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ABSTRACT

Cholesterol inhibitory activity was investigated to develop the functional food from edible forest
resources such as Allium victorialis var. platyphyllum and other 12 species. Among tested samples by
enzyme-linked immunosorbant assay (ELISA), leaf extracts of A. victorialis var. platypbyllum inhibited
739% of the activities of 3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA reductase) which
is the highly regulated and major rate-limiting of the cholesterol biosynthesis pathway. Moreover, those
extracts inhibited 767% of squalene synthase which catalyzes the head-to-head condensation of two
farnesyl pyrophosphate molecules to form squalene in the biosynthesis of cholesterol. In order to find
out the compounds which would play a key role in inhibitory activity of cholesterol, kaempferol and
quercetin were isolated from the dichloromethane soluble fraction of extracts of A. victorialis var.
platypbyllum. Kampferol, quercetin and each soluble fraction was also subjected to the test of the mRNA
expression of HMG-CoA reductase and squalene synthase by reverse transcriptase-polymerase chain
reaction (RT-PCR) assay, respectively. By treating both enzymes with 10 yg/m¢ of kaempferol and
quercetin for 24 hours, respectively, the mRNA expression was not observed, suggesting that both
compounds inhibited the biosynthesis of cholesterol at mRNA level. In this regard, it could be inferred
that cholesterol inhibitory activity of A. victorialis var. platyphyllum was derived from kaempferol and
quercetin. Both compounds have already been found in many plant extracts including hardwood and
softwood, but it might be first known that they have cholesterol inhibitory activity.

Keywords: Allium victorialis var. platyphyllum, cholesterol inhibitory activity, HMG-Co A reductase,
squalene synthase, kampferol, quercetin
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Ao AB5F) oz Ad A FohiH
o &5 anFe] Z7} 2R A2 A BE 2E
ik A% 2 gaAEs F4% 48 AL
A=Ak olel @ wdrA ABe uF FH@u
ohet SejuelME F2 Atdles s
glon 53 BUAs A8 HPAY JIH(FA
z ATAAZ)TH HEH Ao 9§ APso] 2
Zoz 2z 1 YHEDS, 19%). FHASE &
Wl dAR: n2H2HEYZ &9, 13
gk g 2EFA o], AW Fo] glod 1 F
AME HF FH2EEY FeoZ Q17 nFe2H
g9z FUsZe) By Ado) 74 2 29
o2 A4 Atk (Naito, 1995). A stZ0|T 3}
ogJo] Zaj2E|Bo| ZelAHY ol 2H e Fej2 T
o yetele] Wity F ZojAA FHHo] HFE T
Astgozn dwo] Folx: w7t Wye

58 B UM EREe] BRGNE doTm
Z Aol dAFFo] FE3t] P (Ross, 1993:
Witztum & Steinberg, 1991). ¥ 3385 A A
T 1FHAHEEFY 48 APAAESY 51
Wl @ SuAszel WYL Aste] dys
£ Ao] F2HAW, BAY YerFlME BF A
AstA Reme 44 M ok L AU
ARAFo 2z dusinsg AFstan e A%t
218 darapde] sl AbAle] A9 ASAAE 3
gHoz AFHE 242 B3 0§04 go
g olgel E5¢ Aoz BMse Arjelel 8
Fol g3k 154 71 4% ez pLsd
B} RokRL B2 AEE A Ade] shedttt
o Az, el B g E AR 44
HE A%Y AY F 2719 85848 F8ds
3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-CoA reductase) 9 ¥719 &-8-3}= squalene
synthaseol th3t &4 A &S ZAIFOZHA A
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Table 1. List of tested plants

Korean name Scientific name

Family name Sampled tissue

A v F Allium victorialis var. platyphyllum Liliaceae Leaf
E 7 Perilia frutescens var. japonica Labiatae Leaf
A 4 Perilla frutescens var. acuta Labiatae Leaf
4 2 v 5 Zanthoxylum schinifolium Rutaceae Leaf
4 B E=3 Portulaca oleracea Portulacaceae Leaf
A 3 Antbriscus sylvestris Umbelliferae Root
F 4 E Pimpinella brachycarpa Umbelliferae Leaf
¥ = | Pleurospermum camtschaticum Umbelliferae Leaf
2 o Adenopbora tripbylla var. japonica Campanulaceae Root
204 o Adenophora remotiflora Campanulaceae Leaf
U9 Solidago virga-aurea var. asiatica Compositae Leaf
Z # Aster scaber Compositae Leaf
& g 3 Synurus deltoides Compositae Leaf

