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The Protective Effect of Imidapril on Cardiac Function and Mitochondrion of Rat with
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[ ABSTRACT] Aim To study the protective effect of imidapril on cardiac function and mitochondrion of rats with diastolic
heart failure. Methods 30 SD rats were randomly divided into 5 groups: control group, DHF group, Al. 5mg, A3mg, and
A6mg group.  DHF model was produced by abdominal aortic coarctation in the rats in the operating group.  The rats in Al.
Smg-A6mg groups were given with imidapril [ 1.5, 3, and 6 mg/(kg*d)] by intragastric administration for 4 weeks, the others
were treated with equal isotonic NaCl. ~ After 4 weeks, cardiac function and hemorheology was assessed by echocardiography and
catheterization. ~ Specimens were taken and ventricular mass were measured. The level of malonaldehyole (MDA) , superoxide-
dismutase (SOD), and glutathioneperoxidase( GSHPx) were detected by spectrophotometer.  Ulira structure changes in myocardi-
um were observed under electrion microscopy. Results In DHF group, PW, IVS, LVM, F/A ratio, SBP, DBP, LVSP,
LVEDP, and MDA were increased, Tau was prolonged, LV-dp/dimax, SOD and GSHPx was decreased. = The myocardium dam-
age including abnormality of myofilament arrangement, mitochondrial swelling and vacuolization were showed.  Compared with
DHF group, increased F/A ratio, VS, PW, LVM, SBP, DBP, LVSP, LVEDP and MDA were decreased, prolonged Tau was
shorted, decreased LV-dp/ dimax, SOD and GSH-Px were increased in treated groups. The myocardium damage was ameliorated
in treated groups too.  The protective effect of Imidapril on heart was increased according to the increasing dose of it. Comr

clusion Imidapril improve cardiac function in rats with DHF by ameliorating the damage of myocardic cell and mitochondrion.
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S5 IfiL 73450 TE T AT S Dh BE S O RRAE IR IR 45 &
fE o AT LB, DHF B 5 T O /i3
W B 30% ~ 50% , FET- R SIS T REAS 4 0 77
T ( systolic heart failure, SHF) #H3z, K 4k, DHF 7EIIf
RESEHEERMA o PR R I %k &
B ¥ B HI 175 ( angiotensin converting enzyme inhibitor,
ACEI) 797 DHF, N RE RSO WL £F 44k, SE 220
WLE 28, {H ACEI X DHF £R47/E FHHLHIATI SR AN B 1
AR R G 3 B k4 78 23 DHF K RASERY, W %2
KIS % DHF K B O JIE T 58 R0 1O JILZ8 R 4k 25 44

VR, DA — D MR DKk 3 R R4 DHF K B O
JIEFRIATL 1 o

1 MR5REE

1.1 REETREWTH

1% Sprague— Dawley(SD) A B.( A E 27 180 g,
MasbAFEFHZRIMA)30 R, LS A
MNERAEAE A1 ARG 2EMAHIHES
Ho BRAREAARS, SRURI41 897 EX R EE
R EEELFKGEL 2N EBER, o BAH
AT EE LREN . AEHEL=ZREREE
HEBXRO T EMTT AR 3NMAHHAARA
EHREERA G TREEAN(REELHHH R
& E ) 1.5 mg/(kg*d) <3 mg/(kg*d) 2 6 mg/(kgd);
EUEA N RAAREE L TEENAEL A4 A
J& #HAT T AR AR o
1.2 OINEER
L2.1 SREAR S S BARM 2 fE

X ESAOTE /» 5] By #8 7 # # 1T # W ( TECH-
NOS MTX ULTRASOUND system, & A #), # & % %
ME KN 8.5MHz, AJ5 4 B F A FZEH 80 ml/ kg 7 3
W 3ml/kg EEE MR BE 5, 2 F 03 B AN E/A I
B &7 5K H K 2 /0 E W & (left ventricular end diastolic
diameter, LVEDd) \ 4x 4 # K 72 /0 & 1 /2 ( left ventricu-
lar end systolic diameter, LVEDs) « E [&] [&( interventricu-
lar septum, IVS) J& & | £ /& = J& B ( posterior wall, PW)
B Fu 72 8 F AT i 4 3 (left ventricular ejection frac-
tion, LVEF) .
1.2.2  FBHBRAEE N E i3 71 5 F5 A7

M1 B A7 % 6 #r K Al BL-420 A # AL &k 2 e &
Go( W A& B ABOR IR ) IR . ENE R A B
B, T AR A = 1T Bk, R BELR AL A
MO BEREF LS em, OB AEELL, RELE
Tl ficHE N\ BB & ST o 7R R B AR AR T & (250

