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[ ABSTRACT] Aim To investigate the effects of probucol on high fat-high cholesterol (HFHC) diet- induced hyperlipidemia
and oxidative stress in apo E deficient( apoE” '~ ) mice and genetic background C57BI/6J mice. Methods The hyperlipi-
demic mice were induced by feeding HFHC diet which was supplemented with 15% lard and 0. 25% cholesterol. ~ The levels of
plasma lipids were determined by standard assays. The oxidative stress was evaluated by the serum levels of total antioxidant ca-
pacity (T-AOC), superoxide dismutase (SOD), and malonic dialdehyde (MDA) determined by commercially provided kits.  The
aortic atherosclerotic lesions were demonstrated by Sudan IV staining.  Activity of paraoxonase 1 (PON1) was assessed by modr
fied Echerson’ s method.  Expression level of PONT in liver was evaluated by semF quantitative reverse-transcriptiorr polymerase
reaction ( RT-PCR) . Results HFHC diet elevated the levels of serum triglyceride (TG) , total cholesterol (TC), low density
lipoproteirr cholesterol( LDLC) , and high density lipoproteirr cholesterol (HDLC).  Probucol decreased the elevation of serum
levels of lipids.  In C57BI/6] mice, the levels of TG, TC, LDLC, and HDI-C lowered 41%, 43% , 44.8% , and 41.3%,
respectively, compared with control group (P< 0.05). 1In apo E~ = mice, decrease of 36.2% , 28.2%, 31.3%, and 33.
9% , respectively, was observed versus apo E~ '~ control (P< 0.05). Probucol treatment prevented the atherosclerotic lesion
development in both C57BL/ 6] and apoE" '~ mice. Compared with HFHC groups, the aorta lesions were significantly decreased
by 61. 1% in C57BL/6J mice and by 27.2% in apo E '~ mice (P< 0.05), respectively, after treatment of probucol. ~ Admi
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- nistration of probucol lowered the serum levels of MDA and oxLDL, and elevated the levels of serum T-AOC and SOD.

The re-

sults also demonstrated a more significant increase of PON1 activity and expression level in C57BL/6J mice than in apo E '~

mice. Conclusion Probucol decreases the levels of serum lipids and alleviates the atherosclerotic lesions in HFHC diet- in-

duced hyperlipidemic mice.

may be attenuated by apo E deficiency in mice.

B K 45 FERE AL ( atherosclerosis, As) A& — 2R % 95
FHEAE R P2 A . KB EERL AT 5T R B, &
M AR/ S Bk A B B4 5 R TR 2R
185, E HH 3L I B 7 A AL B ( superoxide dis-
mutase, SOD) 3 P4 B A1, 7= 42 K 2 19 5 i il 4 1k
Y. MRS AP B N LAY (endothelial
cell, EC), F7=#)TH — B ( malondialdehyde, MDA) i %5
FEHEEE A (low density lipoprotein, LDL) , {f {8 ¥4 i 40
PRI, SEAs TRARIR'" o XH4EUBEEE 1( paraox-
onasel, PON1) & —Ff 5 & % B g & H (high density
lipoprotein, HDL) % % 45 & (1) 75 & 5 B§, PON1 B
1 LDL fig ot S8 AL = i 28R, €& — 4 5 HDL
TERZBE VIR EI BT As ORI VERE. T3 T By — A
Praadb S FERR 254, B AT LU MG 7KF B A
B L Ty BE 49 1 K 4 P TS R K i BB AAE T
AT 5 LA Er i v B e ek B AR R B R 2R E B
R 5% 71N B ((apolipoprotein E knockout mice, # g & H
E ) RIEAETS BAF G CSTBL/ 6] /N B 70 %¢
R, BRI T By P EAAE L, BRSO T B oxe P A v
Jig MLAE A SRFT AN E T B Z 5