7o FU2HE AT & THE Bt &
& 2g Aoz Agstuz gt

2. Mz 3 gy
2.1. BANME

FAANEZAME 9T 13, 39 2%, 39 1
F, A¥EH 1F, A8 3%, 2389 2% 2 =3
3 3% § % 13%9 HEAE A3l AgsiHe
o &y U AFHEYE Table 13 2o}, 7 Age A
A FHF F BT 95% oS E 72417 F
HAA 28 328 d4¢ A FFVIR FHed
HMG-CoA reductase®} squalene synthase®] &
g4 AR

2.2. HMG—CoA reductase ¥ squalene
synthase 847

2.2.1. HMG—-CoA reductase % squalene
synthaseOf| i 8t CH2EEA O A&

2211 49 8 2 AN
GEEFANE A7) S8 5 73 43 Balb/e

o928 FOHTA TN Botol A3
A FEL T TEASVNAN 58 AYFE
£ AIRE AR Eol FAEA 1 77 A3 3
A1 F Yo AEsd

HMG-CoA reductase Zv|¥$ peptide 19mer,
H:N-RESREGRPIWQLSHFARVL-COOH
(Roitelman %, 1992), squalene synthased] 7 -$-ol
£ 16mer, HoN-YCHYVAGLVGIGLSRL-COOH (Liscum
% Roitelman %, 1992)& #4)38le] HPLC9 Mass
spectroscopyw & vzl ¥ dPoz ALY,
keyhole limpet hemocyanine (KLH), chicken ovalbumin,

“horseradish peroxidase, O-phenylenediamine dihy-

drochloride (OPD). goat antimouse IgG-horseradish
peroxidase conjugate, pristane, tween 20, 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDC),
Freund's complete adjuvant, Freund's incomplete
adjuvant 5-2] A]2F2 Sigma(USA)ollA T4 etsdr).
Azefda} MEZEEE02 AHEF Dulbecco's modi-
fication of Eagle's medium (DMEM), fetal bovine
serum (FBS), hyphoxanthine aminopterine thymi-
dine (HAT) supplement & Gibco(USA)olA,
polyethylene glycol (PEG)< Boeringer Mannheim
(Germany)ol A A3t th.
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2.2.1.2. W9 Az AY

gt 0 2 AHE-E peptide® FHTN 5 mg/5 mLE
A&t EDCE 50 me/5 mé7t HEE A7 ¥
pH 52 @3o0] Mo 5% F<t FA AT A7l
(1 mole peptide/KLH®| amino acid 5078)¢] H]7} =
EE KLHE #71ste] o] Ao 4420 328 F
sodium acetate (pH 4.2)& 100 mM®} HF F=&
Hrrste] whe-& AAANAG, 281 AT FUA A
2o kx5t th7) gel filtration® ¥ spectrophot-
ometer (Jasco, Japan) 2 FF=E A4 conju-
gation 9 ¥-& E}latn WP 2 ALgsignt

Azs AU PBSE 100 mg/50 meE 8|4t
% 7+o <ol Freund's complete adjuvant (Sigma,
USA)E 4o] emulsion3tsled Balb/c vh-$-29] 57
ol FAbekgdtt. o] & 25 tF o2 33t AR
¢} & ¥R o2 Freunds incomplete adjuvant
(Sigma, USA)E E¢3 AdLE vk E709
FALsEA .

2.2.1.3. 71 E4WAESAHY o FA 9719
23

HAAS FAE o 1094 Foll vh29) A9
A Hste] A ¥ee the 7P ELISAE 4
Aty gAlel drtE EAET FF ged
peptide-ovalbumin conjugate 100 méZ 96-well
immunoplate®] 2 welldll 7}3+e] 4 ColA 1223k 4
2xBe e F2AAFCL ©|2 washing buffer (0.02%
tween 20 in PBS, pH 7.2) 2 33 Mg ¥ blocking
solution (0.2% skim milk in 40 mM carbonate
buffer, pH 9.6) 200 m2E ¥ 37CoA 1417+ AX|
stglct. o) & A 20 miE SAEE 545 7}
welldl ¥-& % 37ColA 1417 w321 Z ). PlateE
t}A] 33 A3 ¥ goat anti-mouse IgG-HRPO
conjugateE 0.1% gelatino] E3¥ PBSE 2,0004)
845 &4 100 mlE 2 welloll $o] 37ClA 14
7+ vhg-A )ALk o] 38 AF F 0.04% O-pheny-
lenediamine dihydrochloride (OPD, in citrate phos-
phate buffer, pH 5.2)° H20:5 0.01%9] =& 7}
3 7]1" £ 100 meH 2} welloll ¥y 37T, 2083

