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& R, FEM,REWN, ANX, RAHE, 8 F, KEKF, § #H
CBAR B2 28 R 2 B R A S22 e B 7 SE A R 2, U 1T B 610075)

[ E] HH: HFTKUEBKESEEBE M EME (ApoE ) /NEULE IR TR K F ik A8 75 =
EOERE (SVA) RATMER, JFHRIT ARG . Bk # 20 H ApoE ™ /NRBEHL Y N IE %
R M AR R (HFD) 21, #4110 1, W3R 20 85, SRR L f A A 2 41708 BRoe JF B A= 3
A P st ARG 2 20 /0N BRGNS 4 Tl BE RN 25 4, IR G 2 W B8 (ELISA) A 2 20 /0N BRI 375 H ofi
JE . SHEER (TBA) MIRAER FKF, FhARKE -2l (HE) Ze il 2 240 /08 B0 JIE R 5E 520,
Masson 4t (4 W £ 2 20/ GO VLR 4L AR . G558 HFD /DR I A X B3 (JPB) /28 R IX 03
i (JT) 44, pBERE (PAC) 1HIRE MR (PVC) 16, TMiiE & e/ B H 3L IPB/IT
FPAC# 14, SIEHFRA L, HFED 4/h BRI B (P<<0.05), WAKWEM (ESV).
D REE] (QRS) Flb % XA M S E (QT) HMIH AR (P<C0.05), Hilisr%k (EF)
MR 4E J% (FS) FEAL (P<C0.05), &Pk ARMIAR (EDV) Fh@E (P<<0.05), {H4L R 46 A B %%
1 (ESV) WK ZESEGIT¥E X (P>0.05), ALZEEFKAMNE (LVIDd) FZ L% 05046 A
# (LVIDs) #4n (P<<0.05), I sfiEmE (TC), Him=k (TG)., Bm%EIEN (HDL-c). fi
HERRHE T (LDL-c) KRR & 22 5 K41t 22 8 X (P>0.05), TBAKY-Jhm (P<<0.05), H
HMAFR6 (IL-6) . MRIRIEHN T o« (TNF-o) . PZAMMEALEHT (MCP-1) FEMLK T C-X-CHFF
Bk 1 (CXCL-1) ZRHIALGEI%EX (P>0.05), SEFFERBALE, HFD4/ML AN E 18
(IL-18) /KPR T L (P>0.05) . HE Y0, HFD 5 1E 5 Rk 4L/ B4R 1 40 i 12 08 A1 .
Masson e, 5% R He 8, HED 41/ BUEF 4 fb A7 B ka8, HL0 JILEF 4w AR 4 1) 22 55 o 40
R (P>0.05), &g KWEIEKE T8 ApoE / /NRILIE TBA K-, AlEE5I# SVA.
[X#iE] ®IRRE; BIFRR; £ LOo/FfRE,;, RIERT,; OLEF4k
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Role of serum total bile acid level in development of arrhythmia
in ApoE ' mice
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long-term high-fat diet in the occurrence of supraventricular arrhythmia (SVA) in the apolipoprotein E
Methods: Twenty ApoE '~
randomly divided into normal diet group and high-fat diet (HFD) group (n=10) ; after 20 weeks of

