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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.
[ Keywords)

Conflicts of Interest; The authors declare no conflict of interest.

I A 5 5 45 25 A AiE (sick sinus syndrome , SSS)
NREE b5 45 DI RE RS ( sinus node dysfunction,SND) ,
MBI I R A B b B % SRR S — R
T, SSS BHA LR ZH) Sk R IRAE R B
SEREAR, T E A A R R RS 2R R
ToH L SEEATIR AR ST 0N 2 B 92 B 45 T g
XL IR I 2012 4 78 000 4 1T AEHY i £

[E€TH]HK AR FEE L5 H (81874403) L T4 “ 2%

(XLYC1802099) ,
[VEE B 1IMR, Lo, Wit Broe . 2218

sick sinus syndrome; animal model; modeling principle; heart rate; research progress

2060 4FAY 172 000 51, HRTH BLAIAEE SSS zﬁ%
R 7 %i%iéﬁ%%ﬁ%‘% fREFYEfbih 24 |

PRI B0 I 1 T gk A Sk R e A vk BJRAE
P SSS BRI FE Hf | BRI (0 % LA T AR
WrAEbRI e R EE, R ik SSS AR Zh YY)
PRERE TEREEE DL KT E P AR A s B A T 4
R DU SAFA I R IR a5 SSS Bl

ILHEA R T H (XLYC1802099)
Funded by General Project of National Natural Science Foundation of China ( 81874403 ), Liaoning Province “

”

Xingliao Talents” Program

PEOEHRF LT, Email:2938252313@ qq. com

[BEEER 1 F, & Bk, ARBEIN, Bz, b A S0, B9 05 ) - g D AR B B TR 25 T 91, Email : houping57@ 126. com



P E SIS 2R AR 2024 4E 9 A 32 %5 9 ] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1199

I 1 R R AT GRS B — 5045 5
1 FhiRBRE

NP RERP) BT gt R
JEH T HIVE SSS AL sh Y, /N B i R R B0
PEHE C5TBL/6 /NER, KB R EEIEHE Wistar KRR
I SD R, K/NRAE BARAE NS [ AR
FRA AR ) $2 30 B 1w 25 T K sh ) (e 5
) SR TR, O E R R o R, AR
PR/ AR O A T N R, B H R 3R 5
RO BT RS . (WG 528
TRFREL /N, X T 52 B3 45 (sinus node, SAN) i W2 A7
FE—E WIMERE | T AR RGO IR R, X T SAN 1
SREEA A AT BT EA T, (EL R4 B A /N A it 28 A
XoFRIE A A% 50 B, SE B0 N MG 15 2520 BEE £
PRSI R S R T2 W S s, O HoBE o i
A RLII A SSS B [ 4R 451 | B T BE LD A IR G
FIRN R LA B Sl f A BT IR | 5 22 i 1) A AR
101, {687 FF M P A TR 3 T LA S BB A sk vy 3 1A

SRR 38 A R HUA 8 AL B 5T, BE A5 DR & R

B EOR R RS B e O I 5T b 5 Ak
— A BB R ILRNG 2 I 0, T DL s A
DEET ORI MFR I RAE, (HBE 5 L0
BRWIE, B s, O 2R & B b 3058 16 B
(AR AT = B 25 5, DL BE S5 f /Dy SSS A58 Al
BRI, LGERFFRABE LA FhE DL
WS FFE AN 2, B AT AH R R B SSS A58 7 fi ik
T3 Ry 5 25 54

2 EREFERTGE

SSS 1 kA REA IR A7 PR RE & MR AT 4 Ak 0 E
FEENTER 2 A 253697 A 5 SR A e A
UL ARG SSS Y A B IR AT BY T 5 45 1
## SSS ZhP A
2.1 TE