Hhe A7) The 3 N HCl €9 25 me¥ Z wellell 7}
3t whe-& AAAAY, FREE 3 490 nmol A
Thermomax microplate reader (Molecular Devices,
USA) 2 &43d

2.2.1.4. BZE Ao Bt

wag Balb/c wh-22%E vFE HE3o T
Me) FAZ12 ZA o] YAE Wl FRAZLE
A SAE e TET o] F-5-AE 1000 rpm,
5% 23] AARse AEE AT T AE §
AL&-319Th. SP2/0-Agl4 myeloma cell& o= &
T 2 FA fFEA ulg, FE3A Fol AL
3.

Bl A E9 myeloma cell®] & hemocytometer
2 23% 5 7: 19 & conical tubedll 4=t} ©]
£ DMEMO.Z 23] g F tubed] o}AREE 7}
WA FEHM AE7L tubed] vigel] #5353 ZE A
stk o719 37CE FA1" 1 mee] PEG 1,500
(Boeringer Mannheim, Germany)& 139 23 A
A3 HolFHWA Y& ¥ 1 mL2] DMEME 443
A7teta ol 183 A F thAl 3 mee] DMEME
AAE AolFEA R AA HrFEATh. o]olA
10 mee DMEME 180 AF AMA3 #Hrkstx
1,000 rpmell A 1083+ 948t AEE JHA
Aok AR F AEdE 4H3] AT mye-
loma cell®] ¥fH4o2RE A2 conditional media
20 m#2 2>xHAT media 20 meE o] 3] 2%
A7) % olg] feeder cell& Zol FUH 370 96-
well plateoll well & 100 med A8k &% o
& Abzolo] kg ol 1 X HAT mediag well
2 100 meH Arkst o o] & 3Yel g 4 1x
HAT media® ZolFm AEE A

% ¢45Y o A5t FAHE BHEe 7 F
Z AEE 2l &, 96-well platedlA &%
ZE A7}t A dE welld 4E39L 50 mey
#3lo] 7+ ELISA W22 3AE screeningdtsi
% L 9715 Role welld §F FF HAEZE W
Ao g FAYE AN s ©Y FES 4
Z 8 ZF AEE 3 well 305709 AE7} £
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g 843t 815 Ao feeder celle HEH &
< 96-well plated] W] FATh A FEo] Ao
H Q7A AL 229 AAEY 2 F 98E wY
3 AF-E A Ao BASIYT) vl B
A GEE FA 9 dF AL JAME B §
T AF NEE ¢Yr] 7Y Aol pristane (Sigma,
USA) 0.5 meé& B7 ko g FABIY §8 &2
HZ 1X 10708 B tol W 129 & B3o)A 2
TE AU vh-29 B AL By FFe]
23} (NHe)2S04 £H-8 9 F 4TolA 1X7F 14|
g 1,000 rpm, 3087 YAEEE AX G ¢
&8 ¥ A459E PD-10 column (Pharmacia,
USA)ol EAIA A& AASA L. o) & 280 nm o
ZollM FFEE 23 FA7} B0 Qe 2
AT F A8

2.2.2. ELISAS M Z9 ujet W A2t A&
el

ELISA®l AM8-& C100 A XE(SV-40-transformed
baby hamster kidney -f-2§4l¥, HMG-CoA reductase
o] By $F0] 2 AEF)E minimum essential
medium (MEM, Gibco, USA)ol| X8 F%3% fetal
bovine serum (FBS) 10%$} gentamicin (Gibco,
USA)& #H718te] 37T, 5% C0.8) 27 3lol| A} ulj<
L=

FBSZ5-E¢] At 332 5 me9] FBSe isopropyl
ether (Sigma, USA) 6 m£, butanol (Sigma, USA)
4 me9} ethylenediamine tetraacetate (EDTA, Sigma,
USA) 0.5 mg9] ¥ &2 H7}8bo 28~30 rpm 2.2 30
b ddEEste &3 F aqueous phasedt
organic phaseZ l5t7] #18t 2000 rpm, 28 5
ot oAl A EEE A8 THCham & Knowles,
1976). £8do] 7 ZF o2 259 aqueous phase
£ FAP)R Hollo] 0.22 um filter unit (Millipore,
USA)E ©|-&3t FTHHZ BHE F 4T Bas}
3 A Fujgel] ALgsTH

