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[ Abstract] Objective: To investigate the protective effect and mechanism of Wendan Ningxin granules (WNG) on

100 C57BL/6 mice were divided into a blank
control group, a model group, a low-dose WNG group (2.34 g-kg'-d"'), a high-dose WNG group (4.68 g-kg'-d"'), and an

susceptibility to atrial fibrillation (AF) in mice with inflammatory injury. Methods:

amiodarone positive control group (0.091 g-kg'-d"'), with 20 mice in each group. Except for the blank control group, mice in
other groups received intraperitoneal injections of lipopolysaccharide (LPS) to establish an inflammatory injury model. Treatment
groups received continuous intragastric administration of their respective interventions for four weeks. During the fourth week, the
treatment groups received LPS injections concurrently with their treatments. The blank control and model groups received distilled
water (10 mL-kg'-d"') by gavage, with a gavage volume of 10 mL-kg" for all groups, once daily. Hematoxylin-eosin (HE)
staining and Sirius red staining were used to observe atrial tissue morphology and fibrosis degree. Immunohistochemistry was used
to assess the expression of a-smooth muscle actin («-SMA) in mouse atrial tissue. Electrophysiological detection was performed
using a multi-channel electrophysiology mapping system to measure AF inducibility, AF duration, and atrial effective refractory
period (AERP). High-resolution optical mapping was used to measure action potential duration (APD) dispersion, conduction
heterogeneity index, and calcium transient (CaT) dispersion. Real-time quantitative polymerase chain reaction (Real-time PCR)
was used to detect mRNA expression of proteins related to diastolic calcium leakage in mouse atria: Ca’'/calmodulin-dependent
protein kinase Il (CaMK Il ), ryanodine receptor 2(RyR2) , sarco/endoplasmic reticulum Ca>*-ATPase (SERCA), and sodium-
calcium exchanger (NCX). Western blot analysis was performed to detect the expression of CaMKII, RyR2, SERCA, and NCX
proteins in myocardial tissue from each group. Enzyme-linked immunosorbent assay (ELISA) was used to measure serum levels of
inflammatory factors interleukin-18 (IL-18) and tumor necrosis factor-a (TNF-a). Results: Pathological staining results showed
that compared with the blank control group, the model group exhibited disrupted atrial tissue structure, inflammatory cell
infiltration, atrial fibrosis, and diffuse infiltration of numerous brown a-SMA positive cells in the atrial interstitium (P<0.01). AF
could be induced by electrical stimulation with a longer duration. AERP was shortened, while APD dispersion, conduction
heterogeneity index, and CaT dispersion were increased (P<0.01). The expression of proteins associated with diastolic calcium
leakage, including CaMK Il , RyR2, and NCX1, showed elevated mRNA and protein levels, whereas SERCA2a mRNA and
protein expression decreased (P<0.05). Serum levels of inflammatory factors IL-18 and TNF-a were elevated (P<0.01). Compared
with the model group, intervention with WNG alleviated cardiac structural damage, reduced inflammatory cell infiltration,
improved atrial fibrosis, and reduced the diffuse infiltration of a-SMA positive cells (P<0.01). AF inducibility and AF duration
upon electrical stimulation were significantly reduced (P<0.05), AERP was prolonged (P<0.05), mRNA and protein expression of
CaMK II , RyR2, and NCXIl-proteins associated with diastolic calcium leakage-were reduced, whilst mRNA and protein
expression of SERCA2a increased (P<0.05), and serum levels of IL-18 and TNF-a were decreased (P<0.01). Conclusion: Both
low- and high-dose WNG can effectively reduce susceptibility to inflammation-related AF. The mechanism by which WNG reduce
AF susceptibility may be related to regulating proteins involved in sarcoplasmic reticulum diastolic calcium leak, thereby improving
cardiac electrical remodeling, and alleviating inflammation-induced myocardial fibrosis, thus improving cardiac structural
remodeling.
[Keywords] Wendan Ningxin granules; Shiwei Wendan decoction; Wendan Tang; atrial fibrillation; inflammation; atrial

fibrillation susceptibility ; calcium; electrophysiology
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Table 1 Primer sequences

