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Research Progress of Screening Methods for Hypolipidemic Components in vitro

CHEN Ji-cheng, LU Xiao-feng, HE Guo-ging*

(School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310029, China)

Abstract: Abnormal lipid metabolism is one of risk factors for atherosclerotic cardiovascular disease. The commonly used
hypolipidemic drugs have toxicity to some extents. Screening effective, non-toxic, natural hypolipidemic ingredients has
become one of hot topics in the fields of modern medicine, nutrition and biotechnology at home and abroad. Animal models
with hyperlipidemia were high cost, time-consuming and unsuitable for high throughput screening. A convenient strategy for
developing hypolipidemic drugs and health foods is to screen bioactive components in vitro. In this paper, screening methods
for hypolipidemic drugs in vitro have been reviewed, which will provide references for further research of hypolipidemic

2010, Vol. 31, No. 13 287

components.
Key words: hyperlipemia; cholesterol;
KIS TS201.4

At A o Rl = S e R A A
Ji BRI SIS S R K o e IR I
Jog A P RGO S P 8, ALt O e v 5 O B K oA A
Al e O O LA B8 S5 O o LB 5 )
NRAERE . IR F AR G B A AR A AR AT o 3
DIRA o BRI R T 2808 2 0 348 A0 B2 i A 2450 O 6 (R A 2R
WHIER S AR TR, [ PN Ah 238 0T B I I 24 49) 11 9 12
BURR S AR 1L T3 AT T T W SRR, o AN[H] B Al
J4 ﬁﬁT@%?KHV&L@,T§@%WMM%I
T AR IERE BE i A AR L ) S i
e b R R B A IR AR $I\%Mﬁﬁ$
K B I Dy 280 o3 A AR IR T AR S e 5 A Dk AL
I oy 1) R A W S B I 2

1 ZARfHERR

ARG R 250 AR —, IR TR L

WekE H 399: 2009-12-30
HA TR -

E# i BR4k7K (1978 —),

“A—F7 B EKRHE S RIIH (2006BAD27B09)
B, WERA, B9 A R B TR R R S ek & R . E-mail:

hypolipidemic; screening methods in vitro
SCERPRIRAS: A

W Hgm'5: 1002-6630(2010)13-0287-05

FE T i B RS O O AS S . SRR IR AR
AR DG IR 5244, 7 226 JEAH OG 52 14 33 1) B3 REL IR 741 42 i o
ARSI 7 1] o G B AR 2R W] ISR 3 6 5 R e 2 e A
HHATRIE W, LLPOG R Mt 3L, B4 dm
Tk G I 7 s 25 G 114 3 3 o R) B S e B M IR R . H AT
T 20 [0 52 1A 0 AT B A S AR RS 32 A
11 R# RS A2 & (LDLR)

LDLR ZE 75 LDL AR AR iy Hh fE ] 1 vk

B 5 AR R EEE . S LDLR B #
TSR W I R ) LD L & — Al BRAG L LD L e B 138

o AP LDLR e D204 1 1375 B N 6 A D S A
3 LDLR JA 80 796 32 Mgl 5 JE D Bk, 4 0 5ok
e e NHF i 40 M0 28 %5 ) A4 2 LD LR RS FE R, 5K
HSENA ] LDLR Ry e R g8, R A Y
P SRAF — Rh B IR 25 W) o X PO 1L T VEAEVE PR . B
YW1 S5 A Gt v 25 1R I 8 23 9 32 5 Tt AT N

newtaicjc@163.com

*EVEE . (TER(1957 —), B, #d%, M, WO O B E SR TR RIS . E-mail: gghe@zju.edu.cn



288 2010, Vol. 31, No. 13

=T

il =

LRk

12 EWEAN i E 2 AR (SR)
AR LDL A A A2 B Ik ol AL AL (AS) 1
KR 7. SR BAT ZRCAREYE, RS BIMmEEA L
FEAL AL LDL SR fIvE g &, 2 TE ORIk 1) = 2R
Ko PLATEIE K524k CD36 o 52k A 2 80k, Fygt
2 ARFE U 0 R 40 AR, R R AR A A )
it 50 Tl ) I S I AT 0 ) LSRG B A
W), ATREECAIRTT AS MY SAE PP, Chen %51
PLSR-A [ 35 355 ok 0 05, T Rk 7 32 W5 i A B AL 22 B
P, #331—M 5 SR-A MRS RIS G Z K, wT L
FHITE TG THP-1 48 25 & 3 I Btk e A .
13 Ak