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, Supelco,
USA)9} benzola)pyrene (Aldrich, USA)€ 22} 30 nM
7 3 M9 HFF5Et H5E dimethyl sulphoxide

(DMSO)ell = AME-3lth. 2z & AJ8E& DMSO
o %o 10 pg/mee] FER T8t 7S pats)
At

HMG-CoA reductase ® squalene synthase®] A
& 3t} T3 lovastatin (222, Korea)
in vitro 49 Al AH& el lactone 12 & Ea)3}o]
2493 P2 wEofof 24-g W #}H(Keyomarsi
5. 1991). ¥ 52 mg2) lovastating 15 m2<] tube
(Falcon, USA)olA1 1.04 me2] 95% ethanolol ¢
¥ 813 me9] 1 N NaOHE #H7tebsr, 50CoHlA 24]
b E WA A 48] £847) F pH 7.28 @3
Atk 1 F FHTE HWobsl) HF 2IE 13 meE
St lovastatin®] HF HFEE 10 mMo] €t} o]
& EF8] 20Tl Boat Ay A 343
o ARSI

2.2.3. HMG~CoA reductase ¥ squalene syn—
thase activity® ZQI517] 98t ELISA
9 HA

C100 AZ& 25 cm® AEHFE Sapaol wjok
ate 844 wehEAel 30 nMe] TCDDY 3 UM<
benzo(alpyrene (Aldrich, USA), 223 10 ug/m¢
9] FF ARE MX| W4 Foddrt. AgE9
HMG-CoA reductase % squalene synthase 8] &
FE Hwaly] A 2T E2E AR Al lovas-
tating Fog AMEEZ 4Fsgct. = TCDDS
benzo(alpyrene® oF7]® HMG-CoA reductase 2
squalene synthase®] &4%7} a3 2zt g7 4
vh} A 8HE7HE lovastatin? & 7|52 0.2 Ao}
&2 ALtslct.

Nzt Alefat AIRE C100 Al Ed] Fodsle] 9647t
WG F AZofFs Zetazds wiAE AR
phosphate buffered saline (PBS) 2.2 M3 ¥ 1%
NP-40 (Amresco, USA), 0.5% sodium deoxycholate
(Sigma, USA}, 0.1% sodium dodecyl sulfate (Sigma,
USA)¢] vl &2 PBSel| =< buffer& 25 cm® Setx
2 3 0.2 me9) H&Z 7183, cell scraper® Eak
23 viee] AR E FolA FEEIAT o] N EHet
ol phenylmethylsulphonyl chloide (Sigma, USA)
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10 mg/m¢ stock solution& 10 u 4/me<] vl &= A
A ¥ dg YoM 30~608zF HABSAT o ¥
o] HE AL 15,000 g 2087 AAEE 3o 5o
& #stgrh. o] 4 1 meE 40 mM carbonate buffer
(pH 9.6) 11 meol 419] 96-well plate®] ¥ 7} well
o 100 p24 ol 4TAA 1242 B FHAA
40 mM carbonate buffer (pH 9.6)+= 0.2 M NaxCOs

(21.2 g/£) 16.0 me9} 0.2 M NaHCO; (16.8 g/ £)
34.0 meE 4] 200 meE 3|A3te] TEo} AHSS}

%t} Blockingg $18HA 2 well& PBSE AlH ¥
skim milkE 0.2%% 7F8 40 mM carbonate buffer
(pH 9.6)2 Z+ welloll 200 p£4 Eof 37TCA 1Azt
zol wbe-A1ZTh o] ¥ well& PBSE Al&3kx HMG-
CoA reductase @ squalene synthase 3AE 5 pg/
me= skim milkE 0.2%% 7k PBSel 84 100 p¢/
well2 H7FsE & 37ColA 1A sk A Z . ke
% well® PBSE thAl MA3}E goat anti-mouse
IgG Ab-peroxidase conjugate (Sigma, USA)E 0.2%
skim milk 7} PBSell 34i3led zt wellel] 100 p L4
7} 37CAA 1412 vHEA AT ThHA] plateE PBS
2 A% ok 0.1 M citric acid (Sigma, USA) 23.3 m{
9} 0.2 M NagHPO, (Sigma, USA) 26.7 m¢-& 4
100 m¢2 3)4)sle] BE citrate phosphate buffer
(pH 5.2)¢ O-phenylenediamine dihydrochloride
(OPD, Sigma, USA)E 0.04%, Ho0:2 0.01%% 4
2 4488 well B 100 meE FH7H F 37T, 208
=0} uk-e-A) AL}, o] ¥ stopping solution2ZA 3 N
o] HCIE well B 25 02 7kt whe-& AAAA
v} E35E 34 490 nmollA Thermomax micro-
plate reader (Molecular Devices, USA)E 5743}
At
Axte] BAo] 9lo]A] HMG-CoA reductase %
squalene synthase®] 3182 AHE 4 lovastatin
28 g273 HAAE AR FArY FRES