514 FH(5-3")

CaMK II

KB /bp
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2, K525 VE IS A loading buffer, # 1K & 25 1
Tt R N - SR TN & M T i 5 ¢ (SDS-PAGE)
VKJE , HL 5 B 21 R R £ 9% (PVDF) B | o FH 5% it
JE W By -TBST ¥ W %= Wt & M 1 h 5, A — 1t
CaMK I (1:2 000) . RyR2(1:3 000) . SERCA2a
(1:2500) NCX1(1:2000) .B-actin(1:2 000),4 °C
KA . H A =30 (1:1 000) , EiRBEE 1 h
J& A MG Ak 2 & 6 TE (ECL) R G B 5 . JFik
B-actin i NS, i F Image T 4420 T 26 (4571 &
2.8 ML RAEN T IL-18. TNF-a K FEH M /N F
S SRR TR CORR T e 2 ) 2.2 790) S MR BRI, 1.5 mL A2
BB WA /NI, EIRFHE 1 h 5L 1 200xg 2.0
15 min( B0 242 10 em) |, WO I 5% 8 %2 -80 °C YK
R TP R A 25 RSN Fsf = A% i et il X 73 W BRI g ¥
(ELISA )5 & 3B 45 23 5K I IL-18 . TNF-a.o
2.9 Siilsedydk R A SPSS 26.0 B E 4 Hr P A
B UL x5 om0 T BORER T 58 4 AL BRI T
22453 Mt CANOVA) , 3858 kL & F R J7 K6 96 5 Fisher
KWL S0 o BT GE TR 5 24 2R JBOBUIN A6 56, P<0.05
TR ZEFBREAGIEE L,
3 &R
3.1 AR T FURE X A RE B 4 /N BRLG By 2 2L A5 A
M52 HE 48 58 7n , 25 [ 40 By WLER 2 o HE 51
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BeFF GE 1 —BC R BIE R O B LR N —
A L) T RAE R , 0 Py A S ML 25 1 5 A
BULL 0 iy LT A SR HE 51 3K L 07 28 B B RO BT

&5

D N -

JRETR A TR e | ST 20 L HR T 5 kIR0 R R
ZH % Il fulk ) 2 25 2 45 R e DR R A E TR T ek
FW Al st 0 by U BT . LI 1.

T AL VL BRI AL 5 LI I 70 A0 5 20 5 DRI 770 v 90 B 4 B e R 41 (151 2-F81 6 [])
Bl 1 R RE T O AL X 2 RE 4545 /N FR D BB R R S MBI M (HE, %20, x200)

Fig. 1 Effect of Wendan Ningxin granules on structural integrity of atrial tissue in inflammatory-damaged mice (HE, x20,%200)

3.2 IR JE 0 URE X 5 E 5 4 /0N B B £F AR Y
M RRBLAG O RN, 55 A B SR H
O 3 2 T LK o B L R 2T AR TR O LR
SERIBEIR 0 B AU Bz A B AR AL S e A
g o R, 5 a8 A T, B AL 40 s ) J5 b AT

- o R T e T o
o

B2 BRI X SRR 4R 15 N RO BB AR L RIS M (KIRIREL, x200)

LR R A £ Y a-SMUA FH 1 40 i 9% 18 1 35 3 (P<
0.01) . 5 4 He A5 3R IE 7 oI 55 791 4 4 B g Tt
il 2HL 4 R AR PR AT e {8 a-SMA #e J28 2H Ak e (0 35 5B
Al [R] 2 A0 B 2 20 4F 4 Ak (P<0.01) . WL
K2 E3.%2,

L

Fig.2 Effect of Wendan Ningxin granules on atrial fibrosis in inflammatory-damaged mice ( Sirius red, x200)