K252 A2 EC ARG e S DR 7 R ST, T 1 B A
h— MG AT R BRI S . 5 IR B A G IR i %
A T ARG B DS 0 2 AR (PPAR) . FFE X 3244
(LXR). 2L B X 24K (FXR), HMZAS A NE
ANE 2 H Dy e & 5w o R e 5L 3 9 40 i A 52 44 1 I
RSG5 B GALA JE IR 1) 85 A S FE R i &5 2Rk 2
e, 54 GALS 8547 5k s ok 2L 8 Je S 4n
Ji, R e O F R RIS B, PR AR I % 2
A4 1% 8% 30 71

KEHFFUUESE PPAR fE/A N 2 5 2 Mg &0 A 40
JRL A I Y R, AT s R IR AR . B
TG PPAR o W5 3 lG 8 I BRlG 20k, Rk i g v i) H
= ER KRR P RIE R M QB A A R
A JHF U O I R s AT A A s v = 15
JHF41 S ApoA 7 K1 ApoA II3ER K%, 1#9im HDL A A2 2kAH
W%, IR Wy 14643, 75350 DLk
(ciprofibrate). % Jl4F(clofibrate). GW2331. ETYA %%
#E PPAR a (305 7. PPAR y A FNE AT S 2
WA G A G Rl MR IR IS . LPL MG 7 IR 45
GEERRIER N, Af oz 2 LR A IR R R D

A, BRI A B AR AT o P By 2 0 A E e I K
(TZDs). PH¥% ¥ V45550 /2 PPAR y FIi5 7. PPAR

B1 0BT LA I B & 2= HEHT R I IS ) 1) i HDL
WRE . DEE B L FHREA A IF R GW 2433, & AK
PPAR S 6 FIECAR, J PPAR S, PPAR a X E )
FIs1, ZKFL U4 (bezafibrate) /& PPAR O R0 71
PPAR a fll PPAR y &1t 753 LXR a [l IA 3G I, R4
%3 ABCAL £k PPAR B/ 6754k ¥)i% S ABCAL £
K4 FHLET T BEAK T LXR a o

LXR A o0 815 1 2 5 R i oRRR oA A 6
FED A, LR ) DR LS 2 5 L i 3 (Y ABC #%
BT, R A (HDL) Y 4 R 1 I [ e 4
FIHA PR . FXR ZIHTTER AL & 2%, ] LUy
BUR AR KT B ARG T 58, AT AEATLAA G 52 IR IR vk 32 1ok

i R 3 . 25 Howard Hughes B2 22 0P 57 Hh0 2 B
I 2 SR VEST LXR 3244680 FXR 5244, i LG268 2
Wy, BENE 5 BH L A Mt R RO, N A
GW396 FI1 T0901317 /& LXR #ah71, w3 A AT40
AN E -1 B FIAr 3 -6 531 C IV & 1 mRNA K& i
FIKF- 3Rk, T 2 ik ol A R A e 2B R e 18T

2 R AR O g A Y

A AR 400 L I ] e o
21 6 pAY I ] R P 9 S K A RF 40 L[] T Ay AR
JIEL ] P 396 4 3 R 4 A0y Wk oA s A 70 S A AR 4
FH o DAL Y- 3 JUL 40 6 968 1 £ J 400 Ry A 7R, AN [
JE B N ] 22 3 2% A PR AN B, e 28O 1 A AT iR 0
JE P R R [ Y, g5 SR, 22 T R S A [
W\ 3 v VL ] R AR A, LM A G
WS EN T RIE LIEE xR, LL3T3-LL
JUE I 400 i Ay A TR B, % AN [ UR B (R R IR TS MR
SN, SR FH VB DR R T 00 A I 40 e Py R o] gt o o
AW, R T i Jd 0 A P JE ] RO AR A Y
JIFL o K R SO ST T AR AT R I ) GBESO X%
7 4t 6 Py JIE ] B AR T R, SR IE ] e A Bl £ ik
Kl GBESO % 457741t HepG2. HUVEC. SH-SY5Y &
JIEL ] i R . 45 R R, GBESO R AT R AK
3 B F7 40 0 N S I ] )
2.2 [ MEE] P R AL

