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ABSTRACT
Background: Oxidative stress and inflammation are suggested to be the major etiological 
factors for the autoimmune disease rheumatoid arthritis. Rheumatoid arthritis affects millions 
of individuals all over the world even though mortality rate is comparatively lower than the 
other autoimmune diseases it severely affects the quality life of the patients. Lack of timely and 
proper medical intervention could cause deformity bones leading to chronic pain, long term 
disability and also premature mortality. Traditional Chinese medicines are boon to treat these 
types of autoimmune diseases. For prolonged period these medicine were been trusted and 
preferred by Chinese and South Asian population. Bavachalcone is one such compound which 
possess diverse pharmacological properties and it proven to inhibit osteoclastogenesis activity. 
Objectives: In our study we evaluated the ameliorative potency bavachalcone in rats induced 
arthritis with Freund’s complete adjuvant. Materials and Methods: The weight gain and relative 
index of thymus and spleen were measured to assess the inflammatory response in arthritis 
induced rats. Paw edema volume and arthritic index was calculated to confirm the induction 
of arthritis in test animals. The vasoregulatory effect and impact of bavachalcone on hepatic 
biomarkers enzymes were assessed. The antioxidant potency of bavachalcone was determined 
by estimating the levels of MDA and antioxidants in arthritis induced rats. The inflammatory 
cytokines and the inflammatory mediators iNOS, COX-2 and NF-κB were quantified to confirm 
the anti-inflammatory effect of bavachalcone in arthritis induced rats. Finally the anti-arthritic 
potency of bavachalcone was confirmed with synovial tissue histopathological analysis. Results: 
Bavachalcone significantly decreased the body weight, lymphatic organ relative index and 
paw edema volume in arthritis induced rats which was evidenced with decrease in arthritis 
index. It significantly decreased vasoregulators PGE2, NO and hepatic biomarker enzymes in 
arthritis induced rats. Bavachalcone increased the antioxidants and inhibited the synthesis of 
inflammatory response thereby prevented arthritis induction in rats. This was further confirmed 
with our histopathological results. Conclusion: All together our findings suggest bavachalcone 
possess anti-arthritic potency and it can be formulated as drug to treat arthritis.

Keywords: Rheumatoid Arthritis, Oxidative stress, Inflammation, Anti-arthritis drug, Traditional 
Chinese medicine, Bavachaclone.

INTRODUCTION

An autoimmune disease which affects quality life of millions 
of individuals globally is rheumatoid arthritis.1 Rheumatoid 
arthritis is presented as symmetrical polyarthritis caused due 
to chronic inflammation.2 Most of the patients at initial stage 
suffers with mild discomforts such as pain, swelling and stiffness 
in small joints especially in interphalangeal and wrist joints. It 
further causes inflammation, hyperplasia in synovial join which 

eventually leads to neovascularization and cartilage damage.3 In 
advanced stages rheumatoid arthritis causes joint deformation 
and affects vital internal organs such as lungs, kidney and heart.4 
Rheumatoid arthritis is a recurrent diseases which had affected 
about 17.6 million people worldwide by the year 2020. About 
208 incidences were reported globally per one lakh population 
comparatively women are more prone to rheumatoid arthritis. 
It has been forecasted by the year 2050 about 31.7 million 
populations will be affected with rheumatoid arthritis.5 Due to 
this patients experience tremendous psychological stress and it 
also imposes a significant financial burden on society.6

Diverse genetic and environmental factors triggers and worsens 
rheumatoid arthritis.7 Molecular mimic and infectious agents 
induced immune response activation perpetuates inflammation 
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in rheumatoid arthritis. Individuals exposed to occupational 
pollutants are more prone to arthritis.8 The pathology of 
rheumatoid arthritis harbors exaggerated immune response, 
deregulated cytokine signaling and increased activation of 
chondrocyte and osteoclast.9 Oxidative stress plays a crucial role 
in the pathogenesis of rheumatoid arthritis. Reactive oxygen 
species activates NF-κB signaling thereby triggers inflammatory 
response.10,11 Suppressing antioxidant system also reported 
to elicits inflammatory response in arthritis patients.12 At 
present arthritis is treated with glucocorticoids, non-steroidal 
anti-inflammatory drugs and other pain relieving drugs which 
improves pain, stiffness and fatigue in patients but the complete 
cure is not achieved.13 Side effects also hinders the usage of these 
drugs for longer period.14,15 Antagonizing inflammatory response 
for treating rheumatoid arthritis is the new strategy focused by 
the researchers.