WA A SR, A28 SSS 135 & 9 41 1
TE73 ~ 76 % ZIA], H &R BEE F R K7
Wik e, AT A SAN B2 SSS A —A
B 2 W5 A0 3 55 5 4K ( frailty index,
FI) SRR R AR /N RE T ik, 3L F1 284k 5
SAN PRSI ] | %5 B[R] ot 2F 4 4k A 5 i 4
FEAMRREFEH L = SRR E
FEWNE 2 1 22 B HL T 415 5 | S 1, 0 45 e 4 240 i

A 1 (HCN4 [ Cavl. 2 Fl Navl. 5 45) B9 /0 LU K
YU AEAL RIS | BB A BB K SAN ()
IRES B 52 304, DT 5% 00 JIE 19 1E 5 48 80, 0 %
TR Klotho HATHURE LM RRIE , Bl 25 47 I 1) 34
I, BB K P B 2 T R, 36 2 38 1 4 5 o
T A 55509 A U7, /N B Klotho 3 PR 36 3K
BB AN ZE R 5 % TAKESHITA %500 B 5% &
Klotho N B S 230 1Y SAN Ik S, If HiZ 3t
SUZEFR A SAN XIS 3K | Klotho # R 3 R /N FRFE
3 JRE TR EIEHR 3 R MU TG R T B, IR 7E
8.9 AL T ARE AR 5 A SSS — 3K, £ A
R T EY SSS LAY, FF AT LI HE S AR
HHSERY D REFIE AR L 2552 SAN Thg'™ . Besk
e M SR 5 1 Bl i b i % 0 R I S RIS A
TRAERAIFFE SSS 1 sh P AL (H 2 i F9% 07 i 3K 15
[ s Sh B /0, Taik T R RIS
2.2 4

R SUE S FE SAN {4 1E 7 R DL & A8 S 1)
RE T T A5G B E B MER , S 4e 2 M Ar e A
WET SAN TUREMSEHEME ) (324 SAN 24U i 4F
e fb wl, 25 3 F S AE AL R AR R B8
SNDY | EF 2 Ak g B AR Ak 32 B B A Ak 4T i
B80T A 0 7 3 T (extracellular matrix, ECM) )
1T BEATUL,SSS M AL AT e 5 SAN £F 4 b i 72
H R T 2 AROER O WL AR f 22 () P 3 42 O, S
THRL A2z 3500 AR A 44k 5 LA B RORE 1005 55
VEZ RIR AR AT LA 8 28 i 8 43, T BT g i
F A L

SRR Rl il 5 ) SAN X (_EEFRIK S A0
HAZ AL ) K A R, $E T SAN AL SR
JRIEB RO LA L e A WK eS| AR AR T R —
A T I IR FE AL, T ST SSS AL [l
AR RN S A U
SAN, fifi SAN J&] Bl 4 21 & A6 1 2 Ak 9 e A%, AT A28
KL T A], A2 458 40 72 Ak 3R BRUDA /)y BRUAH
Xof M E AR, PROR R BRI B AR /N, H. SAN fY
i A7 L ALh O e B 2 2, Ak 2E R Ak
P AN W G 1) 2 405 0 A M e R B, 53
TR 58 AT PR R BL IS R B B BT R
ZHONG %5 e R FH A 2E 45403 1 ik, 46 T /0N
AEAL R B A5 SAN B XoF A5 i P 60 kg it 114 461
P , A TAE I B 1 il a0 R A7 16 R DL S
YL A UER] SAN 4015 0 R IR 31% ~ 40% K



1200 P E SIS SRR 2024 4E 9 A5 32 %55 9] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

Bl SSS BALZ AT fr s AR e n, AR S E X, M
BT KRB/, A2 305 A AR i S2 50 v
BT RE KL 5, PR I 7 35 FH Ak 2 4 40 3 A 1Y)
BB | 1% 1 R A Sl (R

