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ABSTRACT

A sesquiterpene lactone, isoivangustin was isoléteh the whole plant Cyathocline purpurea (BuchaHax D.
Don.) Kuntze (Fam. Asteraceadjhe structure of this compound was elucidated astébdished by standard
spectroscopic methodtR( 'H-NMR, **C-NMR, DEPT and MS datafarrageenan induced paw edema model was
used for evaluation of anti-inflammatory activitysoivangustinwas subjected to molecular docking study to find
out the binding interactions with the active sifeT&lF-alpha converting enzyme (TACE). Isoivangust@s found

to be active in reducing inflammation (29.00 %) ethivas comparable to diclofenac (34.57 %) 4t18. The
docking score of isoivangustin and diclofenac WithCE were -5.341rad -7.358, respectivelyn conclusion the
result suggested that isoivangustin, a sesquitexpactone isolated from Cyathocline purpurea shogedd anti-
inflammatory activity which may be mediated by hition oftumor necrosis factorfNF)-u..

Keywords: Cyathocline purpureasoivangustin, Sesquiterpene lactone, Anti-infiaatory activity.

INTRODUCTION

The inflammatory response is a defense mechanisskedvby body tissues in response to injury or nfiieo
invasion [1]. Inflammation protects the body agaimsfection and injury but it can produce deletaso
consequences to the host. The inflammatory respomsdead to different diseases, such as rheumatthditis,
inflammatory bowel disease, psoriasis [2]. Inflantiora develops in the classical forms of rednessllgvg, heat
and hyperalgesia. These symptoms result from thieraof inflammatory agents such as bradykinirrpgmin,
histamine, prostaglandins, leukotrienes and nitxide, which can originate locally or from cellathnfiltrate in the
site of insult [3]. Pain is a common symptom ofigas inflammatory diseases and an unpleasant seazperience
associated with actual or potential tissue damdgeThe clinical treatment of inflammatory diseaseslependent
on drugs which belong either to the non-steroidalsteroidal chemical therapeutics. The non-stetoaidi-
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inflammatory drugs (NSAIDs) inhibit early steps time biosynthesis pathway of prostaglandins by iitibito of
cyclooxygenas¢COX) enzymes and are the main drugs used to ectiecuntoward consequences of inflammation
[5]. However, the side effects of the currently italgle anti-inflammatory drugs pose a major problamtheir
clinical use. For instance, NSAIDs cause severabsge adverse effects like gastric injury and udtien, renal
damage, and bronchospasm due to their non-seldatiitgition of both isoforms of the COX enzyme [6Jow a
day the use of steroidal drugs as anti-inflammasggnts is also becoming highly controversial dugeir multiple
side effects [7]. As an alternative, plant basedliniees are getting an increased therapeutics deérmaa to their
less side effects and good activity.

Cyathocline purpuregBuch-Ham ex D. Don.) Kuntze. Fam. Asteraceae iseasonal Indian medicinal plant
commonly found in moist habitats such as along katases and in rice fields throughout most of psuliar and
northern India at an elevation of 1300 m [8]. Ttiadially Cyathocline purpuredas anticancer [9], antimicrobial,
anthelmintic, and hypotensive properties. The ramftghis plant are also used to relieve stomachmgd8].
Literature survey revealed the presence of cheméoaistituents guaianolide, eudesmanolide, sesqeiter
lactones, isoivangustin and guaianolidey-Bydroxy-4(14), 10(15)- guainadien-8 12-olide [10] cythoclol [11].
The presence of sesquiterpene lactones contaitjpig-aethylene-gamma-lactone moiety like santama&ifi-
acetoxycostunolide and @acetoxyparthenolide have been reported to be préseCyathocline purpured12].
Sesquiterpene lactones containing alpha-methylansig-lactone moiety is also reported to possess ant
inflammatory activity [13].

In the earlier study, the methanol extract@fathocline purpureg MECP) was reported for its ability to dose
dependently inhibit carrageenan induced paw edemdacatton pellet induced granuloma in rats [14]wduer,
adequate research on a medicinal plant should endescreening for biological activity, aim at sysiatic
standardization and develop into natural produdtsdasage forms which would effectively complememt o
supplement existing conventional therapies [15]er€fore the objective of the present study wasstdate the
active constituent(s) and evaluate its anti-inflaatony activity in rats.

