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(HWZE] HBY AFIRER-E R KK RS (renin angiotensin system , RAS) 75 R IR R 5 19,0 b5 v F 44 1 5 13 1
EHPIEA, Z5T RAS BHETHIXT FCRIEZ A0 FEMWZN . Jiik 40 R 2 KRARIS N4 H(n=10) . IEF
X R FRR 2 L DUIRE R R DL Pb3H T 1020 o W B 3 5 22 8 H R B 22 ( Levothyroxine, L-Thy ) # 37 % HUAR PR 2 B P ASLR,
DUARE 2 A DL Vb3 2 [R) B 253 DR A s L DL VD 3H 4 TR, 38 40 PO B A 3 SO o A 308OAS I 10T, 328 252 v BRI 9
7 K0 3 B 5 (atrial fibrillation, AF) | P40 b3 A5R 8 IV A AF 5 % R, % 2 Bk PCR Al L R Ca®* 38 38 ( Cavl. 2 FI
Cavl. 3 W IL) F1 Tro HE A 3L (kvl. 4 kvd. 2 FT kvd. 3) mRNA 334, Western blot &3] L %Y Ca”* i@ iE o W ILFI kvd. 2 7&
HRE. g DUIRSFIANE D vb U B i BEAR AF 75 % 25 BH I oot o IR IR 2075 2 A0 0 30 R AR Ak . DLAIR A1) 21
(76.63 £4.44)ms FE I YH3HZ (79.00 £4.95) ms .0 54 KA W IHE HARIR R A (75,13 £5.41)ms T BEK (P>
0.05) ., LHICa™" 3 i 7K [ A 7E DUIRE AL (1. 15 £0.24) FJE WL yB 41 (1.08 £0. 17) B & i T HAR R 41 (0. 56 =
0.11) (P <0.01) ,fEXF &5 HARPRZE 5 DA Tto B ARG AL TCH A HI/E(P >0.05) ., 8518 RASTHIRES S T & H
TRAE M5 T 000 D H AR SRR 2 30 0 402, DU 1 A DL vb 30 AT D ode 3 L-Thy 551900 b5 B A R 8 Tl 1B 4
FFREAR S IR R R B AF
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Effect of renin angiotensin system blocker on atrial electrophysiology and ion chan-

nel expression in hyperthyroid rabbits

Xiao Peilin, Gao Chonghan, Fan Jinqgi, Long Yi, Yin Yuehui (Department of Cardiology, Second Affiliated Hospital, Chongging
Medical University, Chongqing, 400010, China)

[ Abstract | Objective To investigate the effect of renin angiotensin system ( RAS) on thyroxine-in-
duced atrial electrical remodeling and ion channel remodeling in experimental hyperthyroid rabbits and the effect
of RAS blocker on thyroxine-induced atrial remodeling. Methods Forty New Zealand white rabbits were as-
signed to four groups (n =10) : a normal control group, a thyroxine group, a benazepril group, and an irbesar-
tan group. In the thyroxine group, benazepril group, and irbesartan group, levothyroxine (L-Thy) was given to
the rabbits by intraperitoneal injection to establish a rabbit model of hyperthyroidism, and benazepril and irbe-
sartan were administered orally in combination with L-Thy in the benazepril group and irbesartan group, respec-
tively. Four weeks later, burst stimulation was used to induce atrial fibrillation ( AF). Electrophysiological tes-
ting was performed to measure atrial effective refractory period ( AERP) and evaluate AERP frequency adapta-
bility and AF vulnerability. Real-time PCR was used to measure the mRNA expression levels of L-Ca®* chan-
nel-related subunits ( Cavl. 2 and Cavl. 3) and Ito channel-related subunits (kvl. 4, kv4.2, and kv4.3).
Western blot was used to measure the protein expression levels of Cavl.2 and kv4.2. Results No significant
difference was found in AERP among the thyroxine group (75.13 +5.41 ms) , benazepril group (76.63 +4.44 ms) ,
and irbesartan group (79.00 £4.95 ms) (P >0.05). Benazepril or irbesartan could significantly decrease AF
vulnerability and significantly increase AERP frequency adaptation. The protein expression of L-Ca’* channel-
related subunit Cavl.2 was significantly increased in the benazepril group (1.15 £0.24) and irbesartan group
(1.08 £0.17), as compared with that in the thyroxine group (0.56 +0.11) (P <0.01). Benazepril and
irbesartan did not markedly inhibit the effect of L-Thy on the mRNA and protein expression of lto channel-relat-
ed subunits (P >0.05). Conclusion RAS may play an important role in thyroxine-induced atrial electrical
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remodeling and ion channel remodeling. Benazepril or irbesartan may reduce thyroxine-induced atrial electrical

