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[ Abstract)

leads to excitation and conduction dysfunction of the sinoatrial node,

Sick sinus syndrome (SSS) refers to damage to the sinoatrial node and its surrounding tissues, which

A better

Resultsing in arrhythmia diseases.

understanding of the pathogenesis of SSS is required to provide a basis for its treatment, including establishing an animal

model that can simulate human sinus node dysfunction. In this paper, we review the animal selection, the principles and

method of modeling, and the evaluation method and detection indicators of the models, to provide a basis for further studies

of the pathogenesis of SSS.
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Table 1 SSS animal model establishment methods and evaluation indicators

TR S
Modeling object

BRIk

Modeling method

FH

Performance

SIPN
SD rats '

B 1
Zebrafish"®!

ER S

Experimental rabbits [54]

SD kﬁ[}ﬁ]
SD rats!¢

C57BL/6 /MR
C57BL/6 mice ™

CSTBL/6 etk /N LS
C57BL/6 male mice!>

ERS =4

Natural aging

ERS = 4

Natural aging

40% T IE
40% formaldehyde

wet compress method

SR PR kT
10% sodium hydroxide was
administered intravenously

D-2f 2B E T T4 200 mg/ (kg-d)

Frgk 8 J4

D-galactose was administered
subcutaneously at 200 mg/ (kg-d)

for 8 weeks

KN B E R M R
3 mg/(kg-d) , 4228 d
Angiotensin Il 3 mg/(kg-d) was
administered by subcutaneous
microosmotic pump for 28 days

1. JREEFRBN SAN £ 4ifbik 2 ;

2. Ytk EN A KK F-B( transforming growth factor-B, TGF-B) | o
AE o Fool 3(sterile alpha motif domain containing 3 ,Samd3) | a-"F- 5 JJL
WLzh#E 1 (alpha-smooth muscle actin, a-SMA ) ik K F-FHE ;

3. A& (malondialdehyde , MDA ) /KT B& , R A AL W fL i ( super oxide
dismutase, SOD)  #* bt H Bk ( glutathione , r-glutamyl cysteingl + glycine , GSH)
KT

1. Pathological manifestations were SAN fibrosis;

2. Increased expression of fibrosis proteins TGF-, Samd3 and a-SMA;

3. MDA levels decreased and SOD and GSH levels increased

1. PP [H]F@#EIT 1.5 s, 8K AG.L R (heart rate, HR) , #H4E 1F & .0 3 J& ) 22
HR T (root mean square of successive differences, RMSSD) Ea) | ,QRS/
P ILIEIN, PR RIS

2. BUUHE A 45 2 AR M 3 B Eh Y HR BN B) 1E 8 B 5 (14K

3. B NEDRERL AT

1. PP interval of more than 1.5 s, lower HR, increased RMSSD, increased
QRS/P ratio, and decreased P-wave amplitude;

2. Atropine administration did not increase the HR of aged zebrafish to the
level of normal zebrafish

3. Mild cardiac dysfunction

L D EBHEAR, T I 30%;

2. SAN Ji B ULET ALk

3. iﬁi’i]fiﬁﬂﬂ](%mus node recovery time,SNRT) | 15 1F 52 g 45 % 52 i
[] ( correct sinus node recovery time, SNRTc) 152 55 15 5 i [f] ( sinoatrial
conduction time ,SACT) [~ F;

4. HCN4 Fik T

1. HR gradually decreased by 30%

2. SAN pathology showed fibrotic changes;

3. SNRT, SNRTc and SACT increased;

4. Decreased HCN4 expression

1. HR W 30% K L
2. SAN Jpg L UL AN Ml b 45 M RER , T0) BT 4 UG 2R T A 25 L, I
KAF
3 SAN ZH41 HCN4 % 15 T

. HR decreased by 30% or more;
2. Pathology of SAN showed that the cells decreased, the structure was fuzzy,
the interstitial tissue proliferated, and there was vacuolization, and the collagen
level increased;
3. Decreased HCN4 protein expression in SAN tissue