PREFAEAL A F L B R AE 1) P06 32 B 0258 3
FH I 25K Z (angiotensin 11, Ang I1 ) R5CEL . H Al
EA WS IE M, 45 Ang 1T 0] L3S i 03 AKT/
mTOR {55538 6 19 8 T A R A il [ e, DT 38 3%
FYEMIFIAE S ECM i B 5 Ang T8
Al LT NADPH KRG, 1% 1LY NADPH S LB
A= A 1) 75 P48 (reactive oxygen species, ROS) 7E i
ZAEEZ R E EEAEH,ROS 2 541
AR RS 5L T Al A K BT 55 A P R 1)
JEE, NI S8 SAN 481k T, &4 SND
FRIXFN T 1T LU 75 500 3208018, BEALL SAN AR
PEHZ 7 ¥ B8 & B2 51 & i & o T 5
W BB TR Ang 1T R IR
SAN E—Fh AP 3 0 ALZET B2 T idiB s R
(1) e A A B A T L AR S X T — e B 4R
R IBFTE /N
2.3 RIEMELRHK

FAE AN FL MR SAN BFaE 1, I35
ARG T RERT 0, X SAN AU, &
i AR P IO 38 T L e e gk SR 200 e
SEPY . CHANG 455 BF 5 & 8081010 3% mT g
O il AR e, S BUO AR E M SND, ROS FE
SAN ZiE R AL Rt & SSS By — A EmEHLH D mk
SR ROS i3 B 10 25 [ {1 200 L 1Y) 2 3 IS
TG, NI ™ H R SAN BIhRE, PR
i D AR N R A ST SSS AR ik FEEE SAN
KA FLIE LA SR S D2 FURE L

Bl FEE TG SAN X445 i A s Bk %
T 50 WURE A6 85 56 005 5 0 Bl 2% 58 8 & A
R BEACAE— B0 T SAN IR R E R A
SRR B KSR, 2540 SAN Zh kI 1a] | AE 8 B R i
HPE R, SAN o ik 245 LA B3 I, R E 2 B BTG
23 A B A 47, e 4 3L SAN 4 T,
ZHANG 25 F 53 2 PR PR Bl it PV 4y 9k O A 780 o
&I HCN4 Fil SCNSA ik TR, X KB SAN 3 ik
S5FLT AT e o P E B T AR Rk LR AIGR
P H R AR PR | S AR R IR R R
SAN FhkZEFL 1 G, O WK 2 155, B AT O
SAN DX 3 A= VT 1, A DL e] B A= % i

PEETE BL, ZHANG 5500 78 Bl it PR 78 )5 45 7 30
W] T 2 R 2508 K, DT s S A 5L 5l )
FIFRABA e T R 5 GE 4 SAN Bl k&5 $L I ]
VAR 25T 25 AE RS AR 8 /P ] DL R SSS AR AL Y
I,

FALR IR D-2FFLBE ( D-galactose, D-Gal ) 155
SAN IRALHYE ZEHLA , i 5 1 ROS ib 2 3B
FIIEDI ARG, T80 SND, D-Gal /K i 231
ARG A T R O 7 A AL W, T oA MR 3R
Wilo a1 D-Gal 558 H Bl IR A4 Ty B 2 HE Rk ]
U BB HH 0 2 1 XK 7= ) (advanced glycation end
products, AGEs) , \ T 3 AL IR 77 gifE 251
WS A B D-Gal BN HIAUS I BN £ g
-4t fif > U5 Y0 L AH B (human induced pluripotent
stem cell-derived cardiomyocytes, hiPSC-CMs ) 44 5 2
RERREAT , 1) HIA 7S AL N 53 CSTBL/6 /s
Fl SAN 224, ZHANG %5 B 52 % B D-Gal BEAS %
R 4 RE ) A0 4% B FETE i, B2 B BLAN IR IR
( B-type natriuretic peptide, BNP) 7K, H 5.0 &
TR SR G AL T AR B I g R A, 2 AT R
B4 k4T SND, it Masson 0 % B D-Gal &
L SAN FLL LAY 2 £F 4k Ak, iX R W] D-Gal 8570
IERAT MR AR, S50 SAN FLOBED)RERESS . IL4h D-
Gal fERE 3% 1A SAN HERMEAZ T R I 4% FH = 1
iE M I A 4 ( hyperpolarization-activated cyclic
nucleotide gated cation channels 4, HCN4 ) {523k | iX
SV ST i S A G O S B S i
( hyperpolarization-activated cation channel, I, ) i i& fi%)
PUEA O, XA SND (1 E 2R, AR Y
FebrF — & 2 %E ( dihydroethidium , DHE ) J¥ {45
K], D-Gal ALEF/N U™ A AR DL, i 2 30
ROS 7£ SAN i 5 BUR . 8 b, D-Gal 55y SSS
B 55 3 P B0y SSS HLHIARAT , 75 T 52 P 45
FEERHRIT MR AL, 77 & N IR B A B AR i, B
AR ATEE R e B IR 2 TR i JA
WA 2 F TR R A R o A Tk
IR GERGZ SRS B S 1 2 1 A S BRI
2.4 BEMEINEERRS