Caco-2 4 Ju A 7R L8 B Ay — Fh S0l 25 99 N Ad /N W
W A BTt 5 2 ) St as LA R AR AR AR 1 T2 . 4R A
gl iR (Caco-2) Al &3, N H T 2 KWt o,
HBY T A 259 RSO, P00 A P WOBORT 25 0 AH A
o B3 00 N A B, AT A 3k T 2 KR .
If) A %5 2B KU1 1) Caco-2 41 M3 N5 47 25 F1 14C [
A7 28 b v PR AEL [ e RO, SR IR S AR AN R, i
SFF 7 R A DU A0 B v R R o VRS IN 2 AR B R
Ak 00 it o [ S R LU AL . Nagaoka ZE00-14fE T
B - FLERER (1B Caco-2 40 i JE [ B i f s, i i
FIBE/K RS 1) B - FLEKER (1 2 K Hle-1le-Ala-Glu-Lys AT LA
A% Caco-2 40 i % AE [ B2 R i . van Heek 502k
I Ezetimibe 7] LAEREME A4 HI /N b 5z 40 P ke T L[] e
1) % L

3 BBUET R E

21

31 JHIERES
Jon T P RE VT R 28 ik N S A A, BEL BT T RO 2R
&b 5 ME ] A A v e L e D o R R 45 A g il

TG EAEAE TN R ER SR L PR S))E 37°C



SRR

86iltl<

2010, Vol. 31, No. 13 289

B 0, AR IR ROENT, AR DU E AT b A R
55, THARESETT 455 fe . 25 o0 e (3 R Bk ) A
ORI (BN 72) A ot B 5 s s i, 7 i 5
TR T 14 & WD BE F HE 1, i B EL IR JIEL Y 1 2 F R
S JEL [ R . DR LA BT R S A B R, B
A 5 R IR S
3.2 L FEOB

JHE g R TIREG RN, A e/ MNaREidt
ATWRC, R st 5 1 g o [ 2 R o 1) D g o L
HSWE VEEZ R S 2 2R 5 A R ARG JE ] A il
AFR RS SROAH Hp (R s A 5, 55 M [l i 3 4 330 O\ JH 3R R
e A TR O BRI A TR) S IO T e, TR LR . A
AN AR i, PR R 0 LA IR D ik % —Rh A
RIS RO I I AT DAt I 2K B ol e v A gt
17i% . Nagaoka S5\ 4 - FLEKEL /KAl =4 b 4y s 4l
A3 75— 4 MR IE 2 IK(HAEK) . Zhong 251815 J5 5%
PG 7 YR TEAT 77 R o L] e 3% O 11 4 s &gk, 94y
53 T AT S PR [ S IR 4 Try-Gly-Ala-Pro-
Ser-Leu. AR Z MM T ERAZ Y, ANF
F T Ik VR T

4 g B AR U A 4 I R 00 4 5

WRIRZ 25 I AR G 5 & E R E A R
FURR D7 FF ARG 0l I A0 [ B S e B il . 3- 3%
Kk -3- FUE R 1 R BE AT I A(HMG-CoA)IE J5i g+ JIH [
MLl B A%

41  HMG-CoA ik J5t g 57

HMG-CoA if JR i 74 P AL 3- F 2k -3- AL R i
LIS A(HMG-CoA) A2 il 2 HIE R IR (MVA) 1) 9 B
By, 3k — A A N B BRI ] P R PR D R, o H R
o I v 0 IERE I R 25 P R 8 55 . HMG-CoA & Jii fifg
0038 0 A % 10 0 D8R A I 2 ) Ik R BT B —

