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ABSTRACT

Bio-assay guided isolation of air dried roots of Inula racemosa yielded two known sesquiterpene lactones,
dehydrocostus lactone (1) and costunolide (2). The structure of the compounds were established based on
physicochemical data and co-comparison with an authentic compounds. The crude extract, fractions and isolated
compounds were examined for antimicrobial properties and pure compounds were evaluated for melanin synthesis
inhibition property.
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INTRODUCTION

In the early 1900 BC, the pharmaceutical industdyribt exist and there were no synthetic drugs edinines for
treating various skin disorders; instead, peoptedd to nature and looked for natural remediess Thitrue even
today when we have such a variety of skin care ywtsdavailable to us, which claim to have the latéscovery in
creating a flawless complexion. Consumers have rhecmore sophisticated and more informed about wario
cosmetics and toiletries. They are always searclfngoroducts that give more value for money andivde
benefits. Now a days many suppliers are identifyamg selling effective ingredients that exceed etenmost
sophisticatedonsumer’s expectations.[1] The pigment, melasiresponsible and deciding factor for the color of
human skin and hair, which is biosynthesized by thelansomes and distributed in the basal layerhef t
epidermis.[2] Melanin pigment is one of the hosfesisive factors against ultraviolet radiation frone sun
light.[3] Still people used to get abnormal hypgrpentation, such as lentigo, melasma or chloasméd a
ephelide.[4] Therefore, many cosmetic industries showing great interest and searching for melanegis
inhibitors and antimicrobial agents from naturaliees to prevent the hyperpigmenation and fungdamterial
infections.

Inula racemosa Hook f.., belongs to Asteraceae, found in nortistem Himalayas at an altitudes of 1,500-4,200m.
The fresh root is brownish externally and whiteinglly, after drying it becomes grayish. The riecdromatic and
irregularly wrinkled. The fresh roots bfracemosa have strong aromatic odour similar to orris anchjglaor where
as dried roots have less odour. Some times thests sve used in Kashmir as adultrant of costum {Rod
Saussurea lappa).[5] The roots are being used as stimulant, eptis, deodorant, anti-inflammatory, digestive,
carminative, stomachic, expectorant, stomachigjngestimulant, expectorant and tonic.[6] The agiseextract of
the roots is given orally to control rheumatic diner problems. The root extract has been repditednti-allergic
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activity in mice at 50mg/kg. The essential oilahed from the roots exhibited antibacterial atyieigainst several
gram negative and gram positive bacteria.[7] Eaneports on this plant occurring in differentices yielded
variety of compounds, such as sesquiterpene lagtand steroids.[8] Some of the isolated consttsishowed
various biological properties. Allontolactone hdwbwed strong anthelmintic activity, antiseptic, egforant and
diuretic.[5] Four compounds, septupnolide,oIB-dihydro-2i-hydroxy alantolactone, 11,13-dihydroivalin and
isoalantolactone were showed moderate cytoxic iagtimacrophyllilactone E and isoalantolactone sadwpotent
invitro activities against the release pflucouronidase in rat polymorphonuclear leukocytekiced by platelet
activating factor.[9] The compound, isoalantolaet@howed repellent and toxic activities againse meevil and
strong phytotoxic effects on seed germination agedbng growth of wheat.[10] Indian Scientists népd that
isoalantolactone has isolated frdmracemosa showed moderate antibacterial activity against twganismsP.
aeruginosa andBacillus cereus whereas dihdyroalantolactone showed poor inloitifiL1]

In continuation of our interest on the isolationbdblogically active molecules from medicinal plarfor personal
care applications,[12-20] we have undertaken theddroots oflnula racemosa. In this paper, we report the
isolation and structure elucidation of two knowr@alary metabolited,-2 (Figure.1) and their biological studies.
Structure of the compounds were identified by NMpeatral data, comparison with literature values aod
comparison with an authentic compounds.

MATERIALS AND METHODS

General Procedures

IR: Prestige 21 FT IR (Shimadzu); UV: Shimadzu Wéstrophotometer; NMRH and**C NMR (Bruker AMX
400); Mass spectrum: Jeol SX 102/DA 600 mass speeter. Column chromatography (CC) was carriedaon
silica gel column (100-200 mesh). Purity of thenptes was checked by TLC on pre-coated aluminuratshsilica
gel 60 k54 (20 X 20 cm, 0.2mm thickness, Merck) and compoumeee detected under UV light (254 & 366 nm)
and spraying with 5% sulphuric acid in methandiofeed by heating the plates at 2@0for 5 min. The chemical
shift values are reported in pp®) (nits and the coupling constani$ &re in Hz.

Plant material

The dried roots ofnula racemosa Hook f., (1.01 kg) were obtained from Bazar in Daber 2007 and authenticated
by Dr. P. Santhan, Toxanamist, Durva Herbal Cer®ggnnai, Tamil Nadu, India. A voucher specimerthaf
species was deposited in M/s. CavinKare Researotr&G&hennai, India.

