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mifinmasdlsznaumiaizesuiaTanth sunsawsnasldium 9 a3 lamdu
g3lwal 1 813 ldun stigmast-5-ene-36,17a-diol (SF4) wazansfinTulassaiiousiduwin 8
815 bOWA pregnenolone-3-O-palmitate (SF1), dehydroepiandrosterone-3-O-palmitate (SF2),
3B-sitostanol (SF3), stigmast-5-ene-33-yl formate (SF5), stigmast-5-ene-3[3,7a-diol (SF6),
stigmast-5-ene-3-one (SF7), 3[-sitosterol (SF8) Las stigmast-5-ene-7a-methoxy-3[3-ol (SF9)
Falwasisznn  steroids uwaza1ILaznaunndd  (SF1-SF9) shldnasmeuanuiuisiy
|aaNzse 3 Thafe uzSedaa (NCI-H187) wziSensean (BC) wazueiSslutasin (KB) uaz
namougnIswafinaliiialsauaiy (Plasmodium falciparum) Wuinanslwal SF4 uaas
anstusamadN=se 3 sheluszeutwnans lasden IC, 6.63 Lg/mL (NCI-H187) 10.67
Lg/mL(KB) uaz 14.86 Lg/mL(BC) LazuaasanITwdefinaliiAnlseuats luszausan
lasiian I1Cy, agluﬂﬁ’;a 25 Wg/mL WaNINHUE SF5, SF6, Laz SF9 guuaasnnuiiunsee
i maduSang 3 shialuszeuthunang lasfidn IC., 9.45-13.89 Ug/mL  lassasevassslng
Aenzilaglddayanesninialnd lasiawiz UV, IR, 1D uaz 2D NMR uaz MS wonanit
Fafusulassasvasmsinmulaseaing I@ummﬁumﬁw%gamamﬂnm%’uﬁwﬁayaﬁﬁ
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Abstract

Project code: MRG5280148

Project title: Isolation and Biological Activities of Chemical Constituents from the seeds of
Syzygium siamense

Investigator: Dr. Parinuch Chumkaew, Faculty of Science and Industrial Technology, Prince
of Songkla University, Suratthani Campus

Email address: parinuch.c@gmail.com, parinuch.c@psu.ac.th

Project period: 16 March 2552 to 15 March 2554

Investigation of chemical constituents from the seeds of Syzygium siamense led to
the isolation of nine compounds. A new compound, stigmast-5-ene-3[3,170L-diol (SF4),
together  with eight  known compounds, pregnenolone-3-O-palmitate (SF1),
dehydroepiandrosterone-3-O-palmitate  (SF2), 3B-sitostanol (SF3), stigmast-5-ene-3B-yI
formate (SF5), stigmast-5-ene-3[3,70c-dio| (SF6), stigmast-5-ene-3-one (SF7), 3[3-sitosterol
(SF8), and stigmast-5-ene-7OL-methoxy-3B-oI (SF9). The isolated compounds (SF1-SF9)
were evaluated for their cytotoxic activities against NCI-H187 (human small cell lung cancer),
BC (human breast cancer), and KB (human oral epidermoid carcinnoma cancer) cell lines
and for antimalarial activity against Plasmodium falciparum. Compound SF4 was found to be
the moderate active against NCI-H187, KB and BC cancer cell lines with the IC5, value of
6.63, 10.67 and 14.86 Llg/mL, respectively, and showed antimalarial activity with the ICs, of
25 g/mL. Inaddition, compound SF5, SF6, and SF9 were found to be cytotoxic activities
against NIC-H187, KB and BC cancer cell in the range with the 1C5, 9.45-13.89 lg/mL.
Structure of new compound was characterized by spectroscopic methods including UV, IR,
1D- and 2D-NMR and MS whereas all known compounds were characterized by 1H NMR and

comparison of their physical and spectral data with reported values.

Keywords: Syzygium siamense; myrtaceae; steroidal; cytotoxicity
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Executive Summary
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Unlomigege  asuulasamyidoideiitaguszasdnazdnmasdlaznaumaiaiinazgninig
Fmwnnuaasuni
nnnsAnmasddnaumuaiizasniarayih sansausnanIdsznaungy steroids
ledwan 9 13 lasduaslnd 1 713 ldun stigmast-5-ene-3B,17a-diol (SF4) uazasNNINY
1A398NIua3 1IN 8 8N baun pregnenolone-3-O-palmitate (SF1), dehydroepiandrosterone-
3-O-palmitate (SF2), 3[3-sitostanol (SF3), stigmast-5-ene-3p3-yl formate (SF5), stigmast-5-ene-
3B,7a-diol (SF6), stigmast-5-ene-3-one (SF7), 3[B-sitosterol (SF8) LLas stigmast-5-ene-7a-
methoxy-3p-ol (SF9) uaza13tlsznaunnda (SF1-SF9) ihlunaseuanuiufsiuimaduztis
=3 1 Qg
3 sfiafa NziS9aa (NCI-H187) uzi39n3dan (BC) uasuziialutastn (KB) uaznagaunnd

dwdefinelfifalsauady (Plasmodium falciparum) Wuinanslws SF4 LLE’(@NE]YI%EQI‘UE&I%G
[wasN3d 3 sialuszauiunas laslen ICs, 6.63 Llg/mL (NCI-H187) 10.67 Llg/mL(KB)
w8z 14.86 |lg/mL(BC) wazuaasanITwdefinaliiAnlseuads lussauseulasfian 1Cs,
aglutg 25 Pg/mL uanaNdiudy SF5, SF6, waz SF9 Sausasnnuiuindalsasuzsms 3

pialuszauiunas lasdien ICs, 9.45-13.89 Llg/mL
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1 Q{ [N . .
39N 1 LLamqwﬁma%‘amwmaaawiﬂi:nauawﬂmamuw“ﬂﬁ (Syzygium siamense)

