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Effect of ginsenoside Re on isoproterenol-induced cardiac arrhythmia in isolated
perfused rat heart
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Abstract: Objective To investigate the suppressive effect of ginsenoside Re on isoproterenol (ISO)-induced cardiac arrhythmia in
isolated rat hearts. Methods CCK-8 assay was performed to assess the effect of ginsenoside Re on survival rate of primary neonatal
ventricular myocytes isolated from rats. Male Wistar rats were randomly dived into control group, ISO group, ginsenoside Re + ISO
group and ginsenoside Re group. Langendorff-perfused hearts were challenged with different drugs in turn, and the myocardial
electrical activity was checked by multi-electrode array in isolated rat hearts. Myocardial injury in isolated rat hearts were detected
by hematoxylin-eosin (HE) staining. Cyclic adenosine monophosphate (cAMP) and protein kinase A (PKA) contents were measured

by targeted fluorescence resonance energy transfer probes in primary neonatal rat ventricular myocytes. Levels of inflammatory
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factors in isolated rat hearts were analyzed by ELISA. Results Ginsenoside Re (1—50 pmol/L) showed no significant effect on
survival rate of primary neonatal rat ventricular myocytes. Compared with control group, ISO significantly changed the direction of
conduction, increased the left ventricular conduction velocity and heart rate (P < 0.05); The severity of steatosis in heart tissues were
significantly increased, cCAMP and PKA contents were increased, C-X-C motif chemokine 1 (CXCL1), CXCL2, CXCL3, tumor
necrosis factor-a (TNF-o) and interleukin-6 (IL-6) levels were significantly increased (P < 0.05). Compared with ISO group,
ginsenoside Re + ISO group showed a significant decrease in heart rate, as well as in the severity of heart injury. cAMP and PKA
contents were decreased, CXCL1, CXCL2, CXCL3, TNF-a and IL-6 levels were significantly decreased (P < 0.05). Conclusion
Ginsenoside Re can ameliorate ISO-induced arrhythmia in isolated perfused rat hearts through regulating cAMP/PKA signaling

pathway and inhibiting inflammatory factors expressions.
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280~320 g) LA Wistar HiAEFLER (<3d) ¥WIWH
KIEBERIK LS PG . Wistar K FGEN AT 1
A, HEEEUOK, BE (23+£1) C, MHXERE
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IR (5 26496) ) H 35 E MedChemExpress ‘Al ;
BB A (HIb5 33278522) I H Ei -k Roche 24 7l ;



* 6236 ¢

FES 2021105 #52% $20  Chinese Traditional and Herbal Drugs 2021 October Vol. 52 No. 20

KEEEE (LS 20190801) T H KT AT AL 24
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(tumor necrosis factor-a, TNF-a) ELISA X7 & (Hik
5 06/2019). A4/ &-6 (interleukin-6, IL-6)
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PRAF].
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MgClys 2 mmol/L CaCly) i, #40r=LEY
B 1 mm? /MR, 2 A 5 mL R AC0.45 mg/mL)
ME R, T 37 CRENANEI 15 min, FE
E, EE 2. IMAE S mL R (1.25 mg/mL)
e, T 37 CRBEBFEHA S min, EE BIG
F 1 mL 4= 13, 800 r/min 2.0» 5 min, 37 _Ei;
JREEE AL 4~5 K, HEFTEHLUHE, iE4
HRANAE, 800 r/min B> 5 min, FJEACCLLHHE

BRI (84.5% DMEM K5772E . 15% 4 M3 1%
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BEEXRAM NS 2 Re (1.0. 2.5, 5.0 10.0+
25.0~ 50.0 umol/L) 4, HZEZGHIAMRIZY),
XTI B 2575, 159% 24 he REALIN
A 10 uL CCK-8, + 37 CH¥#E 3h, KHZIIEER
FRACIE 450 nm ALFIROGREE (4D fH, THE4EMAE
MRS

MIIAFIE R =A ws5/4
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mL/kg) R, HEATHFAR, BRI
HHFER (10 mg/L) AFISAE (95% Oav 5% CO2)
JUK¥ Krebs-Henseleit 2234 (120.3 mmol/L NaCl.
4 mmol/L KCl. 1.3 mmol/L MgSO47H,O . 1.2
mmol/L NaH,PO4. 1.2 mmol/L CaCl,. 25.2 mmol/L
NaHCOs. 11 mmol/L #iZj#) H, PRididibrat 4 4H
LML, T 3~4 mm L3Ik, ¥ E0IkIEE
JiZEH:3 Langendorff M R 48 L, L 7 mL/min 3£
FE E B BKISAT R R il B T R 2. BERR A
37 Cladh. FFEdita. K7 R WK 1.

