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Huoxue Anxin Recipe Alleviated Peroxidation Damage of Acute Myocardial Infarction Rats by Reg-
ulating INOS/eNOS Imbalance: an Experimental Research ZHANG Yun', WANG Jie'?, GUO Li-
i', and WU Guang-jun' 1 Department of Immunity, Guang’ anmen Hospital, China Academy of Chi
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ABSTRACT Objective To study the protective mechanism of Huoxue Anxin Recipe (HAR) on
peroxidation damage of acute myocardial infarction (AMI) rats. Methods The AMI rat model was estab-
lished by occluding the left anterior descending coronary artery. Compound Danshen Dripping Pill (CD-
DP) was used as the positive control. CDDP and HAR were administered to rats for 7 successive days
since modeling. The heart function was detected using color Doppler echocardiography. Activities of in-
duced nitric oxide synthase (iNOS), endothelial nitric oxide synthase (eNOS), total superoxide dis-
mutase (tSOD) activity, and contents of malondialdehyde ( MDA ) were detected by ultraviolet spectro-
photometer method. Results Compared with the sham-operation group, ejection fraction (EF) and frac-
tion shortening (FS) rate significantly decreased in the model group (P <0.01). Compared with the model
group, EF and FS rate significantly increased in the HAR group, showing statistical difference (P <0.05).
There was no statistical difference in activities of serum INOS, eNOS, or tSOD among all groups (P >
0.05). Compared with the sham-operation group, iNOS activities and MDA contents significantly in-
creased in the myocardial tissue of the model group (P <0.01), activities of eNOS and tSOD significant
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decreased (P <0.01). Compared with the model group, iINOS activities in the myocardial tissue, MDA

contents both in serum and the myocardial tissue significantly decreased (P <0.05), activities of eNOS
and tSOD significantly increased in the HAR group (P <0.05). There was no statistical difference in each

index between the CDDP group and the HAR group (P >0.05). Conclusions

HAR could significantly im-

prove cardiac functions of AMI rats. lts roles might be associated with regulating imbalanced iINOS/eNOS

expressions and alleviating peroxidation damage of the myocardial tissue.

KEYWORDS

Huoxue Anxin Recipe; induced nitric oxide synthase; endothelial nitric oxide syn-

thase; acute myocardial infarction; peroxidation damage

—% LA (nitric oxide,NO) & & A —MARHBXS
() HL 1 e 1 R R, S [) 240 R T DL KOS [ il 2
G NO B AR Rk o TR — Ak
& [ (endothelial nitric oxide synthase,eNOS)
P T i R s o A 2 o S T e O
A BRI 7 A P B /N R Y NO, B R I 4
JH PR R B, AT o0 a0 651 T L st L I 67 5K
A 550 LR W B A 50 = AP TR RO, SR dERFIE R
HBRIHRE RIS 50 T2 5 i S M — S AL R A B Cin-
duced nitric oxide synthase,iNOS) | iZff T A
FIFLAE S JL-F- I A 44040 i v, DA g 40 it R
M- LA I N e 2. INOS i M AN 4 5 25
+, RAE G052 B AR RS NS A Rk, — Bk
PR A K R R BUN 2R NO, it
FPEAI ) NO & —F 4 M 52 PR 43, RE B4R B
LA, (2 B g L 0 A PR 2 A TR -, T g IR
FEIH T a(tumor necrosis factora, TNFa) . [ 2 fifd
421 (interleukin-1, IL-1) (JE 4 8 & H - 9
(matrix metalloproteinase-9,MMP9) &z MMP2 , 4k
TN N 7 A S E A ED . el 5BA
A G e BGEL B v R 1 A P T R AR 5 1
1 AR B AR 1 | 00 ) 48 A e i AR ISR DNA 1 & Bl
B, ISR MR T IR AE . B4 U i 4
1At 5 eNOS/INOS ik 2k i 7 A A [\ 25 AL NO
YA

