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Gth Rk, E—EARE ALY AS R R, Tk TLR4 22 LB LER,
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Effect of 3,4-dihydroxyacetophenone on Atherogenesis in ApoE-Deficient Mice and the Expression of
TLR4 in Three Main Cells of Atherosclerosis Plaque

ZHANG Dal_]uan LIU Tongmel LIU Jlangyue CUI Xlaodong GUO Juntang WANG Jlanylng YE

Duyun (1.Department of Pathophysiology, Weifang Medical College, Weifang 261053, China; 2. Pathophysiology Department
of Tongji Medical College of Huazhong University of Science and Technology, Wuhan 430030, China)

ABSTRACT: OBJECTIVE To explore the effect of 3,4-dihydroxyacetophenone(DHAP) on the expression of Toll-like
receptor 4(TLR4) mRNA and protein in activated mouse vascular smooth muscle cells (VSMC), endothelial cells (EC) and
macrophage (MC) to observe the change of aortic atherosclerosis at apolipoprotein E knockout (ApoE-/-) mouse treated with
DHAP. METHODS Normal thoracic aortas were obtained from 4 adult mice, and the VSMC, EC were cultured. The MC
(RAW264.7 cell lines) was obtained from ATCC. The cells were divided into four groups: control group; LPS group; DHAP
group; simvastatin group. Changes of TLR4 mRNA and protein were analyzed by RT-PCR and Western blot. In addition, 30 same
age male mice of ApoE(-/-) were fed with a Western diet (21% fat, 0.15% cholesterol) for 12 weeks, and these mice were divided
into three groups at random including: model group; DHAP treated group receiving DHAP administered via gastric tube at 10
mg-kg '-d”! for consecutive 12 weeks; simvastatin treated group receiving simvastatin administered via gastric tube at 10
mg-kg™'-d™! for consecutive 12 weeks. The changes of aortic atherosclerosis were analyzed. RESULTS The VSMC, EC and
MC pretreated by 1x107" mol-L™' DHAP expressed TLR4 mRNA and protein lower than unpretreated ones (P<0.01) in activated.
The lesions of aortic atherosclerosis were inhibited in two treated groups. CONCLUSION It suggested that DHAP could be
effective for the prevention and treatment of AS, and TLR4 path might be the mechanism of DHAP to treat AS.
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DRI, B H Bt 48 25 440 ) TLRATE AS B £ (1) 3¢
ik, (EREFEMASI R AR R 6 AL 2y
B3 5 03, 4-dihydroxyacetophenone, DHAP)
PR et O, 3 R e I P 2 A iR 14 1y
AT 1097 %, L2 EAE P WL A 58 4 i 1
A U R RT3 A K BLDHAP fit 2 35 00461 0 40
MO TNE-aff) 5030, HABHPRENY. DHAP
AE A7 o MU L. R 40 i TLR4M& A% 2 1538
Tk S TNF-au ) 43 906 K 5% 1 A'S 28 3R J I8 11 K e
A 1% TG X 7 TR A 3RS o« A 56 SLAF 5T DHAP X
ASTEHCH I L. 240 M. B W40 i () TLR4E
KIS, WIS DHAPR ASHI BT vE HLiE .

1 MRI5RA®

1.1 5%

ApoE(-/-)/NE, &, 8JEE, HIH, fAE
(18.14+0.70)g, W& T PRI KIS Ly, HHs
IES: sexk(51)2005-0013
1.2 2y il

HOMACREHZ =), #5: 051202, B
2mL-32 s FEARMTT T RUE 2L A F, S
100601-200502, #ks: 10 mg )i ") SR EEL Z4h
(Westang, #it5: P3671, ##%: 5 g); RT-PCRAf
FAXFN(GibeoBrl A 7). Hudis i AH J 1) (AL
LAY AR R A A,

1.3 4i bk S5 5=

RAW 264.741 Ma ke B v B R B b it 40
Jir, FIDMEMSEERGFREL, 7637 C, 5% COKi5+
GRS
1.4 FELE

2720 PCRAL(USA), Hoefor 124! i Pk Al £l
1 20 HL L A (USA),  DF-CHY LK AU 745 i R
Hrly), BIO-RADM! X (USA), AM188402
Wil kR (DNA-ESPRP) .

