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WHATREE ML D5k IR EE SR Wistar ZL 5O WUAN M EE SR LI I F-E VAR AR, 43 1R R R4 (H/R 4
MW FLEH (FLAE S Rk ( 28k 5 0. 28 mmol/L) 4, #5410 JLAH MV AH 7 2 A A RS, 1) P50 08 U SO0 4600 JUL 40 L vy 24
FARASFE BN ;. XTT 2510 7 20 MG 7 5 2RSS0 A Tk ) 7 200 i P 8 40 Ak ) B AL i (SOD) 346 7, B Q B bh 22 7R S 1
LU T AN Y T R (MDA ) 55 i, I il 4058 45 2 M 5 0 b 3L R i U ( LDH ) 1 14 ; Western blot {4 ill] caspase-3
HHREK, S50 HIEFFRAIE H/R A4 SOD R, MDA \LDH J caspase-3 4 [13RiA T (P <0.05) . #Ab5R
T 5 H/R 4H Heds, O LZE SOD %44 5 , MDA \LDH & caspase-3 %5 [ 31k FRE(P <0.05) , H.O WL e 75 Kt
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Emulsified isoflurane protects hypoxia/reoxgenation injury in cultured neonatal rat

myocardial cells by suppressing caspase-3 expression
TAN Xing—qinl , CHEN Yu-p(ii2 (' Department of Anesthesiology, Children’ s Hospital, *Department of Anesthesiology, Second Affilia-
ted Hospital, Chongqing Medical University, Chongging 400010, China)

Abstract: Objective To investigate the protective effects of emulsified isoflurane (8% v/v) on myocar-
dial cells after hypoxia/reoxygenation (H/R) in cultured myocardial cells from neonatal rats. Methods Myo-
cardial hypoxia/reoxygenation model was established by culturing myocardial cells primarily isolated from neo-
natal rats. The myocardial cells were divided into 4 groups, the normal group, model group, fat milk treatment
group, and mulsified isoflurane treatment group (0.28 mmol/L). Cellular morphologic changes and pulsation
frequency were observed under inverted microscope. Cell activity was determined by XTT assay. The activities
of plasma superoxide dismutase (SOD) was measured by xanthine oxidase method and the contents of serum
malonicaldehyde (MDA) by thiobarbituric acid method. The activities of lactate dehydrogenase (LDH) in the
culture medium after H/R injury was measured. Western blot analysis was used to detect caspase-3 protein ex-
pression in every group. Results Compared with normal group, SOD activity was decreased, and MDA con-
tent, LDH activity and the expression of caspase-3 protein were increased in model group (P < 0.05).
Compared with model group, SOD activity was increased, while MDA content, LDH activity and the expression
of caspase-3 were decreased (P <0.05) after emulsified isoflurane treatment. The morphological and ultra-
structural changes of cardiomyocytes were improved after the treatment. Fat milk treatment group showed similar

changes, but not significant as emulsified isoflurane treatment did. Conclusion Emulcified isoflurane has
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protective effects on cultured neonatal rat myocardial cells after H/R injury, which may be related to reduce-

ment of oxygen free radical and the inhibition of caspase-3 expression.

Key words: emulsified isoflurane; hypoxia/reoxygenation; myocardium; cells; cultured; free radical;
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8% FLAY S U A= T [ T A 1 — Tl 28 i Jok FH R
Mzl FLAK 5 98 AR 7 FL o A K B Langendorff .
IETHE I R AV IR PR A St T A 5 A R v BRI A O
JERLARI BE , vl ULIR 4 ( CK) LR it %t ( LDH)
AR, i /N0 LB AE T B LA I S A0 LA
PR o (AR FAALEI AT 2 . N HERR i 2 1A 55
DRI 22 BB L, A TR A0 20 £ BT BT AF 9 % L ) 4l
AL 55 35 1900 ULZH it 5 42 &2 48, ( hypoxia-reoxygenation , H/
R) P A58, AR B 7K - 0 — 20 WL LAk S S o
AR R4 L s 40 52 48040 40 P A P B HC X caspase-3 2R
H IR RZ , %8 HmT e ML 2E4 7 047 o