FLRT, 050706 HMG-CoA i Jit g4 i3 M i T 5
TETEEAT: )86 WG IR HMG-CoA
it 5, L NADPH. Cysteamine N4, T3 339nm
AbW 5E NADPH SIS T B T ARG BTG 1 K /N S R Y,
TR o H & R RO AP AE L, BRI TE &
B, A HE RN T A R R 2) R Fhsidik. W
PA[C]- . D,L-[“C]HMG-CoA & D,L[%“C]- F ¥ /%%
YENIEYD, N W0 5 T B 1 ] I v ()47 35 1R 48 N2
AL AR 0 o ] R 5 A R 8. VAT A
W R, RS S, A E AR, (RO SR
N GVESRE F ;s 3) M2 RN WA ISR T R A
il [ N R 45, LA HMG-CoA i Ji il 441 751 SE AR Al v T A BH
PEXT I, A TLC 2 Hr MR 45 i, 97 32 B IR )
R =8 ot 2y B 07 S n 4R 2 M AR 2 M, )

FERT LAAT SO K IR 5 72 ) 3 25 A) WO (i ik . it
Hr W B2 N AA 2 o NADPH R B 1484k, il 2 HMG-CoA
W JE A e AT R SRR R A 100uL,
Bo G REERE.

Fah, ATE TP =) R T R S
JSC AR 570, AN AN BE B AR o 2 I [ B K P, 3 BE PR AIG
I 2 H 3 = 7K, FLR 2 S 8 A B OB R
Mo K AT 3 5 R AT 5 Rk B I 2
) — AN E BT .

42 JEW o il 5 A RSO A )
421 IRy 0 7

JUESJ W o) 750 97 3 8 Ay o 1 T AR sk S 24 40 7 12 1)
TEELT7 1) o JIR I 1t 400 15 ) 9735 228 e R el 0 e T vk N IR
JU WG R ) 3 R S A L . AR IR U7 I
SE 7V H AR ) I i oG . HRT, i I e 1k U
FERITNERZ, WL —beiE. R G 7 G 7K A I
WA 1,2- — AR -rac- TH =403 -3- IR R ER. X
HEE R Y AR R R . v R o R . OB ah DA AL
LA T/ N | N 2077 R BN RN & (U R
Umezawa 2520 J\ Streptomyces lavendulae MDA4-CI K 4 1
WP A A AT BT bR R R A A R R esterastin,
ICs 29 0.36 umol/L. Weibel 21U\ Streptomyces toxytricini
S35 3 T AR EEAIHIF lipstatin, 3 1Cso 24 0.14 umol/L,
o At 1) Pt i 2 1k I il A2 0 JR B 1 VS PR SE AR VT
M. BATF UK Lipstatin S R AT A EAUE 1)
orlistat, Jf#% FDA #tAE AP EL . IRIKIF KW
orlistat FLA7 & 2 1) & I g Ay e A5 SR 221, AT T i) 4
BUHI A i 5 5 PR i i S 467 1 22 S R R R St
gAML RE, HH v = ERK A, 0 5 H TR
W2 MR TR 1 8 A\ Yk /b« Takahashi®4 4 T R ig KK IR
2 rp S IR g 1t A o 7 ) S [ R
422 WIS R (FAS) )

JIE I B2 ik il Ay A4 R B B N N RV A R 5
()14 RS AL T ARG (R Y BE AT . IS R 3R (cerulenin)
VER 58— AR RR & g 0], nT DS I 0 Wl 2L A &5
GIERE LY, & FAS SRS TR . Loftus 55251
DLy 1 2 B & T C75, MEIEVEST C75(15mg/kg)
X AU I 07 R G i AT AR OA 95%, T RS A Tk
JERIIN T 110% . fEAMF, BRI LA N CPT-1 3%, i
T R A Ak R R R T AR R . SRR R
BTILARE B TREIEGCG) X FAS HHIHI/EH .
43 TREEAHEG A- JIF [ R B i (ACAT) Al 771

T R At A JIEL ]I 5 56 A % I (A C AT ) 0ol 5 ] 47
HEN NG IR R SIKE) ACAT,  FRARK I 2 = H [
Wt N A% S IR AR 1 IR ] e 7K, (] s L o R ] I R A



