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[ Abstract] Objective To establish a simple and reproducible model and its evaluation system for bradycardiac
arrhythmia in Zebrafish. Methods Wild-type and heart-labeled GFP transgenic zebrafish were employed in this study after
24 h of fertilization. Twenty-four hpf (hour post-fertilization) zebrafish embryos were treated with various concentrations of
verapamil, propafenone, metoprolol, amiodarone, and mexiletine for 48 hours, then the cardiac function and cardiotoxicity,

including survival rate, heart rate, stroke volume, cardiac output, ejection fraction, area difference between ventricular
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diastole and systole and the distance between sinus venosus and bulbus arteriosus (SV-BA), were observed in each group.
Results To evaluate drug toxicity, the median lethal concentration (ICy,) was ranked as propafenone < mexiletine <
amiodarone < metoprolol and verapamil. After treatment with verapamil, the heart rate, cardiac output, ejection fraction and
difference between ventricular diastolic and systolic areas significantly decreased in Zebrafish, while the distance of SV-BA
increased. Treatment of propafenone reduced the heart rate and cardiac output in Zebrafish. Treatment of metoprolol
decreased the heart rate in Zebrafish. Treatment of amiodarone decreased the heart rate and increased the distance of SV-BA
in Zebrafish. Treatment of metoprolol increased the distance of SV-BA in Zebrafish. Conclusions Verapamil, propafenone,
metoprolol and amiodarone all could be used to construct zebrafish models of bradycardiac arrhythmia, among which verapamil
had the best efficacy. This study proposes the use of anti-arrhythmic drugs, particularly verapamil, to establish the
bradycardiac arrhythmia model using zebrafish as well as the corresponding evaluation indicators. This study is of great
significance to the research of bradycardiac arrhythmia and its drug development.

[ Keywords] bradycardiac arrhythmia; zebrafish; verapamil; cardiotoxicity; antiarrhythmic drugs
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Figure 3 Effects of drugs on the survival rate in zebrafish
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Figure 4 Effects of verapamil on the cardiac functions in zebrafish
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Figure 5 Effect of verapamil on the height distance and distance between SV and BA in zebrafish
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Figure 6 Effects of propafenone on the cardiac functions in zebrafish
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Figure 7 Effect of propafenone on the height distance and distance between SV and BA in zebrafish
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Figure 8 Effects of metoprolol on the cardiac functions in zebrafish
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Figure 9 Effect of metoprolol on the height distance and distance between SV and BA in zebrafish
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Figure 10 Effects of amiodarone on the cardiac functions in zebrafish
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Note. A. The lateral heart shape of zebrafish. B. Ratio of the distance between SV and BA to the height distance of zebrafish.

Figure 11 Effect of amiodarone on the height distance and distance between SV and BA in zebrafish
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Figure 12 Effects of mexiletine on the cardiac functions of zebrafish
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Figure 13  Effect of mexiletine on the height distance and distance between SV and BA in zebrafish

R1 ZEMEOEIHE RE S BB ROTN 3
Table 1 Efficacy evaluation table of the zebrafish model with bradycardiac arrhythmia

L WEEE G DREVEAN T b HIZOALEE S 2 A FAGHIK ¥z L KL
Evaluation index of cardiac structure and function Verapamil Propafenone Metoprolol Amiodarone Mexiletine
> Heart rate ++ ++ + ++ -
L% Stroke volume - - - - -
DI Cardiac output 4 + _ _ _
HH 534X Ejection fraction ++ - - - -
AS s AS cuuicle ++ - - - -
M-SR . . _ - .
Sinus venosus-bulbus arteriosus
TE 4 ARG+ A RCH B R RO - JERL,
Note. +. Effective. ++. Effective and dose-dependent. —. Ineffective.

3 it

GG IR DR H 2 O IESE DR 4l | s 3 4 A%
ST AR RIS BB DL 301
ik, EE I AT BB 25 i B ARSI, T E R
BH I R M A e A, GBI O HRH Y
SEZEEZ SO RN R ESE 7P as vy a S
SR — AT R TR R R 0 O
R RETIR5)A W Z5 1% R AERLIACK RRARIIRRE |
By ] W s 55700 SR ORI G B 2 I PR AE —
AR R AL O Al RGN g 1
O H I ST U S PR O AR
SRR AR S50 A A e, AN R e
Bk 7/ B SN R 7 Kl - DA E s e NI B T
NGRS O I H BIF 5 R 24 W s 8 O 2K 64 sl
AR AN T5 4% o