Cytotoxic activity (ICsxp, ,ug/ml)a
Antimalarial
Compound b
KB | NC-H187 | BC G0 (eglmD
SF1 >50 50.00 >50 >50
SF2 50.00 43.25 >50 >50
SF3 >50 26.45 >50 >50
SF4 10.67 6.63 14.86 25
SF5 22.89 10.67 17.63 >50
SF6 13.89 9.45 10.17 25
SF7 >50 >50 >50 >50
SF8 >50 20.43 >50 >50
SF9 12.25 10.33 10.76 25
Elliticine 0.338 0.440 - -
Doxorubicin 0.142 0.036 0.817 -
Dihydroartemissinine - - - 3.7 nM

°Results are expressed as IC;, values (Lg/ml); activity: <5 strong, 5-20 moderate, 20-50 weak,

>50 inactive. Key to cell lines used: KB = oral human epidermoid carcinoma; BC = human breast

cancer cell; NCI-H187 = human small cell lung cancer; bAgainst Plasmodium falciparum
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v 1 v & v Ql/ 1
wirow i adTan (Myrtaceae) Liluirluiuafauuaziofan nalandaguszunm 100
878 3,000 7#a (Heywood, 1985) dmiulutszinalnowudwiu 14 ana 115 wila
(Parnell and Chantaranothai, 2002) %mmﬁ@ﬁqm@hmumﬁ:@ﬁﬁ] NARNNNINILYIZN%
6 uazvnsziiashanlfiduenayulng igu win (Syzygium cumini) IEludauilade uaur
o ' & @ o P S o A o A a Q@
via9379 e livhanashenagands wiavhaudsznauvesFauazinion Hudu
% 6 v 1
anaN N NEAEAITVaIANTINN
TNt Syzygium siamense \Dwliduvsnalnaigs 10-15 lwas wWdenFey u19ae
& & ald . a ¥ A a o , o
wanidusziie fhaiadeuniaiianauas lu o3osassdnn uduludnsuzgdlunaen
wiagdlunanunuzausuu ndne 2.7-8 1audiuas 811 9-27 udiwas dansluunants
Foaunan lauluvudndndugdils wiavnsesssevuanidugdan iduuauily 7-14 ¢
Muluen 0.3-0.8 loudlNas aan Fuasunuald sanidutanszazniaeimaduly wa
[ A A A 2 A & a A o a &
snuaznan wiagUly MTontedi dansnaiduniy Sawamanannauides
ANBULNBLIAING
o a o a v n_Aa [ n_a d%’ <
ruWthiimInzaneiuiasiaie luhduudiuazshdusu mmnaavesdseing
ng sanaantiufieutunau-Tway nauntideungenau-liguwon
=) 1 Qg
NNTATIIRALLANFITNITINTNLINANTANBIRITEONNDNIITIATWUAY
& A A g o &
a9nUsznaumataluasfisls genus Hasd
lutl .. 1995 Srivastava LLaxﬂmz"L@Tﬁwmsﬁﬂmdmaﬁ‘@‘qﬂmumaaﬁ‘*ﬁmn S.
£ o . . ..
samrangense WUIMFINNIAURAIONDTAY immunostimulant activity
lutl a.@. 2000 Djipa wazamelarinnIAnENEInENavadllfantdan S. jambos
£ o .. . ..
WUINRIWIIDLRAIO NI Antimicrobial activity
lutl @.¢1. 2001 Muruganandem uazanelavinmsAnsaIuanavasddenldann s.
qu/ { = %
cumini W‘i.l’;’]mmmLLa@dﬂ‘Ylﬁmmﬁmm_m’ﬁamm_l Anti-inflammatory activity
lutl a.e1. 2002 Shafi uazame lavinnsAnsawaassinduanly S. cumini uaz S.
£ o . , ..
travancoricum WUIMRINIIDLRAIENTAW Antibacterial activity
luil @.@. 2004 Handrasekaran WRZAME LYNANTANBIEIURNAVBILNEAIIN S,
£ o . . . ..
Jambolanum NUMRIVNTDLEAINDATY Antibacterial and Antifungal activity
Tudl a.@. 2005 Banerjee wazam lav¥inNSANENEIUENAVBINGINN S. cumini WLTN
£ o .. L.
RINNTDURAIN DAY Antioxidant activity
lutl a.@. 2005 Djoukeng uazamielavinmMIsANENEIRENAVEIILANN S. guineense

Lo . , -
WUINRINIIDLRAIONTAW Antibacterial activity



Tuil a.@. 2006 Mahmoud l@ViNMIANEIRIWRNAVAILNAAIIN S.  aromaticum

f3N30uENaNILIZNBY triglycosides ¢ 2 a13fe

OR

1,R=H 2,R= /w

Tudl a.@. 2007 Pena uwazamelavinmsanmnaiuanavadluain S. jambos WUTN
£ o i i . ..
RIUNIDURAILNDTAU Antinociceptive activity
lull @.. 2008  Simirgiotis  UazamM l@HNNTANBIEIBINAVBINAINN S.
£ o .. ..
samarngense WUIMRIUIIDLRAIENTAT1U Antioxidant activity
v AE‘ g L v
nndayamIfnmmIeangnIniIN sl Tl genus HuazannsFududoys
NM93111"7 (SciFinder Scholar) maaéfmmjﬂw Syzygium siamense WU LAMIAN
& P £ P = . e & wme R A A
pifUsznaumaiiuazgnineBininaandasuni deuugideislanuaulaf

o =) 6 = AE‘ = =3 [
innsaneadnlsznauniaadl ERSY)NDININDINTNU D L&Iaﬂﬂmmﬂ’]



