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Protective effects of carvedilol and heptanol against myocardial

ischemia reperfusion injury
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[Abstract] Objective To evaluate the effects of cardioprotection provided by carvedilol (CVD) and heptanol
(HT) in a rat model of acute myocardial ischemic-reperfusion injury. Methods Mpyocardial infarction was induced
by left descending anterior coronary artery ligation for 30min, followed by 6h of reperfusion in rats. At the end of the
reperfusion‘period, the infarct size was determined by 2% TTC staining. LDH,CK-MB,NO, MDA in blood and tis-
sue samples of infarcted areas were measured. Results In CVD-treated rats, there was decrease in LDH, CK-MB
and MDA, but no significant change in NO(P>>0. 05). HT also could decrease LDH and CK-MB, but had no influence
on NO and MDA. The myocardial infarct size was(6. 24 1. 1) % of the left ventricle in CVD group, and (12. 8 +
1. 2) % in vehicle-treated rats. CVD produced 51. 6% reduction in infarct size(P<C0. 01). HT reduced infarct size by
42, 2% (P<<0.01). In control group, HE-stained wax section examination and thin-section electron microscopic ex-
amination showed conspicuous extensive and focal necrosis of myocytes, disorganized intercalated disks and a large
number of neutrophil infiltration in ischemic areas. In CVD group, the damage degree of myocytes and intercalated
disks and neutrophil infiltration were markedly reduced. CVD could prevent the decrease in endothetial nitric oxide
synthase. Conclusion CVD and HT provide powerful cardioprotective effect on ischemic-reperfused myocardium.
CVD has antioxidative effect, reduces myocardial oxygen demand and neuotrophil infiltration in ischemic area, thus
protecting myocardium. HT provides cardioprotection by reversible inhibition of gap junctional intercellular communi-
cation and intracellular Ca** fluctuation.
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fei s ™ . S BR%E B (gap junction, GI)E i
A EBHTHRE Ca MBI FY RS,
B AL F R —EMERD . R4
(carvedilol, CVD)R % = B ZAEHHNM.AE o
A B ZRPHH B E AL TG B T R AR B A
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L1 BBH4 FEHVLEA 48 R 280~ 350g K
Wistar B KB R (H 2 PR K ¥ R E# B3
B FORME , RAEMoBERE, CERR
HEHNG ARG STERHE LB FRAIFARARI.
R Evans B 7 ¥, BRI 0. 65g/kg I8 B 1% K B
Gy BMEE. ERF. SEESE. RENF.E
FHEZBATFRI, FTALFR. AKEL
)53 B8 Ze BBk, 4L /NOBY FF—/h O, 4 RE
BEBABGKEE, EEMEEHNFE. 45 300
FEUES 2hEARE 100, T E, B H L
B T'I‘H?ﬁib}ﬁ(@@&QE‘IDEZI‘EJ%%@%%%%@U
H/NESHEE S B, B/MEERE S 5L A A M SR
REbk, CEER ST BRIGH  FIAE R AL L Z BB
8R4 5 H80 FEE A [ B fs , 7 3 56 P M B . 30min
BT HoRE , BYFREICE 3R M ST Bt 1~2h el
HREFRM—FUTHIXREER, E GO AEH
TR OBRE b 280 M SR 3 Bk 2 R
RS, EEE eh AW EHHFE—F RIEAR
XM EREHE. #HELER.,LEMER L
LS R Ab 57 B8 0 B X B AL I 0 WLEF 42 ), BR
Smm® K/NFT 0 LH R YT 3, S A Zamboni” s
BERCHhEZEREE,0. 2% KR, 0. 1 BMREL 2
W L,pH 7. O [E % 2~6h, F HRK M ¥, A
wEYF,

1.2 LA 8 ¥ & B T 8 ( MB isoenzyme of
creatine kinase, CK-MB) , $L# BL £, & (lactate de-
hydrogenase, LDH)® & FLK 34 il 30min
¥ 6h B, AL MMl 4~8ml, & 44k = 4 FI LA
N-Z BEBE R BRSE o R e e kg W 2

1.3 — 4L (nitric oxide, NO) & & — # (malo-

nyldialdehyde, MDA)# 2 LY B ¥ 6h,
RIESY, ROBEBLNE 0. 2¢ HIEI¥, A
MDA 1 NO Wi & , ¥ 46 B B F 7 18m .

