYR119, ILE118,
LEU120, LEU55,
GLY54

Verbascoside -7 TYR151, TYR59,
LEU157

TYR151 TYR59, LEU157

Indomethacin  -8.1 VAL123, LEU157,
TYR59

- VAL123, LEU157,
TYR59

 

 

 

 

 

Kaempferol -7.6 TRP47, GLU46,
PHE98, THR97,
PHE96, ALA61,
ASP62, VAL3

TRP47, PHE98 GLU46, THR97,
PHE96, ALA61,
ASP62, VAL3

(-)-Catechin -7.1 ALA61, ASP62,
TRP47, GLU46,
PHE96, THR97,
PHE98, PRO100

PHE96, PHE98,
ASP62

ALA61, TRP47,
GLU46, THR97,
PRO100
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4G6J
(IL-1β)

 

        

Quercetin -7.5 ASP62, ALA61,
TRP47, GLU46,
THR97, PHE98,
PRO100, LEU4

PHE98, LEU4,
TRP47, ASP62

ALA61, GLU46,
THR97, PRO100

Hesperetin -7.5 TRY95, VAL93   TRY95, VAL93

Rosmarinic
acid

-6.5 TYR87, GLN39,
LYS43, ALA85,
LYS103, ALA84,
ASP41, PRO40,
GLU165, ALA83,
GLN166

ASP41, GLN39,
TYR87, ALA85

LYS43, LYS103,
ALA84, PRO40,
GLU165, ALA83,
GLN166

Chlorogenic
acid

-6.9 GLN166, GLU165,
LYS103, ALA85,
ALA84, ALA83,
PRO40, ASP41,
GLN38

GLN166 GLU165, LYS103,
ALA85, ALA84,
ALA83, PRO40,
ASP41, GLN38

Sitosterols -7.3 TYR87, GLN39,
PRO41, VAL93,
LEU113

TYR87, GLN39 PRO41, VAL93,
LEU113

Quercitrin -7.4 LYS39, GLN42,
ASP41, GLN110,
PRO41, VAL93,
LEU113, GLU153

LYS39, GLN42,
GLN110,
GLU153

ASP41, PRO41,
VAL93, LEU113

Naringin -7.7 VAL155, GLU153,
ALA173, ALA42,
PRO172, GLN110,
PRO40, ALA85

GLN110,
ALA85, ALA42,
VAL155,
GLU153

ALA173, PRO172,
PRO40

Rutin -7.7 PRO172, VAL155,
GLU153, GLU165,
PRO41, LEU113,
ASP41, VAL93,
GLN110, GLN42,
LYS39

GLU165,
GLN42, LYS39,
GLU153,
GLN110

PRO172, VAL155,
PRO41, LEU113,
ASP41, VAL93

Verbascoside -7.4 ALA85, LYS103,
ALA84, ALA83,
GLN166, GLU165,
PRO40, ASP41,
ALA173, VAL155,
GLU153

LYS103,
VAL155,
GLU153,
GLN166,
ALA85

ALA84, ALA83,
GLU165, PRO40,
ASP41, ALA173

Indomethacin  -7.1 LYS39, GLN42,
PRO172, ALA42,
GLN39

LYS39, GLN42,
GLN39

PRO172, ALA42

 

1ALU
(IL-6)

Hesperetin -6 LEU19, LYS27 - LEU19, LYS27

Quercitrin -6.6 LEU19, GLU23,
ASP26, LYS27,
ARG30

- LEU19, GLU23,
ASP26, LYS27,
ARG30

Naringin -6.4 LEU19, LYS27,
GLU23

- LEU19, LYS27,
GLU23
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Rutin -6.2 ARG30, LYS27,
LEU19, GLU23,
ASP26

- ARG30, LYS27,
LEU19, GLU23,
ASP26

Verbascoside -6.2 GLU23, LEU19,
LYS27, ARG30

GLU23 LEU19, LYS27,
ARG30

Indomethacin -6.4 ALA114, TYR31   ALA114, TYR31

 

 

 

 

1PXX
(COX-2)