H T4 RG0E T M2 LF 4 5 SAN AHIE, 50
REAHE B XK R, L FALF M (heart rate
variability, HRV) &2 #| [ E M4 R AR, R R ZR
YU Bk 22 S i BT O, HRV BB e A 32
MAIREZEAL™ ) GRS R, AL Sss B



P E SIS 2R AR 2024 4E 9 A 32 %5 9 ] Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9 1201

) HRV IR, 385 5 5 8 A A0 5 B sh ALl ) 5
WP L2 S8 HRY 1 F P, HRV 1545 bl
AR TG T B, X6 T PEAl o A5 2R S8 1) ft e AR o
BTG ETE B VAT D RE IS Y X
PRI o 3 P 28 5 7 o R 5 | %) 7™ i E PR 0 Bl it %
(Y IATE N O JE T 28 T AR A DA 2 — Tl AT TR 1)
WHITRERE Y T R AT 0 W 2 AT A T DAl
SRR S5 M0 B0 22 R R D S S R
IFMGEEATE R Y ST LR B ST B SSS B
PR Ay ) Ok S P i R P 32 3 BB
TR L TBE B FH 10 LA MR M2 BB BB 52 14,
PO SAN 20 L% A TE 00561 PO AE A P ) ERL IR T, DA
FAGIHIE , FESAN TIRES A, OREE =L T
SREEUAG 1k S el o N O
I B P BRI ME (9 AR, &) T4
il B TR AN 3
2.5 Hfth

I AINECR 22 (R i 5 22 B SSS 1Y & AE 5 H i 4
b ) 5 38 18 B A SR R AR S A G, XORR R B
SHB1 R A RAGI = =111 i) 7 Nl - Wi e - S e
R SSS A G EE A SCN5A , HCN4 HCN1 |
KLOTHO MFN2 AKAP10 .CASDQ2 MYH6 .GNB2 % |
A 3o e R 5 A A Tk 57 SSS B AU 74 T
SCNSA 275 Bt T £ HL AT SSS R AVERAE, 4.0 3 i
2% QRS/P b i 34 m LA B A8 B I fig A 40
FENSKE %51V fF 5% % B HCN1 Bl )5 /N Bb RF
K, 5% D7 45 Pk & B (R) JE 4K, o0 R AR Sk 8
ZHENG % Hib s HE X A SF oML S 24
(Hend“"2) 5 SV B BR Lats1/2 (Lats1/2 CKO)
Lats1/2 CKO /NI OB FRARAREIR , H 0™ H
(9 SND ;g BEL & B SAN Ji 2T 44k 40 it o H 34 7 | 21 4
I, A 50 R P A 3 TR /) BUR ROSA-
eGFP-DTA il HCN4-KiT-Cre 2252, DA 52 310 I e 4
AL R G A ML Pl Sk B . X Dk &
0 SAN HZURTT R LR 4EAk , X P 3 2 R AIE 1F 2
SSS HyJp R HLCY B Ao AR 3l 1 4 HE AKAP1O
SRR 978 | 7 5 B a0 vh gl D 40 S 55 M A AR R
R, ZHANG Z5EP2 F 5% & Bl miR-1976 % 3 H /)N B
Hr Cavl. 2 1 Cavl. 3 &5 [ ZRIRWH S, M| T L A4S
BTl , TS B A T e R, SHI S5
I8RO WURR S BB Cipl B2 A /NER (Cipl ™)
1) HCN4 J3 3l 1 DX 30 1% 55 R 5% 5 A H3K4me3 |
H3K9ac F1 H3K27ac &k /b, HCN4 2% 3K 3k /0 52 )

