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Chemical Constituents from the Apical Bud of
Gardenia sootepensis and Their Bioactivity
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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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Gardenia(Rubiaceae) < 212 @A 80 Fo] HIALE Q]
3, AAA Gl A G X Ho ok sEoldNE G
sootepensisS Eate] 15 Fo] 4214 It Gardenia &
29 F28e I FAYY 0% ol wH;LY &
Z A7 59 BHES 7L om0 JENE
cycloartane triterpenoidE°] F+ AEEE 44 SUth ol
siRteE2 (Ao thEk 54 % 3 HIV-1 vlol2]s &
Zhe Ao d¥A ow 1 Hzo Sof o859

#A A7t AP FrtE deiA Aok 28
2=l A cycloartane triterpenoid eSS A2
o|z} tIAREE ¥ o]5¢] & A A= oFAt
A BAEA] AT}
oRg 02 AMGEI e AlEE g oAl tiAE
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flavonoid 3FHEES A<
olg9] & dF =

AEME - Aol AF-E G sootepensis= 20120 6
=t B-0] X|%Y2}o](Chiang Rai) A%ollM AHEAH,

Mae Fah Luang t8}32] Surat Laphookhieo <] )3}
o FAFAL AEES 57138t MA slFoH, 1

(GS001)& &teto] st oFstt)st 2 7](Leng Chee
Chang) 9] 3 EA ] B39

2171 ¥ Al2F —UV ¥ IR 27} Shimadzu PharmaSpec-
1700 UV-visible spectrophotometer ¢} Bruker Tensor-27
spectrophotometer B&-S AFHE-3FITE 1D 2 2D NMR2
Bruker AVANCE(400 MHz) spectrometerS A}-& 3} T}
Mass spectra= BioTOF II ESI mass spectrometers ©1-8-35t
ATt TLCE Merck precoated silica gel F254 platesE A}
£31%21, RP TLCE+ RP-C18 F254s plates’} o859
t}. UV lightZ o]-&3le] 254 nme} 365 nm gl 1214
O RIS 10% sulfuric acidE ©]-&-3te] 24 22l s}
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$t}. Column chromatographyl] ©]-8-% S3IA|= 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} ©]-&= At} Semi-preparative HPLC+= Beckman
Coulter Gold-168 systemS ©]-&3F3 3, columnl 2+
Alltech reversed-phase Econosil C-18 column(10 um, 10x
250 mm)S AHE-3I3I T

F& U 22| - G sootepensis(15.8 g)2] AZS & & F
915 CH,CL 4712 214 3 3o 244 5% 2 973l

ok 5= o3 A4S Y 5718 ol8sl] 5 10
AT CHCl, FF (9 g)< silica gel column(230-400
mesh, 360 g), hexane-ethyl acetate(50:1~0:100)2] Z712
22E A9, 10712 B2 E(Fel-Fel0)5S AATh
8 E Fc4(2 g)= sephadex LH-20 gel column} ©]5/d2
2 H,0-MeOH(30:70~0:100) §-viE AME-3t] 6712 At
3 (FeAL1-FeAL6)SS AUt 3= 4(35 mg)e} 5(82 mg)
+ CHCl, 871 & o]&3te] ztzte] 28] FedlL29} Fedl3
ZRE A gJste] dojHnt. S5E 2275 mge &
8 FedL6ZHH silica gel column} hexane-ethyl acetate
(50:1 to 1:1) BvlE ARSI AABIAL. 8= Fe6(1.5 g)
< silica gel column(¢ 7 cm; 230-400 mesh, 250 g)} ©]&
2} 81, hexane-ethyl acetate(99:1~1:1)2 ©]-&3}o] 8712
248 (Febs1-Fe6s8) 52 AATE A3 Fe6s3> Al
sephadex LH-20 gel column¥} ©]&7 &1, H,0-MeOH
(50:50~0:100)5 AR&-3te] 57]9] A2 (Fe6s3.1-Fe6s3.5)%
S AL, 283 Fc6s3.4= semi-prep. HPLCE ©]-8-31]
Econosil C-18 column(10 um, 10x250 mm) % MeOH-H,0/
0.1% acetic acid=90:10~100:02] &0 Z7o|A 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
Vi (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 (I1H, d, J=24
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), 163.9 (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), 9.22 (1H, s, 5-OH), 7.12 (1H, s, H-6'),
704 (1H, s, H-3), 651 (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),
157.8 (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-17, 109.3 (C-6"), 108.5 (C-3), 104.5 (C-4a), 94.4 (C-3),
61.4 (3-OCH,), 60.7 (4-OCH,), 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-
d) & 12.97 (1H, s, 5-OH), 7.14 (1H, d, J=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,)
& 182.6 (C-4), 163.6 (C-2), 157.8 (C-7), 153.9 (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-
OCH,), 56.5 (5-OCH,).