remodeling and ion channel remodeling and the increase of AF vulnerability attributed to thyroxine.
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U i 3 (atrial fibrillation, AF) 2 &K L & & WL
AR PR O 2 Y0 B EEM (atrial remode-
ling ) J& Hodpe B A AE DL . 5 5 B A% o 20 AR FURR A
H BT FE G T R | 30 AL 2
", AF ST R AEZ —,10% ~ 15% {1 LR AR
Uittt B AT AF AR AF 38 KA
13% P4 AR AR R LR AR I R 7 o A I R E A
HOR IR DI RE AR 5 v] ARG S 52 k.0 388, 3 0 R 1
HURBR DI e 2 2B H J5 3 D H W AF AR FEAE, B
ALl AF B E. MR, B R- 1 Rk R
Z2 4 (renin angiotensin system, RAS) /5 T FR IR £
B3O LA 8O0, IR R 3R R DAl o 22 i A2 00
RAS WP, 800 1 B 3P o AR I AT R
RAS TE.0 by B H Y | 55— 360 18 44 1 235 ) 4 45 7 T
prmEREREMO” " HERFRBEZEFHOE
PR, B R R 5 3 A TP VR R IR . ASBIFS ik
FHZCTE IR IR 22 BO0 B AR F 58 RAS 78 AR R
V5090 Dy H AL R S 3 1A E A R A R
RAS BH DX FHBR AR 2R 55 900 B EEAG 1) 520

1 #REFE

1.1 XA

ZEJE AR B3R (Levothyroxine, L-Thy , Sigma, 52 [ ) , DUIE3
FICACH AR A BRA R 5 JE W3 (B e % T R IR
HERIAIRAR) AR ETIE R (BAEREGRAR) , K
B4 24 (Sigma, SE[H) |, BT L AL Ca’* 3838 o W5 (Millipore,
EHE) , bt kvd. 2 (Abcam, Je[E) | BAR T & AL H B b ic 1L 2
PURANLAEST R I P RS AERAR) o
1.2 SEshh Ao ia

TR BLAF T 2 K 1 40 H BEEARBR (A BT EE 2.5 ~ 3 kg,
i R ERL R S g s ) e it K A 4 H(n=10) .
TE % %t B2 (sham group) | H R iR 2 41 (thyroxine group) | DU
- H2H ( benazepril group) |JE D1 ¥P3H2H (irbesartan group) . [E%F
IREH AN 2H S2 0 St H T Lthy 50 gk 6B TES, X5 BZH T
S p PR K NI T A [ I DR 3K ) 2 3 i DR 3K )
1 mg/kg,JL D VPIHZA 4 HERJE P H 10 mg/kg, HORARZE A
KO E X RRZH B H VIR A AR A R K, 28 d S AT AR A
1.3 Fik
13,1 HHISIRIE  SCRsh W AT 558 S 435
T O 58 AT R FIAARL , It A Ik aff Y TS S el 2 8 =
Tt FFOIR IR &R (total triiodothyronine, TT; ) A&, U Al B IR Jif 5L
&% (total tetraiodothyronine, TT,) 7K,

hyperthyroidism; renin-angiotensin system; atrial fibrillation; atrial remodeling; ion channel