L4 sttt HELEMALZE.RE
DEER, BELCERUMR3I~4 F, 4 0.5~
0. 8cm/E, BLA 2% S 4L = UM (triphenyltetrazo-
lium chloride, TTC) 35, Y R EH O M, K H,
HELESELEERNE .
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B TR OWBET RARE; T 450K B R
FE AR MR ME RO ZRaHR
2 NG R0 HEIRIE

1.6 fgakiEé RBYHRESLE, BMm:
2000 B9/ BT B0 52 R P B2 20— 4k L& B8 (endo-
thelium nitricoxide synthase, eNOS) #i 4k ({# + #& A
DL, ZRIIGHE, FEE B, LG M. X
PBS & /MRS R ek, KA S BHR .,

L7 ®8AFA44E  Zamboni’s B E W B E 5~
10min B 5mm® K/MEAEP,PIE 0. 5~1mm® K/
WIFRAS A 2. 50 B 2h, BRI A4
LR e., Bk, RENEQE. BE ALK
e R, BSE T EHEWE.

1.8 &#HF3zE ARKENSH 4 4, M
30min, I 6h B A A KXREE 8 R B, A
FARASHTHHHEELE . (DBRFEARH.8 B, KBFHF
B, E R B BREFLR AL HL s (O X 4.8 R, R4
HFER; (HCVD A8 H, RAT 7d 5L FEA
CVDlmg/(kg* d); (4)HT 4:8 R, RHl Smin #
PS4 & HT 3mmol/L B4R EE K 20ml/kg {# 1
th HT ¥k ETE 1~1. 2mmol/L 28],

L9 stFam FEIFHEMEES TER
B z4s B ARt REH#HTHRITELAE, P<
0,5 RERFHITZEEN. FEGITEEYA
Excel 8476 EHL L #1T.
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2.1 CVD.HT sf LDH,CK-MB,NO.MDA # %
% Rl 30min, H ¥ ¥ 6h ST, WE LN BK
LDH.CK-MB.NO.MDA, % 3l CVD 8] PAJg /.0 L
MR H 45, 8> CK-MB,LDH & MDA [ Bk,
BENOBIAW. HTHAE—EBE BB D
LDH.CK-MB B # 3 , 5% NO.MDA §) BB el F
BERKKEWGEED,
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%1 CVD.HT f LDH,CK-MB,NO,MDA T ey, T B KR (E 2-C),HT 4 (& 2-D)
KW (n=8, xrts) RBLIK RS SRR R ZS MR S, WLAL BE AN R

#H3 LDH(U/L) CK-MB(U/L)
BFERA 13504658 11984243 e \_;.,_ T LT T,
pogiEi| 5126+ 480 28764258 ] R ;. : o Ky ﬁ -E
CAVH 3152+579" 1852+340* : K T e SF 2z

HT 4 4023+450° 2336267 § o AR e s S
a5 NO(pmol/g) MDA (pimol/g) U LG e,
BFR4 9045 6.14+1.48 ' . \ .
pugicE::| 7045 36.34+4.23 S o

CAV 4 8244 19,443, 78" ( -

HT 4 754+ 5% 37.8+4,56% x

o 50 A L E, © P<<0.05, 5X A L, * P>0.05

2.2 CDV.HT stk & 5 B 4k do 5 58 02 0 PURE JE 36
BeHrh KRB 30min, BEDE 6h 5, WHRA
BROCHNERSECEOCNERMA2.8+1.2) %,
CVDAMKBRERLNNEEZLELINERDY
(6.2+£1. D%, LDHAEI 3T BAW A T 51. 6%
(P<0.0D), HTHERHLALE AL ZELNERK
(7421 O %, DNER X RARD T 42. 2%
(P<0.01),

2.3 HE¥M#&AA STEABRM 30min, ¥
¥ 6h, .0 BL40 B B 82 5 R B M IRFE 34 ALK
BE.BOERE—FNTHE LERBA—-BHE
R, RRAERTHEREAREETREHARZE.
CVD 4.0 LA MR IR 15 72 B W B I 2, i 4 i IR ViR 4
BB, R CURBLA 4 b Bk FIT (R 2) .

%2 CVDHITMABROCHESROZETIHE
WG REARM (n=8)

B R
a5y % 1% 1%
bogiig::] 0 0 3 5
CVD 4 0 3 5 0
BFERA 7 1 0 0
HT A 0 2 4 2
2.4 RAMAKEETF Bl 30min, HEE 6h 5, ' 7
XTHEAH eNOS(E 1-A R 5 5 R F AR 4H eNOS e 5, < Tardd ¢
(A 1-BHEHZHE, ST RAHAR AL RS J n ; i ‘D

i, CVDHREE 1-O REHBRFRA L ARM
B2, HTHE -DAXBAREHEER.