B3 R RE T O AL X 2 RE 45 1 /N BR D BB AR L B I (B e dlfl, x200)

Fig.3 Effect of Wendan Ningxin granules on atrial fibrosis in inflammatory-damaged mice (IHC, x200)

F2 BETFOHNINROE e-SMARKWFI (X+s,n=3)
Table 2 Effect of Wendan Ningxin granules on a-SMA expression

in mice atrial (x+s,n=3)

21 5 Fl /g ke a-SMA
sk 1.47+0.28
HL AR 2] 12.69+1.66
T AR 7 O A5 e 4 2.34 2.39+1.03"
AR 7 O g ) 4L 4.68 2.30+0.26"
i ] 261 0.091 2.11+0.24%

5% 4 R VP<0.05,% P<0.01; 5455 % 20 % Y P<0.05,
YP<0.01(5£3-%7H)
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Fig. 4 Effect of Wendan Ningxin granules on electrical conduction and conduction direction in mice atrial

WHE 3 >15 s, SR BR , FSHARBL B GEH ;5
25 VA B, BRI A R A R D L, B B kR Dy
W 4 252 1F ) 8 3% T (P<0.01) , AERP & 35 4 4 (P<
0.01), BA P i 7y &Pk . 5 AR A LA, I 70
I i ) 2 R e WL 4 O & o s L, B B
R RS ] > (P<0.01) , ] Ak &2 5 A
AERP B i % K (P<0.05, P<0.01) , 3 B 5y &% Pk (%
ik, WHES. %3,

3.3.3 IR AR g0 UL X O B 8l R LA B R G R
RS 528 A R, B A2 APD B %
S R 5115 B & CaT B L W3 TH R (P<
0.01) ; 5 AT 2] P55, I8 IE 7 008 L 7 791 i 4 T e it
P 25 7T ] Sk AN b 3 48 A 7K O (P<0.05, P<0.01) ,{H.
T IR 5O I 7 £ 21 APD B 0 B IROR B i, R B AT
3 0 WL AT A2 W % S Ak B 35— k2 S A6 file
KRG B, T REAR s B o v . W3R 4.

3.4 R0 FURLG L B WL AR AT 5K A LR I 4
B 7 Y A ¢ B B CaMK IT . RyR2, SERCA2a,
NCX1 mRNA¥SER M R ER, 55 H4AL

®3 BETOHRINNRETSEEAZI (F£5,0=5)

P8i=3.379 s O

Bs5 HAMNRKREFIMELE

Fig. 5 Representative AF induction diagrams for each group of
mice

B, BRI ZH CaMK II \RyR2 NCX1 ik 11 i -4
(P<0.05, P<0.01) , SERCA2a % ik & #& F ¥4 (P<
0.01) . 58RI ZH L&, iR 770 AR L R A
CaMK II \RyR2 . NCX1 ik B & T I (P<0.05, P<

Table 3 Effect of Wendan Ningxin granules on AF susceptibility in mice (x+s,n=5)

4151 F /g ke i W K% iy WS S B (1) /s AERP/ms
ek 0.00+0.00 0.00+0.00 23.60+4.10
T 70 2 0.66+0.13% 12.02+0.65% 16.80+1.79%
TR O AR ) 2 234 0.26+0.18" 5.15+0.23" 20.80+0.03%
TR T R ) 2 4.68 0.18+0.11" 2.03+0.14" 21.60+1.67%
J¥i LR 2 0.091 0.14+0.11% 3.65+0.15" 22.40+2.61"
x4 BETFTOFHNIMNOEHERMCHERSRTHEM (Fis,n=5)
Table 4 Effect of Wendan Ningxin granules on atrial action potentials duration and calcium transient (x+s,n=5)
205 /g ke APD B H( ¥ /ms APD M Ay {6 AR L) 454K CaT B HUE /ms
2 H4 8.32+4.65 5.60+1.31 3.27+1.53
R 2 52.31+10.03” 38.09+4.76% 44.04+4.90
TR AR T O I o A 2.34 43.43+13.60 22.10+7.96% 37.05+5.36%
TR 770 v ) R A 4.68 34.02+6.05" 20.92+5.78% 33.11+5.427
JYic ) 261 0.091 26.60+7.13% 17.91+4.60" 30.94+6.83%
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0.01),SERCA2a £k % L, 2R BEARIT¥E

