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[ABSTRACT] AIM: To investigate the effect of volatile anesthetics on function, metabolism, ATPase activity and
free radicals in isolated ischemia /reperfusion (I/R) rat hearts. METHODS: 136 SD rats were anesthetized with pento-
barbital and randomly divided into six groups and 17 sub — groups (n =8), according to the given drug. In a normal ther-
mal isolated Langendorff rat heart model, four volatile anesthetics in 1. 5 MAC concentration were given before global ische-
mia 25 min and during reperfusion 30 min. Coronary flow (CF), LVEDP, left ventricular developed pressure (LVDP) ,
+ dp/dt were monitored at 15 min of equilibrium, 15 min of drug treatment, the end of reperfusion. Myocardial adenosine
triphosphate ( ATP) , malodialdehyde (MDA) , activity of Ca>* — ATPase and Na* — K* — ATPase, and superoxide dis-
mutase (SOD) were determined at 15 min of equilibrium, 15 min of drug treatment or absence, 10 min global ischemia and
the end of reperfusion. RESULTS: CF and LVEDP were increased significantly after exposured to volatile anesthetics 15
min, and LVDP, +dp/dt,, were significantly decreased. However, LVDP and + dp/d¢,, were increased at the end of

reperfusion in the treated groups. HR in halothane and isoflurane groups was decreased before ischemia and after reperfu-
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sion. The myocardial ATP content was significantly increased before and after ischemia in the treated groups. At the end of

reperfusion, the activity of SOD was significantly higher and myocardial MDA content was significantly lower in the treated

groups than those in control group. The activity of Ca’* — ATPase, compared with the control group, was markedly de-

creased before ischemia in halothane, enflurane and isoflurane group. Nonetheless, the activity of Ca’* — ATPase was

clearly increased in the treated groups during ischemia and at the end of reperfusion. The activity of Na* — K* — ATPase

was only enhanced in halothane group at the end of reperfusion among groups. CONCLUSION : The volatile anesthetics de-

press myocardial systolic function. There are markedly protective effects against myocardial I/R injury. Meanwhile, the vola-

tile anesthetics improve the recovery of function and metabolism, and increase CF and the activity of Ca>* — ATPase and Na*

—-K* — ATPase in rats.
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J5 5 #E 30 min (reperfusion) .20 4, %t (halo-
thane, #£5 70 - 645 - DK, HE$E /AR H (& 3 T
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B BEEE T R, B A N CF mTFLRstd (P<0.01), &L,
*1 BRREMOBIERERRRAKHEL
Tab 1 Changes of CF and heart function in myocardium of rats at different time(x +s. n=8)
Group Baseline Preischemia Reperfusion
CF(mL « min™") Sham operation 11.9+£2.4 11.3+£2.8 10.8 £1.9
Control 11.2£1.8 11.1£1.7 6.2+1.2%
Halothane 12.11.7 11.3 1.5 7.3£1.2%
Anflurane 12.8+1.3 16.9 +2 3% *+4d 9.7 £0. 8"**a4
Isoflurane 12.6 £1.5 16.4 +3, 1%**44 7.5 £1. 7%
Sevoflurane 11.8 +1.5 15.9 +2. 7#*+4d 8.5 +0. g™*=as
HR ( beats/min) Sham operation 288 +35 285 +31 255 +25
Control 295 +25 296 +24 251 +18*
Halothane 294 +31 252 +17%** 214 + 12%**
Anflurane 300 +24 258 +33%* 268 +17*44
Isoflurane 306 +35 268 +28** 216 +11%*+44
Sevoflurane 289 +24 290 +27AM% 252 +21 Adx
LVEDP(kPa) Sham operation 0.45 £0.21 0.45 £0.25 0.55+0.22
Control 0.46 +0.20 0.46 0. 10 8.18 £0.25%
Halothane 0.56 +0.29 0.87 +0. 14%** 8.04+1.19*
Anflurane 0.40 +0.20 0.61 £0.08"**4 6.75 +1.45%
Isoflurane 0.44 +0.19 0.74 +0.14** 7.04 £1.28%
Sevoflurane 0.45+0.18 0.83 +0.20%** 7.16 +1.17*
LVDP(kPa) Sham operation 17.0+£2.3 16.5+1.9 15.0+£2.1
Control 16.0 +2.4 16.1+3.3 4.3+0.9%
Halothane 15.5£1.2 8.3 +1.3%* 8.8 £2.4%*
Anflurane 17.1£1.5 11.9 +1, 2%+ 10.5 £1.3%*
Isoflurane 17.5£2.9 12.7 +1.1%44 10.4 £1.9%*
Sevoflurane 16.3£1.9 12.8 £0. 944 12.6 £2. 174
+dp/dt,, (kPa-s™") Sham operation 615 +121 595 +108 535 +83
Control 628 +101 637 £113 113 =44
Halothane 583 +130 327 +104%** 261 +71%**
Anflurane 648 £ 115 428 +109%** 324 £105%**
Isoflurane 589 +100 436 + 84%+*A 271 +32%#+**
Sevoflurane 618 +97 469 + 7974 324 £ 454
—dp/dt,, (kPa-s™") Sham operation 367 75 371 +83 322 +65
Control 392 +72 398 +37 89 +36™
Halothane 325 +84 181 +35%** 142 +35%**
Anflurane 376 +89 248 + 64" 4 188 +28%**4
Isoflurane 351 +64 256 +55%*4 157 £17%*4
Sevoflurane 337 +55 256 +48%**4 176 + 1274~

