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Development of Biologically Active Compounds from Edible Plant
Sources XXII. Isolation of Indoles from the Roots of
Brassica campestris ssp rapa and their hACAT Inhibitory Activity
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The roots of Brassica campestris ssp rapa were extracted with 80% aqueous MeOH, and the con-
centrated extract was partitioned with EtOAc, n-BuOH and H,0. From the EtOAc fraction, three
compounds were isolated through the repeated silica gel and octadecyl silica gel (ODS) column
chromatography. From the results of spectroscopic data including NMR and MS, the chemical
structures of the compounds were determined as caulilexin C (1), indoleacetonitrile (2) and arvel-
exin (3). The arvelexin (3) has been isolated from this plant for the first time. Compounds 1, 2 and
3 showed inhibitory activity on human Acyl CoA: cholesterol. transferase 1 (hACAT1) by
54.6£6.0%, 69.2+4.7% and 68.6+3.7%, and on human Acyl CoA: cholesterol transferase 2
(hACAT2) by 4.8+13.4%, 45.6+4.8% and 39.5+4.3%, respectively, at 100 pg/m/.
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T HIE(Papaveraceae) A5, Brassicaceae) 2 9 A 52 gom =7 71X da2 &85 7 vl
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AYUAR. 2 d3o] A SFE 200595 52 Ak 5
Qe R AUk, Ash A3EIEATas 4
S A SRR, FEA R (KHU-050512)= 73 3|thet
o A AAESIEY] BaEo] i)

AlgF & 7]7]. Column chromatography8 silica gel(SiO,)&
Kiesel gel 60(Merck, Darmstadt, Germany)2 octadecyl silica
(ODS) gel LiChroprep RP-18(Merck, Darmstadt, Germany)
= AM&3H{TE. Thin layer chromatography (TLC)E Kieselgel
60 Fysi8t RP-18 FpyS AMESIN L, AHo] o] 83 RE AJek
2 589k ARSIt hACATY] B4 23S S8 AL
gt [1-"C] oleoyl-CoA(56 uCi/umol)t= Amersham Biosciences
(Buckinghamshire, UK) ollX] #¢3le] AM8-3199.91, KH,PO,
dithiothreitol, bovine serum albumin(fatty acid free) S
Sigma-Aldrich Ltd.(Seoul, Korea) oA 7dsle] AMg-343ict,

NMR £HEHL Varian Inova AS 400(Varian, Califormia,
UsSA) L2 439, IR spectrume Perkin model 599B
(Perkin-Elmer, Massachusetts, USA)Z 243}t Z=3 &
Fisher-John’s Melting Point Apparatus(Fisher  Scientific,
Miami, USA)Z £33I5 W, EIMS= JMS-700(JEOL, Tokyo,
Japan)= ZA3Ith UV lampe Spectroline(Model ENF-240
C/F, Spectronics Corporation, New York, USAyS A3t}

EtOAc F¥o27E 4S54 #el. &F g 44 F
100kgS A} & FE-E FE3II AAHsl] & 2F-(48kg)
£ MeOH 80% F8H(18 /X502 F | 23 & o3x]
2 o3} S5k, Dojtl oNg 45°Cel 7HFEE3led MeOH
FEES AAY LojF MeOH FEE-L EtOAc(3 IX2)/H,0
@B HE i FZ35L, UAl H,05S »#-BuOH(3 IX2)H,0
G2h= ¥ F= stk 7t 2% AYEEsl EtOAc(15
g), n-BuOH(48 ) ¥ H,0 3L AUt}

