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HREAFI7E IS0 415 1 d fISO 415 5 d B, IS0 415 7 d B EAR (P <0.01) . &ig: KE.LIE
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[ ABSTRACT] AIM: To investigate the effect of polyamine, omithine decarboxylase ( ODC ) and spermidine/
spermine N1 — acetyltransferase ( SSAT) cardiac hypertrophy induced by isoproterenol (ISO) in rats. METHODS: Cardi-
ac hypertrophy in rats was induced by subcutaneous administration of isoproterenol. High performance liquid chromatogra-
phy was used to measure the concentrations of polyamines. RT — PCR and Western blotting were used to determine the mR-
NA and protein expressions of ODC and SSAT during different time points. RESULTS: Compared with control group,
heart weight index was increased markedly at ISO 7 d. The concentration of puirescine was increased at ISO 1 d (P <
0.05) and increased significantly at 5d and 7 d (P <0.01). The concentration of spermidine was increased at 3 d and in-
creased significantly at 7 d. The concentration of spermine was increased and total pool of polyamine was increased signifi-
cantly. The expression of ODC and SSAT mRNA were upregulated at 1 d (P <0.05) and kept on high level (P <0.01).
The expressions of ODC and SSAT protein were upregulated at 1 d and 5 d (P <0.05) and the changes were significant at
7d (P<0.01). CONCLUSION: These results indicate that increased polyamine and the upregulated expression of ODC
and SSAT in rat cardiac tissue may take part in the process of cardiac hypertrophy induced by isoproterenol.
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OUE R R 2 8.0 M5 5% B I R E , =20 BE
FRIRLR R, BRI 28 L hEE,
BRI, St RGO WL O AE Ok L0 L4
MR T ARRFECUNESESITEEEEEEZNE
A, B RAE £ IR & (isoproterenol , 1SO ) R K
SURES | O LR R F.C B £ 4 4L

Z R HE I Bk (putrescine, Pu) | %5 K ( spermi-
dine, Spm) I f% (spermine, Sp) J&— ZH g i % 26 /1>
FFHEY, ] EAHEILTEREREREGEY
HIHRAMEN . A3 pH i, BEEEE FIHH 2T,
BBEEYRS FHEERN S S, BEARER . ZF
oyt R M. IEERRH, 2 AEBUE
S5 EZRPRESRNEE ., ZRIEHEKRSS
oL B9 & 4™, Carmen £ JIF B & Rk 7E &
T ERRFEINOBENERENER S ZEER,
XF LI R ACE R R 7 150 FrEck RO UUE S
HyZRIE KX HAE DL, B A # R WARGE, A 25 et
% LR,

# #® W F &

1 EERH

Trizol reagent, RNase — free ] DNase I, TaKaRa
ExTaq™ ( TaKaRa ), Reverse Transcription System
(TaKaRa) ; DEPC; 5 B JG/K B8 R I LR P BE
(Ef=atid) , @G (EFRER). »RELR
B IR NERE 1,6 - Tk (3 B Sigma) .
2 FE#HM

Beckman {iK7E B 0> #L; PCT — 100 EJ PCR ¥ ; &
HMEEREAS I AN AR R SE (Bio — Rad ) 5 LC -6A R
WBORE B CR - 3A 3B ALF AL, SPD - 66A %4}
#5154 H A< % H( Shimadzu, Kyoo) j= ; Hyper-
sil ODS C18 ##(250 mm x416 mm,5 pm) , KZEFF]
R B A FRA B o
3 T EEEE

fERR Wistar XKL, R 0.20 - 0.25 kg, BEHEAR
0, B BE KM B B sh B SR AT R fit. 2R
Bkl B UIE AR - KB 3B T T4 1S0
S5mg.kg™.d7, #ELT d, HHER, AR HRAKX
BUE PR T S AR A B K
4 LWHA

(1) X HR2H (control ) 5 (2) ISO %525 1 d 4H;(3)
ISO #4253 d 4H;(4)1S0 4255 d 4; (5)1S0 %42
7TdH BHIY 10 H,
5 DHEEESHENE

