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The aim of our study is to evaluate comparative assessment of well documented medicinal plants.
Ethanolic extract of Pongamia pinnata, Salvadora persica, Asparagus racemosus and methanolic
extract of Punica granatum were prepared by continuous hot extraction method and their preliminary
phytochemical screening was performed. Animals were separated into different groups and each group
contains six animals. The ethanolic and methanolic extracts were administered in a dose of 200 and
400 mg/kg. Arthritis was induced by FCA in Wistar albino rats and various parameters related to arthritis
i.e. paw volume, arthritic score, body weight, joint diameter were recorded. A significant increase in paw
volume, arthritic score, joint diameter and decrease in body weight was observed in arthritic control
rats compared to normal control. Methanolic extract of Punica granatum significantly decreased the paw
volume, arthritic score, and joint diameter and increased the body weight when compared to arthritic
control. All the selected medicinal plants showed significant activity in arthritic rats however, methanolic
extract of Punica granatum showed highly significant activity as compared to other plants. Methanolic
extract showed the presence of flavonoids, alkaloids, terpanoids, glycosides, and phenolic compounds. The
anti-arthritic activity of plant may be due to presence of aforementioned phytocomponds.
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Clinically, Rheumatoid arthritis (RA) is characterized
by Polyarthritic, swelling and, in many cases,
manifests extra-articular association. In the early
step of the disease, typical signs and symptoms are
swelling and pain of the proximal interphalangeal and
metacarpophalangeal joints. In count, RA can influence
other systems of the body, and this may variety from
rheumatoid nodules to life-threatening vacuitiest!!. Tt
is anticipated that the disease is triggered by unknown
antigens of infectious origins which when accessible to
immune cells in the joint tissue initiate an event that
is followed by the stimulation of an immune response,
resulting in inflammation in the coating of the joints.
RA mainly represents a distinctive T-cell mediated
disease!*!.

In ancient texts, more than 500 plants have been
mentioned in traditional reports in the arthritis
treatment; however only some plants have been
investigated scientifically. Pongamia pinnata (Linn.)
Pierre, Salvadora persica Linn., Asparagus racemosus
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Willd, and Punica granatum Linn are traditionally
reported medicinal plants used in chronic inflammatory
conditionst*?). Anti-arthritic activity of these plants still
remain to explore so in the proposed research work,
on the basis of traditional claim, an attempt was made
to explore anti-arthritic evaluation of the selected
medicinal plants.

MATERIAL AND METHODS

Procurement, collection and authentication of

plants:

The dried and processed Pongamia pinnata seeds,
dried roots of Asparagus racemosus and fresh Punica
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granatum fruits were procured from local vendors
of Udaipur, India while of Salvadora persicas fresh
leaves were collected from Jaipur-India.

The seeds of P. pinnata, leaves of S. persica and roots
of A. racemosus were identified taxonomically and
authenticated at University of Rajasthan, Jaipur-India.
Each plant part’s voucher specimen was kept at the
department with the specific voucher no. which is as
RUBL21095, RUBL21076, RUBL21104, respectively.
The fresh sample P. granatum fruit was taxonomically
identified and authenticated at Horticulture Department,
Rajasthan College of Agriculture, Udaipur-India.

Extraction of all selected plants:

The powder form of dried P. pinnata seeds, S. persica
leaves, A. racemosus roots and P. granatum rind were
prepared mechanically by using mesh sieve. Hot
percolation method has been used to carry out the
extraction. The powder of P. pinnata, S. persica and
A. racemosus parts (250 g each) were treated with
90 % ethanol. The filtrate of the various extracts was
dried and get concentrated. By the same method,
P granatum (250 g) was extracted using methanol as
a solvent. For P. pinnata, petroleum ether (40-60°)
was used to remove all the fat soluble components
and further extracted by using ethanol. The percentage
yields of all the extracts were determined. The extract
was dried to get concentrated and percentage yields
of all the extracts were determined. All the extracts
were also screened for the presence of various active
phytoconstituents i.e. alkaloids, flavonoids, terpenoids
and others.

