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Abstract

The immunomodulatory properties of amla (Emblica offıcinalis) and shankhpushpi (Evolvulus alsinoides) were evaluated in adjuvant
induced arthritic (AIA) rat model. Injecting Complete Freund’s Adjuvant (CFA) in right hind paw of the animals induced inflammation. The
crude extracts of both the herbs were administered intraperitonially following a repeated treatment profile. The anti-inflammatory response of
both the extracts was determined by lymphocyte proliferation activity and histopathological severity of synovial hyperplasia. Both the extracts
showed a marked reduction in inflammation and edema. At cellular level immunosuppression occurred during the early phase of the disease.
There was mild synovial hyperplasia and infiltration of few mononuclear cells in amla or shankhpushpi treated animals. The induction of nitric
oxide synthase (NOS) was significantly decreased in treated animals as compared to controls. These observations suggest that both the herbal
extracts caused immunosuppression in AIA rats, indicating that they may provide an alternative approach to the treatment of arthritis.
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1. Introduction

Immunomodulation using medicinal plants can provide an
alternative to conventional chemotherapy for a variety of
diseases, especially when host defense mechanism has to be
activated under the conditions of impaired immune response
or when a selective immunosuppression is desired in situa-
tions like autoimmune disorders. Fruits ofEmblica offıcina-
lis (family Euphorbiaceae) commonly known as “amla” or
the Indian gooseberry, member of a small genusEmblica, are
claimed to have anti-fungal, anti-bacterial, anti-diabetic,
anti-clastogenic and hepatoprotective properties[7,10] be-
sides having significant anti-oxidant[4], adaptogenic[15]
and anti-tumor activities[11]. Amla fruit has also been dem-
onstrated to possess cytoprotective properties in acute cad-
mium toxicity [12]. Recent in vitro studies have also demon-
strated that fruit extract of amla is able to relieve the
immunosuppressive effects of chromium in rat lymphocytes
[16]. Similarly, the whole plant of shankhpushpi,Evolvulus
alsinoides (family Convolvulaceae) has been extensively
used in ayurvedic practices as an alternative, antiphlogistic,
febrifuge and as a brain tonic[14] to treat nervous debility
and scrofula[3]. The juice of shankhpushpi has also been

found to promote the healing of ulcers[2], and the leaf
extract has been used to treat whitlow in the fingers and toes
[3]. These effects of amla and shankhpushpi may be due to
the presence of immunomodulatory activity in these plants.
Despite many therapeutic effects of amla and shankhpushpi,
there is a paucity of information on the immunomodulatory
effects of these plants as anti-inflammatory agents. There-
fore, the present study has been undertaken to determine the
immunomodulatory effects of amla and shankhpushpi ex-
tracts in adjuvant induced arthritic (AIA) rat model. AIA is
an erosive autoimmune polyarthritis involving both humoral
and cell mediated immune responses that resemble human
rheumatoid arthritis (RA).

2. Materials and methods

2.1. Plant extracts

Fruits of amla and whole plant of shankhpushpi were
collected from authentic sources, dried under shade and
powdered in the laboratory. Crude powder of both the herbs
were soaked in water over night, centrifuged at 3000 rpm and
the supernatant was used for immunomodulatory studies.
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2.2. Animals

The study was approved by Institute’s animal ethical com-
mittee and confirmed to national guidelines on the care and
use of laboratory animals. Both male and female albino rats
(Sprauge Dawley Strain), 10–12 weeks old, weighing 125–
150 g were used for the study. The animals were maintained
at 25 ± 2 °C in the institute’s animal house with food and
water ad libitum.

2.3. Development of arthritis

Animals were divided into five groups of 10 each: Gr. I
received PBS only; Gr. II—CFA; Gr. III—Amla + CFA; Gr.
IV—Shankhpushpi + CFA and Gr. V—Dexamethasone +
CFA. Rats were injected with 300 µl of Complete Freund’s
Adjuvant (CFA) (Sigma, USA) in the right hind footpad and
left overnight for development of inflammation.

2.4. Evaluation of arthritis

Measuring the thickness of inflamed ossicular tissue using
a dial gauge caliper assessed degree of arthritis. Severity of
inflammation was classified using a six-point scale based on
enlargement, erythema and edema of the tissue:

Degree Severity
++++ Severe
+++ Moderate
++ Mild
+ Positive
± Doubtful
– Nil

2.5. Treatment

To determine the optimum dose, animals were initially
treated with 100, 50, 25, 12.5, and 6.25 mg/kg body weight of
the amla and shankhpushpi herbal extracts (HEs) separately.
Intraperitoneal administration of 25 mg/kg body weight of
HE was found to be the optimum dose for immunomodula-
tory property, hence used for further studies. All the animals
received HEs for 25 days.