knockout (ApoE '~ ) mice, and to clarify its mechanism. mice were
feeding, surface electrocardiogram was used to detect cardiac electrophysiology of the mice in various
groups; echocardiography was used to detect cardiac systolic function and structure in the mice in various
groups; enzyme-linked immunosorbent assay (ELISA) was used to detect serum levels of blood lipids,
total bile acid (TBA) and inflammatory factors in the mice in various groups; hematoxylin-eosin (HE)
staining was used to detect cardiac inflammatory response in the mice in various groups; Masson staining
was used to observe myocardial fibrosis degree in the mice in various groups. Results: Compared with
normal diet group, 4 cases of junctional premature beat (JPB)/junctional tachycardia (JT) , 1 case of
premature atrial contraction (PAC) and 1 case of premature ventricular contraction (PVC) were found in
HED group, while only 1 case of JPB/JT and 1 case of PAC were found in normal diet group. Compared
with normal diet group, the heart rate of the mice in HFD group was significantly decreased (P<C0.05) ;
the QRS and QT intervals were significantly prolonged (P<Z0.05) ; the ejection fraction (EF) and
fractional shortening (FS) were significantly decreased (P<C0.05) ; the end-diastolic volume (EDV) was
increased (P<C0.05), but there was no significant difference in end-systolic volume(ESV) between groups
(P>0.05) ; the left ventricular internal diameter at end-diastole (LVIDd) and left ventricular internal
diameter at end-systole (LVIDs) were significantly increased (P<C0.05). There were no significant
differences in plasma total cholesterol (TC) , triglyceride (TG) , high-density lipoprotein (HDL-c) and
low-density lipoprotein (LDL-c) levels and body weight between normal diet group and HFD group (P>
0.05). Compared with normal diet group, the TBA level of the mice in HFD group was significantly
increased (P<C0.05). There were no significant differences in interleukin-6 (11.-6) , tumor necrosis factor-a
(TNF-a), monocyte chemoattractant protein-1 (MCP-1), and C-X-C motif chemokine ligand 1 (CXCL-1)
levels between HFD group and normal diet group. Compared with normal diet group, the interleukin-13
(IL-1B) level in HFD group showed an increasing trend, but there was no significant difference between
groups (P>>0.05). The HE staining results showed that the inflammatory cell infiltration was similar
between HFD group and normal diet group. The Masson staining results showed that compared with
normal diet group, the fibrosis of the mice in HFD group showed an increasing trend, but there was no
significant difference in myocardial {ibrosis area between groups (P=>0.05). Conclusion:Long-term high-
fat diet may increase serum TBA level in ApoE~’~ mice, which may induce SVA.

KEYWORDS High-fat diet; Total bile acid;
Myocardial fibrosis

Supraventricular arrhythmia; Inflammatory factor;

o I ILE A 3 8 A P ) O R AR, AT R

N RTE R IR (bile acid, BA) K . R

OREE R, S BB MO BERE . = bR
(supraventricular arrhythmia, SVA) ., % ¥.0 4%
ORI Y R Y R MBTT R R
7LD BN A F A, AR RSB R
A AR B ik iz B AR, (H S RE W] A AR 4 10 3l
Ao RN VP SR BE KUK o WESE T R FE IR
fakE (high-fat diet, HFD) W% 05 & 1 E ik
(apolipoprotein E knockout, ApoE ") /N H &k
HhARERE S MR, (H AT RLFER SVA, #78 HFD
ERREEMAE TR S OBAW EHEXLR,
HED AL il A5 7K - T, ik w] DS 98 58 0 S

JE B AR B e RO R RE R R R
KA F AT T AL G Z R B A, A
AR T R, BA R O ASR EE N
FZ— 0 WY WoR s R AR TR BLE
MBRK SH R (total bile acid, TBA) K7t
W, BB LBIZET 3R M 0. 28 % M hn % 3.44% . A HF
538 1t 45 F ApoE /N BUIE B 4R R B HFD M 5%
20 8, R GEVTAR AN R K 1 TGO JIE B A 1 5
M, B MK WIIRE TR A, 454 RAEN 7
BA R, 87 b3k PRZ7E O 0 i A 31 A i v
FEAERT, BT b B 3R T 48 0 A BA FE L 1 i AE
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1.1 ZBRsHhHh. XXM E 20 H 35 HErE
ApoE " UNEL, W (2542) g, W RER 2 B
EYFEARA A, WA FaliE S SCXK
(JI1) 2020-034 /I~ At 156 5 B2 W BF I (enzyme-
liked immunosorbent assay, ELISA) 22 i 5 &
HYLT fh RAEY R ARA A, 98 K-
(hematoxylin and eosin, HE) % {1 ik 7 & M
Masson ¢ (4 5| & 0 A & e B (db ) AW
ARABRL A . HFD (40.0% 05 . 20.0% & A B
F140.0% KL G, 6.00 keal-kg 'figH) WA
PR R AR R A R A A, IR RDEE (10,226
fig i . 38.4% & 11 5T Rl 51.4% kK b & W,
4.51 keal-kg 'REI ) W [ BAR 5 B0 S48 2 W) A BR
o). AL B B A RS (£ E General
Electric Co/A#]), s il3L#3k (12.0 MHz) i
froRdE, HE Q@M 238 ( H A NIKON 2
H) ), Masson 3¢ & fff }] B 4 (#1%5 . NIKON
ECLIPSE E100, HZANIKONZ ).