A5N1Inaaad

msaﬁ'ﬂu,azn'l‘suﬂna'ﬁ‘lﬁ’u%qﬂ%{mnmﬁm%u‘igjﬂ'l

widaruniui (2.1 kg) fiuanauan svinmIanadiy hexane 2 A998z 5 T4
lasmatondavnazanseanldsiuaianeny hexane (45 g) answinmsanadudls
EtOAc afiauny hexane Liloszinalandavnazaisaanlasinanansny EtOAc (10.3 g)

Air-dried seeds (2.1 kg)

1. RNATILAINAZA8BUNTS hexane way EtOAc
AURI9U

2. sTnaIgINazaaan

crude Hexane (4.5 g) crude EtOAc (10.3 g)
PNBUIFIBINAN LY hexane (4.5 g) ldusndasie cc (column

chromatography) wazlt silica gel Lﬂuﬁag}ﬂsﬁ'u laodl hexane uaz EtOAc iludane
(eluant) Tuansoue polarity-gradient & 4 fractions (H1-H4)

Fraction H1 (1.65 g) i lduendase column chromatography 1o silica gel (e
AATUUALTEEIE 10% EtOAc-hexane & 5 fraction (H1A-H1E) uaztiievin fraction H1B
(43.5 mg) Musndameis prep. TLC lawld 10% EtOAc-hexane illuarwslasns SF1
(10.5 mg) waziieri fraction H1D (50.6 mg) lusndedls3s prep. TLC lanld 15%
EtOAc-hexane 1Judwzldans SF2 (12.3 g).

SF1: pregnenolone-3-O-palmitate

FT-IR (neat) V. cm'1 1730 (C=0 stretching), 1640 (C=C stretching).

'H NMR (CDCl,) (500 MHz) 5.35 (d, J = 5.0 Hz, H-6), 4.59 (m, H-3), 2.26 (t, J = 7.5
Hz, H-2’), 2.12 (s, H-21), 1.25 (brs, H-3' to H-15’) 0.88
(t, J = 6.5 Hz, H-16’), 0.99 (s, H-19), 0.61 (s, H-18).

®C NMR (CDCl;)(125 MHz) 36.9 (C-1), 31.9 (C-2), 73.5 (C-3), 38.0 (C-4), 139.7 (C-5),
122.2 (C-6), 27.7 (C-7), 31.8 (C-8), 49.8 (C-9), 38.7 (C-
10), 22.6 (C-11), 36.5 (C-12), 43.9 (C-13), 56.8 (C-14),
244 (C-15), 21.0 (C-16), 63.6 (C-17), 13.2 (C-18), 19.3



(C-19), 209.6 (C-20), 31.5 (C-21), 173.3 (C-1)), 34.7 (C-
2, 29.0-29.6 (C-3' to C-15"), 14.1 (C-16"). Wluasfiasd

MITNBTHBUTURD

SF2: dehydroepiandrosterone-3-O-palmitate

'H NMR (CDCls) (500 MHz)

’C NMR (CDCl,)(125 MHz)

5.36 (d, J = 5.1 Hz, H-6), 4.50 (m, H-3), 2.24 (t, J = 7.5
Hz, H-2'), 1.25 (brs, H-3' to H-15') 0.89 (t, J = 6.5 Hz,
H-16'), 0.98 (s, H-19), 0.62 (s, H-18).

36.8 (C-1), 32.0 (C-2), 72.5 (C-3), 38.2 (C-4), 140.2 (C-5),
121.8 (C-6), 27.5 (C-7), 32.0 (C-8), 49.8 (C-9), 38.7 (C-
10), 22.6 (C-11), 36.5 (C-12), 43.9 (C-13), 56.6 (C-14),
24.4 (C-15), 37.9 (C-16), 206.2 (C-17), 13.2 (C-18), 19.3
(C-19), 172.3 (C-1'), 34.6 (C-2'), 29.0-29.6 (C-3' to C-15'),
14.1 (C-16"). HugsfiteamMInsuanud?

Fraction H2 (0.9 g) 1 lUuendadls column chromatography 14 silica gel 112

AATUUATLIY 25% EtOAc-hexane & 6 fraction (H2A-H2F) uaztiieti fraction H2C

(33.5 mg) ldusndadiedd prep. TLC lasld 20% EtOAc-hexane \Judwzldzns SF4

(6.7 mg).

SF4: stigmast-5-ene-3f,17a-diol

'H NMR (CDCls) (500 MHz)

*C NMR (CDCl,)(125 MHz)

5.33 (d, J = 5.5 Hz, H-6), 3.51 (m, H-3), 0.98 (s, H-19),
0.90 (d, J = 6.9 Hz, H-21), 0.85 (d, J = 6.5 Hz, H-27),
0.81 (d, J = 6.5 Hz, H-29), 0.79 (d, J = 6.5 Hz, H-26),
0.65 (s, H-18).

37.2 (C-1), 31.8 (C-2), 71.8 (C-3), 39.7 (C-4), 140.6 (C-5),
121.7 (C-6), 31.5 (C-7), 31.8 (C-8), 50.0 (C-9), 42.2 (C-
10), 21.0 (C-11), 36.4 (C-12), 42.1 (C-13), 56.7 (C-14),
242 (C-15), 26.0 (C-16), 82.5 (C-17), 14.2 (C-18), 19.3
(C-19), 36.1 (C-20), 18.7 (C-21), 33.9 (C-22), 28.2 (C-23)
45.7 (C-24), 29.0 (C-25), 19.0 (C-26), 19.8 (C-27), 23.0
(C-28), 119 (C29). msitlitmsdmyneanuiiwul
PINTARIOFIATIEAIN A DU



Fraction H3 (0.4 g) 0 luuendadls column chromatography 14 silica gel 12
AATUUATLIY 25% EtOAc-hexane & 5 fraction (H3A-H3E) uaziiiasin fraction H3B
(40.5 mg) ldusndadiedd prep. TLC lasld 20% EtOAc-hexane \Judawzlaans SF3
(14.2 mg).