1.3.2 OWNHAEBGI 3% L H 4 30 my/kg H4
ok Gt R , Sl IR AL AE R T8 S, 43 B A IS K, AT
W OF DU T 1 A7 B, T 0 s B R 100 B Az
T B AL, BKE 2 ms, I LA M, 150 2 A4 B (E
e, DIRAEIC 120 ms JELLEM A 05 10 s R AL,
W EE S WEFBRINT . @ B G ik i 5 52361 /K (0. 2
mg/kg) K BFEA (0. 04 mg/kg) LIBHWT [ EM2E, I LASEFEIE AR
0.02 mg/ (kg + h) ,FAI4E45h 0. 007 mg/ (kg - h) 4EFE, 7EESTZ4
30 min J5, LA 8: 1 S, S, P27 IS 493200 s A 44 o 4 43 ) o
200,150 ms £ 130 ms Bt R0 o A3 %A i B (atrial effective re-
fractory period, AERP, AERP,,, \AERP,;, \AERP ;) . 52¥E)5, 55
SESFALFE, VI HRZe B i B BE, B 40 A 10% v T R
2.5% I W P E LA R BRY) R, B0 W ARAEAE Western
blot FIZe e # PCR M.

1.3.3 ZOGER PCRENE mRNA £k RAZOLE R
PCR 34 L % Ca® " 33K ( Cavl. 2 1 Cavl. 3 FHE) A Ito FEL I
FHEIE 3L (kvl. 4 kvd. 2 FT kvd. 3) mRNA 33k, UL GAPDH 1E%
WS RREEN , H L5 1k Trizol $2HU A RNA 445 TaKaRa i %
A EBEAH ,37 °C 15 min,85 °C 5 s &L RNA i 3¢ il cDNA
JHT PCR il , 4% BRAN T J5 ¥R BC i ¢ 6 2 8 S W ¥k : SYBR
Premix Ex Tag Il 12.5 pl, 514945 1 pl, cDNA &4 2 ul,
JHKBEARANE 25 plo TG SEANT 94 CHUAZEME 3 min, #EA
PCR 7&¥F;95 C7A84: 30 s, 3B & 30 5,72 °C 4L 60 s,40 MEH
JRVEIRIR LR AT R (R 1) o LU GAPDH 1E A N2 BRI AR X
Ct i, A 222 B MRS M ek B

F1 FHEEPCRYEEBHNMASERMESIMFIIRBARE
B Pk
HE(C) JE(bp)
Cavl.2 CGCTATGGGCTATGAGCTA/GAAAAAGGATCCAAAGATGA 53 64
Cavl.3 TGCACCTGATGCAGCAACA/CTGGGCTCTGCTCGGATCTA 57 59
k1.4 GCTGTGAGCGTGTGGTGATC/AGGGTTTTCATCTGGGTCTCAAST 61
k4.2 TCGGAGCTGGGCTTCTTG/ CGTAGAACATCACTGTAGCAA 60 70
k4.3 TGAGTGGCGTCCTGGTGAT/CCGGCTGAAGTTGGAAACAA 57 59
GAPDH GGGTGGTGGACCTCATGGT/CGGTGGTTTGAGGGCTCTTA 57 58

HHH FIFHI(5'—3") (L T )

1.3.4 Western blot 5 & [ 5 ¥ FH Western blot £
W L Ca®* 3#IE o W kvd. 2 B[4 335, L) GADPH /R4
ZIREM . FRINEREL G BEN, L BCA N8R A WkE,
B30 ~50 pg & 1T SDS-PAGE i3k, ¥ T° PVDF JiE, A5 H)
3 %H] 90 min, —4{ (anti-Ca-o 1:200 | anti-kv4.2 1:1 000)4 C
WEE . TBST ¥k 3 ¥k, 4:¥% 10 min, #HM —$Ht 1:5 000,37 C
%7 90 min, TBST %3 ¥, 45K 10 min, ECL {4, LA Quantity
One 3t BEAH , O AR ARXT Rk &
1.4 it

BSHAL) & =5 Fon  GoiTH PR SPSS 18. 0 Gt 4458
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R2 BHERAIBETHAEEMNEERIER (1)