Tryptamine -6.3 LEU390, ALA199,
ALA202, GLN203

GLN203,
ALA199

LEU390, ALA202

p-Coumaric
acid

-6.7 ASN382, HIS388,
TRP387, ALA202

ASN382 HIS388, TRP387,
ALA202

Gallic acid -7.1 ARG469, ILE124,
ALA151, ASP125,
THR149, THR129

ALA151,
THR149

ARG469, ILE124,
ASP125, THR129

Caffeic acid -6.9 TRP387, HIS386,
TYR148, TYR385,
ASN382, THR206,
HIS207

TYR148,
ASN382,
THR206,
TRP387

HIS386, TYR385,
HIS207

Ferulic acid -6.6 HIS388, TRP387,
ASN382, ALA202,
ALA199

ASN382,
ALA199

HIS388, TRP387,
ALA202

Tryptophan -7 ARG120, TRP1,
VAL523, GLY526

GLY526 ARG120, VAL523

Apigenin -9.1 ARG44, CYS47,
ARG469, LYS468,
GLU465, PRO153,
LEU152

CYS47,
GLU465

ARG44, ARG469,
LYS468, PRO153,
LEU152

Kaempferol -8.9 LYS468, ARG469,
ARG44, GLN42,
CYS47, LEU152,
PRO153

GLN42,
LYS468

ARG469, ARG44,
CYS47, LEU152,
PRO153

(-)-Catechin -8.9 ASN39, CYS37,
ASN34, ALA156,
PRO154, PRO153

CYS37, ASN39,
ASN34

ALA156, PRO154,
PRO153

Hesperetin -9.1 ARG469, ARG44,
CYS47, CYS36,
PRO153

CYS47 ARG469, ARG44,
CYS36, PRO153

Rosmarinic
acid

-9.1 ARG44, GLY45,
CYS47, CYS36,
ASN39, PRO153,
LEU152, CYS37,
ALA156, VAL155

ARG44, GLY45,
CYS47, ASN39

CYS36, PRO153,
LEU152, CYS37,
ALA156, VAL155

Chlorogenic
acid

-9.2 ARG44, GLY45,
CYS41, ASN34,
ALA156, GLU465,
PRO153

ASN34, GLY45,
ARG44,
GLU465

CYS41, ALA156,
PRO153
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Sitosterols -8.1 ARG469, ARG44,
TYR122, SER471,
LYS79, LEU80,
LYS83, LEU82

ARG469 ARG44, TYR122,
SER471, LYS79,
LEU80, LYS83,
LEU82

Quercitrin -9 HIS386, PHE210,
LYS211, THR212,
ARG222, GLN289,
GLU290, VAL291,
ILE274

GLN289,
ARG222,
THR212,
LYS211

HIS386, PHE210,
GLU290, VAL291,
ILE274

Naringin -10.2 SER1518, GLU46,
CYS47, CYS36,
ASN39, GLN461,
ALA156, PRO154,
GLY135, GLN1327,
TYR130

GLU46,
PRO154,
CYS47, ASN39,
GLN461,
CYS36

SER1518,
ALA156, GLY135,
GLN1327,
TYR130

Rutin -10.3 TYR130, GLY45,
CYS41, CYS47,
MET48, CYS36,
SER49, ALA156,
TYR136, HIS133,
GLN1327

HIS133,
SER49, CYS47,
CYS36

TYR130, GLY45,
CYS41, MET48,
ALA156, TYR136,
GLN1327

Verbascoside -10.4 MET48, CYS47,
CYS36, ASN39,
GLU465, GLN461,
LEU152, ALA156,
HIS133, GLN1327

HIS133,
ASN39,
GLU465,
GLN461,
CYS47,
ALA156

MET48, CYS36,
LEU152,
GLN1327

Indomethacin -8.7 CYS1036,
CYS1047,
PRO1153,
TYR1130

- CYS1036,
CYS1047,
PRO1153,
TYR1130

Figures
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Figure 1

GC-MS chromatogram of ethanol extract of T. stansleaf

Figure 2

LC-MS chromatogram of ethanol extract of T. stansleaf at positive mode of ionization
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Figure 3

LC-MS chromatogram of ethanol extract of T. stansleaf at negative mode of ionization
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Figure 4

