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RE] 8 FTERBIGEAAHLIRERECIRBERENE. F% #1410 IBERER
B kAaMILE S SHYBHE.L-FREBEEQC-Thy) A . ke FAMSYWHEM 1448, B L-Thy
45 pge kg ' dT'EREBEREN 28d B P AELIFIVER, NESHESIYWER OCEREERMOMN
HMKWER; H Masson RBEMERFEERSEGHABRN AEERUMERARNEEHRRE I (Ang 1EE;
FAEER-BAMERNMRT-PCROEERERNNEE KT LM ACE). | B S BKE I #4&
(ATIR), T R B F I 24K (AT2R)# mRNA £ ik; B B 5 %% B B (Western blotting) 1 ¥
ACE,ATIRAT2R EHEL. B8 L-Thy TESONEERLNS L. E MR ERBWASR Ang I %
BEF %, I AT ACE.ATIR\AT2R # mRNA REHREXH Ll (P 33<0. 0D, ks F RIS YWIEY T BE
W L - Thy #5890 VBB R4 44k (P $7<C0. 05) ; BRmE ¥ A 3F 7T BE (€ M 2% 5 /300 LA 21 Ang I K E
(P ¥ <C0.01), % ATIR,AT2R 1 ACE # mRNA FIEHE XKW LE W (P H>0.05); B HEEEHA RHm
¥ Ang I YREE(P<<0.01),HARFBHR Ang I TREF(P>>0.05), #BEE ¥ I ATIR\ATZ2R ) mRNA B E
BHRKP H<0.01),% ACE ¥ mRNA MIEHEXLH WP 19>0.05), it BE-MEREKEEZHETLE
B5RTHELNRMIRRILE . kSR MSYBETUREL -Thy BEHLEER.
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[Abstract] Objective To explore the pathogenesis of hyperthyroid cardiomyopathy. Methods A rabbit
model of hyperthyroid cardiomyopath was reproduced by daily intraperitoneal injection of L - thyroxine
(L - Thy, 45 pg * kg™ « d™') for 28 consecutive days. Forty New Zealand rabbits were randomly divided
into fours groups: control group, L — Thy group. imidapril group, and valsartan group. Ventricular tissues
were harvested after 4 weeks. Cardiac hypertrophy index and cardiomyocyte diameter were assessed. Cardiac
fibrosis was shown by Masson's stain and collagen volume fraction (CVF) was measured using pathological
image analytic system. Plasma and cardiac angiotensin I (Ang I ) concentration were measured with

‘radioimmunoassay (RIAs). mRNA expression of angiotensin converting enzyme (ACE), one tape angiotensin

recipient - I (AT1R) and AT2R were semi —quantified with reverse transcription — polymerase chain reaction
“(RT ~PCR). Expression of ACE, AT1R and ATZ2R protein were evaluated with Western blotting analysis.
Results Compared with control group, rabbits treated with L - Thy only were found to have remarkable
myocardial hypertrophy and extracellular matrix fibrosis. Increased plasma and tissue Ang 1 were detected in
L - Thy group. RT - PCR and Western blotting analysis revealed enhanced mRNA and protein expression of
ACE, ATIR and AT2R. It was also demonstrated that both imidapril and valsartan alleviated cardiac
hypertrophy and extracellular matrix fibrosis induced by L — Thy. Compared with L - Thy and valsartan
group, imidapril group showed significantly lower plasma /tissue Ang I concentration and more effective
inhibition of extracellular matrix fibrosis. Imidapril did not alter the expression of ACE, AT1R or AT2R.
Plasma concentration of Ang I was markedly higher in valsartan group compared with L - Thy group,
whereas tissue Ang I concentration showed no significant difference between two groups. In valsartan
Agroup, ATIR and AT2R mRNA expressions were significantly upregulated, whereas valsartan did not
change mRNA and protein expression of ACE. Conclusion Renin -angiotensis system (RAS) may play an
important role in hyperthyroid cardiomyopathy. Imidapril and valsartan may exert benefical effects on
hyperthyroid cardiomyopathy via retarding myocardial remodeling.
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BE4WB . BEERTREERMIES (G DHH# 2004 -53)
fE&HEA: 400010 BEREMKEHBE ERSEH
BAEE R, 8, 184 2 & Jf (Email ; yinyuehui6 3@yahoo. com. cn)
MR RE (1970 ), B (UK, BRI A, B2+ , 34 B W (Email : zhangan19700221@163. com).,


http://www.cqvip.com

P OO0 http://Awww.cqvip.com]