T 07220 J7 S W PRIB T e o I A AU 7, & A
FF2 B R . =& S B A i R R 2 1 R B
YL, H RGBS B R =L B VA M R A A
EWPLT AT KSR kB =k
SR B A A e A R B L BRI
IR B2 45 2 R sk, KR e SE R TE AR A
P BE B PR ATE B A B B 1 VU R AT MR
FELIT RN 2 1F B 2 3% B s by % , e g oot A Ak A
JH 10900 5 P p e eI S L B R B Al
DA/ D s JUL TG P B G, v 8 4R Ak ) B AL B ( super -

oxide dismutase,SOD) [/ J7 , & 35 5 51 19 I & P
R AARA A &F Tk Dy fig, X R RO LS i 453 45 A B S AR 9
VER o JHDE 451 R0 K 27 (4R U B B piad
AL VE T, $2 5 SOD . it & fb A i ( catalase,
CAT) . it J& A 43 it H BK (reduced glutathione,
GSH) Ht L RS TE -

25 LA, FRATTHEIN I 1.0 oA S R AL 4
A E R . T 41 240 A A% 2o S Ak 345 5 INOS 1 B
Pk, A R NO X —J B A 2 VI AH 5 . {5 H ETA
eNOS/INOS k4 iix — K PRI 2y Wit B L
BT P e R DLl . SOAS 52 56k ] tSOD 1 ) AT
T (MDA ) B i 1] 22 B b S A 48 43 A B, DU 4T
eNOS/INOS ik JA /KRN I 2.0 5 Ptk oL
FEHE(AMI) R Bt S8 A G R/ F PR , B A5 an T o

5%

1 S R4reH Wistar KL 60 H, HE:, (&5
#(200 £20) g, 1 [ H E BE AR B sc i sh P oo,
HYEHEIFS : SCXK 2009 - 0007, FlHLSr N 4 41,
RURFARLL BRI 5 5 PH 500 JUA RN 3 148 0 7
4,540 15 H,

2 Y EHFEEAL, KRR A
FRAFI A 29 P2 =L vk R, B 180
L, B 27 mg, MK A & 810 mg H#u55 ,
BT R B R 135 ma/kg! ™ I 120 4l
DREE S A = N & | et L TSR N S RS T
HUOIR PR AL, P2 SRR VR A B A = B
W B Y5 ik AR A £ R B 58 BT (& TR 4 5 XX-
GA1000723 -03) ,

3 i &AL EE  100T iNOS il i £ .100T
eNOS X & . 100T fif & MDA i &1 100T tSOD
MR & (a5t B R AR 9 0 2 0F 5% Pr 4R 4L, it 5
20110316) . shIFIHL(HX- 300, B ER 2 R A
FRAT) s 2807 % 81X ( Aloka 5000, H 2 fif ¥ < £
Jreet A R A FD s sh Y tE iR &= 58 (ALC-HTP101 2,



-1358- HE PG EE 45 A R 2013 4F 10 H 45 33 45 10 3 CJITWM, October 2013, Vol. 33, No. 10

FMRIRFEAE YRR R A 5 AN O EE T
(Beckman DU-600, H A% FREHEAH]) o

4 Jiik

4.1 AMIREUBERIHIE S BSCIRI11 ], R
FH e R 3l Bk 2 1 R S 25 4L i B AMI K BR 3l )
TN R AR A AE TR 3 bk 22 T S R SR A
fr44le

4.2 (Y7L BT PSRN IO T
HFFARYRAR h#ETHAERG T K, ELLE
K2y R LR T R AL S S w8 s ik K. &
J5 PES 00 JUAL 45 25 9 i 4 AR 135 mglkg 4524,
T 0007220 7 255 245 50) s AR AT FRATT i 00 A S e 25 2R, ¥ I
T TT R N 3 AN LR A Ak R
WA SEBG i ORI 23 24 LT 7 ok - FH 5 I R
24 mg/kg Sl =t B 8 mglkg R A 4R By
8 mg/kg kG2 1 HE B £ 245 4.2 g/kg IR &1~
PRI A= 245 3.3 glkg N IR A 245 2.5 glkg.
EARZYET 0. 5% R ILLT4E K4 (CMCC) W, ¢
ToafRE 2GR Ll A AT 4 mL IR E W, 200
g KE#EHE&ENO0.8 mL,