. 3 g 4 A3t B4 eNOS JLEBR A B E;B.RFARAE
2.5 EMHLTFEMEALE BHEET.BFEAR4 B8 eNOS £ 2%, C: CVD 4 aNOS %4 % B .,
Kbtk NZEMERER (B 2-A), XFRAHRM D.HT 4 eNOS % R 8 &
30min, B 6h BB A ESHWAESTH . BR%E, 1 fRi A F 6h B OGN

W4 B W% (E 2-B). CVD AR Ik2 A Fk% B eNOS RRALRE
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A BRIfL 30min, BN 6h j&, AT CVD K
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53t AN, OUAESEE A T 51. 6% (P<0.01),
CVD &2t B 3% f BELWT 37 B AR08 0 LU 48 3 2R 8L
LONRERABCIBMER. FIMERFER
b B REBRAFARLENBLLOEZREEKAEA
FEONFEARBLEL, o ZEEBERTUELR
A J 1 BEL S 92 o A T LA B 3R A B0 UL B 1 A
A . BHEL.BHamEN RS /LR N Z
OB M EEERGNBEERY, RO EEER,
FEIEMHERTEAZHELE, ARERGEAR
J 7 A EAL RN, B I E O LA MDA & & )
REAE TR EARE. ALR 87RO ULk 0T
R, 0 H MDA §BAS A&, CVD 4 EF
BEHERE. CVDER—MBA HNRELN, X
MR EMERME T ERWRMES, B U EEE
BREHBE, XHEEAELME LREZEEN
A ME R, CVD X g R it & 4L A 98 FL a4 30 1
FER L, MEE B ZAFEHN 7E 48 [ B9 L 31 444 T Bk
TXMRUE. CVD &Ead 1 40 M AE B E AR
R ERE, URB O NEER AR EERE
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CVD R = 3-B-mRme T Ptk CVD i &k
VRl 50~80 %), CVD i T4 T LR M4smH
AL, TS — 5 0GR T AE G i B L B
Xt B R PVER .
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(P>0.05),¥i8] HT BB EMER.

SR & B CVD BA B 58 20 o o4 40 M A 5k il
BEEFRGONERREE. BE R MR 4 A Bk
L A e UL 052 i O 20 A A B 9 B A R A A R
LHPHT BRARAALRUNHER. KRLOIE
e if 30min J5, ¥4 .CVD A K HT AR R0 N
NOZEMI,ZEERBEEF(P>0.05), HE,
e 30min, FHEE 6h J5, X4 eNOS et 5B F
AR eNOS Ye i AH AR B B, X A AR Y JLF
BB, CVD ARE RE BT ARH R AR
2, HTEMXBARAHEER, X107 B m FHHE
W5 HT difxf B4l eNOS ik B B8/, CVD 4R
SRS, EE AR 78O LBk o P v R A
W TR, eNOS B, & B NO WA, B Bk
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BAHEREZER , BAEN SR ABERNE, A B
) NO tAER 3 £ . Bk NO /& B 5 248 5, B & %t
LDERERRPER, G & RME#CMBRE T, CVD
BB NO Y 3h, 7T B8 5 5 I % P9 B AR 3 4k
FAX., SRET HT Al HH S SRR,

AR RBRIL 30min, FHEHE 6h 5 , T BABEFE.C L
BRELAOCEONERMN2.8+1.2%., HT AKX
BAEZE LR (7. 441, 0) %o, 0o IUEFE Lo S BRI T
42.2% (P<0.01) , #BI HT 3HOWE —E IR 1E
Ji:

VARUBRZE 2 B0, K EE M 4 . HT 32 B AT LA AT % 4
& GI MR35, W GJ woEM, ™ GI Ml 7T LUl
cAMP,Ca™" | =4 BR L AE 45 55 — 15, 760 JULak it Bt
IR Ca** BRI ATP JE#ERT T LI S5 GT @
HRXH., BEEE, REWHERA pH EM Ca™
BIRE . G BEF K. Gl FEEFBOF AR R
W Ca™ W RERE A R B AR R Car
GJ I HEA , B ) Bt 48 1% 3, I B0 LR 38
AHEFH R DU - B AREST Ca RILG) BB
A 1L Calt W= A0 LA M W g %38, 2 ) HT
Jo AT AR FOL A B 3 e 4 1 i 0 2 . g PR T
PAG 10 ALt o4 B AT 19 O LR 7 i B2 O FULUC 48
W I EAR S E N MBS A EH -, HT
AT ERSE 0 G AR D ) P VE O LS U » 35
LR ER .

ittt i1 FEHEYE O L, CVD #1 HT 7] 7= A R4
M. NEBPTDES HT WERAKER - A%
CVD #HEA o 1 B R AR LAk, SiR A RERHE
ZROURPER . HT (GE X G EE MR, &
KB O AR ER .
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