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Study on mechanism of ginseng on metoprolol induced bradycardia in mice with

FE B WITAZS(GS) X RAEIE R (Meto) LML I 5208 (CHF ) /MR
FoL S I UGEE R RIS . s R sl Dk A R S A LR
5. CSTBL/6] /INER, CHF AL, SR AT B /N BB BIL 7324 « sham 4 (3532 ZF 2k
AR AHEATESHL) BRILL X BRAL (26 mg - kg ™' - d 7' Meto Ab3H) AIRH] i SLH
H(26mg-kg ' -d™ Meto +1.3 g - kg™' - d™" GS gh3)  rf F B4
(26 mg+ kg™ +d™" Meto +2.6 g - kg™' - d7' GS 4bH) FIE F) 5L K4
(26 mg - kg™ - d™" Meto +5.2 g-kg ' - d™' GS4bH) 4G9 K, HELLAZS
Ja g, FH/NSl P To A i S0 ZE AR A 5 G SN 3 o BT O JDE A 4 2 R 2k
PRI T D RE & 2 40T 5 AT 3 £ S 0 A ) ) 30 1 T 7 o0 JUL L v 5 128 1 0k
JE 5 AR 1 B BSR4 o JILZH 2R L3R I 405 — 5 R I+ 7 2a ( SERCA2a) (B TIR
b Z B (p - PLB) FAAE5 3244 1 (NCXT) BYAHXT FRIA KT, &R Sham
2H AT 2H % B A IR | v v R R S I 2 Y0 2 43 ] Dy (528. 61 + 60. 86) |
(448.67 +84.58) . (260.07 +74.97) . (352.84 +40.47) . (436.27 +90.84) F
(501.91 +43. 11 ) beats + min ™", BLHEI L] 5 sham 2] H L, % B 41 5 85 5 4 46 1L,
G R RS A S5 A L, DR LR 8 E BT (P <0.05,
P<0.01) , 3 BRI & 4 (GO) 4317 i/ 22 57 IR g 38 i 4 0 LI
GEFNEG BT I A% 18 I (4 P <0.05) o 855 & b kil il 7R) & I e I,
Sham 21 BETYZH X6 FEZH IR L v s 750 et s 2 A0 JOLZH 85 8 7V 43 oy
(30.09 + 2.36). (35.97 = 1.15), (16.15 + 2.37) . (19.59 + 1.04) .
(23.64 +0.54) F1(28.54 +2.82) mmol - ™", SHERIL AR L , Xk B2 055 125 vk
JE B R S5 0 BRALAH L, A A I A S S kY B
(P<0.01,P<0.05) . sham 4] ML XF BEALAMIG AP 5 1 SE 6400 L ZH Y
SERCA2a 25 A0 A £ 35 7K 43 % 9 1.00 = 0.14.0.83 £0.05,1.23 =0.12,
1.00 £0.03.0.98 +0.05 F10.90 +0.11;p — PLB % |4 A % 32 5 K F 45 N
1.38 £0.24 1.05 +0.19 2. 12 £0.35.1.08 +0.24 .0. 54 £0.57 F10.52 0. 13;
NCX1 2 (A X 28 5 K 4 524 1.00 £0.13,1.08 + 0.20,1.69 + 0.34,
1.06 £0.35 1. 15 +0. 22 F10. 81 0. 21, X} FR41 () L34 3 Fhak (A XS £k K5
PRI A L3 B2 5 5 B SERCA2a IR 4 \NCX1 i 40 b, SCE0 2 [k
3FE AN REKFEGA IR EE TR (P <0.01,P <0.05),
4518 Meton] figi@id [#%p - PLB/PLB{H SERCA2a J NCXI & FHARXS FRikK
ST O FULEH R P U5 25 05 2 -0k B T B, AT 3800 B3 2 25 0 A RO R A
ANZHet% 3 T I Meto 5I#Z1% p - PLB/PLB Ll \SERCA2a Jz NCX1 % 140 X
FEIR KT AT, b 240 B AU S 4 B U R, DT R FE B Meto BIAE .00 BN
i 4%, ¥R HOA] REiE AT EE S S TR AR S NI 5 HT Meto ) S MEATRAE T
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Abstract; Objective