4.3 HUB BARASAL B T EURF 24 K R BRI
Bifi 5 22 i = s ki, Bf 5 mL, 2 500 r/min %I
B0 15 min, 48 B I3, B - 70 C UK 1RAE. N,
FBULNE, 78 4 °C A BRER /K v 25 i35, W 2 Ak
53 A -80 CHRAE, FRRE L5 5 A .

4.4  WEIE A gy ik

4.4.1 SHiMsrE(EF) e =452 (FS) il
KPR 0 2238 ) 7 0 gl B, KB BOM 24 H R A
10% /KA 5% 3.5 mL/kg 8 e SRR S , th ) 221)
BB B #E = Lol A BRI

4.4.2 [LIF N INOS . eNOS (tSOD i 1
J MDA &Rl RSN O T, BRI
FE B REFE 21X 200 mg L JILZHZR, vk A B ER K
1.8 mL, AHLZh 3 55 51 3K & AL 100 g/L A5 3K
7,4 000 r/min 5.0 10 min JFHC W5, M8 1 IR
B A&, ] 380 nm Kl 5E INOS .eNOS |
tSOD Jfi Pk} 540 nm K2 MDA )5 .

4.5 Stk R SPSS 16.0 #M4b41, %
i x £s FOR ,IHREGORER IR R 5 2250, 4]
PR LLECR ] LSD Z2E K, P <0.05 N ZERH S

R
# =X

1 B4 AMI R BUL DI RE RS AR E 45 2R FL B (3

1) SE\FARL i, A4 EF fl FS B i B AL
(P <0.01) ; SR LR, & 07 FES i SLALRNE %
O EF F1FS H BT, Z R WA S E X
(P <0.05); 5& 5 FHS AU LLEE, 1 I %20 77 41
EF fil FS 2= R LG4 L (P >0.05) .

1 &4 AMIKECIIBEFRFRIE R LR (%, x =s)
2051 n EF FS

FA 15 82.53+8.10 46.90 +8.88
TREE 15 54.31+3.82" 24.49 +4.27"
BHPEwmAL 15 60.31 +4.33% 29.49 +4.09°

I 1ML %E 07 15 63.52 +8.89% 30.61+6.312

Vi ST RIS, TP <0.01; SR, 2P <0.05; F
F]

2 4 AMI KRR E M0 L4 21 iNOS |
eNOS G i (% 2) ST ARA R, BRI
2041 iNOS % J7 B W 7t & . eNOS i J7 B I & F%
(P <0.01) ; S L8, &5 PH2 % LA RN Il %%
LT Z INOS 3% 77 i T R, eNOS 1 J7 i
FE (P <0.05) ; 5E K FS AL LB, 1 120 5
2l iINOS .eNOS i 1 = F T4 it 2 L (P >0.05) .

R2  KH AMIKFUME LI INOS .,
eNOS i itb#  (U/mL, x s)

iNOS eNOS
450 n

ik} DL itk DL
[EERN 15 0.19+0.08 2.35+0.48 0.91:0.21 3.34+0.63
T 15 0.22+0.0922.23 +6.78* 0.56 +0.16 0.83 +0.24 *
SHFASHAL 15 0.21+0.07 11.65 £2.20% 0.67 +0.26 2.03 +0.582
%0 15 0.23+0.09 12.98 +4.45% 0.63 £0.32 2.08 +0.49%

