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Protective effects of metallothionein induced by dexamethasone against ischemia/reperfusion injury of
myocardium of isolated rat heart ZHUANG Mei, FANG Ying, WU Li-rong, LEI Da-wei. Department of
Cardiology, The Affiliated Hospital of Guiyang Medical College, Guiyang 550004, Guizhou, China

[Abstract] Objective To investigate the protective effects of metallothionein (MT) induced by
dexamethasone (DEX) against ischemia/reperfusion (I/R) injury of myocardium of isolated rat heart.
Methods Thirty-two Sprague-Dawley (SD) rats were divided randomly into the DEX and control groups. In
the former group, the rats were pretreated with DEX, and in latter group distilled water was given before
their hearts were isolated for Langendorff perfusion and I/R. MT was assessed by Western blotting. The left
ventricular developed pressure (LVDP), maximal change rate of intraventricular pressure rise/down
(£dp/dt max), coronary artery flow (CF) and reperfusion arrhythmias were observed dynamically before
ischemia and during 60-minute reperfusion following 30-minute ischemia, The hearts were perfused with
triphenyltetrazolium (TTC) after 60-minute reperfusion. The myocardial infarct size was measured with
Adobe Photoshop. The levels of MB isoenzyme of creatine kinase (CK-MB), malonaldehyde (MDA), total
superoxide dismutase (T-SOD), CuZn-SOD, catalase (CAT), glutathione peroxidase (GSH-Px) and the
activities of Na*-K*-ATPase, Ca’*-Mg?*-ATPase were detected. Results Compared with control group,
the expression of MT was significantly increased (3. 0854 1. 065 vs. 1.02840.016, P<0.05), the LVDP,
+dp/dt max and CF were greatly improved (all P<{0. 05), the accumulated point of ventricular arrhythmia
and the infarct size were significantly reduced in DEX group ((2.00=41.41) scores vs. (6.63=44.24) scores
and (28.38 +11.22)% vs. (47.39 4 8.30)%, respectively, both P<C0.013. The level of CK-MB was
significantly lowered in the DEX group compared with control group ((8.69+4.16)U/g vs. (18.15+
5.59) U/g, P<C0.01], and myocardium MDA content was decreased (P<C0.05). Moreover, the levels of
T-SOD, CuZn-SOD, CAT, GSH-Px, and the activites of Na*-K*-ATPase and Ca’"-Mg?*-ATPase were
significantly increased (P<C0. 05 or/and P<C0.01) in DEX group. Conclusion DEX induces upregulation of
MT, which attenuates I/R injury in rat heart.

[Key words) dexamethasone; metallothionein; myocardial ischarmia/reperfusion injury; myocar-
dioprotection

HETA SO ARBEEFBIE J20072099)
He# BAL 550004 Bt M, 5t B BS 5 Bt R B B0 PO R
YEHBN EM 1967 ), GRS AR AN EXH -+, 8 REEF »Email : zhuangmei@sina. com,