/L)y AR ERE, MBEE N U oA T RL, %
EXREHFENE. EFARTRERLIT K
SR AFRRBEBRBANACER, SREZEH O
oA L B B, U R R AR R R (X B EE
WANdem ZH). HRIAZEWEHN B ERE A
AEAARHKSEMEMFENEHEASTEDLSE
BREFHHEMAANLZCEREAN, FEAREHN0.2
~ 0.3 cm, & LR FFE A BN E 5 E TR
EALE, Tl A RILE, FBIEARZHESRH
HAE, DT EF RS EFEFKE. RE S5 min /5,
FHEREH —FHEANLEOE, WAL E WS E(left
ventricular systolic pressure, LVSP) « 72 /& E 47 7k #] K /&
(left ventricular end diastolic pressure, LVEDP) \ 7 /& &
M JE & A L F0 T ik & ( Tdp/dimax) , F] TR0
E, P Weiss AR 8 20 T M A A % % (Taw)
(5 LV-dp/dtmax A8 3¢ 7 89 72 /% F 47 5K JE B DA LV-dp/
dimax) -
1.3 LBEEENE

WSk AL S B A, SRR B OO RE, A KR
B EART, e EE. BEEXRTEQLE, 4
BAEA N EFRE; 2 Bl H 8 BE & 38 0 (heart
mass index, HMLHMI= QR E /K E) LN ERE
& %% (left ventricular mass index, LVMI; LVMI= 7% & F
BEE/RE) 4 L E T E 38 8 (right ventricular mass
index, RVML; RVMI= £ /G EE 8/ E) .
1.4 DAERIFBIRINE

B G JE, T A0 E BB AR B B AL B — /N ARG
PR AL, 2. 5% X = B HUE =, 0. 1 mol/L PBS &
Bk, 2% R G EE 2 h, WA A W E R A,
Epon812 3R &4 fig 5 1% .38, LKBV 2 48 3 7 A #. A
80mm BET . Z4EMB R ELRE 5T H L H600
HAEHSEETUE R &
1.5 ZRIAThEENE

RAZEBQERBONERAKR. 2BNAN
0. 25 mol/L 7 ##, 0. 5 mmol/L EDTA, 3. 0 mmol/L
Hepes, pH 7. 4. & #F /- A 0. 25 mol/L &4, 2. 0
mmol/L. Hepes, pH 7. 4. /& LE R E T 0 Cokl 8y
B A, BaEGAL, BN A R B A HK 60 s. LL 600
xg B 5min, § LIFER, Ho®NFRETERR,
FAK40s,600xg B0 Smin, B 2K, 4 KER
Frig 2|8 £ B LL 10 000 x g B A% 10 min, BUITIE
A10mL RFNFAF. FHAXKBERETERFR
FHA K, BLL10000x g &0 10 min, 5 mL & F A
FREFIE, RELEEER, ETRARFNE LY
W% #E#r. ® = B (malonaldehyole, MDA) % A %t 1%
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E b % %, 2 A B B8 (superoxidedismutase,
SOD) * Al # E " A B 2%, & Bt H Ik £ A 4 g
( glutathioneperoxidase, GSHPx) v& 4 % I DINB i, &
FeNEEREREMIRFARFR KA &
VLA R - ot E i R
1.6 ZitZAIE

ERHBEU x £s £F, S HKEA T LW
GEBFESMNEF B, AERARLERA ¢ &
¥, FELFRAKMGR, HATEXAHLRA
BA 1 3. ST F 247K A SPSS10. 0 3 52 Ak
P<0.05 W EZFHTE %,

1 BAEFIMAROHEENTZME (v Ts, n=6)

2 &£ R

2.1 BREEZFIXHOIIEERIS N
2,11 ShEAR B ) B AR £E

55 BB 2H K B PG R, B2 ZH K B PW AT IVS B
A8 R, LVM B0, F/A L B 24 &, LVEDd Fl
LVEF To i 2 22 5, $&/n B B 4 K R = BE 1Y ., £7 5K
IhEe Sz B HIR AR ThRE IE . SRR A b, wRak
PR =B R R, R KRAETIRIIAR(R 1) .

& Xt HE 41 BRI Az 4 %5241 734
IVS (mm) 1.28 %0. 14 1.98 *0. 16* 1.65%0. 12 1.57 0. 08" 1. 42 %0. 05™
PW (mm) 1.79 £0. 12 2.55+0.21° 2.2310. 08" 2.05 0. 05" 1.89 *0. 10"
LVEDs (mm) 1.91%0.24 1.93%0. 11 1. 86 £0.07 1.88%0. 12 1.87%0. 19
LVEDd (mm) 4.8310.38 4.8810. 16 4.72%0.20 4.76%0.28 4. 85%0. 36
LVEF 0.78 0. 06 0. 79 0. 06 0. 77 0. 05 0.78 0. 07 0. 80%0. 01
LVM (10} 0. 35 0. 02 0. 69 0. 08* 0. 59 0. 07* 0. 48 £0. 01" 0. 40 £0. 07"
F/A HAE 1.44 0. 08 2.58 0. 16° 2.10 0. 02" 1.88 *0. 12 1. 62 £0. 04"

