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1. Introduction

  Indian Sarsaparilla or Anantmula (Hemidesmus indicus; 
family-Asclepiadaceae) is a species of plant in South 
Asia[1]. The word “Sarsi” is derived from the name of this 
herb and synonymous with root beer. Hemidesmus indicus is 
widely used in Indian medicine systems and also an official 
drug in Indian pharmacopoeia and British pharmacopoeia. 
It is a slender, laticiferous, twining, sometimes prostrate 
or semi-erect shrub. The plant is regarded as tonic, 
alternative, demulcent, diaphoretic, diuretic and blood 
purifier. It is employed in nutritional disorders, syphilis, 
chronic rheumatism, gravel and other urinary diseases and 
skin infection. It is administered in the form of powder 

and infusion or decoction. It is also a component of several 
medicinal preparations[1]. Various activities of Hemidesmus 
indicus, such as hypoglycemic, hypolipidemic, antioxidant, 
antithrombotic, antiinflammatory, antiulcerogenic, 
hepatoprotective, renoprotective and neutralization of 
viper venom have been reported. It was reported to contain 
saponins, tannins, hemidesmine, hemidesmol, hemidesterol, 
stearoptin, pregnane glycosides, 毬-sitosterol, indicusin, 
coumarin, volatile oils, triterpines, flavonoids, and so 
forth[2-10].
  Rheumatoid arthritis is a systemic autoimmune disease 
that causes chronic inflammation of connective tissue 
primarily in the joints that involves synovial proliferation 
and cartilage destruction. The first joint tissue to be affected 
is synovial membrane which lays the joint cavity[11]. 
Researchers have found many new mediators viz, TNF-毩,
IL-1 and enzymes which take part directly or indirectly in 
perpetuation of RA[12-14]. Previous reports indicated that 
hydroalcoholic extract of root of Hemidesmus indicus R.Br. 
inhibits the in vitro interaction between NF-毷B & DNA[15].
The present study investigated the protective effect of 
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hydroalcoholic extract and three fractions viz, ethyl acetate 
fraction, chloroform fraction and residual fraction of 
Hemidesmus indicus, on in vitro arthritis models of rodents.

2. Materials and methods 

2.1. Plant material and preparation of extract

  Roots of plant Hemidesmus indicus was collected from the 
botanical garden, Botany Department, in January, 2009. This 
was identified by the respective department, MS University 
of Baroda, India. A voucher specimen has been deposited 
in the herbarium of the institute (Voucher specimen no. 
PH/509/007). Roots were shade dried and ground into a 
coarse powder. A total of 100 g powdered material was 
extracted with mixture of 80% ethanol:20% water by cold 
maceration (yield 8% w/w). The extract was suspended in 
tween-80 (0.1% v/v) to get the suspension for administration 
to rats[16]. 

2.2. Drugs and chemicals

  Methotrexate was obtained as gift sample from Intas 
Pharmaceuticals, India and Complete Freund’s adjuvant 
(CFA) was purchased from Sigma Aldrich, St.Louis, USA.

2.3. Animal

  Female Wistar rats weighing 200 to 300 g were selected for 
the present study. The animals were housed in 7 groups in 
polypropylene cages, consisting of 6 in each, under standard 
laboratory conditions, temperature (25依2)℃, lighting 08:00-
20:00 and relative humidity (50依5)%. The animals had free 
access to standard pellet chow (Brooke Bond-Lipton, India) 
and water. The animals were acclimatized for a period of 
minimum 7 days and daily observed between 09:00 and 
14:00. All the experiments have been carried out after 7 day 
of acclimatization and were conducted between 09:00 and 
14:00[17]. Animal experimentation procedures were approved 
by Institutional Animal Ethics Committee and care of 
laboratory animals was taken as per CPCSEA guidelines 
(Reg. No. KBIPER/08/124). 