224 FEfEER A MEY 2008 4F 4 A% 20 %% 41 Chin Crit Care Med, April 2008, Vol. 20,No. 4

SRREAMDERARBNE B HEFR
M, B BB EMMEE. W4 Ca® fa e F4 W
R BRI R KRG UG/ BEE(/REE
OO MR AGRE R E L, MT Ryt 2835 35 71 B9 8 8 AR
A B B 2 (OFR) 715& &9 8 B S AL 438 45, e O WL
SR E” ., BERBETESKRFES
A MT , EL X0 A iV A A0 o ANV 2 - A BT
B L K BB A0 I T/R BEEY, R SR A B
AL PRS0 UL MT KK B K R X R R0 HLT/R
B4 B B9 R P VE R AL .
1 #EEFE
1.1 EERM:MT Rk (EESigma 47D,
Zusmk B R ik (BCA B B AR & M R H At
& JR A 5% B b B (Western blotting) fir 8 F i 57
(% EHPierce Biotechnology /A &), B i 1t & 1k ¥ B
(HRP) #5712 89 Wb 22 5 B 1gG (3 E Santa Cruz
Biotechnology /A &]); W B (MDA) . & L ¥
LB (SOD) . & Bt H kT AL B8 (GSH-Px) i H b
S CAT) ATP B RE (B REEREY TEH
RO,
1.2 FYsra R . EREME SD KK 32 H,
R E 240~301 g, IR HE¥ LR IHY 0=,
BRI TFRESBRFA, B4 16 K, #ZERNH
2 B SCHR (4D 5 1 B8 BB T S b SE K 48 0. 8 mg/kg i
TIAL 38, X B4 B R ST S R AR K
1.3 BN T/REEG & . KRB 24 h )5,
8 R 3 B IR B B2 (30 mg kg ) KB HFE 500 U #t
B, TP BLOHE, B A 0~4 'C Kreb-Henseleit 28 ft
W (K-H %O, £ 3 k46 & I 8 # T Langendortf
WHEEE L A K-HRHTEDS. DI kR,
RS GEMOBIR R BRI MA . FHEE
20 minJ545 1L ¥ ¥, BRIl 30 min /5 ¥ 60 min,
1.4 ELZENR.FEFIHEEEOBERE LUE
FEEBRNE - BHABIMR S A XK AL 348
IR S RE gk AT K O IE 10, 20, 30,40, 50
60 minZELBEBELVDP)  EZERNEEFAMT
M B K %R (£dp/dt max) . ERKIE i tH & (CF).
EHEMET g PVO) EH L E VD). L EFH
HVELEFGBMVOYBE. 3% Curtis F5H
Ravingerova %" # J5 3 Xt .0 2 5% % 4T PF 4 (O~
O UBRBKOWHTERE. FEFEREATE
L= PYME (TTC)6 ml 47 E k0¥ 1 , F IR R4
RHARKRBEEREE 24 h, HFORERBIECED
B 1 mm JEHH RSO UL (B UK B ) 1

BHRFAERN, T BEERER.
1.5 SRk W LR ¥ 5% R 1T 88 (CK-MB) i I
E He BahE e CK-MB FHi, i ER L .
BHFE=CK-MBXCF/{ lLEGE
1.6 EORN.SN 8 AR LOHEEERSRER
ELEEALRELN-80 CHE. &M MT BH.
MDA & SOD(T-SOD) . ] £-SOD (CuZn-SOD) ,
Na*-K*-ATP #§, Ca’*-Mg?**-ATP BE§. GSH-Px.,
CAT Byl
1.6.1 Western blotting & #ll.0> Jl MT & B : B.O
WAL 100 mg, 1 1 ml 20 212 B 42 B (T-PER)
HTOK . BEOREER; A BCAERITEARSE
B e e AR - 3R TS 04 TR B 5 X R Uk (SDS-
PAGE) 73+ B . 5% 5 LA B- L3 B 5 (Bactin)fE A A
SR EEBRBERE LA R MT SEUEA
KRR RIEE (AE S Bactin A {HHIHXT
HER.
1.6.2 .0l MDA, T-SOD.CAT.GSH-Px #lj ;& :
BL LA S 5513, BCA 3BllE O NESREB
S LORAE RN E MDA , # B4 & 1 B p: 1l
% T-SOD.CuZn-SOD, $64h 53 ek Ml 58 CAT, 5 -8
BiAR-X-2- Rl EE B B (DTNB) 32 GSH-Px,
1.6.3 HIMENa*-K*-ATP B§#i Ca?*-Mg? -ATP
S E . BL AL, RAXNB AR E
Na*t-K*-ATP B fl Ca*"- Mg*"-ATP Eg1&, ¥4
HRANERABER, ANAS M EREL S F
ATP 74 1 mmol THBMERR. IKEERS
BR A BCA €.
1.7 Siit4b3 . F SPSS 12. 0 5R{4EAL 3, BB LA
B+ EEGrOERR., DOBEEHAEENER
B9 7 2 4347 » 76 41 1) 5 Bt BT Rk b s ST RE A
LR E, P<0.05 HEREBERIT#EX.
2 & B
2.1 Western blotting 30 ALHAF MT KA
MERME D MEXNTLAHE, KRG MT £
BN, S5 EALKREREHITER N (3.085+
1. 065 B 1. 028-+0. 016, P<C0. 05) ,°