PR ER SNBSS 20074 12 A 19 %% 129 Chin Crit Care Med,December 2007,Vol. 19,No. 12 * 713~

OHEEFRBENESEZ - HSAHENEN
AR IR R AEF F 0, 7T 5 30 AR R 20 BB JU 2E 4 0
WUR (B T 0 LR » R WP B 5T MR 22
2, AFHRER, BRE-MEEKERGE(RAS)H
625 T B 7.0 WU O WURE B F 8] B ek 2 i
BUY AMRBEALERFRBEEREESELFIT
HOPRDYER, B THREP THELCIRLE
HAMERKEEHRMACE) ., | RmMEEKED
ZHEATIR . T RN ERKE I ZEATZRIME
RARAL AR 0O LR B R R LA .

1 HR5F%

1.1 SYBERBET LR SH BEFHEZ AR
40 H, MEMEAR (K E 2.20~2.85 kg, IMAEKE
BRELEHY O EEIBFRES 4458
X ERLH L -FR IR K (L - Thy) 41 . Bk Wk 7] 25 1 45
VHA, B4 10 R, BB H %, AL - Thy
0.1 g/Lims g/L REBAZERNTRSIE xS
BT EA S, BEWLLL - Thy 45 ug » kg™« d™*
HEEEES 28 d HR P O NIRSI IR 2
BAXRHASHBERES S /L RPBELLLERD, K
mEEE R A5 H MR 1 RPkWEEF 0.5 mg/kg, B
HAFHMER 1 XHYHE 8 mg/kg,L - Thy # 2
HXTIRAE A EREE A BEK,

1.2 RARESHRE - ARERBLBESHKEFHIL
B L 24 30 mg/kg BREF, FF M U0 BL.CHE , # 2 [6) 8
SEELEEBEERRBMGOE, KE A BEEEK
Mg T, RE AR EERER T KRS ERELEM
ALERE AL CEFHEESBOEN, -5
AERTECRH 100 R B EE, 5 -840
R EAF AN R-B 4848 N (RT - PCR) &
EHFE R E 5 (Western blotting),

1.3 febpieill & 7 ¥

1.3.1 LERERBEHE . AL0ZRE/|AERME
(LVW/BW WAE,mg/g) MAELERE/|AE A
(RVW/BW Wi ,mg/g) B A LERBEEMA
LERERE.

1.3.2 LHMBEEREBEEARSBECVE)
P EBREE 24~48 h FRAL B EE
HOENERB K. EH. AR JH G pm),
FFHRARE-HBL(HE) & Masson Ze 8, S8 T WL,
(D7 HE &4 9, 648 T BLo DL e Wl € 8
MNONARE A RENER, WE 75 140, B
P HME . @7 Masson @8] H &, ¥ @E &5
Br £ 4 (TD 2000, 3L 5D HELPLCVFICVF (%) =

