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Abstract 

Purpose: To determine the anti-arthritic effect of arjunolic acid against complete Freund’s adjuvant 
(CFA)-induced arthritis in rats.  
Methods: Arthritis was induced in male Sprague Dawley rats by intradermal injection of 0.1 mL of CFA 
at the right footpad. Upon induction of osteoarthritis, arjunolic acid was administered via oral gavage at 
doses of 40 and 80 mg/kg once daily for 25 successive days. Indomethacin was used as reference drug 
at a dose of 3 mg/kg via gavage twice weekly for 25 days. Changes in paw swelling, serum hematology, 
antioxidant enzymes, serum inflammatory mediators, and histopathology were determined using 
standard procedures.   
Results: Paw swelling and weight loss in CFA-induced arthritic rats were significantly reversed (p < 
0.01) by arjunolic acid. Malondialdehyde (MDA) levels, spleen index and thymus index were significantly 
reduced in CFA-induced arthritic rats (p < 0.01). Moreover, arjunolic significantly increased superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) activities, while downregulating the 
expressions of TNF-α, IL-1β and IL-6 in serum (p < 0.01). The hematological and histopathological 
changes due to CFA-induced arthritis were ameliorated by arjunolic acid.  
Conclusion: The results obtained in this study indicate that arjunolic acid may possess therapeutic 
potentials for the management of arthritis. 
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INTRODUCTION 
 
The bioactive constituents of medicinal plants are 
regarded as promising candidates for 
pharmaceutical research. The demand for drugs 
derived from natural products has increased over 
the years [1]. Complementary and alternative 
medicines from plants are gaining interest among 
researchers due to their effectiveness and non-

toxic nature. Bioactive compounds from plants 
are diverse in nature and function, especially with 
regard to pharmaceutical occupancy [2]. The 
basis of bioactivity of a phytochemical compound 
is its antioxidant effect, a parameter which 
determines its medicinal value. Polyphenols, 
flavonoids, and terpenoids are among the 
common phytochemical compounds that have 
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been studied for their pharmacological properties 
[3,4]. 
 
Arjunolic acid is a chiral triterpenoid compound 
found in Terminalia arjuna Roxb. tree, a popular 
medicinal plant in the field of Ayurvedic and other 
traditional practices. Arjunolic acid has been 
shown to exert multiple therapeutic effects such 
as anti-diabetic, hepatoprotective, 
nephroprotective, cardioprotective, anti-microbial, 
anti-cholinesterase, wound-healing, anti-tumor, 
and anti-asthmatic properties [5-7]. These 
therapeutic effects have been shown to occur 
through modulation of signaling pathways 
involved in oxidative stress and inflammation, 
including MAPKs, Bcl-2/Bax, NF-kβ and PARP 
[6,7]. 
 
Osteoarthritis is a degenerative joint disorder 
characterized by derangement of articular 
cartilage, inflammation of synovial membrane, 
and degeneration of subchondral bone [8]. 
People affected by osteoarthritis experience 
problems of disability, morbidity, and limitations 
in movements due to severe pain. Inflammatory 
responses triggered by pro-inflammatory 
cytokines are reported to play a part in the 
pathogenesis of osteoarthritis [9]. Inflammation 
damages the neighboring cells surrounding the 
articular cartilage, thereby spreading the disease 
to the surrounding tissues. Inflammation is 
associated with oxidative stress. Indeed, it has 
been reported that osteoarthritic animal models 
manifested oxidative stress conditions [10]. The 
present study was aimed at evaluating the anti-
arthritic and ameliorative effects of arjunolic acid 
on complete Freund’s adjuvant (CFA)-induced 
arthritis in rats. 
 
EXPERIMENTAL 
 
Chemicals 
 
Arjunolic acid, Complete Freud’s Adjuvant (CFA), 
and analytical reagents and chemicals were 
obtained from Sigma Aldrich, US, while ELISA 
commercial assay kits, reagents, and commercial 
kits for enzymatic and protein studies were 
obtained from R&D Systems, Minneapolis, US. 
All reagents used were pure analytical grade. 
 