ABE5E iz HIBE 5 BTN B0 R 2
X IRE B £ &) 00 JUE D RE AR R R B £ BT 4 LA
FeaUoME 2 6 3 vt B0 W T T R IR SR 3 B )
AR AR P T A O IR SRR B S £

ARG R T W S O, 3 AR AT R AT 25 W R S G
HEBR 25 A B B PEAE . 3 T HiO M5 250t
BEDh A0 1C,, 8, & BUATE 58 B s b O EE K 7 259
TEPERHE R A B AR < SEPEHE < MR < 54E
TEORFGERIAK [ B, S 56 vt 828 2 B0 4t B
A BB | S P AT S B A B [ R Y
EHASE/IN OALK R O B R ZE AR I B i
GRPERIL,

T ARSI BE D 0% AT R BT O R H 2y
Yy Ca™ I8 PHAF FIAERLIAK | T e 2835 B AR B
B R BB A2 AR BEL U R SE T AR K PR ) e il
B4 B 3 IR B 5 o0 % O T O
SF I A3 B FH T DA 406 B 28 Gk R i A O U i
RE SO NE DI BE R R AR [FIRE, 7EBE S £
CHEDIREVEAL | Fe i R B LERibak 5 2 AR | 35
FRIIR BRI 5, 8 07 B £ 0 R D g, 36
BUA O OB HH o S I 43 5 AS TR R B AR
[l , S2I b 8K & BLBE Tt I AE S 0,
N 1 e S R TN 2 L N o /1B 1 e
G



Fp [ S2EG B 2R 2022 4F 6 H 45 30 4555 3 ] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3 367

BEDhfn RAEAE— N RIE R R 40, 0 E i — 0
By 03— R — A3 R AL A 1t
WS KERTE O B B2 5, fq o bk s
WLCs 50 38 o I 5 ik 5% — 2 ok Bk Ay B 8 el A
AT LU ] W7 25 0 %60 B S 0 E R R RO iR
RS 2 AERLIAK | i BLER | 9% P A
Jei , Bt R s LG A E R A AR AL KSR -
S kBRI B A, LB 25 24 e B K, bk 5 -
BIKER 5 B KA Lo 72 T3 K, 1 I AR BE T A A
B b HERIA K | e BT | 55 PG A R Tk R
TR FRR L 0 IEFE M X 5K B AR
WY REAE AR — R O I R A — K,

POk w2 S L RS 24Y
WRIK QT ZRAIERUIA G, 1254 B0 ik
QT A ILEK & hERG #3388 BHIWT Y 25 1770 ) 5
hERG ZEAH BT O AR H AW F AT 1a 2K
AMZEEAH, Th K28R 5 1 QT )i 48 fk 5f
BRURFED BFoE R T o 2R R 2083 2 A i X
hERG B ELA 9 75 T, & —Fh F 5 3 A 20 3
TR X 2 AR — 5 T T LS S YA &
A QT ZEA A, 57— J 1 ] 3 2 4 < X 36 300 ke 51
PR R, TRFLLABAWLY N BB
R R BESZ AR ) (3 25 3% JR ) BlUE BA AT 3B 2
KUK QT ZEAAE, MRBLO A H 254 R A i /R
F2 LR AR P ASON 2 3 A R AR A ] SE R S VR
(LA RN RS R I e i TR T = v =
B AR BRI R A QT A FEK:
S IV 2RPL O B 24 ) o 45 5 3 A PELE R o
IEL VBT 75 38 3 P T8, ke DA A 5 3k B B K A7 3K
R AR S 2 A K | R B R 2§
QT [A]IHE K, tho A ke i o2 M AR L 5% , H T 800 E
REM ML 75 oE— 052 . LA EWFgE R
HERLK 5 2 AR | 9% T R R BLER | 95 P A 4
U B R 25 L OB R ML RIS T 2%

IR AY 2% 18 0 1 2 AR S A L2 25 )
(JHERILER | 289 R DT R R R T ) i & Bh i
Y iR B0 ik 25 L sh B RS Ak 2 I il 3h 4 A
TR0 25 AR RS A ARG I A /0N RO I A 45 L0
BTN = = 110 L LS | N 4
Bio HAR /N B 55 N 28000 JUE 235 #4) R 2 B A
L, AEAE Y At R RSB T R, B A 2, O HLA
R, T, B A 2% 12 kO O s A A
WG R R ARG FE 40 K 15 B i fi