2.4. Bioguided fractionation

  A total of 100 g powdered material was extracted with 
mixture of 80% ethanol:20% water by cold maceration 
(yield 8% w/w) for the preparation of hydroalcoholic 
extract (8% w/w). This was further fractionated to get the 
chloroform fraction (16.66% w/w). The marc obtained 
was again fractionated with ethyl acetate to get the ethyl 
acetate fraction and residual marc. These were further used 
in the studies based on chemical distribution to achieve 
bioactivity.

2.5. Characterization of extract and chromatographic 
analysis

  The hydroalcoholic extract of Hemidesmus indicus showed 
positive results in Salkowski and Liebermann Burchard tests 

for presence of triterpene and sterol. It was also positive in 
FeCl3 test for presence of phenolic and tannin. Precoated 
and preactivated thin-layer chromatograhy plates (E. 
Merck No. 5548) of silica gel 60 F254 + 366 with the support of 
aluminium sheets 0.1 mm thick and 10 cm 伊10 cm were used 
for the chromatographic characterizations of the extract and 
its various fractions. A total of 10 mg of extract was weighed 
accurately and dissolved with 10 mL of methanol[18]. The 
mobile phase used was ethyl acetate:formic acid:acetic 
acid:ethyl methyl ketone:water=50:7:3:30:10. Fractions 
Ⅰ-Ⅲ (10 mg) was also dissolved in methanol (10 mL). These 
were analyzed in the same manner as described above. 
FBS reagent (for flavanoids/phenolic) and anisaldehyde in 
sulfuric acid (for steroidal) was used as detecting agent.

2.6. Toxicity studies of the plant extract

  Evaluation of acute oral toxicity of Hemidesmus indicus was 
carried out according to the OECD guidelines for testing of 
chemicals. A limit test (2 000 mg/kg) was performed using 5 
male Wistar rats (150-180 g). All the animals were observed 
for behavioral changes and mortality till 14 days after 
administration of the extract[17].

2.7. CFA induced arthritis

  Adjuvant arthritis in rats exhibited many similarities to 
human rheumatoid arthritis[19]. Injections of CFA into the 
rat paw induced inflammation as primary lesion maximum 
after 3 to 5 days. Secondary lesions occured after a delay of 
approximately 11 to 12 days, characterized by inflammation 
of non-injected sites (hind leg, forepaws, ears, nose and 
tail), a decrease of weight and immune responses[20]. On 
day 0, female wistar rats (200 to 300 g) had injection on 
the sub plantar region of the left hind paw with 0.2 mL 
of CFA. This consists of 10 mg Mycobacterium butyricum 
suspended in heavy paraffin oil by thoroughly grinding 
with mortar and pestle to give a concentration of 1 mg/mL.
The animals were divided into 7 groups containing 6 animals 
in each group. GroupⅠ- normal control groups were given 
only the vehicle (0.2% v/v Tween 80 solution) in volume 
equivalent to that of the plant extracts/fractions. Group Ⅱ- 
model control groups received 0.2 mL of CFA (1 mg/mL, sub-
plantar), Group Ⅲ- standard control received 0.2 mL CFA 
and a dose of methotrexate (0.25 mg/kg, p.o., o.i.d), Group 
Ⅳ- received hydroalcoholic extract of Hemidesmus indicus 
(450 mg/kg, p.o., o.i.d), Group Ⅴ- received chloroform 
fraction of Hemidesmus indicus (75 mg/kg, p.o., o.i.d), Group 
Ⅵ-received ethyl acetate fraction of Hemidesmus indicus 
(60 mg/kg, p.o., o.i.d) and lastly Group Ⅶ-received residue 
fraction of Hemidesmus indicus (270 mg/kg, p.o., o.i.d).
Administration of extracts or the standard started on the 
same day and continued for 12 days. From day 13 to 21, the 
administration was stopped. On day 21, the severity of the 
secondary lesions was evaluated by the following parameters, 
viz. paw edema, body weight, arthritic index (AI), erythrocyte 
sedimentation rate (ESR), serum rheumatoid factor (SRF), 
serum C-reactive protein (SCRP), serum nitrite level and 
histopathology of synovial joints. The percent inhibition of 
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paw volume of vehicle control rats was measured at day 5 for 
primary lesions and at day 21 for secondary lesions[21].
  Paw volumes of both hind limbs were recorded before 
injection of CFA, using mercury plethysmometer. The paw 
volume of the both the hind limbs were again measured on 
5th, 12th, and 21st day[21,22]. Body weights of each animal 
were measured on the day of CFA administration, and later 
on day 21[21]. Arthritic index is the mean of the score /grade 
given to the severity of inflammation on the ears, nose, 
tail, fore paw and hind paw. All the animals were closely 
observed and scored. An arthritic index for each animal was 
calculated as the sum of these scores and compared with 
respective control group[21].
  ESR was measured by Westergren’s method. Sample of 
blood (about 3 mL) was obtained by puncturing retro-orbital 
plexus on 21st day and mixed with 3.8% sodium citrate 
solution in proportion of four parts of blood to one part of 
citrate solution. The mixing of blood was done by rotating 
the sample gently between the palms of hands. The blood 
was sucked slowly up to the mark zero in the Westergren’s 
tube. The tube was set upright in the Westergren’s stand, 
taking care that no blood escapes. The tube was fixed 
with the help of screw cap. At the end of one hour and two 
hours, the upper level of red blood cell column was read. It 
indicates mm of clear plasma per hour[21]. Serum rheumatoid 
factor estimation was done by turbidometry method[21]. 
C-reactive protein (CRP) was measured by turbidometry 
method[21]. 