1 2 ] 4 5 & 7 8

T e — —— - — a SR A

Boactin s e S e i Baae TS S

1~4:X¢ﬁ'§2ﬂ:5~8:ﬂg*ﬂ’}gﬂ
B 1 Westen blotting B8 W B4 K B
LA MT & =&k



o BN A MBS 2008 4F 4 A% 20 %55 4 Chin Crit Care Med, April 2008, Vol. 20,No. 4 * 225

2.2 M¥EshH AR (E 2)  BA KR & &0 i
Ml BT 72 L 2 B 8B (LVDP, +dp/dt max) ,CF {34
BHEERTLLE T FE X (P H>0.05); FREEH
) 1 ZE A FA4H LVDP. +dp/dt max.CF ¥# 3¢ B4
BETE . ZFERIFE (P $#<0.05),

2.3 HEEMEHOBREGE D BEXRRAL
BARFETFSEBERTHRA LRELEITH¥EL
(P<C0.05),

®1 FHLRREIFSRONEIRERILE Lo

DERHE LR CK-MB
45 3
! i 4 (40 W (%) (U/g)
X Bl 8 6.634+4.24 47.39% 8.30 18.15+5.59

b KA 8
¥ 5 % A L2 P<C0. 05,2 P<C0. 01

2.004+1.41* 28.38-11.22°> 8.6944.16°

2.4 OUUEIEEAGE 1) H KW .0 WL I
TR T B 4H B B 3/ (P<C0. 01),

2.5 TR CK-MB B H R (R 1D sk
Hre CK-MB ¥ H 5] B4 B 88 4> (P<<0. 01)
2.6 DAL EBENERNELGE 2. 53R
20 P, H 2 K WA 4 BT A {L B T-SOD,CuZn-SOD,
CAT kX GSH-Px BB ERE . JEELEL™Y
MDA & # 8 F KK (P<<0. 05 3¢ P<C0.01),

2.7 LENYEME Nat-K*-ATP B§fl Ca -Mg?" -
ATP BRI MR AL (3 2) U ZER P2 .0 22 L2 i A
#) Na*-K*-ATP B§.Ca’ -Mg? -ATP 15 1 % xt
R4 B E T+ (P<<0. 01 f1 P<<0.05),

®
k=
-

Rt £33

t
M\Q

I F=5.791,P=0.030

—— HERMRA

N
=3
o

LVDP{mm Hg)
s o =
= =] =
N

o
<
+dp/dt max(mm Hg/ms)
-

}’/‘\'\i—i\‘
i'/i\-;\‘\'\’

—dp/dt max(mm Hg/ms)

30

BEE Bk 1M1 B 5 R 3% 25 58 i, i 7™ o fik
mE PR E M A TR EA RN %, BE
SC 560 F 5 MU PRS2 3R o 29 R B, e 10 LS If o
Wiig, fE—EmEHRE T £4 /R fith, &
RALNBEFESHRE KB ERE RSO SE
BREME. HAAN /R #4515 OFR 5|4 Y K
i 5 5 S8 A e A D A 4% 6 AR 45 5 BN R T S 9 A
RS, M H RO AL IR B
B WU T/R 5145 LA B 06 R, — B R S O AL
PRAP SR i B 5

MT £5 7 X G I/R #5405 0% — LB,
HAR R —FraR .0 8 2 45 IR M40 AR 3 R
ERE&ZRE. EANESH "EANEZHES
B ABEE T B B ERESTHERIESE R MT.
A e R B S 3R 7 FE 8 B P 7 it PO O TR A R
FHBEBHANNBREERBEEERNBERETFTEE
BEBHREFODRY, Rt E YR LB, 8
JBR % 3R RO B BR B T B IR A S E A L MT ok
U E I PLE AN ERE . AR E R P
FI B b ZER AN BUALTE, 24 h J5# 2 Langendorff &
RO BE I/R Sh# A, Fl Western blotting # 1l %
RO MT KK, 25 5 57 3h 28K 43 B 38
AW @FE LI MT gk,