3 54l AMI R BRIy A0 Bl 4L tSOD i )
S MDA EFlb# (3R 3) HEF AR A, SR
DLZH S tSOD i J B 2 F B, 1L 3 S0 L2 21
MDA & 78 (P <0.01) ; SHRIA L, & 7 P+
S AL AT 1M 220 7 40 ILH Y tSOD 3 77 B e 7
= (P <0.05) ; IfiL 3% AL AILZH 4 MDA & & TR (P <
0.05) ; 5 I FFS AL FL 8, 3 1L %2 0 J7 41 tSOD
1 71 MDA &t 22 R ¥ G 2EE X (P >0.05)

F 3 £4 AMIKEUMTE K0 N4 tSOD i 1 &

MDA & EHE  (xts)
tSOD(U/mL) MDA (nmollL)
415 n
1% L IR DM

[EEIN 15 5.31£1.531269.46 +84.14 0.31£0.07 9.62%4.53
iR 15 4.81£0:82 73.36+26.23" 2.85+0.24 * 46.49 £13.58 *
SEFABWHAL 15 5.38%1.27 196.49+57.05% 1.14+0.28%23.21+8.73%
DT 15 6.43+1.64 178.25+49.46> 1.01+£0.27% 20.43 +9.57%




rh | Y P A ki 2013 4E 10 46 33 #4510 3 CJITWM, October 2013, Vol. 33, No. 10 -1359-

Wit

ARG 28 B AMI 5 222 D ILZH 4T INOS 1Y
W6 T, IR A eNOS 1iE 1 i R
W, IigH iNOS Fl eNOS (136 11 MUE A B . 1Efk
I R4 RN A M A R T /E B R INOS LR 475
TG HCINOS . Hy A NO DL 5 A 4k
W6 A B I A A A R AR ) B et 1O WL 4
PR 455 00 O FL 40 B R+ 1 A0 DNA 19 75 A&
S, FE1 R A T AR AL . MR, eNOS A b
TR NO WEA vl O ILRE AR RN I 45 47 7k 2
RERYTE . eNOS A4 iy K AT 28 B K T IE# K
B . Chen SX 21" % HL £ 7k 18 F R 3K 1 7 BiE
i SR /0 ik 44 INOS il NO A £ ik 7K, 18 4% ik
Bl FE 5. Bonartsev AP 45" fjl—7l iNOS
A3 28 1 AT o 590 IR 2 1l INOS 2 511 Tk
FE R 2h WG A . RS F 8, INOS ik
B eNOS 2 1k 9 /b 78 U ILIE B Ji5 1 8 Ak 453 405 1
FE AR ST AFFE 1 2 [F B A7 AE 7, B INOS/eNOS
FEIh A 2 E A L AMI R BRLC WL AR 3 4 10

I AR AL O WU BE J5 0 A R R v & T A
N S AL MDA B B R P TR B R
L tSOD T FEL AR AL R iy AR E " .
ARSLIGEE LT, KEAMI G 7 RO ZE O IHEHT
AL tSOD 17 Jy 2 N K&, i A4k 7 ) MDA
FEC LSRN i & 3 B T & . RITRR
AMI G 7 R L2 A AL B S A7 7E o

Sk U JaB H 2 M Y i AMI Ui T e g
YRR “ FLOR T TUBE Y . (ERFINZ - RAK) ek
Fl“FOOE, FRBFEY, O, ARSI, 4 KA
B H B 25 e O e AL TR B B SR IS L <
T ISR B 4520 o I S B B 1 32 B BEAL
Hile WM TR E RN AM S =L R
FRAT I AR BRI EE A R Sy o HoP ST I SR I
2, =G I b Im 2y, AR I I AGE 25 2
U, 6 220 J IR YT AME BT B i) Hh s B A 4
] g BRAR Bk 27 B RS T 128 0 B i AMIL (R AL il
SERATAVFIER H 1Yo A SLEEE R W], 16 1ML 0 07
YRS T RAR W E T RO LA LU INOS 13E 1, 1
eNOS (17 1, 1875 iNOS/eNOS ik 21, fit i &
REAR O L2 23 R i 7 Hh MDA (%5 i 3255 tSOD #Y
6 77, 08 0 VA U B A AR B . R WIS I *22 0
75 7] RETE 2145 INOS/eNOS 263k 4 i % AMI K B