2.8. Histopathology of synovial joint 

  Rats were sacrificed on 21 day; hind limbs were 
removed and fixed in 10% buffered formalin. The limbs 
were decalcified in 5% formic acid, processed for 
paraffin embedding, sectioned at 5 毺m thicknesses, 
and subsequently stained with haematoxylin-eosin 
for examination under a light microscope with 100伊
magnifications. Sections were examined for the presence 
of hyperplasia of the synovium, pannus formation and 
destruction of the joint space[20,21]. 

2.9. Statistical analysis 

  The results are expressed as the mean依SEM. The 
significant difference between the means (parametric) was 
evaluated by one-way ANOVA followed by Turkey post 
hoc multiple comparison test for normal data. P< 0.05 was 
considered as significant. 

3. Results 

3.1. Phytochemical screening and chromatographic 
characterization

  Chromatographic f ingerprinting of  fractions of 
hydroalcoholic extract of root viz., ethyl acetate fraction, 
chloroform fraction and residual fraction revealed the 
presence of terpenoids in ethyl acetate fraction and residual 

fraction, whereas chloroform fraction does not show any 
of terpenoid constituents. Ethyl acetate fraction and 
chloroform fraction showed presence of phenolic compounds 
in their extract. These results were further extrapolated 
with standard chromatogram of respective drug, in order to 
standardization of extract and fraction.  

3.2. Toxicity profile of the test plant

  Administration of Hemidesmus indicus (2 000 mg/kg) did 
not produce any behavioural abnormalities, but shows 
20% morality (One out of five animals). The mortality was 
observed 48 h after drug administration. As more than 50% 
of the tested animals survived, the oral LD50 of Hemidesmus 
indicus in rats was found to be >2 000 mg/kg.

3.3. CFA Freund’s adjuvant induced arthritis

  Paw edema volume on 21st day was significantly lower 
in hydroalcoholic extract treated rat than CFA treated 
rats (P<0.05). The volume of paw edema on 21st day was 
significantly (P<0.05) lower in ethyl acetate fraction treated 
rats than chloroform fraction and residual fraction treated 
rats (Figure 1).   
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Figure 1. Effect of hydroalcoholic extract and its subfractions of 
Hemidesmus indicus root on paw edema volume.
MTX: Methotrexate; HA: Hydroalcoholic extract; CF: Chloloroform 
fraction; EA: Ethyl acetate fraction; RS: Residual fraction. *: P<0.05, 
significant different from CF&RS treated groups; #:P<0.05, significant 
different from EA treated groups. 
 