MATERIALS AND METHODS

Procurement and authentification of plant

The whole planCyathocline purpuregBuch-Ham ex D. Don.) Kuntze. Fam. Asteraceae wiéeated in the month
of January 2013 from Pune, Maharashtra. The plasttiven identified and authenticated by J. Jaya8théntist C,
Botanical Survey of India, Pune, India and voudpcimen (No. BSI/WRC/Tech/2013/1094) was depositébat
institute.

Chemicals

Carrageenan (Sigma-Aldrich, St. Louis, MO, USA){rpleum ether, acetone, ethyl acetate (Merck), arath
(Molychem, India), silica gel, 60-120 mesh (Merdidrosil glass column (height 60cm, diameter 3concpased
from local vendors, and diclofenac (gift samplerfremcure pharmaceuticals Ltd., Pune).

Extraction and isolation

The whole plant was shade dried and powdered. ragetier (500 g) was extracted with methanol by metaen.

The extract was then filtered and concentratedabary evaporator (Medica Instrument, India) undacuum at
45°C and stored in desiccator (yield 6.9 % w/w)e Bxtract (15 g) was further fractioned by liquadid separation
chromatographic technique with pet. ether (F -10% acetone in pet. ether (F — 2), 20% acetonetngther (F —
3), 30% acetone in pet. ether (F — 4), 50% acetopet. ether (F — 5), and methanol fraction (F~Hach fraction
was concentrated on rotary evaporator (Yield: F6.49,F-2:1.29,F-3:189,F-4:2.¢¢,5:3.1g, F-6:
3.5 g). These fractions were evaluated for antainfnatory activity by carrageenan induced paw ederetnod in
Wistar rats.

The most active fraction 30% acetone in pet. ether 4), was subjected to column chromatographe. Kk 4 (2.5
g) was dissolved in minimum amount of acetone and adsorbed on silica gel (particle size: 60-128hheThis
silica gel was loaded on column. Mobile phase used pet ether: ethyl acetate in order of increapiolgrity.
Eluted sub-fractions were evaluated by Thin laymomatography (TLC) plates (Merck, Germany) usingpite
phase, pet. ether: ethyl acetate (7:3). All subtfoas were monitored by TLC and sub-fractions shgwsimilar
bands were pooled together and labeled as P P1t@0. These pools were then concentrated oryrev@porator
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andtested for anti-inflammatory activity by carrageeriaduced paw edema method. Pool P — 8 showed miaxim
anti-inflammatory activity. The impurities of poBl — 8 were removed by preparative TLC using péteretethyl
acetate (7:3) as mobile phase to obtain pure conp@u(42 mg). Thetructure ofcompound lwas characterized
by spectral analysis using IR, M$J-NMR, **C-NMR and DEPT.

Structure elucidation of compound 1

Purity and homogeneity of isolated compound 1 weisrthined using thin layer chromatography on siljebplates
activated with ethanol-sulphuric acid. IR spectrarev recorded using KBr pellets on JASCO FT-IR 5300
spectrophotometer. Mass spectra were obtained Bimeamo Finigen Surveyor MSQ spectromefét-NMR and
®C-NMR spectra were recorded on 200 MHz and 50 Migecsometer, respectively (Bruker, Germany).
Deuterated chloroform (CDg)lwas used for recording NMR and tetramethylsil@iéS) was used as an internal
standard. Chemical shifts were reported §3pm). The coupling constant3) (vere reported as Hz.

Experimental animals and approval

Female Wistar rats weighing (180-220 g) were pwelarom National Toxicology Centre, Pune, Indibe Tats

were housed in the animal house at a ambient teyserof 25 + 1 °C and relative humidity of 45 &6 under 12-
h light : 12-h dark cycle. The animals had freeesscto food pellets (Manufactured by Pranav Agdustries Ltd.,

Sangli India) and watead libitum The experimental protocol was approved by Intinal Animal Ethics

Committee (IAEC) constituted in accordance with thkes and guidelines of the Committee for the Bsepof

Control and Supervision on Experimental Animals QSEA), India (Approval No. CPCSEA/PCL/07/2014-2015)

Anti-inflammatory activity

Carrageenan induced rat paw edema

Female Wistar rats were divided into following gosu

A) Groups for fractions (F — 1 to F — 6) were as folp

Group 1: - Vehicle control.

Group 2: - Standard, diclofenac 10 mg/kg, p.o.

Group 3: - Pet. ether fraction (F — 1), 100 mgfkg.

Group 4: - 10% acetone in pet. ether fraction @&,-100 mg/kg, p.o.
Group 5: - 20% acetone in pet. ether fraction @,-100 mg/kg, p.o.
Group 6: - 30% acetone in pet. ether fraction @},-100 mg/kg, p.o.
Group 7: - 50% acetone in pet. ether fraction &,-100 mg/kg, p.o.
Group 8: - Methanol fraction (F — 6), 100 mg/kg.p.

