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ABSTRACT

Desmodium gyrans (DG) is a medicinal plant used for a number of properties in traditional medicine. GC-MS
analysis and study on antioxidant and anti-inflammatory activities of DG were done using 70% methanol extract of
the whole plant. The I1Cs values of DG for scavenging superoxide, DPPH, Hydroxyl and ABTS radicals and
inhibiting lipid peroxidation were found to be 12.6, 4.0, 13.5, and 1.95 and 74.0 ug/ml respectively. Both acute and
chronic anti-inflammatory studies were performed in hind paw of Balb/c mice. The percentage inhibitions were
found to be 13.02 and 17.39 in acute study and 13.9 and 31.71in chronic anti-inflammatory experiments. The results
showed that 70% methanol extract of DG has excellent antioxidant activity and anti-inflammatory activity,
especially during chronic inflammation. GC-MS analysis showed the presence of phytochemicals active in inhibiting
inflammation thus validating the anti-inflammatory activity of Desmodium gyrans extract
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INTRODUCTION

In recent years, people have recognised the useaofy medicinal plants and a tendency to dependeshah
medicine is on the rise. This has resulted in singeplant products in search of novel therapeatients[1].
Desmodium gyrans DC is an annual herb belonging to family Fabadea&ad in Indian forests. The plant is also
known as ‘The Indian telegraphic plant’ since itkes automatic movements of its leavBsgyrans is used in
traditional and folk medicine since its leaves hagwiretic, febrifugal and tonic properties andtsoare used in
Indian medicine as remedy for asthma, coughs, tslgsenteric and as emollient. It is believed &wécardio-tonic
properties and remarkable wound healing effectf2].gyrans has a long history of use in Chinese traditional
medicine to treat various ailments[3]. Closely rethspecie®. gangeticumis used in Indian system of medicine as
a bitter tonic, febrifuge, digestive, anticatarfhehtiemetic, in inflammatory conditions of cheatlavarious other
inflammatory conditions[4]. It has proven antioxigproperty[5]and also has hypolipidemic, cardio protective
properties and gives protection against cardiaerfapion injury[6].

Metabolic reactions taking place in our cells gaterreactive oxygen species which are capable iti€atly
damaging biomolecular structures[7]. In recent §roae of the areas which have attracted a greabfi@iention
is antioxidant research and management of diseagag as a result of free radical stress. Althofrge radicals
like superoxide radicals, hydrogen peroxide anchljigeactive hydroxyl radicals and others are intqatr in
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processes like phagocytosis, cell signaling andggnproduction,[8] these can also lead to a varadtacute and
chronic diseases including diabetes, cardiovasdikuorders, cancer and a number of inflammatorgatie$9].
The presence of safe and bioactive natural antow& which can act as scavengers of free radicédes a
substantial interest in deploying medicinal plantsuring of these diseases.

Many medicinal plants having antioxidant propertiase been reported to have anti-inflammatory &gtalso[10].
The carrageenan-induced paw edema in rat is maiglyiused for the screening of promising anti-imffaatory
agents. Carrageenan is the phlogistic agent ofcehfmr testing anti-inflammatory drugs as it is kabwn to be
antigenic and is devoid of apparent systemic effeEbrmalin induced paw edema in rats is widelyduf®
screening potential anti-inflammatory agents. Fdirmiaduced chronic inflammation and edema is dfzhasic
with an early neurogenic component involving rete@$ bradykinin being followed by a later tissuediated
response involving release of histamine, 5-hydngytamine and prostaglandin.

The study is designed to make a probe into thetimadlly assumed medicinal effects Bf gyrans which may be
attributed to its hitherto unknown antioxidant aatti-inflammatory properties which have to madewndo the
world especially since it has remained a ‘virgiant’ and not been the subject of much researatksvo

EXPERIMENTAL SECTION

1.1. Animals

Balb/c mice (20-25 gms) used for study were progduirem SABS, Kerala Veterinary and Animal Sciences
University, Mannuthy, Kerala, India. The animalsrevacclimatised for a period of 14 days in unifdnggienic
well ventilated cages under standard environmesetiiing.