°l%3}°4 g Aoz Jeht
A& (%)=
ABL2 %) — (lovastatin N ZT2 =
[1- (= §35) 100

- o35 - HES} - Y

231. & ¥ 24

b g Audlq ARAZ F 95% g
Ago A 72Nt 23] wHE AR A 23 F 40T

A 2% - 5EIAAT. olFA Lol eg xF
2ug Ay 22w, Aol ¥ va

&2 &3 l_é?- F&atod Y3t o] £YE T
gz z2de 71451769 g)E Sephadex LH-20
#Y azready(FY ; 107X6.5 cm, €581
: methanol)3tsd 50 m44 100712 &3t ol
TLC(toluene : ethyl formate : formic acid =
411, v/v)3elM AAsl 779 REE(XAIDC-1~
ADC-NE W3l

2.3.2. 717|124

st slgtEe] AHE-MS) ~HEH LS JEOL
JMS-600W, S2718 % (NMR) ~HEGL 7] 2748
ALATFY 849 Varian Ul 500
2434

2.3.3. He|239 spectral data

2.3.3.1. 33E 1 (Quercetin)

9l9] ADC-7 B8 & (180 m4)S Sephadex LH-20
24 azoEada(ZY  7.5%3.5 cm, &89
: ethanol : methanol = 7 : 3, v/v)3le] 3 me4 180
Mol BEHEL dgden, UV o3 4719 £8
E(ADC-7-1~ADC-T-4) 2 Uro] ADC-7-3 &8
222 3RE 1(20 me)E Hsigh

3382 19 EI-MS m/z : 302 (M+, base ion),
285, 273, 245, 229, 153, 137, 109. "H-NMR(500 MHz,
CDs0D) : & 6.17(1H, d, J = 2.0 Hz, H-6), 6.38(1H,
d. J=2.0 Hz, H-8), 6.88(1H, d. J = 8.5 Hz, H-5").
7.62(1H, dd, J = 2.0, 8.5 Hz, H-6"), 7.73(1H, d,
J = 2.0 Hz, H-2"). "*C-NMR(125 MHz, CDsOD) : &
94 45(CH-8), 99.28(CH-6), 104.52(C-10), 116.02(CH-2),
116.25(CH5), 121.70(CH6), 124.17(C-1), 137.23(C-3),
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146.23(C-3"), 148,02(C-2), 148,78(C-4"), 158.25(C-9),
162.51(C-5), 165.64(C-7), 177.34(C-4). HMBC cor-
relation : H-6—C-5/C-7/C-8/C-10, H-8—C-6/C-7/
C-9/C-10, H-2'—C-1'/C-3'/C-6", H-5—C-1'/C-3"/
C-4', H-6'—C-2/C-4°11c}.

2.3.3.2. 3%E T (Kaempferol)

9] Anls g tEz2E /M8 E Sephadex
LH-20 Y 22vlEzy(HAE ; 57X6 cm, §&
&7 : MeOH) 8l 20 me4 65712 £FHEL AU
o, UVE A8l 6719 REEQID-1~3D-6)=
o] AD-5 REEEZRE S9E N(113 meg) & ¢
&g,

sIgtE 9 EI-MS m/z : 286 (M+, base ion),
258, 229, 184, 153, 121, 93, 69. 'H-NMR(500 MHz,
CDsOD) : & 6.17(1H. d, J = 2.0 Hz. H-6), 6.38(1H,
d, J = 2.0 Hz, H-8), 6.89(2H, dd, J = 2.0, 6.8
Hz, H-3', 5'), 8.07(2H, dd, J = 2.0, 6.8 Hz, H-2',
6'). *C-NMR(125 MHz, CDsOD) : 8 94.54(CH-8),
9.37(CH-6), 104.49(C-10), 116.32(CH-3'.5), 123.76(C-1"),
130.69(CH-2',6"), 137.12(C-3), 148.01(C-2), 158.28(C-9),
160.55(C-4"), 162.50(C-5), 165.83(C-7), 177.34(C-4).
HMBC correlation : H-6—C-5/C-7/C-8/C-10, H-8
—C-6/C-7/C-9/C-10, H-2'/6'—(C-2/C-4'/C-2'/C-6',
H-3'/5">C-1'/C-3'/C-4'/C-5 o]t}