B) Groups for pools (P — 1 to P — 10) were as follows,
Group 1: - Vehicle control.

Group 2: - Standard, diclofenac 10 mg/kg, p.o.

Group 3to 12: - P —1to P — 10, respectivelyrtiglkg, p.o)

Inflammation was produced by injecting 0.1ml of 18mbda carrageenan (Sigma Chemical Co., USA) inleste
normal saline into the sub plantar region of tightrihind paw of the rat [18]. Rats were pretredtedest substance
orally 1 hr before the carrageenan injection. Tae polume was measured from 0-6 hr, at an houtbrial using
plethysmometer (Ugo Basile, Italy, Model No. 7140he mean changes in injected paw volume with iEsfe
initial paw volume were calculated. Percentagehitioin of paw volume between treated and controlugrwas
calculated by the following formula,

% Inhibition = (1-VT / VC *100)
Where, VT and VC are the mean increase in paw velimtreated and control groups, respectively.

Docking studies

Glide was used for docking study to examine thelibigg mode of isolated compound, isoivangustin WikkF-alpha
converting enzyme (TACE) (PDB: 1ZXC). The ligandsrevprepared using LigPrep. The protein was refirglg

the protein preparation wizard present in Maestfo All the water molecules were deleted. Hydrogeams were
added to the protein, including the protons neagssadefine the correct ionization and tautomestiates of the
amino acid residues. Prime interface module ina@teal in Maestro 9.0 was used to add the missisigues of the
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side chain. Each structure minimization was cardatwith the impact refinement module, using theLS-2005

force field to alleviate steric clashes potentiahisting in the structures. Minimization was temated when the
energy converged or the root mean square deviagiached a maximum cutoff of 0.30 A. To find outietsite

grid was prepared using grid generation panel iofeglvith the default settings. Grid is prepared defining the
binding site of native ligand on the receptor. Tigand was selected to define the position and sizbe active site
[19-21]. Glide XP docking was used for docking mses.

Statistical analysis
Data was expressed as mean + SEM and statistiablsésiwas carried out by using Graph Pad 5.0 so#WGraph
Pad, San Diego, USA) by applying two-way ANOVA wBbnferroni test. p<0.05 was considered to be Sigmit.

RESULTS AND DISCUSSION

Inflammation induced by carrageenan is an acutehatdy reproducible inflammatory model [4]. Theegeenan-
induced rat paw edema model has frequently beeth tosevaluate the anti-inflammatory agents [2]. Tiuction
of edema by using carrageenan is believed to bkabip in nature. The first phase involved withinhil of
carrageenan administration is associated with ¢fease of histamine and serotonin from mast célig. second
phase starts after 1 hr and is characterized igyaaased release of prostaglandins (PGs) in flemimatory area.
During the second phase, the macrophages are kiworefease the large amounts of interleukin (ILyfich led to
the increased accumulation of polymorphic nucledisdPMNSs) to the site of inflammation. The acteé PMNs
then release the lysosomal enzymes and active nxsfecies to destroy connective tissue and indasespvelling
[16]. In the fraction study (F — 1 to F — 6), thewpedema of the rats increased progressively aftsageenan
injection. Fractions F — 4 and F — 5 reduced caeagn induced inflammation significantly (p<0.0a1g8" and %'
hr. Fractions F — 2 and F — 3 also significantly@Qj®01) reduced paw edema &tH§ as compared to control group.
Fraction F — 4 was found to exert the highest enfittmmatory activity, i.e. 47.49 % inhibition ofiflammation at
5" hr as compared to control group. Therefore it Inaassumed that effect of fraction F — 4 is assetiduring the
second phase, where the effect of PGs is promir@mttreatment with fraction F — 1 there was no iicgmt
inhibition while fraction F — 6 showed significa(<0.001) anti-inflammatory activity at"shr. All the fractions
produced lower effects than that of standard dioipignac (Table 1).

