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[ABSTRACT] AIM: To study the effect of S — methylisothiourea (SMT) on adriamycin ( ADM) - induced chan-
ges of superoxide dismutase and alutathione peroxidase activities in myocardial tissue of rats. METHODS: Rats were trea-
ted with ADM by intraperioneal injection (10. 0 mg/kg body weight) , and then the ADM - treated rats were intervened by
SMT at different dosages by intravenous injection (once a day for three days). The contents of malondialdehyde (MDA )
and NO, "/ NO, ™, the activities of manganes superoxied dismutase (MnSOD) , copper — zinc superoxide dismutase ( Cu —
Zn SOD) , glutathione peroxidase ( GPx) and inducible nitric oxide synthase (iNOS) were determined by spectrophotome-
try in myocardial tissue. The activity of isoenzymic CK — MB of creatine kinase (CK) was determined by enzymic rate
method in serum. The expression of MnSOD mRNA, Cu — ZnSOD mRNA, GPx mRNA and iNOS mRNA were detected by
reverse transcription — ploymerase chain reaction. RESULTS: The contents of MDA, NO, / NO; , and iNOS activity of
myocardial tissue, the activity of CK — MB in serum in SMT (5.0, 10.0, 20. 0 mg/kg) intervention groups were signifi-
cantly lower than those in ADM - treated group (P <0.01). However, the activities of MnSOD, Cu —ZnSOD and GPx in
myocardial tissue and levels of mRNA expression were significantly higher than those in ADM - treated group (P <0.01).
CONCLUSION: SMT antagonizes the inhibitory effects of ADM on the expression of MnSOD mRNA, Cu —ZnSOD mRNA
and GPx mRNA in myocardial tissue, there by antagonizes the inhibitory effects of ADM on the activities of MnSOD,
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Cu —ZnSOD and GPx in myocardial tissue.
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P25 &K (adriamycin, ADM) J& BUERE T AR, 2

PR b R —FE 8. T S B R 259 , (E X0 L
HHGERY . ik, BFTIE EEE ADM .0 LR G
PLEIX FHRAEBMPIIGHEEEAEEE L. RHRE
2= BT Fe B ADM S 300 ULAE M Ak T SR AL T 3%
(oxidative stress) JRZ, LA 215 P 4 (reactive oxygen
species,ROS) bR 5.0 llo £l%") BFSTIESE
ADM 5300 L4 B 48 AL ¥ 15 {k. B ( superoxide dis-
mutase, SOD) &bt H ki & L ¥ ( glutathione per-
oxidase, GPx) i 14 FEAIR, 5.0 UL 40 M ) BT B AL RE
REAR, R B0 WLAH M b T A AL BEBOIR 25, PAEL
ROS AL LM EZEFEE . Weinstein 2 95
STUESE ADM i 0 LA4H 5 S B — S AL A 1 (in-
ducible nitric oxide synthase,iNOS) 4= %, 5.0 JL4H
72 A — AL A (nitric oxide, NO) 3 fin 2.0 L4524
Sazuka 251 P AL BEH K« - 2 BT
ADM FRFEC LR 5 /08 B, E SE 5T AR B B R AP
FAABESE BT ADM .0 L4 L SOD \ GPx 1. S
- R R HAR (S - methylisothiourea , SMT) 4& iNOS
R A AL R ) ADM RO Rk
UAREL, ] SMT -9, B 7EWT 5T SMT 6 514 3tb 410 1
iNOS F1EFI 2 & BEFE 5L ADM 411 .0 UL 4 g SOD
GPx TEPE S H AT BEHLH]

7 B M F &

1 . AmREERT

Sprague — Dawley (SD) K Fi 40 H,210 -250 g,
WERER A, P ERL R 3 L T rp b R
ADM: )" R EIN T R 5B BRA A 7> i (#5:
0312E1) ;SMT: 2 H Sigma /A &) P2 i (#£5:67730) ;
3 % (malondialdehyde , MDA ) . 43 #8 & {b. 4y 15; {L. B
(' manganese superoxide dismutase, MnSOD) 4 — £¢#8
E ALY B LB ( copper — zinc superoxide dismutase , Cu
-ZnSOD) , GPx \NO , —SE AL & & B & 5] & - 7
R I B2 ARG I s IUER B ( creatine
kinase, CK) [#[F] 2 g CK - MB 5 I 50 & : H A%
—AZE 2 R Ak 7 i 5 Trizol 257 & (RNA $2HX
R &) : £ Invitrogen /3 &) ™ ; Tag DNA R &
fiti .Revert Aid™ First Strand ¢cDNA Synthesis i 5] &
(G SR RNRF &) : SLHISE Fermentas 23 & 7 5
dNTPs: b4 TAY) TR ARMRS AR F ™6
PTC —220 #I PCR {¥ : 3£ E MJ Research 22 & 7= 5 o