in mice with chronic heart failure (CHF ) and its molecular mechanism. Methods

To investigate the improving effect of ginseng ( GS) on metoprolol( meto) induced bradycardia
The CHF model in C57BL/6] mouse
was established through left anterior descending coronary artery ligation. Mice were randomly divided into 6 groups,
including sham group (underwent the same surgical procedure without coronary artery ligation) , model group, control
group(26 mg - kg™ - d~" metoprolol ) , experimental — low group (26 mg - kg™' - d ™' metoprolol + 1.3 g - kg™ - d™"
GS), experimental — midium group (26 mg - kg™ - d ' metoprolol + 2.6 g+ kg™' + d™' GS) and experimental
— high group(26 mg - kg™ - d ' metoprolol + 5.2 g+ kg™' - d”' GS). Each group contained 9 mice. After
continuous administration for 8 weeks, heart rate changes were monitored using non — invasive blood pressure
monitors in small animals; transcriptome sequencing was employed to analyze differentially expressed genes in
cardiac tissues with functional enrichment analysis; calcium ion concentration in myocardial tissue was measured
using a calorimetric assay; Western blot analysis was used to detect relative expression levels of sarcoplasmic
reticulum calcium ATPase 2a ( SERCA2a), phosphorylated phospholamban ( p = PLB) and sodium - calcium
exchanger 1 (NCX1 ) in myocardial tissue. Results
and experimental — L, — M, - H groups were (528.61 +60.86), (448.67 +84.58),(260.07 +74.97),
(352.84 +£40.47),(436.27 +90. 84 ) and (501.91 £43. 11 ) beats -

compared with model group, experimental — L., - M,

The heart rates of sham group, model group, control group
min~', respectively. Control group was
—H groups were compared with control group, the
differences showed statistical significance in heart rates( P <0.05,P <0. 01 ). Transcriptome gene ontology ( GO)
analysis revealed that differentially expressed genes were significantly enriched in pathways related to myocardial
The myocardial tissue calcium ion
- M,
(23.64 + 0.54) and
— H groups

contraction and calcium ion transmembrane transport (all P < 0.05) .

concentrations in sham group, model group, control group and experimental — L, — H groups were

(30.09 £2.36 ), (35.97+1.15), (16.15 = 2.37), (19.59 + 1.04),
(28.54 +2.82)mmol + L' respectively. Compared with control group, experimental — L, - M,
all showed significantly increase (P <0.01, P <0.05). The relative expression levels of SERCA2a in sham
group, model group, control group and experimental — L, - M, - H groups were 1.00 = 0. 14,
0.83+0.05, 1.23 +0.12, 1.00+0.03, 0.98 £0.05 and 0.90 + 0. 11, respectively; the relative
expression levels of p — PLB were 1.38 £0.24, 1.05 +£0.19, 2.12 £0.35, 1.08 £0.24, 0.54 0. 57,
and 0.52 + 0.13; while the relative expression levels of NCX1 were 1.00 + 0.13, 1.08 = 0.20,
1.69+£0.34, 1.06 £0.35, 1.15+0.22 and 0.81 = 0.21. Compared with model group, the relative
expression levels of all 3 proteins in control group showed significant increases. Except for SERCA2a in
experimental — L group and NCX1 in experimental — M group, the relative expression levels of the above three
proteins in the experimental group were significantly lower than that in the control group (P < 0.01,
P <0.05). Conclusion Meto may induce bradycardia adverse drug reaction by increasing the p — PLB/PLB
ratio and elevating the expression levels of SERCA2a and NCX1 proteins, which reduces intracellular free
calcium ion concentration in cardiomyocytes. Ginseng could significantly down regulate the p — PLB/PLB ratio,
increase the protein expression levels of SERCA2a and NCX1, and up regulate the concentration of intracellular
free calcium ion, so as to improve Meto induced bradycardia, suggesting that it may antagonize the negative
frequency effect of Meto by remodeling the calcium cycle homeostasis.
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“RAMIC I BKIE ™ 2 3, BRUACZY B F T ik 5
HRAT 55 0O LA DR R o AR AL A0 B
FERBL, NS LR n] 25 15 Meto X CHF 474 5
PIa r AR L, 5 e B RE A R Meto T B0 O
PG o X — K IR B 32 1R ELI 37 I
PR RS R 4R A4 1 R g, {ELHE AR AR L ) 1 oA 1
B, B, ARFS0E L 2 57 CHF SRRl , RGP
GS X Meto T E0C8lid e i i 41 11, JF R L A
HLE , & 72l PRI A 25 S Bt Se gk s