EtOAcE-8lol| tdted silica gel column chromatography(c.c.)
(¢ 5X22cm, n-hexane-EtOAc=10:1-55:1->3:1>1:1
—>CHCL-MeOH=10:157:155:153:152:1>1:1)
& Ak 19719 £EE(BRE-1~BRE-18)% AUt} ] F
oA BRE-7(515mg) #+8el tldte] ODS ce(p 5X22cm
MeOH-H,0 =3 : )2 AA3le] BRE7-1 [3¥ME 1, 38mg, Ve/
Vt 0.01-0.12(clution volumeftotal volume); TLC(RP-18 Fsy)
R~=0.75, MeOH-H,0=5: 1)3} BRE7-3@EHE 2, 15mg, Ve/
Ve 0.13-0.21; TLC(RP-18 Fasy) R,=0.55, MeOH-H,0=5:1)
£ &9 3%k BRE9(268 mg) £ thsled ODS cc.(p 3.5
X 12 em, MeOH-H,0=1: )2 A3l BRE9-3EHIE 3, 21
mg, Ve/Vt 0.5-0.63; TLC(RP-18 F,5) R~=0.45, MeOH-H,O
=3:DE &9 skith

313HE 1 (caulilexin C); colorless powder; m.p. 149-152°C;
EIMS mZz 186 [MJ, 171, 155, 128, 101; UV (MeOH)
Amac 271 nm; IRy, 2937, 2249, 1454 cm™’; 'H-NMR (400
MHz, CDClL;, &y): 747 (1H, d, J=7.8Hz, H-7), 737 (1H,
dd, J=7.8, 7.8Hz, H-6), 721 (IH, dd, J=7.8, 7.8Hz, H-
5), 708 (1H, d, J=7.8Hz, H4), 7.18 (1H s, H-2), 3.98
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[
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N

.
N
|
H

arvelexin (3)

Fig. 1. Chemical structures of Indole alkaloids (1-3) from the roots
of Brassica campestris ssp rapa.

GH, s, H-12), 373 (2H, s, H-10); “C-NMR (100 MHz,
CDCls, 8¢): 13230 (C-8) 123.10 (C-7), 122.32 (C-9), 121.67
(C-6), 12034 (C-5), 11824 (C-4), 117.85 (C-11), 108.61 (C-
2), 10027 (C-3), 66.03 (C-12), 14.25 (C-10).

3}3HE 2 (indoleacetonitrile); colorless powder; m.p. 149-
152°C; EIMS m/z 156 [M]', 155, 130; IRv,, 3386, 2249,
1634, 1250 cm™; 'H-NMR (400 MHz, CDCl, &y): 747
(14, d, J=8.0Hz, H-7), 737 (I1H, dd, J=38.0, 8.0Hz, H-6),
721 (1H, dd, J=8.0, 8.0Hz, H-5), 7.08 (1H, d, J=8.0 Hz,
H4), 7.18 (1H s, H2), 398 (3H, s, H-12), 3.73 (H, s,
H-10); “CNMR (100MHz, CDClL, &): 136.16 (C-8),
12587 (C9), 122.80 (C-7), 122.67 (C-6), 120.14 (C-5),
118.09 (C-4), 117.97 (C-11), 11145 (C-2), 104.64 (C-3),
1447 (C-10).

3132 3 (arvelexin): colorless powder (MeOH-CHCL);
m.p. 141-142°C; EIMS m/iz 186 [M]', 171; IRv,. 3396,
2955, 2850, 1619, 1258 c¢m™; 'H-NMR (400 MHz, CDCL,,
&y) 7.11 (1H, dd, J=8.0, 8.0Hz H-6), 7.03 (1H, s, H-2),
695 (1H, d, J=80Hz, H-5), 649 (11, d, J=8.0Hz, H-7),
421 (3H, s, H-12), 408 (2H, s, H-10); “C-NMR (100
MHz, CDCl;, 3c) 154.09 (C-4), 137.63 (C-8), 125.12 (C-9),
12349 (C-7), 12126 (C-5), 119.18 (C-11), 104.85 (C-3),
104.61 (C-2), 99.67 (C-6), 55.14 (C-12), 16.02 (C-10).