I, FLURE, AT 350/ N B 3208018, SAN D fig S, 4R
1M, B T2l G280 N BN IGBOEE A A 1/ R
ez TR 0N PR R S Mz 2R, Y
AR AAIHAR 47 3 Rl A PR 52 R ) BA 2
AR 3 R 2 AR, 25T 78 35, WA LA A
3 HEENEMAE

H i SSS BAKMFE bR AR 2, inFRMFEH5 O
PETAGEIN 5 2 i A O 45 LG, 390 A AR g 75 3 ST
Ty, U L R AT AG I d5 o L, (HEE X AR [R] 34
FIRFE , oL IEDHN E SSS BIPRMER A T2 5, K
SSS AR BT R AR 1.2 JE G O S I Gk A L0
FRALTFIEBAT 30% 7 5 /NG SSS BRI B Db v S
BRI E TR RR A RE R (H 2 S0 A48 St
SRR EARBRUES B LAY e SSS B 1 T bk
HER O B 30% DA 5 H B PR A4 5 B BEL
WA FHRA HAE 2 h WA R A RE, A B ] WL
it 0Bt LR AT R LA MO Bl
R BE Lt SSS TR L SR vE A PP Bk
RR (BT 1.5 s, o1 T F B a0 R 1 A48
AERZIR A, R I A o PR s 7 485 B0E 5 i 4 1l 78 A
[l TR

HHFEINA SSS BEF ML= 1 SkB&EER,
PRI ZE TTAT SSS AETRURE R i b T e A8 AR , anps s |
178 R B B ARAE, B NS b 25 BE AT
IR BTG W BSOS IR0 TR
(BN Ay SSS ALY ALT) 5 EE XA B Al 3, i
BT B AR E N RS NI4T A SSS R
RIFFAE , 1] ZHANG 25 ) 25 i JE Bk o 4% 4 3 2
SHSSS MRHE, (H 2 i TSR U B 2 57
PR R 4 2 S B2 —MEAR TR R IR L, 38 F
UM T 52 G D REm ™ (i Fy HE SSS A7 B i
P

SERAEAR E B KRR R (HE) e 8 5
P (Masson) (0, KRR R LT G055, n] UL B 4% )
SAN AL RAETR I LA M £F AL R E 45, b Ah
SSS &5 ROS 4 11 7KV FAH G Jk PR 6 35 A8 1b %
YIAHSG, K i 2L 45 45 A B THR R 254 T 1 o5,
H AR Z 58 1 2 8 b O S0 HL B Bk B
—, [RV AT, 5 A BH A 1900 6T B bR o, 22k e AT
Je A} e B AL 5 A o B L, 2 B G i
2 AL AR A RSB , I S AR A Y
WG MR e R B LR 1,



1202

T E SR B 2F AR 2024 459 A5 32 B5E 9 Acta Lab Anim Sci Sin, September 2024, Vol. 32, No. 9

F 1 SSS IYIEELEAL T VR S bR v

Table 1 SSS animal model establishment methods and evaluation indicators

IR S
Modeling object

BRIk

Modeling method

FH

Performance

SIPN
SD rats '

B 1
Zebrafish"®!