1.2. Approval of Institutional Animal Ethics Committee

All experiments in the study were carried out witior approval of Institutional Animal Ethics Conttaie (IAEC)
and were conducted strictly as per the guidelirfethe Committee for the Purpose of Control and $vip®n of
Experiments on Animals (CPCSEA) constituted byAhanal Welfare Division of Government of India.

1.3. Preparation of extract

The plant was collected from Peechi forest areaidewtification was done by Dr. Sasidharan, TaxoisgniKerala
Forest Research Centre, Peechi, India. A vouchecimen was deposited in the herbarium of Amala €anc
Research Centre (ACRH No0.036). Extract was mad&®#% methanol from powdered and dried entire plesitig
soxhlet apparatus. The extract was dried by vagtiois and the yield of solvent free extract was 1@%w). The
extract was re-suspended in double distilled waiter used for further studies on animals.

1.4. Phytochemical analysis
The extract was screened for the presence of adlsa({®ragendorff’s test), phytosterols (Libermamu 8archards
test), phenolic compounds and tannins (ge€dt), terpenoids (Salkowski test) and flavonghaOH test).

2.5. Acute oral toxicity study

D. gyrans extract at the dose range of 500 mg to 2000 md@drody weight were orally administered to differe
groups of rats, comprising of 6 animals in eachugrdVortality was observed for 7 days and acutécttyxwas
determined. Blood was collected from each grouprandl and liver function tests were performederus.

2.6. GC-MS analysis

The GC-MS analysis of selected samples was donle Marian GC-MS —Saturn 2200. The inert gas helium
(99.9995%) was used as carrier gas, at flow rate@mMml/min, Split ratio 20:1; sample sizayllinjected using the
splitless injection procedure; fused capillarycsilicolumnVF5 ms (30 m x 0.25 mm x 0.2&). Temperatures:
injector: 250°C, detector: 300°C, column: 100°C'A@in-1, 270°C (20min). The overall GC running time was at
63 min.

The MS was performed at 70 eV. The MS scan parameteluded a mass range ofm/z 40-600, a scanvaitef

0.5 s, a scan speed of 2000 amu s-1, and a deteitage of 1.0 kV. Identification of constituerdropounds was
conducted using the database of NIST Libraries.sMgmectrum of individual unknown compounds was caneqb
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with the known compounds stockpiled in softwareatlase Libraries. The name, molecular weight andtsire of
the components of the test materials were detednine

2.7. Estimation ofin vitro antioxidant activity

The antioxidant properties &f. gyrans were analysed by determining the scavenging effettte generation of free
radicals such as superoxide, DPPH, hydroxyl, ABd@aals and inhibition of lipid peroxidation in v@ausin vitro
assay system.

2.8. Anti-inflammatory activity
For assessing the anti-inflammatory activity, cgeenan induced paw edema (acute inflammation) andafin
induced paw edema (chronic inflammation) model vesnployed.

2.8.1. Carrageenan induced paw edema.

Female Balb/c mice were divided into five groupspaising six animals in each group. Group | with-glantar
injection of 0.02 ml freshly prepared 1% suspensibrcarrageenan on right hind paw served as pesiontrol.
Group Il was administered with diclofenac (10 mgkkgit) intraperitoneally, as standard referencegdyoe hour
prior to injection of carrageenan. Group Il andwupw IV were treated witld. gyrans (100 and 250 mg/kg b.wt)
orally for five consecutive days. On the fifth dagute inflammation was induced by sub-plantarciige of freshly
prepared carrageenan on right hind paw along vhighather groups[11]. The inflammation was measwsdg
vernier calipers one hour before and for 5 houter afarrageenan injection on an hourly basis (Ta@hl&lood was
collected by tail vein bleeding before the startafrageenan injection and & &nd 8'hr after it. Serum was used
for the analysis of high sensitive C- reactive pioths CRP) using turbidimetric method and deteatidn of nitric
oxide[12].