hACAT @299 Ak hACAT1 DAL human liver
cDNA library=Z%E] hACATI13} hACAT2 cDNAZ cloningd}
o], baculovirus® expression3}$1t}t. SO cellE ©] &3l
recombinant virusZ Hi5 cell®] infectiond}e] T &g A
o A4 MOl wet Mgt vlelAE 7A7SA wiYkE
Hi5 AZ(500ml, 1.5X10° celyml)ell H2J8kaL, 27°ColA 967
7 B9t wikZElT (2 ml spinner flask)E 80 pme® wHks}
A, wlolE| o] A3} o] giFPLks fEstTt. Bl
¥ F AHEL1,000xXgE B3] HiS ATFE 34811,
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hypotonic buffer(40 mM phosphate/0.1 M sucrose/50 mM KCl/
30mM EDTA, pH 72)5 Azistd §&543 el P
B AZERS o] BalES wE3A) Y, A7 B9 294
F2(100,000X )5t AL microsomeS 33 ¥ -80°C W
Sl BASPHA ARSI

ACATY] ¥4 374. ACAT A2 =4 [1-C] oleoyl-
CoAE 714 Z 314 Brecher & Chan”?) "H{< ¥ 53]
AREBIATE. 10 W AEEZN, 4.0 W/ microsomal enzyme, 20.0
w assay buffer0.5SM KHPO, 10mM DTT, pH 74), 40
mg/m/ BSAGRIHHFe] A AE A, Sigma A6003) 15.0 pul, 20
mg/m/ cholesterol 2.0 p/, 41.0 u, H,0Z 7}3ld 37°ColA 15
£ o] WgAAT o] whglel [1-C] oleoyl-CoA 8 p/
(0.05 uCi, HF=FE 10 uM)E F7Isk] bl 3700004 1587
AH|9-gAIZ] 2 isopropanol-heptane(4 : 1, viv) 1 mi& 7}81]
W3S FAAIFIAL, heptane 0.6mi9} SUlE 341 E assay
buffer 0.4 mi2 H7HF & AHERE dsisict aAgAe =
e A4Eested 42 45N 100 Wl cocktail(Lipoluma,
Lumac Co) 4m/iE 47}t T liquid scintillation counter(1450
Microbeta, Trilux Wallac Oy, Finland)E ©]-83te] AAE [1-
"C] cholesteryl ester?] radioactivity= =4 s}3ith.

25 9 @

esstAEe] A B 2 g% A4 ATl Ags)
o, &5-(Brassica campestris ssp rapayie] & BE 48keS
MeOHE 02 A2ofx] 317 59t FE515 2 HhEalg]
ok 8o A9 Aeld] wE} AlE B3 do] A 7K Y =
EtOAc, n-BuOH 2 H,0E8E A3t} EtOACHE# #-BuOH
EZol diste] TLCE ol&3td SHARS FHslgon,
EtOAc #8225 H silica gel#} ODS column chromatography
£ RHESIY 3%9] indoled}THE-S E28IT

SI3HE 1(colorless powder)S TLCH H|A|A =
UV 3971 U9, 10% aq H.SO2 5% 71z =]
< 7 R sA08 ATk EIMSE 23E9S 1,
m/z 186 [M]"®] peak’} #ZEHU, IR 2HEHO2RY
nitrile?] 7F 2249 em™'ell M FZEUL, WFFH 015 ATH1651
cm™ )] 2E7NE Zhe ZAo® ATt 'H-NMR(400 MHz,
CDCL) spectrum©| A &,y 7.47 (1H, d, J=7.8 Hz), &, 7.37
(1H, dd, /=78, 7.8Hz), & 721 (1H, dd, J=7.8, 7.8 Hz),
8y 7.18 (IH, s) ¥ &y 7.08 (1H, d, J=7.8Hz)?] signal=%-
Bl olefinic methine proton signalZ #9138 <= UYL, § 3.98
(3H, s) ¥ollA methoxy protonzt & 3.73 (2H, s) FGolA
methylene proton signalo] #ZE %] indoled}HE2 4
™. PC-NMR (100 MHz, CDCL) spectrumolA] 117§2] €A
signalo] FHEEQ T, 5 123.10 (C-7), 121.67 (C-6), 12034
(C-5), 11824 (C4) 2 10861 (C-2)1M olefinic methine
carbon signalEe] #AZHZ W, §. 122.32 (C-9), 10027 (C-
3) B 13230 (C-8) YGolA olefinic quaternary carbon signal
5 AT 5 ATk =7 § 117.85 (C-11)°1A nitrile-
carbon signalo] FHZF RO, 5. 66.03914 methoxy carbon}t