P

290 2010, Vol. 31, No. 13 =1

il =

LRk

U5/ VL[] P 20y JORE (R B R, B3 1 0 Pk ol A Bt A 114 T B
MR JE. ACAT XTIHE L)W . VLDL BT 5 A I [
WL AE ) ok 58 A B A 93 A% vh ) B BB A B MEVE T . AL 20
TH2e 80 AR5 W CUIF4f NI E AR =4 b i e ACAT
R, LR BRI R A, AEEAE . il
B R EE . BRAESE . SRR ACAT % I il e 2o,
I 24C i R o IR [ I, DK BB BORE A4 R Ay 11
SRR o W5 S R 1K BB ) CoA T % B i TG A Jiy 25 FIE
] g 3 b P A 27 SN () P ) . Tomoda FERTIM
Pencillium purpurgenum G =9 b & 3L ACAT
o Fukuda SRS T 2% o2y 2 21 i 1 2k A s v
B, 1Cs 4 0.269 umol/L. Nishimura 2529 59 2| =i
a5, H ACAT HHRETERSE, 1Cs 24 0.044 umol/L.
A4 JIE [ A U R A Ol AR 1 0 7

Cao Z5EBOVE 5 21 4RI T 1R 1 MH Rl B AR B LY
IR IR P L] e A R P OB B 1 ——gp 78 &5 G R
Ufdl, &L UfL 8195 gp78 A I 45858 T gp78
(72 FE T HE MG I, o T A ] e A 11 DG B il ——
2 FH R 0 R A A A O R ) A A, i 4 i 4 M )
% BENR AR (A W, B ARG I 3 JIH [ % /K 7. Altmann
RO ARG BRI T AW 7240
i, AR R 2 N ] B 2R T (Niemann Pick C1 like
1, NPCIL1), JHEIEMREHIAT 42% 5 Niemann Pick C1
T (NPCLYAH IR [ B i B 11 H AT O UE 52 4 i
] FEE 4 o 1 SR PR U 1 TR 10820, LA AT A ik 4 e %
(1) JIEL i e J 52 2% LXR, JLAE U 4 40 A oAy O ] 7 TG
M AN S AP R T EEAEN, RERIATE
JERE /N BRE. BRI A58 B RIZ1ZA334, Ge 2509
HRIE T AEFTRERI /N 4 b, NPCLLL 44 il IR ] i 4
JH SR T FD 40 A A i, S8 H 3 T AR AR T 4
I P9 Rk 42 2 45 R Clathrin/ AP2 2 1 &k . Al gk —
W T ORI BT I B L 254 Ezetimibe [RIAE FHAL
L UEIT 2 E R E NPCLILL B, Ao 40460 40 g
Xof L T P MR L o X ST 48 kg - 5 n A T AL B
JIEL I 2 2 W BRI T S NI S SR . 5 MOk A H ik =
PG (T P30 710 i 1 7 44554 2 11 (SCAP) LA I 9
AT .

JOEL [ P i 2 8 B A (CET P 2 fIH [ 1 36 [ 38 o it v
NG —. {E CETP "%, HDL " JIH [ BEES 5
LDL F1 VLDL ) TG AHEACHe, 51K HDL AKF. 4
RAERL AN, $EE L HDL-C KF. % T CETP Gt
FamT 42 HDL-C K-, #Fk CETP #ikl5I45 AM1wk T
I A

5 & #

B K-S LA R 5T A (K~ AT % . BT

Jridm] IS 1 REL £ LA AS R AR A 2% 54 25 ) e Ml
IR I8 BB IR 17 4020 i e H IR . (HL 3 4 SRR
o BOHME AT R W 25 M AE AR I B AR D R AN IR 9 ik
ARG Gy 2 8L R R 5 R B AL TG ) 28R ) i 16
(R Fho [ I 26 B BT LA S A BT 40 5 (0 B 3k s
IEIEAEANWT IR 7635 . 20 W20 B R WF o £ 4R b4
IS A A2 P )10 S 550 32 7 1T, T A I O R 24
L7 PNE 1 i il SR e o/ Y P ¢ R DDA

L5 MR BUACH AR SC IR S JE D, IR . IR iR . IR R
LA AR I R AT B AR AR . H AT A 2>
T AT B T s R I Tk, RO L 2
RN A I R 2580, I S B A v T g i
AR 28 AL AH S 1985 £ It 35 R B KR

2% W -

[11  kfe, 5KENI, 22 Mbk. Ascofuranone )i HepG2 4l Jfil LDLR #i
R R A B AW P AT S [3]. B AR R %G, 2002, 27(8):
449-469.