B LM MT w10 LA I/R #4757,
HRPEAETEEDERAE B2 R EHBY
TEPE LAXS 51 B A B 5 &1 R #F Nat-K T -ATPE§ Al

F

~
w

- R KA 1t

¢ - R
f 4/‘\\‘\&‘

5L F=8.858,P=0.010

Rkt 23
%} R

w
w

N
n
CF(ml/min)
~J O
-

w

3 F=7.563,P=0.016

o w

“RE10 20 30 40 50 60

FHEEM E(min) PR H(min)

BRfd10 20 30 40 SO 60

CHEEI0 20 30 40 30 60
T {E Bl (min)

OgmAio 20 30 40 50 60
F#E R E(min)

53¢ B4 ) He 2,0 P<<0. 05
~ B2 WHAROH /R R DS 2% 0L &

F2 BWAKRKRLON SOD.CAT.GSH-Px.MDA . Na*-K+-ATP E§.Ca*"-Mg?*-ATP B b 4% (z +5)

GSH-Px MDA

B T-SOD CuZn-SOD CAT Nat-KT-ATPE§  Ca?+-Mg?+-ATP B
A5 S N
(kU/g> (kU/g) /g ) (pmol/g)  (mmol « g=' +h™!) (mmol + g=1+h™1)
pogib:t 8 19.414+2.90 7.34+1.20 15.82+4 4.19 50.32+ 9.13 1.62-+0.39 0.55440. 064 0. 66440, 098
HERME 8 25.2944. 74 11.86+2. 13 28.93413.22° 71.27+14.61% 1.2140.18"  0.800=+0. 150 0. 868+ 0. 220°

53t A L, P<C0. 05,°P<C0. 01



* 226 ¢ T EEERSBESE

2008 4E 4 A% 20 %% 489  Chin Crit Care Med, April 2008, Vol. 20,No. 4

Ca®*-Mg?*-ATP 15 7 LA e G2 40 1 JBE 08060 4 i 45
BERERBETHY, AHFRERBER: S
i B 2 BU Y, b E K W 41 R BRI O I A T B 1]
LVDP, +dp/dt max & CF 85| 8] B ot &, B
P YO AR E I Bk O DUE ST TE PR B 48/,
SERK W & CK-MB # s i RN B R K. =
MT T B2 50 5 #2040 B4 33T B0 L
T/R 35 15 G 2 3R R 3P 30007 o b 28 K #4340 Il MDA 7K
¥ 8 %MK, T-SOD Jt £ £ CuZn-SOD. CAT,
GSH-Px.Na*-K*-ATP &g fil Ca®t-Mg?**-ATP E§
EHRBEENE.ERBERBRES MT ZRXBRO
BLI/R 4G rT e S HEBR A B B2 o MR
WH RSB R A B ELBYEER X,

B Xk

(1) Coyle P, Philcox J C,Carey L C,et al. Metallothionein: the
multipurpose protein(J). Cell Mol Life Sci,2002,59(4):627-
647.

[2) Kang Y J. The antioxidant function of metallothionein in the
heart(JJ. Proc Soc Exp Biol Med,1999,222(3):263-273.

(3] Sato M, Yamaki J, Hamaya M, et al. Synergistic induction of
metallothionein synthesis by interleukin-6, dexamethasone
and zinc in the rat(JJ. Int J Immunopharmacol,1996,18(2):
167-172.

(4) BTl HHFELE M. 2 {R. 65T AR DA R, 1996
231-232.

(53 Curtis M J, Walker M J]. Quantification of arrhythmias using
scoring systems:an examination of seven scores in an in vivo
model of regional myocardial ischaemia (J]. Cardiovasc Res,
1988,22(9) :656-665.

(63 Ravingerova T,Tribulova N,Slezak J,et al. Brief,intermediate
and prolonged ischemia in the isolated crystalloid perfused rat

heart ; relationship between susceptibility to arrhythmias and

degree of ultrastructural injury (JJ. J Mol Cell Cardiol, 1995,
27(9):1937-1951.