Traditional Chinese Medicine (TCM) may be potent and most 
trusted alternative for treating various autoimmune disorders. 
These medicines are not only effective but also safe and 
economical.16 In TCM rheumatoid arthritis is categorized as “Bi 
Zheng” or arthralgia it focus on strengthening the body's vital 
energy (qi) and improving the quality and circulation of blood 
which not only relieves pain but also treats the root cause of the 
disease.17 It eliminates the pathogenic factors and strengthens 
the body resistance against it. TCM therapy are multi targeted 
which regulates multiple pathways therefore they render minimal 
side effects and they are cost effective.18,19 Decoction and extracts 
of herbs like Tripterygium wilfordii Hook, F, Wu-Tou Tang, 
Guizhi-Shaoyao-Zhimu were prescribed and proven beneficial to 
ameliorate rheumatoid arthritis.20-22

One such promising TCM possess diverse pharmacological 
properties such as antioxidant, anti-inflammatory, bacteriostatic, 
antiviral and anti-tumor activities is bavachalcone. Bavachalcone 
is chalcone compound segregated from Fructus Psoraleae.23,24 
This compound possess osteoclastogenesis, angiogenesis and 
tissue repairing property25 hence in this present we hypothesized 
to evaluate the ameliorative potency of bavachalcone in arthritis 
induced rats.

MATERIALS AND METHODS

Animals

Twenty four healthy male Wistar albino male rats weighing about 
210±20 g were procured after obtaining ethical clearance from 
institutional animal ethical clearance board. The animals were 
fed with standard laboratory rodent pellet diet and water ad 
libitum. The animals were acclimatized in laboratory condition 
with 23±2ºC temperature, 50±5% humidity and 12 hr light dark 
cycle for a week. Sterile condition was strictly maintained in the 
laboratory the cages and the beddings were periodically changed 
as per the guidelines. The animals were treated with utmost care 
and concern.

Experimental grouping

The acclimatized rats were segregated into four each group with 
6 healthy rats. Group I are categorized as control rats which 
were treated with olive oil. Group II are arthritis stimulated 
rats administered with 0.1 mL of FCA through sub-cutaneously 
in the tail base. Group III are arthritis stimulated rats treated 
with 20 mg/kg of Bavachalcone for 25 days. Group IV are drug 
control rats which are arthritis stimulated rats treated with 3 mg/
kg of indomethacin for 25 days. Both the drugs bavachalcone 
and indomethacin were orally treated 30 min before the FCA 
induction and continued till end of the 25th day treatment. The 
occurrence and development of arthritis was assessing with 
paw thickness. On completion of 25 days treatment the rats 
were sacrificed by euthanasia and the blood was collected for 
biochemical and molecular analysis. The thymus, spleen and 
bone were immediately dissected and stored at -80ºC until 
further analysis.

Determination of relative organ weight

The final weight gain in arthritis induced rats untreated and 
bavachalcone rats were measured and the relative organ weight 
were calculated. Thymus and spleen were excised rinsed with 
PBS dried with tissue paper and weighed using digital weighing 
machine. The relative organ weight of thymus and spleen were 
calculated using the formula

Relative organ weight= (Organ weight/Total body weight)X100 
(mg/g)

Paw edema analysis

The paw volume of arthritis induced rats untreated and 
bavachalcone rats were measured using YLS-7B plethysmometer 
(China).The paw swelling was analyzed using the formula,