X(P<0.01), WS,

RS5 BRETOFRII O EN M IKEIA R M S FitKEXEHQ CaMK Il .RyR2,SERCA2a NCX1 mRNA # R M (x+s,n=3)
Table 5 Effect of Wendan Ningxin granules on mRNA transcription of CaMK Il {RyR2.SERCA2a . NCXI1 associated with calcium leakage

from sarcoplasmic reticulum during diastolic phase of atrial myocytes (x+s,n=3)

21 5 /g kg CaMK II RyR2 SERCA2a NCX1
S HU 0.95+0.49 1.00£0.05 1.75+0.02 0.81+0.22
IR 4] 1.72+0.19" 1.82+0.49” 0.94+0.04 1.68+0.45%
TR 0 A ) 4 2 2.34 1.07+0.09” 1.01£0.16" 1.19+0.05" 1.03+0.34”
TR 0 7 A 4.68 1.03+0.28" 1.02+0.23% 1.20+0.02" 1.05+0.54%
e T T 21 0.091 1.03+0.37% 1.03+0.26" 1.26+0.28" 1.07+0.14%

3.5 R E 0 FURL N L B UL A AT 5K L3R
B 7 WY A ¢ & B caMK 1T L RyR2, SERCA2a,
NCXI & HRE MWW S5 d i, Bl g
CaMK II . RyR2 . NCX1 & H # & & F 7 & (pP<

0.01) , SERCA2a It # T (P<0.01) ; 5 7 2 b
AU B 0 v ) B 2 RN B AR 20 CaMIK T \RyR2,
NCX1 % [ # ik i % L (P<0.01) , SERCA2a £ ik
KA 3 (P<0.05) . WL 6.1 6.

F6 RIET OO ENABE KA R WG E FittiwHEXE A CaMK I \RyR2.SERCA2a NCX1 K EARIEMFM (X+s,n=3)
Table 6 Effect of Wendan Ningxin granules on expression of proteins of CaMK Il , RyR2, SERCA2a, and NCX1 that associated with

calcium leakage from sarcoplasmic reticulum during diastole in atrial myocytes (x+s,n=3)

21153 /g kg CaMK I /B-actin RyR2/B-actin SERCA2a/B-actin NCX1/B-actin
= H4 0.36+0.03 0.48+0.07 1.03+0.19 0.70+0.17
HL IR 241 1.09:£0.04% 1.13+0.07% 0.55+0.07" 1.52+0.18”
TR 7 O A5 4 2.34 0.68+0.05" 0.91+0.12% 0.61+0.07 1.35+0.11
T AR 7 O g ) R 4L 4.68 0.63+0.04" 0.58+0.08" 0.91+0.10% 1.02+0.18"
e T 5 21 0.091 0.67+0.06" 0.64+0.06" 1.02+0.34% 0.97+0.13%

coss I
w e e

T
NCX1 e . . S s 70kDa

T
A B C D E

6 LEAMAMFRAMNEMGE FiltmHEXED CaMKI |
RyR2.SERCA2a NCX1 & AR IXEK

Fig. 6 Electrophoresis of proteins expression of CaMK Il , RyR2,
SERCA2a, and NCX1 that associated with calcium leakage from