1.5 Aifses

1.5 Z0fss9% 1837 °C, 5% CO, 34k 7740
F, sk 1< 10° L1 /N B W40 MR (RAW
264 AR TR M Fi LA P Bz 4 i B
C57BLP6J /MM F Bk, JACHEg%, J7ik: O
B VAN . AR BB IR N B3 Bh KT L
e, 7d ALK, RIERAEAK, 10~
14 d KRR 70%~80%, 1 0.25%JH & A
1 0.02%EDTA LA 1 : 2 Ee@lak AT i Aa 401 5%,

SHH 4~8 o @I N KA. KN TSk
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B, Wumse P NE A, BEFRFERT, WA
EH 20%06 4 M5 1) DMEM/F12 55959, 40 ks
FRY 12~14 d, JE AR K40 i 3 o5 8 IR I AR 1)
2/3 BLLE, 25 80%M 4l fuyl 5 BV A ARK 7%, H
0.25%J3E 4 (I BEA 0.02% EDTA LL 1 : 2 Eu#ildkeT
HAAEAREE TR, SR 4~8 1.

1.5.2 SN ARE R AR 2 BE(LPS) MU
f 7 W5 JUL 40 B2 (vascular smooth muscle cells,
VSMC). W J% 4 i (endothelial cells, EC). ELWE4H
Jfd (macrophage, MC)f¥f i 4k (72 85 72 5 n A
LPS, W& H10 ngmL™", ;5 HeE 540 1,
S AN A A JE ), B T R 8 (TS 5K b
TLRAZA IR B ). SEUG 7> A4 KA. 75 0 A
(EHAMMRTFR, IMASERMRFRE, AIMAATAT
2i9)); LPSAL(In N SE & (15597553 h, B IMALPS
10 ng'mL~" #1138 h); DHAPZL(SEIMA %4 DHAP
107 mol-L ™' {577 337773 h, FEAIALPS 10 ng'mL ™"
8 h)s = RABTTALFH XS AL, S N AT =
AT 5 X 107 mol L7 15 JR F 5 953 h, FEAIA
LPS 10 ng'mL ™"l #S8 h).

1.5.3  fabrill &

1.53.1 RT-PCR®! HYIEHTLRA: Fi75145
TGGATACGTTTCCTTATAAG 3', RiFsI#s’
GAAATGGAGGCACCCCTTC 3”; B-actin: _EJiF5]
¥5" ATCATGTTTGAGACCTTCAACA 3', Fiif
5145 CATCTCTTGCTCGAAGTCCA 3’ . 1}
BEOr 311 bp, 300 bpo 748 BEAS SN AR R
2.5 uL 10 X PCR Buffer, 2 pL 25 mmol-L™ MgCl,,
1 uL 5 pmol- L™ B354, 1 uL 5 pmol- L™ R3]
¥, 1U TagDNAZ &, 15 uL H,0, B2, 703
#0.2 mL PCRIEEER HL, BFE23 pL. WZKH
FER) 7 AT o FERFAE A2 uL RTFZ), THAT .
TIN30 pLATE . H . S RIPCRY 1 4 1F
94 °C 4% 1 5 min, 94 ‘C A1 min, 56 Cik ‘K
1 min, 72 ‘C#E{#1 min, )5 XM 10 min; H
LR SE32AEER, NSP H25MEER . 33
PP S EBIN S @ L7 B REES HL vk, AR 4K Ab
ST NS MAH . I UG T R G R (IDFRAT)
AhEE, PATLR45 N2 B-actinff) 1= 3405 ) & LU AR 30F
17w W

1.53.2  BEEEVES LR, UK PBS
Ve 23, NG MR, AEVK EFRFE 10~20 min,
BB EP AT, I 1/3 (AFL 4 X sample buffer,
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Wk 10 min, HABRE, 3 000 rmin' 5 B L,

