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[ ABSTRACT] Objective: The aim of this study was to investigate the effects of chronic intermittent hypoxia ( CIH) on atrial electri-
cal remodeling in Sprague-Dawley (SD) rats, which provide the explication for the mechanisms of CIH promoting atrial fibrillation
(AF). Methods: Eighty SD rats were randomly divided into 2 groups: control group and CIH group (n=40). CIH rats were subjec-
ted to CIH 8 h/d for 30 days. After the echocardiography and hemodynamics examination, cardiac electrophysiological experiments,
histological experiments, and molecular biological experiments were executed. AF susceptibility was measured by isolated heart electro-
physiological experiments. Masson’s trichrome stain was used to assess the degree of atrial fibrosis. The protein expression levels of so-
dium voltage-gated channel alpha subunit 5 (SCN5A/Na,1.5), calcium voltage-gated channel subunit alphal C (CACNA1C/Ca,1.2)
and potassium voltage-gated channel subfamily D member 3 ( KCND3/K, 4.3) were measured by Western blot. In whole-cell patch
clamp experiments, current clamp mode was used to record AP, and APD,, and APD,, were analyzed and compared between the two
groups. In voltage clamp mode, Iy, , I, ;, I, and their kinetic parameters were recorded and compared between the two groups. Re-
sults: Compared to the control rats, atrial interstitial collagen deposition (P<0.01) and AF inducibility (P<0.05) were increased in
CIH rats, whereas the expression levels of Na, 1.5, Ca, 1.2 and K 4.3 were decreased (P<0.05). APD,, and APD;, in CIH rats’ at-
(P<
0.01). Conclusion; CIH-induced changes in the protein expression levels of ion channel subunits, current intensity, APD, and AF

rial myocytes were longer than those of control rats, and CIH rats showed decreased current density of Iy, , I, ;(P<0.01) and I

to

susceptibility, which may be the mechanisms of CIH promoting AF.
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Tab. 1 Basic characteristics, echocardiographic parameters
and AF susceptibility (x+s_, n=20)

Parameters Control CIH

Body weight (g) 398.38+8.87 388.95+9.22

Heart weight (g) 1.20+0.03 1.38+0.04

LAD (mm) 3.53+0.10 3.71+0.08

LVEDD (mm) 6.36+0.29 6.49+0.17

LVESD (mm) 3.97+0.23 3.96+0. 19

PAT (ms) 37.55+0.86 26.41+0.88 ™

LVEF (% ) 69.49+2.02 68.99+2.55

MPAP (mmHg) 62.10+0.39 67.10+0.40 ™

MABP (% ) 103.60+8. 15 120.30+8. 12

AF susceptibility (% ) 24.00+4.52 36.00+3.40"
LAD: Left atria diameter; LVEDD; Left ventricular end di-

astolic dimension; LVESD: Left ventricular end systolic dimen-

sion; PAT: Pulmonary artery acceleration time; LVEF. Left
ventricular ejection fraction; MPAP. Mean pulmonary artery
pressure; MABP. Mean arterial blood pressure; AF: Atrial fi-
brillation

“P<0.05, “P<0.01 vs control
2.2 WAKXBROERETRSHER

gk 2 B iR, 50 B AR b, B A KRR
(.00 B3 20 2R S0 AR A 5 I S 3 4 R B A 0
B R A 803 3 R (1. 50 £ 0. 23)% F1 (6. 40 =
0.84) % , 43 5 I B 485530 A (1. 58+0. 22 ) % Fil
(7.38+1.02)%

Tab. 2 Atrial collagen volume fraction (x+s,, n=5)

Parameters Control CIH
LA CVF (%) 1.50+0.23 6.40+0.84 ™
RA CVF (%) 1.58+0.22 7.38+1.02

LA Left atrial; RA. Right atrial; CVF; Collagen volume
fraction

"P<0.01 vs control
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stained atrial sections from rats in Control (A) and CIH

(B) groups
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Tab. 3 Ratio of target proteins to reference B-actin (x+s,, n=

10)

Parameters Control CIH
Na,1.5/B-actin (LA) 0.95+0.31 0.85+0.46
Na,1.5/B-actin (RA) 0.87+0.41 0.85+0.39
Ca,1.2/B-actin (LA) 1.21+0.57 0.77+0.39"
Ca,1.2/B-actin (RA) 1.14+0.55 0.72+0.43"
K. 4.3/B-actin (LA) 0.89+0.42 0.63+0.20
K,4.3/B-actin (RA) 0.98+0.47 0.54+0.24"

LA Left atrial; RA . Right atrial
“P<0.05 vs control

Control CIH _Control CIH

Navl.5 — Cavl.2 © Kv4.3
LA =
B-actin « e— — B-actin  ee—: s—

Control CIH

B-aCtin o —

Control CIH
RA Navls -_— —

P-actin  em— —

Control CIH

Cavl.2 TR Kv4.3

Bractin — e—— B-actin — ee— —

Control CIH
-

Fig. 2 Protein levels of Na 1.5, Ca 1.2, K 4.3 confirmed by

Western blot in two groups

LA Left atrial; RA; Right atrial
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Tab. 4 Current density and kinetics of Na 1.5 (x+s_, n=30)
Parameters Control CIH

