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Abstract — Bioassay guided fractionation and isolation of the CH,Cl, extract from the apical bud of Gardenia sootepensis
(Rubiaceae) led to the isolation of five known flavonoids (1-5). The structures of the compounds were determined by 1D and
2D NMR, and MS experiments, as well as by comparison of their data with published values. Compounds 1-5 were isolated
for the first time from this plant source. The isolated compounds were evaluated for their cancer chemopreventive potential
based on their ability to inhibit nitric oxide (NO) production. Among the isolates, compound 4 exhibited considerable NO inhib-

itory activity with an IC,, value of 13.8 uM.
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flavonoid BFFEES 25 B8l +2& T439oH,
olE9 & HEF &S =4 ¥ Th

AEME - Aol AFS-E G sootepensis= 201210 6
Hl= £5-9] x]Yg}e](Chiang Rai) A HX AR =0,
Mae Fah Luang t8}32] Surat Laphookhieo <=l £]3}
o FREJT AEES st AlE st o,
(GS001)& &keto] st oFstt)st 2 7](Leng Chee
Chang) 29| FEAC] 23T

2171 ¥ Al2F —-UV ¥ IR 27} Shimadzu PharmaSpec-
1700 UV-visible spectrophotometer <} Bruker Tensor-27
spectrophotometer 223 AFHE-3FTE 1D 2 2D NMR2
Bruker AVANCE(400 MHz) spectrometerS A}-8-3} %1t
Mass spectra= BioTOF 11 ESI mass spectrometers ©|-8-5}
Atk TLCE Merck precoated silica gel F254 platesE A}
£31920, RP TLCE+ RP-C18 F254s plates’} o859
t}. UV lights o]-8&3le] 254 nme} 365 nm gl 1214
O RIS 10% sulfuric acids ©]-&-3te] 24 22l3}
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$t}. Column chromatographyl] ©]-8-% S3ZA|= silica gel
60(Merk Co., 70-230 mesh), RP-C18 silica gel(YMC GEL
ODS-A, 12nm, S-75pum)3} Sephadex LH-20(Pharmacia
Co.)7} ©]&% Ut} Semi-preparative HPLC+= Beckman
Coulter Gold-168 system ©|-&3F 3, columnl 2+
Alltech reversed-phase Econosil C-18 column(10 um, 10x
250 mm)S AHE-3I3IT).

F& U 22| - G sootepensis(15.8 g)2] 71=38F & =+ F
915 CHCL &vi2 214 3 3l 4A F& 9 34313
th 3= oA A2 I FF71E ol8st] w5 10gS
AU} CHCl, FFE(9 g)< silica gel column(230-400
mesh, 360 g), hexane-ethyl acetate(50:1~0:100)2] Z71 2
22 A3, 10702 B8 E(Fel-Fel0)5S At}
8 E Fc4(2 g)= sephadex LH-20 gel column} ©]5/42
2 H,0-MeOH(30:70~0:100) §-viE AME-3t] 6719 At
3 (FeAL1-FeAL6ySS AUt 3= 4(35 me)e} 5(82 mg)
+ CHCl, 871 & o]83te] ztzte] 28] FedlL29} Fedl3
ZRE A gJste] dojHnt. S5HE 2275 mg)E &
8 FedL6ZHH silica gel column} hexane-ethyl acetate
(50:1 to 1:1) B¥lE A8l AABIAL. 8= Feb(1.5 g)
< silica gel column(¢ 7 cm; 230-400 mesh, 250 g)} ©]&
81, hexane-ethyl acetate(99:1~1:1)E ©]-8-3} 87} 2]
23 (Febsl-Fe6s8) 52 AUt AEF Febs3> THA
sephadex LH-20 gel column¥} ©] &7 &1, H,0-MeOH
(50:50~0:100)E A}8-3k 57]2] A3t8)(Fe6s3.1-Fc6s3.5)%
S AU, 283 Fc6s3.4= semi-prep. HPLCE ©]-8-31]
Econosil C-18 column(10 pm, 10x250 mm) % MeOH-H,0/
0.1% acetic acid=90:10~100:02] &0l =714 3}3=
13 mg, #; 78 min)3} 3(2.5 mg, #, 81 min)S 2|3 Th