(73 ARTREE, T &K, IR IE . 5. p k3t K R 4k 5/ &
HEBRGHPTRER ). P EEER I HEF,2001,1306):
362-364.

(8) HEHEFE.FABRE. KEZ. % BEEHOGAROILAEKEE
SH-Ryanodine 45 A HE W B4 ). F EREWAKE ¥,
2005,17(3):146-149.

(93 Kang Y J,Li G, Saari J T, et al. Metallothionein inhibits
ischemia-reperfusion injury in mouse heart(JJ. Am J Physiol,

1999,276(3 Pt 2):H993-997.

(10D PR, 2, B SR o 5% S WL Akt o /750 98 0 461 5 B R 47
A, E G ER BB ,2004,16(9):560-561.

Q110 52, 05 Fh B W b B B 5R o i 2 4 7 80 18 4 76 Il 0 338
BOHH AR E ). FEEERSHREY,2003,15(8);
489-491.

(12) RTE, BHE WG RSN IEKA PR X R AT
HERGEE ). HETR SRR, 2002,19(2):1-2,28.

(13} Wang G W, Zhou Z, Klein ] B, et al. Inhibition of hypoxia/
reoxygenation induced apoptosis in metallothionein overex-
pressing cardiomyocytes(J]). Am J Physiol Heart Circ Physiol,
2001,280(5):H2292-2299.

(143 Kang Y J,Li Y,Sun X,et al. Antiapoptotic effect and inhibi-
tion of ischemia/reperfusion-induced myocardial injury in met-
allothionein-overexpressing transgenic mice (JJ. Am J Pathol,
2003,163(4):1579-1586.

(153 Wang G W, Schuschke D A, Kang Y J. Metallothionein-
overexpressing neonatal mouse cardiomyocytes are resistant to
H;0; toxicity (JJ). Am ] Physiol, 1999, 276 (1 Pt 2): H167-
H175.

(16) Wang G W, Klein J B, Kang Y J. Metallothionein inhibits
doxorubicin induced mitochondrial cytochrome ¢ release and
caspase-3 activation in cardiomyocytes [JJ. ] Pharmacol Exp
Ther,2001,298(2) :461-468.

(R H B :2007-09-15 R B#.2007-12-11D)
(X FEP)

- B -

ENERRTHHEARCQEBE _EHRETESRFEIHEN

HRYEEARSRFEREAEHERN RSN B R HER-L PR ERHARTERIABATNEREAEHETR
B, GACZBYAEN TR . BHEAKTA. TENFSS5NE.CREREA -ERBEMMER —ROBEERHB I,

MBEHREACABRSBRESRHES NI EZE . FRTFLASE BFER.EEH . AN AR BB LM,
WBSENALEFER. BEANAARFE. LA BREREXNRS BARBEREIERHEL CRERE¥EE R
e ARDS. T A8 S 5 WAL FRIBOATF S KARS, B PR R X MU ES AR RAITE PRNER D FRE RS ES
LR, 2 F UL EAHNEAREBEEREFHF R FHE.

2 0] BB BEHE T 2008 4F 10 B FAIFEIL R 24T R X PR B 3tit1 200 T/ N, &fa‘ﬁ*fﬂ{kﬁﬁﬁaéﬁé‘*% -4
H,.HAH.

BREAAN PRIZFERRAFEHESFH HBEERELE.

WA LR MK TSR 8 S, b5 5 M B BE--t A e R %% BF 55 B » BB 4% : 100020; #3375 : 010 - 65060167, 010 -
85231893345 E . 010 - 65060167 ; Email : sunbing@vip. sohu. net G 1 B if {4 3 £8 4“2008 MR X RFH AR BRI B . G0
iR A E A EEE K% Email RESM.

P T 7 5 5 B b 508 PA 12 B I 3 (www. bicyh. com. cn) | Jb 5T B I 55 5% B 5T BT W 3 (www. birm. cn) EE L, W AT F LA L

M T BRIR AR
(b 5 8 P B Be-JL R iR R R B ST A