2.8.2. Formalin induced paw edema.

Female Balb/c mice were divided into five groupsnpaising six animals in each group. Group | witt-glantar
injection of 0.02 ml freshly prepared 2% formalin dght hind paw served as positive control. Grdugvas
administered with diclofenac (10 mg/kg b.wt) intaponeally, as standard reference drug one hoiar po
injection of 2% formalin. Group 11l and group IV weetreated wittD. gyrans (100 and 250 mg/kg b.wt) orally for
five consecutive days. On the fifth day, acuteanfimation was induced by sub-plantar injection @20ml of
freshly prepared 2% formalin on right hind paw @amith the other groups[13]. The inflammation wasasured
using vernier calipers before and after injectibioomalin and for six consecutive days. Increas¢hickness as a
measure of inflammatory edema was calculated ubkiedormula,

Pt - R where Ris the initial thickness prior to induction. Pertémhibition of inflammation is calculated by the
formula R - R/P:x100. Where Pis the increase in thickness of the treatgdsPhe control. Graph is also plotted
using mean and SD was calculated .

2.9. Statistical analysis

All values were assessed as the meastandard error of the mean (SEM). The data wergestdn to one way
analysis of variance (ANOVA) and comparison was enagDunnetpost hoc test for multiple comparisons among
groups. A ‘p’ value less than 0.05 were considéodole statistically significant.

RESULTS AND DISCUSSION

3.1. Acute oral toxicity study
Mortality was not reported in the acute toxicitudy after observation for 7 days. Blood collectesirf each group
was subjected to renal and liver function testsegawmal results.

3.2. Preliminary phytochemical screening

As reported in Table 1, phytochemical analysis xtnagets prepared with different solvents showedptresence of
phytochemical constituents like sterols, tritergdap flavonoids, phenols, saponin, alkaloids andnitas.
Methanolic extract ofD. gyrans showed the presence of alkaloids, sterols, terpgendannins, flavonoids and
phenolic compoundsEthyl acetate extract, chloroform extract and avetextract also showed the presence
important constituents.
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Table 1. Qualitative phytochemical analysisDesmodium gyrans extracts in different solvents

Phytochemical Petroleum Toluen€hloroform  Ethyl Acetone MethandWater
Tests ether cetate

Alkaloids + - - - - + +
Phytosterols + + + - - + -
Saponins - - - - - - -
Tannins - - - + - + +
Steroids - - + + + _ _
Terpenoids + - + + - + +
Flavonoids - + + + + + -
Volatile oils - + + - - - -
Phenolic compounds - - - - + + +

The result suggested that methanol is more efficgefvent for extraction of constituents fran gyrans whole
plant, when compared to other solvents. Petroletin@r extract provided very less extractable phytoticals.
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Figure 1. In vitro free radical scavenging activity oDesmodium gyrans
Note: (a) Superoxide radical scavenging activity (b) DPPH scavenging activity (c) Hydroxyl radical scavenging activity (d) Inhibition of lipid
peroxidation (e) ABTSradical scavenging activity

3.3 Antioxidant and anti-inflammatory activity
In vitro analysis ofD. gyrans extract revealed the antioxidant potentiallof gyrans (Figure 1). It showed the
superoxide scavenging activity of different concativns of extract and kg value for this extract was found to be
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12.6 ug/ml. The IGyvalue of the extract in scavenging the generateBHDBnd hydroxyl radical were found to be
4.0 pg/ml and 13.5ug/ml respectively. The dose dependent activityhef éxtract in scavenging ABTS radicals was
given by 1G, value of 1.95ug/ml. The efficiency in inhibiting lipid peroxidath was shown by an kgvalue of 74
ug/ml. All these values were compared with that efandard antioxidant namely Vitamin C.