2.6. Lymphocyte proliferation assay

Lymphocyte proliferation assay was performed using mi-
togen Con-A (Sigma, USA). Both the treated and untreated
animals were sacrificed to remove the spleen in RPMI-1640
medium (Sigma, USA). Spleen was crushed and cell suspen-
sion was washed with plain medium. Cells were lysed with
0.9% ammonium chloride and resuspended in complete me-
dium with 10% fetal calf serum (Sigma, USA). Cells were
cultured at a final concentration of 3 × 105 cells/100 µl/well
in triplicate in flat bottom microtiter tissue culture plates
(Tarson, India). The optimal concentration of 0.05 µg/ml (in
vitro concentration titration done earlier) of both the extracts
was added to the wells separately and in combination with

Con-A (5.0 µg/ml). After 3 days of incubation at 37 °C under
humidified air supplemented with 5% CO2, 1 µci 3H-
thymidine (BARC, Mumbai, India) was added to each well.
Six to eight hours later cells were harvested and aspirated on
to glass-fiber filter papers using NUNC, Automatic Cell
Harvester (The Netherlands) and the radiolabel incorporated
into DNA was counted using LKB autobeta counter.

2.7. Histology of joint tissues

Rats were sacrificed to remove the knee joints. Specimens
were fixed for 24 h in 2% glutaraldehyde in phosphate buffer
saline, bisected, decalcified and returned to 2% glutaralde-
hyde and submitted for routine paraffin embedding. Tissue
sections were stained using hematoxylin and eosin stain. The
histological findings were graded on the basis of synovial
hyperplasia and mononuclear cell infiltration.

2.8. Measurement of induction of NO in activated
macrophages

Macrophage activation assay was performed by injecting
rats with thioglycolate intraperitoneally 72 h prior to sacri-
fice. On the day of sacrifice, cold RPMI-1640 incomplete
medium was administered intraperitoneally to flush out the
activated macrophages. The process was repeated 8–10 times
to obtain a good yield of macrophages. Once the activated
macrophages were recovered, cells were centrifuged and
washed thrice with plain medium, counted and plated at a
final concentration of 5 × 105 cells/well. Plates were incu-
bated for 4 h at 37 °C in CO2 incubator (Heraeus, Germany).
Floating cells were removed and the wells were washed
twice with warm medium to avoid the leaching of the ad-
hered macrophages. Cells were then treated with 0.05 µg/ml
of HEs. Culture soup was collected for estimation of NO
production by Griess Reagent method [17]. Briefly, 100 µl of
cell supernatant mixed with 1% sulfanilamide/0.1%
naphthylethylenediamine/2.5% H3PO4 was incubated at
room temperature for 10 min to form a chromophore. The
absorbance was read at 550 nm and NO was measured using
NaNO2 as standard. All values are mean ± S.E.M. of n
experiments. They were analyzed by ANOVA and student
‘ t’ -test and P < 0.05 was considered as statistically signifi-
cant.

3. Results

3.1. Clinical analysis

All the animals injected with CFA developed severe in-
flammation within 24 h. In HE treated animals edema began
to subside gradually and showed a significant reduction
(P < 0.01) in swelling of joints and progression of inflamma-
tion as compared to untreated animals (Fig. 1). The reduction
in swelling in HE treated groups was at par with dexametha-
sone treated animals. After 17 days of treatment, the swelling
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in treated animals was reduced almost equal to normal con-
trols, whereas it persisted longer in untreated animals.

3.2. Cell mediated immunity

In untreated CFA injected animals the lymphocyte prolif-
eration on day five and 10 was significantly increased
(P < 0.01) as compared to control animals whereas on day
15 and 20 the proliferation was not significantly different (P
> 0.05) than the controls (Fig. 2). Treatment with HE caused
a significant suppression (P < 0.01) in lymphocyte prolifera-
tion when observed after 5, 10 and 15 days of treatment.
However, proliferation rate on day 20 was not significantly
different (P > 0.05) than that of the CFA injected or normal
controls.

3.3. Histopathological analysis

Results of histopathological examination are shown in
Fig. 3. All rats injected with CFA developed pronounced

edema and exhibited marked synovial hyperplasia with sig-
nificant infiltration of mononuclear cells, whereas in animals
treated with HEs there was less cartilage erosion and bone
destruction and mild synovial hyperplasia with very few
mononuclear cell infiltration.

