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ABSTRACT

Three dihydroflavonol derivatives, macarecurvatin A (1), macarecurvatin B (2), and 6,8-diisoprenylaromadendrin
(3) have been isolated from the leaves of Macaranga recurvata. The structures of these compounds were
determined based on UV, IR, HRESIMS, 1D and 2D NMR data. All of compound isolated were evaluated for their
inhibitory effect on scavenging DPPH radical and their growth inhibition on MCF7, and tamoxifen-resistant MCF7
(MCF7/TAMR) breast cancer cell showed high antioxidant and high cytotoxic activities.

Keywords. Macarecurvatin A and B, 6,8-Diisoprenylaromadendridihyroflavonol, Macaranga recurvata,
Antioxidant, Cytotoxic

INTRODUCTION

Macaranga is a large genus of Euphorbiaceae consisting ofita®®0 species and distributed in the tropicaiarg
of the world, including Indonesia [1,2flacaranga known local name as “Mahang”. The phytochemitadies has
knowed that this plants producing phenolic compauparticularly the isoprenylated, geranylated, fandesylated
flavonoids and stilbenes [3,4]. The phytochemistaldy on IndonesiaMacaranga, recently we reported the
isolation of isoprenylated flavanols from the leswaf Macaranga gigantea [5,6], isoprenylated, and geranylated
flavonols fromMacaranga rhizinoides [7]. Flavonoids and stilbenoids of this plant slkeoMthat various activities
including antioxidant [8], cyclooxygenase inhibid©], antibacterial [10], and anticancer [11]. this paper, we
report the isolation of dihydroflavonol compoun@s8-diisoprenylaromadendrinl); macarecurvatin A2, and
macarecurvatin B3) from the methanol extract of the leavesMscaranga recurvata. The antioxidant activity of
compoundsl- 3 against DPPH and the cytotoxic activity of compdsifi- 3 against breast cancer cells are also
briefly described.

EXPERIMENTAL SECTION

The leaves ofMacaranga recurvata were collected in July 2012 from the conserverkdst of Rimba Panti,
Pasaman, West Sumatera, Indonesia. The plant veedifidd by Mr Ismail Rachman, Herbarium Bogoriense
Center of Biological Research and Development, ovai Institute of Science, Bogor, Indonesia, aral\toucher
specimen was deposited in the herbarium. The dmetpowdered leaves dfacaranga recurvata (1.3 kg) were
macerated in methanol at room temprature two tiraes, the methanol extract was evaporated underceedu
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pressure to give a dark brown resid88 g) Furthermore, the methanol extract were dissolvet miethanol-water
10% and partition with n hexane and ethyl acetdtiee ethyl acetate extract (17wgas separated by vacuum liquid
chromatography on silica gel eluted withhexane-ethyl acetate mixture containing increasingpunt of ethyl
acetate (4:1, 7:3; and 1:1) and to give four méjaction A-D. Fraction B (376 mg), purified usinggpar radial
chromatography eluted with n hexane-CH€EIR:3, and 1:4 to yielded 6,8-diisoprenylaromadend26.9 mg). The
separation of fraction C (630 mg) by radial chreogaaphy with n hexane-CHCE 2:3, 1:4 and CHGIto give
macarecurvatin B (41.1 mg). Furthermore, separaifofraction D (1.5 g) with same methods by witlthexane-
ethyl acetate = 4:1, and 7:3 to give two subfractid,-D,. Purification of subfraction P using radial
chromatography eluted n hexane-CE€l1:4, CHC} and CHC}-EtOAc = 9:1 yielded macarecurvatin A (34.7

mg).

OH

OH

Figure 1. Dihydr oflavonolsisolated from M. recurvata

Macarecurvatin AX), pale yellowsolid, UV (MeOH)Aaks NM (loge): 204 (4.84); 225 sh (4.69) dan 291 (4.35);
(MeOH + NaOH) 211 (4.98); 288 (4.18); and 344 (4.381eOH + AICI;) 206 (4.90); and 308 (4.39)AICIz+
HCI) 204 (4.87), 308 (4.39); and 368 (3.74); (NaQA207 (4.94); and 293 (4.34). HRESIMBVz [M+H]*
441.1902 (calcd for §Hp607: 441.1908)H NMR (400 MHz, acetond6): see Table 1.°C NMR (100 MHz,
acetoned6): see Table 1

Macarecurvatin B3), pale yellowsolid, UV (MeOH)Aaksnhm (loge): 207 (4.91); 229 sh (4.63); and 295 (4.36);
(MeOH + NaOH) 208 (4.98), 248 (4.39); and 333 (%.4#eOH + AICL) 210 (4.95); 315 (4.41); and 404 (3.75);
(AICIz+ HCI) 207 (4.96); 314 (4.40); and 368 (3.77); (Mad 207 (4.94); and 297 (4.38). HRESIMBVz
[M+H]* 509.2534 (calcd for £H,00;: 509.2461)'H NMR (400 MHz, acetonds): see Table 2°C NMR (100
MHz, acetoned6): see Table 2.