Demethoxycentaureidin (1) — Yellow amorphous powder,
UV (MeOH) 4, (log & 278 (4.0), 331 (3.7) nm; IR
Vo (KBr) 3323, 1656 em’; LCMS m/z 331 [M + HJ’;
'H-NMR (400 MHz, DMSO-dy) &1 13.03 (1H, s, 5-OH),
7.54 (1H, dd, J=8.8, 2.4 Hz, H-6"), 742 (IH, d, J=2.4
Hz, H-5"), 7.09 (1H, d, /=8.8 Hz, H-2"), 6.75 (1H, s, H-
8), 6.58 (1H, s, H-3), 3.86 (3H, s, 4-OCH,), 3.75 (3H, s,
6-OCH,); “"C-NMR (100 MHz, DMSO-d,) & 1822 (C-
4), 1639 (C-2), 1579 (C-7), 152.8 (C-8a), 152.6 (C-5),
151.3 (C-4'), 147.1 (C-3"), 131.7 (C-6), 123.1 (C-1"), 118.8
(C-6), 113.1 (C-2), 104.5 (C-4a), 104.1 (C-3), 103.1 (C-
5", 94.4 (C-8), 60.4 (4-OCH,), 56.1 (6-OCH,).

5,7,2' 5'-Tetrahydroxy-6,3',4"-trimethoxyflavone (2) -
Yellow amorphous powder, UV (MeOH) A, (log & 268
(4.1), 320 (3.8) nm; IR v, (KBr) 3323, 1656 em’;
LCMS m/z 377 M + H]'; '"H-NMR (400 MHz, DMSO-
d) &1 13.03 (1H, s, 5-OH), 10.77 (1H, s, 7-OH), 9.55
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(1H, s, 2-OH), 922 (1H, s, 5-OH), 7.12 (1H, s, H-6'),
704 (1H, s, H-3), 6.51 (1H, s, H-8), 3.87 (3H, s, 4-
OCH,), 3.78 (3H, s, 3-OCH,), 3.76 (3H, s, 6-OCH,); "C-
NMR (100 MHz, DMSO-d,) & 182.6 (C-4), 161.5 (C-2),
1578 (C-7), 153.1 (C-5), 152.9 (C-8a), 145.1 (C-4)),
144.0 (C-5'), 143.7 (C-2'), 142.2 (C-3'), 131.7 (C-6), 112.5
(C-11), 109.3 (C-6'), 108.5 (C-3), 104.5 (C-4a), 94.4 (C-8),
61.4 (3-OCH,), 60.7 (4-OCHy), 60.4 (6-OCH,).

5,7,3"-Trihydroxy-6,4',5"-trimethoxyflavone (3) — Yellow
amorphous powder, UV (MeOH) A4, (log & 279 (4.1),
330 (3.6) nm; IR v, (KBr) 3229, 2934, 1651 cm’;
LCMS m/z 361 [M + HJ"; 'H-NMR (400 MHz, DMSO-
dy) & 1297 (1H, s, 5-OH), 7.14 (1H, d, /=2.1 Hz, H-2'),
7.12 (1H, d, J=2.1 Hz, H-6'), 6.86 (1H, s, H-3), 6.57 (1H,
s, H-8), 3.88 (3H, s, 5-OCH,), 3.76 (3H, s, 6-OCH,),
375 (3H, s, 4-OCH,); "C-NMR (100 MHz, DMSO-d,)
& 1826 (C-4), 163.6 (C-2), 157.8 (C-7), 1539 (C-5),
1532 (C-5), 152.8 (C-8a), 1513 (C-3"), 140.0 (C-4),
131.8 (C-6), 1263 (C-1"), 108.1 (C-2), 104.6 (C-3), 104.6
(C-4a), 102.5 (C-6"), 94.7 (C-8), 60.5 (4-OCH,), 60.3 (6-
OCHS,), 56.5 (5'-OCHS,).

Umuhengerin  (4) — Yellow amorphous powder, UV
(MeOH) A, (log & 278 (4.0), 331 (3.7) nm; IR v,
(KBr) 3323, 2291, 1656, 1591 cm™; LCMS m/z 389 [M
+ H]; '"H-NMR (400 MHz, DMSO-d,) & 12.83 (1H, s,
5-OH), 7.39 (2H, s, H-2/H-6), 7.16 (1H, s, H-3), 7.03
(1H, s, H-8), 3.96 3H, s, 7-OCH,), 3.92 (6H, s, 3-OCH,/
5-OCH,), 3.76 (3H, s, 4-OCH,), 3.75 (3H, s, 6-OCH,);
BC-NMR (100 MHz, DMSO-d,) & 182.8 (C-4), 163.7
(C-2), 159.2 (C-7), 153.7 (C-3'/C-5"), 1532 (C-8a), 152.4
(C-5), 1413 (C-4), 1324 (C-6), 1263 (C-1"), 105.7 (C-
4a), 1052 (C-3), 104.6 (C-2/C-6), 92.3 (C-8), 60.7 (4'-
OCH,), 60.5 (6-OCH,), 57.0 (7-OCH,), 56.8 (3-OCH,/5"-
OCH,).