2.4. HMG—CoA reductase ¥ squalene
synthase mRNAS| M7|F S

2.41. M2 AN2|

MEM s x]o)) wjt C100 AIEE HEFs} 7] 81F
Aol 2%x10° cells/meZ seedingshe] wi3lATh. o

Table 2. Primer design for RT-PCR

2A wjgE CL00M Z) vl 25E] el 3 quer-
cetin, kaempferol® XtulEeo] 4t tEz 2
dotHo|E, Fetg BB L FALE 10 pg/mé
(LEET), 5 pg/mb(AFET) 2R 24743 st
At d=Fo2E phosphate buffered saline
(PBS), dimethyl sulphoxide(DMSO)E AH&3}5it}.

2.4.2. Total RNA &

ARG 24M7E HEs AZ9 Z} flaskE 5 mLe]
PBSZ 2% A& F Tris-reagent(Sigma) 1 m4g 3
#3819 cell clapper® flaskel] ollE A FEE w9
Wi 2598 eppendorf tubeol] W3 10 £7F A2
o)A incubationd}ith. 7]l chloroform 0.2 mé
£ MR £ 58 WX 8le] 12,000 g4CAA 158
7 AEEEA FEEE A tubeE 70 F oA
isopropanol 0.5 m{-& H7}ate} 583t incubations}
Atk 12,000 g 4ToNA 1587 QA EBste] o)
£ @ oL AAY RNAE 75% ethanol® A& &
H# diethyl pyrocarbonate(DEPC)E A3 =5
2 =91 ¥ RNasin(Promega) 1 u0#% z=)3tgrct
#¢] RNA A5 260 nm 3314 spectrophotom-
eter2 RNA®S &€ AF h& 1 pg/ut 52 &
£ RNA A8E 3|43}e] 1% agarose gel2 #7149
S8t RNA AHE ##% F 70T 2a3r).

2.4.3. Oligonucleotide2| A%t

HMG-CoA reductase®} squalene synthase®] com-
plete mRNA sequence® GenbankellA] 2o} primer
designing program© 2 tJx}Q1gt F(Table 2) Bioneer
Al A st e Z & oligonucleotide™
200-600 bp F&o] 7}53tEE tAIE AT

Gene Forward oligonucleotide Reverse oligonucleotide
HMG-CoA 5"-CTTTGOOCTTTTTOCTGCTTS’ 5’-AATGTTCTGTTGTGCIGTT3'
reductase
2;12‘;‘:12‘;: 5'-ATGGAGTTOGTCAAGTGTCTAGGOCAGOOG3”  5'-TTGGTCTTOCAGATAATCACGAATGATATTS’
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Table 3. Effects of plant extracts on HMG-CoA reductase and squalene synthase

Extracts”

Inhibition rate (%)

HMG-CoA reductase Squalene synthase

Allium victorialis var. platyphyllum
Perilla frutescens var. japonica
Perilla frutescens var. acuta
Zanthoxylum schinifolium
Portulaca oleracea

Anthriscus sylvestris

Pimpinella brachycarpa
Pleurospermum camtschaticum
Adenophora triphylla var. japonica
Adenophora remotifiora

Solidago virga-aurea var. asiatica
Aster scaber

Synurus deltoides

Lovastatin

739 767
674 796
658 56.7
732 772
728 602
663 755
685 829
618 669
416 709
685 779
674 898
64.0 694
629 726
100 100

Y 10 pg/me of each samples was added

2.4.4. Reverse Transcriptase—Polymerase
Chain Reaction(RT-PCR) assay

RT-PCR& Promega®l RT-PCR kitE ¢ €34 &
A, FEF7E duldd8E F3te 40cycles
A P31}, RT-PCR ¥h8-E2-E 1 XAMV/TI reaction
buffer, 0.2 mM dNTP mix, 1 uM downstream primer,
1 uM upstream primer, 1 mM MgSOs 0.1 u/ut
AMV reverse transcriptase, 0.1 u/u¢ Tfl DNA
polymerase®} 1 ug RNA AEE EF3td & 797}
50 pto] HxE ok GHAle] g A WA cDNA
7hebe] fA-2 48Coll Al 4583, RNA/cDNA/primer
9] denaturinge 94CelA 287 wH-SAIZY F ¥
& cDNA 7}=hel §43 PCR &34 94TCAA
3057} denaturingAl# L, 1¥7} annealing, 68°Col
A 283 extensiondt F FE F71E 40 cycles
Assldon] nix|2 extension 68TCellA TE7H
uk-2- X ZAtHRobocycler gradient 96, Stratagene,
USA). PCR A3+ ethidium bromideE 713t 2%
agarose gel® ©|83 A719F oz gArt.