Nitric oxide synthase; Nitric oxide; Superoxide dismutase;

2 BERHERSY

Mn SOD 3|#)Z B3cik'” . L5 SN S -
ATT AAC GCG CAG ATC ATG CAG -3’; Fiifs | ¥
%k 5" = TTT CAG ATA GTC AGG TCT GAC GTT -
35 A B BE D 483 bp, Cu - Zn 5| #)/7 5]
B E#BI MRS 5 - TTC GAG CAG
AAG GCA AGC GGT GAA -3’; Figs |3l 5 -
AAT CCC AAT CAC ACC ACA AGC CAA -3°; 1=
Wy} BBl 396 bp o GPx 345k cmk” :
sl ¥ 3k 5° - CAG TCC ACC GTG TAT GCC
TTC -3’; Figs| ¥ F %~ 5 - ATC GTC ACT GGG
TGC TGG CAA -3 ;¥ = Bt K Bl 384 bp
iNOS B ¥y 3l k'™ . 3195510 5 - GTG
TTC CAC CAG GAG ATG TTG -3’; i3 ¥ F 3N
5’ = CTC CTG CCC ACT GAG TTC GTC -3’; ¥ =
YR BKE K 576 bp , KA S16 (ribosomal
protein S16,p S16) 3 91 F 515 SR+ L3 9%
%A 5" = CGT TCA CCT TGA TGA GCC CAT T -3’;
TFEs1 ¥ 75k 5° - TCC AAG GGT CCG CTG CAG
TC -3"; 5 =W B BN 97 bp o BT 51¥¥
A TAY) TRRSARARE M.
3 FAE
3.1 FHoasks®E SD KK 40 HBEVL AL S
41,7548 N, ADM 41: ADM [y 44 25 4% SCHR™’ , B
ADM(10.0 mg - kg™',ip),1 ¥k, ADM + SMT 4.4}
A3 4, ADM Fy55| & S % [R] ADM 4 ;SMT #4524
S 30" W, R PR BRI EE 5 (SMT 76 3 4110
453 51%:5.0,10.0.20.0 mg - kg ™', R 1 %K, 3k
3K) ,SMT KB IR 425095 ADM(ip) RyJRII iv;i% 3
L4535 FrJg ADM + SMT( 1 ) 41, ADM + SMT( II )
41,ADM + SMT (10 ) 4. *f B4 : &K 45 ip Al iv
HHRIBERMTHEAIEEK, EEX v HH[FEZERE
TWAEEIAK LK, £ 2 Rk, T ADM (ip) J5 58
72 WP G 24 (40 mg - kg ', ip) IRERFT A K
B, TTIFRE I, 8 S S Bk BRI, 73~ 85 IR 5 77 F M i A
O, B O JUE O o A B R K vp e, I VAR D &
R RE O E L. —&Bo 0 ZE NUABERRZE Wl il i)
¥, EAPUER M DRI G -250 &; k0
ZE WA Trizol ] & F2 IS RNA R H#4E) o
3.2 %k - A Bs4% R K (reverse transcription —
polymerase chain reaction, RT — PCR) QOB &#E M
DL A RNA 3 pg, F Revert Aid"™ First Strand