Animals:

Healthy Wistar albino rats (150-200 g) were used
throughout the study and the rats were maintained on
standard diet and water ad libitum. Animals were well
observed for any contamination and those showing signs
of infection were excluded and replaced. All animal
study were permitted by the IAEC (Institutional
Animal  Ethical = Committee) (approval no.
192/PhD/2012/TAEC/BRNCP/12-13/Mandsaur). The
rats were randomly distributed into eleven groups and
each group contains six animals. CPCSEA guidelines
were adhered during maintenance and experiments.

Acute toxicity studies:

According to OECD guidelines 423, toxicity studies
were performed for the ethanolic and methanolic
extracts. Extract of all plants were administered in dose
of 2 000 mg/kg p.o. The rats were observed for 24 h for
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any signs of various acute and short term toxicological
symptoms i.e. convulsion, diarrhoea, coma, respiratory
depression, salivation and perspiration!®).

Freund’s complete adjuvant (FCA) induced arthritis
in rats:

For the evaluation of anti-arthritic activity of ethanolic
extract of both plants, the animals were separated in
different groups each contain six animals. The treatment
schedule was as follows.

Group I- Normal control. Group II- Disease (arthritic)
control (FCA induced arthritis) Group III- Arthritic
rats+Dexamethasone in a dose of 5 mg/kg. Group IV-
Arthritic rats+ethanolic extract of P. pinnata (PPEE)
seeds in a dose of 200 mg/kg. Group V- Arthritic
rats+ethanolic extract of P. pinnata (PPEE) seeds in a
dose of 400 mg/kg. Group VI- Arthritic rats+ethanolic
extract of S. persica (SPEE) leaves in a dose of
200 mg/kg. Group VII- Arthritic rats+ethanolic
extract of S. persica (SPEE) leaves in a dose of
400mg/kg. Group VIII-Arthriticrats+ethanolicextractof
A. racemosus (AREE) root in a
400 mg/kg. Group IX- Arthritic ratst+ethanolic
extract of 4. racemosus (AREE) root in a dose of
400mg/kg. Group X-Arthriticrats+methanolic extract of
P granatum (PGME) rind in a dose of 400 mg/
kg. Group XI- Arthritic ratstmethanolic extract of
P. granatum (PGME) rind in a dose of 400 mg/kg.

dose of

In order to induce experimental arthritis, 0.1ml of FCA
was injected into sub-plantar region of left hind paw of
each rat on d 1%. Dosing of all the animals groups was
started from d 12" once in a day p.o., after induction
of arthritis, Anti-arthritic activity of extracts were
evaluated by biophysical parameters such as arthritic
score, body weight, paw volume and joint diameter!”!.
Arthritic score:

monitored

Different set illustration criteria was

according to methods followed by Paval ez al.l”!.
Paw volume:

The volumes of left hind paw at different days by
Plethysmometer. This parameter has been carried
according to methods followed by Cain et al.!'%.

Paw thickness (Joint diameter):

Joint diameter was calculated by using screw gauge
according to methods followed by Barbier et al.l'!),
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Statistical analysis:

All the results were expressed as mean+S.E.M.
Statistical comparisons were made between treated
groups and arthritic control groups. One-way ANOVA
(Dunnett’s test) has been used to analyze the data. Graph
Pad Prism 5.0 version was used for this test. The values
of p<0.05 were considered statistically significant.

RESULT AND DISCUSSION

All the extracts did not exhibit any toxicity symptoms
or mortality when administered orally at dose of
2 000 mg/kg in animals. Hence, 200 and 400 mg/kg
were selected as therapeutic dose.