B UEREER/ S - M EmMAX100%], 55K
Y A W #ah it 10 M EF, U A
1.3.3 MERALAMEEKR I (Ang TIERE W
EF:Om3E Ang 1 ¥R FE . 2R B GHIKKIM 2 ml, &
B SH REid R E A BB, A ¢ CkE
12 h, LG 3 000 r/min (B L2 10 cm) & L
10 min, B MK, 4B T-20 CHREEH. @4
2R Ang I 3R E A LEWEBEHA 50 mg, HKAE
Lk vk, B EE BMA S 1 ml (0.1 mol/L)EE MR
BRREF,BET 95 CARBH MM 10 min, BHJF
FAEESBSHBI%, T 4 CF 10 000X g &L
20 min X2 W, B EEWT-20 CHRAEFN . &1L
67 £ E AR PR B &R E .
1.3.4 RT-PCR&#: D RNA 5.2 HEXEH
Promega 4 &) TriPure™ 5 RNA 32 B 7 & 13 B
BT, & RNA BT 50 pl 5B B (DEPC)
o, RSN R E I F K 260 nm 1 280 nm 4
B WG CAME B Asso/ Ao HUAEL, FR A AR A >
1.8. @519t (R DA EBEDITEBERAAS
B LB (actin) NS EER, G@RT - PCRHY
E:—-BEENER EEEY TEERAFARM. X
MK ZFR (50 ul): 8 RNA 1 ug,RT/Taq Mix 1 ul, |
W # (10 pmol /L)1 pl, FTH#EBIH) (10 pmol /L)1 pl
fin DEPC XK ZE 50 pl fEIFS% .37 C cDNA &
SR 30 min, 94 CHIAFHE2 min; 3 A PCR 13 :94 C
TP 30s, % HinZERRKAXREHN 55 CACE),
60 ‘C(ATIR).60 C(AT2R)iB Kk 30 s,72 C & fih
60s,30 NMEE 72 CHEfH 5 min, @H Ik &K E#K
FI3 B actin f HAREE ALY =8 10 o, HE
B8 2% BERE Ik 60 min, B 90 V, 7
B 8 R4 (Bio -Rad, £ E) EH#RE . WE A
PRzt Al actin {RAWM ABHE.REXEWERK
Y REEE,

%1 BREARNSESIWAES
Table 1 PCR primers of ACE,ATIR,AT2R and actin gene

#H 519 55 FHKE
ACE L 5"~ ACTGGTGGTATCTTCGAACC - 3'
T 5'- GACCATGTCCTTCAGCACC - 3'
ATIR k¥ 5'- TGTAAGATTGCTTCAGCCAGC - 3/
¥ 5~ GCCCTGTCCACAATATCTGC - 3
AT2R k¥ 5'- TGAGTCCGCATTTAACTGC - 3'
T 5~ ACCACTGAGCATATTTCTCGGG - 3’
actin L 5'- ACCAACTGGGACGACATGGAAAA - 3
T 5'- GTCAGGATCTTCATGAGGTAGTC - 3’

1.3.5 Western blotting & : O 5 & [ $#2 B . BL
100 mg L LAA BRI THBEIRBRS IR I

429 bp

547 bp

527 bp

353 bp
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3~5 B AR BEB T k& PRI 30 min,
4 °CTF 12 000X g B.L>» 10 min, B B W . B 10 pl
EARBRB . AXOHRERER HAEH-70TC
REEH. Q1+ i Z B BR -5 77 14 Bk i 5 B2 e 3K
(SDS -PAGE) . ik P B E AR B H 5%
(ACE)#1 10% (AT1R,AT2R) . FAEZ KK E N 5%,
BRBHFABRNEARESMASERY LHEEW
W80 VHEETHKERBEMNHERKHEALSE
BE . BHEEEZE 100 V42 hkEREBED®
BRRF NI, OB . BE 90mA,4 C FK.
@RETHBE: UREN BN S BRI &M,
ALl B B ACE B8 % i K (Novocastra
Laboratories Ltd , Unided Kingdom) 1 : 400,AT1R
MAT2R 2R EHREGRIELTELAA M &
1:200, R T #H50 min, BEME 3 W, i A F & #
BEOHRS EAYBIRCH =5 A : 250, FR
T4 50 min J5, %E8, 3,3 - EHEKERMK (DAB) &
. FEAKXWENSHAR KPR BE, 4521 A
BRRBERSEN BHASHTRECENT.EAS
B REE X HRER.

1.4 St SHBIE USSR AL (L)
FIR, 8 Fi SPSS 8K {443 , 4 1B] L B R A 5 2 40 Y

Mg B, P<0.05 HERBLITHEX.