5,7,2' 5'-Tetrahydroxy-6,3',4'-trimethoxyflavone (5) -
Yellow amorphous powder, UV (MeOH) 4. (log & 279
(4.0), 329 (3.5) nm; IR v, (KBr) 3325, 2289, 1654,
1591 em™; LCMS m/z 391 [M + HJ; 'H-NMR (400
MHz, DMSO-d,) & 12.89 (1H, s, 5-OH), 7.20 (1H, s, H-
6'), 7.11 (1H, s, H-3), 6.82 (1H, s, H-8), 3.93 (3H, s, 7-
OCH,), 3.87 (3H, s, 4-OCH,), 3.79 (3H, s, 3-OCH,),
374 (3H, s, 6-OCH,); "C-NMR (100 MHz, DMSO-d,)
& 182.0 (C-4), 1619 (C-2), 159.3 (C-7), 1532 (C-5),
1524 (C-8a), 1453 (C-4'), 144.8 (C-5), 1442 (C-2),
1422 (C-3'), 132.0 (C-6), 112.5 (C-1"), 109.6 (C-6'), 108.8
(C-3), 105.5 (C-4a), 91.7 (C-8), 61.4 (3-OCH,), 60.8 (4"
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OCH,), 60.5 (6-OCH,), 56.9 (7-OCH,).

Nitric Oxide(NOYAA oixj| &4 &X' -LpS #2]o]
o8l F=5E RAW 264.7 AlEoA NO A4d0] zF Al59)
o3 JAHE Ae SA] 8 MFE AEE 4x10°
cells/well 22 24 well plateol] 1 ml¥ vjFst thS 24
A7 FRF vt 24417 § mediumS A A F
RPMI16402.2 4% 7} 5= ¥ A8 A2 & LPS(1 ny/
ml)E *2|sle] 24X 7F & A EZAA medium S E FH]E| o]
U2 NO9 %2 Griess A] 2F[0.1%(w/v) N-(1-naphathyl)-
ethylenediamine and 1%(w/v) sulfanilamide in 5%(v/v)
phosphoric acid]& AH&-3ste] WH-g-st3ith. ¥H-g 9 ELISA
microplate reader(Bio Rad Laboratories Inc., California,
USA)E ARg-31od 540 nmellA] 2481530k L-N-monomethyl
arginine citrate(.-NMMA)= Y] 3l thZ270 2 AFS-E o}
(ICs, 25.1 uM).

it

Z43 o
G sootepensis®] CH,Cl, 522 A7} 2 C-18 & Z
d A=2rETe 2 2935 & AFAPH 2 58 HPLC
£ AAst F 5 FY rREES EsithFig. 1).
BhehE 12 9 =gAe] 7hE FElE dojile, Le-
MS spectrum®l A m/z 331 [M + H]'] ion peakS <l&}
At UV spectrum 33132} 278 nmellA] 22} double bond
3} carbonyl group®l| | Fst= &7 HHEE HATh IR
spectrum-< 1656 cm™ 9| 4] conjugated C=0 group¥} 3323
em'ollA] hydroxyl group?] 542 S5 932 YRR
t}. 33E 19 “C NMR spectrume F 70 <] methoxy
carbon=S E35te] 17709] carbon signale< YERH AT
UV 2 'H} PC NMR spectraS EHE 315HE 12 flavone
o] Fx=2 gttt 3132 19 'H NMR spectrume