Experimental animals 
 
Sprague-Dawley rats weighing 150-180 g and 
aged 6-8 weeks, were acclimatized at room 
temperature (25 ± 2°C) under continuous 
light/dark cycle in a well-ventilated environment. 
The rats were permitted ad libitum access to 
drinking water and standard diet. The animal 
experimental procedures were performed 

according to the guidelines and approval 
provided by animal ethical committee of 
Cangzhou People’s Hospital (approval no. 
IECAF20190501) in line with the requirements of 
the Principles of Laboratory Animal Care (NIH 
publication no. 85-23, revised 1985) [11]. 
 
Experimental procedure 
 
Five groups of rats were used (6 rats per group): 
control rats (group 1), CFA-induced arthritic 
model rats (group II), model rats treated with 
arjunolic acid at doses of 40 and 80 mg/kg body 
weight (bwt; groups III and IV, respectively), and 
positive control group given reference drug 
indomethacin at a dose of 3 mg/kg bwt (group V). 
On the first day, arthritis was induced in every 
group (except control group) via intradermal 
injection of CFA (0.1 ml) at the right hind footpad. 
Rats in groups III and IV were orally administered 
arjunolic acid through intragastric gavage at 
doses of 40 and 80 mg/kg bwt, respectively, for 
25 successive days following induction of 
arthritis. Rats in the positive control group (group 
V) received indomethacin via oral gavage twice 
in a week for 25 days.  
 
Paw swelling and arthritis index were calculated 
at 5-day intervals for 25 days, using a 
plethysmometer (UGO Basile 37140, Italy). 
Arthritis scoring was done by a blinded observer 
who was naïve to the experimental groups and 
treatments. The arthritic score ranged from 0 (no 
swelling) to 4 (severe swelling), for all four paws, 
up to a maximum score of 16 for each rat. On 
completion of the experiment, the rats were 
sedated with isoflurane and euthanized using 
cervical dislocation. Blood and ankle joint 
samples were obtained for biochemical and 
histopathological studies. Spleen index and 
thymus index of the rats were estimated as ratios 
of wet organ weights to final body weights. 
Hematological profiles of blood samples were 
determined using laboratory automated analyzer 
(Sysmex XP-300, Germany) in line with the 
manufacturer’s guide and standard protocols 
[12]. 
 
Serum and tissue biochemical analyses 
 
Samples of blood withdrawn from the femoral 
artery were placed at room temperature to 
coagulate, and then centrifuged for 15 minutes at 
3000 rpm. The serum samples obtained were 
subjected assay of levels of pro-inflammatory 
cytokines i.e. TNF-α, IL-1β and IL-6 using 
commercial ELISA assay kits in line with the 
manufacturer’s guidelines [13]. Tissues from 
excised ankle joints were homogenized in ice-
cold 10 % phosphate buffer, pH 7.4, and 
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centrifuged at 4 °C for 30 minutes at 10000 rpm. 
The supernatants were used for assay of the 
antioxidant enzymes GPx, SOD and CAT, as 
well as levels of MDA using standard assay kits 
(Sigma Aldrich, US), according to the kit 
instructions [14]. Protein levels in tissue extracts 
were determined with Bradford assay, with 
bovine serum albumin as standard. 
 
Histopathological studies 
 
Ankle joint tissues were fixed in 10 % neutral 
buffered formalin, pH 7.2, trimmed and 
decalcified in 10 % EDTA for 30 days at 4 °C. 
Thereafter, the tissues were embedded in 
paraffin and sliced into 4-µm sections which were 
stained with hematoxylin and eosin (H&E). The 
stained sections were visualized under a light 
microscope and photomicrographs of relevant 
features were obtained. 
 
Statistical analysis 
 
The data are expressed as mean ± standard 
error of mean (SEM, n = 6). Statistical analysis 
was carried out using one-way analysis of 
variance (ANOVA) together with Dunnett’s 
multiple comparison analysis. All statistical 
analyses were done using SPSS version 22.0. 
Significance of differences were assumed at p < 
0.05. 
 
