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Abstract ; To investigate the effects of hemeoxygenase 1 (HO-1) overexpression induced by curcumin together with ator-
vastatin on stabilizing vulnerable plaque and the underlying mechanisms. 40 male SD rats were adaptively raised for 1
week before randomly divided .into 5 groups,including the control group ( Group A) ,the model group ( Group B) ,the
statin group ( Group C) , the statin + curcumin group ( Group D) and the statin + curcumin + ZnPP IX group ( Group
E). Group A was fed with normal diet. The other groups were make the vulnerable atherosclerosis plaque model by feed-
ing withthigh fat diet,frostbiting the right common carotid artery with liquid nitrogen, injecting of vtamin D; and dama-
ging the immune. After 10 weeks, group C, group D and group E were administrated daily with atorvastatin, atorvastatin +
curcumin , atorvastatin. + curcumin + ZnPPIX epectively for one week. The blood samples were collected to detect the HO-
1 protein expression and the blood lipid levels as well as the inflammatory and oxidative stress index, the right common
carotid. artery-was harvested to undergo HE staining. Compared with group A ,the blood lipid levels, inflammatory and ox-
idative stress indexes in group B increased significantly (P <0.05) ,meanwhile, HE staining showed a marked vulnera-
ble plaque in the carotid artery in group B. Compared with group B,the blood lipid levels significantly decreased while
the HO-1 protein expresssion increased in group C, accordingly, the indexes of inflammation and oxidative stress de-
creased , Carotid plaque became smaller and more stable. The expression of HO-1 protein in group D and group E was
significantly higher than that of the group C,however,only D group were significantly superior to group C in the anti-in-
flammatory , antioxidant and Stabilizing plaque effects (P <0.01). Atorvastatin inhibits atherosclerosis disease mainly by

regulating blood lipid levels. Curcumin could significantly

ek H 4 .2017-10-17 52 H.2018-01-08 induce HO-1 protein expression, which cooperate with
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atorvastatin to enhance the ability of anti-inflammation, anti-ox-
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idation and stabilize vulnerable plaques.
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(P >0.05) s filiT + LW KA H5MIT + ZHE
+ ZnppIX 41 LU, AT + 22 #FE 41 TG LDL-C /K-
BN FE, HDL-C /K P Tk, M T + 28 K + Zn-
ppIX L SR KA . PRI 1,
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Table l-==Comparison of serum, TG, LDL-C and HDL-C in each group( x +s,n=8)
ZH 5 TG LDL-C HDL-C
Group (mmol/L) (mmol/L) (mmol/L)
%t HEZH Control 6.21 £0.77 2.06 +0.19 2.25+0.20
A2 Model 21.46 £0.99° 5.32 +0.39° 1.06 +0.11°
fbid 4 Statin 13.69 +1.22% 3.63 £0.35% 1.53 £0.10®
fhyT + 22 4 Statin + curcumin 9.49 +0.645%¢ 2.83 +0.30% 1.70 +0.082
{7774 235 Z 4] + ZnPPIX Statin + curcumin + ZnPPIX 18.37 +1.02% 4.40 £0.25%4 1.15 +0.06%