6,8-diisoprenylaromadendrin3)( pale yellowsolid, UV (MeOH)A . hm (loge): 203 (4.35); 226 sh (4.20); and
298 (3.91); (MeOH + NaOH) 211 (4.98); 245 (4.13)d 842 (4.06);(MeOH + AICk) 203 (4.63); and 316 (4.08);
(AICIz+ HCI) 203 (4.64); and 311 (4.09); (NaOAc): 2089@Q); and 298 (3.85). LCESIM®&vz 424 (M). 'H NMR
(400 MHz, acetone-6) &, (ppm): 11.96 (1Hs, 5-OH); 8.51 (1Hs, 7-OH); 7.42 (2Hd, J = 8.4 Hz; H-2/6); 6.90
(2H,d, J= 8.4 Hz; H-3/5); 5.18 (1Htm, J = 6.8 Hz; H-2); 5.13 (1H,;tm, J= 6.8 Hz; H-2 ); 5.03 (1H,d, J= 11.7
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Hz; H-2); 4.61 (1Hd, J = 11.7 Hz; H-3); 3.32 (2H], J = 7.3 Hz, H-1); 3.24 (2H,d, J = 7.0 Hz, H-1); 1.75 (3H,
s, H-5'); 1.64 (3H,s, H-4); 1.60 (3H,s, H-4"); and 1,53 (3Hs, H-5 ). **C-NMR (100 MHz, acetone-6) &¢

(ppm): 198.9 (C-4); 162.7 (C-7); 159.7 (C-5); 158%8a); 158.6 (C-¥ 134.4 (C-3); 132.3 (C-3); 130.1 (C-
2/6); 129.4 (C-1); 123.1 (C-2); 123.0 (C-2); 115,8 (C-35); 109,1 (C-6); 108.1 (C-8); 101.6 (C-4a); 84.22C-
73.3 (C-3); 25.8 (C-44); 22.2 (C-1), 21.8 (C-1),17.9 (C-5) and 17.8 (C-5).

DPPH scavenging activity test: Determination of #mtioxidant activity of the isolated performedngsreagent
DPPH (2,2-diphenyl-1-pikrihidrazil) was measuredWy spectrometer &t 517 nm [12,13,14]. Determination of
antioxidant activity done by the dissolving a compds assay with methanol, then added solutionlofDbuffer
acetate (pH 5.5) and added DPPH radical solutior5.26* M. Determination of the inhibition of isolated
compounds against DPPH radical was observed usgmpetrometer a 517 nm after incubation for 30 min at
20°C.

MTT assay: Thén vitro cytotoxic activity was determined by the MTT medHd5,16,17]. The breast cancer cells
(MCF7, and MCF7/TAMR) were grown in RPMI 1640 medilcontaining 10% fetal bovine serum, 2 mg L
sodium carbonate, 108g mL* penicillin sodium salt, and 10@g mL" streptomycin sulfate. The cells were
harvested at the log phase of growth, and theneseieto 96-well plates (1 x f@ells/well). After 24 h incubation
at 37 °C and 5% Cg£o allow cell attachment, the cultures were exddsethe test compounds3 were dissolved
in DMSO at various concentrations and incubated4®rh followed by MTT [3-(4,5-dimethylthiazol-2-yB, 5-
diphenyltetrazolium bromide] assay at 540 nm.

RESULTSAND DISCUSSION

Three dihydroflavonols, macarecurvatin &),(macarecurvatin B2j, and 6,8-diisoprenylaromadendrir8) ( have
been isolated from the methanol extract of thedeafMacaranga recurvata. The structures of these compounds
were determined based on UV, IR, HRESIMS, 1D and\NMIR data.

Macarecurvatin AX) was isolated as pale yellopowder and its UV spectrum showed absorption maxi2d4,
225 sh, and 291 nm) typical for a dihydroflavonotlashowed a bathocromic shift on addition of AJCAICIz+
HCI, and NaOAc [18]. The HR-ESI-MS spectrum (pasitmode) ofl showed a quasimolecular [M+Hijpn (mwz
441.1902) consistent with a molecular formulgHG,0; (calculated [M+H] 441.1908), suggesting thatis a
dihydroflavonol derivative containing two isopremyoups. In théH NMR spectrum (Table 1.) the presence of a
pair of of doubletsJ = 11.7 Hz) ats, 4.97 and 4.56 confirmed for the dihydroflavonoklgiton. The'H-NMR
spectrum of compoundi showed three aromatic proton signals for ABX syst&éy 7.07 (1H,d, J = 1.8 Hz); 6.91
(1H,d, J = 8.1 Hz); and 6.85 ppm (1tdd, J = 8.1, 1.8 Hz) corresponding to the group subtstituat C-3'and C-4'

