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ABSTRACT

Three coumarins were isolated from the stem bérkevonia limonia namely as aurapten®),(osthol @), and
xhantotoxin 8). Their structures were elucidated by spectroscopethods including UV, IR, HRESIMS, 1D and 2D
NMR analysis. Compounds3 were evaluated for their cytotoxic properties aggiHeLa cells, showing their 4¢
were 65.09, 7.62, and 21.51 ppm, respectively.
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INTRODUCTION

Feronia limoniabelongs to the family Rutaceae, commonly known asvikta in Indonesia. The phytochemical
investigations orferonia limoniafrom different parts of this plant, have isolateatisus compounds, including
alkaloids [1,2], coumarins [3,4,5], flavonoids [B,7and tyramine derivatives [8]In continuation of our
phytochemical work of Indonesidferonia plants aiming to find coumarin compounds fréronia limonig we
report the isolation of coumarin compounds, aurapi), osthol ), and xhantotoxin3) from the methanol extract
of the stem bark oferonia limonia The cytotoxic activity of compounds- 3 against Hela is also briefly
described.

EXPERIMENTAL SECTION

The stem bark oFeronia limoniawas collected in July 2014 from Panjunan Villalepan District, East Java,
Indonesia. The plant was identified at Herbariung®@tense, Center of Biological Research and Devetop,
National Institute of Science, Bogor, Indonesiad @ahe voucher specimen was deposited in the harbailThe
dried and powdered stem bark édronia limonia(4.0 kg) were macerated in methanol at room teatpes two
times, and the methanol extract was evaporatedrumedieiced pressure to give a dark brown residu@ )7
Furthermore, the methanol extract was partitionét m-hexane and ethyl acetate. The ethyl aceteiact (47 g)
was separated by vacuum liquid chromatography beasgel eluted with n-hexane—ethyl acetate mixtwith
gradient amount of ethyl acetate (90:10, 80:2058@&nd 30:70) to give four major fractions A-The separation of
fraction C (1.2 g) by flash chromatography withexane-ethyl acetate (from 8:1 and 7:3) to givedahsubfractions
C,-Cs. Further purification of subfraction,G150 mg) by radial chromatography with n-hexaisegropylether
(from 9:1; 8:2, and 7:3) to give compoubhd18 mg) and® (12 mg). The purification of subfractiors CLOO mg) by
radial chromatography with n-hexane- chlorofornoiir3:7; 1:1, and 7:3) to give compoud@10 mg).
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Fig. 1. Structures of isolated coumarin

Auraptene 1), pale yellowsolid, UV (MeOH) A as NM (log €): 224 (3.21), 289 (3.08), and 324 (3.43) nm.
HRESIMS m/z [M+H]* 299.1650 (calcd for gH,30s, 299.1647).'H NMR (400 MHz, CDC)): see Table 1°C
NMR (100 MHz, CDC}): see Table 1.

Osthol @), pale yellowsolid, UV (MeOH)Anqaks NM (loge): 235 (3.15), 255 (2.61), and 322 (3.01) nm. HRES
m/z[M-H]™ 229.0861 (calcd for GH;40;, 229.0865)H NMR (400 MHz, CDC}): see Table 2.°C NMR (100
MHz, CDCk): see Table 2.

Xhantotoxin(3), yellow solid, UV (MeOH)Anas M (loge): 248 (3.19), 264 (2.94), and 303 (2.90) ri-NMR
NMR (400 MHz, CDCJ): see Table 3**C NMR (100 MHz, CDCJ): see Table 3.

Cytotoxicity assay Cytotoxic properties of the isolated compourid8 on human cervical cancer (HeLa) were
evaluated according to the method of MTT assay excribed previously [9,10]. The cytotoxicity assags
performed against HeLa cells grown in RPMI 1640 mmedcontaining 10% fetal bovine serum, 2 mg dodium
carbonate, 10 mL™* penicillin sodium salt, and 100g mL™" penicillin streptomycin sulfate. The cells were
harvested at the log phase of growth, and theneseietio 96-well plates (1 x f@ells/well). After 24 h incubation
at 37 °C and 5% CCo allow cell attachment, the cultures were exddsethe test compounds3 in DMSO at
various concentrations and incubated for 48 h Vadd by MTT [3-(4,5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide] assay at 570 nm

RESULTSAND DISCUSSION

Three coumarins, aurapterig,(osthol @), and xhantotoxin3) were isolated from the stem barkFadronia limonia
Their structures were elucidated with extensivéJdy IR, HRESIMS, 1D and 2D NMR spectra.