0 AT Hee, P <0. 05 SIEHIAIMIEL " P <0. 05 SABIT AL AL, P <0. 05 SAliT + Z#H 4L, P <0.05,

Note ; Gompare with control,*P <0. 05 ; compare with model ,’P <0. 05 ; compare with statin,“P <0. 05 ; compare with statin + curcumin, P <0. 05.
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Table 2 Results of inflammation and oxidative stress index in each groups( x +s,n=8)
o hsCRP IL6 MCP-1 MMP-9 MDA ox-LDL
2051 Group
(pg/L) (pg/mL) (pg/mL) (pg/mL) (nmol/mlL,) (pg/L)
1.97 + 64.76 + 280.77+  979.31 = 9.11 = 0.76 +
B C
RHEAL Control 0.08 22.99 13. 66 23.05 0.35 0.41
4.45 + 192,13+ 420.65+ 1757.83+  21.34 =« 4.59 +
#7541 Model
HURIAL Mode 0.20° 15.27° 17.93° 50.77° 0. 84 0727
T4 St 3.50 + 117.35+  362.24+ 1385.32x  14.30=« 271+
135 Statin 0.14® 9.82% 15.77% 73.35% 0.48% 0:242>
2.75+ 89.26 + 310.92+  1094.02+ 10.90 + 1.64 +
7 W Stati surcumi
HAT + PR Statin + curcumin 0. 12 10.26" 116" 54,10 0. 248 0.37™
. ) _ 4.33 ¢ 174.83 =+ 398.64 +  1783.94% 22008 = 4.64 +
fhyT + ¥ K + ZnPPIX Statin + curcumin + ZnPPIX 0. 28 18,31 14. 764 63. 647 0. 9gd 0.18%

T ST H AL, “ P <0.05, SHUMA A, P <0.05,P >0. 05, T4l He, P <0.01,
Note ; Compare with control,*P <0. 05 ; compare with model,”P <0.05,°P <0. 05 ; compare with statin, P <0. 05 ; compare with statin,*P <0.05.
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Fig. 1 Western Blot detection results of HO-1 protein ex-
pression in<each’ group
T A AL HO AP <0005, BT L, P < 0. 05,°P <
0.01; 5577 28 ek, “P <0, 01 AR L, B BURIAH, C flaiT 4,
D T + ZEE R E ALTT + LR + ZnppIX 41,

Note ; Compare with control,“P < 0. 05; compare with model, bp <
0.05,“P.<0.01 ; compare with statin,?P <0.01. A Control group, B
Moel group, C Statin group, D Statin + curcumin group, E Statin + cur-

cumin + ZnPPIX group.

2.4 BAFEHMRARHEFHE

Xt B R SR B DK E P IR, N B2 o8 &, v
N5 S T HERIMIEARS , A BT WUZ B MR AR DL
oL AL P A IR =2 S R RS LR S B2 K
B Sl K BE PA R TR ] R v T DL S, A
13, ZEFZL , BT KRR B, IR R, B
B2 I 5 /L, 5 R MR B, AN SR, R ALY R A0 Y

FNEE ST 10 I AT IR L 200 0 sl 4 R 1 5 55
TUZH LA, A TT 20 M DTN S BRI R , P s 5 {EL
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Fig. 2 The morphological changes of right common carotid artery in each group (HE staining, x200)
TE:A XA, B RERIL ,C i T20, D fliT + 228 KA E T + 328 R AL +ZnppIX 41,

Note: A Control group,B Model group,C Statin group,D Statin + curcumin-group, E Statin + curcumin + ZnPPIX group.
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A P 22 0T L 5 B 40 e S A Rz 0 0 v g
YEF; CO 25 NO S BIiy B 240 i N RS 55 40
T, ) S 5 R S AE P A0 i e
AT DALY 145 55 2 M A, HO-1/ 021 2£/CO 3t
[ ZEL 1T 2 240 B 1 X 8 A AR AL A 388 4 T A T
s B NIRRT R T A 1 9E HO-1 Kk
MV EL SR AL HE AS FE N B F 22 50 1 A BB 1k A
MO SR N R A W P AR I —
ZW e A, v el i 75 1k Nief2/ARE 4% F 7 AH ¢
K 2/ 50 AR S0 TT 4 (Nef2/ ARE ) 3 —FEER (1)
Y P A0S 5 e TR AR T A S PR SR K e 4
RARIIE S HO-1 K3k AWFFE 4 AR R, & 2%



190 FR YIRS 5TT & Vol. 30

PR HO-1 i 63k nl bl [R] BT 48 A i 7T 280 4%
iR TR TR E S5 0 BEHR AR T, 10Tl PR L
w1 T 253 A A P BT T 2 FRE TR —
AR, 5 b BRRIUTE R, 52 A% b
JEi 55 HO-1 ik [t 71719 95 5 33 e Bl 3R
(B 1R

&% 3k

1 Rafieian-Kopaei M, Setorki M, Doudi M, et al. Atherosclero-
sis ; Process , indicators, risk factors and new hopes[ J]. Int J
Prev Med 2014 ,5:927-946.