3.4. Nitric oxide production

The NO levels varied between 0 and 0.05 µM in peritoneal
macrophages of normal animals. After 10,15 and 20 days of
CFA administration in untreated animals, the NO production
was significantly higher (P < 0.01) as compared to mean
values of normal animals (Fig. 4). In amla treated animals the
NO production was significantly lower (P < 0.01) as com-
pared to CFA injected animals on all the days, whereas in
shankhpushpi treated animals a significant decrease
(P < 0.01) was observed on day 10 only. The decline in NO
production was significantly higher (P < 0.01) in amla treated
animals as compared to animals, which received shankh-
pushpi.

4. Discussion

Results from the present study demonstrate that amla and
shankhpushpi have a significant anti-inflammatory activity in
AIA animals. There was a significant reduction in swelling
and redness of inflamed areas in treated animals than in
untreated controls. The ability of both the HEs to suppress
the lymphocyte proliferation in response to AIA is consistent
with the findings of earlier studies on the effect of commer-
cially available drugs or cytokines or herbal preparations
[5,9,13,19]. Both are as potent as dexamethasone, a tradition-
ally used immunosuppressant for arthritis. The dosing regi-
men used in these experiments covered the clinically relevant
stage of the immune response. There was no toxicity, anor-
exia or weight loss observed in any of the treated animals.

Selective modulation of T-cell response in autoimmunity
has been achieved convincingly in experimental model of
autoimmunity and in that regard, AIA has proven to be a
suitable model to elaborate new strategies of immuno-
therapy. In our study it was observed that both the HEs used
for treatment of AIA in rats resulted in immunosuppression
during the acute phase of the disease. The individual effects
of both, amla and shankhpushpi have anti-arthritic properties
in AIA as they selectively inhibited T-cell activation, which
was clearly indicated by decreased lymphocyte proliferation.
The anti-inflammatory effect of both the HEs were also
associated with disappearance of follicular aggregation of
lymphocytes from the inflamed synovium. Particularly re-
markable was the significant reduction of synovitis in joints,
which was evident from the histology of the inflamed tissues.
These observations support the T-cell directed immunosup-
pression by amla and shankhpushpi and confirm the observa-
tions of earlier investigations using immunomodulators of
plant origin [6,18,20].

Production of NO in appropriate magnitude serves as a
key-signaling model in various physiological processes. But

Fig. 1. Daily measurement of swelling in hind paw of treated and untreated
AIA rats. Results are mean ± S.E.M. (N, normal; CFA, Complete Freund’s
Adjuvant; A, amla; SP, shankhpushpi; Dexa, dexamethasone).

Fig. 2. Effects of amla and shankhpushpi on the proliferative response of
lymphocytes derived from spleens of treated and untreated AIA animals.
Results are mean ± S.E.M. * vs. normal P < 0.01, a vs. CFA P <0.01. (N,
normal; CFA, Complete Freund’s Adjuvant; A, amla; SP, shankhpushpi).
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at the same time NOS has been found to cause pathological
conditions such as RA [8]. Our observation that NO produc-
tion in amla and shankhpushpi treated animals was signifi-
cantly lower as compared to controls, suggests that one of the
possible mechanisms for curtailing the progression of AIA in
animals might have been a decreased cellular production of
NO by inhibiting NOS activity. Therefore, the inhibitory
activity of amla and shankhpushpi might have been due to
their anti-inflammatory properties and ability to counteract
NO induced oxidative damage, which eventually helps in
remodeling of cells.

Treatment of RA include drugs to control inflammation
e.g. nonsteroidal anti-inflammatory drugs (NSAIDs) and
slow acting anti-inflammatory drugs (SAARDs) which prob-
ably induce regression or arrest progression of the disease

and also have tissue protective effects. The limitations of
SAARDs therapy, however, are their well-known toxicity
and the variation in clinical efficacy [1]. Hence, there has
been an interest in using an alternative to conventional che-
motherapy, which could provide the protection and preven-
tion for such type of diseases where host immune response is
impaired or a selective immunosuppression is required.

With respect to the possible future clinical potential of this
study is the observation that therapeutic dosing with amla
and shankhpushpi inhibited established arthritis in rats. Both
the herbal preparations proved to be as useful as dexametha-
sone or any other drug in the treatment of AIA, and can be
used as an adjunct to chemotherapy. The plant-derived im-
munomodulators thus have tremendous future potential for
developing new pharmaceutical products. Phytochemical
analysis of these HEs is in progress to identify bioactive
molecules responsible for immunomodulatory properties in
these plants.
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