Table 1: Anti-inflammatory effect of fractions (F —1 to F — 6)

Change in paw volume (ml)

Treatment  Groups Dose (mg/kg, p.o. Thr 3hr SThr

Vehicle (carrageenan) cont - 1.31+0.1 230+0.1 2.69 £ 0.0
Diclofenac 10 1.19+0.04 (9.2 | 1.35+0.04** (41.15 | 1.25 +0.05*** (53.68
F — 1 (pet. ether fraction) 100 1.29+0.04 3.5 2.22+0.07(3.34) 2.56 +0.05 (5.02)
F — 2 (10 % acetone in pet. ether fractign) 100 7+D.05 (3.18) 2.06 + 0.07* (10.45 2.28 + 003 (15.36)
F — 3 (20 % acetone in pet. ether fraction) 100 5%P.04 (4.45) 2.01+0.07**(12.41 2.17 +®® (19.57)
F — 4 (30 % acetone in pet. ether fractign) 100 2%+DP.04 (6.62) 1.59 +0.09*** (30.77| 1.41 HO*** (47.49)
F -5 (50 % aceone in pet. ether fractio 10C 1.25+0.03 (4.5! | 1.78 £ 0.06*** (22.57 | 1.62 + 0.06*** (39.81
F — 6 (methanol fractior 10C 1.24+0.03 (5.3 | 1.99+0.07*(13.21 | 2.11 £ 0.07** (21.73

Values are expressed as mean + SEM for six aniaralsanalysed by Two way ANOVA followed by Bonfépost-hoc test, *p<0.05,
**p<0.01 and ***p<0.001 when compared to carrageeneontrol. The figures in parenthesis indicate pleecent inhibition.

The anti-inflammatory effect of pools P — 1 to RG-obtained from column of fraction F — 4 (30 %taoe in pet.
ether) revealed that pool P — 8 was found to bertbst active in reducing the inflammation (29.00éduction at

3% hr). It significantly (p<0.001) reduced the paveeth at % and &' hr. Pools P — 1 and P — 2 were also found to
be active in reducing the inflammation but lessvacthan pool P — 8. Pools P — 1 and P — 2 sigmifiy (p<0.001)
reduced paw edema df Br. Pools P — 7 and P — 9 significantly (p<0.0@Huced paw edema dt &r. Treatment
with other pools (P - 3, P — 4, P - 5, P — 6, ®}dld not significantly inhibited paw edema (TaBle Therefore
the compound was isolated from the most active poel8 by preparative TLC.
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Table 2: Anti-inflammatory effect of pools (P — 10 P — 10) collected from active fraction F — 4

\ Change in paw volume (ml)
Treatment Groups Dose (mg/kg, p.o.) Thr 3hr Shr
Vehicle (carrageenan) control - 1.29+0.03 2.1604 2.53+0.04

Diclofenac 10 1.20+0.03 (7.60) 1.41+0.04f84.57)| 1.22+0.03** (51.84)
P-1 10 1.25+0.04 (3.2.| 1.91+0.07*(11.4¢ 1.81 + 0.05*** (28.46
P-2 10 1.25+0.04 (3.33) 1.88+0.06*(12.68 1.73+0.07** (31.62)
P-3 10 1.25+0.01 (3.74) 2.02 +0.04 (6.26 .3320.04 (7.91)
P-4 10 1.27+0.05 (1.80) 2.11+0.05 (2.24 462 0.04 (2.77)
P-5 10 1.27+0.04 (1.58) 2.09 +0.09 (3.09 452 0.08 (3.10)
P-6 10 1.25+0.05 (3.3%) 2.07 £0.11 (3.87, .3920.09 (5.47)
P-7 10 1.27+0.03 (2.1'| 191+0.09*(11.45 | 1.76 £0.07*** (30.3C
P-8 10 1.24+0.03 (4.2! | 1.53 +0.04** (29.00 | 1.33 +0.05*** (47.56
P-9 10 1.28+0.06 (1.03) 1.97+£0.05 (8.74)1.90 +0.04** (25.10)
P-10 10 1.27+0.02 (1.93) 2.11+0.06 (2.32) 2.45+0.06 (3.10)

Values are expressed as mean + SEM for six aniamasanalysed by Two way ANOVA followed by Bonfépost-hoc test, *p<0.05,
**p<0.01 and ***p<0.001 when compared to carrageeneontrol. The figures in parenthesis indicate pleecent inhibition.