Auraptene {) was obtained as pale yell@slid, showed a quasimolecular ion [M+Hijtm/z299.1650 consistent to
the molecular formula of {gH,:0;. The UV spectrum of exhibited absorption maximum for a coumarin stitest
at Amax 224, 289, and 324 nm. Thd-NMR spectrum of compounbshowed three aromatic proton signals for ABX
system aby 7.34 (1H,d, J = 8.6 Hz, H-5); 6.83 (1Hld, J = 8.6, 2.4 Hz, H-6); and 6.80 ppm (14§,J = 2.4 Hz, H-
8). The'H NMR spectrum ofl also showed a pair doublets £ 9.6 Hz)cis vinylic signal atd, 7.61, and 6.23
corresponding to the coumarin with substitutentCaf. Based on HRESIMS of is a coumarin derivative
containing one geranyl group at C-7 [3]. The exiseof geranyl chain of compouddshowed by the presence of
three methyl groupsd( 1.75, 1.65, and 1.59 ppm), three methylene grddypd.58, 2.12, and 2.10 ppm), and two
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methine vinyl groupsd; 5.45, and 5.06 ppm). THEC NMR spectrum ofl (APT experiment, Table 1) showed the
presence of 19 carbon atom signals. Two carboraligh: 162.2 and 155.9 ppm) characteristic for the region
oxyaryl signals which indicate that the structwseaiderivative of 7-hydroxycoumarin. The correlatif the one
bond and the two/three bor#i-*C compoundl can be seen in the HMQC and HMBC spectra (TahléFhg
presence of a geranyl group at C-7 showed in theBBMpectrum, the long-range correlation betwegmoton
signal methylene & 4.58 ppm with two quaternary atomsat(162.2 (C-7), 142.5 (C-3’) and one methine carbon
at 5c 118.5 (C-2"). Based on data from 1D and 2D NMR ofmpoundl is 7-O-geranylumbeliferon or known as
auraptene [3]. Other HMBC correlations consisteitih the structuré. are shown in Table 1.

Table 1. NM R spectroscopic data of auraptene (1)

No.C on (mult, JH2) dc HMBC
1 - - -
2 - 161.4 -
3 6.23 ¢, 9.6) 113.0 C-2; C-10
4 7.61 ¢, 9.6) 143.6 C-2; C-5;C-6; C-8; C-9
5 7.34 ¢, 8.6) 128.8 C-4; C-6; C-7; C-9
6 6.83 (1d,8.6; 2.4) 113.3 C-7;C-8; C-10
7 - 162.2 -
8 6.80 ¢, 2.4) 101.7 C-6; C-7; C-9
9 - 155.9 -
10 - 112.5 -
T 458 (, 6.5) 65.6 C-7;C-2; C-3
2 5.45 ¢, 6.6) 118.5 C-8;C-1; C-4
3 - 142.5 -
4 2.10 () 39.6 C-2'; C-6; C-8
5 2.12 () 26.3 c-3;Cc-4
6’ 5.06 ¢, 6.6) 123.7 Cc-9', C-10°
7 - 132.1 -
8 1.75(9) 16.¢ C-2';C-3,C4
9’ 1656 25.8 C-6"; C-7'; C-10’
10 1.59 § 17.8 C-6; C-7'; C-9
O O O

Fig. 2. Significant HMBC correlation for 1

Osthol @) was also obtained as pale yellsalid. The ion peak ah/z 229.0861 [M-H] in the HRESIMS spectrum
gave the molecular GH,30;. Based on UV, HRESIMSH and**C NMR spectrum suggesting thats a coumarin
derivative containing one methoxyl group and orapisnyl group. Analysi$H-NMR spectrum of compound
showed a pair doublets € 8.6 Hz) signals for aromatic proton regionsat7.29 and 6.82 ppm. TH&l NMR
spectrum of also showed a pair doublets£ 9.6 Hz)cis vinylic signal atdy 7.62, and 6.24 corresponding to the
coumarin with substitutent at C-7 and C-8. Thetexise of isoprenyl chain of compoudhowed the presence of
two methyl groupsdy 1.84, and 1.67 ppm), one methylene grodyp 3.53 ppm), and one vinyl groupy(5.23
ppm). The methoxyl group showed singlet proton a&ligd, 3.92 ppm. The placement of isoprenyl and methoxyl
shown in HMBC spectrum (Table 2). The presencenfjirange correlations in the HMBC spectrun® dfetween
the singlet proton signal of a methoxyl group@B.92 with one oxyaryl carbon & 160.2 (C-7), and the doublet
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proton of aromatic region at; 7.29 with two oxyaryl carbon signals & [160.2 (C-7), and 153.0 (C-9)], and two
methine carbon signals &t [143.9 (C-4), and 107.4 (C-6)] showed methoxylCa¥. Thus the placement of
isoprenyl chain located at C-8. Based on data frbBh and 2D NMR, compoun® is 8-isoprenyl-7-
methoxycoumarin or known as osthol [3]. Other HMB@rtelations consistent with the struct@ere shown in
Table 2.