O EARR G, TR 2 0 ThRE . ARFFE M, A
T--kB (NF-kB ) I {37 5 4 — M T INOS 35t [
BiH T, NF-xB 3% W 405 4: 4 15 INOS, 52 4141
IR SEATRATRRTHIRIGE & B, 122 0 7
2P B R B HE W H B O L4 NF-<B mR-
NA FIEE 92 22 H0 35 1 22007 3 AMI K B
iINOS 3% /1, T RE 5 &M NF-xB HOBGE A 3¢, A 1%
HE— L RAIR T o

2 % x #t

[1] Toda N, Toda H. Coronary hemodynamic regula-
tion by nitric oxide in experimental animals: re-
cent advances[J]. Eur J Pharmacol, 2011, 667
(1-3):41-49.

[2] Xia Z, Vanhoutte PM. Nitric oxide and protection
against cardiac ischemia[J]. Curr Pharm Res,
2011, 17(18): 1774 -1782.

[3] Gonzalez C, Herradon E, Abalo R, et al. Canna-
binoid/agonist WIN 55,212-2 reduces cardiac is-
chaemialreperfusion injury in Zucker diabetic fat-
ty rats: role of CB2 receptors and iNOS/eNOS
[J]. Diabetes Metab Res Rev, 2011, 27 (4):
331 -340.

[4] Jo H, Otani H, Jo F, et al. Inhibition of nitric ox-
ide synthase uncoupling by sepiapterin improves
left ventricular function in streptozotocin-induced
diabetic mice [J]. Clin Exp Pharmacol Physiol,
2011, 38(8): 485 -493.

[5] ZREH], sk, BT, 5. SIS AR5 B iG K AR
FEPENE U R B PE AL A R [J ). Wb b BE 22
#, 2012, 27(1). 8 -9.

[6] TKIUN XA ITRARIKS =L B X 2 AEsE
REHE L tNOS | INOS #y 52 M [ J 1. Hp [ o B2 2,
2011, 20(4): 125 -127.

(7] B, A, £ 2L, 55, EGB A B O LKL B
B BTt AL S ATP BESG MERZ M [ J ). 3% BH R % 23R,
2001, 19(3): 188 -190.

(8] EXH:UE, SRLLHEE. FHERER B X A B0 UL Gk i 75 V2 14 463
PRy E[J ] T B2 Be 4l , 2004, 6(1) :
55 -56.

(9] JHlie, v dgls. 5 250 1 1038 3 XoF 0 JOLBhe ot 799 0 452 4%
SOD MDA ZZALHIFHR [ J ]. 24, 2009, 24
(6): 132 -135.

(10] sk £4. MABEZELR Y F(M]. b AR%E
[ H kL, 2000:-332.

[11] Wen H, Jiang H, Lu Z, et al. Carvedilol amelio-
rates the decreases in connexin 43 and ventricu-



-1360-

(12]

[(13]

(14]

[(15]

(16 ]

J_AAA&.QLA;L.‘»L-QL.QL.QL.QL-‘)L-‘)L.‘}L.‘A

B RREENREIRERHES /AR

J,.QL.‘P.&-&-»‘L OO I V0 R 10 2 12 2 10 (0 J (0 M 10 g (9 JO (0 M V0 (P J (0 2 10 g .1 0 2 O I V0 I

T E PR A A

& 2013 4F 10 A58 33 545 10 ) CJITWM, October 2013, Vol. 33, No. 10

lar fibrillation threshold in rats with myocardial in-
farction[J]. Tohoku J Exp Med, 2009, 218(2):
121 -126.

Kz, EB, SRR, 55 1 L2 0y IR S O U A
RECOWUBRILA SRR FEL I ], I Y R 25 5 A
&, 2012, 32(7): 939 -943.

