FRESF 2021 F 9 A% 50 5% 18 M 3061

Ay -+
O = doi:10. 3969/j. issn. 1671-8348. 2021. 18. 001
WM& E % https://kns. cnki. net/kems/detail/50. 1097, R. 20210421, 1744. 014, htm1(2021-04-22)

FERAFTEXNOAIEREXREBRAFFER ZEFRIZIERFE
PHE FEEMZEAMENRMm

A W U
(BHEAKXFEFREER e RAA, Wl M 646000)

(HE] BY RKHAPERATEF SRR KB ERZFRNFELERME T@EE(HCN) 4=
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Effect of ivabradine on hyperpolarization activated cyclic nucleotide
gated nonselective cation channel and sympathetic nerve

in rats with myocardial hypertrophy "
ZHOU Rui ,HUANG He,LIU Yingcai”
(Department of Cardiology sthe Affiliated Hospital of Southwest
Medical University ,Luzhou ,Sichuan 646000,China)

[Abstract] Objective To investigate the effects of ivabradine on hyperpolarization activated cyclic nu-
cleotide gated nonselective cation channel (HCN) and sympathetic nerve in ventricular hypertrophy rats after
abdominal aortic coarctation. Methods Eighteen male Sprague Dawley rats were divided into the sham group,
the model group and the ivabradine (IVA) group,with 6 cases in each group. Abdominal aorta constriction
was performed in the model group and the IVA group. At 12 weeks after operation,the IVA group was given
10 mg » kg™' + d7" of ivabradine hydrochloride by gavage, while sham group and model group were given e-
qual volume of normal saline Gavage. After 17 weeks, the rats were killed. Whole heart mass index and left
ventricular mass index were measured. HE staining was used to evaluate the level of myocardial hypertrophy.
Immunohistochemistry was used to detect the distribution of HCN and tyrosine hydroxylase (TH). Western
blot and PCR were used to detect the protein and mRNA levels of HCN. Norepinephrine (NA) and epineph-
rine (EPD) contents in myocardial tissue were detected by ELISA. Results Compared with the Sham group,
whole heart mass index and left ventricular mass index of the model group and IVA group increased, the
difference was statistically significant (P <Z0. 05). The cardiomyocytes of the Sham group were tightly ar-
ranged;the cardiomyocytes of the model group became longer,the nucleus volume increased,and the arrange-
ment was sparse and irregular;the cardiomyocytes of the IVA group were arranged basically neatly. The cardio-

myocytes of the Sham group expressed a small amount of HCN2 and HCN4. The expression levels of HCN2
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and HCN4 in the model group were significantly higher than those in the Sham group, while the IVA group

was relatively lower than that in the model group (P <C0. 05). Compared with the Sham group, TH distribu-

tion and NA,EPI expression in the model group significantly increased, while TH distribution and NA, EPI

expression in the IVA group was lower than that in the model group (P<C0. 05). Conclusion

Ivabradine can

inhibit the expression of HCN and sympathetic nerve in rats with myocardial hypertrophy.
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B BT B T A2 1R A N 23 5 O I AR S
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T3 A AR A T E TE RO 2R Y [R] B IR 52 e A8 S8
2ot R A RO L R O LR JEE B0 AL 4 i
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1.1 #H#

(DK B HEPE SD KRR 18 H ., ToHR ik s 14
(SPF) %% &5 250~300 g, [ PE R ERL K3 ¥ 5
gty (2 BRI P TR E BT LT AR 4k
B A R A FD L % B 240 (FE [E Sigma 24 A
FHHEERM AR SR 25 R0 A RS D,
ELISA {7 & (Ll /2R WA BRA B L 28 % 8
PCR W iR 50 & GRIUCRHRE A= W RH A IR TR A FD .
AR i BEY) R AL C it B R A AT BR A W) L g
ICCENBE Diatek 2 ), 2256 5E i PCR X (£ [ Life
technologies A #])

1.2 7%
1.2.1 FHyHERES

ivabradine; myocardial hypertrophy;coarctation of abdominal aorta; HCN; norepinephrine;