3. €7t &

3.1. Aots9l EYAHE XNot g4

TAANE F 1359 oEE F2ES 10 ug/me9
TEE Aty FH2HE AFH AR 279
F7)o0 &3l hEAQA E42 HMG-CoA reduc-
tase®} squalene synthase?] &4 As&L =AM}
Aot 2 45 Alobs, AU 9 2nE 9o HMG-
CoA reductase®] &4& 2+2t 73.9, 73.2, 72.8% A
s Ao2 el om(Table 3), &4, H4lE,
TR 9 FHE AAE 9% AE7T squalene
synthase®] 4% 70% o3 A&sts Ao g
yttHTable 3). o|’d9] A3, Aul 42T Yo
FY2HE AP BAstes F2 849 HMG-
CoA reductase®} squalene synthaseo] #4& &3]
0% ol’¢ A&dle Aog Yeh) e 2HE A3
g50] Q& Ro2 HIHU}



Aoz 9eld kaempferol®} quercetin®] | 2HE A5} 4

R1 = H, R2 = OH : Quercetin (3,3',4',5,7-Pentahydroxyflavone)
R1, R2 = H : Kaempferol (3,4",5,7-Tetrahydroxyflavone)

Fig. 1. The chemical structures of compounds
isolated from leaf of A. victorialis var.
platyphyllum.

3.2. MObsERE 2IUY ¥ IZ
s3

HMG-CoA reductase # squalene synthase 4]
A &S AR A7, $4& Adste] ZHs8E
g4 Ast Bgo] de AR ety Avps Qlow
HE FY2HE AR B JdE= EFE F
Azl 4dvks o s FEEENE EEE O
gl e BFE 771EAEe FaEd F
(Agrawal, 1989 &9 %. 2000)3} ] - 4%
A3, FFE 1, I 2zt 71809 quercetin (3,
3’4" 5,7-pentahydroxyflavone)# kaempferol (3.4',
5.7-tetrahydroxyflavone) 2 €215 A cH(Fig. 1).

3.3. Mot HelSEo oISt S AH
E &M 549 mRNA &E x|

#AE Fad HMG-CoA reductase i2@ HEF
el C100M13Ee] Avls25E w23k quercetin®}
kaempferol 12|32 dgtg 4k tFE2ugh o
ol Ho|E, et £HE L AAE FA% F Al
FuU HMG-CoA reductase®t squalene synthase<]
A2 2lE AL &, 2 A|EE 5. 10 pg/me
o] FE 2 24A17F H§ MEZNE] RNAS 3535}
o] RT-PCRZ %2171 th& 471983l mRNA2|

HEE A3 e BE Y5E B-actin mRNAE °

ol thgk vj&2 bl 2 A3, HMG-CoA

¥ electrophoresis of HMG-CoA reductase mRNA

M HQ HK HE HB HH HD HR DMLQ LK LE LB LH LD LR PBS

A electrophoresis of B -actin mRNA

MO WK HE MB MM MD MR DM LQ LK LE LB WM LD LR PBS
Groups

Fig. 2. Effects of quercetin, kaempferol, each
fraction and residue on mRNA expres-
sion of HMG-CoA reductase. M : Hae
/@ 174marker(lanel : 1,353bp, lane2 :
1,078bp, lane3 : 872bp, laned : 603bp,
lane5 : 281bp), HQ : 10 ug/mé quer-
cetin, HK : 10 yg/m{ kaempferol, HE
: 10 ug/m¢ ethyl acetate soluble frac-
tion, HB : 10 ug/m{ butanol soluble
fraction, HH : 10 yg/m{ hexane soluble
fraction, HD : 10 pug/m{ dichlorome-
thane soluble fraction, HR : 10 ug/m?
residue, DM : dimethyl sulphoxide, LQ
: 5 ug/mf quercetin, LK : 5 ug/m#
kaempferol, LE : 5 ug/m{ ethyl ace-
tate soluble fraction, LB : 5 pg/mé
butanol soluble fraction, LH : 10 ug/m?
hexane soluble fraction, LD : 10 ug/m?
dichloromethane soluble fraction, LR :
5 ug/mi residue, PBS : phosphate
buffered saline.