Paw swelling=Final Paw swelling volume-Initial Paw swelling 
volume26

Assessment of arthritic index

Severity of arthritis in rats was evaluated using five point scaling 
method. The scoring was given based on the observation by 
three independent observers. 4-edema and erythema from ankle 
joints to entire paw, 3-moderal edema and erythema observed 
from ankle to tarsal bone, 2-edema in toes and toe joints, 1-slight 
edema and erythema in toe joints, 0- no edema and erythema. 
The arthritis index score of individual rat was the sum of four 
limbs.27

Evaluation of Vasodilation

The vascular tone modulation and immune cell function in 
arthritis induced untreated and drugs treated animals were 
assessed by quantifying the levels of prostaglandin E2 and 
nitric oxide. Prostaglandin E2 (PGE2) was estimated with the 
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Figure 1: Impact of bavachalcone on body weight and lymphatic organs in arthritis induced rats. Body weight B) Relative organ index of 
thymus and spleen. Analysis was conducted in triplicates using samples randomly collected from test groups, each containing six rats. 
Statistical assessment was performed using GraphPad Prism version 6.02 software and results were presented as means±SD. p-value<0.05 was 

considered statistically significant.

Figure 2:  Role of bavachalcone on preventing Paw edema and arthritic index in arthritis induced rats. Paw edema volume B) Arthritic index 
assessed throughout the period with regular intervals. Analysis was conducted in triplicates using samples randomly collected from test 
groups, each containing six rats. Statistical assessment was performed using GraphPad Prism version 6.02 software and results were presented 

as means±SD. p-value<0.05 was considered statistically significant.
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ELISA kit procured from LS BIO. The reagents were brought to 
room temperature before initiation of experiment. As per the 
instructions provided in the kit the reagents were prepared and 
the standard, samples were diluted. 50 µL of standards and sample 
were added to each wells and the assay was performed according 
to kit manual. Finally 50 µL of stop solution was added to all the 
wells and the yellow coloration formed was read at 450 nm using 
ELISA microplate reader. The assay was performed in triplicates 
and the concentration of PGE2 in samples were calculated using 
the standard curve plot.

Nitric oxide levels in the experimental animals were quantified 
using colorimetric assay kit obtained from ThermoFisher 
Scientific. The total nitric oxide content in the samples were 
measured by incubating the sample with nitrate reductase and 
NADH. The nitrate reductase and NADH reduces nitrate to 
nitrite. The final color absorbance was measured at 540 nm and 
the concentration of nitric oxide was calculated as per the kit 
manual instructions.

Assessment of oxidative stress

Oxidative stress in arthritis induced untreated and drugs treated 
rats were analyzed by estimating the extent of lipid peroxidation 
and the levels of antioxidants in the samples. Lipid peroxidation 
was estimated using the Lipid peroxidation (MDA) Assay kit 
obtained from Abcam. The samples, standards were prepared 
as per the protocol provided in the manual before initiation of 
experiment. The reagents prepared were equilibrated to room 
temperature and gently agitated prior usage. The assay was 
performed in triplicates in microplate and the final absorbance 
was read at 532 nm.

Antioxidants superoxide dismutase, catalase and reduced 
glutathione were quantified using the commercially available 
colorimetric assay kits procured from Cayman Chemicals. 
The assays were performed as per the instructions and the 
concentrations were determined using the standard curve plot 
drawn with known standard concentration OD values.

Figure 4:  Ameliorative effect of bavachalcone against oxidative stress in arthritis induced rats. Malondialdehyde content B) Superoxide 
dismutase, Catalase and Reduced glutathione. Analysis was conducted in triplicates using samples randomly collected from test groups, each 
containing six rats. Statistical assessment was performed using GraphPad Prism version 6.02 software and results were presented as means±SD. 

p-value<0.05 was considered statistically significant.