L ATBIREE KGR HE B R TC IR A B 7 , A 3
2. HR B RARTIE# /M
3. AEHM53 5 (left ventricular ejection fraction LVEF) Pt NCS Tk E i )
Z (left ventricular fraction shortening, LVFS) | Il 7 BNP DL B i Il 75 &
TR
. SAN FLC WLEH 255 38 0] WL RS BBk BT, - i ek TH
. SAN 1 HCN4 KK P F I, ROS /K TF- i
. Slow movement, listless spirit, dull back hair and loss, weight gain;
. HR was significantly lower than that of normal mice;
. LVEF, LVFS, serum BNP and cerebral blood volume decreased;
. Increased collagen volume fraction and fibrosis were observed in sinoatrial

Eal S TN

node and myocardial tissue pathology
5. HCN4 expression level in SAN, clcvated ROS in SAN

. HR B, 28 d J5 HR BORHIT/MR HR 8K T 30%
/NS RITIITER R A7 3l AR B T AR 8L S R, IR EB T e

ﬁ‘ﬁk/\ﬁ,*&”‘*ﬁﬁj\d\ﬁ S BT IR Bl e B
1. HR gradually decreased, and after 28 days the heart rate decreased by more
than 30% compared with the preoperative heart rate of the mice
2. Spirit of the mice gradually droop, poor action, dry and erect fur easy to fall
off, weight loss, poor appetite, a small number of mice also showed low
breathing performance
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L BUE
Modeling object

Rk
Modeling method

FH

Performance

SD j(El;J“[:;G]

SD rats' !

(3 S NENEE
Healthy big-eared
white rabbits[%’

AR

Adult dogs[m

B
Zebrafish"®!

B a7
Zebrafish'”!

ANEUAAR R ) H
Mice ( strain was not

mentioned ) 14*~]

ANBLCREE B R T
Mice ( strain was not

mentioned ) (18]

e L P T 7

Ischemia-reperfusion

SFPARIN RV
Radiofrequency
ablation method

Ak A 2T

Stimulating the vagus nerve

SCN5A 5875
SCN5A mutation

ABCC9 il
Knockout of ABCC9

HCN4 5375
HCN4 mutation
HCN1 FiB
Knockout of HCN1

KLOTHO il
Knockout of KLOTHO

1. HR T 30% %L

2. SAN Jpg UL AR M ueli /b, 45 KBRS | 18] B4 U8 £E | OF AT 2508 i, MK D
TR

3. SAN Z141 HCN4 & KA T %

1. HR decreased by 30% or more;

2. Pathology of SAN showed that the cells decreased, the structure was fuzzy,
the interstitial tissue proliferated, and there was vacuolization, and the collagen
level increased ;

3. Decreased HCN4 protein expression in SAN tissue

1. HR FF%50% ~ 60%;

2. SNRT B IE &, B HIRTF 110 ms

1. HR decreased by 50% ~ 60% ;

2. SNRT was significantly prolonged, and the time was more than 110 ms
YN | SR SR

HR slowed, and sinus arrest occurred

L. PP [ 1.5 s, BAIRAY HR, RMSSD M1, P PR e ob 5

2. BUUHE G 45 24 R (3 S B E A %) HR 3403 1E % B 5 i K7

1. PP interval of more than 1.5 seconds, lower HR, RMSSD increase, and P-
wave amplitude decrease;

2. Atropine administration did not increase the HR of aged zebrafish to the
level of normal zebrafish

1. BEDhfa HR B FEK;

2. BECh O A AT SRR A B R AR O 5 A U 3 R AR, 5T
15 ST e =1

1. Zebrafish HR was significantly reduced;

2. Cardiac output, end-diastolic ventricular volume and end-systolic ventricular
volume of zebrafish were significantly decreased, and the ejection fraction was
significantly increased

1. HR [ 32 P 45 K2 IR (] S 1, HR A8 S

2. SAN IR I LT AL B

1. Decreased HR, prolonged sinus node recovery time, and increased HR
variability ;

2. SAN pathology showed obvious fibrosis

RR [HJ#IZEK  HR TR#
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