¥ 18 Rt SD KR 43 A i F AR 4 (Sham 41) .
R RO R EH (VA ) 4% 6 B, B
A TVA AT S| 250k 12 h, F 3% E
ZANAE R B IR AT IE s v 5 (0. 15 mL/100 g) , [#
ELTBAPUB, FERIRTF 1~2 ecm A K/N 2 em X3
em~2 cm X 4 cm B9 XIS4T 60 B R 4E R L E 5
T 4B B L 2 BRI K W B SR S B IR
A, 78y 2 A2 B R KRR B VK T 22 R K
R s H k22 i B v g e Esh k. 2530460 & ik
TEXUEF Sk oy LA L 2 0.5 cm 4b, 76 B A7 B P47
AR 8 S L WEH 4 5T ARLILE . Z1E
R Ak BT o4 Sk, G A I L B SR R ORUE B R R
7 R AR B KB4 J5 L 4% R & o 5 X 10°U/
o KRB S 7 2 3 d DAk G iR e, ) A 4
W E, RJG 24 h HARK, 5 2 RIF R IEWIRE.
Sham 2 HEELARIC AL L HARERAER 5 AN 4
1.2.2 #H#HTm

AJE 12 &, IVA e 7L R A FE e
(10 mg * kg '« d DHH#HE . ZF &S 8 H AT A
FEU VAP T LSRR E B K E E 3t 5 A,
1.2.3 SR EH

SEGEE 17 SRR, B A KRR B8 T AR i A FE (body
weight, BW) , JbR B f5 b 3 4T F B s, il 22 00 =51l W
273 mL,EE#E 30 min,3 000 r/min &[> 15 min,
W IMEFRA A 1.5 mL EP &, it A—80 “C uk4H
PRAE# . B O I 43 8 Ji r BN KO 1R 3k 2% b ik
(PBS) I3k » B 52457 e HE B 5 11 P 5% B8 I A8 )5 e
WL 2085 B, FH U8 48 W T )5 FR EE R AT 420 i
Cheart weight, HW) , B B2 0] g A1 A2 0 5 i 55 BE
R g4t )5 , R 8 B 45 220 = i i (left ventricular
weight, LVW) . fJ5il# 20 a5 =HW/BW,
LD E R e =LVW/BW,

1.2.4 FAZFL(HE) &

3 2l K BRC WL ST 5t 48 B0 22 52 B2 )5 B B R
M E20.5 cm A OE DAL EET AN 2R
T, 2 K R W) HE 405 78 608 N W0
WL 295 B AR 1k
1.2.5 %@z dxn HCN2 f# HCNA 45 H
o

B R B B UL R 2 A ) /s, B A
5 A1 Uk e AR HHCN2 F1 HON4 B 3235401 o
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1.2.6 Western blot # @ HCN2 #= HCN4 & & %k &
K

B B3 Rl B O OLZH 2, 0% 1 PBS IR 38 2~
3 WA B SR B R VE W 8 BCA B Bk B
JRER 1| Ul ITER = g = 7 T 7
ARG B T BRI 2 (PVDEF) BT in A i 28 1R
B 1 h, BREEABR ARG —$0 4 Cid.
Ml —4t, A TBST ¥ 3 W, 8K 5 min, AR B4
B P, M E 30 min, ] TBST £ E i FHEK I
PB4 W, BER 5 min, % 0HT G W0 R AR 22 ROk
(ECLR AWM (A = B=1: 1) S H w ), ms s
IS, F AlphaEaseFC #F 4B 2 48 43 H Ar
1 W ' BE 1H
1.2.7 %% k2% PCR &40 HCN2 2 HCN4
mRNA & &