1.2 SRsHHrmsis® 20 H ApoE /M
BEHLA M IE# R 4L (n=10) FITHFD4l (n=10).
IEH DB /N B2 TR F DB, HED /R4S T
HFED, #7220 4.

1.3 2404k eBEE W20, Xt
2H/NRBA TR R R A, T A/NECRH 3% =
FETE A I S P R, AREE TR BN
S NSNS BUNE R N TR £ R TR BTig N
K N FROBE, i/ SVA ZARN

1.4 BECHARZ2H DA KBS IHFR
20 Al I, AE 100 5 KRR T X 2 4/ REAT &
OBl R A, LA s i AT X JUE 25+ AN 2
REMYSZNR o 7SO gl R T 7S R GE T 20 0 %8 Al
LSk MUK S U oR A R o A0 = BT I 4 2K
(ejection fraction, EF) Fl % %l 45 /8 * ([ractional
shortening, FS) 220 % BEJE M0 & HAR KM &1 T
B R MBI A7 0 % S BE AT IR R (left
ventricular posterior wall thickness at end-diastole,
LVPWd) ., EFRHEKIESE (interventricular septal
thickness at end-diastole, IVSd) . Z&.» % &F 5k A 1
M 4% (left ventricular internal diameter at end-
diastole, LVIDd) . 7.0 & W4 K W N 42 (left

ventricular  internal  diameter at end-systole,

LVIDs) . #F 5K K %45 #{ (end-diastolic volume,
EDV) FI i 45 K 1 % L (end-systolic volume,
ESV), PEAG/N B BET RE X 254 .

1.5 XMNEAMN2HAPK L oFXER TR
TBA KT SHUBREES, R/ EUIRER T
EDTA% ., 4°C. 3000 r-min "&.L 20 min, %
FH/I BUELTSA I 5 32 50) &0 4G I /) B I v v A 18 [
fiZ  (total cholesterol, TC) H o = W&
(triglyceride, TG) . K% F g & 1 (low-density
lipoprotein, LDL-c) Fl& % EEAGHE 1 (high-density
lipoprotein, HDL-c) DL R ifi % (1 40 ffd A~ R 6
(interleukin-6, IL-6). F#IMi/2 13 (interleukin-
1 beta, IL-18) . JW ¥ K FE A F o (tumor necrosis
TNF-o) . B #% 41 i #& b & [
(monocyte chemoattractant protein, MCP) . itafbHl
T C-X-C % JF i #& 1 (C-X-C motif chemokine
ligand 1, CXCL1) FITBA K, HRMNE 5%
HEORR) & U B A AT

1.6 HEFERK2A DA SCMARREL S
AR REOIEAL, A% ZRPBEEE . XAk
IR NEH R ES Y R (& 4 pm) i#17 HE
gefs o YIRS oK, IR AR W B 3~5 min,
SEMRIWKE A, ZIR IR, ZEWKEG, B
PR KA, AL D A 5 ming B b
R AT CBEh, BRRAZ R A, 7R
Tl T RIS #4700 A

1.7 Masson & &ILEK 24/ &8 UL LR B 5
HE @R RIS A8 Y)R OA A R
Hh, wiR TR, KRR, BT8R
AR PG 3 min, WK ik, ZEMK
YR . IR A Ponceau R PE i 21 4 (4 5~10 min
JEZERK R, I R s TR BRI W 1~3 min,
TR W WP Y {0 3~6 min, 1% UK R 1k,
ToK CBEP K, PR R R T A 5 min
Jad R o TE R T SRR S 53 0 WLET 4 A 72
BE o & YA FR B K DU >R H Image-pro plus 6. 0 #4
(£ & Media Cybernetics 24 7)) #4743 H7 o

