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Abstract

The present study was intended to exemplify the protective effect of Esculin (ES; 6,7-dihydroxycoumarin-6-o-glucoside) on the adjuvant induced arthritis in adult

female Sprague Dawley rats. It has been found that, treatment of ES has significantly improved the body weight of rats accompanied with a reduction of paw volume

in comparison to arthritic control. In addition, ES exhibit inhibitory effect on various pro-inflammatory cytokines, for instance, IL-1p and TNF-a. The level of oxi-

dative stress markers, i.e., nitric oxide and peroxide was also found suppressed after treatment. The treatment of ES prevents the tissue injury mediated via oxidative

stress via up-regulating the level of endogenous GSH in a dose dependent manner. Thus, it has been corroborated that, ES exerts potent anti-arthritic activity via

attenuating pro-inflammatory cytokines and oxidative stress.
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Introduction

Rheumatoid arthritis (RA) is regarded as an autoim-
mune ailment characterized by inflammation of syno-
vial and permanent obliteration joints of bone. It results
in a persistent, systemic disorder that causes discomfort,
inflammation and ultimately leads to disability (1, 2).
It has affected approximately 1% population across the
globe; reported frequently in female than male and its
frequency depends upon age. The etiology of this disease
is still unknown, but the skeletal problems of RA have
been started with focal erosion of cartilage afterwards
insignificant and sub—chondral bone loss. Whereas, the
extensive joint destruction with ankylosis and general-
ized bone loss are characteristic for late complications
(3,4). Numerous studies suggest the role of different
pro-inflammatory mediators in the progression of this
disorder, such as, reactive oxygen species (ROS), pros-
taglandins (PGs), leukotrines and cytokines released by
macrophages (5,6). The conventional therapies to treat
this disorder based on treatment with steroids and non-
steroidal anti-inflammatory drugs (NSAIDs), but their
action is short-lived and often associated with severe
side effects which includes gastrointestinal distress and
cardiovascular toxicity (7-10). Consequently, there is
a need to develop new long acting anti—inflammatory
agents with minimum side effects (11-15).

Coumarins chemically classified as fused benzene
and a-pyrone ring system found in diverse plants (16). It
falls under the category of natural phenolic compounds
that scavenge the reactive oxygen species (ROS) and
suppresses the damage mediated from free radical
(17-18). Among the derivatives of coumarins, Esculin
(6,7-dihydroxycoumarin-6-o-glucoside) obtained from
Aesculus hippocastanum L. (Horse-chestnut) (19) ex-
hibit various pharmacological activities, such as, 5- and
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12-lipoxygenase inhibitor (20), antioxidant and anti-
cancer activity (21-23) including dopamine-induced
caspase-3 cleavage in dopamine-induced cytotoxicity
(24) and anti-inflammatory activity in mice (25). De-
spite of high antioxidant activity of Esculin, till now,
no study has been reported, its effect on various pro-
inflammatory mediators in arthritis (21). Thus, the pres-
ent study was undertaken to elucidate the role of Esculin
on inflammation-related cytokines and oxidative stress
in adjuvant-induced arthritic (AIA) rats.

Materials and methods

Animals

The female Sprague Dawley (SD) rats (215-230 g)
used in this study was housed at standard laboratory
condition with free access to food and water, ad [ibi-
tum. The study was performed in accordance with the
institutional ethical committee and duly approved
by the Second Affiliated Hospital of Dalian Medical
University, China. Experimental Rats were randomly
distributed into each treatment group and each group
receives twelve animals.

Generation of arthritis

For induction of arthritis, Lyophilized H37Ra strain
of Mycobacterium tuberculosis was obtained from DIF-
CO Laboratories, USA) was used. The adjuvant was
prepared freshly on the same day of experimentation.
For this, a volume of 0.1 ml of a 1 mg suspension of MT
H37Ra was injected intradermally in the tails of the rats
in the dose of 20 mg/kg/5mg/kg.