The results revealed antioxidant efficacy of 70%tharolic extract ofD. gyrans in scavenging free radicals
generated in antioxidant assays and in inhibitibipdd peroxidation. Superoxide is generated asuawanted
byproduct of mitochondrial respiration as well asdetivity of several cellular enzymes [14]. Theygan radical
may have several effects either directly or throggheration of other free radicals all of whichdda oxidative
damages, endothelial dysfunction and altered gemsdription. Reactive Oxygen Species (ROS) arerteg to be
involved in diabetes, hypertension, atherosclertsart failure and cancer [15].

Table 2. Acute anti-inflammatory Study

Groups Initial paw Paw thickness INncrease in %6 inhibition
thickness (Imm) on 3rd hr (mm) paw thicknéssn)

Control 1.786 = 0.0873 3.39 £ 0.1149 1.604
Diclofenac

10 mg/kg b.wt 1.946 = 0.1303 2.728 £ 0.1519 0.782 51.24
D. gyrans

100 mg/kg b.wt 1.815 + 0.0880 3.21 + 0.1956 1.395 13.02
D. gyrans

25C mg/kg b.w 1.795 + 0.124 3.12 + 0.086 1.32¢ 17.3¢

Table 3. Chronic anti-inflammatory Study

Groups Initial paw Paw thickness INncreaseaw p %6 inhibition
thickness (Imm) on 6 day (mm) thickness (mmm)

Control 1.8640.072 3.3020.165 1.438
Diclofenac

10 mg/kg b.wt 1.7A30.050 2.3240.0859 0.594 58.6
D. gyrans

100 mg/kg b.wt 1.8230.084 3.064.0.078 1.238 13.9
D. gyrans
250 mg/kg b.wt 1.8430.094 2.8250.0148 0.982 31.71

The percentage inhibitions were found to be 132 /.39 in acute anti-inflammatory study and €@ 31.71 in
chronic anti-inflammatory experiments as summarigetiable 2 and 3 (Figures 2 and 3). Inflammat®basically
a protective mechanism of the body and is consitlasethe second line of defense in the functiomihgmmune
system. But inflammation can become harmful whearits hypersensitive. Inflammations can be acutehoonic
depending on the severity and duration of the dgraknt. The significant antioxidant activity of tletract
observed in the current study can be considerettibating to its anti-inflammatory property also.
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Paw thickness (mm)
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Figure 2. Effect ofDesmodium gyrans on carrageenan induced paw edema (Acute inflammatn)
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Figure 3. Effect of Desmodium gyrans on formalin induced paw edema (Chronic inflammatia)

Carrageenan-induced edema is mediated throughetbase of prostaglandin and slow reacting subssante
inflammatory response which peak at 3 hrs [16, Dévelopment of edema upon administration of caeagn in
the rat paw is a biphasic ev&flt In the initial phase (0-2.5 hrs after carrageeimection, release of mediators
namely histamine, serotonin and kinins occur [19].the second phase increased production of intkicib
cyclooxygenase (COX) leads to increased synthdsigrastaglandins followed by marked increase inutat
infiltration and liberation of acute inflammatoryegiators such as myeloperoxidase and cytokined /L1 -6,
TNF-o) at the inflammatory site. The subsequent reledseactive oxygen species (ROS) and reactive gtno
species, mediate the exaggerated inflammatory nsgp¢20,21]. The prostaglandin, particularly cdnite to
increased blood flow through a vasodilatation is gthase. The second phase is found to be sensitivest of the
clinically effective anti-inflammatory drugs such maonsteroidal anti-inflammatory drugs (NSAIDs) [22].