Effect of ethanol extract of T. stans leaf(ETSL) and ascorbic acid (ASC) on reducing power assay (A), DDPH
(B), nitric oxide (C) and ferric reducing assay (D).  IC50 value is depicted in (E). All data are taken in triplicate.
The data were calculated as mean ± standard deviation (SD).
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Figure 5

Effect of ethanol extract of T. stans leaf (ETSL) and indomethacin (IND) on protein denaturation (A),
membrane stabilization (B) and proteinase inhibition (C). IC50 value is depicted in (D). All data are taken in
triplicate. The data were calculated as mean ± standard deviation (SD).
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Figure 6

Effect of ethanol extract of T. stansleaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on
paw diameter (A), arthritic index (B), arthritic score (C) and body weight (D) in CFA-induced rats.All data were
expressed as mean ± standard deviation (SD), (n= 6). The statistical significance of difference between the
groups was tested by two-way ANOVA followed by Bonferroni’s post hoc test. Comparisons were made
between the groups: NC vs CFA (0.1 ml); CFA (0.1 ml) vsIND (10mg/kg), ETSL 250 and 500 mg/kg; IND
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(10mg/kg) vs ETSL 250 and 500 mg/kg; ETSL 250 mg/kg vs ETSL 500 mg/kg. The level of significant was
checked at *P˂ 0.05, **P˂ 0.01 and ***P˂ 0.001.

Figure 7

Effect of ethanol extract of T. stansleaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on
liver weight (A), kidney weight (B) and spleen weight (C) in CFA-induced rats. All data were expressed as
mean ± standard deviation (SD), (n= 6). The statistical significance of difference between various groups
was tested by one-way ANOVA followed by Tukey’s multiple comparison tests. Comparisons were made
between the groups: NC vs CFA (0.1 ml); CFA (0.1 ml) vs IND (10mg/kg), ETSL 250 and 500 mg/kg; IND
(10mg/kg) vs ETSL 250 and 500 mg/kg; ETSL 250 mg/kg vs ETSL 500 mg/kg. The level of significant was
checked at *P˂ 0.05, **P˂ 0.01 and ***P˂ 0.001.
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Figure 8

Effect of ethanol extract of T. stansleaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on Hb
(A), ESR (B), CRP (C) and RF (D) in CFA-induced rats. All data were expressed as mean ± standard deviation
(SD), (n= 6). The statistical significance of difference between various groups was tested by one-way ANOVA
followed by Tukey’s multiple comparison tests. Comparisons were made between the groups:
NC vs CFA (0.1 ml); CFA (0.1 ml) vs IND (10mg/kg), ETSL 250 and 500 mg/kg; IND (10mg/kg) vs ETSL 250
and 500 mg/kg; ETSL 250 mg/kg vs ETSL 500 mg/kg. The level of significant was checked at *P˂ 0.05, **P˂
0.01 and ***P˂ 0.001.

Hb; Hemoglobin, ESR; Erythrocyte sedimentation rate, CRP; C-reactive protein, RF; Rheumatoid factor.
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Figure 9

Effect of ethanol extract of T. stans leaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on
pro-inflammatory cytokines TNF-α (A); IL-β (B), IL-6 (C), inflammatory mediator COX-2 (D), and anti-
inflammatory cytokines IL-4 (E), and IL-10 (F) in CFA-induced rats. All data were expressed as mean ±
standard deviation (SD), (n=6). The statistical significance of difference between various groups was tested
by one-way ANOVA followed by Tukey’s multiple comparison tests. Comparisons were made between the
groups: NC vs CFA (0.1 ml); CFA (0.1 ml) vs IND (10mg/kg), ETSL 250 and 500 mg/kg; IND (10mg/kg) vs
ETSL 250 and 500 mg/kg; ETSL 250 mg/kg vs ETSL 500 mg/kg. The level of significant was checked at *P˂
0.05, **P˂ 0.01 and ***P˂ 0.001.
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Figure 10

Effect of ethanol extract of T. stansleaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on in
vivo antioxidant enzymes SOD (A), Catalase (B), LPO (C) and GSH (D) in joint of CFA-induced rats. All data
were expressed as mean ± standard deviation (SD), (n= 6). The statistical significance of difference between
various groups was tested by one-way ANOVA followed by Tukey’s multiple comparison tests. Comparisons
were made between the groups: NC vs CFA (0.1 ml); CFA (0.1 ml) vs IND (10mg/kg), ETSL 250 and 500
mg/kg; IND (10mg/kg) vs ETSL 250 and 500 mg/kg; ETSL 250 mg/kgvs ETSL 500 mg/kg. The level of
significant was checked at *P˂ 0.05, **P˂ 0.01 and ***P˂ 0.001.
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Figure 11