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,) &1 12.83 (1H, s,
5-0H), 739 (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"), 153.2 (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 + H]'; '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), 1593 (C-7), 1532 (C-5),
1524 (C-8a), 1453 (C-4'), 1448 (C-5), 1442 (C-2),
142.2 (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(NOY:AS ixj| 4 ZH'_Lps 3z
o8l F=5E RAW 264.7 AlEoA NO A4d0] z+ Al79)
&) AA == A& 5] A3 Mg AEE 4x10°
cells/well 22 24 well plateol] 1 mI¥ vjFst thS 24
A7 FRF vl FetaL, 24417 § mediumS A A F
RPMI164022 3|14 ¥ 7} v ¥ AlFE A2 $ LPS(1 ny
mE Hglste] 24A17F T MM medium®ZE #H|E] o
U2 NO9| 4<S Griess Al 2F0.1%(w/v) N-(1-naphathyl)-
ethylenediamine and 1%(w/v) sulfanilamide in 5%(v/v)
phosphoric acid]& AH&-3ate] ¥H-&-st3ith. W& & ELISA
microplate reader(Bio Rad Laboratories Inc., California,
USA)Z Akg3lo] 540 nmell] 248130t} L-N -monomethyl
arginine citrate(.-NMMA)= Y] 3l thZ270 2 AFS-E o}
(ICs, 25.1 uM).

it

22} %
G sootepensis®] CH,Cl, F&=& A7} 2 C-18 A Z+
d A=rE29 2 2935 & AP H 2 58 HPLC
£ AAEt F 5 Fo eSS EElsith(Fig. 1).
S 12 B2 =0 71 gHlE dojRom, LC-
MS spectrum®lA] m/z 331 [M + H]'9] ion peakZ &Hela}
Atk UV spectrum 33132} 278 nmellA] 22} double bond
3 carbonyl groupell dNE 3= S HHEE BT IR
spectrum- 1656 cm™ 9| 4] conjugated C=0 group¥} 3323
cm oA hydroxyl groupe] 5421 F 922 YeR]
t}. 33E 19 “C NMR spectrume F 70 2] methoxy
carbon=S FE35te] 17709] carbon signale< YERH AT
UV 2 'H} PC NMR spectraS EHE 315HE 12 flavone
o] Fx= gelart.” 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 13.03914 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}
el om, o]5¢] = HMBC A3olA 1=
THFig. 2). 27F89 0.2 &, 742 (IH, 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 3134 o] 5352 ABX-type®| aromatic
system protons< °7| At HMBC A 32 hydroxy
proton (&, 13.03)3 C-5 (8. 151.4)/C6 (& 131.7)/C-4a
(& 104.4)%] correlation =3} methoxy proton (&, 3.75)%
C-62] correlations Bl O ZH A-ring®] C-6° methoxy
groupo] X|gHE]o] Slth= A& & 4 ANSH, H-6' (&
7.54)/OCH, (&, 3.86) &} C-4'2+e] HMBC correlations
dsto 2H YA s methoxy group (4 3.86)¢] B-
ring®] C-4' 91x|o)] X|gh=]o] Y-S It whebA], 5}
FE 12 919 B ek A 9 3 ghahe] vlare|
©J3led demethoxycentaureidin 2% F4813ich Y
g 2We We w3y J2E Aol th LC-MS
spectrum- m/z 377 [M + H] 9|4 ion peakES H ST} 3
= 2919 '"H NMR spectrume &, 3.75 (3H, s, 6-OMe),
378 (3H, s, 3-OMe)9} 3.87 (3H, s, #-OMe)ol A 37H2]
methoxy signate} A 2Fg G99¢] &, 13.03 (5-OH), 10.77
(7-OH), 9.55 (2’-OH), 9.22 (5-OH)°ll A 47§ 2] hydroxy
proton signalES H O™, §; 7.04 (1H, s, H-3), 6.50
(1H, s, H-8), 7.12 (1H, s, H-6")1A 27} singlet® 2 L€}
U= aromatic signal5-2 26181t} °C 2 DEPT NMR
AL g 603 (6-OMe), 61.4 (3-OMe), 60.7 (4-OMe)°l]
A1 3 70 €] methoxy signalE2 & 108.5 (C-3), 94.4 (C-8),
109.3 (C-6"°ll14 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, ©]
EET H A aapge] W 49 4 1125 (C-1) ¢
104.5 (C-d4apllX] Uept= 2702l 43} aromatic carbons, —L
23 & 182.6 (C-4)olA] 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| HR]= ZAA7 -OH
¢} -OCH, group=29] I8 IX& AT F7H
HMBC 2} NOESY A3E2 Fig. 20 UeRQITh whabA,
3IHE 29| XE G carinata A EE2HE B2 5,725-
tetrahydroxy-6,3',4"-trimethoxyflavone?} =]}t
315HE 39] UV, IR, and NMR spectra= 281 2] dataS 3}
FAMSE BES B oy, 38 Baring? 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




116

Kor. J. Pharmacogn.