1.8 %t ¥4 # KM GraphPad Prism 9.3 4 it
AT E AT 00T 24N RUAEIE R SV A KR
PIE RN, AR IECRH g ; 241N EF .
FS., EDV., LVIDd, LVIDs, IVSd #1 LVPWd,
M TC, TG, HDL, LDLAIIL-67KF, IfiLiE+
TBA. TNF-a, MCP-1HICXCL-1 7K F ¥ & IEZ

factor-alpha,
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OrAi, Bla+ s #oR, 24 REAR BB R P
SEREAR (KBS . DL P<<0.05 M ZERAH G FE

2 &% R

21 28D RAFRPASVAXERAL T
20 JAlJG . IEH G /N BUAF G 40 10006, HFD 4
INBRAETE RN 70%, 24 2R LG E X
(P=0.05) R JH# 0 v W% 2 41/ il v 2 3
Ak . HFED @1/ B 9 3¢ 5 IXC R4 (junctional
premature beat, JPB) /A ¥ X0 3id# (junctional
tachycardia, JT) 4 (4/7, 57.1%) . 5Pk

JPBs/IT(1/10)
i I

e Jq T |M\ L Ao RS

PAC(1/10)

Normal diet

(premature atrial contraction, PAC) 1 i (1/7,
14.3%) ™ % ¥ K4
contraction, PVC) 1] (1/7, 14.3%), WiiE#
ekl B B JPB/IT (1/10, 10%) A1 PAC
(1/10, 10%) # 14, LRI A A A7 R A
DKW R AR ILE 1IA~D. 5 IE % A R 41t 5
HED 4/ B R U] AR (P<<0.05) (K 1E), H
HED ZH /) Bl QRS #1 QT [H] B i %€ & (P<<0. 05)
(FE1F FE 1G), H 220/ QT [A] 8 b 22 5
it X (P>0.05) (EI1H),

(premature ventricular

JPBS/IT(4/7)

High fat diet

A B
Survival = SVA 600
=3 Death = Non-SVA ~
10 10 I
[0 o g
2 8 2 8 B *
g g Z 400
S 6 S 6 2
) 5 3
° 4 o© 4 = L
z 2 z 2 g
0 0 =
Normal diet HFD Normal diet HFD Normal diet HFD
C D E
0.015 * 0.04 . 0.10
s 0.010 - = 003F T
3 3 T < 0.06fF
8 5 0.02fF &
= S N
o 0.005 | = o 0.04
g o 001 B 0.02F
Normal diet HFD Normal diet HFD Normal diet HFD
F G H

A, B: Electrocardiogram; A:Normal diet group; B: High fat diet group; C: Surival situation; D: Arrhythmia
sitnation; E: Heart rate; F: ORS interval; G: QT interval; H:QTc. "P<C0.05, "P<C0.01 vs normal diet group.
B 24/ BT R A

Fig.1 Survival rates and electrophysiology of mice in two groups
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22 240 RGP ELEN HIEWN
BHAL L, HED 41/ B EF f1 FSB BEAIL (P<<
0.01), EDV Jt# (P<<0.05), {H4l[E] ESV H 4%
RG2S (P>0.05) ., 5IF# Wk 4 1t
¥, HFD 41/ B LVIDd #il LVIDs ¢ fin (P<<

=X (P>0.05), WK 2L,
2.3 2@ R eBARF IEWHEE4 S HFD 4]

ApoE " /NEM M TC., TG, HDL M LDL /K
R R 2 A b 22 S oSt L (P>0.05) .
W2,

0.058% P<C0.01), TVSd #I LVPWd 2 % LG it

A': Normal diet group; B: HFD group.
B2 241/0R.O T RERLG B 451 ML R R .0 3 B

Fig. 2 Typical echocardiography of heart function and ventricular structure of mice in two groups