d¢ 14.250014 methylene carbon signal®] Z}7+ #=EUct wjet
A Qe L2 F8E sty E vwsE A3 3%E
12 1-methoxyindole-3-acetonitrile (caulilexin C)& +z AA
3kt

5132 2(colorless powderys TLCOl AMAIA #2st A3t
UV 57} I, 10% aq. H,SOE B, Ax 2 713
S S A% 08 WAHT 'H-NMR ¥ "C-NMR
spectrumeIA = SHHE 13} W9 AR signale]l HSEUL
U, Akarh 218 F9G 3.98, 8 66.03)°14 methoxy proton
2 carbon signale] #Z EX| @9yrt. K, EIMS 2470
m/z 156 [M]'9] peak’} FSEHJ2H, IR AHEH O I NE],
3345 em™oA shte] A9 F Wiert ER1gOE o) amine
718 8l & & ATk wEbA A 72 $8E 98k
w3 wwslE 43 F§FE 2% indole-3-acetonitrile
(indoleacetonitrile)®. 7= A4 3FhY

598 3(coloress powder)= TLCO| ZMAIA Zzst Az}
UV 357} 0, 10% agq. H,SO,2 25, A% 2 71gsis]
< A g 07 PAEITE EYMS A ER O 2 RE
miz 186 [M]'9] peak’} FEZEHIUL, IR 2HEGHOZRE,
3396 cm 'l Rt} AR F4 leTt SRIF R o|X} amine
715 8¢l & 4= A3tk 'H-NMR (400 MHz, CDCly) spectrum
ol FRHE 1, 29%= TS coupling NS VERIOH [3y
7.11 (1H, dd, J=8.0, 8.0Hz H-6), 7.03 (1H, s, H-2), 6.95
(1H, d, J=80Hz, H-35), 649 (IH, d, J=80Hz H-7)] proton
signal 2FE 12,3418 WAl £329] indole FEZ o =H
Aok BT 8y 421(3H, s)°1A methoxy proton signaldt 8y
4.08(2H, s)°lAl methylene proton signalo] #Z=HUTH “C-
NMR (100 MHz, CDCly) spectrum®A= 11709 B4 signal
o] #HZEJ o, methoxy(dc 55.14, C-12)7] ¢+ A3 179
olefinic quaternary carbon signal(§c 154.09, C-4y& A|¥Je
MA] signal B2 SIgHE 29F ol FAKSE signalo] #ASEHA
o Wb S1HE 32 3 7l2) methoxy7 19} acetonitrileo] 2
g5o] = indole3tFEE FE o] 4-methoxyindole-3-
acetonitrile(arvelexin) & 7% 2R3}, 71 EAz} vlws}
o 25 IR FAATE?

Acyl coenzyme A: cholesterol acyltransferase(ACATY- 5%
FA G AT S 2EHES] o2EE3 vheE Erfde
aolm® AAo A9l cholesterol&F FA I ZhojA €]
lipoprotein®] /93t £¥] =F 7]%E dtl. ACATI <
lipoprotein®] $Hd 2 ¥¥] Z8]3 macrophageol| cholesteryl
ester(CEYF 2% 0] foam cell®] Al F3S w|X)7] wi&
of FHAste] A8 F& O BHom Ad 2097 TRt
ACAT AsjAlE0o]l 7WEHAT}. T8 ACATE ACATIH
ACAT29] ¥ 71X2] dejE A3ttt 0|58 AgAgu)ale)
A FE2EEY] AE A T T8 =
Eolg, Axlo] EAlehs $1A], axA ] 3t FE, ol
A 715 BollA ACATISF ACAT2E 5318 Xjo|7} Ut