| RS

11 i FnEZE

#HIEE B E ' /INRCS5TBL/6] /N B R /N BAR
FRAMEN R AFEFH I RAHI; AT B &
AEEEREL AR SR LN AR &%
T8 B A AU AR A B PONT AR VR & BOX A B
ABAEE L EEMIRERERRAE; DR ox
LDL ELISA U iX 7l & 1§ B - % 8 2 8; K&
{8 77 (total antioxidative capacity, T-AOC) \MDA &
SOD I &R & W B ¥ & B £ TR R AT
Trizol i 7| & 14 E % [E Invitrogen /A F]; Reverse Tran-
scription System 4 B % [E Promega /A #; PON1 &
GAPDH L. TikaI# /77t EEE T A TERA
%A BR8] A & 2 x Taq PCR Master Mix % 100 bp
DNA Ladder 1§ B A AR A& L #H # ( A x) A R A 83
Agarose, 14 B ¥ It 7 Biowest 2 &]; £ ¥ KA ¥ 4
1.2 SR BERIEFREE

PR /N BB 2R A R R B /N BAT V48 (normal

Probucol may contribute to a significant decrease of the oxidative stress.

The effects of probucol

diet, ND), & fig & FE & % ( high fat and high cholester-
ol, HFHC) 48 %, BF /N &R 2 2 77 8+ 15% % i +
0.25% fEE B, L%l 60 RiEHEDNR(REESE
E-'" /N B A CSTBL/6) /N B4 30 R) %147 % & SPF
R b, T UL e R E AR R A R 2
BEKR. MAKEAMDNRE SN 3E, 410 A,
o4 4w T C5FND 4, X 48 47 & 4 #;  C5-HFHC
41, w17 = B e I B B A R CST-HFHC+ P4, w4
EhREEEEAR0.5% WA T B REEA
E'"-ND 4, R4 FF M # e E B B -HFHC
U, A B e B B E B R A& & B -HFHC
+ P4, JiniE & fE R E B AR A A0, 5% BV A T B
1.3 MBEERYMZE

NEAEF 12 B Z IR BUNR I 0.5 mL, B
A2(4 000 r/min X 15 min, 4 C), BU L&, M 2 A8 i &
o KB HEEARINAN W T fF ik = B
(triglyceride, TG) - & B [E B% (total cholesterol, TC); %
FlEE® % E s & & BB 8 (high density lipoprotein
cholesterol, HDLC) # M 1A 7| & X H # K EF E K E &
B & B (low density lipoprotein cholesterol, LDLC) 4 1|
R &4 A4 N HDLC #= LDLC #93K E. B R#EfF
&R &R & BT B AE R #AT
L4 FFF IV 6K HE 2E8MNEhIEE

B m a8y 3 R At QR e B RA, 3
FkBe X & 2 Bk &l AR B R 4 i AT IHE, &
MEX G EEREE S K. BUNRE £ 505,
A10% BREMEE G, ¥AF6 8 EEY R, ¥
AR —Fage, AEME L As FE.
1.5 MRBMENEESN . BEACIEAETEHRA
—EEERNE

K T-AOC U & X5 &, # 38 b & 7] I 2 471
Aa A BB IR R E A MAL KB B AR A
1 3K BT 3 500 1/min & A2 10 min, &5 WK IA A 7
A, K E 10 min, A K EE, 1 em K42, 520 nm
W, MEERXE. X &FSEAWEEZ(ZKE)
m#EF SOD E . BARBETREIUTELRTH
Z BRI & P # 4T
1.6 JUROEHKERBMENE NRAERKE
EREEANKE

SR WALk L ELISA # MR 7l &, #/8 RA
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AR E E g & B (oxidized low density lipoprotein, ox-
LDL) B A4 FTEAFAR L. ZRARKAE T
EZEIR(20~ 25C), & A B0 15 min B & T/ER . B
HATE R AR, EERBRESBRSEANEWHAS.
1.7 STEEEER 1 R HANE

PON1JE Mo & 5 % X ak[2], R A AR &
Eckerson B9 5 75 ¥k . Xt 8. 5% B ACAE x4 5% Bk At
AR, AR A E LAY, £ 42 m KER
ik, AREFEFAFTHETE, SHERY
B Rt AN EE AT, BABEESBER
RAEHAR, ANEEENBRENRLELZEE
KR o o & 45 1 v *T A 8 B E M 242 (umol/min/L) .
1.8 Wi RBEEEE R BN /) 5 AT BE XS & 4%
8 1 mRNA BYFRIX