TSI R ARG L5 5 (e A0 e, 3 2o A

AR DT O BOSE R AR A B

SO MENRE L G M DR AR (R

TV HR T 2T A A b, R LM P B 5 fa

ARSI 04 25 W 0 8 , e A AR TG R 259 )

FHE AR B 52 S itk — 20 PR 258, AT

] 5 R B B f A8 P A G TR, T DU P18

PO AR RUI AP LI R 25 A R AL )

PR, RT3 25 WA | 56 6 3% 2K 1 A

Py AR ) 2 B D £ 1 S48 1O R R

SR, T O A AR R I 20 %R SV-BA [H]

I 24 R U I 2 RE AN R PR PR 18 A, 4R B OR

V5 RYBE S A e RO R H AR, 0 T RE AR AL

SONIYR I H 5 BRI R S S

AL £ 2 1 P 0 2 S TR R B 5 T T

ZNG PO HRH IR KB

IR, A BF 58 HAT — & 1Y JRy BR 1%, 32 260 45

(1) BEATRYERIAR SO R W W) 5 R 1 2218

PO HARH LTSGR A BIBT ST (2) 515 ahy

FHLE, BEh i R /0N i F 45 B 2800 Ll i H R

FIRS 2 (30, B AL ZH U LR AT L4 AN

55 (3) Lo LR O E ) RE A F B AG I J7 3k, T B o)

G H FTARMESEST Ol 0 BT AR AR ADLC

HL P AT TEAR T T PR B

WU N TR E VAN £ A [Ep SEi32 3 R I

AW B S R SO0 DRV 4 b, X T 28 1k

I R TR AR R R S8 MO R R 2 Y

MR AAEEE L,

2 & X #k(References)

[ 1] The Task Force on cardiac pacing and resynchronization therapy
of the European Society of Cardiology ( ESC), Developed in
collaboration with the European Heart Rhythm Association
(EHRA), Brignole M, et al. 2013 ESC Guidelines on cardiac
pacing and cardiac resynchronization therapy [ J]. Rev Esp
Cardiol (Engl Ed), 2014, 67(1): 58.

[ 2] Stratmann HG, Kennedy HL. Torsades de pointes associated with
drugs and toxins: Recognition and management [J]. Am Heart
J, 1987, 113(6) : 1470-1482.

[ 3] Krikler DM, Curry PV. Torsade De Pointes, an atypical
ventricular tachycardia [ J]. Br Heart J, 1976, 38 (2): 117
-120.

[ 4] Mergenthaler J, Haverkamp W, Hiittenhofer A, et al. Blocking
effects of the antiarthythmic drug propafenone on the HERG
potassium channel [ J]. Naunyn Schmiedebergs Arch Pharmacol,
2001, 363(4): 472-480.

[5] tted, RE OHEWHEILH—CQLHREWES L



368

rp [ S50 sh 2 2022 4F 6 A2 30 55 3 8] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

[7]

[10]

[11]

[12]

ML (1], PHRCIES DR T, 2013, 1
(1): 17-19.

Yang YM, Zhu J. Emergency management of arrhythmia-
interpretation of expert consensus on emergency management of
arrhythmia [ J]. Chin J Heart Heart Rhythm ( Electronic
Edition) , 2013, 1(1): 17-19.

B, DMEER S AT AR NGNS OB W
S L] VT BE A A0 L AR AL T A AR, 2020, 8(1):
78, 93.

Haung DP. Study on cardiac pacemaker implantation in elderly
patients with bradyarrhythmia [ J]. Cardiovasc Dis J Integr Tradit
Chin Western Med, 2020, 8(1): 78, 93.

WEE, KRR XU E, AF. O E R R AR X 2 S S
LR WG E (1], PARLHRRE A,
2021, 25(4) . 306-310.

Hu F, Zheng LH, Liu SY, et al. Therapeutic value of cardiac
nerve ablation in patients with reflexbradyarrhythmia [ J]. Chin J
Cardiac Arrhyth, 2021, 25(4) : 306-310.

EMSE, T35, s, 5. BEE e dg B op i i B 5%
HERE (1], PIESSEEHYIAER, 2020, 28(3) : 390-396.
Wang ML, Ding YF, Yin X, et al. Research progress regarding
the application of zebrafish in toxicology [ J]. Acta Lab Anim Sci
Sin, 2020, 28(3) : 390-396.

A B £ o A A RO IR A T R i S AT (D]
RIS ILVGERLRA:; 2016.