Table 4. Effect oDesmodium gyrans extract on serum CRP and nitric oxide level duaagte
inflammation

hs - CRP (mg/dl) NO (pmol)
Time Control DG 100 mg DG 250 mg Control DG 100 mg DG 250 mg
Oohr 0.532 + 0.012 0.523 + 0.011 0.525 #10.0] 28.87 +1.98 29.02 + 2.08 28.9r 58
39Nr 1.383 + 0.010 1.124 + 0.010 0.978@1Q. 46.78 £+ 1.73 38.38 + 1.75 36:2309
5Thr 1.297 + 0.011 1.032 + 0.010 0.833@1Q. 39.82 + 2.08 36.42 + 1.86 316223

The level of hs-CRP and nitric oxide are found il by the treatment with. gyrans extract in acute anti-
inflammatory study (Table 4). C- reactive protesrconsidered also as a causative agent for inflaorgneesponse,
besides being an inflammatory marker. So the olesereduction in CRP can be considered indicativihefanti-
inflammatory properties of the extract. Inflammatagesponse is aggravated by activated macrophadgsh w
release NO, a powerful chemical having cytotoxfe@s [23]. Despite the fact that NO is consideaiech molecule
which protects endothelium from injuries with itSeets on vasodilation, NO is having a harmful rofegetting
converted into peroxynitrates which in turn cauadous chemical reactions in biological structurBsese include
nitration of tyrosine residues in proteins, lipicgtrpxidation, interference during mitochondrial spart and
oxidation of biological thiol molecules[24. gyrans extract is able to closely regulate the releagd®@f leading to
reduction of inflammatory reactions [25]. The anfiammatory activity of the plant extract can lredited to the
potential to slow down the mediators of inflammataractions, especially the production of substariceolved in
the second phase of acute inflammatory responaddition to free radical scavenging.

Chronic inflammation has significant role in proingt chronic diseases like cardiovascular diseasdetes and
cancer and suppressing chronic inflammation mayritere in preventing them. Formalin induced pavered in
rats is widely used for screening potential anfliaimmatory agents. Formalin induced chronic inflaation also is
biphasic with an early neurogenic component invajvielease of bradykinin being followed by a latissue-
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mediated response involving release of histamirtgdsoxytryptamine and prostaglandi. gyrans extract may be
imparting an inhibitory role in these processeslegimg protection against chronic inflammation.

The deployment oD. gyrans in asthma, cough, as emollient and in wound heabngstified since the study
verifies antioxidant and anti-inflammatory propestiof the extract. The reason for successful toedit use oD.
gyransin heart ailments is possibly due to its anti-inflaatory properties which assist in inhibiting atiganesis
since atherosclerosis is considered also as aminfilatory disorder [26,27].
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Figure 4. Chromatogram of GC-MS analysis

GC-MS analysis showed the presence of phytochesmaalve in inhibiting inflammation thus validatitige anti-
inflammatory activity ofD. gyrans extract (Figure 4). Some of the fragmented comgsuevealed in GC-MS like,
Hexadecanoic acid, 2,3,dihydro benzofuran,[28] phi{a9,30]2,6-dihexadecanoate, ascorbic acid, dexamethazone,
9,12,15-Octadecatrienoic acid are having hypolipige antioxidant, anti-inflammatory effects. Hexadroic acid
inhibit inflammation by way of inhibiting phosphphse A(2) responsible for ester bond hydrolysisnembrane
phospholipids and consequent release of fattysawikich is believed to initiate inflammation [3H,12,15-
Octadecatrienoic acid may reduce cardiovasculdr tisough a variety of biologic mechanisms, inchgli
regulation of platelet function, inflammation anddethelial cell function [32]. The presence of thedentified
compounds and other phytochemicals in the plant lmeagsponsible for the medicinal propertie®ofyrans.

CONCLUSION

The medicinal properties ddesmodium gyrans can be credited to its distinct antioxidant prdijgsr and anti
inflammatory activities. These findings validate tlise of this plant in traditional medicine.
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