  Body weight in CFA treated rats was significantly reduced 
compared to control(P<0.05). The body weight reduction in 
hydroalcoholic extract, chloroform fraction, ethyl acetate 
fraction and residual fraction treated rats were significantly 
lesser than that of CFA treated rats. However, in ethyl 
acetate fraction treated rats, the body weight reduction was 
significantly lower than chloroform fraction and residual 
fraction treated rats (Table 1). 
  Arthritic score, ESR, serum rheumatoid factor, serum CRP 
and serum nitrite level were significantly increased in CFA 
treated rats compared with normal control group (P<0.05). 
Except serum nitrite level, other indexes were significantly 
decreased in hydroalcoholic extract, chloroform fraction, 
ethyl acetate fraction and residual fraction treated rats 
(P<0.05). And there were significant difference in ESR, 
rheumatoid factor and serum CRP between ethyl acetate 
fraction group and chloroform fraction/ residual fraction 
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group (P<0.05)(Table 2).
  Serum nitrite level was significantly decreased in 
hydroalcoholic extract treated rats(P<0.05) compared to CFA 
treated rats. And rats treated with hydroalcoholic extract 
showed lower serum nitrite level on 21st day as compared to 
methotrexate treated rats (Table 2).

3.4. Histopathology of synovial joint

  Histology of normal control rats showed intact morphology 
of synovium and synovial lining of synovial joint. No 
inflammation, inflammatory cell proliferation and 
chondrocytes migration was observed (Figure 2A). CFA 
treated rats showed cartilage distruction, chondrocytes 

Figure 2. Histopathology of synovial joint.
(A) Normal control; (B) Model control; (C) Methotrexate treated; (D) Hydroalcoholic extract treated; (E) Chloroform fraction treated; (F) Ethyl 
acetate treated rats; (G) Residual fraction treated. 
1: Cartilage distruction; 2: Chondrocytes migration; 3: Vascular proliferation; 4: Severe inflammation.

(A)                                                                                           (B)                                                                                                   (C)

(D)                                                                       (E)                                                                 (F)                                                                (G)

Table 1
Effect of hydroalcoholic extract and its subfractions of Hemidesmus indicus root on average body weight(Mean依SEM).

Treatments Average body weight
0th Day 5th day 12th day 21st day

Control 288.66依9.06 288.33依8.99 285.50依9.20 284.50依9.56
CFA 262.16依7.61*  223.16依7.32*  218.50依4.35*  196.16依2.15*

Methotrexate   268.83依10.90#    263.33依11.22#   263.16依11.49#    260.66依11.19#

Hydroalcoholic extract 269.66依5.17#  263.50依3.94# 257.66依4.63# 255.50依5.21#

Chloroform fraction   262.16依7.61*△     225.16依8.02*△   221.66依3.12*△    199.00依1.31*△

Ethyl acetate fraction   260.00依11.25 #   233.66依9.29 # 230.00依8.92 #   221.33依7.07 #

Residual fraction  262.16依7.61△   221.33依6.83△  214.50依7.08△    197.16依1.85△

*:P<0.05 vs. control group, # P<0.05 vs. CFA treated group, △ P<0.05 vs. ethyl acetate treated group.