2 & B

2.1 LEREEEK. ONAMERR CVF 45
(F2:L-Thy AEALZREEER. CINHERE
#X CVF B EE TZ A BA P ¥<0.01); 5%
WA RIS HA S AR E L - Thy A9 B
i (P #9<C0. 05) ; BR WA A 40 CVF 45 vb 30 41 fe %
HHR &8 (P<<0. 05),

2.2 MEFMAL Ang 1IRE (R 2):L - Thy 4l
EHMAR Ang IREEERTSAMBEAP H<
0.01). 5 L -Thy 4 H %, prms ¥ A4 M 32 AR
Ang I ¥R B ERER(P $<<0.01); HybHH i ¥
Ang IEREFEH (P<<0.01), AL Ang I 3
BEHEERELITHERX (P ¥3>0.05),

2.3 ACE.ATI1R.AT2R ¥ mRNA R EH £k
(3,8 1,8 2).L -Thy A= HX 4 ACE,
ATIR.AT2R ) mRNA REHE XN EBELE
(P ¥<<0. 01) ; Bk WAL A A MLV IHM ACE mRNA
REAFRBEEKBEFH ATIR.AT2R #imRNA
FEAREEL-Thy AU ERHITHITTEREX
(P #>0.05); iy HE ATIR,AT2R # mRNA
RERAREIYEBEFEET L - Thy 4 (P $<0.01),

#2 48FHYLEREEN . ONAEAR.CVF RMEFMEL Ang I REHLE ct5)
Table 2 Comparison of cardiac hypertrophy index,cardiomyocyte diameter ,CVF and

plasma and tissue Ang I concentration in four groups(x=+s)

am AWMBD ELERBEHY(mg/p) AL ERBER (mg/e) CHNRRER (pm) CVF(%) ¥ AngI (ng/L) HR Ang I (ng/L)
g=yog bl 10 0.8240.12 0.2540. 04 3.144+1.99 0.7840.17 12.6142. 07 1.6741.69
L-~Thy & 10 1.3840.154 0. 460,092 19.9442.128 2.4940.218  21.8344.128 19. 6442, 165
B ns i A4 10 1.0440.10* 0.3240.07 15.4341. 60" 1.1140.16*  15.4643.38* 13.234+1.92*
Fym4 10 1.0940.14* 0. 353-0. 06 15.9341.70* 1.5840.17* %  42.3246.85* 21.3142.71

W EFEAMBARE AP<0.01;5 L - Thy 4L * P<<0. 01; Sk ek Fl 4 HL 8% . ¥ P<T0. 05

£ 3 44FW ACE ATIR 7 AT2R i) mRNA B E B RiAEKF Gts)
Table 3 mRNA and protein expression of ACE,ATIR and AT2R in four groups (x+s)

a5 SHPE (R ACE mRNA ACE EH ATIR mRNA ATIR E&H AT2R mRNA AT2R EH
= {X R4 10 0.54+0.08 1.0340.11 0.4240. 05 1. 0140. 09 0.3140.09 1. 0540. 09
L-Thy 4 10 0.7840. 118 1.9840. 155 0. 6240. 078 1. 4640, 145 0.5040. 128 1. 4440. 162
BK 1k 2 I 2 10 0.8470.14 2.0640. 16 0. 60+0. 10 1.4440.12 0. 4640.10 1.5140.14
Syma 10 0. 80 0. 09 2.0240.11 0.7940. 08* 1.69+0.16* 0.6810.09" 1.7440.15*

WS PN R . AP<0.01;5 L - Thy A H . * P<0.01

0 1 2 3 0 1 2 3 0 1 2 3

,‘ &
P o B

A:ACE;B:ATIR;C:AT2R; M Marker;0:%5 (453 B4 ;1. L - Thy 412 0k @5 % FI%1 5 3. ¥ # 41 : 4 actin
1 # ACE £ M k#H ATIR.ATR S ERAAER DN TR
Figure 1 Bands of Western blotting with anti ~ ACE monoclonal antibody,anti - AT1R and AT2R polyclonal antibody
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500 bp