Figure 3:  Vasoregulatory effect of bavachalcone in arthritis induced rats. Prostaglandin E2 B) Nitric oxide. Analysis was conducted in triplicates 
using samples randomly collected from test groups, each containing six rats. Statistical assessment was performed using GraphPad Prism 

version 6.02 software and results were presented as means±SD. p-value<0.05 was considered statistically significant.
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Evaluation of hepatic marker enzymes

The hepatic function in arthritis induced untreated and drugs 
treated rats were assessed by quantifying the hepatic biomarker 
enzymes SGOT, SGPT and ALP. Standards were prepared with 
known concentration of enzymes and the reagents were prepared 
prior to experiment. The blank, standard and samples were 
dispensed in the microplates in triplicates. The enzyme-substrate 
and the colorimetric reagents were added according to the manual 
and finally the reaction was stopped with stop solution. The 
absorbance was read and the enzymes activities in the samples 
were determined by interpolating with the standard curve.

Analysis of inflammatory cytokines

Inflammatory cytokines interleukins 1β, 6, 10 and tumor necrosis 
factor alpha were quantified in the arthritis induced untreated and 
drugs treated rats. The inflammatory cytokines were estimated 
using the ELISA assay kits from R and D Systems. The standard 
and the samples were prepared according to the instruction and 
dispensed in the antibodies coated microplates. The assay was 
performed according to kit protocol and the final absorbance was 
measured. The cytokines concentration was determined using 
the standard curve.

Assessment of inflammation mediators

The key inflammation mediators of rheumatoid arthritis 
Cyclooxygenase-2 (COX-2), inducible Nitric Oxide Synthase 
(iNOS) and Nuclear Factor-kappa B (NF-κB) were quantified in 

the experimental animals. The levels of COX-2, iNOS and NF-κB 
were estimated using the ELISA kits procured from Abcam. The 
assay was performed according to the kit manual and the final 
absorbance was measured using ELISA microplate reader. The 
concentration of inflammatory mediators was ascertained with 
standard curve plot.

Histology of Synovial tissue

The rats were sacrificed at the end of experiment and the right 
hind limb was dissected, fixed with 10% buffered formalin for 
72hr. The samples were then subjected to decalcification with 
10% EDTA for 60 days and embedded in paraffin. The praffinized 
tissue was sectioned into 5 µ thickness and stained with H and E 
stain. The histopathological changes in the tissue sections were 
assessed by two trained blind observers and the joint, cartilage 
damage, bone destruction, infiltration of inflammatory cells were 
analyzed.

Statistics

The analysis was conducted in triplicates using samples randomly 
collected from test groups, each containing six rats. Statistical 
assessment was performed using GraphPad Prism version 6.02 
software and results were presented as means±SD. Intergroup 
differences were evaluated using one-way ANOVA, while 
intragroup differences were assessed using the post hoc Student 
Newman-Keuls test. A p-value <0.05 was considered statistically 
significant.

Figure 5:  Effect of bavachalcone on hepatic biomarker enzymes in arthritis induced rats. Level of hepatic biomarkers Serum Glutamic Oxaloacetic Transaminase 
(SGOT), Serum Glutamic Pyruvic Transaminase (SGPT) and Alkaline Phosphatase (ALP). Analysis was conducted in triplicates using samples randomly collected 
from test groups, each containing six rats. Statistical assessment was performed using GraphPad Prism version 6.02 software and results were presented as 

means±SD. p-value<0.05 was considered statistically significant.
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RESULTS

Impact of bavachalcone on body weight and 
lymphatic organs in arthritis induced rats

Figure 1A illustrates the average weight gained by the 
experimental rats at the end of the treatment period. The average 
weight of the control rats was 285±4 g whereas it is significantly 
decreased to 260±2 g in the arthritis induced rats. Compared to 
the arthritis induced untreated rats both bavachalcone (270±3) 
and indomethacin (280±0.9) treated shown significant increase 
in their body weights.

Lymphatic organs thymus and spleen weights were measured 
and their relative index were depicted in Figure 1B. Significant 
increase in both thymus (6±0.02 mg/g) and spleen (8.3±0.08 
mg/g) index was observed in arthritis induced rats compared to 
the control thymus (4.2±0.02 mg/g) and spleen (4.3±0.01 mg/g) 
index. Bavachalcone treatment significantly decreased thymus 
index to 5.7±0.02 mg/g and spleen index 6.8±0.02 mg/g in 
arthritis induced rats.