RESULTS 
 
Effect of arjunolic acid on some parameters 
of CFA-induced arthritis in rats 
 
Intradermal injection of CFA into right footpad of 
rats caused severe paw swelling and increases 
in paw volume (Figure 1). Paw swelling in model 
group (group II) continued to increase over the 
period of 25 days (p < 0.05). However, arjunolic 
acid administration resulted in significant 
reductions in paw swelling in group III and IV 
arthritic rats after two weeks (p < 0.01). Similarly, 
there was decreased paw volume in rats treated 
with indomethacin (positive control group) after 
two weeks (p < 0.01). The arthritic score for rats 
in the model group was significantly higher than 
that of rats in control group, due to evident 
swelling, inflammation, and paw deformation 
(Figure 2). Arthritic scores were clearly 
decreased in arjunolic acid-treated rats in groups 
III and IV as from day 14, when compared to rats 
in the model group. The arthritic scores of rats in 
the positive control group were significantly lower 
as from day 14 than the corresponding scores of 
rats in the model group.  
 

 
 
Figure 1: Effect of arjunolic acid on paw volume of 
CFA-induced arthritic rats. Results are presented as 
mean ± SEM (n = 6); #p < 0.05, compared to normal 
group; *p < 0.01, compared to arthritic model group 
 

 
 
Figure 2: Effect of arjunolic acid on arthritis score of 
CFA-induced arthritic rats. Results are expressed as 
mean ± SEM (n = 6). The arthritic score ranged from 0 
(no swelling) to 4 (severe swelling) in all four paws of 
each rat, with a maximum score of 16 for each rat. 
Group I (●); Group II (□); Group III (▲); Group IV (○); 
Group V (◊) 
 
Effect of arjunolic acid on body weight, 
spleen index and thymus index 
 
The mean body weight of rats in the model group 
(group II) was markedly reduced, when 
compared to the body weight of rats in the 
control group I (p < 0.05). However, arjunolic 
acid treatment resulted in increases in the body 
weights of rats in groups III and IV, relative to 
rats in group II (p < 0.01). Spleen index and 
thymus index were markedly increased in the 
CFA-induced arthritic rats (group II), when 
compared to rats in normal control group I (p < 
0.05). However, arjunolic acid reduced the organ 
index values in rats of group III and IV, when 
compared with rats in group II (p < 0.01). Rats in 
the positive control group (indomethacin-treated 
rats) had higher body weights and lower organ 
index values than those in model group (p < 
0.01). These results are presented in Table 1. 
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Table 1: Effect of arjunolic acid on body weight, 
spleen index and thymus index of CFA-induced 
arthritic rats 
 
Group Final 

body 
weight 

(g) 

Spleen 
index 
(mg/g) 

Thymus 
index 
(mg/g) 

Normal control 208.31 ± 
4.16 

2.73 ± 
0.15 

1.36 ± 
0.12 

CFA-induced 
model group 

153.24 ± 
11.54# 

3.96 ± 
0.11# 

1.97 ± 
0.14#

Arjunolic acid 
40 mg/kg + 
CFA 

181.82 ± 
6.28* 

3.17 ± 
0.12* 

1.72 ± 
0.11* 

Arjunolic acid 
80 mg/kg + 
CFA 

193.85 ± 
5.72* 

2.85 ± 
0.14* 

1.53 ± 
0.10* 

Indomethacin 3 
mg/kg + CFA 

201.68 ± 
8.32* 

2.78 ± 
0.12* 

1.41 ± 
0.08*

Results are presented as mean ± SEM (n = 6); #p < 
0.05, compared to normal control group; *p < 0.01, 
compared to arthritic model group 
 
Effect of arjunolic acid on hematological 
parameters in CFA-induced arthritic rats 
 
As shown in Table 2, there were significant 
changes in WBC counts and erythrocyte 
sedimentation rate, and marked decreases in 
hemoglobin and RBC counts in the CFA-induced 
arthritic rats, with significant increases in WBC 

counts, relative to rats in the normal group (p < 
0.05). However, arjunolic acid reduced the WBC 
counts and erythrocyte sedimentation rate, and 
increased the RBC and hemoglobin counts of 
rats in groups III and IV, when compared to rats 
in model group (p < 0.01). Moreover, the 
hematological changes caused by CFA were 
significantly reversed by indomethacin treatment 
(positive control rats), relative to model group (p 
< 0.01). 
 