) LF(/min) A (kg) TAIEL(C) TT4(nmol/ml) TT3(nmol/ml)

4151 n 0 4 0 4 05 4 04 4 J8 0JA 4 )4
ERATIRA 10 226.6+14.2 227.6£10.2° 2.72£0.16  2.52+0.13¢  39.07£0.25 39.04 £0.22° 33.96+0.76 33.85+0.94¢ 2.34+0.07  2.32+0.09°
FRAR A 8  22.0+10.6 284.9x8.13> 2.73+0.17 2.10+0.15®> 39.08+0.21 40.09 +0.26°> 34.25+0.83 258.18 +11.162> 2.35+0.06 16.51 +0.59%

DUARAEFIZH 8 219.9£10.3 278.0£10.3®> 2.75+0.14  2.08 £0.15®> 39.06 +0.18 40.08 +0.192> 33.64 +0.70 250.22 +9.982> 2.36+0.08 16.07 +0.56"
JIEARS A 9 222.9+11.5 284.9+5.0% 2.71+0.15 2.10+0.122> 39.07 £0.21 40.04 +0.18%> 34.68 £0.94 255.67 +9.84> 2.39+0.09 16.45 +0.472>

a:P<0.01,%5 0 Az ;b: P<0.01,5 % Babii;c: P<0.01,5 ¥k F 40k

*3 RAGKBEERFM OCENSEETFEEERNEAREMILER (2£5)
Y K

215 n AERP00 AERP,y, - B EASESIN
(ms) AERP35(ms) Cavl. 2 Cavl. 3 kvl. 4 k4. 2 kv4.3 Cavl.2 kv4.2
IEHEATIEA 10 97.10 £4.75¢ 12.70 £2.959  1.03£0.139  1.00+0.10¢  1.06£0.41¢  1.02+0.19¢  1.01+£0.15  1.01£0.119  0.43£0.12
HURIRZAL 8 75.13+5.41>  6.25+2.55>  0.59£0.09>  0.53£0.08" 1.64+0.52* 1.45+0.52> 1.40x0.43  0.56+0.11> 0.74x0.16
DAREFIZL 8  76.63 £4.44> 9.00x1.41¢  0.770.109  0.91£0.099 2.76 £0.73"  4.34+0.83> 2.47+0.76" 1.15£0.24¢ 0.96 +0.22hd

JEDLYPHHZE 9 79.00 £4.95 10.11£2.941  0.71£0.09¢  0.91£0.114  2.38+0.40" 4.16+0.92" 2.41+0.77"  1.08£0.17¢ 0.99 0. 21™
a: P<0.05,b: P<0.01 ,5iEwstBati; c: P<0.05, d: P<0.01,5 WiRIp F 200k %k

B, 7= TEAT g Ke g, ke g /K « =0.05, kvd. 2 HHFRIXES A S mRNA Rk E#E— (P <0.05)
B2,%3),
T ( )
1 2 3 4 5 6 71 8
2.1 S ERFIISAF iR - o= e — e — Cav].2(235x10°)

N TTy TT, 038 AR FIA 5T 4 20 6] G 8 35 22 5
(P>0.05), 4 JJ53L 35 HAFE % B4L 10 2 O HURIRER 4 8

W W GAPDH (36x10%)

HOUIREFZH 8 HAE IybLE 9 Ho 5 AHETAH L, R 12 EF AR 4 FREFE M5 -6 NAREH ;7 -8
B2 DUIR AL DL YD T, T, WO R AR 3 Riyieie
THER(P <0.01) Pkt i 3 WA 14 B E I 5875 1L (P > 1 Western blot % CEMAR | ZISEE « TRRRES
0.05) . BUIHERILRIE DL Vb I 41 5 TR 41 O |k 46 AR
EFEBEE(P>0.05)(%£2), 12 3 4
2.2 W ARAFMTL —-_—-—— 000