OH

OCH

\j
HO o
Creh e
H,CO

9] singlet aromatic proton 2] 3L &, 3.88 (3H, s, H-5")°l
A 3lhe] methoxy proton} 7Ho] 29}= THE pattern<]
signal 52 H.$1th. HMBC NMR 2 &oll A H-8 (6, 6.57)
9} C-4/C-4a/C-6/C-7/C-8a; H-2' (8, T14YH-6' (& 7.12)
9} C-1'/C-4/C-25 AFl9] correlationE-2 SHE 39| +%
7} Artemisia reptans'® 25| A 229 573" trihydroxy-
6,4',5"-trimethoxyflavoneZhF= 218 <u|&l3iTt.

SIHE 49 TR LC-MSS m/z 389 [M + HJ ol A]
molecular ion peakE RS Th 442 NMR spectrum-> 3
o] a7 S 5 FAL SIAIRE €72k C-3" AA] ] 279
methoxy groupE©°] F7H8 o2 X189 FelS 2ok '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 7l9] 553
aromatic proton=3} methoxy protons°] HAE 7oz W
o} B-ring ARl 725 7KL US & T UTh
%= Fig. 204 Hedx= ZAH HMBC 9F NOESY NMR
Aol gl =AUt WA, SighE 49 2= Lantana
trifolia 2=~ %2]¥ umuhengerin®] +X22 574 =AU
o

ShehE 52 3h 24 9 2R 3tke] vl st
5,7,2',5"-tetrahydroxy-6,3',4"-trimethoxyflavone . 2 &1%|}
)

A5 B &4 screening AN G sootepensis®]
= o] CH,CL FE=°| LPS Aol o3 fxe
RAW 264.7 AlZA NO AL 98%= Adlste o=
UERTE B3, o] 2R FelE oz thAREEES] NO A

3 A AL S8 A Table P14 o= 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." %surv.”  ICs, (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 uM.
"% survival at concentration of 50 UM.
Zpositive control for NO.

nd, not determined.

3158 242 1Cy, 393 uME 7+ F=e] S48 Hel ut
A 3E 41 IC,, 13.8 uME YA txToZ ARSH
L—NG-monomethyl arginine citrate(t-NMMA)(IC, 25.1 uM)
o Mste] ] 7e B Hole o= hehuith. Lrix)
sitaS2 @0] gle Z2lo2 vehsith. #2]% flavonoid
FEAES] & 9% S & ATl Ao Rt

Iy

=2
—

G sootepensis 2)1=2] Eir F-9)0l tigk CH,ClL, FZE=
B ol&F tAmtEEY Fe AT7E AAI A3 579
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flavonoid 3FE=S AUTE ol F==2 242
demethoxycentaureidin(1) 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)Z 4 HAoH, #8E SFPEE EF G
sootepensisol| A A& RIAF ST 53], e 41 35
E 283} A G sootepensis X =2] B 99 FAEARE
2 BEEAeH, 50 uMe] X2] oA ko] ME =
S BYo, 9] & dF 24ES eI 2,
Uz AR Fed SgE SHS 24S HolA] &
ATt ARl = FE2 E72 flavonoid FEAEC] EA1St
=Hl, 53], flavonoid 3}3HE52] & G5 A2 At
kaempferol 2 glycosylated kaempferol EAE,'"*"
quercetin 2 ©] &S] glycosylated FFEANER" Helmin-
thostachys zeylanicaZ=*-€] 22 neougonin®"7} 7+o]
- prenylated flavonoid 252 73 & 95 a9E 7+
= sem d#A Ut 3, flavonoid 3ol methoxy
group®| 2|2HEl A S0l = vl 2kt nitric oxide €
Aol LA oyt B A AzoME OCH, 227
7F o 28 Ho] e S5 40 Fx00lA NO A4 o
A o] WA e vYehbe Ag & AT
A F7H 2 & flavonoid SHeHEECl thet theksh f=A)
L AL & Aso] 29T HoE AyzhEn, gko
3 G5 AHE sis 9 AESH A Eof] 7]oE A
o7 Alg®}

A A

H AFE FHAFA, KOPRI(PEI7100)2] A<
TR AT A 71238 FF 717] 49
A A AlE S AFUde] =8 wgkon o]of 7HA}

Hut
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