Effect of arjunolic acid on oxidative stress 
markers in CFA-induced arthritic rats 
 
There were significant decreases in activities of 
the antioxidant enzymes GPx, SOD, and CAT in 
the CFA-induced arthritic rats, while MDA level 
was significantly increased, when compared to 
normal control rats (p < 0.05). However, the 
effects of CFA on oxidative stress markers were 
reversed by arjunolic acid in groups III and IV, 
resulting in restoration of the activities of the 
antioxidant enzymes, and reduction in MDA 
level, when compared to rats in the model group 
(p < 0.01). The levels of oxidative stress markers 
were also restored in the positive control group 
treated with indomethacin, when compared to 
model group (p < 0.01). These results are shown 
in Table 3. 
 

 
Table 2: Effect of arjunolic acid on hematological changes in CFA-induced arthritic rats 
 

Group Hb (mg %) WBC (×103/mm3) RBC (×106/mm3) ESR (mm/h) 
Normal control 16.2 ± 0.51 5.6 ± 0.33 9.8 ± 0.28 10.2 ± 0.38 
CFA-induced model group 11.7 ± 0.53# 11.3 ± 0.42# 6.1 ± 0.53# 15.1 ± 0.52# 

Arjunolic acid 40 mg/kg + 
CFA 

13.5 ± 0.62* 8.8 ± 0.47* 7.7 ± 0.31* 13.5 ± 0.41* 

Arjunolic acid 80 mg/kg + 
CFA 

15.1 ± 0.84* 7.5 ± 0.50* 8.6 ± 0.27* 12.1 ± 0.54* 

Indomethacin 3 mg/kg + 
CFA 

15.8 ± 0.44* 6.2 ± 0.36* 9.2 ± 0.45* 11.4 ± 0.30* 

Results are presented as mean ± SEM of rats (n = 6). #p < 0.05, compared to normal control group; *p < 0.01, 
compared to model group II. ESR = erythrocyte sedimentation rate; RBC = red blood cells; Hb = hemoglobin; 
WBC = white blood cells 
 
Table 3: Effect of arjunolic acid on oxidative stress in CFA-induced arthritic rats 
 

Group MDA (nmol/mg 
protein 

GPx (U/mg 
protein) 

SOD (U/mg 
protein) 

CAT (U/mg 
protein) 

Normal control 4.31 ± 0.31 32.58 ± 1.42 45.57 ± 1.91 20.19 ± 1.71
CFA-induced model 
group 

9.88 ± 0.38# 17.32 ± 1.57# 32.62 ± 3.72# 11.32 ± 1.90# 

Arjunolic acid 40 mg/kg + 
CFA 

6.94 ± 0.22* 24.88 ± 1.94* 37.70 ± 2.32* 15.25 ± 1.22* 

Arjunolic acid 80 mg/kg + 
CFA 

5.65 ± 0.36* 27.45 ± 1.76* 39.86 ± 2.28* 17.14 ± 1.58* 

Indomethacin 3 mg/kg + 
CFA 

5.17 ± 0.24* 29.16 ± 1.58* 42.22 ± 2.51* 18.84 ± 1.40* 

Results are presented as mean ± SEM (n = 6). #p < 0.05, compared to normal control group; *p < 0.01, 
compared to model group II. MDA = malondialdehyde; GPx = glutathione peroxidase; SOD = superoxide 
dismutase; CAT = catalase 
 