in ring B dihydroflavonol. There is no aromatic fmo signal in ring A suggested that isoprenyl gap C-6 and
C-8. The existence of two isoprenyl chain of compbli showed the presence of four methyl groupsl(75, 1.64,
1.60, and 1.55 ppm), two methylene groufs3.32 and 3.24 ppm), two vinyl groups;(6.17, and 5.12 ppm). The
presence of five signals of oxyarybc(162.7, 159.7, 158.7, 146.4, and 145.7) in'l@NMR (APT experiment,
Table 1) suggested thathas the basic structure of taxifolin (= 3,5,7,3héntahydroxy flavanone). The correlation
of the one bond and the two/three bdRd"*C compoundL can be seen in the HMQC and HMBC spectra (Table 1)
Key H-*C long range correlations found in the HMBC speuirparticularly from the chelated —OK(11.97)
and the methylenedid 3.32 and 3.24) signals confirmed the assignmérdtrocturel for macarecurvatin A or
known as 6,8-diisoprenyl taxifolin [19]. Other HMQ&nd HMBC correlations, as well d8C NMR data
assignment, that are consistent with the structumes shown in Table 1.

Macarecurvatin B(2) was also obtained as pale yellpowder. The ion peak atVz 509.2534 [M+H] (calcd
509.2461,A 1,4 ppm) in the HRESIMS spectrum gave the moleculagHgO,; suggesting that2 is a
dihydroflavonol derivative containing an geranyddaisoprenyl groups. Based on U and**C NMR spectrum
(Table 2), the compoun@ also showed characteristics of the taxifolin s The'H-NMR spectrum of
compound? a pair of doublets)(= 8.4 Hz) a®y 7.04 and 6.82 corresponding to the group substitudt H-5'and H-

6' in ring B dihydroflavonol. The presence of aghat @y 6.06) of aromatic signal, suggesting that onehefgide
chain groups must be located either at C-6 or Th@. presence of geranyl and isoprenyl groups inppamd2 was
showed by théH NMR signals of five methyl singlet$( 1.58, 1.54 (6H), 1.51, and 1.51), three methimg/\isy
5.20, 5.12, and 5.02), and four methyledg 8.58, 3.16, 1.98 and 1.95) signals. The placemémgeranyl and
isoprenyl groups at C-2' and C-6 or C-8 were debeeah based on HMQC and HMBC spectrum. In the HMBC

92



Mulyadi Tanjung and Tjitjik Srie Tjahjandarie J. Chem. Pharm. Res., 2014, 6(7):90-95

spectrum, the long-range correlation between toprsignal chelate-OH group &t 11.97 ppm with an oxyaribg¢
162.6), a quarternarnpd 101.4), and a methinéd 96.6) carbon signals, showing that C-6 is unstufistl. The
placement of geranyl group at C-2’ in the HMBC gp&m, the long-range correlation between a protgnas from
methylene proton signals &} 3.58 (geranyl) with an oxyaril carbodc[145.7 (C-2'], three quarternary carboidg [
135.2 (C-3™), 129.2 (C-2"), 128.4 (C-1)] and aethine carbon d- 124.3 (C-2"")]. From the long-range
correlation between a methylene proton signal§,a8.16 (isoprenyl) with two oxyaril carbon8c[165.4 (C-7),
161.1 (C-8a)], two quarternary carbordg [L31.3 (C-3”), 108.5 (C-8)] and a methine carbdp 123.4 (C-2")]
confirmed the placement of isoprenyl group at @8sed on data from 1D and 2D NMR of componis 8-
isoprenyl-2-geranyltaxifolin or known as macarecurvatin B [1@omplete HMBC correlations in support of
structure2 are shown in Table 2.

Table 1. NMR spectroscopic data of macar ecurvatin A (1)

No.C 3 (mult, J Hz) dc HMBC
2 4974, 11.7) 843 C(C-3,C-4,C-2,C-6
3 4564, 11.7) 733 C-2,C-4,C-1
4 - 198.8 -
4a 101.6
5 159.7
6 109.0
7 162.7
8 108.2
8a 158.7
- 13c1 -