S3HI7E IS0 HESE 1 43 d.5 d Al 7 d jGAbse &

HRR, A FHTE R KRR E (body weight,
BW),3% J% Bt 244 (ip) bR A%, i JF i B O
JFE, BY 2 0 JIE R B 4H R A0 I B, R 420 EE (heart
weight, HW) . #iaRIG# 2.0 BB T , & Rl #
BB BE B AL = H (left ventricular weight,
LVW) ,3+% HW/BW LVW/BW LA it 31 7.0 LAE
R, BLO R ZE W R BE, 10% FBEREE,
AR, FH HE o6, 08T A0 L4 KO
WU R, W22 L EE TRAPREEN.
6 LAEARASEEENINE

WAL 2 150 mg, fMA 0.3 mmol/L ¥ i) % &
BRAEVOK ST % ,3 500 o/ min B0 10 min, £
BEH, FEGEE -20 CHREAMEH, ALk
T AR T B WA AR R e R O A R I
(HPLC ) il O MHLR F LR &8, A nmol/g
BW RRZEEM &R, BIGAM: WA B BRI
FOKL R, SR B B VR0 5 v, AR 1R 40 C, I E A
0.4 mL/min, ®A/MEME 229 nm,20 min 52 % 5%
Jito
7 B & #7285 ( ornithine decarboxylase, ODC)
SRR/ F5 B Z B4 B B ( spermidine/spermine N1 -
acetyltransferase , SSAT ) mRNA FiA7k @y RT -
PCR #
7.1 % RNA #9383 )W Trizol $2BLEE B RNA,
R Ao T Ao BB HIIT RNA AL K5 B .
7.2 DNase I B4 RNA RNA 15 pL; DNase I
1 wL; 10 x DNase I buffer 5 pwL; DEPC - H,0 29 uL;
37 C/K¥E 30 min; J A Trizol reagent 2 &5 & Frid
BUE RNA,
7.3 ##F(RT) RE H AMV ¥k R
RNA, & 5% 1 8 ¢cDNA, Bt RNA 1 pL, Random 9
mers 0.5 pL, RNase free dH,0 3.75 uL, B kR
10 pL,30 € 10 min,42 C 30 min,99 C 5 min,5 C
5 min, -20 CyKFHIFF-
7.4 34 HRIE SRR R B LA H ODCSSAT
cDNA 7315 5| ¥ (TaKaRa) , W3 1,

%1 ODC,SSAT F1 B — actin B PCR 5[ FF 51
Tab1 PCR primer sequences of ODC,SSAT and B —actin

Gene Primers sequences Product length

oDC Forward: 5’ - geteticeeegtgttactee —3° 455 bp
Reverse: 5° — acgaaggictcagggtcagia — 3’

SSAT Forward: 5’ - cacctcctectgetgitc — 3 533 bp
Reverse: 5° - tagiciccateccteticac —3°

B-actin  Forward: 5° — gaagigtgacgtigacatceg — 3’ 250 bp

Reverse: 5° — tgetgatceacatcigetgga —3°




7.5 RA&B4#R 5 (PCR)
© ODC ¥ 4&M4 BHWIEFF K94 C 2 min, FE/FH
1732 AN FIEFF: 94 C 308,59 C 30s,72C 1
min, /5T 72 CLEH 5 min,
@ SSAT Y &M BHWIEH K94 C 2 min, FEfF
AT 32 WU FIEH: 94 C 30s, 54 C 305,72 C 1
min, /5T 72 CHEMH 5 min,
@ PCR 7=#p53t7 B8 wL =¥yiAT 1.2% JRARKE
BERCHEYK, FEEAE BB BB RAE TR, F058
ODC .SSAT 1 B — actin ¥ W& W5 5 H R Z HLIF
EH mRNA KE,
8 WWAALREFEAKNEININER R SR D& Tl
BORRZAOERER, MAWNRE, A 2415
BRI VK EARFE 30 min, 4 C. 12 000 xg &
15 min, R EFEHETEARER, B0 pg BE
T 10% ZE M RIRIRBLAC BER a0k, BHJG S5 E0
Z PVDF &, F 10% JCREMs 4t S, A 1:500 L
ODC 71 SSAT $ifk(Santa) 4 CIFFAE. A 0H (W
PRI IC, B 1:1000) ERBE 1 h, &5
Ji Western blue stabilized substrate for AP ( Promega)
B RBEAHEERMNBELAE,
9 GitFEiE
Bl B + IR 22 (& £ 5) T/OR, it ¥
A SPSS Geitikfd:, RAF Z i kA 257
BEM,