Role of bavachalcone on preventing Paw edema and 
arthritic index in arthritis induced rats

Hind paw volume was measured in the control and experimental 
rats for every 5 days interval and the results were illustrated 
in the Figure 2A. On day 5 the hind paw volume of control 
rats was 1.2±0.07 mL, arthritis induced untreated rats was 
2.7±0.05 mL, bavachalcone treated rats was 2.2±0.05 mL and 
indomethacin treated rats was 1.6±0.1 mL. The hind paw volume 

was significantly increased in arthritis untreated rats during the 
treatment period and at end of the experiment day 25th it shown 
about 4.1±0.07 mL whereas it remained same in the control rats. 
Both bavachalcone (2.5±0.06 mL) and indomethacin (2.2±0.05 
mL) treated rats shown significant decrease in the paw volume 
compared to the arthritis untreated rats

Figure 2B represents the arthritis index calculated in the arthritis 
induced untreated and drugs treated rats. The arthritis index was 
significantly increased in the arthritis induced untreated rats 
from 7 on treatment day 5 to 16 on treatment day 25. On final day 
of treatment the bavachalcone treated rats shown arthritis index 
6 and it was observed to be 3 in standard drug indomethacin 
treated rats.

Vasoregulatory effect of bavachalcone in arthritis 
induced rats

Figure 3 depicts the levels of vasoregulators prostaglandin E2 
and nitric oxide in arthritis induced untreated and drugs treated 
rats. The levels of both PGE2 and nitric oxide were increased 
in arthritis induced untreated group compared to the control 
rats. The PGE2 and nitric oxide levels were 798±10 pg/mL 
and 47±1.4 µM respectively in arthritis induced untreated rats 
whereas it is 95±1.2 pg/mL and 5±0.01 µM respectively in control 
rats. Bavachalcone and indomethacin treatment significantly 
decreased the levels of PGE2 to 587±10 pg/mL and 354±16 pg/
mL respectively. Nitric oxide levels were also decreased in both 
bavachalcone (32±1.2 µM) and indomethacin (18±0.8 µM) 
treatment compared to the untreated arthritis induced rats.

Figure 6:  Effect of bavachalcone on inflammatory cytokines in arthritis induced rats. Levels of Inflammatory cytokines Interleukin 6 (IL-6), 
Interleukin 10 (IL-10), Interleukin 1β (IL-1β) and Tumor Necrosis Factor α (TNF-α). Analysis was conducted in triplicates using samples randomly 
collected from test groups, each containing six rats. Statistical assessment was performed using GraphPad Prism version 6.02 software and 

results were presented as means±SD. p-value<0.05 was considered statistically significant.
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Ameliorative effect of bavachalcone against 
oxidative stress in arthritis induced rats

The extend of lipid peroxidation in arthritis induced rats and 
the impact of drugs were evaluated by estimating the MDA 
content and the results were represented in Figure 4A. The 
MDA content was significantly increased to 5.2±0.04 nmol/mg 
protein in arthritis induced untreated rats compared to control 
rats which shown 3.8±0.06 nmol/mg protein. Bavachalcone and 
indomethacin treatment substantially reduced the levels of MDA 
to 4.7±0.04 and 3.9±0.09 nmol/mg protein respectively.

Antioxidant levels were quantified in the experimental animals 
were presented in Figure 4B. Both enzymatic antioxidant 
SOD, CAT and non-enzymatic antioxidant reduce glutathione 
were quantified in the test samples. Arthritis induced rats 
shown significant decrease in the levels of the enzymatic and 
non-enzymatic antioxidants compared to the control rats whereas 
treatment with bavachalcone increased the antioxidant levels in 
arthritis induced rats.