a N P< 0.05, S5XRALE; bl P<0.05, S5HEMALE; ¢ N P<0.05, SHZA 1 ALK,

2.1.2 fifEh ) F AT M LR

50t 8 4H KRR B R, AR AR 4H K B W4 T AT K
JE\LVSP 1 LVEDP Jt i, Tau %E K, LV-dp/dtmax T
B, LV+ dp/dtmax 1E% o $&78 BT L& F s, {676 O
FEP RN [H) A4 | BT TROd B B AT 3 BOEF SRR

F2. BALFIN AR MDA HFHEM (v s, n=6)

JE BT ETh e IE % . SRR EL g, KIA XA
AT = W4 R S &7 5K B LVSP A1 LVEDP FEAIK.
FEK R Tau 456565 UL S A LV-dp/ dimax _ETF, M2
FRIIRE(K 2) -

& Xt HE 4 BEALA Mz 14l 724 %3
L ZE ({K/min) 355 +47 365 £30 356 £22 348 £30 349 %12
W4 E (mmHg) 12012 187 £25° 160 £28" 143 £12% 131 9%
9K E (mmHg) 98 %15 157 £29° 142 110 119 £10% 107 £19™
LVSP (mmHg) 12319 198 £27° 170 £25" 149 +20° 137 14"
LVEDP (mmHg) 10.7%1.5 36.2 %3, 3° 22.5%1.9 14.8 %1, 7" 12. 712, 5%
LV+ dp/dta (mmHg/s) 4205 428 4178 +437 4290 +120 4176 £230 4148 £390
LV- dp/ iy ( mmHg/ s) 4894 £311 1991 £220° 2776 £110™ 3689 107" 4211 £358™
Tau(ms) 5.7510.24 18.20 £1.21° 12.4512. 61" 7.89 0. 47" 6. 68 £0. 73"

a N P<0.05, 55IBALE; b N P<0.05, 5HEMALE; ¢ A P<0.05, SHZ 14K,

2.2 BRIREFIGOEREAF N
5 BRAH P, A A ZH K B HMIT A LVMI 3 41,
K i A R B AIX DHF K BRI HMI A1 LVMI( % 3) .

2.3 ZRRIRTNRERN

SRR Dy REA I 45 R W3R 4. ] DAY 40 KRR
OLA B4 0, SOD Al GSHPx B, #2 7w 25 ki 44
INEERZ A0 . BRI R KN SOD Al GSHPx, PR A —
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W, DRI LR 1A T RE, Bl 5 K32 38 A 770 & B 39 . 2
AR (R RE R ] 2

R 3. BALFIHAROBEEREHOENE (x L5, n=6)

4 U HMI(mg/g) LVMI(mg/g) RVMI(mg/g)
Xf HE AL 2.48 £0. 18 1.6510.04 0. 48 0. 09
R 20 3.38%0.27° 2.35%0. 27° 0. 49 £0. 05
Hz5 14 3.07 %0. 15 2.11%0. 13 0. 42 0. 05
iz 2.82+0. 09" 1.950. 12" 0.45%0. 13
HZ53 4 2. 63 0. 45" 1.83%0. 15" 0. 47 £0. 09

a N P<0.05 SXTRALLE: b A P< 0.05, 5HREBALLLE; ¢ N P<
0.05, 575 1 A,

2.4 1DAERRIIRERRE
Tt ZE 0o L0 A 2 0L 1 U B30 2%, i 58 B, E
ik, G5 IE S, UL HER ST, 7 2eiEmT( B 1A) o AR

e Sy o E ~ Moo BN
. S A , ity
N . C 8 A v 4 it
> 3 g ooy de o . 5 % o U
¢ g L - e
3 b
“

1. BRIAE F 3 K RO AL BRI (O %L 1.5 x 1 .000)

253 4.

3 i

EP IR ThREAS 4200 /) 32 8 ( DHF) KA R e 1 Ji A
43R0 R AR 7 THI R 2R, S O R R I R ) A7 A
10 A5 iR R i e b, 5 00 LA AR 40 P AR R
sERAThAE S FIRE A O UM S5 R 4 A [
EN R A il e s PR S R RS PN = K
Kk R B EE R 41 E0E 7E DHF k28 R R i
EHBBZBANMMEL. AR, Bx g
SR E 9 [ R R G ) KA BOE T 1 RO UL E B
O JIFEABEREE B2 388 TR I 3 ) 2 %Ak, (R 3 DHEF &4
K. ACEI 4= BH W 5 3 —If 8 5 5k 38— [ B
RY M BOE {E H, £ DHF B B A 4 9 1F H.
Y amamoto 25" iE, ACEI 25259 Th R B 22 5] 0. 2
mg/(kg* d) FEAK DHF KBGO AL T B mRNA (7K
S, O ILET 4 4k, AT ZE 225 HEFE . Yoshida
21 ] Daul 25 808K SRR AR 89% NaCl () 757 £ 4 & i
1% K DHF A8, F & 55 RI[0. 4 me/(kged) | #EH