Isolated Compound 1 possessed a molecular formytbl,§0s, mp 139-140°C. IR (KBr)vmax 3630 (-OH
stretching), 2996 (Aliphatic), 1772 (-C=0 stretaj)in1153 (C-O stretching) ch'H-NMR (CDCl;, 200 MHz)$
3.46 (1H, ddJ=6.0, 10.0 Hz, H-1), 1.96 (1H, m, HxR 2.25 (1H, m, H-B), 5.34 (1H, br.s, H-3), 1.98 (1H, m, H-5),
1.32 (1H, m, H-G), 1.96 (1H, m, H-), 3.03 (1H, m, H-7), 4.62 (1H, dd&=5.0, 1.5, 10.0 Hz, H-8), 1.47 (1H, dd,
J=6.0, 1.5Hz, H-8), 2.59 (1H, ddJJ=16.0, 1.5 Hz, H-B), 6.15 (1H, br.dJ=1.5 Hz, H-13a), 5.67 (1H, br.d=1.0
Hz, H-13b), 0.85 (3H, s, H-14), and 1.62 (3H,Jd1.5 Hz, H-15)*C-NMR and DEPT (CDG| 50 MHz)§ 75.31
(d, C-1), 36.19 (t, C-2), 120.45 (d, C-3), 132.97-4), 40.19 (d, C-5), 26.49 (t, C-6), 43.54@d(), 76.93 (d, C-
8), 31.04 (t, C-9), 35.83 (s, C-10), 141.59 (5,1-171.12 (s, C-12), 120.56 (t, C-13), 20.34 (e 4}, and 10.46
(q, C-15). MS m/z 271.03 [M-23]

The structure and stereochemistry was establisimeth@ basis of above spectral data and comparistintiwe
reported spectral data in the literature (Figurgl).

OH

CH;

Figure 1: Structure of isolated compound 1 (Isoivagustin)

Docking was carried out to study the binding mofi¢he isolated compound, isoivangustin on the actite of
TACE. Inflammation induced by carrageenan involeeular migration, exudation of plasma and prothrciof
mediators such as ILB1 IL-6 and tumor necrosis factor (TNE){17]. The docking score of native ligand IH6,
diclofenac and isoivangustin was found to be -7,432358 and -5.341 respectively. TACE converts ineme
bound pro-TNFe to mature and soluble TN&-The native ligand IH6 was successfully docked ihie active site
of TACE. Hydroxamate group of compound IH6 forms \deer Waals interaction with zinc, the co-catalytietal
ion in the active site of the enzyme (Figure 2).
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HIS 405
VAL 434

GLU 406

i
VAL 440
Gy, 349 LEL 348
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MET 435 AL‘;;

HIS 415 PRO 437

Figure 2: Binding of native ligandIH6 in the active site of TNFe converting enzyme (TACE)

The compound IH6 actively takes part in forming togen bond interaction with the key amino acids338/ and
Leu348 in the enzyme proteifthe phenyl ring forms an interaction with aminodalis405 byII-IT stacking.
Furthermore, the compound is surrounded with residauch as Ala439, Leu348, Val434, Tyr436, His4l1838

and Pro437 in the enzyme and makes contacts threaglder Waals interactions with these amino aait$ the
docking score of compound IH6 with TACE was -7.48%0, the binding studies of diclofenac with TNFwere

studied and it was found that it forms the van \d&xals interaction with zinc and shdwIT stacking with amino
acid HIS405. The docking score for diclofenac WIlthCE was -7.358 (Figure 3).

SER i

-

TYR 433
LYs 432
~

SER 451

\
M;T’JS\

TYR 436

PRO 437

7

Figure 3: Binding of diclofenac in the active siteof TNF-a converting enzyme (TACE)

Docking analysis of isoivangustin at the active sift TACE showed hydrogen binding with amino acig3@9 and
Leu348 like in native ligand IH6 which showed hygeo bonding with same amino acids. Also, the
octahydronapthyl ring fits into hydrophobic pockatmed by amino acid His405 in the enzyme. The duagkcore

of isoivangustin with TACE enzyme was -5.341, ethshows that it has good binding interaction weitfive site

of TACE (Figure 4).

Validation of docking procedure:

In order to validate our docking procedure, we glated the co-crystallized ligand IH6 from the wetisite, and
redocked within the inhibitor binding cavity of T&Cenzyme. In this study, the root mean square tewmiaalue
was below 2A, showing that our docking method igvir the inhibitors studied.
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VAL 434
ASN 447

MET 435

~
£ HiS 415

LYS 432

Figure 4: Binding of isoivangustin in the active s& of TNF-a converting enzyme (TACE)
CONCLUSION

The results of the present study suggested thausafractions of methanol extract Gfyathocline purpuredas
anti-inflammatory activity and isoivangustin, a geiterpene lactone isolated was the most activestiaent
contributing to its anti-inflammatory effect andetmechanism for its anti-inflammatory effect maywieinhibition
of TNF-a. Further studies are underway to evaluate antificthactivity of isoivangustin in Freund’s compdet
adjuvant induced arthritis model and find out ita@& mechanism of action.
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