Fan et al 

Trop J Pharm Res, September 2020; 19(9): 1937 
 

Table 4: Effect of arjunolic acid on serum levels of pro-inflammatory cytokines 
 

Group TNF-α (pg/mL) IL-1β (pg/mL) IL-6 (pg/mL) 
Normal control 64.24 ± 8.86 141.38 ± 12.56 128.14 ± 13.62 
CFA-induced model group 145.26 ± 13.80# 188.17 ± 12.80# 244.22 ± 12.78# 

Arjunolic acid 40 mg/kg + CFA 113.56 ± 12.51* 169.36 ± 13.54* 187.41 ± 12.96* 
Arjunolic acid 80 mg/kg + CFA 96.28 ± 9.32* 157.37 ± 12.68* 162.45 ± 13.68* 
Indomethacin 3 mg/kg + CFA 75.42 ± 8.64* 149.72 ± 13.18* 148.44 ± 12.72* 

Results are presented as mean ± SEM (n = 6). #p < 0.05, compared to normal control group; *p < 0.01, 
compared to model group 
 
Effect of arjunolic acid on serum levels of 
pro-inflammatory cytokines 
 
Table 4 shows that serum levels of pro-
inflammatory cytokines IL-1β, TNF-α and IL-6 
were significantly elevated in CFA-induced 
arthritic model rats, when compared to normal 
control rats (p < 0.05). However, arjunolic acid 
treatment resulted in reduced levels of these pro-
inflammatory cytokines in rats in groups III and 
IV, when compared to rats in model group (p < 
0.01). Similarly, indomethacin treatment 
significantly decreased the serum levels of the 
pro-inflammatory cytokines, relative to the 
untreated against model rats (p < 0.01). 
 
Effect of arjunolic acid on histopathological 
changes in arthritic rats 
 
The histopathology of ankle joints of normal 
control group rats showed normal articular 
surface and healthy joint space and synovial 
tissues. In contrast, CFA-induced model group 
rats showed evidence of osteoarthritis and 
inflammation, with infiltration of inflammatory 
cells at the joints, synovial lining hyperplasia, 
articular cartilage damage, and abnormal bone 
degeneration (Figure 3). 

 

 
 
Figure 3: Effect of arjunolic acid on ankle joint 
histopathology of CFA-induced arthritic rats. Ankle 
joint section of CFA-induced arthritic model showing 
severe signs of abnormal bone cartilage degeneration, 
synovial hyperplasia and massive infiltration of 
inflammatory cells. Administration of arjunolic acid and 
indomethacin ameliorated the CFA-induced arthritic 
conditions (H&E staining, ×100) 

 
However, arjunolic acid administration to rats in 
groups III and IV resulted in marked reduction in 
hyperplasia of synovial lining, decreased 
infiltration of inflammatory cells, and preservation 
of bone and cartilage structures at the joints. 
Indomethacin administration also exhibited 
protective effects against CFA-induced arthritic 
and inflammatory conditions. 
 
DISCUSSION 
 
Therapeutic approaches for osteoarthritic 
conditions are turning towards natural product-
derived drugs. Animal model studies on 
evaluation of the potential of new anti-
osteoarthritis drugs usually use CFA for induction 
of arthritis [15]. This has provided evidence for 
the therapeutic potential of arjunolic acid in a 
CFA-induced arthritic rat model. Arjunolic acid 
has been well-established as an antioxidant and 
anti-inflammatory agent in various studies 
involving pathological conditions. Osteoarthritis is 
associated with inflammatory reactions and 
oxidative stress. Thus, based on its antioxidant 
and anti-inflammatory properties, arjunolic acid 
has therapeutic significance for osteoarthritis. It 
was noteworthy that arjunolic acid at high dose 
(80 mg/kg) was able to reduce CFA-induced 
increase in paw volume to a level comparable to 
the effect produced by the positive control drug 
indomethacin.  
 
