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glycyrrhetinic acid. Methods H9¢2 cells were randomized into nine groups, ie., blank group, model group, glycyrrhetinic acid group,
30, 120, and 480 pmol-1:* aconitine groups, 30 wmol-I! combination group (30 pwmol-I:! aconitine+30 wmol-I* glycyrrhetinic acid), 120
pmol L combination group (120 pwmol-L* aconitine+30 pwmol-L? glycyrrhetinic acid), and 480 pwmol-L? combination group @80 pwmol -1.*
aconitine+30 pmol-L™* glycyrrhetinic acid). The model of failing H9¢2 cardiomyocytes was established by an 24-hour intervention of
2 pmol-L? adriamycin in all groups except the blank group. After successful modeling, the blank and model groups were treated
with DMEM, and the remaining groups with the corresponding drugs for 24 h. Cardiomyocyte morphology and mitochondrial
microstructure were observed by microscopy, and cell viability was determined by CCK-8 assay. Enzyme immunoassay was used to
examine the content of lactate dehydrogenase (LDH), Na—K*—ATPase, Ca*~ATPase, Ca*-Mg*~ATPase, superoxide dismutase (SOD),
malondialdehyde (MDA), catalase (CAT), glutathione (GSH), and ATP. Fluorescent probe assay was employed to check the reactive
oxygen species content (ROS), mitochondrial membrane potential, and intracellular and mitochondrial Ca* concentration. Proteins of
AMPK pathway and CaMKII pathway were examined by Western blot. Results Compared with model group, 120 and 480 pmol -1~
aconitine decreased cell viability, increased MDA content (P<0.05 or P<0.01), 480 pmol-L" aconitine disrupted the mitochondrial
structure, 30, 120, and 480 pmol-L? aconitine increased ROS content, decreased SOD, CAT, and GSH enzyme activities, decreased
mitochondrial membrane potential and ATP production, and increased intracellular and mitochondrial Ca** concentration, decreased
Na*K*ATPase, Ca>~ATPase, and Ca>~Mg?>*~ATPase activities (P<005 or P<001), and 480 pmol -L." aconitine inhibited AMPK
phosphorylation, decreased SERCA2a and PGC-la protein expression, and promoted RyR2 protein expression (P<0.05 or P<0.01).
Compared with aconitine group, the combination of glycyrrhizic acid improved mitochondrial structural damage, reduced ROS
content, elevated the activities of SOD, CAT, Na—K'~ATPase and Ca*~Mg*~ATPase, and reduced the intracellular and mitochondrial
calcium ion concentration (P<0.05 or P<0.01), and 30, 120 pmol -L " combination groups elevated the mitochondrial membrane
potential (P<005 or P<001), the 120, 480 pwmol L combination groups decreased MDA content, increased GSH and Ca**~ATPase
activities and elevated ATP content (P<005 or P<001), and the 480 pwmol-I* combination group inhibited CaMK I phosphorylation and
elevated PGC-la protein expression (P<0.05 or P<0.01). Conclusion Glycyrrhetinic acid antagonizes the mitochondrial toxicity of
aconitine on the failing cardiomyocytes, which may be related to alleviating oxidative stress and calcium overload, as well as
increasing mitochondrial energy production.
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30 wmol L B3kHfiZl  2.76£0.07%*%  2.05+0.05%*  1.520.10%*
30 wmol-L'HEMAL  3.1620.084%  2.17x0.16 1.68+0.074
120 pmol-L™" E3KHHA  2.42+0.09%%  1.9520.07%%  1.3020.02%*
120 wmol -L' KA 2.85+0.134%  1.89+0.154  1.44+0.08%
480 pmol-L B3LHHAL  0.72£0.07%%  0.7220.06%*  0.560.08%*
480 wmol-L' K4 1.13£0.184%  1.01x0.0744  0.88+0.0344

52 A R, *P<0.01; SR HEL, #P<0.05, #*P<0.01; 5
o I % 5 S A2 HE R, 4P<0.05, 44P<0.01

B SRR A I AMPK BERR 1L, K PGC-1a 7R
F1 3K KF- (P<0.05 B P<0.01), 555 3KH0H LK,
BT PCC-1a FE AR IAKF(P<0.01),, THEIL
[z] 80

4 i

B R BRI B RO A R 2 L MR B DAL
ey 32080 T B B PR 0 2 S BT S B0 UL A
AR, B IR 2R AR 25 4, IF AR 2R Ak 1
ATP 7= i 175 & F5E8 28, 1 52 U L2 b 2 Ay — i
AR I 1o AR, TR, g R 5T & B, BT AT AR 4
5 IR LAY 3 Y | ES% TR N IO 5 IR N (U B4
Vi FAER R B X O LA B 2R AR 2540 5 T RE HAT XL
WEATAE B30 R R AR, —
DA, A RIS S B R A B ] PR IO
JE AR P U1 X o0 2 5 L 2R LAY
Wk VR DR E AT ML S5 ) A 4GE