cDNA Synthesis 17| & # 17 RT [ 7 (4% Ui B $5 4
fE) . @PCR K% : 4r 845 10.0 pmol/L f¥j MnSOD |
Cu - ZnSOD, GPxiNOS #] F T #5194 1 pl; &
10.0 pmol/L HJ pS16 ) T 51 # 4 1 pL; &
25.0 mmol/L HJ MgCl, 3 uL; & 10.0 mmol/L Hj
dNTPs 1 pL; % 100. 0 mmol/L #J Tris — HCI( 10 x
PCR buffer)5 pL; % 5.0 x 10° U/L ffj Taq DNA B4
0.4 wL; & RT RBL™™# 2 pl, X8 7K
34.6 uL,PCR KR .42 50 uL . ®PCR HI)7
N5 94 CHAEME S min,94 C A 30 5,60 CiB
1 min,72 CHEf# 30 s, 3t 30 MEF, BJ5 72 CHE
{10 min,
3.3 «WAHLZE 2R MnSOD mRNA . Cu - ZnSOD mRNA |
GPx mRNA _iNOS mRNA # ik K F 44  B( RT -
PCR ¥ 3™ ( LR S pl) F12. 0% (& 7150
MBI R LK IRIL 2 BE e e, 22 Sk I
¥, ] Gel Doc — 2000 B4 % i i 4 43 74X (36 E Bio
Rad 23 %] 7 ) 33T & RT - PCR 73 7 ¥ iy 3k ¢
HISFE- 241 T % B 1, 4331 LA MnSOD , Cu — ZnSOD , GPx
iNOS 5|#7#) RT - PCR ¥ 34 sa. 3k 5 rp S16 514
i) RT - PCR #3874 e 1K i S WO6 BE fE Y o 1B
YE& MnSOD mRNA ., Cu — ZnSOD mRNA ,GPx mRNA
iNOS mRNA FRXIK-FHEERSH
3.4 LA MDA 43 . NO, /NO; 4%.S0D 7%
P GPx i — M RABEEHENZ  BULILARA
%, AmAE L Z R LN E MDA & & i RRIE 5
EEEEE NO, /NO, " S & (LIRBENO & &) (&
N & S A Bl 5 ) 58 MnSOD . Cu — ZnSOD 3§ M. —
B AR H BREE T € GPx T 1 | L4 2E B A1k
BM5E INOS K 251 Rl — & 4k A & i ( constitutive ni-
tric oxide synthase, c¢NOS) Vi 14 ( ¥ 3R 57 & Vi i B
BB .
3.5 hwEEFRANE  BULE, N E R
5E CK — MB {5 (100 & UL 484 ) o
4 FitFEAE

LR x + s Ron, ZHBHPILER T =
I3HT, PRALRI R g B3, AR AT R F B4
HHR T o

# =X

1 SMT % ADM Fr &0 ALAE LR NO; / NO; MDA
£ EX MnSOD mRNA  Cu - ZnSOD mRNA , GPx
mRNA (iNOS mRNA Rk R il iE M TR

Vg
X B ARASEI H INOS mRNA 238 B HEHE .
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ADM 4H .0 fJLZH 28 MnSOD mRNA ., Cu — ZnSOD mR-
NA [ GPx mRNA 33k 7K - S H g P4 B AR T %) BR
4H(P <0.01),.0>lL4HZ NO, / NO; &8 % MDA &
B RS TXHA(P <0.01);ADM + SMT( I, I,
)3 #4H.0 JLZH 2 MnSOD mRNA , Cu — ZnSOD mR-
NA [GPx mRNA Fik/K - K HEFE ML 25 T ADM
(P <0.01), 0> L4H R iNOS 3% NO, / NO, &
B &% MDA 4 & 2/%TF ADM 41 (P <0.01) .iNOS
mRNA #3557k F5 ADM £ R T EE (P >0.05),
WFE1.23, 7EADM +SMT( [, 11,1M)3 4, EiRL
ALZHZE MnSOD mRNA ,Cu — ZnSOD mRNA ,GPx mR-
NA Rk KF R HEE LS SMT K22 83
XZ (r 43 5)4:0.997.0.993.0.991.0.978..0.986 .
0.975, P <0.01), FiRO L4 iNOS 154 K NO, /
NO, HF&EMZE SMT MRIZEE2ZBRR (r 25
Jg:-0.786, -0.991, P<0.01),

RT - PCR J7 g K .0 LA 4 Cu - ZnSOD mR-
NA . MnSOD mRNA . GPx mRNA iNOS mRNA k4>
FILE1.2.3.4,
2 HEXESH

ADM 4.0 L4 40 iNOS I 5 NO,  /NO, ™ 4
BEHBIEMHX(r=0.947,P <0.01), 0 L4 L
NO, /NO, " & &5 MnSOD mRNA , Cu - ZnSOD mR-
NA GPx mRNA ik /K28 8 FfAHK (r 43510
-0.822, -0.961, - 0.933,P <0.01), > L4l 4
MDA & & 5 MnSOD mRNA. Cu -ZnSOD mRNA .