& xR

1 KROABEMLCEEESHRALKSEN
T

St e[ (HW/BW: (3.39 £0.25) mg/g
M LVW/BW. (2.33 £0.11) mg/g], KB FESH
IS0 1d &5 dat, LiEESES % HW/BW ., LVW/BW
FoH B2, 76 IS0 7 d it HW/BW J(3. 89 +0. 35)
mg/g, LVW/BW %(2.67 +0.26) mg/g, B2 8Tt
HR4E(P<0.01),

HE 6 0] L IS0 7 d B0 JUL 40 ia B 3 2 58, e
BB R, b ) RS o7 T AR 40 B RO 2, D BT B
AR5 Ak KB A R ES O LR SEAL, HAx
B0 LA 4R, HEF R AL, B B B 1.0 U R4
LRI, WA 1.2,

2 ISO {EAAERELIAR S BREENEL

SE#MBAML, IS0 1 df3 ditKkBAS
DUHAER &' (P <0.05) ,5 d #17 d A fERE
FREERN, SRRXRAN 2. 1 5/ 2.3 f5(P<
0.01) ;¥E k& BAEISO3 dBY FF i3 (P <0.05) ,
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Fig 1 Myocardium tissue of rats in control group under light mi-
croscope ( HE, x200).

H1 EFACIAR

Fig 2 Rat myocardium tissue under light microscope in ISO 7 d
group (HE, x200).
E2 ISO7 d ALAAR

e, IS0 5 d F17 d SRS BN B2 4
FIHINT 30% F1 44% (P <0.01) ; ¥ f & B W 4%
M, ZEISO 5 d.7 d B E (P <0.05), MLk
ISO3 d Af#sZ,7 d BY Y3 T 33% (P <0.01) , L
&l 3,

388 | O Control o
=2 o[ mIsold I&
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Putrescine Spermidine Spermine Total pool
Fig 3 Changes of the content of polyamine in rat cardiac tissue
during cardiac hypertrophy. x +s. n =8. *P <0.05,
* P <0.01 us control group.
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M2k, ZRBR,0DC/B - actin Wy SHE 5 %t
$HAH I, 1SO 1 d Bf ODC F+& (P <0.05) ,1SO 3 d At
BEF R, 5537 d,1S0 7 d Bt ODC HFEXBA R
XFHRZHEY 1.9 5 (P <0.01) , W 4, SSAT/B - actin
HIAHNHE 5 IE # 4 AH K, IS0 1 d B SSAT KX 2 P
BERIM(P <0.01) ,#£% 1507 d(P<0.01),7 d
it SSAT HyREB L AN RAR 4.9 £5(P <0.01),
HE S,

M Control ISOl1d ISO3d ISO5d ISO7d

2000 bp

1 000 bp
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250 bp opc

B-actin
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*
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Ration of area value
(ODC/B-actin)

Control 1SO1d I1SO3d 1SO5d ISO7d
Fig4 The RT — PCR amplification of ornithine decarboxylase
(0ODC) mRNA in cardiac hypertrophy induced by ISO.
Z+s. n=8. "P<0.05, ™ P<0.01 s control group.
E4 ISO XRS5 ODC mRNA K i

M Control ISOI'd ISO3d ISO5d ISO7d
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B * %k

iR
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The RT - PCR amplification of spermidine/spermine N1

B
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T

ceoe
B oo
T

0.2
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Fig 5
— acetyliransferase ( SSAT) mRNA in cardiac hypertrophy
induced by ISO. z £s. n=8. *P<0.05, ™ P<0.01 vs

control group.