Cm (pF) 70.95+4.62 74.17+3.86
-60mV peak current

density ( pA/pF) 40.05+2.45 -38.84+2.71
-50mV peak current

density ( pA/pF) 41.55+1.62 -38.76+1.79
Vi (mV) 68.68+0.20  -68.71+0.22
LW 2.14+0. 16 2.10+0.22
Vi zinae (mV) 74.13+1.84  -76.34+1.65
| S 8.56+0.33 8.17+0.35
T (ms) 9.53+1.12 10.30+1.03

Cm: Membrane capacitance; V, .., : Half maximum activa-
tion potential; V,,,..: Half maximum inactivation potential;
k,..: Slope factor of activation curve, k; . : Slope factor of inac-

tivation curve; T: Recovery time constant; n: The number of

detected cells

n

%0 § 200400 600 800 1000
mV) Time(ms)

Fig. 3 Effects of CIH on Na, 1.5 in Low Na® extracellular so-
lution
A Representative example of recorded I, curves; B:
Comparison of I-V curves of Iy, between two groups; C:
Comparison of activation curves of I, between two groups;
D: Comparison of inactivation curves of Iy, between two
groups; E: Comparison of recovery curves of I, between
two groups. The dual-pulse stimulation interval ( At) is
0.3,0.5,1,2,3,5,8, 12, 20, 50, 100, 300, 500,
1000 ms, respectively

Tab. 5 Current density and kinetics of Ca, 1.2 (xts,, n=30)

Parameters Control CIH

Cm (pF) 71.55+3.59 76.63+3.95
g;f;g (P;;k/;;grem 6.320.36  4.07:0.39 "
V120 (mV) 212.09+1.11  -10.95+0.95
L. 4.82+0.22 4.98+0.19
Vi inaa (MV) 28.26+1.14  -29.32+0.68

| S 4.85+0.27 4.72£0.45
7(ms) 600.16+54.38  642.20+49. 63

Cm: Membrane capacitance; V, ., : Half maximum activa-
tion potential; V,,,..: Half maximum inactivation potential;
k.. : Slope factor of activation curve, k; . : Slope factor of inac-
tivation curve; T: Recovery time constant; n: The number of
detected cells

“P<0.01 vs control

>
" g

Current

0 d0 F0 b 0 0k
Membrane potential(mV)

xJ § 5000 10000 15000 20000
(mV) Time(ms)

pote po :
Fig. 4 Effects of CIH on Ca,1.2 in Physiological Tyrode’ s so-

lution

Mem!

A Representative example of recorded 1., curves; B:
Comparison of I-V curves of I, ; between two groups; C:
Comparison of activation curves of I, between two
groups; D: Comparison of inactivation curves of I ; be-
tween two groups; E. Comparison of recovery curves of
I, between two groups. The dual-pulse stimulation inter-
val ( At) is 50, 100, 160, 300, 500, 1 000, 2 000,
3000, 5000, 7 000, 10 000, 20 000 ms, respectively
2.6 FMAXBOCEIMRILEBRZEER K4.3 3
NESHLLE
mgk 6 &5 Fos, 5%k AR L, B 2 KR
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Tab. 6 Current density and kinetics of K 4.3 (x+s,, n=30)
Parameters Control CIH

Cm (pF) 73.95+1.60 72.62£2.06
+60mV peak current -
density ( pA/pF) 18.79+0.61 16.78+0.47
V12 (mV) 11.21%2.31 7.841.78

K, 14.83+1.33 13.95+0. 66

Vi 2inaa (mV) 28.47+3.02 -31.64%1.66
Kt 7.99+0. 82 7.43+0.54

7 (ms) 43.85+3.89 53.80+3.89

Cm: Membrane capacitance; V. : Half maximum activa-
tion potential; V,,. .. : Half maximum inactivation potential;

k,..: Slope factor of activation curve, k Slope factor of inac-

tivation curve; T: Recovery time constant; n: The number of
detected cells

“P<0.01 vs control
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Fig. 5 Effects of CIH on K 4.3 in Physiological Tyrode’s so-

60 o 3070 20 40 60
Membrane potential(mV)

lution. A : Representative example of recorded I, curves;
B : Comparison of I-V curves of 1, between two groups;C:
Comparison of activation curves of I, between two groups;
D: Comparison of inactivation curves of I, between two
groups ; F'; Comparison of recovery curves of I, between two
groups. The dual-pulse stimulation interval ( At) is 1, 3,
5,7,10, 15, 20, 30, 40, 60, 90, 120, 150, 180, 210,
250, 300 ms, respectively

Tab. 7 Comparison of RMP and APD between two groups(x+

s, n=50)
Parameters Control CIH
RMP (mV) -57.37+1.95 -51.52+2.25
APDy,(ms) 35.80£1.52 40.38+2.27
APDy,(ms) 10.58+0.53 11.51+0.57

RMP: Resting membrane potential; APD: Action potential

duration; n; The number of detected cells
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