WRBAOEZBEHLAZ 20 mg, ] TRIpure
EC M RNA, £ FH EntiLink™ 1st Strand ¢cDNA
Synthesis R & & B —5E cDNA, W &1 37 °C
60 min, 85 ‘C 5 min., 7E Life technologies 2\ #] i
StepOne™ Real-Time PCR ¥ | 5¢ i 52 B} ¢ o 1 &
PCR, & 4~ ¥ i B /E 3 A~ & fL, i J] EnTurbo™
SYBR Green PCR SuperMix if 7 & # 17 (ELK Bio-
technology ., EQ001) , Jg I %544 95 C fii A ¥ 3 min,
94 CAFME 10 s, iB K 30 5,72 ‘CHEfH 30 s,40 PMEFR,
1.2.8 iR EAN X BAY 20 5 H

fi% 2 12 ¥£ 46 i (tyrosine hydroxylase, TH) 7F 3¢
JER 28 2 v 52 B M L AR S 56 3 0 fe 8E 4 24k Ak
R TH B 2 35 2 23 B 46 T 0 22 L Hh 52 T 28 14 43
fi. WK AL E NGBS EE T A% 2 RPRE,
A7 AR Y] L S PBS R 3 R, IR E T
e 2 g CEDTA) 22 vl v (% 18 2, PBS T ¥k 3
W.BET 3N A BE R T, IR T EHLFER 10
min, PBS ¥t 3 K. BTJ5 5% BSA &4 20 min, %
% BSA ¥ B3RV A A2 50 Ll BB —Pi.4 C
. PBS Uk 3 k., KBk PBS, &5k U)K 50~ 100
p L AH N B B — 40,37 CHEH 50 min, PBS ¥ 3
W, Z2BR PBS, 49K 81 F fin 50~100 pL B & il i DAB
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Wl B g e, ZZMKSHRKPUE, FARE
P AWM BN (A 1 s). ARk, ZKIR
WL UK MEE . U 4o Bl AR B ok B R R Y B
£ 10 min, K T4, = H 288 B, R &
Bik .
1.2.9 ELISA # & MU % £ W ' £ A% & (nora-
drenalin, NA) #= '§ £ 3% % (epinephrine, EPD) K

S50 TR S5 99 AR A DA UK AR B 2 R A R T
30 min M VKA TP ECH ELISA 7 &, Fff 2 F .
2 I ELISA 32070 & Ul W1 45 #8420 B8 43 ) A .o LR
41 NA #1 EPI K F,
1.3 %itFam

KM SPSS17. 0 B AF 3 47 B8 43 A o 1 1 %R DA
x s R CHNPIP LR A LSD+ K 5%, Z 41 [H] L
BRI 22500, UL P<<0.05 NESAS ¥ E X,
2 % R
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55 Sham 2 4 BRG] (TVA 4140 i 35 5.
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2
£

[E0
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| 40 B A Zi s TR FR AL
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Y M HE S AL S5, LI 1,
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2.2
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N -~ i e 7 £ /, ’ - - ] ~ 2
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Sham¢H o AR ' IVAZE
& 2 HCN2 M EZEHRLFLEE(X400)

Sham#f fREIH IVAZH
B 3 HCN4 fRE AR ZE B (X 400)

Shamifl  fREME VA 5 Sham # e BAI4] TH 434 & NAEPI %
85X 103 KN (P <<0. 05); HHAA AL IVA 41 TH
4346 B NA EPT &AW (P <0, 05) . L& 5,58 3.
%2 &% HCN2,HCN4 E G mRNA &8t

HCN2

HCN4 134 X10° _
RIEKFE(n=6,x=*s)

) & mRNA

GAPDH 37X10° - HCN2 HCN4 HCN2 HCN4
Sham 4 0.1740.08  0.1340.04 1.13£0.22  0.09-0.33

= Western blot #& 7l HCN2. HCN4 A 5B R L 0.60=£0.07* 0. 65=0. 06° 4.4540.60"  4.46=0. 60°
TVA 41 0.3740.03"  0.32+0.07 2.484+0.19"  2.50+0.31"
AL ke
2.4 %21 TH » A & NA EPI &AL *,P<0.05,5 Sham 414" P<<0. 05, SHUBL 1L,