XTHEZHHE 4 ANMEIR G 1SO H&5d 3 A
XTHRRTERN, HEVR 1 AMEPA 1SO (0.5 pmol/L); A%
AT Re+1SO &0t 2 MNAFHRAEER, TG 1 ME

X2 LBl E SR
1s0 41 DBt E il 1SO 0.5 pmol-L!
7 iy 4 1ISO 0.5 I-L7
AZ B Re+1S0 4 OfE e SRR AZEAF Re S umol L1 50 é“ﬁ;’s oL
; S _ S 9 el . 1L
YBEIE IR LR R S WK 1 pmol L1 §%3§£Hf°umol.{—l
AZ A Re 4l LEEEIRE Pl AZEAFRe ] pmol- L' AZAF Re 5 pmol- L AZ 45 Re 10 pmol L !
-20 0 5 10 15 20
t/min
1 BAEOREBERIWRAR

Fig. 1 Experimental protocol of isolated heart perfusion
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NS EH Re (5 umol/L), RGNS EH Re 17
R, ¥R 1 AMER ISO (0.5 pmol/L); ARk
B-AR 7 259 IR L8 i 2 AT IEIHEER, TRER
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ET, W 1 AMEA ISO (0.5 umol/L); AZ R
H Re At 1 AMXTIIEIR, 73RS 21 Re
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SEBEFIHEE 1 AR 2 B3 AR X iR TR AR A
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ERUR VO IERON 4% 2 R R e, 3T
oA, U Ed T s KAk, @ IR Z g
. i R ts, K. B #A
R N A AR PN NS 21T Re X 1SO #5311
BEAR K RO LA S BEAR AL ) R4 R
2.6 ASEH Re X ISO FEEERIRCALLMAE
cAMP F PKA &£/

W JEAR AL B O WILE B LA 3 X 105/ F L4570 T 6 FLIK
WA b, Y cAMP 5 PKA OGR4

(Epac-SH187 B{ AKAR4), 12 hJ&, KA
9N IIRAE R RS % R 48 (fluorescence resonance
energy transfer, FRET). X H] FRET )W %% cAMP
Al PKA EEAN. @BEEKEORIGEHA (cyan
fluorescent protein, CFP) 480 nm /5, % CFP 5
WG (yellow fluorescent protein, YFP) %
SR GRS LA (480 nm/535 nm) [{JARAH SN W 4%
cAMP %t JEIT 5 YFP 5 CFP 9 a R Ao Lk
f (535 nm/480 nm) IARALSEIALSE PKA &5 .
ST SR I 2.

ISO 1 nmol-L™" .
1SO 0.1 nnIOI-L ! 1SO5 111n01~L ! Forskolin+IBMX
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Fig. 2 Experimental protocol of primary neonatal rat

cardiomyocytes

2.6.1 ISO AFEWKEEAH  FELAPRSE, 03K 2 min
M IEF RS SS, & 4 2080737257 180 (0.14 1.0,
5.0 nmol/L ). 25 pmol/L M B2 ¥ 1 Bl 3 viF 77
( Forskolin ) F1 100 pmol/L 7k FR — i fify 4171 #1] 71
(IBMX). Forskolin i B H ERIALEE, HETTHGE
cAMP, IBMX i cAMP F&fE, —&SLFEfERAE
O cAMP 55 5k 2 M

2,62 AZEIHFRe+ISOH HMTLHEASE
1 Re 20 min J5, F4 TAFWKE 1SO 1 Forskolin
(25 pmol/L) +IBMX (100 pmol/L),

2,63 AZ 1 Re Al HLFIE)E, iK% 2 min
M EE RS, 4 b ales T NS EH Re
(5. 10 umol/L). Forskolin (25 pmol/L) #! IBMX
(100 pmol/L).