Animals treated with dexamethasone 5 mg/kg (standard
drug) showed significant decrease in arthritic score
(p<0.01) from d 14 onward till the end of the study
as compared to arthritic rats. Treatment with PPEE
(200 and 400 mg/kg) showed significant and dose
dependant decrease in arthritic score (p<0.05 and
p<0.01) from d 14 to 28 as compared to arthritic
rats. SPEE (200 and 400 mg/kg) showed significant
decrease (p<0.05 and p<0.01) from d 21 to 28. AREE at
200 mg/kg showed significant decrease (p<0.05)
d 21 to 28 while at 400 mg/kg showed significant
decreased (p<0.05 and p<0.01) from d 14 to 28. PGME
(200 and 400 mg/kg) showed significant decrease
(p<0.05, p<0.01 and p<0.001) from d 14 to 28. On
comparison, the effect of PGME on body weight was
found to be more than PPEE, SPEE and AREE. The
results are summarized in Table 1.

The body weight was significantly decreased (p<0.01
and p<0.001) from d 14 to till the end of the study
in arthritic rats as compared to normal rats. Rats
treated with dexamethasone 5 mg/kg (standard drug)

showed significant increase in body weight (p<0.05
and p<0.001) from d 14 as compared to arthritic rats.
PPEE at 200 mg/kg showed significant increase in body
weight (p<0.01) at d 28 while at 400 mg/kg showed
significant increase (p<0.05 and p<0.001) from d 14 to
28 as comparable to arthritic rats. SPEE and AREE at
200 mg/kg showed significant increase (p<0.05) while
both at 400 mg/kg showed significant increase (p<0.01)
atd 28. PGME (200 and 400 mg/kg) showed significant
increase (p<0.01 and p<0.001) from d 14 to 28. On
comparison, the effect of PGME on body weight was
found to be more than PPEE, SPEE and AREE. The
results are summarized in Table 2.

The paw volume was significantly increased (p<0.01
and p<0.001) from d 14 to till the end of the study in
arthritic rats as compared to normal rats. Rats treated
with dexamethasone 5 mg/kg (standard drug) showed
significant decrease in paw volume (p<0.05, p<0.01
and p<0.001) from d 14 as compared to arthritic
rats. Treatment with PPEE at 200 mg/kg produced
significant and dose dependant decrease in paw
volume (p<0.05 and p<0.01) from d 21 to 28 while
at 400 mg/kg showed significant decrease (p<0.05
and p<0.01) from d 14 to 28 as compared to arthritic
rats. SPEE (200 and 400 mg/kg) and AREE (200 and
400 mg/kg) showed significant decrease (p<0.05 and
p<0.01) from d 21 to 28. PGME (200 and 400 mg/kg)
showedsignificantdecrease (p<0.01and p<0.001) fromd
14 to 28. On comparison, it was observed that the effect
of PGME on paw volume was found to be more than
PPEE, SPEE and AREE. The results are summarized
in Table 3.

The joint diameter was significantly increased (p<0.01
and p<0.001) from d 14 to till the end of the study in

TABLE 1: COMPARATIVE EFFECT OF PPEE, SPEE, AREE AND PGME ON ARTHRITIC SCORE

Treatment 0 day 7th day 14th day 215t day 28th day
Normal Rats - - - -

Arthritic Rats 3.31+0.12 3.56+0.21 3.97+0.00 4.12+0.05
Dexa (5 mg/kg) 3.47+0.21 3.27+0.08" 2.87+0.11" 2.57+0.42"
PPEE (200 mg/kg) 3.82+0.04 3.62+0.24 3.47+0.08" 3.32+0.18"
PPEE (400 mg/kg) 3.58+0.19 3.39:0.07° 3.19+0.32" 2.92+0.14"
SPEE (200mg/kg) 3.12+0.12 3.01£0.19 2.92+0.03° 2.86+0.26
SPEE (400mg/kg) 3.18+0.27 3.04+0.00 2.86+0.19 2.72+0.26"
AREE (200mg/kg) 2.96x0.26 2.82+0.18 2.68+0.17 2.51+0.13°
AREE (400mg/kg) 2.88+0.26 2.69:0.17 2.48+0.41 2.27+0.327
PGME (200mg/kg) 3.87x0.12 3.5210.16 3.26+0.277 2.99:0.36™
PGME (400mg/kg) 3.7320.06 3.19+0.42" 2.62+0.16™ 2.12+0.13"