Jil TRIzol 5| #% BU 48 i & RNA, % T & Rnase
A, A KK E TN E ODyo/ODag Y HL B 7 1. 8
~ 2.0 Z 8, B RNA2 Vg, | Promega /A 8] i # 3%
KA & A & cDNA, BB # F =47 1. 0 WL # 4T
PCR #&% . W % B X A GAPGH, 5| #1 F 7| H: L%
5-AAC TTT GGC AT TGT GGA AGG-3’, Ti# 5'-TGT
GAG GGA GAT GCT CAG TG -3, ¥ # F B K & 4
599 bp. PON1 B9 3| 47 )7 ]: £ ¥: 5-CAG CCT GIC
CAT CTG TCT CA -3, T¥#: 5-CI'G CTG GCT CCT
TCT TG TTC-3', PCR ¥ % 7= 474 % 313 bp. PCR K
B4 :95°CIEE 3min /5,94 CEM30s 60C &
M 30s” 72°CH M 305,33 AMNEH, KAEIHR 72°C

FE 4 10 min. R AL 4 K J&, B RT-PCR = #1 % 1. 5%
WU REBEBE A ek, BRI N S UL, WAL %
., BERAW X UVP & MR E &5 2 R
ARIENZEF oM, UEHAERNER SRS BE
B 8 RT-PCR # # DNA F B R L EEHR =& & E
B LU B R P AR I B B9 mRNA R 2 R
1.9 Geit=4aiE

S BT RIE R R A IR E RN, AT
ERXRFAEHEFZ0H, FARKRXA SNK #
B, BT R it T A 4 SPSS 11. 0 4 it # . P< 0.05
RITEZRAREFN.

2 4R

2.1 ATENSEILERMAEKFESE
e A0 48 i 2 AR « &5 SRR IS P Fh
NS B R R R4 EE e, HFHC 4 1 7K S 25
THe. 5% E M HFHC 4L, 75 T By ab 3 5 af A
3 25 BRARK 5 A v L ] B AR B 1 MR CSTBLY6J /D R
Hy I 7K P< 0. 05), HH TG TC.HDLC A1 LDLC
I3 BIBEAR T 41% 43. 6% 4. 8% A1 41.3% o T
SHERAR R A B /N, 3T B AT LA 3 AR i e
I ] A R R 3 S AR B /N U ML TG TC
HDLC Al LDLC /KF (P < 0.05), 5 H BEAK T 36.
2% \28. 2% 31.3% 33. 9% . {E 525 45 T A 45, [A] /)N
RAEERLEEMW(ED.

% 1. C57BY/6] MFAEER £~ MRIEASEAKFE(mmol/L, » Fs, n= 10)

C57BL/6] /R HWAEEE E ™ R
o H
ND %4 HFHC %H HFHC+ P 2 ND 21 HFHC % HFHC+ P 4H
TG 0. 32 0. 20 0.78 £0. 23* 0.46 *0. 12 1.0410.27 1. 99 0. 60° 1. 27 %0. 30
TC 1. 56 0. 90 4. 06 *0. 76* 2.29%0. 73" 5.34%1.4 13. 96 *0. 5° 10. 02 £1. 48"
HDLC 1.24%0.2 2.9 %0. 58* 1.6 £0. 54 2.54%1.07 7.68 X1. 82° 5.28 0. 89
LDLC 0.30%0. 06 0.92 +0.21* 0. 54 %0. 07" 2.72%1.54 5.02%1.51° 3.32%1.90

ay P< 0.05, 5 ND4ltL%:, b A P< 0.05, 5 HFHC 4ltb%.