M5

1w
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8 Jall CSTBL/6J HEME/NER 54 H, WK A L 54
BRRAY A R, A2 VF Al IE S : SCXK (50)
2019 - 0008 , AHIFSE 28 K HE B 24 K7 s e 2% 5
ZAHE(ARHHIE 5 . TCM - LAEC2023183¢7761 ) . /| kil 7]
FET R R 24 R sy s, 383 e Ao 3 7 1 M 7
1 JH], ZERB0E N (24 £2) °C HIRRREE Y 40% ~60%
L2 Zm5iAH

AZ: 5. 220707801, g T ik A= 5 P 2R A
BRZS ], ol R B 2R v B2 2 1 50 B 3+ I 4%
S N IE A A BR R B IR B, 4150 2212075, St i
35 E 2 H32025391, by By 357 1 e 240 (P )
AR T A 458 B B am &, FFERAXR
AW BARA PR R AR 77 5 St 52 W 82 1 ( phospholam-
ban, PLB) HiL {4 | S 70 B R 1k 52 5 & 11 ( phosphorylated
phospholamban , p — PLB ) $it {4 F1 JULJ 00 55 = R g 1
fif 2a ( sarcoplasmic reticulum calcium ATPase 2a,
SERCA2a) $ifA, 5 th i i 2 W %8 e A= P BHEOA IR A
AT s RPTENES S AR 1 (sodium — calcium exchang-
er 1,NCX1) Hofa , B = J8 4E W BRA BR2S w) A2 775
AEHUR I, RS EYHARAG RA A,
1.3 X8

INHPIEHE R R G, T (IR /= s 2
A /N A PR S il SN, R Powerlab 2 ]
7 5 /NSl R T I — AL, 56 1] Kent Scientific 23
H77 i s Spark 22 D REREAR X, i L Tecan 23 5 7 it ;
ChemiDoc MP 5 [ Jit f¢ % BN i & 48, € B A R
Bio - RadA Al77 6 o
2 XKWHE
2.1 HYEBET

8 % C57 BL/6J /B LA 3% 1 e, TR

S5/ BUE R Bl ik 22 1l 9 52 o Sham 20 /)N BRU7E T g
Jo AUKEEE G A 2Rt D E , AN EE L AR 20 Dk 22 iR S,
RIGYRSEMRSE 8 J o
2.2 YA KAE

2020 (20 PR S I PR AR 25 ) iy
3~9 g, M/ AR AR, T X Y
INEZRIER 1.3 g - kg™ AR b m R SE R 4
BRI 1.32.6 5528 kg™ - dT . ASIK
Fr R 70% CEERIGARI 2 U, BEK 2 h, 59 2 dg
SBUHR | T 208 R MR 406 I Vo VR T PRL T 0, B 2445 B R
TRy, IR 25% o Meto YR T 4 Il PR A5 FH 5
200 mg - d " HRAE/N LS AR A AL, RS 5
SLH I Y Meto 75k 26 mg - kg™' - d 7, TR
L8 Jal J (5 /0N sl o A 485 e 7 (S0 Al /s B T BE
RSN /N BB BT A (AN FEATAR ) (R
HAZ (26 mg - kg™« d™' Meto 4b3) K7 5 5256 41
(I.3g-kg™" -+ d"AZ + 26 mg - kg™ -+ d”' Meto
AoE) PR S (2.6 g - kgT' - dTAS +
26 mg - kg™' - d”" Meto 4b FE) F1E B SC K4
(52g-kg'-d"AZ + 26mg-kg' - d”" Meto
AEFR)  AREEFLIE R Bl Dk A iR SR /N B sham 4,
A9 Ho Ad/NRAERHEE 4524, sham 2 AR RIA]
5T 2% BRIP4 Z (2% carboxymethyl cellulose
sodium,2% CMC - Na) F ik, L2525 8 JA
2.3 ZEE/NMERESIERIUNENROE