Xue D. Construction and study of model of vascular inhibition
and heart injury in zebrafish [ D]. Taiyuan: Shanxi Medical
University; 2016.

A, EARHE, 20, S5 BRI X 5 S S B B
R AR RTBORESE [J]. P EZ R4k, 2019, 25
(7): 26-28.

Shi YN, Wang YH, Li Q, et al. Study on the protective effect of
astragaloside IV on aconitine-Induced zebrafish heart injury [ J].
Guid J Tradit Chin Med Pharm, 2019, 25(7) : 26-28.

R, KHR, T, AF SR DR E SRR AR
R[], S AsEgRa, 2019, 28(6) : 447-450.

Wang Z, Liu YF, Wang Y, et al. Research progress of animal
model of bradyarrhythmia [ J]. J Prac Electrocardiol JS, 2019,
28(6) : 447-450.

Fatiat 1y, 2 SAN DIREZE AL A& 5 B id—
BAEBIALE B3Ry JiE (D], BB AR RHIREE; 2000.
Wu JJ.

conduction disorder; pathophysiological mechanism and treatment

I \or Lead to SAN dysfunction and intracardiac

direction [ D]. Wuhan; Huazhong University of Science and
Technology ; 2009.

Mcgrath P, Li CQ. Zebrafish: a predictive model for assessing
drug-induced toxicity [ J]. Drug Discovery Today, 2008, 13(9-
10) : 394-401.

Sukardi H, Chng HT, Chan EC, et al. Zebrafish for drug
toxicity screening: bridging the in vitro cell-based models and in
vivo mammalian models [ J]. Expert Opin Drug Metab Toxicol,

2011, 7(5) : 579-589.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Zhou ZY, Huan LY, Zhao WR, et al. Spatholobi Caulis extracts
promote angiogenesis in HUVECs in witro and in zebrafish
embryos in wivo via up-regulation of VEGFRs [ J]. J
Ethnopharmacol, 2017, 200, 74-83.

Zhou ZY, Huang B, Li S, et al. Sodium tanshinone IIA

sulfonate promotes endothelial integrity via regulating VE-
cadherin  dynamics and  RhoA/ROCK-mediated  cellular
contractility and prevents atorvastatin-induced intracerebral

hemorrhage in zebrafish [ J]. Toxicol Appl Pharmacol, 2018,
350; 32-42.
Huang B, Zhou ZY, Li S, et al

Tanshinone [ prevents

atorvastatin-induced cerebral hemorrhage in zebrafish and
stabilizes endothelial cell-cell adhesion by inhibiting VE-cadherin
internalization and actin-myosin contractility [ J]. Pharmacol
Res, 2017, 128 389-398.

Barbazuk WB, Korf I, Kadavi C, et al. The syntenic relationship
of the zebrafish and human genomes [ J]. Genome Res, 2000,
10(9) : 1351-1358.

Santos-Ledo A, Jenny A, Marlow FL. Comparative gene
expression analysis of the fmnl family of formins during zebrafish
development and implications for tissue specific functions [ J].
Gene Expr Patterns, 2013, 13(1-2) . 30-37.

Kitambi SS, Nilsson ES, Sekyrova P, et al. Small molecule
screening platform for assessment of cardiovascular toxicity on
adult zebrafish heart [ J]. BMC Physiol, 2012, 12; 3.

Milan DJ, Peterson TA, Ruskin JN, et al. Drugs that induce
repolarization abnormalities cause bradycardia in zebrafish [ J].
Circulation, 2003, 107(10) : 1355-1358.

Westerfield M. The zebrafish book, 5th Edition; A guide for the
laboratory use of zebrafish ( Danio rerio) [ M ]. Eugene:
University of Oregon Press; 2007.

Zhang YY, Wang CG, Huang LX, et al. Low-level pyrene
exposure causes cardiac toxicity in zebrafish ( Danio rerio )
embryos [J]. Aquat Toxicol, 2012, 114-115; 119-124.

Chen ZY, Huang W, Dahme T, et al. Depletion of zebrafish
essential and regulatory myosin light chains reduces cardiac
function through distinct mechanisms [ J]. Cardiovasc Res,
2008, 79(1): 97-108.

TRFIZE. BT fr0 TR A AN AR T (2 37 K ST IR AR D IR T
PEAEFILERIBFSY (D], dbat. shE NRFBZEES R
B 5 2012.