*P<0.05, P <0. 01l vs baseline; *P <0.05, **P <0.01 vs control group; *P <0.05, **P <0.01 vs halothane group;
4P <0.05,2P <0.01 vs anflurane group; *P <0.05, * P <0. 01 vs isoflurane group.
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BRFARLRER 85min J5 HI & IO D RETE r 53
AR ZER TG E X (P >0.05) , #bt. B
ot 28 76 B 1M A/ AR R HR IR T 2R Al (A A X R4
(P<0.058% P <0.01), FEBRIMAT, LHRIEAHM HR 5
TR B b HEE4 (P <0.05 5 P <0.01),
TEEHER N RA . B R GE4m HR K TR HE, &
bt FEBEA B HR R T B4 BE kst Jndl

(P<0.058;P<0.01),

5 FAZY 241 7 B O 7 F0 &2 ¥ R 9 LVEDP &/ T
LVDP. + dp/dt,, A& FZAE, X I 478 2 ¥ KK
LVEDP & F .LVDP. +dp/dt, & FHA{E (P <0.05
B P <0.01) . % F 25 417 B i j A AR K 1) + dp/

de,,. f&F FEBRIML AT LVEDP & F ZE&E #K LVDP ik
FXFRRA (P <0.05 5 P <0.01) , FEBRIMAT, BHbL
41 LVEDP i FHbe 41 £ ke 4l ; Bt . T mbe
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CHELEHK LVDP, - dp/dt,,, 5 T REE A ; Fbi 4
BB i LVDP {15 F Xf HR 41 ; 5 ke 0L JUbe 41
+dp/dt,, B THEEEH(P <0.05 5 P<0.01), fEX
R, CRIEA R LVDP, +dp/de,,, & THLEH, BR
BEA ) — dp/ d,, B FRUGEH AR b4 (P <0.05) ,
&1,
3 DALATP 2ERTHK

BFARHAELZHER ATP SR SEME LB TR
E2E7(P>0.05) . Fbe. R LT 7R/t 3 HAEB
MLATHY ATP & 85 T 2AE, 4 FZ5H7E R #ERK
THLA ;X B4 A BRI BA AL R HER B ATP & 241K
THANE . £ F 2 41 78 B I AT | SR 1 35 F0 2 #ER 1
ATP 4B & FXH 4L (P <0.05 5§ P <0.01) , 7Efk
MR FIBR ML , 3 . E BT A B ATP & 2K T
B s TEBR AT , 5 bt . L RS K ATP S 2T