75245 8 S e A4/ UL o R/ U I 2
AT E  RUCK GET 4l 1% Jdk s (optical fiber cuff
sensor, O — cuff) FIZ & JE J110 58 1% j#% 2% ( volume pres-
sure recording sensor, VPR) EZ/NREE I, B E /MR
R EHAAS 0L S5/ BUTE [ # T ARSE S min
JEIFIRAGIN , BERR S s AR 1 Y, EELE & 5 e, it
AFHME
2.4 Th¥ER#F

JREALZE /N U 3T TF MR, FLAN OO B B 1
SRR A ARSI 0. 9% NaCl #E i B 2 H &L
0. 9% NaCl, JFE3 )5 ZBR.OIE R B 2545 2H 2L, e+
KAy BRI S S A, A7 T - 80 CUHRAFE
#wH.
2.5 BRA®R

M =80 CHYypKAR H B /N BRLO IEZHZUREAS . &
HUNBUGIEBT I 10 mg /Y 76 0 28 B A8 DI R R A
FEIC IR B BT R S5 A 1.5 mL EP 48, &
HHBEHLIEI 3 FUNBURREAS 78T UK A& A T 264 11
FH AV BE AP IR w AT S



12308

v T R 25 PR gk R

FHalE 16 2025458 H (KA 438 1)

2.6 SEETFIRENE

/IO IEZH 28T LB /B, B 10 mg 0 IEZH
U ARBCH] AR 100 WL 200 J5 8.0, B R TR
YBUHE B o R ), T R A BRI 1)
W B T A5 7] 4 0 3 M R PR ME VAT U o R B T T TR R
AR S R 1 LIRS B S TR AR
575 nm ARG L, BAEARE N £R TR B RE A
RS SR
2.7 FEAKRENIH XM E SERCA2a, p — PLB
NCX1 Z B xRk A FE

B NG IEZE O Z 2HE 10 mg BTN, BT EP
B, e 2R I B0, B R TE MR, BE RT TR
( bicinchoninic acid assay,BCA) € Bl %€ )i il £ i &
FIREa . HFATHIK, S RE ¥ E A H 2 R W R L
% L (polyvinylidene difluoride, PVDF) |, 3t/ 2 h )5,
A 0.1% nhil — 20 (1) = % B 2 5 W Be 22 o ik
(tris buffered saline with tween — 20, TBST) fE4% K _I 1%
BE3 U, BEK 6 min, ¥ PVDF JRH A —$t P i & 3 1%
J5 BB TBST 7% 3 I, =T ZHihiEE 2 b, HK
JH TBST ¥& i 3 W, SR Jm AT 8RO 8 52 , ] Tmage J K
PG 0 b 4% 2 1 A5 K BE L
3 FitEsE

JH SPSS 27.0 3 47 4 it /3 #7, /] GraphPad
Prism 9 BAFAEGETHA, LRI ] & =5 2R, 241
Btk LB IR R 5 2200 Wr o

# R

1 ASXERBRSBEOHTEHNRIT

Sham 25 ETHIZH Xof BEZH ARG Hh s ) i 2H 1/
B0 R4 1) R (528.61 +60.86) ., (448.67 + 84.58)
(260.07 £74.97) .(352.84 +40.47) ,(436.27 +90.84) Fli
(501.91 +43. 11 ) beats » min~', 5 sham ZH4H It , B 7Y
AN ORFRER (P <0.01) o HEIRIZIA L, X
HRZH/N LAY O R B E PR (P <0.01) o 5 %) HR4LAH
FU AR R A S 6 2 /N BRSO R I X R 25 T
(P<0.018(0.05), AZBFEHE T Meto FHEHY/I
RN ORI
2 MNROBERAFER