M1234°5

'

Cu-ZnSOD (396 bp)

e

rpS16 (97 bp)

Fig 1 The expression of Cu — ZnSOD mRNA was detected by RT
— PCR in myocardial tissue of rats. Lane M: molecular
weight marker (from bottom to top: 100 bp, 200 bp, 300
bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp,
1 000 bp, 1500 bp); Lane 1; control group; Lane 2:
ADM treated group; Lane 3: ADM + SMT (5.0 mg -
kg™') treated group; Lane 4: ADM + SMT(10.0 mg -
kg™') treated group; Lane 5: ADM + SMT(20.0 mg -
kg™") treated group.

E1 RT-PCR E#EMAR AL Cu-ZnSOD mRNA

Rix
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MnSOD (483 bp)

rpS16 (97 bp)

Fig2 The expression of MnSOD mRNA was detected by RT —
PCR in myocardial tissue of rats. Lane M: molecular
weight marker (from bottom to top: 100 bp, 200 bp, 300
bp, 400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp,
1 000 bp, 1500 bp) ; Lane 1; control group; Lane 2.
ADM treated group; Lane 3; ADM + SMT (5.0 mg -
kg™') treated group; Lane 4: ADM + SMT(10.0 mg -
kg™') treated group; Lane 5: ADM + SMT(20.0 mg -
kg™') treated group.

2 RT -PCR ERAROCAIZEL Mn SOD mRNA FKi&

M 12 345

GPx (384 bp)

it — o

rpS16 (97 bp)

Fig3 The expression of GPx mRNA was detected by RT — PCR
in myocardial tissue of rats. Lane M. molecular weight
marker (from bottom to top: 100 bp, 200 bp, 300 bp, 400
bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp, 1 000 bp,
1500 bp) ; Lane 1 control group; Lane 2; ADM treated
group; Lane 3; ADM + SMT (5.0 mg - kg™') treated
group; Lane 4; ADM + SMT(10.0 mg - kg™') treated
group; Lane 5; ADM + SMT(20.0 mg - kg™') treated
group.

3 RT-PCR FHRAUKXROCAELR GPx mRNA Fix

iNOS (576 bp)

pS16 (97 bp)

Fig 4 The expression of iNOS mRNA was detected by RT — PCR

in myocardial tissue of rats. Lane M: molecular weight
marker (from bottom to top: 100 bp, 200 bp, 300 bp,
400 bp, 500 bp, 600 bp, 700 bp, 800 bp, 900 bp,
1 000 bp, 1500 bp); Lane 1: control group ( The ex-
pression of iNOS mRNA was not found) ; Lane 2; ADM
treated group; Lane 3: ADM + SMT (5.0 mg - kg™")
treated group; Lane 4; ADM + SMT(10.0 mg - kg™")
treated group; Lane 5: ADM + SMT(20.0 mg - kg™")
treated group.
E 4 RT-PCR &KX ROAELE INOS mRNA Fik

GPx mRNA R iK/KFTo B B A AHK (r 43514
-0.231, -0.245, -0.217,P > 0.05), .0» JL4H 21
MnSOD mRNA ,Cu — ZnSOD mRNA ,GPx mRNA Fik
K55 HEEEEHE EMER (r 258:
0.878.0.837.0.973,P <0.01) ,
3 SMT % ADM Fr &AL LR cNOS &4 R 1 &
CK -MB &M TR

ADM A1 E CK - MB & VB 8 5 T 4 (P
<0.01) , L ALAZ cNOS EH X RAE R T B E
(P>0.05);ADM +SMT( 1, II,10)3 A IfiEH CK
- MB {E 1B BAKF ADM 4 (P <0.01) , > LHZL
cNOS TEES5 ADM A Z R TR E (P >0.05), WK
23, ADM+SMT( I, II,11)3 4, FiRM ¥ CK -
MB [ {E S SMT WA EEER X R (r =
-0.912,P <0.01),