1 HRSH®

1.1 Z&kL5EH

FLAL R 120 me/ml (42561 254 BR 2 7)), Ag U7 %L 500
ml/ M (30% FEWEFIVC R, x5 257 FRA 7)) , DMEM #3553t
(%[ Gibeo 2~ /], A AL 9 L AL ( superoxide dismutase,
SOD) [N —-f#% ( malondialdehyde, MDA ) LDH &3 & W A B
SR T AR ST, RPTAPL caspase-3 2 5g PR (8
GmbH 6] ), KU 55 B A Wit R & ( H 4% Nippon Gene
3 ]) , Caspase-3 3 PG IR £ (78 1E GmbH 4] .
1.2 s h T 2ME

fFEHTA 1 ~3 d Wistar ZL 5L, MEMEAS T, 120 B, SR EE
BER2ESGG s Wy 24, HERA cell CO, 5574 #1 D-37520
ARUET A VR B O AL (T E GmbH A ], SW-CJ-IF #1446 T 4F
B (N BZRE ARG H ) , BH-NIC-B HU5] B 5 f5 ( Olypus
Optical 2A#], HZA) , Western Bk ( 3¢ [ Bio-Rad A H]) .
1.3 MERB AT iE
131 JFERGHAER R SROGRI6 I M ERIrEs 65
Prefit, BUHAE 1 ~3 d B9 Wistar 2R, 75% ZBHRHLJG , 76 G
PR A AT FF B S50 0 U 2 F 300 98 B8 A7 D-Hank 3 A JC 17 °F- 1IIL
WL, & PiAEZE A D-Hank W ok 2 i, ZEXHBIESHNEE
R AT, BT TR AR, B A 50 ml B0 45, 1 0. 25% G
H10.125% 11 BY R B g 5 VR AW 37 CKIBIHAL 5 min, [ 4%
DUFE A F_E3 WEIm AUEER, 37 C KR IE AL 15 min, T [ 4%
DUV 5 I W B S 2 W (15% fiG 4R 1 ,85% DMEM )
MBS PR, EE S ~7 R AL HaEk S 4, IR
SEDLE B 4 2 25 200 A2 Je 3 38, 2520 10 min(1 000 1/
min) J5 3¢ FIEW, IASESR R (85% DMEM 15% JiG 4 ik . &
2100 U/ml 45452 100 U/ml F10. 1 mmol/L BrdU) iR 5, &

WA e a5, W AN S x 10° L', BBk h, &
37 °C,5% CO,BEFeAE IG5 2 h LASiAk.C A0 ( 25 LI B
) SR HRP R SR ECE SR I IR 48 h R, H
f BrdU 7EZHHIE5 5% 72 h HAINA
1.3.2 DI E 2 ARy, SHOCER[7 ]
Tk PRSI E R NGE . ERHAREUE A (95%
N, F1 5% CO, ) BAGH AN 1 h By BB il 75 W [ mmol/L; NaCl
98.5, KCI 10, NaH,PO, 0.9, NaHCO, 6.0, CaCl, 1.8, MgSO,
1.2, FLIR4AH 40, HEPES 20; pH 6. 8 | B4 1E W BRI, K I
RSO WA 7 B EEE P, R AR AR A 5%
BB EAO IUAM AB FR A T R 3% 3 b, B g B4 (Bl it )
BEAY, 3 h JE A L i, e L RTIR & UK B(95% O, FiI
5% CO,) TSEHF 1 h A4 P %W [ mmol/L: NaCl
129.5,KC1 5.0, NaH,PO, 0.9, NaHCO, 20, CaCl, 1.8, MgSO,
1.2, 22585 5.5, HEPES 20; pH 7. 4; JH I 10 ml 4 4- 11
H]LARETRAE (95% 2, 5%CO0,, 37 C) W, TR A5
HARZERE TR 3 h, RIS S (PR ) B
1.3.3  SEggred B R 5 d(120 h) B AL 40N, BEHL
R4 . IEREERA AW LB, K AR TR TR 6 by
B4R AR ORI ZH (H/R 21 BB A ST 0 B3k ) A2 4k
PR B AR (BRAERERD) 3 h J5 B4R (R ARERL) 3 b g I FLAH (W
J3E [) LA S SRR P B T SL AR ) JHBR I FLEAT 2 h T TR,
AX[E H/R 415 24k 5 Uk 4 - T 8% FL Ak 5 SUlE (4 Mk B2 0. 28
mmol/L) $2H/ 2 h +Wi)5 , 43[F H/R 41,
1.3.4 OB NEE B BT WA 4.0 I
A A R A Bl i B o
1.3.5 fsbafaill  REA XTT bb sk e .0 ILAH M TG 77 ; B
SR FIE W, LA B 3h A Ak 0 s FLER it %8G (LDH )
T 5 LR R S A Tl o 0 5 8 4k ) B AL i (SOD ) 3 1 5 LA
AR I L BRI I 5 i T ot A A T 8 (MDA ) & &, &
FE J5 1 AR e R R R B HEA T
1.3.6 Western blot #ll] caspase-3 ik A3 BB 2H 0 L
AN, R R 1, 28 B i 22 2 1 iR 0 5 4% 20
FEARTE A BOHR BE , B 2 1 28 SDS-PAGE HiL K I i A —$it
(caspase) Fl —Hi (1gG) W5 &R MIR
1.3.7 caspase-3 15 ) 2 iz I8 H 50 & G B A TR
A7, DAIE R AR [0 X6 B, PR 0 R O L (93 4 ke BRI ' 3
{HF/RN caspase-3 MUTETE,
1.4 %itsa®