Extraction and Isolation:

The dried roots ofnula racemosa Hook f., (1.0 g) were exhaustively extracted witlethanol (3.0 L) by using
soxhlet apparatus. The solvent was removed byyetaporator under reduced pressure at®€460 get 55 g crude
methanolic extract. The methanolic extract showedamn inhibition activity in cell lines. The crudeethanolic
extract (55 g) was suspended in water, fractionatigld hexane, chloroform, ethyl acetate and asjidiee to get
corresponding fractions, 37.4g, 7.42g, 4.73g, arad),3respectively. All four fractions were submittéor anti-
microbial studies and hexane fraction showed goadtimicrobial activity against the following organmis:
Malassizia furfur (MIC:156.25ug/ml), Saphylococus aureus (MIC:156.25g/ml) Sreptococus mutans
(MIC:156.25.g9/ml), Propyonibacterium acne (MIC:250ug/ml) andCornybacterium xerosis (MIC 312.5ug/ml).
The other fractions showed weak activity. The hexdmaction (37g) was purified by using Vacuum Lidjui
Chromatography technique by using hexane, mixtéireerane:chloroform (80:20, 60:40, 40:60) and abflorm. A
total of sixteen fractions were collected (250 ndck®) and the fractions were analyzed by thin layer
chromatography. Homogeneous fractions (similar Hr@file) were combined to obtain four major fraciso Fr. 1
(2.50 g), Fr. 2 (4.0 g), Fr.3 (6.0 g), Fr.4 (12.89d Fr.5 (2.5g) All fractions were submitted biological activity
and fractions, 1, Fr.3 and Fr.6 showed potent &gton melanin inhibition and moderate antimicrdlaativity on
various organisms. Fraction 1 was further purifigdanother small column of silica gel using hexasean eluent
to obtain colorless liquid. Its spot showed single TLC but NMR spectrum showed mixture of two comunpds,
one major and another minor. Further, the mixture tbeen purified by another impregnated silicacgkimn to get
pure one compound as colorless oil (900 mg). Ihjties structure has been tentatively establisaed compound
has been kept in refrigerator about two monthsterAfivo months entire compound has been decomparsgaot
fully characterized. Fr.3 was purified by silicd gelumn eluted with chloroform: ethyl acetate (9:dbtained three
sub-fractions. The sub-fraction 2 (2.01g), whicaswiurther purified by another impregnated silieh golumn
using hexane: ethyl acetate (9:1) to get colorntélssvhich was kept in refrigerator for 2 days..eTbompound has
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been solidified and came as colorless solid1(.50g). It has been identified as dehydrocostatote.[21, 22]
Fraction 6 (2.5g) was obtained as almost pure b@,Tthe fraction was dissolved in hexane, leftoatm temp and
compound was separated as colorless crystals,mdste ¢, 1.29). [21, 22] Compound§,(2) were submitted for
melanin inhibition and antimicrobial studies. Thexane fraction was showed much better anti-mictadaitivity
than the isolated compounds. Interestingly, thiated compounds were showed good melanin inhibagictivity at
lower concentration. At higher concentration, tllenpounds are found to be toxic. The biological gtuesults
were mentioned in the Table 1 and 2.

RESULTS AND DISCUSSION

Compound 1 (Dehydrocostus lactone)Colorless solid,, mp: 55-8C, IR ( cm*): 2927, 1765, 1267, 1145, 999;
'H NMR (CDClk, 400MHz) :5 1.46 (1H, m, H-8), 1.93 (2H, m, H-2), 2.27 (2H, m, H389B), 2.42 (3H, m, H-3,
9a), 2.87 (3H, m, H-1,5,7), 3.97 (1H, t, J=9.2Hz, }{-8.82 (1H, s, H-15), 4.90 (1H, s, H-1&), 5.07 (1H, d, J=1.6
Hz, H-143), 5.26 (1H, d, J=1.6 Hz, H-1} 5.49 (1H, d, J=3.6 Hz, H-B} 6.22 (1H, d, J=3.6 Hz, H-&} *C NMR
(CDCls;, 100MHz) :5 30.3 (C-3), 30.9 (C-8), 32.6 (C-2), 36.3 (C-9),4KC-1), 47.6 (C-1), 52.0 (C-5), 85.3 (C-6),
109.6 (C-14), 112.6 (C-15), 120.2 (C-13), 139.71(Q; 149.2 (C-10), 151.2 (C-4), 170.3(C-12); EIME®I. int):
m/z 230 (M, 98%), 217 (20%), 201 (43%), 173 (23%), 132 (17%).