Xof 7N BRC JUE 2 2 5 i 2 3 BT AT R TR AR AR O
H 4k (gene ontology , GO) 731, 45 2R WK, 22 57
PR 2 S 50 LW 4 K 5 B - I a1 9 1 S 5
FEAR G, HerbO Lc 46 22 57 BL S B0k 13 4~ (GO
0060048 ) ; 15 25 1~ 5 I 4% 3z 1Y ) 55 22 57 5 A > 4K

21 A~ (GO 1903169 ) ;5 45 B + F 7k 1) A Jot %5 e
IR 25 SR AN 8L 17 A~ (G0 : 0051279 ) 5 L
TN 2 FERADEHN 15 1 (6G0:0045214 ) ;.0
MALIE & kA ZEFEFANEN 14 4 (GO
0055008 ) ; L3l & [ 2232 8l 1% 8 45 25 57 56 R A~ 4L
710 4~(GO:1903115) (¥ P<0.01),
3 FHNROHEALRSEFREMNIEER

el AR g A ) 3 A % /N B ILZH 21
HEG i sham 2] BERUZL X REAT ARG o L s 5 ik
5 20 1 00 JUE 2H 245 2 7 Wk B2 4391 R (30. 09 +2.36) |
(35.97 £1.15) . (16.15 £2.37) . (19.59 + 1.04) .
(23.64 +0.54) F1(28.54 +2.82) mmol - L' A4
5 sham 4 AH L, O MEH 4 5 ik E B FH F I+
(P <0.05) ; % AL SHRIRIATAH L, 0o 2 21805 2 vk
JERETE(P <0.01) L. @l E L /M5
XTREALAR L, O NEAL 2155 8 Tk B B & JH s
(P<0.01,P<0.05), H55f& 2 1E ],
4 A%t SERCA2a.p - PLB 1 NCX1 E [} &
KK F B F

55 sham ZH LL 4, BEAUZH (1) SERCA2a . p — PLB #l
NCX1 5 AR RIE AP35 i 2 F B s SRR Lk,
Xof B A A AR 387K P2 35 BT BR SERCA2a
fIFA AL NCXT s 214, SE i d] bk 3 M H A
X283k KV 5 % B4 AH HL 38 8 3 TR (P < 0.01,
P<0.05), 71 FIE 1,

®1 6 4ULIKIMES ATP i 2a (SERCA2a) WM AL 52 W 2K H
(p — PLB) FOFAE5 A2 A 1 (NCX1) 2 F AR X 2k K F-

Table 1
calcium ATPase 2a ( SERCA2a ), phosphorylated phospholamban
(p-PLB) and sodium — calcium exchanger 1 (NCXI1 ) proteins in

Relative expression levels of sarcoplasmic reticulum

SIX groups

Group SERCA2a p - PLB NCX1
Sham 1.00 +0. 14 1.38 +0.24 1.00 +0. 13
Model 0.83 +£0.05% 1.05 +0. 194 1.08 +0.20%
Control 1.23 £0. 12" 2.12 +0.35% 1.69 0. 34"
Experimental - L 1.00 £0. 03 1.08 £0.24** 1.06 £0.35*
Experimental - M~ 0.98 £0. 05 * 0.54+£0.57** 1.15£0.22
Experimental -H ~ 0.90 +0.11** 0.52+0.13** 0.81+0.21""

Sham group:2% carboxymethyl cellulose sodium (2% CMC - Na) ; Model
group:2% CMC — Na; Control group : Metoprolol (Meto) 26 mg « kg™ - d~';

V' d~' + Panax ginseng C. A.

Experimental — L group : Meto 26 mg * kg~
Mey. (GS) 1.3 g + kg™!
26mg - kg™' - d'+ GS2.6 g kg™' - d';Experimental - H group:
Meto 26 mg - kg™' +d "' + GS5.2 g+ kg™' - d~!;Compared with sham

group, 2P <0.05; Compared with model group, *P <0.05, *#P <0.01;

- d7'; Experimental — M group: Meto

Compared with control group, *P <0.05, " " P <0.01.
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Figure 1  Relative expression levels of SERCA2a, PLB, p — PLB
and NCXl1detected by Western blot
1:Sham group ;2 ; Model group ;3 : Control group;4, 5, 6:Experimental — L,

B-actin 42 kDa

- M, -H group, respectively.

i

CHF 1y Z2 Ffu I B A R B B B, Hos
TR A0 T 2% O A Bk M 2 2 TR ) g AR
PRI AT 2 W A 4R, TR [ CHF S0 R Hr 4
EIHEER CRCA IR S R T R EEN  — 4
By TUAE RGeSk UUE 4, 76 CHF By 259 3R 97
B 32 AR BEL 7 Meto [HHA U A RS T 4008 ) My 4
AR — 25, T DL R /b CHF B3 i {3
BERFIFET R . SRT, G EAT S R A K
DRI 25975 2 140 Bl % T A3 i A B 5 24, T T S
BITRCRY .