B UL & £ 5 R, R SAS GEiH AT 7 22504, P HE
BRI SNK-q K56
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2.1 JEFS LT AR

ODALAIMIRT 3% 12 ~24 h B A L PEESE,72 h 5 RER
F , S AT A 80 ~ 100 Y/ min F R HEVERE S, 40 MO P 25
ERICEAKN =T, LR, 7T 2 AEMERG , Z R0 E
FEJE . H/R J5C LA 4% 45 28 R, O R ok b, 420 3 h 4i i
PR AR A S, B4 3 h S R A T
B AR BT B G, A 2 A 211 i B 5 1 I e e
WA, FLAL S SRR AR T FLA 40 P S A8 L L H/R 4158
B, AR AR r et , PLAL S ek 4 s T A A
2.2 A28 Wfm e s & & . SOD MDA LDH &5 % 1¢

H/R ZHBEIE 5 2H 41 A% 36 %6 B B REAIK (P < 0.05) ; MDA |
LDH Z & W 2 (P <0.05) ;SOD {EHEW] i FRE(P <0.05)
23U AL S SR AIE D FL Y T 190, O UL AN B S 2R H/R 413
B (P <0.05), MDA  LDH & (P <0.05),S0D #55 (P <
0.05), W1,

®1 4 BONAMBEIIERILE (n=9, ¥ x5)

205 SOD(U/mg) MDA (nmol/mg) LDH(U/L) oD fif *
IEH IR 297.29 +6.26 1.49 £0.34 1148.47 +83.03 0.95 +0.05
H/R 24 194,46 £2.762  8.42+0.602  2985.45+79.74a 0.40 £0. 032
NeWiFL2e 204.45+2.71ab  7.56£0.243b 2 795.52 +69.463>  0.60 +0.03ab

FLIESIREEA  254.23 £9.673bc 2,48 £0.643bc 2 011.87 +137.74abe 0,70 +0. 07abe

a: P<0.05,5 B34, b: P<0.05,5 H/R 44,
c: P<0.05, 55 5Lea s = 0D {3 T e s E 45

2.3  Western blot #| caspase-3 & & & ik #9 T 4L

Western blot 73771 BREE IO JLA0 M & S22 caspase-3 1)
17 x 10° B 4 A8 Ak, 235 5% % BRI & 35 3% 4 3L B0 JUL A0 i R
H I caspase-3 25474 s H/R 2H B T BH B 1Y) caspase-3 Z54i7 1%,
FUL B AR W FLA L T caspase-3 5 il (H LAY
T (1) o WROCRE A 4 R o 3 R0 LA L
caspase-3 1FH B R 4A A D RFI5, H/R 41(7.88 +0.26) #1E
WRFRAL(1) BEH (P <0.05), FLALFIREEAL (3. 13 =
0.50) % H/R 20 FEE 3508 4 (P < 0. 05)  (ER AT EE I B 57
I (P <0.05)  BEITFLAL(3.82 £0.73) B IE# B SR B %
B0, B H/R 418 080 (P <0.05)

1 2 3 4
—
— «—caspase-3 17x10°
T < _ociin 42x10°

1. B3R 2  H/R 4033 SUAL - R Bk 2054 . A5 B 5L2n
El1 Western blot #& il 2H.(: AL 4A i caspase-3 H) 3R ik

U AU I P 73 451495 ( myocardial ischemia reperfu-
sion injury , MIRT) Jg.Co R L P45 AL O IE S RE T A
FEAR 000 L P — o L A B 4, D 2 ol T ok 3 A 481
P — IR T AR O WLAR D Bk 42 4 A 4
Y RE NS HE R A 22 R IR 52 M RS A0 O L o -PE 1
03, EHWE 250 A A/ L B2 B T it
ETFE . WO LA 5 3% 00 UL sl e R B, R B
FEITEALSE B AR B LA B 35 R ARG AE R RO L
AR EEIR o AR R RO JULER Iy 2R A A 4L, A
PEA P ZHFERE ) o G  HAET A FH r.cL
AMMUATI A KR 2253 5. DRI, R B A e )
HOO U3 78 i A0, Ay, A 5y W BE AR K. WF
FERW e 1 ~3 d W R B B L LA B 47 AR
BE BN S ARSI ORI T 1 ~3 d KR
PEAT O LA B A R 7

