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Protective effect of atorvastatin against myocardial ischemia-reperfusion injury in rats

YU Hui, QIN Yong-wen”
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[Abstract] Objective To observe the protective effect of atorvastatin against myocardial ischemia-reperfusion injury in
rats and to discuss the possible mechanism. Methods Thirty-six healthy male Sprague-Dawley rats were evenly randomized into
three groups: sham-operated (S) group, ischemia-reperfusion (I/R) group. and atorvastatin pretreatment (AT—+1/R) group.
The myocardial ischemia-reperfusion model was established by ligating the left anterior descending of coronary artery. The
infarcted area was evaluated by Evans blue and triphenyltetrazolium chloride (TTC) staining. The contents of tumor necrosis
factor alpha (TNF-q), malondialdehyde (MDA), and myeloperoxidase (MPO) and total superoxide dismutase(TSOD) activity
in the non-infarcted myocardial tissues were measured by radioimmunoassay; the levels of nitric oxide (NO) and the activities of
nitric oxide synthase (NOS) and inducible NOS (iNOS) were detected by colorimetric method. Results The ratio of the
infarcted area to the ischemia area (ischemia but non-infarcted area-+infarcted area) and the ratio of the infarcted area to the left
ventricular area in group AT+ 1/R were both significantly lower than those in group I/R ( [29.4+8.4)% vs [57.7+6.5]%,
P<C0.001; [15.94£5.61% vs [29.0£8.9]%, P<C0.05). The levels of TNF-a» MDA, MPO and NO, the activities of NOS
and iNOS were significantly higher and the TSOD activity was significantly lower in the non-infarcted myocardial tissues of
group AT+1/R and group I/R compared with those in group S (P<C0. 05). The levels of TNF-a, MDA, MPO and NO, and
the activities of NOS and iNOS were significantly decreased (P<C0.05) and the TSOD activity was significantly increased (P<C
0.05) in group AT+1I/R as compared to those in group I/R. Conclusion Atorvastatin can protect myocardium from ischemia-
reperfusion injury, which might be related to suppression of the inflammatory reaction, activation of the anti-oxidiant reaction
and improvement of oxygen free radical scavenging; the role of iINOS deserves special attention.
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Fig 1 Evans blue and triphenyltetrazolium chloride (TTC) staining of rat myocardial tissues in rat left ventricule in different groups

A: The sham-operated (S) group; B: The atorvastatin (AT) +ischemia-reperfusion(I/R) group; C: The I/R group. The blue area: The nor-

mal myocardial tissues; The red area: Ischemia but non-infarcted area; The pale area: The infarcted area
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Tab 1 Detection of TNF-o,, MDA, MPO levels and TSOD activity

in non-infarcted area of rat myocardial tissues in different groups

n=12, x+s, zp/(U+*mg™ 1)

Group TNF-a MDA MPO TSOD
S 19.3941.92 6.1241.56 4.08%1.07 27.12%3.01
I/R 40.4542. 34" 14.2942.87" 16.5742.23" 16.47+1.88"
AT+I/R 31.68+£2.07% 10.58+1. 63"~ 11.46+1. 4674 21.86+2.13"~

S: The sham-operated group; I/R: Ischemia-reperfusion group; AT+1/R: Atorvastatin pretreatment group; TNF-o: Tumor necrosis factor

alpha; TSOD: Total superoxide dismutase; MDA : Malondialdehyde; MPO: Myeloperoxidase. * P<C0. 05 vs group S; £ P<C0. 05 vs group I/R
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Tab 2 Detection of NO level, NOS and iNOS activity in

non-infarcted area of rat myocardial tissues in different groups

n=12, x+ts
Growp NO . NOS » iNOS .
mp/(pmol » mg™!) z3/(U -+ mg™") z/(U+mg™ ")
S 37.12+3.68 3.1240.42 1.0640. 35
I/R 91.2846.57" 9.58+0.51" 3.89+0.57"
AT+I/R 74.214+4.82*4  5.4240.46*5  1.9140.42°4

S: The sham-operated group; I/R: Ischemia-reperfusion group;
AT+ I/R: Atorvastatin pretreatment group; NO: Nitric oxide;
NOS: Nitric oxide synthase; iNOS: Inducible nitric oxide synthase.
* P<C0. 05 vs group S; £P<C0. 05 vs group I/R