Data were expressed in mean+SEM and analyzed by ANOVA followed by Dunnett’s test. Arthritic group was compared with normal
while all treated group were compared with arthritic group. "p<0.05 (significant), “p<0.01 (moderately significant), **p<0.001 (highly
significant). PPEE- Ethanolic extract of P. pinnata; SPEE- Ethanolic extract of S. persica; AREE - Ethanolic extract of A. racemosus; PGME
-Methanolic extract of P. granatum.
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arthritic rats as compared to normal rats. Rats treated
with dexamethasone 5 mg/kg (standard drug) showed
significant decrease in joint diameter (p<0.05, p<0.01
and p<0.001) from d 14 onward till the end of the study
as compared to arthritic rats. Treatment with PPEE (200
and 400 mg/kg) showed significant decrease (p<0.01
and p<0.001) as compared to arthritic rats. SPEE
(200 and 400 mg/kg) and AREE (200 and 400 mg/
kg) showed significant decrease (p<<0.05 and p<0.01)
from d 21 to 28. PGME (200 and 400 mg/kg) showed
significant decrease (p<0.01 and p<0.001) from d
14 to 28. On comparison, it was found that the effect
of PGME on joint diameter was found to be more than
PPEE, SPEE and AREE. The results are summarized
in Table 4.

Various animal models of inflammation are used widely
in research on pathogenesis of inflammatory arthritis.
Freund’s complete induced arthritis (FCA) or Adjuvant-
induced arthritis in rat’s model was selected for the

investigation because this is a common and extensively
used animal model for the studies of rheumatoid
arthritis, an autoimmune disease, and inflammation!'?,
FCA induced model is a well-liked and chronic model
in which the pathological and clinical changes are
closely similar with those seen in human rheumatoid
arthritis!’>'¥, This model is a useful tool to study
the pathophysiology of rheumatoid arthritis in rats,
especially because this experimental model and the
human disease have common signs and symptoms!!'>'¢,

Thus, in the present exploration, an effort was taken to
evaluate the anti-arthritic effect of Pongamia pinnata,
Salvadora persica, Asparagus racemosus and Punica
granatum by in-vivo model, to compare and identify
the most active plant extract responsible for activity.
In FCA induced arthritis, arthritis score is index of
inflammation of the joint after immunization!”!¥], In
preliminary study, PPEE, SPEE, AREE and PGME

TABLE 2: COMPARATIVE EFFECT OF PPEE, SPEE, AREE AND PGME ON BODY WEIGHT (GM)

Treatment 0 day 14th day 28th day

Normal Rats 181.3+1.45 185.5+1.23 186.8+0.56
Arthritic Rats 190.2+0.94 173.0£0.73" 135.7+£0.71™
Dexa (5 mg/kg) 197.8+0.94 183.0+1.21° 205+0.71™

PPEE (200mg/kg) 186.5:0.57 182.5+1.73 212.3+1.03"
PPEE (400 mg/kg) 186.8+0.61 185.7+0.93" 225.7+1.59™
SPEE (200mg/kg) 182.0+0.56 181.01.75 195.2+2.53"
SPEE (400mg/kg) 184.0+0.73 182.3+1.41 204.2+1.62"
AREE (200mg/kg) 186.8+0.69 184.5+1.53 203.5+1.74
AREE (400mg/kg) 186.30.57 183.3x1.60 208.5+1.22"
PGME (200mg/kg) 180.40.63 176.5+0.61" 225.5+0.47"
PGME (400mg/kg) 182.9+0.52 179.6+1.95" 239.311.45™

Data were expressed in mean+SEM and analyzed by ANOVA followed by Dunnett’s test. Arthritic group was compared with normal
while all treated group were compared with arthritic group. 'p<0.05 (significant), "p<0.01 (moderately significant), “p<0.001 (highly
significant). PPEE- Ethanolic extract of P. pinnata; SPEE- Ethanolic extract of S. persica; AREE - Ethanolic extract of A. racemosus; PGME