B % . SDS-PAGE HLUK/r B8 M. HEEMNE
TKEER P B NC O Lo 5% MR W ok 1A
30 min, —#137 ‘C 2 h, TBS #1k 3 ¥, £EK 15 min,
Bl M R B AR 41 37 °C 1 h, TBS #E 4 K%,

FEX 15 min, NBT 7L 8 10 mine F#5 5347,

1.6 ARSI

1.6.1 /PNEFEZE HL30 M8 JH 1 P ApoE(-/-) /)
B, BEML 3L B (n=10), 7/ ELASHE
A, DHAP A J7 41 (n=10) £ % H % #E 7 DHAP
10 mgkg -d™'s FARMIT T 1 (n=10) 2 B 51 E
T SEARAB YT 10 mgekg ™ -d™ o BTG S8 /N BLE8) Ay ¥t i
9o, EIABNY)E G AR AR R U R R R A
WE &M FiEN3 d, HEdKIER, AEREE
TR R FR)T . i /bR A oK, g
560 H 25951 AR B S K L TR B, R4 2 H shi)
P A AR I, ARG A R
R TR . BT S5/ R85 L
EEI21%, JH R EE0.15%1) “ P4 5 B E € 1Al
BLE12/.

1.6.2 SCIEUH MRS R (AEEK), PRk
o 5% LG 24040 mgkg A, B

LRI, HC B PR S 00 A 10% FR 1 ] i S AT
A, [ BRI T ATESY A, R
NI 505K, BRIk D) R 2AN R, DR RS pm,
BRI R 65K B 15K, HEATHEYL (D, 68500 82 ifn 5 AE
ASIEZ L L TEAS s AU AINL10065 88 T R4 K
%, HImage Pro Plus 6.0 G AL B AHAE TE A8 24 5%
B, WSk D) A A BRI AN, T
SRR BE SRR 5 B Ik EERE D) AR 2 L, B ME
HATGE 2 hT
1.7 Gt
4R EAE TISPSS 13.048 A HEAT b R, %%
LAY L5 R, RHBIFE T 22500, 41 b
FLSDAG 5 7347
2 %R
2.1 DHAP X LPS 34k /s B P i ign i . i
R, EEA ) TLR4 mRNA R 3A ) 550
DHAP X} 371 41 it TLR4 mRNA 3 ik F 5% i &
—H . SO B4R, LPSAITLR4 mRNA
JE A 2605 W 248 5 (P<0.01). DHAPZ AIEAR
YT H SLPSA Y T R (P<0.01), HiE 25 H
X4 (P<0.01), H.DHAPZLFI A fthy T 41 22 5%
TGt 275 L(P>0.05), 4R L.

%1 DHAP xt LPS & v 4 iy A fe . WRE 4. E % 41t TLR4 mRNA %k th % (n=38)

Tab 1 Effects of DHAP on TLR4 mRNA expression at activated VSMC, EC, MC by LPS (n=8)
4 5l Bk ISP 2 L 4N P9 I 40 56 400
25 R HEAH — 0.271+0.017 0.414+0.027 0.553+0.009
LPS4l 10 ng'mL™" 2.380+0.051" 1.079+0.039" 0.978+0.056"
DHAP#1 107 mol-L™! 0.606+0.032% 0.524+0.035% 0.481+0.022%
AR AT 4L 5%x107" mol-L™ 0.603+0.023% 0.482+0.017% 0.479+0.016%

e HAR AN B, VP<0.01: Y LPS 4ilt#R, 2P<0.01

Note: Compared with control group, YP<0.01; compared with LPS group, 2p<0.01

2.2 DHAP X LPS iFA LA P 572 40« A 52 40 i
FLW 40 TLR4 &K [ & R

DHAP *f 3 R4l TLR4 & (A (15200 & — 3
. HAaFX 4l e, LPS 41 TLR4 &&=
B (P<0.01). DHAP AR AIT4H S LPS

2 LEA IS N B (P<0.01), 78 55 P-4 L AN g A g
Y T T A N R4 (P<0.01), {EAE P9 B2 41 i 201
%45 I 0 ZH.(P<0.01) . 3 40 il ) DHAP ZH Al
FARAM YT AL 22 3 TG v 2 5 L (P>0.05), 45
WL 2,