Table 2. NM R spectroscopic data of osthol (2)

No.C 3 (mult, J Hz) dc HMBC
1 - - -
2 - 161.2 -
3 6,24 ¢, 9,6) 113.1 C-2; C-10
4 7,62 6, 9,6) 143.9 C-2; C-5; C-6;C-8; C-9
5 7,29 d, 8,6) 126.3 C-4; C-6; C-7; C-9
6 6,82, 8,6) 107.4 C-7; C-8; C-10
7 - 160.2 -
8 118.1
9 153.0
10 - 115.7 -
1 3.53d,7.3) 22.( C-7,C2;; C3
2 5,23 ¢, 7,2) 121.2 C-8; C-1; C-4’
3 - 1328 -
& 1,84(s) 18.C C-2;C-6; C8
5 1,676 25.9

7-OCHs 3926 56.1 c7

Fig. 3. Significant HMBC correlation for 2

Xhantotoxin B) was obtained as yellosolid, and its UV spectrum exhibited absorption mmam of 248, 264, and
303 nm, typical for furanocoumarin derivative [Bhe*H-NMR spectrum of compoun@showed a pair of doublets
(J=9.6 Hz) aby [7.75 (H-4); 6.36 (H-3)], a singlet aromatic regiatéy 7.34 (H-5), and a pair of doublets< 2.2
Hz) atdy [7.67 (H-2"); 6.80 (H-3')] suggested the signalafuranocoumarin with substitutent at C-5 or CFBe
methoxyl group showed singlet proton signad,a8.92 ppm suggested that the methoxyl group i®e#hC-5 or C-
8 of the furanocoumarin structure. The one bondtamdthree bond$H-**C correlations found in the HMQC and
HMBC spectra of compoun8 (Table 3) unambiguously placed the methoxyl grepC-8 by the following
observations. The presence of long-range correlatio the HMBC spectrum a3 between the doublet proton
signals { = 2.2 Hz) of a furano group &t 7.67 (H-2"), and 6.80 (H-3") with one oxyaryl carbsignal atdc 147.8
(C-7), and the correlation between a proton aramggnal ady 7.34 with two oxyaryl carbon signalg 147.8 (C-
7), 143.1 (C-9) and one methine carbon sigadl06.8 (C-3’) showed methoxyl at C-8. Based on ffatan 1D and
2D NMR, compound3 is 8-methoxy-psoralen or known as xhantotoxin [Bfher HMBC correlations consistent
with the structure are shown in Table 3.
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Table 3. NMR spectroscopic data of xhantotoxin (3)

No.C &y (mult, JH2) dc HMBC
1 - - -
2 - 160.6 -
3 6.36 ¢, 9.6) 113.0 C-2; C-10
4 7.75 ¢, 9.6) 144.4 C-2; C-3;C-9; C-10
5 7.34 6 146.7 C-7; C-9; C-10; C-3’
6 - 105.4 -
7 147.8
8 132.9
9 143.1
10 116.6
1’ - - -
2 7.67(d,2.2) 114.¢ C-7,C3
3 6.80 @, 2.2) 106.8 C-7;C-2
8-OCH; 4.29 §) 61.4 C-8
© E,\ 0 0
OCH,

Fig. 3. Significant HMBC correlation for 3

On cytotoxic evaluation against HelLa cells, commtabh- 3 exhibited 1G, values of 65.09 + 0.017, 7.62 + 0.004,
and 21,51 + 0,003 ppm, respectively. The resultgybbtoxic activity showed osthoR), xhantotoxin 8) have
moderate activity, and aurapteri@ Was inactive [11]. These cytotoxic data suggettatithe presence of methoxyl
substituent at C-7 and isoprenyl at C-8 of the catimnstructure increases cytotoxic activity.

CONCLUSION

Three coumarins, aurapterfg,(osthol @), and xhantotoxingd). have been isolated from the stem bark dfefonia
limonia. The cytotoxic activity of compounds3 against HelLa cells showed osthol>xhantotoxin>aeramt The
structure-activity relationship of compountis3 against HelLa cells suggested that the presencopfenyl group
at C-8 and methoxyl group at C-7 on ostt®)lificreases cytotoxic activity.
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