#1 28/PROIHRRIEAR

Tab.1 Indexes of cardiac function of mice in two groups (n=10, z=+s)
G EF FS EDV ESV LVIDd LVIDs IVSd LVPWd
sroup
(/%) (/%) (V/pL) (V/pL) (//mm) (//mm) (//mm) (//mm)
Normal diet 77.5942.55 40.48+2.38 138.00+£27.54 41.004+31.78 3.7740.28 2.2940.16 0.364+0.05  0.3940.07
HFD 70.05+4.77"  34.43+3.66" 184.30+33.04" 55.70+11.34 4.18+0.28" 2.74+0.17" 0.364+0.05  0.4040.00
‘P<C0.05, “"P<C0.01 vs normal diet group.
£2 24/MRULARAKF
Tab.2 Blood lipid levels of mice in two groups (n=10, x4
Group TCley/(mmol-L ] TGlp,/(pg-L Y] HDL[o,/(mg-dL )] LDL[c,/(mmol-L."")] Body weight (m/g)
Normal diet 4.67+0.70 165.73+48.08 61.31+9.07 5.384£0.80 28.34+0.93
HFD 4.3940.74 159.61+51.51 58.15+4.84 5.5940.58 27.61+1.89
2.4 2280 ReF P TBAFKERFRE HIEWH  CXCL-1KVPERHIGEIT¥EL (P>0.05), /N

TRHH Fe gL, HED 2/ BRUIALTE o TBA KB i & BRI R TL-1B 7K A Th e 3, R4 ) Ll 2 %

(P<<0.05), I3 " IL-6, TNF-a, MCP-1 I TgitrE L (P>0.05), W3 3.
#3 24/MR TBAFIRERTAKF
Tab.3 Levels of TBA and inflammatory factors of mice in two groups (n=10, x=+5)

. TBA IL-18 1L.-6 TNF-a MCP-1 CXCL-1

O

oup [ey/(pmol - L7Y)] [on/(ng-L7N] [oy/(ng-1.7Y)] [oy/(ng-L7Y)] [os/(ng-L7N] [oy/(ng-1.7Y)]
Normal diet 6.38+1.27 59.36+17.53 46.69+10.44 421.55450.78 19.044-2.23 115.45420.09
HFD 7.82£1.27 69.79+£9.49 43.591+12.38 419.35+48.70 18.88+1.81 106.614+13.83

"P<C0.05 ws normal diet group.
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2.5 2HDRASMERKBAEHBSEAF SPLLHT %
@A HE Y6 58 HED 44 FIE & DB /D B4
PE A0 IR AL . 5 OEH R e, HED 41/h

Normal diet |

HFD

Serdefb At masy, H.oplerdefbmfl (GF % 16
BL2H . 6.24+3.51; HFD 4 : 7.02+1.76) 4
ERLGIHE X (P>0.05). WK 3,

A—D: Masson staing; E—H: HE staing; A,B,E,F:Normal diet group; C,D,G,H: HFD group.
B3 24/NRRIEME LR E

Fig.3 Degrees of inflammation and fibrosis of mice in two groups

30 i

ApoE " /INEUR H TR F B )12 1 Bl koK R A
A T A B 1 I PR AT R A Y RS T
G Tk £ 20 B i ApoE T /NEUH, SVA kR K
W TR . SR, 2 /MR R KSEAMRL, 5
MILAD 2 " K 7 i 550 4 i 309 F 5 77 4% 01 — %%,
R g A Frob AR W EEHIE R R . #HIEEAE
(apolipoprotein E, ApoE) 7t g B A b # 1 5
B, B EE 34 i AR i IR K T T
ORI E AR Z ;. O RH FEELE bR 2Z B s @K B i)
B A B8 . ApoE Y i 2k I AR A AR R i Ak &
AR NG, BT RE A AT, B AEER A
FHXE B2 AR B G BRKSE CnIE % k), i 3% b A9 B
Al 2 i RAL, NS B0 IR L AE . ARESE
g on: ApoE T /NRWTREHR TR M mAEK &
(20 ) 3 S0MA [ Bt K P40 R, DT A I 3 TC
TG. HDL #l LDL 7K F 5 1E & 1) Bk 21 7K 7 A7 A
Z AL A L A AR B R R T RE VD B IR [ Y e B
ia, 5% BAF K,