MR NO J& LK 2 W Fl 4y F 2 NOS fifk
YERIF & B 2 D g /N 4 F A0 BRI 1 HLIR 28 B
BRI I AR AE SR I R L Xk 2 4 ELAT AR B R 48 405 XL R
RO, BIFEC L IRT 0 L 38 YAk B2 1Y NO 7l 5
BB OF SO 2B I 25 E 09 H A el 0
LU0 (H = R B A NO M5 O 455 8 it
S S A WA 5 B 2 T CONOO™ ), i 52 % 0 1L 48
MRS . NO A st 2 P i G5 NOS B
3 AP, 43 B R A2 R NOS(nNOS) . N 2 & NOS
(eNOS) LA K& iNOS, A= S B0 T . M 5T N 5 2 ik
JE TR S R B 1R A AT IOE e NOS, I 3 T A 1k
Az i ORI A R AR RS M IS B NOL Ay
IG5 A L A0 I /0 Al 3R A R AR P A e R B L R T
I SR Ab A Ao A 5 T L 0 0 A A R s N R
O 4 M AT R K B NO, B4 51 R 40 B 7E T &%
AR N B AR AR R BN TR
IR NO A BB B 3om, 2 n K fg s 5
L LAN R BEAE T L BT AT AL B NO & # T
W AR T OE H KO, AL AT e O A B0
PI3K/ERK/p-Akt 15 = i # 1M & & eNOS B %
PELOT T eNOS /9 3R 35 8 T AR 3 NO B AR
[ E i 1 ES A B N S s o S L 2ol R R
1T B eNOS K35 B9 /EH J5 H . % iINOS 19 52 1
TAMERF R A Z, A 2EH 48 1 IR o #2 ol
WIHZFE TNF-o, 1L-18 K TFEN-y 55 48 i P 5 (1) 3l
R AT B INOS /Y 3R AR 3F NO Kt & A, iF
1117 308 2o I I ok 4R Ak £ O A B A 45 (R A Rk —

AR, A F 5T 45 R R, 7E Bii O L AR R
NOS J iNOS ¥ P4 35 B 5 T+ =5 . 1 B] 46 fe 77 71 4k
BJS I E  RRAIC, 48 NO R ot E e & 5
eNOS #¢. 5 INOS 1y 3R 35 7] gt A7 %5 U] X5k, Fi]
FE AT 5 38 2k 4% Fh 5 538 B% 05 L eNOS (19 [7] B IR
AR INOS 36 M R AR NO A= % 988 O WL 5
FRRE, KRR ATHEDN 76 IR i 72 NOS #9281k 5
H= A AV DDA O, JF H eNOS 5 iINOS 1) %
INREAE AL YA . BIAE IRI B R H A eNOS 5 1Y
TREA INOS 23k 1Y T, 3t 8] 52 i I A 5 0l 48 &7
A FNN B DIRE R R R, X R i — 2 DF S BT AR AR AT
W NOS 36 & NO & S AR S IRT O LAY AL
il 4 AL TR B F AT B

4 FzmHR
JIr A A P AR SO # BAT Aol R 25 1 58
[Z % x #k]

[1] Vaughan C J,Gotto A M Jr,Basson C T. The evolving role of
statins in the management of atherosclerosis[J]. ] Am Coll
Cardiol,2000,35:1-10.

[2] Alber HF, Frick M, Sussenbacher A, Dorler ], Dichtl W,
Stocker E M, et al. Effect of atorvastatin on peripheral endothe-
lial function and systemic inflammatory markers in patients
with stable coronary artery disease[ J ]. Wien Med Wochenschr,
2007,157.73-78.

[3] Yokoyama M. Oxidant stress and atherosclerosis[]J]. Curr Opin
Pharmacol,2004,4:110-115.

[4] Zhang C H,Wu ] X,Xu X B,Potter B J,Gao X. Direct relation-
ship between levels of TNF-alpha expression and endothelial
dysfunction in reperfusion injury[ ] ]. Basic Res Cardiol, 2010,
105:453-464.

[5] Bramos D,lkonomidis I, Tsirikos N, Kottis G, Kostopoulou V,
Pamboucas C, et al. The association of coronary flow changes
and inflammatory indices to ischaemia-reperfusion microvascu-
lar damage and left ventricular remodelling[ J]. Basic Res Cardi-
0l,2008,103.345-355.

(6] AhURS, 02, B HL AR A T 5 750 iy o B A doke i 98 0 53 0 114
SLHRBFFELT]. PN 2 24T - BE 2 i, 2007, 38 :1043-1045.

[7] Tanner F C,van der Loo B,Shaw S,Greutert H,Bachschmid M
M, Berrozpe M, et al. Inactivity of nitric oxide synthase gene in
the atherosclerotic human carotid artery[ J]. Basic Res Cardiol,
2007,102.:308-317.

[8] Zhang C. The role of inflammatory cytokines in endothelial dys-
function[ J]. Basic Res Cardiol,2008,103:398-406.

[9] Ying L,Hofseth L J. An emerging role for endothelial nitric ox-
ide synthase in chronic inflammation and cancer [ J]. Cancer
Res,2007,67:1407-1410.

[10] Yang X M,Proctor J B,Cui L,Krieg T.Downey J] M,Cohen M
V. Multiple, brief coronary occlusions during early reperfusion
protect rabbit hearts by targeting cell signaling pathways[J]. ]
Am Coll Cardiol,2004,44:1103-1110.

[11] Prakash P,Khanna V,Singh V,]Jyoti A,Jain M, Keshari R S, et
al. Atorvastatin protects against ischemia-reperfusion injury in
fructose-induced insulin resistant rats [ J]. Cardiovasc Drugs T-
her.2011,25.285-297.

[12] Rainer S,Malte K.Gerd H. Nitric oxide in myocardial ischemi-
a/reperfusion injury[ J]. Cardiovasc Res,2004,61:402-413.

[AHmE\] Borm, X B