ER S

Experimental rabbits/ >

SD kﬁ[}ﬁ]
SD rats!¢

C57BL/6 /MR
C57BL/6 mice ™

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

ERS-=4

Natural aging

HAREE

Natural aging

40% R IE
40% formaldehyde

wet compress method

SR PR bR
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

KT B E RS AT KR 1
3 mg/(kg-d) , 4228 d
Angiotensin Il 3 mg/(kg-d) was
administered by subcutaneous
microosmotic pump for 28 days

1. JRELFRBN SAN £ 4ifbik 2 ;

2. Ytk EN A KA 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-FH 5 ;

3. A (malondialdehyde , MDA ) /KT B& , R A LW fL i ( super oxide
dismutase, SOD)  #* Bt H K ( 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 [A]P@#BEIT 1.5 s, BAKAY.L R (heart rate, HR) , #H4R 1F & .0 3 J& ) 22
HRH T (root mean square of successive differences, RMSSD) LBl ,QRS/
P ILIEIN, P R RIS

2. BUHE 45 24 AR A 3 B Eh % HR BB IE 8 B 5 (4 KT

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

LD EBHREAR, T I 30%;

2. SAN Ji B ULET AL Th 7

3. iﬁi’i]fiﬁﬂﬂ](%mus node recovery time,SNRT) | 5 1F 52 g 45 % 52 i
[] ( correct sinus node recovery time, SNRTc) %2 53 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 el b, 45 MO RER , T0) BT 4 UG 2R T A 2508 L, I
IKF
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 ATBREE KGR HE , B R IO A B 7 , A 3
2. HR B RARTIEH /M
3. AEH 535 (left ventricular ejection fraction LVEF) Pt NCS Tk E i )
Z (left ventricular fraction shortening, LVFS) | IfiL 7 BNP DL K fi Il 75 &
TR
. SAN FLC WUEH 2055 38 0] W RSB BR BT, - itk TH
. SAN 1 HCN4 XK P Tl ROS /K TP
. 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 I S TN

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

. HR B, 28 d J5 HR BORHI/MR HR 18K T 30%
/NS RHITIITER R A7 8l AR B T AR RS S R, R EB T

ﬁ‘ﬁk/\ﬁ,*&”‘*ﬁﬁj\d\ﬁ S BT AR o 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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&gx1

TR 4
Modeling object

Rk
Modeling method

FH

Performance

SD j(El;J“[:;G]

SD rats' !

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

AR R

Adult dogs[m

B
Zebrafish"®!

B a7
Zebrafish'”!

ANEUAAR B )
Mice ( strain was not

mentioned ) [49-50]

ANBLCREE R R T
Mice ( strain was not

mentioned ) (18]

e L P T 7

Ischemia-reperfusion

SFEARIN Rl
Radiofrequency
ablation method

Ak 2T

Stimulating the vagus nerve

SCN5A 5875
SCNS5A mutation

ABCC9 w5k
Knockout of ABCC9

HCN4 5375
HCN4 mutation
HCN1 Fii
Knockout of HCN1

KLOTHO il
Knockout of KLOTHO

1. HR T 30% %L

2. SAN Jpg L UL AR peli /b, 45 KBRS | 18] B AL U8 £E | OF AT 2508 i, I D
TR

3. SAN 141 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 W 3E &, B HIRTF 110 ms

1. HR decreased by 50% ~ 60% ;

2. SNRT was significantly prolonged, and the time was more than 110 ms
O FRY N | 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 A 3 S B E A %) HR 3403 1E % B 5 il 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 FEAK;

2. BECh O A AT ROR 0 A B R AR 0 5 A U 3 R AR, )
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 [ 52 P 45 K2 IR ] S 1, HR A2 S

2. SAN IR SN LT AL B

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

2. SAN pathology showed obvious fibrosis
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