Table 2
Effect of hydroalcoholic extract and its subfractions of Hemidesmus indicus root on arthritic index, ESR, serum rheumatoid factor, CRP and 
serum nitrite level(Mean依SEM).
Treatments Arthritic index ESR Rheumatoid factor CRP Serum nitrite level
Control 0.00依0.00 1.33依0.23 9.20依0.82 0.89依0.23 1.95依1.96
CFA  3.66依0.23*   6.08依0.17 * 28.83依4.39 * 10.63依3.17 *  4.50依4.06*

Methotrexate 1.33依0.23 #   2.25依0.12 # 12.50依1.24 #   1.68依0.73 #   3.10依2.50 #

Hydroalcoholic extract 1.60依0.18 #   3.60依0.23 # 19.30依2.27 #   5.30依0.50 #   2.40依1.78 # 

Chloroform fraction 2.00依0.00 #     3.80依0.17 #△   21.60依1.08 #△      5.06依0.08 #△ 1.98依0.12
Ethyl acetate fraction 1.80依0.40 # 3.30依0.12 #  20.30依0.81  #   4.80依0.08 # 2.01依0.14
Residual fraction 2.00依0.00 #    4.30依0.18 #△   25.30依1.08 #△     5.20依0.08 #△ 1.96依1.81

*:P<0.05 vs. control group, # P<0.05 vs. CFA treated group, △ P<0.05 vs. ethyl acetate treated group. 
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migration,  decreased synovial  space and severe 
inflammation (Figure 2B). Methotrexate treated rats showed 
significant protection against cartilage destruction, vascular 
proliferation, and synovial space thinning and chondrocytes 
migration (Figure 2C). Hydroalcoholic extract treated rats 
showed significantly lesser cartilage destruction, synovial 
space thinning, vascular proliferation and chondrocytes 
migration (Figure 2D). Chloroform subfraction treated rats 
showed moderate cartilage destruction and synovial space 
thinning (circle), increased chondrocytes migration, vascular 
proliferation and synovial space thinning (Figure 2E). 
Ethyl acetate treated rats showed minimal inflammation, 
few inflammatory cells in synovium with no evidence of 
lymphocytic infiltration cells in synovium or synovial 
proliferation cells in synovial lining (Figure 2F). Residual 
subfraction treated rats showed moderate to severe cartilage 
destruction and synovial space thinning (circle), increased 
chondrocytes migration, vascular proliferation and synovial 
space thinning (Figure 2G). 

4. Discussion 

  Various animal models of inflammation are used 
extensively in research on pathogenesis of inflammatory 
arthritis. Important criteria to select a model include: 1) 
capacity to predict efficacy of agents in humans, 2) ease-
performing, reproducibility of data, reasonable duration of 
test period and 3) similar pathology and/or pathogenesis 
to that of human disease. The animal model in the present 
study is subjected to thorough critical appraisal and 
validated as animal models for rheumatoid arthritis[21]. 
  All animals tolerated the experimental procedures well, 
and showed no evidence of drug toxicity and death up to 
the completion of study. Dosage selection for fraction of 
Hemidesmus indicus (hydroalcoholic extract-450 mg/kg; 
chloroform fraction-75 mg/kg; ethyl acetate fraction-60 mg/
kg and residual fraction-270 mg/kg) was based on previous 
observations of its quantitative toxicity assessment of oral 
root. Because Hemidesmus indicus was well-tolerated in the 
dose used (LD50 was 2 500 mg/kg), various doses of fraction 
were designed to illuminate the anti-arthritis effect of 
Hemidesmus indicus, and to compare it with positive control 
group. 
  It has been reported that induction of adjuvant disease can 
be done with either Freunds complete agent supplemented 
with mycobacterium or by injection of the synthetic 
adjuvant N, N-dioctylddecyl-N’, N-bis(2-hydroxy-ethyl) 
propanediamine. In present study Hemidesmus indicus 
significantly reduced paw on 21st day, during the second 
and third phases of edema development. The % inhibition 
of paw edema on 21st day is significantly higher in ethyl 
acetate fraction treated rats than chloroform fraction and 
residual fraction treated rats, suggesting its inhibitory effect 
on the prostaglandin-mediated inflammatory pathway. 
Activation of polymorphonuclear neutrophils is a primary 
immunological response to invading pathogens[23].
  It has found that the ethyl acetate of Hemidesmus indicus 
roots exhibited significant anti-inflammatory activity in both 