[2] LAUKKANEN J, LEHTOLAINEN P, GOUGH P J, et al. Adenovirus
transfer of a secreted for human macrophage scavenger receptor inhibits
modified low density lipoprotein degradation and foam cell for mation in
macrophages[J]. Circulation, 2000, 101(10): 1091-1096.

[3] CHEN Yaoyu, WANG Xiaohua, BEN Jingjing, et al. The Di-leucine
motif contributes to class a scavenger receptor-mediated internalization
of acetylated lipo-protein[J]. Arterioscler Thromb Vasc Biol, 2006, 26
(6): 1317-1322.

[4] LAPSYS N M, KRIKETOS A D, LIM-FRASER M, et al. Expression
of genes involved in lipid metabolism correlate with peroxisome
proliferators-activated receptor y expression in human skeletal muscle
[J]. J Clin Endocrinol Metab, 2000, 85(11): 4293-4297.

[5] BROWN P J, SMITH T A, CHARIFSON P S, et al. Identification of
peroxisome proliferator-activated receptor ligands from a biased chemical
library[J]. Chemistry and Biology, 1997, 4(12): 909-918.

[6] BLASCHKE F, TAKATA Y, CAGLAYAN E, et al. A nuclear receptor
corepressor-dependent pathway mediates suppression of cytokine-induced
C-reactive protein gene expression by liver X receptor[J]. Circulation
Research, 2006, 99(12): 88-99.

[71  EXUE, SRR, AR, &5, 2200 000 M7 LR B v 1 i 4
JLIE [ B AR & SREBP- T RIS HIEHA[I]. MR 2224 TR,
2006, 34(3): 317-319; 323.

[81  TEEE, BUKT, WHAAT, 4. B 3T3-L1 i Ul 40 it I [l e Ly
RSN [I]. o E Sh kAT A 247, 2007, 15(4): 289-292.

[O1  GKEE, WHERL RMOL, S AT IR GBESO X 153741 i i IR
I A PR S ). v 25 B2 m 4R, 2008, 24(3): 313-317.

[10] NAGAOKA S, MIWA K, ETO M, et al. Soy protein peptic hydrolysate
with bound phospholipids decreases micellar solubility and cholesterol
absorption in rats and Caco-2 cell[J]. Journal of Nutrition, 1999, 129(9):
1725-1730.

[11] NAGAOKAS, AWANO T, NAGATA N, et al. Serum cholesterol reduc-
tion and cholesterol absorption inhibition in CaCo-2 cells by a soyprotein
peptic hydrolyzate[J]. Bioscience Biotechnology and Biochemistry, 1997,
61(2): 354-356.

[12] van HEEK M, COMPTON D S, DAVIS H R. The cholesterol absorp-



SRR

86iltl<

2010, Vol. 31, No. 13 291

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

tion inhibitor, ezetimibe, decreases diet induced hypercholesterolemia in
monkeys[J]. European Journal of Pharmacology, 2001, 415(1): 79-84.
STORY J A, KRITCHEVSKY D. Comparison of the binding of various
bile acids and bile salts in vitro by several types of fiber[J]. Journal of
Nutrition, 1976, 106(9): 1292-1294.

NAGAOKA S, FUTAMURA'Y, MIWA K, et al. Identification of novel
hypocholesterolemic peptides derived from bovine milk A-lactoglobulin
[J]. Biochemical and Biophysical Research Communications, 2001,
281(1): 11-17.

ZHONG Fang, ZHANG Xiaomei, MA Jianguo, et al. Fractionation and
identification of a novel hypocholesterolemic peptide derived from soy
protein alcalase hydrolysates[J]. Food Research International, 2007, 40
(6): 756-762.

ENDO A. MONACOLIN K, a new hypocholesterolemic agent that
specifically inhibits 3-hydroxy-3-methylglutaryl coenzyme A reductase
[J]. The Journal of Antibiotics, 1980, 33(3): 334-336.