-Methanolic extract of P. granatum

TABLE 3: COMPARATIVE EFFECT OF PPEE, SPEE, AREE AND PGME ON PAW VOLUME (ML)

Treatment 0 day 7th day 14th day 215t day 28th day

Normal Rats 0.821:0.14 0.822:0.01 0.822:+0.11 0.823:0.12 0.823:0.17
Arthritic Rats 0.828+0.19 1.486x0.07 1.58320.16" 1.82210.12™ 2.888+0.05™
Dexa (5 mg/kg) 0.829+0.11 1.479:0.13 1.346:0.08* 1.044+0.22" 0.846+0.57"
PPEE (200mg/kg) 0.824+0.09 1.491+0.08 1.411+0.05 1.322+0.12° 1.227+0.36"
PPEE (400 mg/kg) 0.822+0.17 1.482+0.11 1.392+0.03 1.298+0.1" 1.209:0.0"
SPEE (200mg/kg) 0.823+0.02 1.487+0.05 1.463+0.03 1.392+0.09 1.346x0.45
SPEE (400mg/kg) 0.821£0.23 1.489:0.07 1.447+0.15 1.379+0.09 1.312+0.37"
AREE (200mg/kg) 0.826:0.34 1.484:0.01 1.456+0.09 1.381+0.05° 1.329+0.43"
AREE (400mg/kg) 0.824+0.0 1.481:0.11 1.43410.12 1.35910.23" 1.303x0.36"
PGME (200mg/kg) 0.832+0.19 1.496x0.05 1.31520.21" 0.997+0.14™ 0.859+0.06™
PGME (400mg/kg) 0.826+0.21 1.485:0.19 1.2860.32™ 0.944+0.13™ 0.836+0.12™

Data were expressed in mean+SEM and analyzed by ANOVA followed by Dunnett’s test. Arthritic group was compared with normal
while all treated group were compared with arthritic group. 'p<0.05 (significant), “p<0.01 (moderately significant), “p<0.001 (highly
significant). PPEE- Ethanolic extract of P. pinnata; SPEE- Ethanolic extract of S. persica; AREE - Ethanolic extract of A. racemosus; PGME

-Methanolic extract of P. granatum
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TABLE 4: COMPARATIVE EFFECT OF PPEE, SPEE, AREE AND PGME ON JOINT DIAMETER (MM)

Treatment 0d 7th 4 14th ¢ 215t ¢ 28th ¢

Normal Rats 2.1820.02 2.20£0.01 2.2:0.01 2.1910.01 2.28+0.06
Arthritic Rats 2.1110.23 2.3540.01 2.45+0.15" 2.9610.01" 3.28+0.03"
Dexa (5 mg/kg) 1.81:0.12 1.92+0.20 1.82+0.22' 1.38:0.35" 1.010.07"
PPEE (200mg/kg) 1.98:0.14 2.1840.11 1.94:0.25 1.760.31" 1.55:0.41"
PPEE (400mg/kg) 1.23:0.23 2.37+0.05 2.1540.16 1.8210.28" 1.4550.1"
SPEE (200mg/kg) 1.8410.34 1.9710.19 1.84:0.29 1.6610.42" 1.59:0.55'
SPEE (400mg/kg) 1.97+0.05 2.1340.11 1.85:0.3 1.65:0.43" 1.47:0.42"
AREE (200mg/kg) 2.2340.13 2.37+0.54 2.2:0.12 1.95:0.32" 1.77+0.50
AREE (400mg/kg) 2.1840.17 2.2610.13 2.1240.18 1.87:0.27" 1.6210.38"
PGME (200mg/kg) 2.11:0.18 2.16£0.09 1.77:0.23 1.560.37" 1.3620.05™
PGME (400mg/kg) 2.14:0.21 2.2:0.19 1.67:0.23" 1.1740.09™ 0.77+0.08"

Data were expressed in mean+SEM and analyzed by ANOVA followed by Dunnett’s test. Arthritic group was compared with normal
while all treated group were compared with arthritic group. "p<0.05 (significant), “p<0.01 (moderately significant), “p<0.001 (highly
significant). PPEE- Ethanolic extract of P. pinnata; SPEE- Ethanolic extract of S. persica; AREE - Ethanolic extract of A. racemosus; PGME

-Methanolic extract of P. granatum

exhibited significant reduction in the arthritic scores.
PGME was potent in reducing the arthritic score.