Ri R, Ry R; Rs Rg

1 OCH;OH H OH OCH; H
2 OCH;OH OH OCH; OCH; OH
3 0CH;OH H OH OCH; OCHs

4 OCH; OCH; H
5 OCHz; OCH; OH

OCH; OCH3; OCH,
OCH; OCH3 OH

Fig. 1. Structures of compounds 1-5 isolated from Gardenia
sootepensis.
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&y 13.03°14 C=0 groupzte] F+AAFC R ste] A 2
g9 o]FH hydroxyl group proton} &, 6.75 (H-
8)9} 6.58 (H-3)14 5 7119] aromatic singlet protons< 1}
Bl om, o] 59| = HMBC A3olA 1=
THFig. 2). 27F8 0.2 &, 742 (1H, d, /2.4 Hz, H-2),
7.09 (1H, d, J/=8.8 Hz, H-5"), 7.54 (1H, dd, J=8.8, 2.4
Hz, H-6)°14 3}3+4 o] 5352 ABX-type®| aromatic
system protons< °7| AT HMBC A 3-2 hydroxy
proton (&, 13.03)7 C-5 (& 151.4)C-6 (& 131.7)/C-4a
(& 104.4)%] correlation =3} methoxy proton (&, 3.75)3
C-62] correlations B O ZH A-ring®] C-6° methoxy
group®] | &=o] th= AL & T ARSH, H-6' (&
7.54)/OCH, (&, 3.86) &} C-4'2+2] HMBC correlations
Ao =H 1mA] &t methoxy group (& 3.86)¢] B-
ring®] C-4' 910l X|gh=]o] Y-S It webA], 5}
FE 112 919 B9 ek A 9 F3 ghake] vl
©]3}ed demethoxycentaureidin 3% S4sl3ich Y
g 2We Yo w3y 722 Aol th LC-MS
spectrum- m/z 377 [M + H] 9|4 ion peakZS H ST} 3h
= 2919 '"H NMR spectrume &, 3.75 (3H, s, 6-OMe),
378 (3H, s, 3-OMe)9} 3.87 (3H, s, 4#-OMe)ol A 37H2]
methoxy signat=} A 2Fg 99¢] &, 13.03 (5-OH), 10.77
(7-OH), 9.55 (2'-OH), 9.22 (5-OH)°1 A 47§ 2] hydroxy
proton signalES RE O™, §; 7.04 (1H, s, H-3), 6.50
(1H, s, H-8), 7.12 (1H, s, H-6"1A] 27} singlet®. 2 L€}
L= aromatic signal52 26181t} °C 2 DEPT NMR
AL 8 603 (6-OMe), 61.4 (3-OMe), 60.7 (4-OMe)°l]
A1 3 70 €] methoxy signalE3 & 108.5 (C-3), 94.4 (C-8),
109.3 (C-6"°ll4 3 7]€] protonated aromatic carbons, [
161.5 (C-2), 157.8 (C-7), 153.1 (C-5), 152.9 (C-8a), 145.1
(C-4"), 144.0 (C-5"), 143.7 (C-2"), 1422 (C-3"), 131.7 (C-
6)1°14 97112l oxygenated quaternary aromatic carbons, ©]
SR Bl A aApge] WEkE g9 g 1125 (C-1) ¢
104.5 (C-d4apllX] Uept= 2702] 42} aromatic carbons, —L
23 &, 182.6 (C-4)ollA] gk 7§ €] carbonyl carbons X3
t}. HMBC A # oAl 5-OH/6-OCH; protonEs 3} C-6, 2
OH/3'-OMe protonE3} C-3' Z12]3L H-6//5-OH/4-OMe 2}
C-4' AFo]9] correlationE-2 Fig. 20| A= ZAA7 -OH
o} -OCH; group=2] X3+ 91XE AT F7H4<1
HMBC ¢} NOESY 2&E< Fig. 20 YeRAAT). wehbA,
IRIE 20 25 G carinata AE2FE EEH 5,7,2,5-
tetrahydroxy-6,3',4"-trimethoxyflavones} U =]&}%ict.")
315HE 39] UV, IR, and NMR spectra= 2¥12] dataS 3}
FAMS BES BIoy, 38 Baing? 6 7.14 (1H, d,
J=2.1 Hz, H-2))¢} 7.12 (1H, d, J=2.1 Hz, H-6"0llA] 27}2]
aromatic doublet protong3} &; 6.57 (1H, s, H-8)°lIA] 3t
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OCH
\j
HO o)

Y
H,;CO

9] singlet aromatic proton ~Z2] 3L &, 3.88 (3H, s, H-5")°l
A 3hhe] methoxy proton} 7Ho| 29}= TFE pattern®]
signal 52 H 31 th. HMBC NMR 2 &olA H-8 (6, 6.57)
9} C-4/C-4a/C-6/C-7/C-8a; H-2' (&, 7.14)H-6" (&, 7.12)
9} C-1'/C-4/C-25 AFl9] correlationE-2 3HE 39| +%
7} Artemisia reptans'® 2} E-o) A E2] € 573" trihydroxy-
6,4',5"-trimethoxyflavoneZh= 218 20| &l3itt.