2.2 STV RENRESRKAEE RS HEE L
REEAS

TP IV Befn )5 W, €57 /MR BB Bk B g4
AR, R LBA R M BEE, kAR E A £ AR
DADLEH B R BEHR BRI A8 . LA As 78 A8 TR AR 5 4 P i
TR RSP Bl A8 T B 45 2 /0N BP9 2 T B | 4 Lk, €57
ND 204 3. 56% 0. 20% C57-HFHC 415 7. 20% *
1.90% C57-HFHC + P 404 2. 80% 0. 60%; #i /g
EAET-ND AN T 70% £1.50% . # )5 E A

E~'"-HFHC 204 19.05% £3.90% K HEE A £~ -
HFHC + P N 13. 87% 2. 65% . tL#% 5 K Fi
C57BL/ 6] /MR E SR M I As AR ER, I AU
JEEEE T NRBE. HFR /SR L e e
BEAb PR 5, 5 % B Tl bRk e ) o B4 b A, i
As RAZ B BN 5 & B X R4 HL iR, C57-HFHC 41
5 AR ARG 0 50. 6% , %G 2 1 B~ -HFHC 419%
ST FRBE N 59. 6% ) « C57 /NERATA T By A F 595
ASTHARED T 61.1% (P< 0.05), #HIEEB E '
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TR T My ab B2 5 i 2 AR > 17 27. 2% (P< 0.
05, E 1) .

B 1. 79 GredE/MRESKAERIBCAHRELRET
(n=3)  EEANCSTAR, FENEREELE ' AR MEE
42 B FE R AL, HFHC 4R HFHC+ 75 TEA4L.

2.3 FARKE ARAREYRRMENPRE
KA HE et/ R 30K, 45 R KB, C57 /I
BT E Bk AR R AR BIRE A E D
R P ML B A B Ak T LV R A A T, AP R v i AL
NECHWAE, MEREAE ™ EiEs A TR
B AR A B BRI AR (B 2)

24 ATHMNSELENREMEKEND. R
i BRI UERENKREEREERNZMN

CS7BL/6) NRAEARE A B DMRA R &
JE [ B 1A b PR R J5, T-AOC. Al SOD /KPR FEBH & ( P
< 0.05), MDA & ox-LDL [ 7K ¥ 8 & 3 & ( P <
0.05); T 5 4% A ) HFHC 44, 57 /MR T
Py b ¥R 2H /)N B T-AOC 7K F+ 15 58. 9% MDA F# A
49. 1% SOD [ Jt 11. 3% ox-LDL [&1I% 25% , #iJl6 &
FHE " NN T By AR B 41D B T-A0C T 28.
6% ,MDA B&1k 17. 7%, SOD _EF+ 43. 9%, oxLDL [&
fik 11.7% (P< 0.05, % 2)

2.5 ATEHXSELLE)RIEX S8 1 fE
14 R BT AR 4B 4R 3 AR 1 mRNA FRIARIF2NT

SE R R I, SHAG R E, 4L R & = g
o JH B AR 7R 77 s, L iE PONT P& R BR( P
< 0.05) . 15% K HFHC 4 #2, €57 /N F HF-
HC+ P A IfL3E PON1 [F3E M = F 37. 5%, F g &
FE " /MR HFHC+ P 2H L3% PON1T & P ) B T
21.5% (P< 0.05, % 3) »

KH RT-PCR £ A & I 2% 26 /) 6 i+ BE PON1
mRNA KIE4E R KI, 5% BXF ND AL, X&E &
JIg v L ] Ak Ach B ) /0N B, G FFJIE PONT mRNA )
FIETH(P< 0.05); 5 HFHC 4 L8, Invd T My ik
FJF, €57 /NEL HFHC+ P 41 PON1 mRNA (¥ #H %F 2%
FEAHE N 60. 0% , G E A E'~ /MR HFHC+ P 41
NN 21. 4% (P< 0.05, & 3 )% 4) .

2. HARKE —FARERENRENIKAIEESBKBHERELRE(n= 3, x 40)

M BIA 5y BRI RN, HFHC AR HFHC+ T T By 4.