2 Salisbury D, Bronas U. Inflammation and immune system
contri-bution to the etiology of atherosclerosis: mechanisms
and methods of assessment[ J]. Nurs Res,2014,63:375-385.

3 Yang HJ,Kim GW,Kim H, ez al. Epidemiology and outcomes
inout-of-hospital cardiac arres; a report from the NEDIS-
based cardiac arrest registry in Korea[ J]. J Korean Med Sci,
2015,30:95-103.

4 Barone E, DiDomenico F, Butterfield DA. Statins more than
cholesterol lowering agents in Alzheimer disease : their pleio-
tropic functions as potential therapeutic targets[ J]. Biochem
Pharmacol ,2014 ,88 :605-616.

5 Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory
therapy with canakinumab for atherosclerotic. disease J |. V'
Engl ] Med,2017,377:1119-1131.

6 Piechota-Polanczyk A, Jozkowicz A. The'role of statins in the
activation of heme oxygenase-1 inpcardiovascular diseases
[J]. Curr Drug Targets ,2017+518:674-686.

7 Loboda A,Jazwa A, Jozkowicz A, et al. Atorvastatin prevents
hypoxia-induced inhibition of endothelial nitric oxide syn-
thase expression but does not affect heme oxygenase-1 in hu-
man microvascular endothelial cells [ J |. Atherosclerosis,
2006,187 :26-30.

8 Akdim F, van Leuven SI, Kastelein JJ, et al. Pleiotropic
effects of statins: stabilization of the vulnerable atherosclerot-

ic plaque[ J]. Curr Pharm Des,2007,13.:1003-1012.

11

12

13

14

15

16

17

HPS2-THRIVE Collaborative Group. HPS2-THRIVE random-
ized placebo-controlled trial in 25 673 high-risk patients of
ER niacin/laropiprant : trial design, pre-specified muscle and
liver outcomes , and reasons for stopping study treatment[ J ].
Eur Heart J,2013,34.1279-1291.

Balogun E, Hoque M, Gong P, et al. Curcumin activates the
haem oxygenase-1 gene via regulation of Nrf2_and the antiox-
idant-responsive element [ J |. Biochem J,2003", 371 ; 887-
895.

Zhang AB(5KZH) , Huang X (#IT) ,Li LG(ZELMR) et
al. Multi-factor methods to establish atherosclerosis model in
SD rats[ J]. Chin J Surgevy Integrated Tradit Western Med
(PEFPEELEIMIE) ,2015,21:282-285.

Wang SS( F W) , Wang LL( FERF AN ) , Yang SH (45 T
4£)) ,et al. Establishment of a model of vulnerable arterial
macrophage sclerosis” by _modified liquid nitrogen freezing
method[ J |. Chin"J Gerontology ( Hp [E| £ 2424k ) , 2014,
34.6082-6085.

Ryter SW, Alam J, Choi AM. Heme oxygenase-1/carbon mon-
oxide: from ‘basi¢ science to therapeutic applications [ J].
Physiol 'Rev,2006,86 :583-650.

Duan BJ( BN %%) ,Huang L( &4 ) ,Ding H(T4L) ,et al.
Curcumin preconjugated heme oxygenase 1 expression in pre-
vention and treatment of contrast agent nephropathy[ J]. Chin
J Cardiology (P& A4S Z23E) ,2013,41:116-120.
Motterlini R. Heme oxygenase-1 as a target for drug discover-
y. Ant- ioxidants & redox signaling,2014,20.1810-1826.
Haines DD, Lekli 1, Teissier P, et al. Role of haeme oxygen-
ase-1 inresolution of oxidative stress-related pathologies: fo-
cusoncardiovascular, lung, neurological and kidney disorders
[J]. Acta Physiol( Oxf) ,2012,204 .487-501.

Stocker R. Molecular mechanisms underlying the antiathero-
sclerotic and antidiabetic effects of probucol, succinobucol,
and other probucol analogues|[ J]. Curr Opin Lipidol 2009,
20.227-235.