ShamZH fRAILE IVAZH

5 THR®REHRLZRE(X400)
£3  HENAMEPIMREKFELE 3 it i
(n=6,z%s,ng/mL) B R, HON 760 WE R 3 MG S R %4 %
415 & mRNA PR EY , AR AL L /N BLG 20 LR . HON 4

NA EPI NA EPI

Sharm 41 4.1741.09  1.3040. 39 16.9843.44  7.69+1.05 SRR BRI LAY » (H 3 e 3 IR 2R 3K A9 3 38 7E
A 12.5542,20°  5.42400,66°  37.0245.75" 13,8041, 67° U 95 9 10 ) 2 A el B s L HE JEE R BRL 0 JUL &t

IVA 4 4.93+1.71"  2.6240.61° 23754572 9.5841.99" {4 HhL S 8 BB R Y 2 S L S AR RS i 550 JUL R JEE 1
*:P<00.05,%5 Sham 41 #2:": P<<0. 05, 5B A L4,




FTHRESF 2021 59 A% 50 %% 18 4

TR R O AN G TR o AR R Bl 4 2 Bl 3R
8 9 T R AR 0w LI F R L B 8 RT RE R
T A B 0 A W B RURR S L s LA JEE S 4% s U
PRI 1) B AR L HL AT AR R R I R AR
P2 T 5 JR8 Shy oo o 3 0 o 7 A AR v R A A SR IR 42
R QTP 1) Sl 2 1 o N s 1 L DN K € 2 N U e
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V5 PR A B T O o 0B e 0 9 e B0 8
oA R — S Pl O R 2 B R R R T
REEALR o 336 LA AR 1 0 AP 1 FHATS ZE 0 5 v

ARG 2 45 A K B 3 B Dk O 2% T AL 0
AR JE #7538 3 Western blot., 22 B %€ )6 &£ & PCR
HELISA AR I A A B85 € X0 WUIE B R B0 =
WL HCN B A8 I 28 1 52 Wi, E B T R B0 LIS JRE 1
L E WLARM HCN2 Fil HCN4 35 B TH i 43 Ai 4
hn UL NA FI EPT /K F- 39 . 5 DU A
FETHG. HCN2 il HCN4 %358 2 T4, TH 9
AP WL ZURS NA FI EPT /K S 3 /0, 36 W A
A B AT LA O WUIE TR K BLO 2= L HON B 38 J&
MR RIK, BT S R T R, IF R
0 JUUIE JE {0 HOm /> NA EPT 9 36 3% ] fig & 3 61 22
JECH 2 k0 JUF Y B R B EAE . 59 A0, 0 UL AR R A
HCN k38, H 78 38 B3 3h 3 5 i ik — 25 4 3k .0
JULZH e 5 5t 0 ) Bl BR A, I g | A RO R R R
Az B> HON B 58 o 28 1 32 38 A SR RGO A 2R
WORAER, XHT B A2 M BH ¥ 790 % 5 8% w28 1 1
BL AR TR 5 A 28 B b 25 1) 52 i nl i 5 O 22 A
A G HH W IR B, D AR A TR A AT R s 2D e il P
0403 S R AR P AR 7 A B = R R AR T Y A
s DT Bk 20 o0 LR B8 18T AR, 5 L 2R % R B 3R B e ek
36 58 IR B ok o 30 % A, LA BB 4 I R M R, Bk S
ApoE K& K i Bk /1N B N Bz D RE 9 0 WLEF 44k, i
B 4 100 | T Sh koS e B AL L BL AT 4E AR AR N
DA A 5 S A A B A TE P L A RS AT ik s dol i,
PHHECEASRURE B0 IE T AR X 5 R A TR R
IO A I JEAH DG T

B Al R T LB 0 LR TR K B HON & A
mRNA 7KV HIBE B 28 1 23k L 3 Ok B oA 3 L
Tl RO AR B 0 UG 4R S T B AR B L E AR
i B A8 A F 38 A 26 1 B3 AR A AR 4 L i 5
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