B, RSOR, SR AR TR T O 1 B 2R S [9]. 1 A
BE24: i %43 M, 1998, 19(6): 401-406.

THI, B e, R, 4 OB (A DI E 3- JR 8 -3- HIERIR
TR LA AL SR BN R R PR3] 234, 2009, 37(1): 87-
90.

TSUKASA I, HIROTOSHI K, HIROSHI M, et al. Synthesis and bio-
logical evaluation of quinuclidine derivatives incorporating phenothiaz-
ine moieties as squalene synthase inhibitors[J]. Chemical and Pharma-
ceutical Bulletin, 2004, 52(10): 1204-1209.

UMEZAWA H, AOYAGI T, HAZATO T, et al. Esterastin, an inhibitor
of esterase, produced by actinomycetes[J]. Journal of Antibiotics(Tokyo),
1978, 31(6): 639-641.

WEIBEL E K, HADVARY P, HOCHUL E, et al. Lipstatin, an inhibitor
of pancreatic lipase produced by Streptomyces toxytricini[J]. The Journal
of Antibiotics, 1987, 40(8): 1081-1085.

CLAPHAM C J, ARCH JR, TADAYYON M. Anti-obesity drugs: a
critical review of current therapies and future oportunities[J]. Pharmcol
Ther, 2001, 89(1): 81-121.

ARONNE L J. Modern medical management of obesity: the role of
pharmaceutical intervention[J]. J Am Diet Assoc, 1998, 98(10): 23-26.

[24]

[29]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[39]

TAKAHASHI H. Lipase inhibitor derived from a defatted rice germ: US,
5503831[P]. 1994-05-25.

LOFTUS T M, JAWORSKY D E, FREHYWOT G L, et al. Reduced
food intake and body weight in mice treated with fatty acid synthase
inhibitors[J]. Science, 2000, 288(5475): 2379-2381.

R, MK, kR B, A My SR vt ey JEL ] s 5 % 7% B 400 1 71 o
1. WS K. BRI, P E PR R,
2000, 25(3): 161-163.

TOMODA H, NISHIDA H, MASUMA R, et al. Purpactins, new in-
hibitors of Acyl-CoA:cholesterol acyltransferase produced by pencillium
purpurogenum |. Production, isolation, and physico-chemical and bio-
logical properties[J]. The Journal of Antibiotics, 1991, 44(2): 136-143.
FUKUDA T, KITADA Y, CHEN X M, et al. Two new monoterpene
glycoside from Kudingcha inhibitors of ACAT[J]. Chemical and Phar-
maceutical Bulletin, 1996, 44(11): 2173-2176.

NISHIMURA K, FUKUDA T, MIYASE T, et al. Activity-guided isola-
tion of triterpenoid ACAT inhibitors from Ilex kudincha[J]. J Nat Prod,
1999, 62(7): 1061-1064.

CAQO Jian, WANG lJiang, QI Wei, et al. Ufd1 is a cofactor of gp78 and
plays a key role in cholesterol metabolism by regulating the stability of
HMG-CoA reductase[J]. Cell Metabolism, 2007, 6(2): 115-128.
ALTMANN S W, DAVIS HR, ZHU L J, et al. Niemann-Pick C1 like
1 protein is critical for intestinal cholesterol absorption[J]. Science,
2004, 303(5661): 1201-1204.

REPA J J, BUHMAN K K, FARESE RV, et al. ACAT2 deficiency
limits cholesterol absorption in the cholesterol-fed mouse: impact on
cholesterol homeostasis[J]. Hepatology, 2004, 40(5): 1088-1097.
REPA J J, MANGELSDORF D J. The liver X receptor gene team:
potential new players in atherosclerosis[J]. Nature Medicine, 2002, 8
(11): 1243-1248.

DUVAL C, TOUCHE V, TAILLEUX A, et al. NPC1L1 gene expres-
sion is down regulated by LXR activators in the intestine[J]. Biochem
Biophys Res Commun, 2006, 340(4): 1259-1263.

GE Liang, WANG Jing, QI Wei, et al. The cholesterol absorption
inhibitor ezetimibe acts by blocking the sterol-induced internalization of
NPC1L1[J]. Cell Metabolism, 2008, 7(6): 508-519.