SERF RN cAMP/PKA & &745 1k, B
ISO FTSLL AR H AL Sl kNS B Re (W7
TEH
27 SREEENFSEMESESH

Langendorff VL 45 WG LB T GIE, BTEGG
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2.8 ELISA E#MOAN AR K MR FKFE

HY Langendorff #EVLGE MBS A CIE, TUK 5]
W 519, B EIEW, 1518 ELISA {5 & i Bk
M5 HE RO EHL W CXCL1. CXCL2.
CXCL3. TNF-o 1 IL-6 7KF,
29 FItFES

S FH Prism (6.0 KO Guit R AF AT Gt 20007
LY £ 5 Fow, AR HBCR R R R 5 25009
HEAT IR LA
3 Z#R
31 ASEH Re MERIEBOINMABEERNZMN

WK 3 fior, ASRH Re (1~50 pmol/L) i
JEARFL B Co LA L A7 375 2R TE RE T
125 4
1007 8 F /= B
75 1

501

AN HAF /%

257

ottt Il
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Fig. 3 [Effect of ginsenoside Re on survival rate of primary

neonatal rat cardiomyocytes (x + s, n=5)

32 ABEHReXt ISO FRBULEEE AR OEAN
HSAE. FSRE LR

% WA 271 WSS 22 290 2 1 L I 2 il U B
HODAMERT (B 4-A), 2 A4 32 dlIEERAEL A
OE FXTRALE, 7R 1 OBk, BAMEE A SR
B 1G] . ARYE S ANEELE 1 OB EOE
INFIRD G ATtk 70 e, i S T 77 [l o] WIR AL £
REBRFBE, R ORRRIEEOE, Kt B
e S ], B0 A AR AN 1) DA R AR T i
RO ARE O (B 4-B),

WK 4-C Fior, SXIRA LS, 1S0 ARG
REFEW (P<0.05); 5 ISO Ak, ASEH
Re-+1SO ZH K B0 B B F#K (P<<0.05). 1l 4-D
Fizs, XTI LR, 1SO 47003 A% S i i

wahn, £S5 mEE. WE 4-E iR, Sxdt
8, NSEH Re (5 pmol/L) Fikb# 5 min, LA
Oy AL G R B, 20 O AL R RS SR
HARBE; £ NS 2T Re /746 F, #E ISO 5 min,
& 377 [ R S BES5 R WL B B8k . Wil 4-F B
N, EXTHALLLEL, HERIE/R (1 pmol/L) THiAb B
5min, A OEEAFTAEA SR, foEL T
JERE I TR ZRIEIRAAAE R, A 1SO 5 min,
8 575 1) A WL I S 2R, 0 5 A SR A
W 4-G Frow, BERAFRIKRE M AS BT Re (1. 5.
10 umol/L) J&, 7247 0o % WAL T3 B AL 5 7 1) 33
RILHER . DL ESREH, ASEH Re BF
T 1SO FrE LR I N, B AN 1SO ArE
RERROENET T ESFERENSE. NS
B Re Xf ISO Fr8Us 74K B0 Z UL AL A 2k
B R EE A
33 AZEEH ReX ISO IBLELAESHKRR D
AILIsi o O =2 M