5 TF % B AL LA, R IR 2 41 AERP,, B 52 45 48 (P < ‘ 1
0.01) . {ELfe AR B 2 4L UG 2480 4L FJE 1 61413 401 P e CTorCedt
AERP,, EH 225 (P >0.05) , AERP g, il AERP ., 745 41[7] 1 S S B AE 32 P ARAR 4053 MARE- A 4834, R M iv3ea
A5 AERP MR ES . FARIRAL AF %% (75% ) W B2 Western blot i fli% 0 EALAR kvd. 2 RAE&RAHHRE

BT IR IBLL(10% ) o TURE R (37% ) AT I 7046 (44% )

W AT AF 4, IR XTI O B RoR sy 3 iR
PEIEH , AERPy, 5 AERP W22 (E 0 B KR TFHURIRE Y, H% v SN PR S
I K (L08R R KRS 5 L-Thy 557 52 50k IR IR 22

SATSEIE (P <0.01) . e DU I ARG L b o <t
AERP,, % ARRP, U REIERET R A A G gy o) POBURL G T, LML T, ORI S 52

(P <0.01) (£3). F b TR B AR, AERP W] R4, 0 5 R
2.3 LA Ca® iBifiAn% B4 mRNA A% G T4 T NP S REAIG , AR 5 R R T R, R I R
Y IEH X B L, Cavl. 2 I Cavl.3 mRNA Fik/E ik AR ). 10028 DUJIR 3% A 5 JE DL Vb 31 T 1 5, B4R

B 24U SRR (P <0.01) , DUIB M MIALAUE DL Vb 4L Cavl. 2 AERP Jol 2B , (E 20 U 26 iy P ) 1 3% | AF
Al Cavl. 3 mRNA A5 HUR IR 32 412 W1 238 5 (P <0.01), 5 & R B R ARG, 2% B DU IR A D1 v 48 AT L ol 5
Western blot Z554 887, Cavl. 2 USRI AEAL 5 HmBNA - eg vpup e e 5 1000 5 i A SRR B0028 , HETTT I 55 AR
AR (I 1,£3), (145 B
2.4 Ito V{’J‘/‘;ﬁ,?{:ﬂ%ﬂFEmRNA %u%élfd{ﬁ ‘ ﬁiﬁﬁ%ﬁ%,ﬁ%ﬂ%%ﬂ@ﬁ%%%ﬂ%%ﬁm
SIERATIRALCAE, TR AL kvl 4 mRNA JASDTRIY e S g ‘
B (P <0.05) i kvd.2 1 kvd. 3 mRNA IK7E 2 4[] J 2% 5 T#F’_” " E%%jkig‘ﬁ"fﬂ%f?jik ’ %zﬂ%i{g
(P>0.05) . TUJ ) 41 F i U1 v 141 kvd. 2 il ko 3 mRNA %‘?H{ﬁng I Hfu " ﬁ%@éﬂﬁu,ﬁﬁﬁaﬁj}u& 5L
B TR BRI 5 (P <0.01) ., Westem blot 2550 i, SoPEFTTRATLEGRIRALLUR T RAS 930 , 23
TESR RS Ang Tk BETHES , ATIR &% ACE ik 14,
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ACEI BRiA5-F|F1 ATIRB %5 v0> 3 34 0] B 8 4 ] L-Thy
WSO NUEE L a4k, W] RAS B80S 7E STk
RO WL A TR A AR