Disease recovery and health status are indirectly
related with body weight. Body weight, metabolism
and food intake are affected by inflammation and
immunity!"*?", Rheumatoid arthritis (RA) is associated
with loss of weight and lean body mass loss and known
as rheumatoid cachexia. Rheumatoid cachexia is end
result of cytokine-driven hyper metabolism and is
means morbidity in RA. The loss of lean body mass
is linked with decreased muscle strength, physical
activity, and survival in performing daily living
activities?>?l, In previous studies, it is reported that
during inflammation body weight is decreased due to
less absorption of nutrients through the intestine. The
process of absorption normalizes by the treatment of
anti-inflammatory drugs. In the presentinvestigation,
PPEE, SPEE, AREE and PGME were found to produce
significant increase in body weight. PGME was most
effective in increasing the body weight. The apparent
abolition of the body weight of rats in the PGME
treated group may involve better improvement of
nutrients absorption in intestine and a suppression in
the distress caused by the severity of the arthritis
than other treated groups!'**!. Better weight gain
was bringing into being upon physical consideration
of PGME treated rats. As suggested in previous studies
the treatment of rheumatoid cachexia as it is observed
due to pretreatment with PGME could be effective in
minimizing risk of mortality.

Reduction in paw swelling is a parameter of measuring
the anti-arthritic activity of numerous drugs?®!. This is
one of the major factors and quite simple, sensitive and
one of the quick methods in assessing the degree
of inflammation and therapeutic efficacy of the anti-
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inflammatory and anti-arthritic drugs®*®l. Here, it has
been observed that PGME treated rats demonstrated
a highly significant reduction in paw swelling (paw
volume) when compared with PPEE, SPEE and AREE
treated rats.

Significant increase in the paw thickness (joint diameter)
after sub-plantar FCA administration demonstrates a
condition similar to clinical arthritis. Pretreatment with
all the four extracts produced a significant reduction
in joint diameter. The most significant effect was with
PGME again found to be most effective in reducing joint
diameter. The reduction in paw thickness is considered
to be reduction in release of mediators of inflammatory
and it is an indicator of anti-inflammatory and anti-
arthritic action of any drug in FCA induced arthritis!'"\.

The results observed in various studies performed in
in-vitro and in-vivo confirm that Pongamia pinnata,
Salvadora persica, Asparagus racemosus and Punica
granatum contain certain active phytoconstituents
which are responsible for anti-inflammatory and anti-
arthritic activity.

Phytochemical evaluation of ethanolic and methanolic
plant extracts confirmed the presence of biologically
active phytoconstituents, i.e. PPEE showed the
presence of steroids, flavonoids, alkaloids, terpenoids,
glycosides, saponins, tannins and phenolic compounds.
In SPEE phytocompounds such as steroids, flavonoids,
alkaloids, terpenoids and glycosides were present.
Steroids and flavonoids were present in AREE. PGME
showed the presence of steroids, flavonoids, terpenoids,
glycosides, iridoid glycosides, tannins and phenolic
compounds.

In-vivo study clearly demonstrated that PPEE, SPEE,
AREE and PGME have anti-arthritic activity and
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presence of aforementioned phytocompounds in the
extracts may be responsible for the anti-arthritic activity
shown by these plant extracts.

The present study focuses on the authentication and
scientific validation of traditional claims made about
some medicinal plants as anti-arthritic agents. On the
basis of comparative results of the in-vivo study, it
could be concluded that all the selected medicinal plants
have significant activity however; PGME has most
significant anti-arthritic activity. Punica granatum may
play a vital role in the treatment of rheumatoid arthritis
and it might be a better herbal drug for the same.
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