2 DHAP X LPS iEfttfe i 40k W 41H. E 400 TLR4 & & & i % 9 (n=8)
Tab 2 Effects of DHAP on TLR4 protein at activated VSMC, EC, MC by LPS (n=8)

41 5l & ISP L4l i PR 4 g 4 i
7 R R - 20.369+1.221 31.617+0.946 105.392+1.121
LPS4L 10 ng'mL™' 44.109+1.304" 57.112+1.325" 194.096+1.214"
DHAP#] 107 mol-L™! 31.232+0.873% 15.901+0.684 92.957+0.725%
AR TT AL 5%x107 mol-L™" 30.689+0.784% 15.320+1.032% 96.293+0.966

e HAEAN AR, VP<0.01; 5 LPS 4Lt#, 2P<0.01

Note: Compared with control group, YP<0.01; compared with LPS group, 2p<0.01
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2.3 DHAPX} ApoEJE Kl il /IN B BEHRTE 1 1) 52 i
2.3.1 HEHLER B ApoE(-/-) /) i 3= B ik
WA PETE R, CAAF4EREH =, w] L i KR
TRAN NI B G S0 DHAPIGYT 240 R A4y T ¥ 7
HAYENRIRIE, BN eEE, WERULS
Wk AR, R,

232 [WHE EFkEEREINA K LB DHAP
4. AT A 2 G0 AL, BRI
HH S 6D (P<0.01) s BEH AR/ 2 ik B A 1) T A B
BREE(P<0.01); {H24H 2 (R JC k25 5 312
() PP I/ B T ARG S 2% 72 52 (P>0.5),  WL#R3.

%= 3 DHAP xt ApoE £ H Bk /N BB Bk % (n=10)

1 DHAP *t ApoE & [F & IR/ B BRI ik % v (HE
25, x200)

A-BAIY; B-DHAP i6J74l; C—FufbiT iy 4l

Fig 1 The effect of DHAP on atherosderosis plaque at
ApoE(-/-) mice

A-model group; B-DHAP group; C—simvastatin group

Tab 3 Influnce of DHAP on the atherosclerosis of ApoE(-/-) mice (n=10)

a1l FH:/mg-kg-d™! LA/um? PA/pm’ PA/LA/%
7 R R - 100 022.58+15 917.65 7 752.49+635.76 7.75

DHAP# 10 93 650.02+20 568.56 3 560.80£927.60 3.80"
AR YT 4 10 97 362.53+14 367.44 3241.71+842.51 3.30"

T HA AR AL, VP<0.01
Note: Compared with control group, Dp<0.01

3 itig

Toll & A W] 70 R WM IG th R I, #E/ 3
S IR R AR G s S N B e A R R . WL
31 Toll & [ 1) 7] Y5 52 44 FR Toll A 52 44 (toll - like
receptors, TLRs), ILAITLR4AIL E ZEA FLPSHR
55 40 B A FH i % 52 97 . TLR4AS ) FLPS %5 005 [H
T H1 R B 20 PR 7 R TR AR 3 B TLRATH )
W SMEPERCAR G . 5 B RAPEN A 5 T i X
S TNF-o55 3R AR, 338 i 0 v e %
HE LB AR, SPUARA G A R— P EH, H
[F B, 7] 5 | 2 217,

ASE—FZ S 5™ & fa AR AR T
WL, HE RO FE AR L R Y, HARRL
MG AR 524 W] . 19994F R ROSSHH% 76 HoAni 15 %
2% U () Bt B, AR B K O A A AL A —
Rl PR 7 Y TLR4R B N S 800 7 0
ZhRVE NG ST, BOA N 5 ASHIE
RN EY) . HeAN, TLRAT]AE A 4H 12 G N 5 ik
S FERE Ak, 9 E FE B RV S — AR, iy
Je R 5 AR AFPE G 8 AE T8 1 B W) I K Bl
AR TERCAR PR EEAE R, AT AEASIX — RAE
PR 0 5 A g v A A A