Zhang LJ. Development of the zebrafish as an animal model for
cardiotoxicity screening and cardiac risk assessment of Metoprolol
[D].
VRS, TR, EIRGEERN " <A Bih 18 O
AL [T]. e B A &0 i R A RS, 2020, 18
(11): 1835-1838.

Xu SW, Wang ZT. Professor Wang Zhentao from " deficiency"

Beijing: Academy of Military Medical Sciences; 2012.

on the treatment of chronic arrhythmia
pathogenesis analysis [ J]. Chin J Integr Med Cardio -/
Cerebrovascuiar Dis, 2020, 18(11) : 1835-1838.

FREmIE , J7kHE, e, S ORRLO A R R AR

and " stagnation "



o [ SEBG sh 2 2022 4F 6 A2 30 55 3 8] Acta Lab Anim Sci Sin, June 2022, Vol. 30, No. 3

369

[28]

[29]

[30]

w1, BRI SRk, 2016, 29(1) : 20-22.

Chen RH, Fang YH, Cao JH, et al. Research on the application
of different arrhythmia models [ J]. J Med Theory Practice,
2016, 29(1) : 20-22.

REBRDT, HTH, EE, . RS B IR IG A F LAl
Az s (1], PR s, 2021, 29(1) .
1-8.

Chu LM, Tian ZY, Cui R, et al. Inhibition effects of hypoxia on
embryonic development and erythropoiesis in rebrafish [ J]. Acta
Lab Anim Sci Sin, 2021, 29(1) . 1-8.
Wang L, Zhang XJ, Chan JY, et al

A novel danshensu

derivative prevents cardiac dysfunction and improves the
chemotherapeutic efficacy of doxorubicin in breast cancer cells
[J]. J Cell Biochem, 2016, 117(1): 94-105.

Salman HE, Yalcin HC. Advanced blood flow assessment in
zebrafish via experimental digital particle image velocimetry and
computational fluid dynamics modeling [ J]. Micron, 2020,
130 102801.
Antkiewicz DS, Bums CG, Carney SA, et al. Heart
malformation is an early response to TCDD in embryonic zebrafish
[J]. Toxicol Sci, 2005, 84(2) : 368-377.

Lin CC, Hui MN, Cheng SH. Toxicity and cardiac effects of
carbaryl in early developing zebrafish ( Danio rerio) embryos
[J]. Toxicol Appl Pharmacol, 2007, 222(2) . 159-168.
Curran ME, Splawski I, Timothy KW, et al. A molecular basis
for cardiac arrhythmia; HERG mutations cause long QT syndrome
[J]. Cell, 1995, 80(5): 795-803.

ML, Iy, B, & ALY D A0 R
R (1], Z5PFMBIEIE, 2021, 44(8) : 1581-1587.

Ran KK, Zheng RF, Xia Q, et al. Application of model

[35]

[36]

[37]

[38]

[39]

[40]

organism-zebrafish in cardiac function evaluation [ J]. Drug Eval
Res, 2021, 44(8): 1581-1587.

Taglialatela M, Castaldo P, Pannaccione A, et al. Human ether-
a-gogo related gene ( HERG) K* channels as pharmacological
targets: present and future implications [ J ]. Biochem
Pharmacol, 1998, 55(11): 1741-1746.

Langheinrich U, Vacun G, Wagner T. Zebrafish embryos express
an orthologue of HERG and are sensitive toward a range of QT-
prolonging drugs inducing severe arrhythmia [ J]. Toxicol Appl
Pharmacol, 2003, 193(3) . 370-382.

Lei H, Zhu JJ, Zhang XX, et al. Therapeutical effect of Radix
Aconiti and Astragalus extracts on models of experimental
bradycardia animal [J]. Pak J Pharm Sci, 2014, 27(3) : 439-
444.

Zhang WT, Zhu BC, Ren JX, et al. Two methods for modeling
of sick sinus syndrome in rats: Ischemia reperfusion and sodium
hydroxide induced injury [J]. Biomed Pharmacother, 2019,
111: 778-784.

TKEHE. RGO TR T 5 MSCs [R5 4000 JE
MEEMMES LR [D]. ER:E=FEX
25 2012,

Zhang ZH. Study on cell integration and function after rabbit
bradyarrhythmia model and MSCs allograft heart transplantation
[D]. Chongging: Third Military Medical University; 2012.
Benchoula K, Khatib A, Jaffar A, et al. The promise of
zebrafish as a model of metabolic syndrome []J].

2019, 68(4) : 407-416.

Exp Anim,

[KFEEHH] 2022-01-11