KW m IR S 2 BA M8 . A Hh sz 56 i
I AR 56 B 5% T B B . BA SN AT & H
WA, S ESVAKE., KYmEIEKE S

FBA MG, BAEW [ F &0, NS
/N B A G B RSB 3G I . BABR T a1 42 16 1
T HFEMATREFECOERE, 0T LI EESE WO
JULZ0 i Fr) i A BRRRAE RN AR D RE o A0 K O 1 S5 56
BF e 1 S A R A AN 8 R R AR RO
JUL20 B U4 i A — s IR o AR R R n] LAAE
AT (Ca™) R AE T R LK N B %t
B Ca™, Ca™ [ B AT AE 38 2 45 BT H 3t o8
T (Na') /Ca®" ek B8O K H . Ao
R WoR . HED 4/ Rl ds g iR fo =9 K,
PInRe S8 Tl A, T Rl O LY F A B
FEPE . MO TIREREARET, HLACH T 4Efs EE R E I
I HE R, 2 5 B0 IR 4 R G0 A B O R
EIN=3- 4 & ATl T DS e SR N TR 2
B ES, Y BoR: DI ERRETW
ARt A H PR R Na ™. Ca® K il Sh e 53,
R B 3 T Y AR 2 L S e JUL 2 L) B A
(AR IR QN E SR i PR e ) [ RTINS i UE 7
KA e 5| & O WU A A R A, DA 537 AL A B0 P
BFIE, 51RO NLEF A, 52 00 4 A R] Y B R A
FE TRl OEY KA X I8 5 LA sh 1 7 i
RN — 1, HE— B 8m TR E R A ]
B



T R, & M ST RRIKTAE ApoE ™ /N R AR R A T A 885

g LR, KR IS PO B8 ApoE /N B
B R BE I, LR T A 5 BA AR 5
E

P 55 R A
B A AR & P S AF TR 2 o8
EE T A

ERMETS 5L, Bon o s &g oS,
I RS S LRBELR, RFBMEEZS 5K
gt =2, SKORSEREH 2 518 SCH B

(&% 3Tk ]

[1] ZELJKOVIC I, BPULA K, BABACANLI A, et al.
High prevalence of hyperlipidaemia in patients with
AV  re-entry tachycardia and AV nodal re-entry
tachycardia[ J]. Sci Rep, 2019, 9(1): 11502.

[2] MCCULLY B H, HASAN W, STREIFF C T, et al.
Sympathetic  cardiac  hyperinnervation and  atrial
autonomic imbalance in diet-induced obesity promote
cardiac arrhythmias [J]. Am J Physiol Heart Circ
Physiol, 2013, 305(10): H1530-H1537.

[3] ZARZOSO M, MIRONOV S, GUERRERO-SERNA G,
et al. Ventricular remodelling in rabbits with sustained
high-fat diet[J]. Acta Physiol (Oxf), 2014, 211(1):
36-47.

[4] AUBIN M C, CARDIN S, COMTOIS P, et al
A high-fat diet increases risk of ventricular arrhythmia in
female rats: enhanced arrhythmic risk in the absence of
obesity or hyperlipidemial J]. J Appl Physiol (1985),
2010, 108(4): 933-940.

[5] RAHIMI K, MAJONI W, MERHI A, et al. Effect of
statins on ventricular tachyarrhythmia, cardiac arrest,
and sudden cardiac death: a meta-analysis of published
and unpublished evidence from randomized trials[J]. Eur
Heart J, 2012, 33(13): 1571-1581.

[6] CHOLESTEROL Treatment Trialists’ Collaboration.
Efficacy and safety of statin therapy in older people:
a meta-analysis of individual participant data from 28
randomised  controlled trials [J].  Lancet, 2019,
393(10170) : 407-415.

[7] ZHANG H X, ZHANG C S, HUANG R Z, et al. Oral
administration of MnCl, attenuated hyperlipidemia-

remodeling in  ApoE ’
J Pharmacol Sci, 2021, 145(2): 167-174.