SF3: 3f-sitostanol
'H NMR (CDCl3) (500 MHz) ~ 3.53 (m, H-3), 0.99 (s, H-19), 0.91 (d, J = 6.9 Hz, H-21),
0.85 (d, J = 6.5 Hz, H-27), 0.81 (d, J = 6.5 Hz, H-29),
0.79 (d, J = 6.5 Hz, H-26), 0.68 (s, H-18).
*C NMR (CDCl,)(125 MHz) 37.0 (C-1), 31.5 (C-2), 71.3 (C-3), 38.1 (C-4), 44.8 (C-5),
28.5 (C- (
20.8 (C-11), 36.4 (C-12), 41.0 (C-13), 54.4 (C-14), 24.3
(C-15), 26.0 (C-16), 55.6 (C-17), 11.8 (C-18), 19.0 (C-19),
36.2 (C-20), 18.9 (C-21), 34.0 (C-22), 28.2 (C-23), 45.9
(C-24), 29.2 (C-25), 19.0 (C-26), 19.9 (C-27), 23.1 (C-28),
11.9 (C-29). HussfitesnIssamwanuda

6), 32.4 (C-7), 35.3 (C-8), 50.4 (C-9), 35.6 (C-10),

WNFIUFNARENL EtOAC (10.3 g) busnéls CC (column chromatography) wazld
silica gel Lﬂ%ﬁ’;g}@ﬁﬁl laodl hexane Way EtOAc uaane (eluant) luanmoe polarity-
gradient @ 6 fractions (E1-E6)

Fraction E2 (1.1 g) i ldusndase column chromatography 1 silica gel (Juaa
@@%’uuawzﬁ’m 10% EtOAc-hexane ¢ 5 fraction (E2A-E2E) LLazLﬁaﬁﬂ fraction E2C
(102.3 mg) i ldusndadie column chromatography o silica gel Lﬂuéf’agwﬁ'ml,a:mﬁw
15% EtOAc-hexane 'l@&13 SF6 (9.2 mg).

SF6: stigmast-5-ene-3/4,7a-diol

'H NMR (CDCl,) (500 MHz) 8.01 (s, H-1)), 5.37 (d, J = 5.0 Hz, H-6), 4.72 (m, H-3),
1.01 (s, H-19), 0.91 (d, J = 6.5 Hz, H-21), 0.85 (d, J =
7.0 Hz, H-27), 0.82 (d, J = 7.0 Hz, H-29), 0.79 (d, J =
7.0 Hz, H-26), 0.65 (s, H-18).

*C NMR (CDCl,)(125 MHz) 37.6 (C-1), 27.8 (C-2), 73.9 (C-3), 39.3 (C-4), 139.2 (C-5),
122.9 (C-6), 31.5 (C-7), 31.4 (C-8), 49.6 (C-9), 39.6 (C-
10), 21.0 (C-11), 36.5 (C-12), 42.2 (C-13), 56.6 (C-14),
24.2 (C-15), 26.0 (C-16), 55.9 (C-17), 11.8 (C-18), 19.2



(C-19), 36.1 (C-20), 18.7 (C-21), 33.8 (C-22), 27.7 (C-23),
45.7 (C-24), 29.0 (C-25), 19.0 (C-26), 19.8 (C-27), 23.0
(C28), 119 (C29), 1606 (C-1). ifluasfasdms
TILTHUILED

Fraction E3 (1.8 g) i ldusndase column chromatography 1 silica gel (Juan

@@%'ULLQW‘;@T’JU 25% EtOAc-hexane @ 7 fraction (E3A-E3G) uaziilaun fraction E3B

(140.5 mg) i ldusndadie column chromatography o silica gel Lﬂué”sgwﬁlua:“ﬁ:ﬁ’m
30% EtOAc-hexane @83 SF5 (11.3 mg) uaziiievin fraction E3D (40.5 mg) luugnda

83T prep. TLC lawld 25% EtOAc-hexane 1udiaela uaz SF7 (8.7 mg).

SF5: stigmast-5-ene-34-yl formate

'H NMR (CDCls) (500 MHz)

*C NMR (CDCl,)(125 MHz)

SF7: stigmast-5-ene-3-one

'H NMR (CDCls) (500 MHz)

*C NMR (CDCl,)(125 MHz)

8.01 (s, H-1"), 5.37 (d, J = 5.0 Hz, H-6), 4.72 (m, H-3),
1.01 (s, H-19), 0.91 (d, J = 6.5 Hz, H-21), 0.85 (d, J =
7.0 Hz, H-27), 0.82 (d, J = 7.0 Hz, H-29), 0.79 (d, J =
7.0 Hz, H-26), 0.65 (s, H-18).

37.6 (C-1), 27.8 (C-2), 73.9 (C-3), 39.3 (C-4), 139.2 (C-5),
122.9 (C-6), 31.5 (C-7), 31.4 (C-8), 49.6 (C-9), 39.6 (C-
10), 21.0 (C-11), 36.5 (C-12), 42.2 (C-13), 56.6 (C-14),
24.2 (C-15), 26.0 (C-16), 55.9 (C-17), 11.8 (C-18), 19.2
(C-19), 36.1 (C-20), 18.7 (C-21), 33.8 (C-22), 27.7 (C-23),
45.7 (C-24), 29.0 (C-25), 19.0 (C-26), 19.8 (C-27), 23.0
(C-28), 11.9 (C-29), 160.6 (C-1). a3iibitaedmMIsean
LU ETTUTN A LA T NI BN UNIIFIATIZANN DL

5.34 (d, J = 5.0 Hz, H-6), 0.99 (s, H-19), 0.92 (d, J = 7.0
Hz, H-21), 0.87 (d, J = 6.5 Hz, H-27), 0.81 (d, J = 6.5
Hz, H-29), 0.84 (d, J = 6.5 Hz, H-26), 0.68 (s, H-18).