2 7.07 ¢, 1.8) 115/8 C-2,C-4',C-6

3 - 1457 -

4 - 146.4 -

5 6.91 6, 8.1) 1206 C-1C-3

6' 6.85(dd, 81;18) 1157 C-2,C-2,C4

1" 3.32¢,7.0) 218 C-5,C-6,C-7,CT-3
2" 5.17 (m, 6.7) 123.1 C-3',C-4C5

3" - 1322 -

4° 1.64 6 259 C-2,C-3,Chb

5" 1.756) 179 C-2,C-3,C4

1 3.24 ¢, 7.0) 222 C-7,C-8,C-8a, C-2C-3"
2" 5.12 (m, 6.7) 123.0 C-3,c4,C5

3" - 1311 -

4" 1.60 6) 258 cC-2,c3,C5

5" 1.55 6) 179 c-2,c3,c4

5-OH  11.97kr,s) C-4a,C-5,C-6

Figure 2. The significant HMBC spectrum for compound 1 and 2
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Table2. NMR spectroscopic data of macar ecurvatin B (2)

No.C 3y (mult,J Hz) S¢c HMBC
2 5.33¢,11.7) 80.8 C-3,C-4,C-2,C-6
47140,11.7) 730 C-2,C4,C-1
- 1968 -
101.4
- 162.6
6.06 (s) 966 -
- 165.4 -
1085 -
1611 -
128.4 -
129.2 C-2,C-4,C-6
1457 -
- 146.4 -
6.82@,84) 1133 C-1C-3
7.04¢,84) 1196 C-2,C-2,C4
3.16 @, 6.7) 22.0 C-5,C-6,C-7,C;L-3
5.12(m 6.8) 1234 C-3',C-4C-5

w

o]

Q)

131.3 )
1516 257 C-2,C-3,C5
1.54 ¢ 17.7 C-2,,C-3,C-4

3.58 ¢, 6.7) 25.1 C-7,C-8,C-8a, C-2C-3"
5.20¢m,7.3) 1243 C-3,C4",C5

- 1352 -

1.95 (t, 7.0) 404 C-2,C3°,C5°

1.98 ¢, 7.8) 275 C-2,c3,c4

5.02(m 7.3) 1250 C-7,C-8, C-8a, C-2C-3"
- 1311 C-3",C4",C5"

1.516) 17.8

QANATARAYNROGRANEORONRRovo o~

1.54 ¢ 258 C-2,C-3,C5
10" 158() 164 C-2°,C3,C4
5-OH 11.97kr,s) - C4aC5C6

6,8-diisoprenylaromadendrirB)(was obtained as yellopowder and the pattern of UV spectrunBa$ very similar
with compoundl and2. Based orfH and**C NMR spectrum, the compourdalso showed characteristics of the
aromadendrin structure. THel-NMR spectrum of compoun8 showed a pair of doubletd € 8.4 Hz) in the
aromatic region aby 7.42 and 6.90 (each 2H), suggested the signalpshydroxyphenyl at B ring. There is no
aromatic proton signal in ring A suggested thapieayl groups at C-6 and C-8. Based on data frolaB2™S, 1D
and 2D NMR of compound is 6,8-diisoprenylaromadendrin [20].

Activity of radical scavenging against DPPH, arytlotoxic properties against breast cancer cells F¥iCand
MCF7/TAMR) were evaluated according to the methbM®T assay of macarecurvatin A)( macarecurvatin B
(2), and 6,8-diisoprenylaromadendrif}) @re shown in Table 3.

Table 3. Antioxidant and cytotoxic activities of dihydroflavonol isolated

Compound DPPHM) MCF7 (uM) MCF7/TAMR (uM)
Macarecurvatin AY) 130 5.26 5.66
Macarecurvatin B3) 277 0.96 1.25
6,8-diisoprenylaromadendri (3) 1,93€ 5.C3 5.63
Ascorbic acid 329 - -

The results of antioxidant activity showed macareatin A (1) and B @) has very high activity and 6,8-
diisoprenylaromadendrir8( was inactive. The hydroxyl group at C-3' in riBgn compoundl and2 increases the
antioxidant activity compared to compouBdThe results of growth inhibition on MCF7, and tatifien-resistant
MCF7/TAMR showed macarecurvatin B)( have very high activity and macarecurvatin & @nd 6,8-
diisoprenylaromadendrir8) have moderate activity.

CONCLUSION

Three dihydroflavonol, macarecurvatin A)( macarecurvatin B2, and 6,8-diisoprenylaromadendrir8) ( have
been isolated from the leavesMacaranga recurvata. The antioxidant activity of compounds3 were evaluated
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by measuringheir ability to scanvenge the DPPH radical showstarecurvatin A > macarecurvatin B > 6,8-
diprenylaromadendrin. The result indicate that coomal 1 and 2 to give very high activity than ascorbic acid as
positive control. The structure-activity relatiofslof compoundsl-3 against DPPH radical scavenging suggested
that the presence of hydroxyl group at C-3' on megarvatin A and B more active than 6,8-diprenytaadendrin.
The growth inhibition of macarecurvatin B)( on MCF7, and MCF7/TAMR showed very high activity
Macarecurvatin AJ), and 6,8-diisoprenylaromadendriB) 6howed moderate activity.
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