[8] CHAN Y K, BRARM S, KIRJAVAINEN P V, et al.

High fat diet induced atherosclerosis is accompanied with

related cardiac mice[J].

low colonic bacterial diversity and altered abundances

that correlates with plaque size, plasma A-FABP and
cholesterol: a pilot study of high fat diet and its
intervention with Lactobacillus rhamnosus GG (LGG)
or telmisartan in ApoE ' mice [J]. BMC Microbiol,
2016, 16(1): 264.

[9] LINH, ANY P, TANG H R, et al. Alterations of bile
acids and gut microbiota in obesity induced by high fat
diet in rat model[J]. J Agric Food Chem, 2019,
67(13): 3624-3632.

[10] WESTMAN P C, LIPINSKI M J, LUGER D, et al.
Inflammation as a driver of adverse left ventricular
remodeling after acute myocardial infarction [J]. J Am
Coll Cardiol, 2016, 67(17): 2050-2060.

[11] SUETOMI T, WILLEFORD A, BRAND C S, et al.
Inflammation and NLRP3 inflammasome activation
initiated in response to pressure overload by Ca*"/
calmodulin-dependent protein kinase Il 8 signaling in
cardiomyocytes are essential for adverse cardiac
remodeling[J]. Circulation, 2018, 138(22): 2530-2544.

[12] VOIOSU A M, WIESE S, VOIOSU T A, et al. Total
bile acid levels are associated with left atrial volume and
cardiac output in patients with cirrhosis [J]. Eur J
Gastroenterol Hepatol, 2018, 30(4): 392-397.

[13]GAOX X, YEMY, LIUY, et al. Prevalence and risk
factors of intrahepatic cholestasis of pregnancy in a
Chinese population[ J]. Sci Rep, 2020, 10(1): 16307.

[14]ZHANG S H, REDDICK R L, PIEDRAHITA J A,
et al. Spontaneous hypercholesterolemia and arterial
lesions in mice lacking apolipoprotein E [J]. Science,
1992, 258(5081): 468-471.

[15] GOLDBERG 1 J, SHARMA G, FISHER E A.
Atherosclerosis: making a U turn[J]. Annu Rev Med,
2020, 71: 191-201.

[16] MILAD N, WHITE Z, TEHRANI A Y, et al
Increased plasma lipid levels exacerbate muscle
pathology in the mdx mouse model of Duchenne
muscular dystrophy[ J]. Skelet Muscle, 2017, 7(1): 19.

[17] RADYMSKA-WAWRZYNIAK K, SZEMBER-NYRKA B,
RYBKA A. Effect of the bile and bile acids on the
motility of the innervated rabbit colon [J]. Pol Arch
Weter, 1987, 27(4): 85-98.

(18] fRH 4L, L2418, B, % DM AESE 8 0 R
Rl A8 A Bl R B SCLT ] M R 27 2 4l (BE 24 )
2016, 51(6): 766-769.

[19] WILLIAMSON C, GORELIK J, EATON B M, et al.
The bile acid taurocholate impairs rat cardiomyocyte
function: a proposed mechanism for intra-uterine fetal

death in obstetric cholestasis[J]. Clin Sci (Lond),



886 TR (B H51% 4% 20254 7 7

2001, 100(4): 363-369. the arrhythmogenic effect of taurocholate in an in vitro
[20] GORELIK J, HARDING S E, SHEVCHUK A I, study of rat cardiomyocytes[J]. BJOG, 2003, 110(5):

et al. Taurocholate induces changes in rat cardiomyocyte 467-474.

contraction and calcium dynamics[J]. Clin Sci (L.ond) , [22]NATTEL S, MAGUY A, LE BOUTER S, et al.

2002, 103(2): 191-200. Arrhythmogenic ion-channel remodeling in the heart:
[21] GORELIK J, SHEVCHUK A I, DIAKONOV 1, et al. heart failure, myocardial infarction, and atrial

Dexamethasone and ursodeoxycholic acid protect against fibrillation[ J]. Physiol Rev, 2007, 87(2): 425-456.