RSO JULAH B A BOE B L2V R VE SR B0 I 2L, HE %)
L, AR K, 7 RATE B0H K, ok ik
i AK U A AR SR AG (B IB) o WRIA R B O WL
2 L 22 HE 1) 25 L b Bk A i ik 55 30 5 (&1 1C.D
I E) .

4. BRKE R KR O A ZRLETH RE RN
(x%s, n=6)

a5 @ P % (mol/ g) SOD(kU/g) GSHPx(kU/g)
hf B 13.9%1.8 36.9%3.5 7.720. 8
HLAY 20 32.6%4.1° 17.9%2. 12 2.5%0.2°
M52 4 23.342. 2" 28.7%1.2 3.7%1.9
M#iz 4 20.1%£1. 8™ 24,3 %2 2% 5.17%0. 4™
MAZ14 28.342 3 20.7 %3, 1% 6.8 £0. 7"

a N P< 0.05 SXIBAIELE; b oA P< 0.05, SEIMAILLE; ¢ N P
<0.05, 5% 1 ALE.

A AN, BAMKEYA, COHHZ 1A, DM 24, EX

3 FE AT Fabn WL 5%, R LB S5 R fg 41 i) o0 & R
B A RRELL, B0 O = A7 5k Thae, #) it
31775 BAL, $E7R B S RN i fE ) DHE B1YE T
Ao BRIAEREN—FA BB &S IEFEER ACEL
BEAG RULERE O IURE B I 0 77 3 3 411 M P 465 °F- 45
2 0 B I M, o e = IhAE Y, HELE 0 )
s . IRATI SE R IE S KA 3% I #E DHF
FERE AR ER . FRATHNE £ 3hlik4s 42 77 g
37K ER DHF #2%Y, B B RIS 4 BRI KR A2
OEEEMEE, FkIIgeZH. FR MRz /%
R 2 R I DHF K BRSC4E & &7 5% & W LVSP #1 LVEDV
EA, EOERAERKTEERE TR, T HLEK.
LVEDV . /e 02 N e fe KT BRI FEAN T {8 2 &S
O EEKINAEM T2 BUR T bR, BATECONE B &
fabr E/A oA R B S =, R s HE 5R . DHF KR
W =T bR E T m i s A2 0 E 675K B B3 3, ek
A 5 R BRI T & A 9% 445 R OK BRI BARK
R G, A g R ORI R %, 20 %= R
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IR, FFIKThRE S, $27R ACET 25 245 ik ik 3 7] []
FEEA (R4 DHF KR OIhBERITER .

A BTk 3R % AL Bl 40 1 57 ( ACEI) £ 47 DHF [#)
ML B AT 3 A 2 18 i SO O LA A 40 2 5 R
RAHE AT SEI . ACEL A8 A &b O WL i
HRIEFRITTAR, B Co ULABAE L) T 243 47 5K 20
. SI#E DHF f 5 K45 0 VLA B 7S B A4 g 4h 3
JR 5 AN T Re ) 570 55 2 7 R R R, A4 7E DHF
H1 ACEL X -0 JULAH g A B R ) 2 2R b AR 14 & 7
FREAECE ORI R FRAT AR S 1 i /. R
LR BE R AR Bk g 2R T LR RLR 1
T LIRS R B OREEMER . DUE
(BT SN K 3 R B 53 O LA 2E 5 0o UL R
R, (1% 25 2 75 B A 2R DHF i
A (R 45 R NI RE M A B . FRATTIOBIE 7237 5 Hafi
BN ET PA S 30 DHF K 5RO AL 28 40 44 18 1 425 ) F 25
A, FER BRI, U A A SRR 2 I R A
TR, B RV 2k, A A% AR TR, WL L 22 ARt Ak B
T o WKk 7 ) 2 KRR, 2 7 A R 1l 245 ) T 40 35 Ok
12, R PR BK I R DHEF A 5RO LR bz 1k &5 #g L
HLREH; RN DHF X R G WL Z B 38 in, SOD
A GSHPx T [%, Kk BLZR LR Th e 2 B4 3, PRI
FIREE RGEZ R LR R IhRE. PR RATA AN
ACEIL X} DHF [ R37 ANAE T 3005 40 i 40 258 Joi 1)
DURR K ARSI 0 IV EE 28, i HL X T 00 L4 A A B &5
MR RETN BA R EF
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