Drugs
The standard indomethacine and Esculin were ob-
tained from Sigma (USA) and required test dose were
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injected intraperitoneally. Whereas, the saline adminis-
tered rats serve as a control group.

Assessment of adjuvant induce arthritis

Using a macroscopic scoring system experimental
Rat was evaluated on alternate days for the arthritis as
per the standard protocol given elsewhere (27).

Measurement of TNF-o and IL-1f

The ELISA assay kits (Cayman Chemicals, USA)
were used for the quantitative determination of pro-
inflammatory cytokines IL-1B and TNF-a in serum of
the experimental rats according to the standard proto-
col. The experiment was conducted in duplicate and the
average data were taken.

Determination of oxidative stress parameters

Near to 16—18 days of the treatment, experimental
animals were sacrificed and by puncturing the heart, the
whole blood was collected. The un-coagulated blood
samples were then centrifuged and plasma was collec-
ted. It was then used for the determination of oxidative
stress parameters, such as, nitric oxide (NO), peroxide
and glutathione (GSH) activity in the plasma samples
of with or/ without treatment using the Quantichrome™
Assay kit, U.S.A.

Statistical analysis

The results were expressed as mean = SEM. The data
were analyzed using ANOVA, while the Bonferroni’s
post hoc test was used for the determination of signifi-
cant value among the tested group.

Results

Effect of ES on Body weight and paw volume

Initially, the effect of ES was determined by the
change in the body weights and paw volume. As shown
in figure 1, the rats in the arthritic control group showed
signs of inflammation in both of the hind paws. It was
noteworthy to mention that, after 14 days of the induc-
tion, the paw volume was observed considerably higher
compared to the normal control. On the progression
of the disease to interphalangeal and metatarsal joints,
an insignificant upsurge was observed in the arthritic
groups treated with ES (5mg/kg) and indomethacine
(5mg/kg). However, an increased concentration of the
ES (10mg/kg), the paw volume was found considerably
lower in comparison with indomethacin. Results sug-
gest that, the mode of action of the ES was similar to
that of indomethacin and exhibit a concentration depen-
dent reduction of adjuvant-induced arthritis.

The effect of ES was further determined on the body
weights of the experimental animals. As depicted in
fig 2, initially, up to 4 days of the treatment, the body
weights of the animals was found stable. However, as
the disease progressed, a significant change in the body
weight was observed. The animals in the arthritic group
showed the marked decline in the body weight. Where-
as, on starting the treatment with ES the body weight
has been improved significantly in comparison to the
arthritic control. Whereas, the animal treated with indo-
methacin showed much improved activity and the body
weights of the animal were close to the normal group.
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Figure 1. Effect of ES in various concentrations on the inflamma-
tion. Values are given as means + SE.
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Figure 2. Effect of ES on the body weight in experimental rats over

the duration of twenty-two days. Values are given as means+=SEM.

Effect of ES on pro-inflammatory cytokines

The effect of ES was investigated on the level of
IL-1B and TNF-a. It has been evident from the figure
3 that, the level of IL-1p (p > 0.005) and TNF-a (p >
0.001) was highly over-expressed in arthritic rats than
normal control group. The level of these cytokines was
significantly decreased on treatment of ES (p > 0.009,
and p > 0.005 for 5 mg/kg and 10 mg/kg dose of ES,
respectively. Moreover, the standard indomethacin also
showed considerable inhibition of IL-1$ and TNF-a as
compared to arthritic control rats.
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Figure 3. The effect of ES on the level of TNF a and IL-1B (pg/
ml) measured in the serum of experimental rats. The values are ex-
pressed means + SEM.
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Effect of ES on oxidative stress

The effect of ES was assessed on the level of various
parameters related with oxidative stress in the experi-
mental animals after the induction of arthritis. The re-
sults have been shown in fig. 4-6.