EEyCSTANR, FEOVBIEEG E ™ MR,
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x2 NRIESMENEN A_B . BECYBRUBRECREEEREBNKTE(x X5, n= 10)

C57BL/6J /IR BIREAE ' PR

& 7

ND 41 HFHC 41 HFHC+ P 41 ND 41 HFHC 41 HFHC+ P 41
T-AOC (kU/L) 42.30%12. 44 18.90 6. 73 30.03 £10. 37 37.50%9. 89 18.53 16. 87° 23.83 £8. 86"
MDA (Hmol/L) 28.30%5.00 59.96 £15.28°  30.53 %11.11° 37.77 £10. 04 61.47%14.56°  50.57%19. 16"
SOD (KU/L) 433.37183.56  365.97£28.85°  407.50 £86. 86" 258.13230.09  165.10%22.73*  237. 67 £40. 28"
oxLDL (Hg/dL) 17.23 £3.71 28.93 £6. 35" 21.70 4. 01" 39.20%5. 40 58.10 9. 70° 51.30 £6. 30
a N P<0.05,5 ND@HEE; b K P< 0.05, 5 HFHC 4 LLE.
F 3. NRIEXEBEE | B5EM(x s, Hmol/min/L) TER R ERES . AR R FEUL I R s

44l n C57BL/6J /MR #HREA /7 MR
ND 41 10 153.31£31.92 118. 83 4. 67
HFHC 41 10 100. 27 £13. 69° 70. 47 £22. 02°
HFHC+ P 41 10 137. 90 £46. 36 85.60 £16. 41"

aN P<0.05,5NDALE:b N P<0.05, 5 HFHC H L.

e
__ e pw v v o v CUE

500bp L
: - PON1 313bp

3. M RBEAIER K BN /)N AT BE T S 85ES 1 mR-
NA BIFRIE 19 CSFND 2H; 2 NEREHA E/~-ND 4; 3 4
CSFHFHC 41; 4 N# g8 E-/~ -HFHC 41; 5 ¥ CSFHFHC + P 41;
6 NEAEE A E /T -HFHC + P41,

F 4. BEERRAEER RN /RTINS BEE 1 mR-
NA BYHEXT 7R E &

gy 4l C57BL/6] /IR BIREAE - PR
ND 4 0. 26 0. 05 0. 18 X0. 04
HFHC 0. 15 %0. 03" 0. 14 0. 04
HFHC+ P 41 0.24 *0. 03 0. 17 £0. 05

a y P< 0.05, 5 ND4ltL%E:; b A P< 0.05, 5 HFHC 4lEb%.

3 3t i

16 AR R I PR 2 05 35 LT, 2 As g
FOFERKREEZEZ —. As £— K2 HEAEME
FAT P 2E (800, [ 1799 4F Parry R B AL ¥ 5
DLk, As 5745 2 A 1 JE R RN AL i) — L 5 4 480 P
() B L 5 U

HUMR B A S R 4 Hh T4 1 i B AR i
BN A FUEALRI A RS2 1, SRR B 3 K St
FASEAR P it 8 AR, T o 400 L 7= 2k %2 A 25 1k

I OIRE S E I E B R R 2 —. T-AOC 2 J B AL 1A
BRI EHUENKE SRR EE R bR . SOD Al
PEBUEANA R, ReiE R B B 7, ORI 4 M S 32 3
153, @I I SOD 5 4 14 v 11 P [ 42 S LAk T e
A HEHIEMRE . MDA 2 5 i E Ak = B 3 2
AU =4, W 5E MDA 7K 1] )42 ) Bkt 4H B2 A A
FIEET 00 O R B, A I R SR A I B 47 I R AR
ox-LDL S22 5 g 2 E B 20 =9, & W B0 A
L, S R A0 B RGBT R RIE, AT (R 2 A% B
1 0 (1 286 P AR D5 R B AT ) e A S A R A
B R & B R A, BN ET2ENE P A 4 2 R A, )
SSLTHEMR LB e Sy, PR S B Y . A
4b, ox- LDL 3 AT 3 — A2 I R I 55 585 45 9 22 1) 480
Rio ASZEG SR T M 2% 1 T-AOC, SOD, MDA K&
ox-LDL 7K, KBS BR 28 v g v L I 2 ) e}
J&,T-AOC 1 SOD 7K~ T £ 8] &, 1l MDA & ox-LDL
(7K B S 1 i, 2% BH S0 DS BRPE = T v T A
MEWES T4 T KRER RISy, PEr
T-AOC P&, SOD 980, M AT A (1 i A AL 4 1)
B AL 2 45