37.1 (C-1), 32.0 (C-2), 199.2 (C-3), 39.2 (C-4), 140.6 (C-
5), 122.0 (C-6), 31.8 (C-7), 35.6 (C-8), 53.8 (C-9), 38.6
(C-10), 21.0 (C-11), 39.6 (C-12), 42.4 (C-13), 56.8 (C-14),
24.2 (C-15), 28.2 (C-16), 55.9 (C-17), 11.9 (C-18), 17.4
(C-19), 36.4 (C-20), 18.7 (C-21), 35.2 (C-22), 25.7 (C-23),



45.8 (C-24), 29.2 (C-25), 19.0 (C-26), 19.8 (C-27), 23.2
(C-28), 12.2 (C-29). 1 {ug3MLas N3 3189 ua7

Fraction E4 (1.2 g) i lduansdase column chromatography 1o silica gel (e

AATLURLTEI Y 35% EtOAc-hexane 6 4 fraction (E4A-E4D) uazillatin fraction E4B

(32.5 mg) Musndasedd prep. TLC lawld 25% EtOAc-hexane 1Judawzlaans SF8

(13.5 mg).

SF8: 3f-sitosterol
'H NMR (CDCl,) (500 MHz)

®C NMR (CDCl,)(125 MHz)

5.32 (d, J = 5.5 Hz, H-6), 3.52 (m, H-3), 0.99 (s, H-19),
0.91 (d, J = 6.9 Hz, H-21), 0.85 (d, J = 6.5 Hz, H-27),
0.81 (d, J = 6.5 Hz, H-29), 0.79 (d, J = 6.5 Hz, H-26),
0.68 (s, H-18).

37.2 (C-1), 31.1 (C-2), 71.6 (C-3), 39.3 (C-4), 140.2 (C-5),
121.4 (C-6), 31.5 (C-7), 31.8 (C-8), 50.0 (C-9), 38.3 (C-
10), 21.2 (C-11), 36.4 (C-12), 42.4 (C-13), 56.6 (C-14),
24.2 (C-15), 26.0 (C-16), 55.6 (C-17), 11.8 (C-18), 19.0
(C-19), 36.2 (C-20), 18.9 (C-21), 34.0 (C-22), 28.2 (C-23),
45.9 (C-24), 29.2 (C-25), 19.0 (C-26), 19.9 (C-27), 23.1
(C-28), 11.9 (C-29). {ug37itaa R MITNBIHAU

Fraction E5 (1.1 g) i ldusndasie column chromatography 1o silica gel 1Juan

AATUUATEIY 25% EtOAc-hexane & 5 fraction (E4A-E4E) uaziilevin fraction E4C

(22.5 mg) ldusndadiedd prep. TLC lasld 25% EtOAc-hexane \Judawzlaans SF9

(7.7 mg).

SF9: stigmast-5-ene-7a-methoxy-3f-ol

'H NMR (CDCls) (500 MHz)

5.34 (d, J = 5.0 Hz, H-6), 3.82 (t, J = 4.8 Hz, H-7), 3.52
(m, H-3), 3.28 (s, OMe), 0.99 (s, H-19), 0.93 (d, J = 7.0
Hz, H-21), 0.86 (d, J = 6.5 Hz, H-27), 0.81 (d, J = 6.5
Hz, H-29), 0.82 (d, J = 6.5 Hz, H-26), 0.66 (s, H-18).



’C NMR (CDCl,)(125 MHz)

36.7 (C-1), 31.5 (C-2), 71.4 (C-3), 39.8 (C-4), 140.6 (C-5),
121.6 (C-6), 73.9 (C-7), 37.2 (C-8), 48.5 (C-9), 42.1 (C-
10), 20.8 (C-11), 36.2 (C-12), 42.4 (C-13), 56.5 (C-14),
24.3 (C-15), 26.2 (C-16), 55.6 (C-17), 11.5 (C-18), 18.3
(C-19), 36.2 (C-20), 18.8 (C-21), 33.8 (C-22), 28.2 (C-23),
45.7 (C-24), 29.2 (C-25), 19.0 (C-26), 19.7 (C-27), 23.1
(C-28), 11.9 (C-29). Iug37itaa R MIINBIHUU
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SF1 SF2

R,0
R, R, R,
SF4 H H OH
SF5 CHO H H
SF6 H OH
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SF3 R = OH; C5-C6 saturated
SF7 R = 0; C5-C6 unsaturated
SF8 R = OH; C5-C6 unsaturated