300 bp
200 bp

100 bp

A:ACE;B:ATIR;C:AT2R;M:Marker;0:Z5 1% B84 ;1.L - Thy ;2. 0k ms I 4H ;3 . 4R ¥ 3H 4 ;4 :actin
B2 4#zh% ACE.ATIR 1 AT2R i mRNA # &K F
Figure 2 mRNA expression of ACE,AT1R,AT2R and actin gene in four groups

3 it i

DL BEFOAR, BITSIE LM R — 1T &
BRI R A RGOS A H T R B IR 3 S
20 T B B 3% 44 BEL A AR B 25 RO ik SC R R 2
HARTLHEMPRBREESHWONLEY, Fx
5 W2 B JT RN MK A0 HLR B Ang T ¥
BEFE . EH ATIR.AT2R F ACE £k I8, %
K A M ) (ACED B k% ) F1 1 7Y i 4
Ak E 1 2R # R (AT1RB) 4 Y0 48 5 5] B 8 40
L -Thy IERR.CURREME %40, 58] RAS 7]
REERITHEOCINROEEHN P LA EEEM.

OHURF Ang T 893k 37 6295 .0 L 48 0 A 78 3
FHRERMONHAS AR, EECTE ACE &1
ik ACE #412, XTFXFMBRLE Ang T £ P
AIVEFH MR AR — BB WL B B ST 48R, 3P O
M E,Ang 1 BEEILAE 80V T LM ACE &
BREMK S AT W ACE B &7 & OHERE Ang T 4
B FERZE, ALBWED, 555G HEAE LK,
L - Thy 21 18k ms 3% F) 0.0 LR # ACE Fik L,
M BK wk A L - Thy MK FHL Ang T W
BERAR, 8RB Ui C AR E ACE & 4 7T 88 %t
DR Ang T EREEEMEM. Ang T 94K
WA (g s AR S5 Bl ATIR 4+ %,
4 Ang I 5 ATIR 545,083 G BHKEH XK
MMESHIER, T B0 UL40AE B & 8 R 4T 4
fb. BkmkEFITTRE F Eil@ S M A ACE. 4 Ang I
A BT R RO . A B 5T 3, B ACEL J5 If 3%
Ang 1 -7 KFEHET 30% ", HHEEHFRH#AMED
sKOHUEE R A K E O ISR ER, AR
Ang I TR BABE M. ABRF L EH,
L-Thy@H&E = g3 B4H.0 0l ATIR ) mRNA #
EHREHYUE FEATIR E3 K FREETH
WU Ang T B AR, HEW ATIR 23K 803 hin
EHRT R Ang T BN . HYHEATREFERE

T FEEBE BT ATIR M8 Ang T #4942 3 58 200
BT X AP BT E ARSI R IM K Ang THREF &,
Ang T fRTATBEALSE S AT2R 454, N ifi (] 85 B
FYHBEERK AT2RT Gy AT2R Rik b
WERIREFE A AT AT2R SN MR . Ao, FriLof
FERM ATIRB REEREEEMAILE ., E1ESEY
R, B AR HEE R & Gk B M RK# %8 E -
VAN ML P B 4R 0 I ACE2 BU R 15 FIZE P ik,
H % AE T 8B 5 B o i B % 9K B 2 AR L% (Ferrario
0O Rl ACET J AT1RB %t ACE2 H:BfE
TR PR, BB Ang T B4 BERTE M2 0T
gl & Ol ACEZ 2 6 % ik f1 ACE2 & ¥ % fn,
ACE2 HEKMKY Ang T AR Ang 1 -7, X— K
N FE S ACE2 K% Ang | # HL 2938 /400 £,
ABEFE R, ACEL(Bkmk 3 F|) FIATIRB (S 031D
¥l Bl B 3% L - Thy Bris S 8 B JT 0 UL 8.0
FEM XETNZEAGYNAEREEER D
Ang T MR E S, 8 FiE S ACE2,Ang 1 -7
RSO T S O E BT RBOLE . 340, At R
R BBk mk I F A RBVIEH CVF B AR, TS
Bk 5 3 F X B3R RAS milHl A % .