AREHAER R T ER AERTHNSE
Meto I FH AT 7= A 3 2 (B DR 7 o A I A5 1
fl5,26 mg « kg ™'+ d ' Meto ¥ 5 4525 9 CHF /)N 0>
RRETH, NS 8B Meto AH G0 3l
WER R, X — AR A S A i E L
AT 3R (H HEL A P A5 R A

TR S = 0t , AT R I Meto 7] {2 2 52 ]
o JULEH YL 5 2 4 56 L TR 19 26 1838 , Jirp SERCA2a
p — PLBFI NCX1 Ak AR L R . X e 3t
(1A, 1O IULZR ML R R 4 A% 0 TR 42 T 2% DL ) 1
ff) SERCA2a 2 [ 11 T2 WL P45 25 7 T 45 B, i i 3K
Frig Ca® " Friti bt T PLB SRl 52 N4 gt
PR ZHL R P B DR B AR 1, DA SRR AR A 7E T L
SR AT RIS SERCA2a (S PE o ARBERR 1LY
PLB DI HARTE A7 4E , 7 LIS SERCA2a X N E AW,

T SERCA2a 1% 1 ; B ER 1L 1% PLB 5 SERCA2a
fiff B3, FHTIE TR AR, I % SERCA2a (1411 il
PERITM S NCXT A T - B 4 i 4k Na™/
Ca®" B TSI IIRE R 2 T A, o LAKS Na ™ 55 A 41
P RIRRE Ca® e anit® . BEAERE T A BT
DI SERCA2a M) RE B % 7 T M, 5 20N it iy
Ca®* Fr i, O WLAT B S 46 Th RE T M, X 5 AR 52
HREL E] %) CHF /N RGO IE 2 21 SERCA2a | [ —
o HEBAIA AL, AW W EL B X BB 245 25 )G
SERCA2a 5 AN 3k KF- B 3 BT, $27R8 Meto 2
BN T Ca® HRIAE Sy, (RGBS Ca®" i B
TR MO, AR IAMELE] S Sham 41/ RAH EL 5
RU/INELC WL PLB B2 Ak K 7 S 35 B, S AR 20 A1
Ft, Meto A] LA 2% 34 p — PLB/PLB [ fH, fi#BR T
PLB X} SERCA2a [ #l il /E FH , 51 62 4H A o4 T 29 55 25
FUPE T B[Rl NCX1 35 1 25 1 m 3 3085 B 1
HMHE , 2 — 25l /0 A A PN S A B . L, Meto W
fEi@ T 1 p - PLB/PLB [ { .SERCA2a J4 NCX1 %
AR X 23R 7K, B A0 JUL 20 D PR 97 28 46 18 -k
TR, AT B Meto (1.0 33 22 () 25 AN RN &
Ao (EAHERE R, S5 RALA B, 6 NS 3617 4k
FR] Lg% Meto 515814 p - PLB/PLB F{H .SERCA2a
S NCXT 5 R IR 7K B 38 , b 9% 200 Jf oA i 25
BB R, T 22 i Meto 3350100 ik 92, $27R H:
A fig 38 1o B A A IE S M5 HT Meto 119 171 401 %
R

AR - NS fig i i) #8051 AR S bt
FACIE IR AR, S S TR R R B o 3l
G2, NG IRAR L B 2 A4 BH s 751 o7 FH 22 B I 4 4L 1 7
JEPE ABFTER B AT TR O R AR S RO 3
TG N R TG — 2P Bk s LR, NS08 P R %
R AR I B E DL A R T 20 B

S
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