snasond sF4 (Husilndlasli@adn stigmast-5-ene-34,17a-diol nndayaves
HRFABMS (m/z 430.3809 [M]) légasluianazas SF4 10U ChHsO, IALEAS
fygim C NMR  $1wau 29 ms‘uaw’fj\aLﬂuﬁﬂwmzmm:maamsnﬁjuamaiamT
Usznaudaduniivainivanfidaifeniuaanian 2 @‘hmﬂ&ﬂ%ngé’tymnmﬁ O 71.8
(C-3) uaz Oc 82.5 (C-17) LLa:@‘hLL%uaﬁuﬁ:ﬂﬂﬁuauLmu trisubstituted ﬂiﬂﬂgé‘fyfuﬂmﬁ
Oc 140.6 (C-5) unz O 121.7 (C-6) AL H NMR Usznaudofygmainy
methyl 6 Uk 0.98 (s, H-19), 0.90 (d, J = 6.9 Hz, H-21), 0.85 (d, J = 6.5 Hz, H-27),
0.81 (d, J = 6.5 Hz, H-29), 0.79 (d, J = 6.5 Hz, H-26), 0.65 (s, H-18) LuLANT Oy 5.33
(d, J = 5.5 Hz, H-6) uaz Oy 3.51 (m, H-3) uazruTndugudunisvelsnan H-3 a2
Toyaves COSY ﬁLLa@aﬁryfynmﬂﬂaumaaIﬂsmau H-3 AU H-4 71 Oy 2.31 uaz 2.26 uaz
Sty mdaivvasllineu H-3 Ay H-2 Unngfi Sy 1.86 ndaya HMBC 283 SF4 wWuin
H-3 (O 3.51) LWARAIANNFANNUSAL C-1 (O 37.2) uaz C-4 (O 39.7) uaz H-6 (Oy 5.33)
WEAIANNFNNUSAL C-5 (O 140.6), C-7 (O 31.5) uaz C-10 (O 42.2) mﬂﬁagmﬁ'mau
284 HMBC WU H-16, H-18 Waz H-21 LRAIANNENNUSAUATUaUTia quaternary O
82.5 %GLLK@N’Z;’]%%] hydroxyl ﬁ?ulm:agjiﬁ@‘i’umm C-17 muama%‘[amﬁmam%i hydroxyl 7
funsfl c-17 Buguandoys NOESY wuindlosnouasludy H-188 Huarvnlidyn
yo3lUsaan H-8 uaz H-20 LANT% ayUlddn H-8 uaz H-20 fmaoslowniuundan Sade
H-20 Fmasslowduuudiuiinavily c-20 Smeaoslonduundamn LLﬂz’ﬂﬁﬂ{l/ﬂHaﬁﬁ’ﬂﬁ

[l o \ XK A a A le, a
‘WH hydroxyl n@eidn C-17 QGN@L@]@‘JIBL@&JLLUU"ER\‘] AILLRAN
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LLK@N"]TE]%IQ HMBC 283 SF4

ﬁ’]‘iﬂ%ﬁg“n%rﬁuﬂﬂvlﬁ (SF1-SF9) s lunalunesaunnsamdainelwialsaunialie
(Plasmodium falciparum) uaznagauaNauduisnuirasuziss 3 viafa wziSstaa (NCI-
H187) uz159nT398n (BC) wazNziSslutastn (KB) %alumsmaaﬂﬁ%’um’mav‘omswzﬁ
nngudRuTImnIwuazinaluladiinwuriizn@ (BIOTEC) WamInanaduaadlua1ing

=

1

Lo & 6

PNNNTHNA 1 WuI aslnd SF4 uaegndsuduTasNnSY 3 afialuszauin

nany lasfen ICs, 6.63 Lg/mL (NCI-H187) 10.67 g/mL(KB) uaz 14.86 Llg/mL(BC) uaz

£ o ¥ A, v a ; 3 o '
waAIgNIFUTaNnaliialsau ey (Plasmodium falciparum) luszaugaulasiien ICs,
agjﬂumd 25 Ug/mL #ananHus? SF5, SF6, uaz SF9 syuaasnnuduiveaimaauzs

19 3 rhaluszautunaty lapiie 1ICs, 9.45-13.89 g/mL
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1 Q{ (] . .
39N 1 LLamqmma%amwmaamiﬂizﬂaumnwawwum (Syzygium siamense)

Cytotoxic activity (ICsxp, ,ug/ml)a
Antimalarial
Compound b
KB | NC-H187 | BC G0 (eglmD
SF1 >50 50.00 >50 >50
SF2 50.00 43.25 >50 >50
SF3 >50 26.45 >50 >50
SF4 10.67 6.63 14.86 25
SF5 22.89 10.67 17.63 >50
SF6 13.89 9.45 10.17 25
SF7 >50 >50 >50 >50
SF8 >50 20.43 >50 >50
SF9 12.25 10.33 10.76 25
Elliticine 0.338 0.440 - -
Doxorubicin 0.142 0.036 0.817 -
Dihydroartemissinine - - - 3.7 nM

°Results are expressed as ICy, values (g/ml); activity: <5 strong, 5-20 moderate, 20-50 weak,
>50 inactive. Key to cell lines used: KB = oral human epidermoid carcinoma; BC = human

breast cancer cell; NCI-H187 = human small cell lung cancer; bAgains.t Plasmodium falciparum
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New cytotoxic steroids from the fruits of Syzygium siamense
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A new sterol, stigmast-5-ene-3f3,17a-diol (1), together with six known compounds,
stigmast-5-ene-33-yl formate (2), stigmast-5-ene-33,7a-diol (3), stigmast-5-ene-7a-
methoxy-33-ol (4), stigmast-5-ene-3-one (5), 33-sitostanol (6), and 3[3-sitosterol (7),
was isolated from the fruits of Syzygium siamense, of which compound 2 is reported for
the first time from a natural source. Their structures were elucidated by spectroscopic
methods. The isolated compounds (1-7) were evaluated for their cytotoxic activities
against human oral epidermoid carcinoma cancer (KB), human breast cancer (BC), and
human small cell lung cancer (NCI-H187) cell lines.

Keywords: Syzygium siamense; Myrtaceae; steroidal; cytotoxicity

1. Introduction

Syzygium siamense belongs to the family
Myrtaceae, which is distributed in several
Southeast Asian countries. This plant has
been used by the local Thai people in folk
medicine for its diuretic, odontalgic,
stomachic, and stimulant properties [1].
Volatile oils from the species of Syzygium
exhibit antibacterial activity [2,3]. Pre-
vious work on this genus reported their
anti-inflammatory,  antihypertensive,
anticonvulsant, and antimicrobial activi-
ties [4—8], but until today, no phytochem-
ical studies have been carried out to
identify the active metabolites. As a part of
our search for bioactive metabolites from
Thai medicinal plants [9—11], we investi-
gated the hexane and ethyl acetate soluble
extracts from the fruits of S. siamense and

it was found to exhibit significant cyto-
toxic activity when evaluated against a
panel of human cell lines.