& ERrR A XRITEOCRN Z R R 2
B5 LR RAS 15 . ACE2 FiEH M. Ang 1 -7 K
TR GERMALRBINEMGE . G/GEHEE
R E OB 1 RARIEHE T RS RANE
78 A BT B R P TR O LR B B R 2 — 1,
B Xk
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(XA —RMNKSEH: WRK: THSKER

T A 2 ifL i 8 % (B - Flow)
BARZE LT R R B H T Bsh R »
HEERENERNE.

1 IGEES

1.1 —REN.50 B BREDE 304,
2 20 4 4E B 33~82 %, FH 53.5 %
HRETHERERES MR BREL
#H(A,20 B . e B A EHB,15 #D
MAZEEHEARC, 158,20 HEXR
ARx#. GE-LOGIQ-700 ¥ %
EHBEEFLHN _SBECD . EAE
¥ #h# 7 (CDFD . fk i £ ) (PWD)O
B-Flow 4 B B8 RELBTWE.

1.2 GG . BEUHR RS
(zE)FRR, RHRY : K, P<0.05
HERBEHRITEBX.

2 & =B

AANCHARBERIANNERE
NARSLRREA. REOFHESHE
TR, A ARBAAERKAE<50%,.CH
AL G B A >50%,B - Flow 7R
K B RN, R E A K H A,
RERURFHRMATE  EHAEE
RS, A 4b i 3 1 A5 K B4 5% . CDFI
B4 A AN CARSRL MW R G,

fE&HBA:300192 REHH—POER

EHEEMN S EAIY -, L, X
B AR B EEE,

®1HERE T BIR Bk P R R B B 04 A e 18 A S LE AR (x5

A5 AHEBD EEIK B SR BEHK
ZEd8Y: E®A 20  0.65+ 0.08  0.41F 0.04  0.43% 0.09  0.36+ 0.11
(mm) A4 20 0.874 0.07* 0.46+ 0.05* 0.524 0.14" 0.49+ 0.21*
B4 15 1.05+ 0.73* 0.50+ 0.15° 0.51+ 0.08* 0.48+ 0.19*
cH 15 0.95+ 0.68* 0.48+ 0.29* 0.50+ 0.16* 0.49%+ 0.26*
WERERE EX4 20 97.00+21.30 85.00+12.73 62.00+10.72 41.00+11.43
(mm/s) Ad 20 74.56+21.85* 68.00+18.72* 58.00110.84* 35.00113.40%
B4 15 75.59+20.51* 67.00+17.24* 57.00+ 9.89* 31.32414.56*
c4 15 73.57+21.23* 66.00417.36" 61.00+11.39* 32.38+10.27*
. SERHLE.: * P<0.05
PWD B RKELMMFEEER, YT BTWALHEW; T B-Flow EAREKANT
HERETHEODBREBRE XEEN UEBEANTE SEFHERrNEA

EHBETERA. BARANEAM
R E S, o 2 AL B3k Rk FE R Bl Bk, AR
& Bk il 3% IFE % ,CDFI & B - Flow &
7R P A o U T AR o P 2 T v L O A
B KEEREHSETER4.,

3 W #

B-Flow HERAREEEBRBHBAR
S RE, TR S RARMM
WHER, LA . GFHRENER. TER
RABRRBETHGIKBEARBE
HWEEAYRE . REANFRERA
ARBERREEMEF . BEENRE
sk, A CDFIERBRSEE#F
¥ B R A o 3 B R AN I B B R 4 A
S . B 40/ BE AR 5 2 o 3 ) W5 5
PWD GZWMBEXSNERARBER

M K/MIES M SEEMRR. M
BRAKEELBERSIER, SiEKEH
LW RR S E T B R R AR
LRI SR AR IR .

B - Flow HAREH —FMH R
RFEE— SR FE, mFEEERAE
AR, BRE MRS REHTAKE
£, HEEARAREMDERNBRZ
A&, Hk,5 CDFI —B-Z& B # 5
WAL A MR R B R0 EHF F T
TG, TEREERVEHBEE — 8
MBE R, REBFTHRIE 553K
BTHEARAEEWHG. TEHEEGEAE
RS

(4 H5 B 39 :2007 - 06 - 10)
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