#F1 SMT X} ADM A&k R/ OAIEZ MnSOD mRNA Cu — ZnSOD mRNA ,GPx mRNA (iNOS mRNA RiA 7k FRIZM0

Tab 1 Effect of SMT on ADM - induced changes of levels of MnSOD mRNA, Cu —ZnSOD mRNA, GPx mRNA and iNOS mRNA in
myocardial tissue of rats (x +s. n=8)
Ratio of average absorbance values of expressive mRNA
Croup MnSOD/1p S16 Cu - ZnSOD/1p S16 GPx/1p S16 iNOS/1p S16
Control 2.158 £0.147 2.255+0.1711 2.341£0.175 0
ADM(10.0 mg - kg™") 0.432 +0.016 ™ 0.411 £0.027 ™ 0.465 +0.028 ™ 2.392+0.173

ADM(10.0 mg « kg™") +SMT(mg - kg™")
(I)(5.0mgkg™")
(I)(10.0 mg - kg™")
(1) (20.0 mg - kg™")

0.845 +0.05524
1.135£0.078 4444
1.581 £0.093 224 A%

2.389 £0.186%
2.383£0.18244
2.387 +0.168°4*

0.923 £0.0682
1.246 £0.0824 244
1.648 £0.088 2 24 A%

0.867 £0.0594
1.238 £0.0854244
1.715 £0.096 4 4 A A%

rpS16 : ribosomal protein S16. ** P <0. 01 vs control group; “ P >0.05,%% P <0.01 vs ADM group; * P>0.05, ** P <0.01 vs
ADM +SMT( 1) group; * P>0.05, * P <0.01 v»s ADM +SMT( II ) group.
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%2 SMT 3 ADM Fr&k R0 A2 MnSOD, Cu - ZnSOD ,GPx,iNOS . ¢NOS 514 ¥ 2 B %1
Tab 2 Effect of SMT on ADM - induced changes of activities of MnSOD, Cu —ZnSOD, GPx , iNOS and ¢NOS in myocardial tissue of

rats (x £s. n=8)

. MnSOD Cu-ZnSOD GPx iNOS cNOS
Tou

P (10°U + g 'protein) ~ (10°U + g 'protein)  (10°U - g ~"protein)  (nmol - min ™" + g ~"protein) (nmol - min = + g ~"protein)
Control 5.585 £0.418 7.841 £0.591 68.812 +5.848 0 291.645 £28.815

ADM(10.0 mg - kg ™") 1.325£0.047

ADM(10.0 mg - kg ™) +SMT(mg - kg ")
(1)(5.0mg-kg™")
(1)(10.0 mg - kg™")

(1) (20.0mg - kg ™)

2.281 +0.11644

2.386£0.135™

3.492 £0.36844
3.430£0.2414444 481703734444 45082439824 444
4.518 £0.204 4244 6 958 40,5474 A AA* 55986 4,613 4 A 47,774 £3.080 A A A4 087 557 £28.11244%

2.513+1.758* 325.162+22.338 293.126£28.902*
255.815 £17.34444 288.283 +22.7334*

158.731 £13.9124 444 284,892 +25.498 4 4*

33.763 £3.94944

* P>0.05, * P <0.01 s control group; © P>0.05,%* P <0.01 vs ADM group; * P>0.05, *4 P<0.01 vs ADM +SMT( )

group; ¥ P>0.05, ¥ P <0.01 vs ADM + SMT( Il ) group.

&3 SMT 3 ADM BB AR/ ALEALR MDA €8 .NO, ™/ NO,” §EXK M CK - MB F 5 EH#m
Tab 3 Effect of SMT on ADM - induced changes of contents of MDA and NO, ~/ NO; ~ in myocardial tissue, and activity of CK — MB

in serum of rats (% £s. n=8)

MDA
Group

(umol - g™ " protein)

NO, "/ NO, - CK - MB

(pmol - g™ ' protein) (U/L)

Control

ADM(10.0 mg - kg™")

ADM(10.0 mg - kg™') +SMT(mg - kg™")
(I1)(5.0mg-kg™)
(11)(10.0 mg - kg™")
(IM)(20.0 mg - kg™")