Effect of bavachalcone on hepatic biomarker 
enzymes in arthritis induced rats

Hepatic biomarker enzymes SGOT, SGPT and ALP were 
quantified in the test animals and the results were illustrated in 
the Figure 5. Arthritis induced rat shown significant increase 
in the levels of hepatic biomarkers confirming the hepatic 

injury whereas both bavachalcone and indomethacin treatment 
substantially decreased the levels of hepatic biomarker enzymes. 
Compared to SGOT and SGPT the levels of ALP were drastically 
increased in arthritis induced untreated rats and treatment with 
bavachalcone significantly decreased the ALP level.

Effect if bavachalcone on inflammatory cytokines in 
arthritis induced rats
Figure 6 represents the levels of pro-inflammatory cytokines IL6, 
1β, TNF-α and anti-inflammatory cytokine IL-10 in arthritis 
induced untreated and drug treated rats. Proinflammatory 
cytokines were significantly increased in arthritis induced rats 
compared to control rats. Compared to IL-1β and TNFα the 
IL-6 levels were substantially increased in the arthritis induced 
untreated rats. The anti-inflammatory cytokine IL-10 was 
significantly decreased in the untreated rats compared to the 
control rats. The drugs bavachalcone and indomethacin treatment 
significantly increased the level of anti-inflammatory cytokine 
IL-10 and decreased the levels of pro-inflammatory cytokines 
IL6, 1β, TNF-α in arthritis induced rats.

Anti-inflammatory mediating effect of bavachalcone 
in arthritis induced rats
The anti-inflammatory property of bavachalcone was evaluated 
by assessing the levels of COX-2, iNOS and NFκB in the test 
animals. Bavachalcone treatment significantly decreased the 

Figure 7: Anti-inflammatory mediating effect of bavachalcone in arthritis induced rats. Levels of inflammatory regulators Cyclooxygenase-2 (COX-2), inducible 
Nitricoxide Synthase (iNos) and Nuclear Factor-κ-B (NFκB). Analysis was conducted in triplicates using samples randomly collected from test groups, each 
containing six rats. Statistical assessment was performed using GraphPad Prism version 6.02 software and results were presented as means±SD. p-value<0.05 

was considered statistically significant.
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levels of COX-2, NFκB and increased the level of iNOS in arthritis 
induced rats. Arthritis induced untreated rats shown increased 
levels of COX-2, NFκB and decreased iNOS level confirming the 
inflammation induction in rats (Figure 7).

Osteoprotective effect of bavachalcone in arthritis 
induced rats

Figure 8 depicts the representative images of H and E stained 
synovial tissue section of arthritis induced drugs treated and 
untreated rats. Control group shown clear articular cavity, 
the synovial cells were arranged ordered with no pathological 
findings and infiltration of inflammatory cells (Group I). The 
arthritis induced group shown a severe synovial damage with 
thickened matrix, synovial, collagen hyperplasia and excessive 
infiltration of inflammatory cells (Group II). Compared to 

arthritis induced untreated rats the bavachalcone treated rats 
shown decreased number of inflammatory cells infiltration 
and reduce synovial damage (Group III). The synovial damage, 
collagen matrix thickness and infiltration of inflammatory cells 
were further reduced in indomethacin treated rats (Group IV) 
compared arthritis induced untreated and bavachalcone treated 
rats.

DISCUSSION

Rheumatoid arthritis is a multifactorial rampant autoimmune 
disease which has a severe impact on global health. The incidence 
varies geographically and it is prevalent in industrialized countries. 
The rate of incidence is rapidly increased over the past decades 
and it is estimated about 1% of global population are suffering 
with rheumatoid arthritis.1,28 Both modifiable risk factors such 

Figure 8:  Osteoprotective effect of bavachalcone in arthritis induced rats. Group I) Control Group II) Arthritis induced untreated rats 
Group III) Arthritis induced Bavachalcone treated rats Group IV) Arthritis induced indomethacin treated rats. Synovial tissue sections 
were subjected to tissue processing and stained with hematoxylin, eosin stains. Representative images of H and E stained synovial tissue 

sections.