BS5 ISO kR /OALIBE G s SSAT mRNA Hyf 38

4 ODC.SSAT EHE ISO FSRX RO B X T
Bk

ODC/actin FJHEXHE 5 %t B4 He 4%, 1S01 d £ 5
d it ODC B £ BRI (P <0.05) ,1S07 d A, 0ODC
BEHRZBERM(P <0.01), 4 53 RAR 1.2

%, LB 6, SSAT/actin BAEYHE 5 X M 45 i, ISO
5 d i}, SSAT AR XTI MMM (P <0.05),1S0 7 d
i @I (P <0.01) , LA 7,

Control 1SO1d 1SO3d 1SO5 d
53 kD - . SSssse

1SO7d
e’ ODC

44 KD i s e S e—— actin

141
12 * T ; T
(]
g 101
[
g 0.8 |
5 0.6 1
S 04r
0.2
0
Control  1SOl'd 1SO3d ISO5d 1SO7d
Fig 6 Expression of omithine decarboxylase ( ODC) protein
during cardiac hypertrophy induced by ISO. % +s. n=
8. *P<0.05, **P <0.01 vs control group.
Hé6 RAELERFSHAROGNEXIESR ODC EA
HIRIE
Control TSOld ISO3d 1SO5d 1SO7d
35kD it EREEE SSAT
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Fig 7 Expression of spermidine/spermine N1 — acetyltransferase
(SSAT) protein during cardiac hypertrophy induced by
ISO. x+s. n=8. P <0.05, *P <0.01 vs control

group.
7 RAELRZRFSHAROIBXIESR SSAT 8
HIRIE

Wit

DPUERES 2.0 ERRA B EA K, I
PRIPFEZRM , O UL TR AR 2 0> BEHI B — b B A
S, T ELR 25 A o JUL R L A 2K PR SE B 4 S
faks BT, HAR AR RS 2R

S 2 B Ay, LR B B K B 3 R T
B UL 48 g AES R A0 UL T R JE DR A, SCRR AR
B S B R REE EREEAKR
BF S, 71 R RO U RO HELF 48 4L . RAS &



GBS . DR R T LR B B Y I ORn
B EER R a XA T R AR E AR % 3h 2
BRI P A WS B A S T o Boluyt 4574
I8, F IS0 18 P fil sk B, 7T 518 K B LA W
Ca’* — ATPase mRNA 335 T[4, O UL M b K
HF(TGF) - B, mRNA /K3 , i i g 28 D LB
R 22k 1 B0 LR B AR AR 4R 4L

ZRE RIS AR N EEZY R, ODC RE MK
BB, R XM AT, SRR E N
fe, Rhai A AR RE LT, B RE B
TESHR 1M B HOC2 O UL 40 i & A= R 1= B, ODC 1% i
R, SRS, AP RS E®R(0DC A
H DI k] ODC 75 4 A £ e B T BRA O UL
MR RE , B/ EREERGN, O
R RA ARV BE i SMIR RS B T T P T R A
DUERPERDM . B, 2R U B K,
VAN ZRERE, W R NI IR G 2 BB IEIT
BT HR BB

SR P IERF] IS0 7 d A RBOREESHN
BRETXRA, O, OUAEE, R K Th & H
THRATEREICRRCHVERER SR, A
BB 3% RT - PCR M Db ik, AR T
ISO R AR s DR N E & B R E A K
54y R 28 M ODC A1 SSAT By FEik, Lk
L, EDIERE B, KR AZ LIHSEK
MRS BB EN MBS &N, Rk
e KERZAZELUEL ODC F1 SSAT [ FRIABTE ISO
YERR#IAE N, FE & 1 i) 24, B m B 2%, ODC
FETHREN, TR EERER. EKABEER
MR EKEF AL REHN BN SR
P55 ODC 1 &% i B, R A0 MR i A & L 4k
K IR/ KB Rk 2. B B 5% R0 B ( SSAT) hy £ B 7o g (R
PR , AR DR G B i 2 8 U R IR B R 2
Brib A B N1 - Z.BEKE PR N1 - ZBERS i, —H 88
PRi%iz 4l MY 5 7E 2 % B AL B (polyamine oxidease,
PAO) I VEF T 3 Ak 0 B BR , [F) B A= B B 09 AU
BIF=4 H,0, f13 - ZBEEAIE(3 - AP) . RELE
H ISO REFET T 2824 B Y L4288 ODC 5%
FREE, R RS RS B3N B3 , SSAT W 7EH:
L BIELE AR PR LA KE |32 2R RS
VAT, R B R, T BB 2 e R B B R R
Akimisk , 2 HA 1SO %3 /.0 ALAE KW g5 ODC
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SSAT ik, Z R EEAL B MR,
RERER, K RO IH R 2 R A3 R o

HFRAWR, ZEST B NS 5T IS0 rEK B L

MIERME A, BB GE% SRR FE—
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