JSAE G, RAS BH TR 2l vag FOR I R 5 R 1.0
Py AR PR PR IR | AR AR ) SEPE B AIL TR AT R
FOR R D RE T #E B AF 2 Z Rl 2[R /E  n 45 21,
H AL FE 45 0 B A R v B (atrial effective re-
fractory period, AERP) FI.0> B3 shVER (VB #E (atrial ac-
tion potential duration, APD) | 4k %& T .0> = LU B ) 0
B S TR O BRI 5 o Ak 0 Ay P4
SRR T LR Cat T E A To I T RETE Hirh iy
EEREZEMA, MEZKRED (Angll ) & RAS () F
BN Y, X0 WU B T i B ZRMERY . B
TECRN, Ang I AT 340 40 A PN 337 25 45 19 7K OF- , 388 im0 5
T H SN ] U Y A, AR Y 3 S A 38T
e A & ) FLTE Sh AR A IR A A . BIFSE
X, Ang 11 X5 L B0 B 3 A1 T 2405 B 3 3504 9 49 7R
FIY . Ang T AT i 26 1A C RS 55 SR
Hahn LRSS R, [RIAs, i Ang T BARBRT 38 m T %Y
BEEL . Ang ILXPEP LR A0S A il . 7ERDH]
30 nmol/L 1 Ang Il J& , A Bt %5 L2 A rry bR sk S8 3R %%
TP R AL (XK ) B S 3§80, 110 9 48 S0 38 A 2 Pl
(IKs) Bk, Ang Il 5HAZRZE S 5K 51 AL To HL 3t 9
A ARSI KGN LR Ca®* 3 1 (LCC) A 56 W 3
i Tto HLJAH S AR AL LSK i — 20 R RAS 7 H
TR E AL . A SRS R L-Thy 55 /9.0 b5 LCC
FEIR B RRAG, DU 20 A DL Vb 3R 41 %5 L-Thy 20
LCC RIAWI 30, X 5FRATATIHAE L-Thy 355 0.0
R BT B B A 45 5 — 5™ 5 Ang 113
JnLCC ME o7 i . FRATINN EZ 2 H FRATH A
FERTEA RIS T #4789, = HORBR R vl E i
Z e s e O LA : ORI 3R 0 BLHEAE FH, RAS
T EVE RN A £ 2 R 50030 55, AT IE 45
Al RESE 2 AVE A BAE A Z5 5, RAS J0Ts HO2 H
B —#53 0 F38b, L-Thy 75 5.0 b5 40 Ml N 55 88 17 e,
e REEG A] RE S mi A 1 LCC mRNA Rk, DUIR
HFFNE DL PP i LCC mRNA 358, A 5 Hiok s
2 L PR A T R T e VA 5 X LCC R R A A
il W 1 T — DA RIESE . AHIESY WSS B L-Thy 75
T 5 Tto HELJA0AH S FERE i, iy FH DUJIR 51 2 A
DUYP IR T AU g 1 e 3 A A8 Ak S i — 2D 1S 3R
Ko ARG Ang I 512 Ito HL R/ IR IE T & . T
TIHED AT GBS B T RAS 7E & HUR IR 5 R A0 57 Tto
HL R S AR A I AN 47 18 32 A £, HE R R
HOR B R 5 HUIR R 3R SN e 48 45 TG ST B I
i Tto FLJRAHOCWE 5L, I FH DUAIR S ) 28 A e DL b 38 5

HLAY Tto HLJALAH 56 W 3648 £k ] i J2 38 1 [l 32 52 i LCC
T A 440 L PN AR 2R R T To FRLIRAE G . IR,
W] RE A R IR 2R 09 oAb /e IR 2% T &5 5. ik, 3%
AR DLTIRE F)F0 & D1 70 3H Bl 3% L-Thy 375 S 000 B H
A FREAR R AR AF 5 b A9 /E S5 2028 o HE SR AR
K HEFRIRTC N, XA AT LA e s DL IR ) D
I I RREHISS L-Thy 5[4%) AERP 454

DL 31 R G D1 Vb 3H 22 L-Thy 75 S 0400 B AR
FERRAR ARG AF 5 Bk ] BE 2 2 R0 R & AE 0 45
o FESARSZIG R AT B 0F 5T, WK H) DR A1)
FE DLVD 30 8 B b 98 4% L-Thy 5 5 1.0 b7 (1] 51 £F 4
b O LR i HEZ 22 6L AN [B] B3 5 25 01 B I 2 3% L-
Thy 15 T (W S B H2 8 00 A0 5 o

Z5 I, RAS FHITHI AT AE I 22 % L-Thy 75 540 g
PEGHER 2%, 18> LCC 3k, Ik 5800 i 45 #) 7 440 R 4% Bt
B EAGSEALRIGE L-Thy 375 5090 55 HL AR U, [
ik AF 5y j bk, 15 Tro ARG SEFA AR TC I R

SE Lk
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