FUA S Sl 2 T BB T A i —Fh BT F A
R AT bk P B0 53 R JRR I 245 (A 4 R B Tl R )
B 30% BN 5 LA S SR AR — i AR A TR G R
DM AT IE 1 I PR A X 7L A S5 JeC ik f 9F 5 RS
R R I - Oz X H 2GR s PR PEAG , A 31
LR T A R AR D VR D, B e A
4, % E BTG A A . QFL AL S R
LA SARES S N AR T, ELHORR AR P R
e R o TE BV ik 4 24 5 LA 57 ok bR
PR TEL S5 ) BRI 2 I TR) 4 00 5 i . (575K
Je Rk i G 15 A i R LA AR O BT g
AAMWERPER" . BARIFIGKRII RS, B
FEUESEAE g LA S Sk A 73 22— B8 e S X S 36 3 )
ol O WA BT B P s
AP HE ATP AL, 8 A 17 e 490 4 4 AR
R A 8 A X LR A — s PR o PR AR
WFLAL S R i U2 AL O LA 1 52 i LA BIF A
{EAFE S LA, 0. 28 mmol/L S5 UMk AH 24 T Il IR I
MAGC B il 249 7 T L AR 52 36 L e J 7 b 7L AL
S F Pk S IR A

LDH J&— Ffobl I it iy, ) 2 A7 76 T AR 45 414
e E P, ERAAAET AT A 0 LA LDH I Hi
AR B WO LR AL B T B AR b o AR WTSE R B,
H/R HIFR T LDH & B B TIEw 4, 48
H/R AT 40 i sz 450, S Ben B i s , 5 SCik e —
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B U FRATE ST A0 LR B H/R 55 5 AL R i 2
0o N HFL S kA s I LT B5 , 5 H/R 41
8, LDH {EH R N FE (P <0.05) , 3275 7L Ak 5 Jel Bk AN
I 105 LA R R 00 I ) P, X e 4 O 44 A Y o
VL2 B A PR 80 o H FL AR S TR LG R U7 2L 1 1
MHE R (P<0.05),

P (MDA ) J2 i 5 it S8 Ak S v % 3 22 7 )
DE MDA AR T s e ITURSE 245 49 g o ot 44 2 0y 1Y)
FREE, (Al S e 4a, ) Pl R 2R B9 0 LA B 4 B 453 43 1)
FEEE, SOD J& B AEAE T 4 M o3 Fn 4ok i i i) —Fi
S JE A I s A SN, TR B A8 B 2, AT 2
A H BRI RN VA B R T R P AR R A R
SENUAN SR RS0 8 24 83K 53, SOD 2L
PRI B A B 8 1 09 % — PR, B 0 T 5 R
B T HILATE Bl 4B 25 7 RE 1. SOD 1Yk
Ay AR 42 SO T AILARTE R4 A B BRI RE TT . ARIFSE
KB, W/ R AUEEIE H 21 LB 40 i T AR IR, SOD i
PER BRI, MDA 7K 2 25 T &, T AE W T FLAL 5+
FBEFING DT FLIS , 40 M0 32 . SOD {iF 4% H/R 241
B3 MDA (KT H/R 41, $2 /R 7L AL 5 Ut Al
0 17 3L T AT o UL J S ook A S, 88 s 0 UL
JHLT 53 AU B B 7 A BE 0, AT & HRT E eh B A Y
YEHT o 2R WA LAk S Ik A s D7 2L 0 LD 4P 3800 5
Hyt A B8 A A 5, B3 Ak 5 98Uk e g 105 2L 09 1k
MR (P <0.05) ,3xX ] G855 5 JBU Rk 9O LOR 3P 1
FiA X

caspase-3 2 21 i If Tt e rh i OGS AT 4 1
(key executioner) Z —, n] LA BT U) 40 il 8 T4 72 rp 1)
VL BEE A, 11 PARP, caspase-3 [ 301G 75 22 A
B TS PEIY 4 K caspase-3 (35 x 10°) , #£ Asp28 Fl
Ser29 ZZ [a] &z Aspl75 Fll Serl76 Z [l #4787 ], ;=4
AN ER IR 12 x 107 (9305, T DA 92 56 AR
caspase-3 17 x 10° W B AT AR I, A% 52 56 45 L R
X REZH L WL B caspase-3 [ 7% PR AR G ; it 460 &2 40
PiJa caspase-3 BTG P o xE BRZH 19 2y 3 4% ; i #l Ak
S EELH AN NE T FLAH caspase-3 T PEBH W REAG 14
BH 5L A S R0k AR D77 3L %o ke 4R 52 AR 4040 0 o0 JUL 4 i
8 ) TR B — S A 0 AR 18 7L Ak S Rk L TR
FLEEH B B2 (P <0.05)

I T SPL A S S 11 512 2 4k T 1 PR T30, ek A A4
O LA B PR APV T 75 [R) A S B 2518 — R b 5 B adE

— B TR
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