reductase®] - WjE2+= ARE-$ DMSOS}H PBS A
gl ol Ay Zhz 2203 1609 2EEE ER)]
(Fig. 2) RT-PCRell 2]&] mRNA7} SZ-5|o] 243}
I YSE A 5 Ak 2R dFE=T o))
quercetin, kaempferol 28] il z} B3 =3 3

£ gl A mRNAS] ME=E #hag 4 glo] o]
g AlEol 28] mRNAS] Lde] JA=: ez ¢



¥ electrophoresis of squalens synthase mANA

M HQ HK HE HB HH HD HR DM LQ LK LE LB LH LD LR PBS
e —— o= o — -

A electrophoresis of B -actin mRNA

Ha HE HE  HB HH HD HWR DM LO LK e s LH w LR PaS
Groups

Fig. 3. Effects of quercetin, kaempferol, each
fraction and residue on mRNA expres-
sion of squalene synthase. Marker and
treatment were the same as Fig. 2.

GE AchFig. 2). o] A} A2 R g
quercetin®} kaempferolZ W] E§ ZF RIHEEL
HMG-CoA reductase®] mRNA H3E& A4l
AL o o] FHAHE AT A8 guiE &
A 4 AU
FUF WY o2 squalene synthase mRNA &
HAEE A A% 5 pg/mee] FE ZE Ao
A 50 o] o] WA&E vhERN o] (Fig. 3) mRNAZF &
#gahs AL & 7 Ak 28y 10 pg/me FEE]
quercetin, kaempferol, ¢l €olAjeo]| & & &3
*}""- Ag]dt 7$-ol= mRNA7} & L&A @=
Ao g JehHFig. 3) isEolMe Zu2HE 4
4 7 F7] ZH8-3l= squalene synthase®] &
é-g °‘2ﬂ75} Aoz AL A}, 12} 10 pg/me
o] Hghg, &t C]ﬂiiuﬂ'% HEE A Al
mRNAZ} $&3}= o2 Yeht(Fig. 3) ¢l& &
%%% AFE ZiﬂldlE squalene synthase®] &
& JAEHA] Falh= AL AIREHJUG. o)de] A
3} 1E % 9] quercetin, kaempferol, o 2olAlHo|E
£ 2 ZA}= squalene synthase mRNA2] 2
A zte] Fel=dHE AFA o} 7)o 283
squalene synthase®] 84S A5} Askel

Jor

N,

re we Mr & ox fe rr o'rr

- HES - 2B

M qAsHA Rahe Aog dd

A4 Qakxtglol AR RS 7)5A ».],g,o s
22 AebE S v &3 F 1339 ogE 2FFE0
g 2 2EHE At S 2—1175'6}9&‘-} F, e
HE Ao #eidh= 3-hydroxy-3-methylglutaryl
coenzyme A reductase(HMG-CoA reductase)<}t
squalene synthase®] &4 248 xASH A3} 4o}
B3 bz Yo F B4 848 F3] 0% o
Aafste] o] 714 $-8 Ao R Yehuth ol
3 Fal2HE AT Ho] e BEE B4
staz}l Al 22 E 3 g AlEse] fERE
gk 7H8-3- 2 88 kaempferol®} querceting ¢l
7 A= e ) e A P i R B ) ﬂe{]’—ﬂ]i‘-— A 8}
g4& A7) S8 Gl £8ES C1004
E(¥2E F2l HMG-CoA reductase i1¥&E MXE
F)oll z}z} 5, 10 pg/meE 24417+ A #3dke] HMG-
CoA reductase®} squalene synthase2] mRNA 2@
Ae g zAbEHct 2 23 10 pg/mi2 kaempferol
7} quercetin® A3 A4S F 49 mRNAZ} 23
&4 g HeE JER) FHA} ol Aol Fex
HE A3 A &35 898 & 3} o] de
A} Ahobs 9] olghE FEFF29] HMG-CoA reductase
9} squalene synthase®] &4 #&l= kaempferol ¥}
quercetind] 7]%18kE How AlgH vt ol
kaempferol@} querceting o] 229 FEHES
24 oju] & 47 FFEe] A vHWollenweber &
Jay, 1988: Wollenweber, 1994) o|Z A Fel2=HE
AstEgo] e ALE WA AL o|Ho] Ao
2 FF ol 24y o5 & ¢Sl A AE
8ol Aag 2AwE ATHAC
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