T WA — B IE G BE AN BT As 125, 4% 4
KA, A (1, FIEE 2 3E) XU(HR) ] R 2, 63 ( 1, 1-—
FE 2. 35) 2Ky, Hobt As ML+ B k. AR
R, IT By B AR = 90 n] DA o A [ e I 1 ok
FEUEW W, 9 m HDL 5 3 B 2K 1 MK 18 K % 4k
( scavenger receptor class B type 1, SR-BI) 2 [a] ffJ A 5.
YRR, IX AT B8 A T B I As A4S 19— Fh L
#1'" o Braun &' g R I, T BRI D B 25 1 AL
T8 RZZAR(SR-BI) MG & H E HPRIGH R R AFK
PERLCIR I A . IR 38 T T R
HIA0H A S AT Cu™ ALY LDL EAk 1846, I HH A
T AL EE R 2 LK R Sy S ) LDL, H AL I AR
J13458, AT 5] S0 A W R ST R R TR
T A E T AR L AR E B R . 3
SEEGTNIE BA, TN T W AT B 3 0 R K 5B Y LDL Xt
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PRANEAAE F BRI AT, 3 AR R A . A
St U 52 B AT T By kb B v M e RE T R 5 1)
As B (CSTBL /6] MR EBIEEAE ™ AR)
Ja, =R ILAE /N B A T-AOC A1 SOD 7K °F | FF, MDA
S ox-LDL [ 7K~F- ] FAR, &7 79 T B 76 i Mg I /s
RN EEREMER . RLKE K, 5HIEE
AHE T NRAME, BT B CSTBL/6) /N B T
AOC MDA oxL.DL %545t S FR B 5200 45N B B

PON 1 & 1 AR & A, 775 T I B HF ik () —
JKAREE. PON1 A2 F HDL ff1—A~ .45 #) L, HDL K]
Bfit i Jo 3o 4204 40 AN 1k if v b LDL HE AR A K
MR SEASL T H B PON1. 44 4 S 56 4IF 52, PON1
Al LARA 1 HDL 84k 184, f£ 47 LDL % 5% A AL 1B
I, BEARAR N ox- LDL 7K, 3£ H PON1 1] LR IR A8
/b LDL 7R AL i 72 o 7= 2 1 B 40 I 554 F 1 i
MAEAE"™ . Mackness Z&'" JFSZ 5 B PONT [ 4% 32 A
/NEL T HDL AS BE X #71 LDL K &AL 4% 1k, X 30 4
PON1 ¥ e & A LA AEEER .. RE Wik,
A 9% PONT fEF i 25 fih A=tk ML A 3% 1) PONT A %
Gy U B2 R AR T T AR F ANTE 2 . AR5 Rl
T R IE A BR A A I PONT 3% M % BT RE
PON1 [IFRIE, 45 B R B = i ven IH ] B R £ A HE 1
/AN, HME PONT G TR, &N T By 42
J&, PONT HI96 1 B Fho 3R TR T By R A7 78 PR AR
HDL 7K~ R EIE F, {5 E 7] G838 L 815 PONT 134
PETI = AT As TEH . Ak, (EH R B T By Xt
C57BL/6] /N PONT 3% S IE mRNA B 3K 1Y
MIERTHREAE ™ AR

i T By B HDL fgEI /e, M9 T B A
— PP AR 250 AE e PR 1 B FH 52 81— 2 I R 1), B
B IEARARAR S 8 T By bt As ML, BRI T
M7E As HIITER, B8 TINAEST As FITER Z4b, &
FEAEFE TP G WL A5, Zhang SH 2 WF TN A, AT
Ty ] A N4 AE & 1 E SRR B IE /N B As 15 AR VS
FE, AN As BOBERR, T Choy K 28" BF 5L R I T 1)
ATLAME N AR A E R RN R E Sk As
AR THAR, (H A T M AT LA R 3 R AE A B
WGk £ L 7 2 0 7. 1 R AR, T A58 = 20 Joik 5% Ak o A
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