Bt ; R R, R bt C R4 ATP S &R
FHEbe BHESE4(P<0.058 P<0.01), 132,
4 SOD iEF4F MDA SEMTH
BRFRAFEEHER SOD F1 MDA /K 5 HatifE
TR EZER(P>0.05) , Babe. Lk A
2 SOD 15 ME7E Gk il HiMK F MDA & &= T2
{8 ; X R4 FN48 FHZ5 41 1% SOD & MAE & HERAETF 5t
FRZAFNFBL A W MDA & &5 TRME, LR AH M
MDA & B TFHERME(P <0.05 8% P <0.01) , &5
HHERFER SOD 1 T MDA 2L T X A
(P<0.058% P<0.01), 7E@mHEA, ke 5 R b
i) SOD 5 i T B e L ke W BR AL (P < 0. 05
5 P<0.01), ERER, LHERLLAM MDA 5 &1
FHE3IANHAH, Fhid i MDA &5 THE3
MHZH(P <0.01) , LFEK 2,
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Tab 2 Changes of biochemistry parameters in myocardium of rats at different time(% +s. n=8)

Group Baseline Preischemia Ischemia Reperfusion

ATP(mg + g ™" wet wt) Sham operation 13.9+2.4 12.4£2.6
Control 13.9+2.4 12.5+3.3 5.6+2.1% 7.1£0.8%
Halothane 13.9+2.4 28.0 £5.4%** 16.3 +1.6"** 9.2£0.9%**
Anflurane 13.9+2.4 23.2 £2.2%** 14.7 £1.6%** 10.7 £1.8%**
Isoflurane 13.9+2.4 16.9 £2 3% =440 13.4£1.2%"4 12.9 +1, 7% 444
Sevoflurane 13.9+2.4 15.3 £2.9 *4asa 10.9 +1, 8™ =+ad 11.2 £1.4%=~4%

SOD Sham operation 109 +8 101 +10

(10° NU + g ™" protein) Control 109 =8 107 £10 84 +6* 74 £7%
Halothane 109 +8 98 +8 93 +8" 83 +10%*
Anflurane 109 +8 97 +11 81 £97*ad 85 £9¥**
Tsoflurane 109 +8 103 12 96 +8 **44 83 +8"*
Sevoflurane 109 +8 102 +9 82 +gHAIK 86 £9***

MDA Sham operation 443 +28 453 +57

(nmol - g~" wet wt) Control 443 £28 421 £80 518 +65* 646 £41%
Halothane 443 +28 429 +55 475 +27 568 £53%*
Anflurane 443 +28 439 £89 516 +49* 495 £35**A4
Isoflurane 443 £28 428 £87 473 +57 466 +44 **44
Sevoflurane 443 +28 459 +45 490 +52* 197 £9] #=+Addazs

Ca>* - ATPase Sham operation ~ 3.20 0. 46 3.11£0.55

(mmpi - g~ 'protein + h™')  Control 3.20 +0.46 3.42 +£0.51 0.19 £0.08* 1.27 £0.18"
Halothane 3.20 +0.46 1.82£0.20** 1.35 £0.33%** 1.56 £0.24%*
Anflurane 3.20 £0.46 1.83 £0.42** 1.10 £0.27%** 1.83 £0.37%**
Isoflurane 3.20 +0.46 2.88 £0.4] "8 0.44 £0. 16" ~as0s 2.34 £0.35% a4
Sevoflurane 3.20 £0.46 3.20 £0. 47444 0.41 £0, 26* =442 2.21 £0,43% =448

Na* -K* - ATPase Sham operation ~ 2.60 +0.18 2.51+0.20

(mmpi - g 'protein +h™')  Control 2.60 £0.18 2.62 +0.26 0.55+0.13% 2.49 +0.38
Halothane 2.60 +0.18 2.71 £0.30 0.61 £0.20* 3.02 £0. 17%*
Anflurane 2.60 £0.18 2.69 £0.24 0.64 +0.25" 2.35+0.4044
Tsoflurane 2.60 £0.18 2.88+0.43 0.54 +0.22% 2.18 £0.43%44
Sevoflurane 2.60 £0.18 2.76 +0.48 0.46 +0.25* 2.26 £0.29%44

#P<0.05, *¥P <0.01 vs baseline; * P <0.05, ** P <0. 01 vs control group; * P <0.05, 4P <0.01 vs halothane group; “ P <0.05, *P <0.01

vs anflurane group; * P <0.05, ** P <0. 01 vs isoflurane group.
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