Fractionation of the hexane and ethyl
acetate extracts from the fruits of
S. siamense led to the isolation of a new
naturally occurring stigmast-5-ene-3(3,17a-
diol (1), along with six known sterols,
stigmast-5-ene-33-yl formate (2), stigmast-
5-ene-3B,7a-diol (3), stigmast-5-ene-7o-
methoxy-33-ol (4), stigmast-5-ene-3-one
(5), 3B-sitostanol (6), and 3B3-sitosterol (7)
(Figure 1). The structures of the known
compounds were elucidated by com-
parison of their physical and spectral data
with the literature values [12-15]. The
obtained sterol derivatives, 1-7, were
evaluated biologically against human cancer
cell lines.
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Ry Ry Rs
1 H H OH
2 CHO H H
3 H OH H
4 H OMe H

5 R=0; C5-C6 unsaturated
6 R=OH; C5-C6 saturated
7 R=O0H; C5-C6 unsaturated

Figure 1. Structures of compounds 1-7 from
S. siamense.

2. Results and discussion

Sterol (1) was isolated as a colorless gum,
and the molecular formula C,oH570, was
established by HR-FAB-MS at m/z
430.3809 [M]". Its IR spectrum showed
the presence of hydroxyl (3450 cm™ ") and
trisubstituted olefinic groups (845 and
1670 crn*l). The steroid nature of this
compound was deduced from a combina-
tion of '*C NMR and DEPT-135 spectra,
which showed that the compound had 29
carbon atoms, including 4 quaternary
carbons, 8 methines, 11 methylenes, and 6
methyl groups. One oxygenated methine
carbon resonated at & 71.8 (C-3), one
oxygenated quaternary carbon at & 82.5
(C-17), and two trisubstituted double bond
carbon atoms C-5 and C-6 at 6 140.6 and
121.7, respectively. The 'H NMR spectrum
(Table 1) indicated the presence of
characteristic steroidal methyl signals;
two methyl singlets resonated at 6 0.65
(Me-18) and 0.98 (Me-19), and four

methyl doublets at 6 0.79 (J = 6.5Hz,
Me-26), 0.81 (J = 6.5Hz, Me-29), 0.85
(/= 6.9Hz,Me-27),and 0.90 (J/ = 6.9 Hz,
Me-21). The characteristic H-6 of steroid
5,6-enes was noticed at 6 5.33 as a doublet
(J=5.5Hz). The presence of a 3B
oxygenation was indicated by a broad
methine multiplet at § 3.51. In the COSY
spectrum, the broad multiplet signal for
H-3 showed coupling to H-4 protons
resonating at 6 2.31 and 2.26, which were
in turn coupled to H-2 appearing at 6 1.86.
The results from the HMBC experiment
indicated long-range correlations from H-3
to C-1 and C-4, from H-6 to C-5, C-7, and
C-10. In addition to C-5 at 6 140.6, C-10 at
0422, and C-13 at 6 42.1, compound 1
possessed a fourth quaternary carbon at &
82.5, suggesting an oxygen-bearing car-
bon. To be in accordance with the HMBC
correlations between this carbon (& 82.5)
and H-16, H-18, and H-21, the hydroxyl
group had to be located on C-17. Conse-
quently, the chemical shift of C-18 was
shifted downfield from 6 11.8 to 14.2,
when compared to the sitosterol [16,17].
The NOESY correlations between Me-
1883, H-8, and H-20 suggested the B-
orientation for C-20 and, consequently, the
a-orientation for the hydroxyl group,
features normally exhibited by a steroid
skeleton. Assignments of proton and
carbon signals for the side chain of 1 were
strongly supported by the literature data
[18-20]. On the basis of the above
evidence, the structure of 1 was character-
ized as stigmast-5-ene-3f3,17a-diol.

Sterol (2) was determined as stigmast-
5-ene-3[3-yl formate, and its structure was
established by mass spectrometry, 1D and
2D NMR techniques and by comparison
with those available in the literature [12].
This compound is reported for the first
time from a natural source.

The isolated compounds 1-7 were
evaluated for their cytotoxic activities
against human oral epidermoid carcinoma
cancer (KB), human breast cancer (BC),
and human small cell lung cancer
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Table 1. "H NMR (500 MHz) and '>C NMR (125 MHz) spectral data for 1* and 2.
1 2

Position 3¢ 'H 3¢ 'H

1 372 1.13 (m) 37.6 111 (m)
1.84 (m) 1.86 (m)

2 31.8 1.56 (m) 27.8 1.53 (m)
1.86 (m) 1.94 (m)

3 71.8 3.51 (m) 73.9 4,72 (m)

4 39.7 2.26 (m) 39.3 2.24 (m)
2.31 (m) 2.31 (m)

5 140.6 139.2

6 121.7 533 (d, 5.5) 122.9 5.37 (d, 5.0)

7 315 1.53 (m) 315 1.54 (m)
2.01 (t, 3.5) 2.02 (t, 3.5)

8 31.8 1.65 (m) 314 1.67 (m)

9 50.0 1.26 (m) 49.6 1.21 (m)

10 422 39.6

11 21.0 1.51 (m) 21.0 1.51 (m)
1.62 (m) 1.61 (m)

12 36.4 1.67 (m) 36.5 1.65 (m)

13 42.1 422

14 56.7 1.66 (m) 56.6 1.66 (m)

15 242 1.15 (m) 242 1.18 (m)
1.75 (m) 1.76 (m)

16 26.0 1.46 (m) 26.0 1.40 (m)
2.23 (m) 2.22 (m)