31HE 49 F2E LC-MS9 m/z 389 [M + H] oA
molecular ion peakE RS T} 4912] NMR spectrum-S 39
o] aRAEH wf¢ FAF SSAARE C-78F C-3 1Rl 27]€]
methoxy groupE©°] F7H8 o2 X388 S Bt 'H
NMR spectrum®] 3}3F4 o157k &, 7.39 (2H, s, H-2/H-6)
o} &, 3.92 (6H, s, H-3'&H-5)A Z+2 F 7l19] 553
aromatic proton=2} methoxy protonE°] LAHE 7oz 1
o} B-ring thA ARl 725 7KL S & T AUATh
o= Fig. 2014 Hex= ZAd HMBC ¢+ NOESY NMR
AgelA gl HATE webA, s9E 49 +E= Lantana
trifolia 21 =14 2% umuhengerin®] +X22 574 =AU
g

shehE 52 38h 24 9 2R 3ol vl st
5,7,2',5"-tetrahydroxy-6,3',4"-trimethoxyflavone . 2 &21%| ]

A #d &4 screening ATolA G sootepensisS]
i 52 CHCL FEE°] LPS A 93] s
RAW 264.7 Al 21X NO AdE 98%= Asfst= o=
UERTE B3, o] 2R el o]z thAEEES] NO A

3 A AL 54T A Table 1914 Box= AAH

'H-BC HMBC
Fig. 2. Important 'H-"C HMBC and NOESY correlations for 1-4.

Table 1. Inhibition effect of compounds 1-5 against the NO
production in LPS-stimulated RAW 264.7 cells

Nitrite assay

Compounds

%inhib.* Y%surv.!  ICg, (UM)
CH,Cl, extract  98.0+1.6 62.5+2.4
1 10.2+1.1 99.8+0.6 nd’
2 61.042.0 78.5+1.3 39.3+3.0
3 38.143.1 95.9+1.2 nd*
4 79.6+0.7 61.4+0.5 13.8+0.4
5 25.142.2 98.6+1.7 nd’
1-NMMA® 25.142.3

*% inhibition of NO production at 50 puM.
"% survival at concentration of 50 UM.
Zpositive control for NO.

nd, not determined.

3158 242 1Cy, 393 uME 57+ H=e] E44S Hel ut
H S 4H2 IC,, 13.8 M= A 2o = AM8H
L—NG-monomethyl arginine citrate(t-NMMA)(IC, 25.1 uM)
o W3tel T 745k BHG Hol= Ao Lhehslth. Lrix]
RFESS BAo] Y= AoE Yehdtt. #2]9 flavonoid
RFEABY F 9F WY B AT HL0= vt

=

Iy

=2
—

G sootepensis 2)1=2] Eir F-9)0l| tigk CH,ClL, FZE=
HY oz tIARIEES] £ ATE AAF A3 579
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flavonoid 3FE=S AUTE ol F==2 242
demethoxycentaureidin(l) 5,7,2",5-tetrahydroxy-6,3",4'-trimet-
hoxyflavone(2), 5,7,3"-trihydroxy-6,4",5"-trimethoxyflavone(3),
umuhengerin(4) 2 5,7,2",5"-tetrahydroxy-6,3’,4-trimethoxy-
flavone(5)= &4 =HAoH, ¥ F=EE EF G
sootepensisoll Al A& BIE AT 53], st 412 315
E 283} A G sootepensis X =2] B 9o FARE
2 YA, 50 uMe] A ] FEA ] AlE =
S B0, 9 & dF €488 YERITE 2L,
vez] FgEo R Held sighe SHE 2448 HolA| &
ATt A= FEE F72] flavonoid A S| SAlSt
=dl, 53], flavonoid S}3HE52] & 95 A<t AHs)]
kaempferol 2 glycosylated kaempferol FEAHE,'"*"
quercetin 2 ©] &2 glycosylated FFEANER" Helmin-
thostachys zeylanica=*-8] 22 neougonin®’7} 7+o]
prenylated flavonoid 7FE5-2 743 & A5 a5 7t
Aoz d#A A} $H4H, flavonoid 72l methoxy
group®] X FEA| oMM = vlaE] 2k nitric oxide &
Aol gEA Jon,? B AFe] AaolME OCH, 2H87]
7F o 218 Ho] e S5 40 204 NO A4 o
Al Z7go)] vlawa s veive As o doh m
A F7H 22 flavonoid SHHEE) tigh T frA)
D AL 4 Ase] I8 AoE AyztEn, gko
3} Ao AE st W AESHH A Folol 7]oE A
o7 AlgHr)

i e

A A

B AFE FAAFL, KOPRI(PE17100)2] AS o}
FHEAJTE At 7123 35 717] L dF i
A AL AlEs AFAE] B8-S wkon, old I =
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