sarcoplasmic reticulum during diastole in atrial myocytes

3.6 IH 70 0K X /N BRI T 4R AE A IL-18.
TNF-a /K52 450 BoR, 525 4 e, #m
2H 1MLV 48 9 B F IL-18 . TNF-a /K °F i % F+ 55 (P<
0.01); SR ZH P, 38 AR 7= 0 | 5 7] £ 21 0 e
B 2, 1ML 35 % E PR F IL-18 . TNF-a 7K i & AR (P<
0.01), WFE7.
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F7 RET O BRI /N R M E K EEF IL-18. TNF-a 7k F§ %14
(X+s,n=6)
Table 7 Effect of Wendan Ningxin granules on levels of serum

inflammatory factors IL-18 and TNF-a in mice (¥+s,n=6) pg-L"

21 51 Fl /g kg IL-18 TNF-a
25 H 4L 0.234+0.15 10.69+0.08
R 20 1.66+0.52 19.23+2.66>
TR 0 IR A 2.34 0.78+0.23% 12.87+1.86%
bl AR N = s | 4.68 0.62+0.10" 11.94+1.55
e R i 2L 0.091 0.54+0.11% 11.19+0.81%
4 g

T A7 0 OB B T CUE IR HE 48 ) -+ R TR
PEEL, IF 4 A AR 4 P R R M AT 2 AR IR IR 22 5
P, A7 A AR LT A R R T UK T
HR AL IR B AT, 53 S g R LA
T D RE R R AR 2 BRE A S
R, 22 B IR BOS TH B R IR AR s BB R R
SRS AT ai B, — i — B 2 e e
[ I R L =BT BT B 1 I E R
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SRR, A7 JRIE 0 AR Z

Gy B v B A ONE B Y (R
] RZEAIIE) 0 FH B EZH MBS
O RIHEASMZ R EECESE - O RGE) LH R
TR, 0 Bl 0 S R T A I A
I 23 (00 JUE 2 A2 4005, T 0 o 32 458 S AT 52 ) A 45 IR
U A P A O U T 8 L IE W AR Ty - AR A
I AR R RN e b R A5 L
7 U BH O s A6 BRI A BB VE . O IR 3
ELA B AR A AR SE A X VR (R - R
SERRSIE ) IR E P IEZE W S L iU
— B B TR I8 Sy ks 2 MR R T Ak R IR
L EE IS R O R AT MR S MR R p
F RS AT A A AL 3R S DL 4E R ORS AR 4 BRI
Bl B0 B AR Z D R H S TR R
O A B TS AR CHERIE 53 - D) o itk — 2B X
MINGIIE 2 B DTS QTN E S o oy A K TR % P R D = R S BTN
Z B Al B T R R RS — R T i 2 SR TE
JIT 38 DA, 0 TG TS L MOPERE TR & 3 A R 7ER
7 I AT LAIA B DA S50 o B 2 A T] - 4 — IR ) v
X RELBRT B 9 9 4 0 5 R AR SE O e RE T, R
JIE A DL RS A, DT 2 il 0 1 R
JiE o FH I IR 0 ORI I 0 IR B A X
bl .

A BRI, B B e 56 E AR S W8S L {3
H i 5 8 A A R A LTSN B A RO
Z W UEHE R W, 5 B R VI OC . SRE BN 4
LR 45 R G AT LR A M N, AR RS 1 R AT
7550 B £ di Ak BB KR 41 i JE T, I A B B 5 0
S, B A AN WEIEIE S, &RE R /N
BD 55 41 40 NOD #f 22 1k & [ 3 & AE /N 1K
(NLRP3) 0% , 2T i & 5 Bl IL-18 . TNF-o 55
FAR BN, B0 P L AR A 0 T S A AT
LPS & —Fp 0 R 5 A G ), 2 F Ok A R E
WA, IR O R I LPS 45 25 U7 X, AR
P AN RS2 58 H B /0 3R i 22 O s T S LPS AT i &
P2 PR 58 RE R AL PR A BF 9T AL LPS HE B T 5
755 AN /N BRUBEARY | 7 T IR 770 OB % SR 4G 2
4 JA G, /I B W 4R E A2 4 £k W 5 0%, 26 W3R AR
T PR B A O BECR AP R o RAE TR AT 51 O B
JUL 240 i 5 5 7 30 T HR 9 RN T BB a8 & A iR, o
K 22 85085 38 18 LU 5 B 38 0 b7 L AERP 1Y 45 4,
By AT IR R i B AR E G L EE A, DT SR By
B WA S 23 T AR B AR DU 25 SR T, A