WK s fios, SiEA R, 1S0 KRN
MURR A PE = AR S N, A2 21 Re (5 pmol/L)
TRALEE 5 min 5, FE4T ISO+ AZ B Re AHE 10
min i, ORI RE AR 7 AS P ™ B AR R 2508 R
(1 pmol/L) AL 5 min F45 T ISO+ 25 i& /R Ak
210 min B, ORGSR R T ER. RIFASE
H Re BEWS B BIRE 1SO 175 T A0 B AR VE IR K R
P45 -
34 AZEH Re &t I1ISO FSERIR AN
cAMP/PKA 8% & H 4R S F AR
341 ABRBF Re XF I1SO s sl L4
cAMP Hl PKA &L AFRVE 1SO0.1,
1.0, 5.0~ 10.0 nmol/L) %t FRET cAMP % Jt:Hfric
) YFP Al CFP 765 H I 6-A, cAMP & &
F CFP 5 YFP Al (480 nm/535 nm) FoRx, L
YA EAR AR RA RN B UM cAMP & 748
b (B 6-B). RrLlgifuiae)s, ahliFa ASE
1 Re (5. 10 umol/L) % 4 min, )5 Forskolin.
IBMX %5 2 min, .0 14000 cAMP & 218 F AL,
Wi 6-C Fraw, AFREEANS BT Re MFLECULAH
M cAMP EET#M . UAZS R Re (5 pmol/L)
TRALEE O LAHM 20 min, FLUASEIREERT ISO (0.1,
1.0~ 5.0 nmol/L) %-4b# 4 min, & 6-D~G AR,
5RO T AFWE 1SO LB, NSRBI Re
3 PR RIVR BE 1SO P 2507 R0 LA B cAMP Al
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A-multi-electrode array mapping system written test electrodes attached to epicardial surface of left and right ventricles respectively B-activation time
of each channel, color grading ratio diagram and isochronous diagram C-heart rate of rats in each group D—G-left and right of ventricular

conduction direction and conduction velocity of rats in each group *P < 0.05 vs control group;*P < 0.05 vs ISO group

4 ASEFH Re ERERLREBEHVOAERER

Fig.4 Ginsenoside Re i 1mproves myocardlal electrical activity in tachyarrhythmla

.

S =

NBHAF Re+1SO WSO
i S FeTR O LA PR AR 7 A2
Arrow indicates fatty degeneration of cardiomyocytes
El5 AZEH Rex} ISO FIBULEBAEBHEAR OAIRARIFNE (HE, X400)
Fig.5 Effect of ginsenoside Re on myocardial injury in isolated cardiomyocytes of rats with arrhythmia induced by ISO (HE, x 400)
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S 2 K
14 —
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F Lo TEABEIRe G —— EAZ I Re
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Forskolin+IBMX 1SO/(nmol-L™) -
3 ISO/(nmol-L™1) « 100
< £
< % 75 1
2 S 501 '
=%}
251
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A-/R[FHRE ISO ¢ YFP Al CFP 2 Y68 84K B-AN[RI I [A] B O TLAH A N cAMP
B Re A EbE-

HFERIEN D~G-FAA R OHLIEA cAMP fl PKA & &

5xXNZ

B C-AFREEAZ T Re X FLRCHLAIIE A cAMP

*P<0.05
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Fig. 6 Effect of ginsenoside Re on content change of cAMP and PKA in primary neonatal rat cardiomyocytes induced by ISO
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A
papict ANZHEF Re 5 umol-L™!
B -
ISO 1 nmol-L™!
C

ISO 5 nmol-L™!

ANZBH Re 10 pmol-L™!

Forskolin+IBMX

ISO 10 nmol-L™

Forskolin+IBMX

AZREH ReSumol-lL!  AZSEIF Re5Sumol- L'+ AZEH Re5umol-L'+  AZSEFH Re 10 pmol- L'+
1SO 1 nmol-L™! 1SO 5 nmol-L™! ISO 5 nmol-L™!
D ' ! !
XfHE 1SO 1 nmol-L™! 1SO 5 nmol-L™! I1SO 10 nmol-L™! Forskolin+IBMX
E

ANZ 24 Re 5 pmol-L™!
ISO 1 nmol-L™!

ANBEH Re 5 umol' L'+  AZEH Re5umol- L'+ AS 2 Re 10 umol-L '+ Forskolin+IBMX
ISO 5 nmol-L!

ISO 5 nmol-L!

B 7 ASEFE ReiilFl 1SO FiBHERIRCAAMS cAMP (A, B, C) #1 PKA (D. E) 22HEMATHZBHTL (X1000)
Fig. 7 Cellular changes with increase of cAMP (A, B, C) and PKA (D, E) content in ISO-induced primary neonatal rat

cardiomyocytes inhibited by ginsenoside Re (x 1000)
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Fig.8 Genetic difference bioinformatics analysis (A) and ginsenoside Re inhibits levels of inflammatory factors in isolated rat

ventricular muscles induced by ISO (B)
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Fig. 9 Ginsenoside Re interferes with tachyarrhythmia by inhibiting cAMP/PKA signaling pathway and expressions of

inflammatory factors
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