Indian Journal of Pharmaceutical Education and Research, Vol 59, Issue 2, Apr-Jun, 2025 735

Xiao, et al.: Anti-Arthritic Effect of Traditional Chinese Medicinal Compound Bavachalcone

as life style, smoking habits, environmental pollutants and 
non-modifiable risk factors such as genetic predisposition and sex 
plays an interconnected role in triggering rheumatoid arthritis 
development and progression in individuals.29 Morning stiffness, 
joint pains, swelling of small joints are the common symptoms 
observed in RA patients but due to delayed intervention and 
treatment the severity of diseases increases causes bone deformity, 
internal organ damage and even premature deaths. At present RA 
patients treated with non-steroidal anti-inflammatory drugs such 
as Ibuprofen, Naproxen and disease modifying anti-rheumatic 
drugs such as Methotrexate, JAK inhibitors, IL-1, IL-17 inhibitors. 
The efficacy of these drugs are questionable and they are not cost 
effective also causes undesirable side effects.30

Traditional Chinese Medicine (TCM) which has long promising 
history of treating various diseases is now gaining ever-increasing 
acceptance by the global population. TCM treats diseases based on 
the identifying the root cause of the disease and these targets the 
multifactorial etiology therefore renders minimal side effects and 
prevents reoccurrence of the disease.31 Malarial drug artemisinin, 
TCM-arsenic trioxide combination drug for treating acute 
promyelocytic leukemia are few examples of TCM excellency. 
Various herbal formulations, extracts such as Guizhi-Shaoyao-
Zhimu decoction, Zheng Qing Feng Tong Ning (ZQFTN) 
Tablets, Tripterygium wilfordii Hook-F, Stephania tetrandra S 
Moore were prescribed to treat rheumatoid arthritis.32,33 Even 
though these drugs are effective in treating RA lack scientific 
data with international standards for the potency, safety and 
quality prevents them in usage of global market. In this study we 
assessed the mechanism of action of a Chinese herbal compound 
bavachalcone in arthritis induced rats.

Lymphatic organs spleen and thymus plays a vital role in 
progression of rheumatoid arthritis. Excessive antibodies were 
generated by spleen were observed in the adjuvant treated arthritis 
models.34 A significant increase in the both thymus and spleen 
weight was observed in the arthritis induced untreated rats which 
confirms the increased cellularity. Treatment with bavachalcone 
significantly decreased the spleen and thymus weights this may 
be due to suppression of lymphocytes in arthritis which was also 
earlier reported with -sitosterol-loaded solid lipid nanoparticles35 
and Nyctanthes arbor-tristis treatment.36 Decrease in body weight 
was observed in arthritis induced rats this may be due to the FCA 
treatment which decreases the intestinal nutrient absorption.37 
Bavachalcone suppressed the FAC effect and increased the body 
weight in arthritis induced rats.

Edema is the common preliminary symptom observed in the 
arthritis patients it occurs due to invasion of inflammatory cells 
to the targeted site.38 Bavachalcone treatment had effectively 
prevented the edema in paws of arthritis induced rats from 
the day 5 of the treatment and it potentially inhibited edema 
at end of the treatment period compared to the untreated rats. 
The arthritic index score also confirms the inhibition arthritis 

in bavachalcone treated rats. The pathophysiology of arthritis 
was previously believed to be a gradual process resulting from 
prolonged biomechanical disturbance due to abnormal joint 
edema and mechanical stress. Hence the factors such as sex, 
age, body mass index and physical strain are the predicted 
factors which promotes arthritis.39,40 In recent times research 
evidences had proven both mechanical and the biochemical 
factors are involved in development of arthritis.41 Osteoarthritic 
chondrocytes stimulates production of inflammatory mediators 
such as cytokines, vasoregulators such as prostaglandins and 
nitric oxide.42