DHAP & M3 I A6 9% 25 B 4 T i v 4 )
AR, WFGTIRTT O« 3 R 5 3R A 4

4. Chin JMAP, 2010 January, Vol.27 No.1

UFIIT A8, 30 REE L I &7 5K 0L, 00 100 5 70
LB S0 ZE AR AN st AN S 56 Kb AT LU
HDHAPX] ASHES 350 2 SL40 Al F- 9 )L 40
JOL PRz A0 RN T i TLRA K 25 1T W 2 4 ki
VERT, 35> JHITNE -z i, BRI Pt R AE
DHAPXT ML P 5 WLAR A2 o 40 B TLR47E 5L A
S KT S 2 — 250, e i P B 41 g
TLRALE KL KR 2 KR sg A — 30 fERERIK
P, 25 TLRAMT i T 28 O R4 R K
FH 255 TLRA MR T35 A R4, B 5 BH 6 g
YLEERAMIT 4 2 — 8, X2 AR T TLR4E
1 AE L PN 7 40 M B e ao i v B AN 2R A2 3]
DHAPHISIEN, Ui fs TE—20 5. est,
FEHEAR S0 Th R T DHAPKTASBEER B H . K
/NI EEIR, 9 DHAP 1Bl v ASTE AL T i D) 11 5K
B A o

REFERENCES

[1] AKASHIS, SHIMAZU R, OGATA H, et al. Cutting edge: cell
surface expression and lipopolysaccharide signaling via the
toll-like receptor 4-MD-2 complex on mouse peritoneal
macrophages [J]. J Immunol, 2000, 164(7): 3471-3475.

[2] WU P, HUANG Y P, YE D Y, et al. Progress in studies on
mechanism of promoting blood circulation and removing
blood stasis of 3,4-dihydroxyacetophenone [J]. Chin Tradit
Herb Drugs(' % 24), 2001, 32(3): 277-279.

[31 HUANGYP,YEDY,MATY, et al.The effects of DHAP on

T EPLAR I 24 2010 4 1 25 27 55 1 3]



plasma endothelin, nitric oxide in patients with pregnancy
induced hypertension [J]. Chin J Obstet Gynecol(*F#£1d ™ F}
&%), 1996, 31(11): 667-669.

ZHANG D J, WU S J, LIU T M, et al. Effects of DHAP on the
expression of sTLR4 mRNA & protein and inflammation
factors in RAW264.7 cell line [J]. Chin J Clin Rehabil (' [ Il
REES), 2006, 10(10): 120-122.

SAMBROOK J. Molecular Cloning 3 [M]. Beijing: Science
Press, 2002: 516-701; 1713-1726.

FAN H, COOK J A. Molecular mechanisms of endotoxin
tolerance [J]. J Endotoxin Res, 2004, 10(2): 71-84.

ADEREM A, ULEVITCH R J. Toll-like receptors in the
induction of the innate immune response [J]. Nature, 2000,
406(6797): 782-787.

(8]

(9]

[10]

[11]

ROSS R. Atherosclerosis-an inflammatory disease [J]. N Engl
J Med, 1999, 340 (2): 115-126.
EDFELDT K, SWEDENBORG J, HANSSON G K, et al.
Expression of toll-like receptors in human atherosclerotic
lesions: a possible pathway for plaque activation [J].
Circulation, 2002, 105(10): 1158-1161.
SORRENTINO R, ARDITI M. Innate immunity, toll-like
receptors, and atherosclerosis: mouse models and methods [J].
Methods Mol Biol, 2009, 517: 381-399.
NAIKI Y, SORRENTINO R, WONG MH, et al. TLR/MyD88
and liver X receptor alpha signaling pathways reciprocally
control Chlamydia pneumoniae-induced acceleration of
atherosclerosis [J]. Immunol, 2008, 181(10):7176-7185.

Wefis H38: 2009-06-08