Effect of ethanol extract of T. stansleaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on in
vivo antioxidant enzymes SOD (A), Catalase (B), LPO (C) and GSH (D) in liver of CFA-induced rats. All data
were expressed as mean ± standard deviation (SD), (n= 6). The statistical significance of difference between
various groups was tested by one-way ANOVA followed by Tukey’s multiple comparison tests. Comparisons
were made between the groups: NC vs CFA(0.1 ml); CFA (0.1 ml) vs IND (10mg/kg), ETSL 250 and 500
mg/kg; IND(10mg/kg) vs ETSL 250 and 500 mg/kg; ETSL 250 mg/kgvs ETSL 500 mg/kg. The level of
significant was checked at *P˂ 0.05, **P˂ 0.01 and ***P˂ 0.001.
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Figure 12

Macroscopical examination of (A) NC group showed normal paw without any sign of inflammation; (B) CFA
(0.1 ml/kg) induced marked with greater inflammation; (C) IND (10 mg/kg) treated group mark with
reduction in paw diameter and redness; (D) ETSL 250 mg/kg treated group mark with moderate decrease in
paw diameter; (E) ETSL 500 mg/kg noticed with greater reduction in paw diameter. Histological sections
(400X) of tarsotibial joints of right hind paw of (A) NC group showed normal joint space, articular cartilage,
bone structure and absence of pannus formation and synovial hyperplasia; (B) CFA-induced arthritic group
marked with reduce in joint space, bone and cartilage erosion, pannus formation and synovial hyperplasia;
(C) IND (10 mg/kg) revealed increase in joint space, decrease in bone and cartilage erosion, synovial
hyperplasia; (D) ETSL (250 mg/kg) showed moderate decrease in bone and cartilage erosion, pannus
formation, joint space than ETSL 500 mg/kg (E).X-ray radiographic image of proximal interphalangeal joints
of right hind pawof (A)NC rat do not show any inflammation; (B) CFA (0.1 ml) marked with swelling of soft
tissue and degenerative changes; (C) IND (10 mg/kg) showed decrease in swelling and degenerative
changes; (D) ETSL 250 mg/kg showed comparatively mild swelling in soft tissue and degenerative changes
than ETSL 500 mg/kg (E).Soft tissue swelling (red arrow) and degenerative changes (yellow arrow).

Abbreviations:

B: Bone; C: Cartilage; BE: Bone erosion; CE: Cartilage erosion; JS: Joint space; SH: Synovial hyperplasia; SM:
Synovial membrane.
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Figure 13

Effect of ethanol extract of T. stansleaf (ETSL 250 and 500 mg/kg) and indomethacin (IND 10 mg/kg) on
histological score in CFA-induced rats. All data were expressed as mean ± standard deviation (SD), (n= 6).
The statistical significance of difference between various groups was tested by one-way ANOVA followed by
Tukey’s multiple comparison tests. Comparisons were made between the groups: CFA (0.1 ml) vs IND
(10mg/kg), ETSL 250 and 500 mg/kg; IND (10mg/kg) vs ETSL 250 and 500 mg/kg; ETSL 250 mg/kg vs ETSL
500 mg/kg. The level of significant was checked at *P˂ 0.05, **P˂ 0.01 and ***P˂ 0.001.
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Figure 14

Visualization of 3D models of docked complexes depicting interactions of verbascoside of ethanol extract of
T. stans leaf with (a) TNF-α protein (PDB ID: 2AZ5), (b) IL-1β (PDB ID: 4G6J), (c) IL-6 (PDB ID: 1ALU), and
(d)COX-2 (PDB ID: 1PXX). The primary interactive residue of the corresponding compound was illustrated at
the TNF-α, IL-1β, IL-6, and COX-2 binding pockets. Hydrogen bonds were represented by green dashed lines,
while hydrophobic interactions were depicted by pink dashed lines.
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