20 AERP 4 B, by A% 22 | s BRR 252 1) ) Y5 34
Ve B 7 0 JBURE T AE K AERP, 10 1) 0 B 41 4 e i 2%
Pk I WA T S AL il 0 Bl A RO D R
Ao APD B HIURE & T BT IR RO B SR N
R AW T b K B T AL ) APD B U |
AL G —PEFE B K CaT B BUE W & LTt
F W0 Py B R R L0 B LA M S Ab B ) AN —
o, 0 by WUHLAF 5 1 5 3 RE K 5 o] AN 34140 i i JIE
T UKL B TURT W S I — B, ek s )
AN — B AT PR AR R T X TR 1Y
S5 DT R ARR 5 B0 XL

ARG BT 8 B T E L B SR LAY
58S -3 3 (1Ca-L) iF A2, D 32 22 19 45 55 1 R ik
i 3H RyR2 fith & WU W9 P9 14 55 2 1 B . a2 35X
ol 2 175 3 45 B - B (CICR) J5 =5 | o0 L
520, O LET Sk, RyR2 56 1, B 3 v i 45 8 1 —
HB 4330 ik SERCA2a 176 A0 K 85 25 45 1] LI ) (4% [m]
A7 EE 63%) , o5 — 3 4 38 ik 4 A L ) NCX(CHE ) o
FE 37% ) K 45 25 F HE 20 40 B AL (T 58 0 S5 B
SAF T LPS ARy — Rl I A A OC 43 T 185 20, ml 1 42
VIO O LA M Toll B 32 44, 4 32F 35 £ 1) B 200 M A% %
SEH F-kB(NF-«B) i 1% J NLRP3 1 %% 5% 1, i
2 HNLRP3 RAE /DR REFLIE"" . NLRP3 R
JiE /AT 0 CaMK TP, #3006 19 CaMK T AT B
PR RyR2 3 38 15 P , .0 55 UUAH g RyR2 52 14 8%
12 A AT S8 T e, AR 1 L I e R A 45 B8 - i
I 2%, 5| dES &7 i 31 45 ik U 7 . LI SERCA2a 7
PEREAR , 13 22 (10 85 2 38 i NCX A HE, 5 40 i &0 Y
BES T LA L3 LR AT A8 4, HE I T AR S R
PN 1) BH 25 8% 2l BRIV IE s P9 LR 5 00 JUL4H R AE
R B (DADs) , — H ik £1.0 57 LG 2% 47 7Y 14
(B, B AT 35 & By LR 30 1 5 67 B ik & 36 31, O
JR AT IR A RE B B RS B, O B LA
JitL & i 30 L 0 8 - i U AH G 2R 0 S 3o
20 i P 5 S AT 5 1R O B L E A R D B R M
e, T IR 0 UKL AT i 2 ] CaMK T \RyR2,
NCX1 % ik, I ¥ SERCA2a K, — & & Kk &2
SERCA2a i P, #4350 b7 JIL 40 M 5% R i 5 1l 42, sk
B2 ET ok S LR 000 515 2 3tk s

2 5 =15 A aPT N TR AT S L A N RN 24
JUL 45 g TR K vl TR, DA T A R s B kA g e, HL
TE T RCH SR AR R R 0 1 R R LR YT AL
TG o R IE O UKL 3 B B S I G 1 AL
il P BE 5 U AR I, A 4 0 B L4 S 3k U A
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