2.341 £0.132
7.213 £0.632*

6.146 +0.4822%
4.811 £0.4182444
3.403 £0. 196224 4%

72.131 £4.168
158.135 +13.852 ™

25.321 £1.372
883.355 +77.647

523.351 £41.083%%
222.256 +15.2682444
95.451 £6.2132444%

132.362 +8.696%%
95.851 +8.3382444
80.746 +2.7114444#

* P <0.01 vs control group; “* P <0.01 vs ADM group; ** P <0.01 vs ADM + SMT( I ) group; * P <0.01 vs ADM + SMT

(1) group.
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ADM S35 JJL4H i SOD ., GPx I PEFRAR , 76 5
xR G LR PR EE RS . ADM 300
JIL4H s SOD . GPx 3% 1 [ % 5 S 3t SOD mRNA
GPx mRNA FiEFEMEA X5, Sazuka Z5 HIL A
RIS BEH L o - LB BT ADM Fr 80 LR 45
/N, TESEHT R AR BT R AL VE FI R BE S 4 ADM
SEOL LML SOD  GPx IE MR, B ADM B0
JILZEAE SOD GPx i PR AR 3 3k i T2 O WL40
=4 ROS BN AT 8, ADM 3k ALC LA LIS 7 A=
ROS, {80 UL 40 ML 7= 4= ROS $4in, ROS i B & %
WA RO B BR ) JUL R B B A B R SR T 5 | 2
JRid EAL BT, 5 ADM B0 [ILZE 417 4 MDA 5%
FEGFY ; ADM ¥ S0 JJL 41 R iNOS mRNA %
IRBOL LA iNOS Az A, {6 0 LA M 7= A NO 3
fin, 2 ADM 0 LA 4 NO iRk EEY
ittt s ADM S B00 4 SOD ., GPx I 1 F A 2
HSFL U4 SOD GPx iE M B 1B
B WEEASSE 0 LA 4L MDA B980T

WL LA AR 42 ROS TR 5 /0o ILZH 2 INOS mRNA
FIA WAL INOS i P22 k. NO R /=¥ NO, /
NO, ~ & HAE A6 ] 43 51 J B0 ULA B iINOS mRNA 3%
KPR AE (INOS 5 AR AL NO = A i s O LA LR
MnSOD mRNA .Cu — ZnSOD mRNA .GPx mRNA FEik
PO Ko LTt T PR 7R AL AT B o L2 B 6 ) mR-
NA KB R S E WA, AR BN
SMT #5351 ADM #1104 MnSOD . Cu — ZnSOD
GPx 1% £ 5 Hagkbt ADM 4.0 L4 MnSOD mR-
NA .Cu - ZnSOD mRNA ,GPx mRNA £irxF X, Iga-
rashi 2% NO fitfk S - WASH: - ZBEH B REAE A
FREOHILHAE, IS NO 3 GPx 1H PEFEAK; Joe
2L P 2o W OK UM RS M 4, iIE 52 NO B
3 SOD {EMEREAR., 7EA ST, SMT 541 ADM 1)1
L LYE B MnSOD mRNA ., Cu — ZnSOD mRNA , GPx
mRNA 335 5 H £ 140 .0 TL4E B i) iNOS 1%
PR LA B ™ A= NO Jk /b, T 9820 NO 1 i i £k
i) mRNA RXF K,

ADM FELLULAEHE ™ 4 ROS 35 NO 3% fin 3k
LA o Koedel %) 4351 B SMT . Hy 4L
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N — Z B e 20 T 15 it 4 BR 78 1 i A 4 K R AT
Xif EEPERFFT , IESE SMT REA B EAVER . AL
35, If3E ) CK - MB 35 3% fin AR 2 ADM 2.0
WL 5 F1 SMT B3 ADM X0 L3R 45 i 8 % , SMT
Wi ADM Xf.0 (LR 45 5 H A5 HT ADM il .0 L 4H
Jfif¥) SOD GPx 1 14 K e85 b 4 il .0 L4 g iNOS
TEME O WLAE =4 ROS NO B 5%
(ARSCHIRE R 52 M JR U B B 2 U 9 B0 A R BT 5T 2
FERHEPEOH B FRILBE)

(& % x #]
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