acute and subacute inflammation by significant inhibition of 
inflammation induced by carageenin, bradykinin, 5-hydroxy 
tryptamine, employing granuloma pouch and cotton pellet 
granulation methods in rats[24]. In the present study, it was 
found that ethyl acetate fraction treated rats had significant 
increase in body weight as compared to arthritic control 
animals.
  The severity of arthritis was expressed as the arthritic score 
for each individual animal, being the sum of the measures of 
the four paws substracted by the measures recorded before 
the immunization[21]. Arthritic score of ethyl acetate fraction 
treated group and methotrexate was significant lower then 
CFA treated rats, indicating their anti-arthritis potential. 
  ESR is a simple and inexpensive laboratory test for 
assessing the inflammatory or acute response[25]. Both 
ethyl acetate fraction and methotrexate can restore the 
altered haematological profile by increasing Hb count and 
decreasing the ESR.
  The highest levels of rheumatoid factor are usually found 
in rheumatoid arthritis. Serum rheumatoid factor level in 
CFA treated rats was increased significantly up to (28.83依
4.39) IU/mL as compared to (9.20依0.82) IU/mL in normal 
control rats. The prompt decrease in rheumatoid factor level 
after treatment with ethyl acetate fraction and methotrexate 
indicates their anti-arthritic potential.
  CRP is a marker for inflammation, and its levels rise 
dramatically during inflammatory processes[23]. In the 
present study the level of CRP was significantly reduced by 
ethyl acetate fraction, which direct prohibits levels of various 
cytokines released. The relationship between ESR and serum 
CRP in rheumatic arthritis patients is roughly linear.  In our 
study both two parameters are influenced by ethyl acetate 
fraction and show significant linear relationship.
  The activity of inducible NO synthase is increased 
substantially in rheumatoid arthritis. NO is known to 
induce apoptosis or necrosis in T effector cells and to 
protect oligodendrocytes against destruction by lipid 
peroxidation[26]. Inhibition of these two functions of target 
tissue could lead to the lack or prolong of recovery. Our 
study showed hydroalcoholic extract of Hemidesmus indicus 
can lower serum nitrite level to alleviate symptoms of 
rheumatic arthritis.
  Methotrexate (low dose) is one of the most successfully 
used anti-rheumatic agents[20]. The biochemical changes of 
rheumatic arthritis patients in histopathological studies are 
partially restored by methotrexate treatment. These arthritic 
changes, such as increase in synovial cavity, degradation 
of the cartilage surface, a large number of neutrophils 
infiltrations in the histopathological tissue section were 
restored in ethyl acetate fraction treatment group. Thus, 
peroral supplementation of ethyl acetate fraction prevents 
progression of rheumatic arthritis by increasing anti-
inflammatory cytokines and decreasing pro-inflammatory 
cytokines which in turn stabilizes lysosome and prevents 
bone and cartilage damage. The activity is similar to the 
action of methotrexate. 
  It is reported that root of Hemidesmus indicus contain 
mostly steroid, terpenoid, flavonoids and saponins[1]. 
Steroids can decrease inflammation and reduce the activity 
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of the immune system. Many kinds of triterpenoids from 
angiosperms are known to impair histamine releasing from 
mast cells and to exert anti-inflammatory effects. Such a 
mode of action is possible in this study as well. 
  The result of the present study suggest that hydroalcoholic 
extract of Hemidesmus indicus root R.Br. is effective on 
CFA induced arthritis in rats. The ethyl acetate, chloroform 
& residue subfraction are also effective. However, the 
ethyl acetate subfraction is more effective as compared to 
chloroform & residue subfraction. Since terpens, sterols 
and phenolic compounds are major phyto-constituents of 
ethyl acetate fraction, it can be assumed that they might be 
playing an role in this activity.
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