The level of studied parameters was found eleva-
ted in the case of arthritic control animals than normal
control. Particularly, in the case of NO, the treatment of
indomethacin significantly reduces its level (*p > 0.006)
than control group. In similar fashion, the treatment of
ES also reduces the level of NO and peroxide in dose
dependent manner. The treatment of ES significantly
increases the level of GSH (**p > 0.04 for and ***p
> 0.006 for 5 mg/kg and 10 mg/kg, respectively) in
comparison to arthritic control group. The treatment of
indomethacin also reduces the level of NO and peroxide
accompanied with elevated level of GSH than arthritic
control.

Discussion

Rheumatoid arthritis is usually rereferred as an in-
flammatory disorder often summarized by inflammation
of synovial cells of the joints, which leads to restricted
movements (26). For quantification assessment of the
role of drugs for the treatment of RA, Adjuvant-induced
arthritis has been extensively used as model of the di-
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Figure 4. Effect of ES on the level of nitric oxide (mg/dl) in the
plasma of the experimental rats. Results were expressed as means +
SEM for 12 rats in each group.
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Figure 5. Effect of ES on the level of peroxide (ng/dl) in plasma.
Each bar represents the means + SEM.
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Figure 6. Effect of ES on the level of glutathione (mg/dl) in the
plasma of experimental rats. Values are expressed as means = SEM.
The glutathione level ("p>0.035) in arthritic group showed a signifi-
cant decrease in comparison to normal control group. Whereas, the
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treatment of ES elevated the level of glutathione compared to the
untreated (**p > 0.03, and ***p>0.004 for ES (5mg/kg) and ES (10
mg/kg), respectively).

sease (27). It efficiently mimics the clinical and immu-
nological features similar to the human arthritis. As an
initial symptom of adjuvant induced arthritis, the paw
volume of the experimental rats was significantly ele-
vated due to swelling. However, upon starting the treat-
ment with ES, the paw volume was reduced conside-
rably in comparison to arthritic control. As the arthritis
progressed in the experimental rats, the results showed
that, body weight was reduced prominently. While the
body weights of the affected rats were improved signi-
ficantly upon treatment with ES in a dose-dependent
manner.

Various studies have indicated the role of macro-
phages, T-lymphocytes and reproducible synovial cells
in the pathogenesis of RA (28-30). These components
secrete a range of pro-inflammatory cytokines such as
IL-1B, IL-6, and TNF-o which contribute to the progres-
sion of RA and acts a specific biomarker for the disease
(31). The level of these cytokines was found elevated in
patients affected with RA (5,6). Thus, to provide relief,
one of the most popular approaches is to regulate the
level of these cytokines. In connection with the previous
studies, as shown, ES in a significantly reduces the level
of these cytokines and offer relief from the progression
of inflammatory condition. The mode of action of the
ES was found majorly dependent upon the concentra-
tion, and as the concentration rises, the inhibitory acti-
vity was enhanced.

Oxidative stress generated from the ROS act as an
important mediator of the damage of the tissue by acti-
vation of the infiltration of the leukocyte into the infla-
med tissue (32-34). This results in secretion of various
pro-inflammatory mediators for the progression of RA.
Therefore, to counteract these ROS, various endogenous
antioxidants were generated in response of that, such as
superoxide dismutase (SOD) or GSH (35). Nonetheless,
the activities of these enzymes were compromised in
RA; which in turn leads to the loss of the viscosity of
synovial fluid in the joints by de-polymerization of hya-
luronic acid. It has been found that administration of
ES inhibit the excess level of nitric oxide and peroxide.
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Apart from it, ES treated group showed significant up-
surge in the level of GSH needed to scavenge the toxic
free radical.

In the present study, for the first time we have eva-
luated the protective role of Esculin in adjuvant-induced
arthritic (AIA) rats via inhibition of inflammation-rela-
ted cytokines and ROS. Esculin was found to exert its
effect in a dose-dependent manner via targeting pro-
inflammatory cytokines and oxidative stress. Howe-
ver, further studies are needed to get insight about the
molecular mechanism of Esculin for its mechanism of
action. Our studies are in progress and reported in future
communications.
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