Moreover, arjunolic acid reduced organ index 
values and increased the body weight of CFA-
induced arthritic rats in a dose-dependent 
manner. The CFA-induced arthritis in rats is due 
to an immune-mediated inflammatory reaction in 
the form of cell-mediated immunity [16]. The 
secondary lesion and paw swelling due to CFA-
induced arthritis caused were significantly 
reduced by arjunolic acid, as shown in the 
arthritis scores. The reductions in thymus index 
and spleen index also showed that the immune 
reaction triggered by CFA was suppressed by 
arjunolic acid. This is consistent with the 
reduction in paw swelling and arthritic scores. 
 
Significant increases in the levels of WBC are 
usually seen in arthritic conditions due to 
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stimulatory effects arising from increased IL-1β 
levels [12]. A similar result was seen in CFA-
induced arthritic rats in which WBC counts were 
reduced by administration of arjunolic acid and 
indomethacin. The CFA-induced hematological 
alterations such as increased erythrocyte 
sedimentation rate and decreased RBC and 
hemoglobin counts, were reversed to normal by 
arjunolic acid in a manner comparable to that of 
indomethacin.  
 
Decreased hemoglobin levels in arthritic 
conditions are due to reduced erythropoietin 
concentration, diminished activity of bone 
marrow erythropoietin, and pre-mature lysis of 
RBC. An increase in erythrocyte sedimentation 
rate indicates a doubtful disease process 
characterized by accelerated formation of 
endogenous proteins [15]. The hematological 
changes that occur during arthritis are due to 
increases in spleen index and thymus index. The 
ameliorative effect of arjunolic acid on the 
hematological changes and organ index values 
point to its immunosuppressive and anti-arthritic 
effects against adjuvant-induced arthritis. 
 
Oxidative stress in arthritic conditions is 
demonstrated through reduced activities of 
antioxidant enzymes and elevated levels of lipid 
peroxidation in the tissues [17]. The activities of 
GPx, SOD, and CAT were reduced, whereas 
MDA level was elevated in the CFA-induced 
arthritic rats, indicating that the rats were 
subjected to oxidative stress. Oxidative stress 
due to inadequate antioxidant supply creates 
cellular disruptions which lead to pathological 
changes seen in osteoarthritis [10,18]. 
Inflammatory responses are triggered by 
oxidative stress through activation of NF-kβ and 
MAPK pathways [19]. The activation of these 
pathways enhances the secretion of large 
amounts of pro-inflammatory cytokines by 
inflammatory cells.  
 
The pro-inflammatory cytokines TNF-α, IL-1β, 
and IL-6 are important progenitors in the 
pathogenesis of arthritis [20]. They contribute to 
the inflammation at ankle and knee joints in 
osteoarthritic conditions, and they tend to 
damage the articular cartilages and bone, 
causing synovial tissue inflammation and other 
pathological changes [21]. These changes are 
triggered in a cascade of events initiated by 
oxidative stress and hematological changes due 
to arthritis [22]. Pathological features of 
osteoarthritis and increased levels of pro-
inflammatory cytokines were observed in the 
results of histology and ELISA assay in CFA-
induced arthritic rats. These changes were 

significantly reversed by arjunolic acid in a dose-
dependent manner.  
 
Arjunolic acid, an antioxidant triterpenoid 
compound, was able to prevent oxidative stress 
through inhibition of lipid peroxidation and 
maintenance of the activities of antioxidant 
enzymes. The anti-inflammatory potential of 
arjunolic acid was revealed through suppression 
of pro-inflammatory cytokines. The anti-arthritic 
effects of arjunolic acid was evident in the 
reversal of the CFA-induced pathological 
changes in rat ankle joints, in a manner similar to 
that of the reference drug indomethacin.  
 
CONCLUSION 
 
Arjunolic acid exhibits anti-arthritic potential 
against CFA-induced arthritis in rats via its 
ameliorative effects on hematological changes, 
oxidative stress, inflammation, and pathological 
lesions. The anti-arthritic effects of arjunolic acid 
are due to its antioxidant and anti-inflammatory 
properties. Therefore, arjunolic acid has 
potentials for use as a novel therapeutic agent 
for osteoarthritis. 
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