Prostaglandin E2 and nitric oxide are the pleiotropic inflammatory 
mediators overexpressed in the arthritis condition.43,44 These 
mediators are derived from the enzymes COX2 and iNOS which 
were found in the cartilages and synovial tissues. The expression 
of iNOS and COX2 were regulated by the inflammatory cytokines 
IL1β and TNF-α. The upregulation of COX-2 in inflamed cartilages 
synthesis various eicosanoids such as PGF1α, PGF2α and PGE2 
which in turn triggers inflammatory response.45 Therefore drugs 
inhibiting COX-2 activity renders 90% PGE2 reduction and 
shown effective prevention in osteoarthritis affected individuals.46 
Inhibition of osteoclastogenesis by bavachalcone was reported by 
various research studies.47,48 Bavachalcone effectively inhibits the 
MEK, ERK and AKT signaling pathway pathways and decreased 
the NFκB synthesis.49,50 In our study we assessed the potency 
of bavachalcone in inhibiting the synthesis of PGE2 and nitric 
oxide. Bavachalcone treatment significantly reduced the PGE2 
and nitric oxide this may be due to inhibition of COX-2 and 
NFκB activity. It also increased the levels of iNOS and decreased 
the levels of pro-inflammatory cytokines IL1β and IL-6. The 
anti-inflammatory potency of bavachalcone was confirmed with 
the IL-10 cytokines in arthritis induced rats.

Increased production of reactive oxygen species in chondrocytes 
is one of the major contributors of arthritis pathogenesis.51,52 
Increased infiltration of inflammatory cells in synovium induces 
the generation of ROS which turn activates the proinflammatory 
cytokines and damages the cartilage matrix. The chondrocytes 
proteoglycan synthesis is inhibited by the hydrogen peroxide.53-55 
and rheumatoid arthritis patients are present with increased lipid 
peroxidation.56 The interplay of reduced antioxidant levels and 
increased lipid peroxidation were reported in RA condition.23,57 
Bavachalcone has reported to decrease mitochondrial oxidative 
stress by increasing the MnSOD expression and stimulating the 
AMPK activity.11 This correlates with our results bavachalcone 
effectively increased the antioxidants SOD, catalase and 
glutathione thereby prevented lipid peroxidation in arthritis 
induced rats.

Hepatoxicity with varied severity was observed with NSAID 
which was prescribed for RA patients.58-60 Therefore we evaluated 
the hepatic biomarker enzymes in bavachalcone treated arthritis 
induced rats. Bavachalcone treatment significantly decreased 
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the hepatic biomarker enzymes in arthritis induced rats thereby 
confirmed the hepatoprotective property. The findings of 
vasoregulatory, antioxidant, anti-inflammatory, anti-arthritic 
potency of bavachalcone was further confirmed with our 
histopathological findings.

CONCLUSION

Rheumatoid arthritis an autoimmune disorder affects quality 
life of millions of individuals worldwide. It is a global threat to 
social economy since it affects the productive of the individual 
and the treatment are required for long term and cost effective. 
Traditional Chinese medicines are potent economical safe 
therapy which ameliorates the root cause of the disease. In this 
study we assess the anti-arthritic potency of TCM compound 
bavachalcone in arthritis induced rats. Bavachalcone exhibited 
vasoregulatory, antioxidant, anti-inflammatory, hepatoprotective 
and anti-arthritic potency in arthritis induced rats. Our findings 
suggest bavachalcone is an ideal molecule which can be subjected 
to further research to be formulated as drug to treated rheumatoid 
arthritis patients.
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SUMMARY

Rheumatoid arthritis is presented as symmetrical polyarthritis 
caused due to chronic inflammation. Traditional Chinese 
Medicine (TCM) may be potent and most trusted alternative for 
treating various autoimmune disorders. Bavachalcone treatment 
significantly reduced the PGE2 and nitric oxide this may be due to 

inhibition of COX-2 and NFκB activity. It also increased the levels 
of iNOS and decreased the levels of pro-inflammatory cytokines 
IL1β and IL-6. The anti-inflammatory potency of bavachalcone 
was confirmed with the IL-10 cytokines in arthritis induced rats.
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