< ACAT1®) AT A5d AFRY A+ 23 g2
of vjgl] FHAST "N Ao, 98 75 o, I,
ol=gld, MR 5o FHHE IS fAEE Re

il

AYg sn, 23

e

=

s
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2 YeAYY XF712] R ACAT inhibitor S rat liver
microsomal ACAT %+ rat liver macrophage(J774) ACAT
inhibitor ©|2{ch. WEA & AFol|AE= hACAT1 2 ACAT2
HAHAS ARl ool E2lgt 3%9] indole 3}5HE<] T)
Sted hACAT A3l E4e 4319

ool #e)dt 3% UESIFEC] hACATI 9 Aol mix&
FEFE 1Y, 7 SRES 100 pgm/E AT8I9S o, 54.6+
6.0%, 692+14.7% 2 68.613.7% ANBZAL eRAATE W4
U o 2 AL oleic acid anilides $Y3F A@zANA
03 pM HHFE W 57.4+2.1% AsH3 Ao}l vlwspbd 23|
Aol Eras @ ¢ glou, hACATI AsigAde zt= A
A i SFFED ixerin M(46.411.1%)16), astragalin(13.1+
0.8%)'"E2] Asj&dst Hlwshd vlwa w& Ho &3y
& 4= v} B¢ hACAT2 o tisiMie Z+ 33HE-2 100 g/
miE A 3RS W, 4.8+134%, 45.6+4.8% and 39.5+4.3%
o] AfEE HeEpA. SFE 12 Asj@Ao) nf$- e
3, BRRHE 29} 3= oRMRZe® A3 oleic acid anilide
7 L3 ARz7A 03 M X2 IE W) 57442.1% A
g Aol viwstd AsEAe] svtrze € 5 glou,
hACAT2 A& 2= AA Rl slghEe] vud o) Z
3] ==the AoA ozt glda @ 5= ik 53] ¢oFe
2808 ol&F ¢ ArheE FoA o] A7zt ouiE 2o
ek ERk ope} ofHe] 2% indole BFEESLS WS
2 ARG YJafd d8 TGE 3N SEE
(glucosinolate)®] FIHEZA glucosinolate’} & £F §7)
Sl eJated 2 AEA T EAS= £ myrosinase]
g oate] B H nitriletFEEA FABA L ABEANAT
2o ARt g Arh*Y wlEla] hACAT1 #sie
8 7R SIS Ak opgl QA 7)&d ule}p 7o) &b
245 71X indole A TR YE 59 AW7154
A e ook A2 3-8 7FeAe] FE3] Ide
L' AIEEH, 5 olo] 43 AHE Ayt ] &
2 AoE 7€t

oL

(RPN

HAlel 2

B APE kol Adsts 28 53 429 Ana
3 A2 SYER.

i\
=
fal
fof
ofr
ki)
)

o

E3 g

S P ERE 80% MeOH 48908 2317 o] o
I, % 5519 MeOHFEES B3tk ©12 EtOACHEE, n-
BuOHEE, H,0%8 o2 Wrlon, BIOACRE 2R silica
gel B! ODS column chromatographyS A5t 3%¢] #3E
= &9 AAsiah #Azbe] tiste] 'H-NMR, “C-NMR,
DEPT =HEY 9 Mass 2HEF HolEHE &4sto,
caulilexin C (1), indoleacetonitrile (2) 2 arvelexin 3)& +%
£ 275tk SE 3e aFoE oW xe #a, B
IEAT S SRR 1, 2, © 3S 100 pgmle] FEA

hACAT1S] B34S Z17F 54.6+6.0%, 692+47% 2 68.6+
3.7% AAIS9 L, hACAT2e] B48 717t 4.8113.4%, 45.6+
48% = 395+4.3% AT

Key words: arvelexin, Brassica campestris ssp rapa,
caulilexin C, hACAT, indoleacetonitrile
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