ALY O SRS O LA R AT 2
— BRI, 3kl nT i KBGO LA ROS &
HE LA T MDA 5 B SOD 1, ROS 1Y
VRIS e TALN iy N QR S 2 G RN
Fa403 , 14 T 75 SRR PN AR it 48U Ak , S ok
AT 75 PR e A FL ) TR, B IR AR S F (57 R A1, B
LEFHATP = i s/ D, A SRR, B3k e
FRIRIG 400 GSH.CAT SOD REFE T2 MDA _ROS
S R, AN LR AR IR AR X 52 2 1 A T T U
LSBTt SRS UK | RU S YR EN TR WA = I E
ATP & b, BERH SR aE i 1 i P S fb e
FALRGOFA TR 4T ROS, SR B AL I, k3
S IR NG ZN TR AW RO B o WSS I ss 2 i

B R AR B S | RS OO LB MR 1 ) — 5 1R, 45
TR FE 25 A R T B Ca> Wk B S H TR B,
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sercAza [ DI S e

RYR2| s s wn s v o o I 564 kDa

CaMKII | o a—— - D,
p-(‘aMKIIWI 60 kDa

Bractin | S—————————| 12 kDa
+

120 kDa

Dox — +

- - - = +

o+ o+ o+ SR

+

+ + +
Aco + + + -
Gly + + + -
KN- + +

+ + +
Aco + + + -
Gly - - + + +
KN- + +

B 7 SmEEihEEXREREITFE OS5 EEE QR (x5 ,n=3)
¥ : Dox KBIEE 25 Aco 15308 ; Gly g H BYRER ; KN—Jg CaMK 130170 s A2 B A543 1 k2 1 40 R H e
R Bl B4 CaMK T1 IR ; 5 X34 LR, #P<0.05, ##P<0.01

PGC-1o | s — = — — | 100 kDa

AMPK [0 8 = & = S | 64kDa

p-avirk [ SRS SRS & | 64kDa

B-actinl -— ‘| 42 kDa
Dx — + + + + + + .
Aco — — — + + + - Dox v
Gy — — + + o+ - Aco
Coml — = = = = + o+ Gly *
Com

PGC-1a/B-actin

+ + Dox + + + + + +
+ + + Aco + + + -
+ + Gly + + + -
- + + Com + +

8 LimEAHERENEFIE O AMPK i# % E B8 BIRN (x+s,n=3)
¥ : Dox A PTEEZ ; Aco J 23k Gly A HELRTR ; Com S AMPK #I57) s A2 247 30 28 4 AU H sk iRal 53k
BRI  AMPK IR ; 556007 20 HL %, #P<0.05, #%P<0.01

B R 28, 5 A MO RS Ca2+ 4 ATTP A1 5 125 T P e
% ERMT RS B 1 e sl AR AL A5 P2 Ca®-
Mg~ ATP {37 F WL M, L RS Ca®, 28 4
AN HE SN ; Ca>~ATP B T 41 I AL i AR 15 I | $
TR NI B 1Y) Ca? 2 F Al 3 ALK I
W, ZE AT AR RS PR AR . CaMK TT 2200l
M Caf5 530 I S0 I V45 Al s 38 8 A A6 D 2
H, BRI I Ca¥ s 8 1, vl 5 A PN A5
ZE2 ) RyR2 A2 LA LR X =220 Ca el
i ,SERCA2a W FEZ M TT WK Ca™ kA, & K
K7 F) CaMK I IR , 1T L JE 3R 3k, 5 & Pl
RIAVISHEMAESEE, LA R, 5k
i (L 0 U IR i B P R e A G 8 - R AT
Ca?*—ATP i .Ca®*~Mg2*—ATP Jif§ 1% V£ 34 0 2 A5

CaMK Il # R LA AN RyR2 FIA MK, SERCA2a %
KTFER AR M CaxF iz B T RE R H Rk
TR 2 fifk 14 Sk Tl T S50 R0 400 i A5 8 40 0 = B A%

AMPK & V2 AFTE T FAZ A A Y 0 —Fh e
ks 2 SRR IR A5, —J5 i, AMPK i
o T AR AR 2k R R 5 — T,
AMPK G sl 250 F iR 12 5 ag ARy
5, APMK i % FiiFE 1 PGC-1a MLRIAL Y&
B IR T PGC—1a # AMPK 3435 5 42 5 8]
LB AL PR  Se R - AR IESRE R DNA $5 5
il B ZeRn A A YA Bk, 2 T ks 2 b A R AR
e ARSZEG A R R B ST ] AMPK K PGC—
la 35, Biffi H ¥R AR 5 AMPK K PGC—1a FiATF
15 TS ZE AMPK #0461 350 T U5 , 5 Sk BB R H
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FYRIRIG AMPK M PGC—la Fik AR T, 4n
B YRR AT A S F T 1 Sk B X 28 O LN AMPK
(IBERR AL I | 380% PCC—1au, HET AR HELR R A
Y15 L, P bR = BEAICR

ARSI L U AN LK S04 T 2 Sk e 1
EOR BRI e 4t R A B, H B R T Hs T 3k
B 75 5 vy O LA M B VR A T RE S5 3
M AMPK {5 53 % | e 35 2 b 1A 7= 68 | 2 i S AL
RN R AR OC | L B BT e i — 25 TR S

&% 3Lk
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