Compound 2 (Costunolide):Colorless crystals, mp: 105-1%5 IR ( cm): 3448, 1691, 1458, 1031, 758H
NMR (CDCl;, 400MHz) :5 1.43 (3H, s,H-14), 1.70 (3H, s, H-15), 4.58 (1H#9.6Hz, H-6), 4.75 (1H, d, J=9.6Hz,
H-5), 4.86 (1H, dd, J=3.2, 11.6 Hz, H-1), 5.54 (tHJ=3.2Hz, H-18), 6.28 (1H, d, J=3.2Hz, H-B} *C NMR
(CDCl;, 100MHz) :5 16.1 (C-14), 17.3 (C-15), 26.2 (C-8), 28.0 (C39,4 (C-9), 41.0 (C-3), 50.4 (C-7), 81.9 (C-
6), 119.6 (C-13), 127.0 (C-1), 127.2 (C-5), 136910), 140.1 (C-4), 141.5 (C-11), 170.5 (C-12); BMrel. int):
m/z 232 (M, 8%), 217 (20%), 149 (43%), 121 (33%), 81 (100%).

Anti-microbial assay:

The assay was performed based on the tube diludroagar dilution method reported in the literatudree cultures,
Malassezia furfur — MTCC 1374, Saphylococus aures —ATCC 6538P, Streptococus mutans — MTCC 497,
Propionibacterium acnse- MTCC 1951 E. coli —ATCC 8739 Aspergillus niger —ATCC 16404, Candida albicans-
ATCC 10231 were obtained from MTCC, Chandigarhdidnand Corynebacterium xerosus-ATCC 373 was
obtained from Microbiologics, USA.

Estimation of Minimum Inhibitory concentration (MIC values)

The Minimum inhibitory concentration (MIC) valuesre determined against all organisms. MIC is theimmim
amount of an antimicrobial that will inhibit visiblgrowth of the organism after a suitable periothofibation. MIC
was determined by macro broth double dilution meths per NCCLS guidelines.[23, 24]

Preparation of stock solution

Stock solution of the test samples were preparediggolving the neat samples in solvent contaifid$SO and
mixed thoroughly. The neat sample so dissolvethénsolvent stock was further diluted with appraigr volumes
of Tryptic Soy Broth (TSB) or Sabouraud Dextros®tBr(SDB) in order to give a final concentration2f,000
pag/ml. All test solutions were prepared afreslomptd determination of MIC.

Preparation of Inoculum:

Inoculum was prepared by growing all bacterialiegan Tryptic Soy Agar and all yeast & mould steivere on
Sabouraud Dextrose Agar with 1% Tween—80 for 48 72 hrs respectively. Colonies were suspeimd&bB
with 1% Tween—80 and absorbance at 600nm wererdieted spectrophotometrically.[24]

Serial dilutions for the assay: A series of 50%utitiins of each test sample solution was made inttibgs with
SDB + 1% Tween-80 as diluents. Each tube was imedlwith all organisms (0.5ml) of about 2XTFU/ml for
bacterial strains and 2X1@FU/ml for yeast and moulds.

Tubes were incubated at appropriate temperatur®s 87 1°C for 48 hrs for Bacteria and 25 +/- 1°C for 72 hrs
for yeast and mould & then 10 pul aliguot from edohe were spot inoculated onto solid agar medidrhe
resultant subcultures were incubated further asnoeibation period mentioned above. The lowest entration of
the test sample inhibiting growth of organisms tom $ubculture plate was taken as MIC of the tesenah Assays
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were repeated thrice to confirm reproducibilityre$ults. MIC is the minimum inhibitory concentratiexpressed as
pg/ml, when assayed via the double dilution protdescribed earlier probing only two fold dilutions

Table:1 - MIC values of Fractions / pure compounds

Fraction/ compound f M. S P. c. S A C E.
urfur | mutans | acnes | xerosus | aureus | niger | albicans | cali
Hexane fr. 156.25  156.21 250 312.5 15625 >10p00 0610 >1000
Chloroform fr. 1250 1250 1000 625 625 >1000  >1000 1009
EtOAc fr. >2500| >2500| >100 2500 >1000 >1000 >1000-1000
Compoundl 250 250 100 250 250 NA NA NA
Compounc2 25C >50C 20C 25C >50C NA NA NA

Melanin inhibition activity:

The melanin inhibition activity[25] of isolated c@ounds along with control (IBMX) were studied inlldenes
(B16F10 melanoma). The assay method is most preasd reliable. The isolated compounds,
dehydrocostuslactoné&,and costunolide2 were showed potent activity by inhibiting the nmétaproduction in cell
lines at very lower concentration. At higher camtcation, the cells are dying indicating that thesenpounds are
toxic to cell lines and results were mentionechia table 2.

Table:2 — In vitro melanin modulation activity

Compound Concentration (ug/ml) | Melanin Inhibition (%) | Melanin promotion (%)
10 -
52 -
75 -
Toxic -
17 -
42 -
74 -
Toxic -
- 70

Dehydrocostus lactong,

Costunolide2

e B IMINIE RN M NI

IBMX (Control)

15

Ol

O

Fig. 1. Compounds isolated from roots ofnula racemosa
CONCLUSION

The compounds, dehydrocostus lactone and cost@soléde reported first time from this plant. Earlfew
antimicrobial studies have been done on this phantitstudies on other organisms, likist, furfur, S. mutans, C.
xerosus andP. acne are the first report for this plant.
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