Shupik MA, Vanin AF, Alessenko AV.

of the nitric oxide signaling system with the sphin-

Interaction

gomyelin cycle and peroxidation on transmission
of toxic signal of tumor necrosis factor-a in ische-
mia/reperfusion [ J ]. Biochemistry ( Mosc ),
2011, 76(11): 1197 -1209.

Xia R, Zhao B, Wu Y, et al. Ginsenoside Rb, pre-
conditioning enhances eNOS expression and at-
tenuates myocardial ischemia/reperfusion injury
in diabetic rats[J]. J Biomed Biotechnol, 2011,
16(10): 767 -770.

Chen SX, Ding MC, Dai KY. Effect of electroacu-
puncture on nitric oxide synthase in rats with cer-
ebral ischemia-reperfusion injury[J]. Chin J Inte-

gr Med, 2011, 31(6): 784 —788.

(17]

[18]

Bonartsev AP, D’iakonov KB, Postnikov AB, et al.

Effect of chronic administration of aminoguani-
dine on vascular reactivity of the greater circula-

2013 5 A 17—19 =,

E.PHEELSLFETHEHFRARSE,
X AREEERE

HRR, LA FFFERARRREET G,
A RRKEARA RAAL  ZAKF oy B IE2

L2 2 G G ) Q) G G ) ) G ) G )

B BT AR L b R 2
HBIF KO E K200 &4+ R FH BIFAMT RAKE,
TG, b B P ®E LSS RMRAE LR RS2 EERBAMT P E b 2 4L
6 5 R” 6 EAARA AR FRRT F LR
R W AR BRI T b W [E 2 6 e T MR 0 S AR
A4 0 2 R A M A 55 0 S WM 90 R B4 Ao AL S 5 6
3R G, B G — 2§
B W 5P RB A AT o @ E 4 A
B A Sk BT B A T W BP0 A O T

AR E AT 6
FEESEHNRL TSR AREREARTE, AR B RIER T B E LS FARAME TR

Ve M ETT Ao eyitik
89 IR BB AT T N6 IR IT BAT AT AR IR 49 BT SR

tion in rats with monocrotaline-induced pulmonary

hypertension[J]. Izv Akad Nauk Ser Biol, 2005,
56(3): 316 —-322.
Aksoy S, Cam N, Gurkan U, et al. Oxidative

stress and severity of coronary artery disease in
young smokers with acute myocardial infarction
[J]. Cardiol J, 2012, 19(4): 381 —386.

Salehi |,
dipine attenuates oxidative stress in the heart and
blood of high-cholesterol diet rabbits[J ]. Cardio-
vasc J Afr, 2012, 23(1): 18 -22.

BHASE. Mty STERUEEATSE (D). Bl b R 2 R
4%, 2004, 18(4): 101 -103.

RIEHE, SRA . 0P v 5 0k 25 5 e ko 228 F) A+ 56
PERFFE[J]. MR, 2007, 18(12): 34 -36.
Pérez-Rodriguez R, Roncero C, Olivan AM, et al.

Mohammadi M, Mirzaei F, et al. Amlo-

Signaling mechanisms of interferon gamma in-
duced apoptosis in chromaffin cells: involvement
of nNOS, iNOS, and NFkappaB [ J ].
chem, 2009, 108(4): 1083 -1096.
WKz, FWr, R84 PSR B M| TLR4-NFkB-
TNF-a ST 5115538 1 B va O LA A i i i i A [ 0 . 3L
TrERE, 2012, 39(1) : 20 -23.

(YiH:2013 -06 -05  f£[11:2013 -07 - 16)

J Neuro-

4&4&4&&&&&.&4&4&&&&&&4&4&4&#

£
£

tRFIJWEETEF L

I~
~
I~

R F I EE TR

S

FAR AR TR R R B S AR SR
NI RS R RE R B R

VAL B
S EEETT

58 ME 97 18] B AT T 6

» HF A SR AT | AR e L AR B

B O O N ¢ i O i N ¢ M M O O M ) N i O T O i M ¢ M i O 2

B N e i e e © i O O O e e U U U O O O