17 82.5 55.9

18 14.2 0.65 (s) 11.8 0.65 (s)

19 193 0.98 (s) 19.2 1.01 (s)

20 36.1 1.59 (m) 36.1 1.58 (m)

21 18.7 0.90 (d, 6.9) 18.7 0.91 (d, 6.5)

22 33.9 1.02 (m) 33.8 1.04 (m)
2.02 (m) 1.99 (m)

23 28.2 1.04 (m) 277 1.06 (m)
1.35 (m) 1.39 (m)

24 45.7 0.95 (m) 45.7 0.96 (m)

25 29.0 1.68 (m) 29.0 1.67 (m)

26 19.0 0.79 (d, 6.5) 19.0 0.79 (d, 7.0)

27 19.8 0.85 (d, 6.9) 19.8 0.85 (d, 7.0)

28 23.0 1.16 (m) 23.0 1.15 (m)
1.32 (m) 1.30 (m)

29 11.9 0.81 (d, 6.5) 11.9 0.82 (d, 7.0)

OCHO - - 160.6 8.01 (s)

Notes: “TMS was used as an internal standard, and chemical shifts (8) are presented in parts per million. J values

are given in Hz in parentheses.

(NCI-H187) cell lines as shown in Table 2.
The sterol derivatives 1, 3, and 4 showed
moderate inhibitory effect against KB, BC,
and NCI-H187 cells with ICsq values from
6.63 to 14.86 pg/ml. Compound 2 exhib-
ited moderate cytotoxicity against BC and

NCI-H187 cell lines with ICsq values of
17.63 and 10.67 wg/ml, respectively,
whereas compounds 6 and 7 were found
to be exhibiting selective cytotoxic
activity against the NCI-H187 cell line. It
should be noted that the hydroxyl group
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Table 2. Cytotoxic activities of compounds
1-7.

Cell lines®
Sample KB BC NCI-H187
1 10.67 14.86 6.63
2 22.89 17.63 10.67
3 13.89 10.17 9.45
4 12.25 10.76 10.33
5 >50 >50 >50
6 >50 >50 26.45
7 >50 >50 20.43

Note: “Results are expressed as ICsq values (pg/ml);
activity: <5, strong; 5—-20, moderate; 20—50, weak;
> 50, inactive.

at C-7/C-17 is important for cancer
activity in a steroid skeleton, and it seemed
to have increased the cytotoxicity.

3. Experimental
3.1 General experimental procedures

Specific rotations were determined with an
Autopol II automatic polarimeter. UV
spectra were measured with a UV-160A
spectrophotometer (Shimadzu, Kyoto,
Japan), and IR spectra were recorded on
a Perkin-Elmer 1750 FTIR spectropho-
tometer. The 'H and '>C NMR spectra
were recorded in CDCl; using a 500 MHz
Varian Unity INOVA spectrometer.
Chemical shifts are recorded in parts per
million (8) in CDCl;. Mass spectra (EI or
FAB) were recorded on a Finnigan-MAT
95 XL spectrometer. Column chromatog-
raphy was carried out on silica gel 60
GF,s4 (Merck, Darmstadt, Germany).

3.2 Plant material

The fruits of S. siamense were collected in
Khian Sa, Suratthani, Thailand, in March
2008. A voucher specimen (No. WU-
0198) has been deposited in the herbarium
of Walailak University, Thasala, Nakhon
Si Thammarat, Thailand.

3.3 Extraction and isolation

The dried fruits of S. siamense (2.1 kg) were
extracted with hexane and EtOAc at room
temperature. The hexane extract (4.5 g) was
subjected to column chromatography over
silica gel and eluted with a gradient of
hexane—EtOAc to afford four fractions
(H1-H4). Fraction H2 (0.9 g) was purified
by column chromatography using EtOAc—
hexane (1:4) to give compound 1 (6.7 mg).
Fraction H3 (0.4 g) was subjected to silica
gel column chromatography eluted with
EtOAc—hexane (1:4) to yield compound 6
(14.2 mg). The EtOAc extract (10.3 g) was
chromatographed on a silica gel column and
eluted with a gradient system of hexane—
EtOAc to afford six fractions (E1-E6).
Compounds 2 (11.3 mg) and 5 (8.7 mg) were
derived from fraction E3 (1.8 g) by column
chromatography using EtOAc-hexane
(1:4) as the eluent. Fraction E2 (1.1g)
eluted with EtOAc—hexane (1:9) yielded
compound 3 (9.2mg) after purification by
column chromatography. Fraction ES5
(0.8 g) was purified by column chromatog-
raphy using EtOAc—hexane (1:4) to give
compound 4 (7.7mg). Fraction E4 (1.2g)
was separated on a silica gel column eluting
with EtOAc—hexane (1:3) to afford com-
pound 7 (13.5 mg).

3.3.1 Compound (1)

Colorless gum; [a]® —35.2 (c = 0.010,
CHCl3); IR (CHCl3) v 3450, 1670,
845cm ™ '; 'H and '*C NMR spectral data,
see Table 1; HR-FAB-MS m/z: 430.3809
[IM]™ (caled for CaoHs00,, 430.3811).

3.3.2 Compound (2)

Colorless gum; [a]® —23.7 (c = 0.040,
CHCl3); IR (CHCl3) wpax: 1734, 1643,
840 cmfl; 'H and *C NMR spectral data,
see Table 1; HR-FAB-MS m/z: 442.3818
[M] ™" (caled for C3oHsgO,, 442.3811).
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3.4 Cytotoxicity assay

The cytotoxicity assay employed the colori-
metric method [21]. Ellipticine, the refer-
ence substance, exhibited activity toward
KB, BC, and NCI-H187 cell lines, with the
IC5( range of 0.3-0.6 pg/ml (Table 2).
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