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ZHEARHEZEFT MCU-mtCa? @ B8k & Le bl iF B IRFR 7S E A RO AN
B0 hREG

IR, D F2, REE, KeRT
BB ERA R TR AR, KR AR 230012

1
2. FipEmT ANRERT, P HiEE 850000

# E: BH HIEHAH® (Linggui Zhugan Decoction, LGZGD) i il 4% 21 /445 5[] #4128 4& (mitochondrial calcium
uniporter, MCU) -ZEKifA%45 (mitochondrial calcium, mtCa?") J# A FHIZRIAR B, 20385 OIAESE (myocardial infarction,
MD J5:0 /753 (heart failure, HF) B2 THLH. F33E  MEKER MI G HF #58 J% HaO2 7531 HOc2 /O WLAH ML 4R 158,
WEMEFARA., BMA. LGZGD AMFEFIA, 454 MCU MRkl AT T RAEA L3IE. Masson Y,
BT BB AR IR BC ThRE . DA 4EGFRRE . ZRRIABIMEE ), #id qRT-PCR. Western blotting il 2 7 44 [ 1
T R AR T REA S FE RN 2 I RIA KT, RilliETES, (reactive oxygen species, ROS). mtCa 7Kt & &/ Lo UL i A
Y, FARREDMENRAEEWRTN. ER S5HEFARHLK, ML 5 HF KROIIREE TR, U4
BRI, Zopi vk B WEAR IR R FE 5 f, MCU #5535 KFRE 1 (P<<0.001); H20:2 #5519 H9c2 4iiffil ROS. mtCa?"
KB ETm, EWIRZHE, OUERGFREMKTEE 7 (P<0.01). SHBAKK, LGZGD AT &E3 Ml J§ HF X
BOLIHEE, WO Rk, Rl MCU Rik (P<<0.01), ¥ EWE ML LRR H AR RIE (P<0.05.

0.01); ZHH/KT E LGZGD ] Bk Ho02 % 518 HOc2 41l ROS. mtCa?' /K-, WE LKA B MR, RO NIR G s
HEYIKFE (P<0.01). MCU mf& A 3558 LGZGD [0 IEARA B, MCU iR E W IR 40 45i45, LGZGD Al f 2% MCU
T F I R ARG, R A AL R AR SR 2L (P<<0.05. 0.01). Z5if LGZGD BTk MCU-mtCa2 a7, {2i3t4k
Bk EWER, ARG, 2% MI S OF.

KR HEEARHG: OJai; Rk EVE; BRSO ARG TREIR Bs PIEERR: ARINES I HEIRR
FESHES: R2855 NHRFRERE: A NEHS: 0253 - 2670(2026)12 - 4693 - 15
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Linggui Zhugan Decoction improves heart failure after myocardial infarction in
rats by restoring mitophagy homeostasis via regulating MCU-mtCa?" pathway

WANG Rong!, WANG Fang'!-2, HUANG Shengyi!, HUANG Jinling'

1. Department of Integrated Traditional Chinese and Western Medicine, Anhui University of Chinese Medicine, Hefei 230012,
China

2. Lhasa People’s Hospital, Lhasa 850000, China

Abstract: Objective To investigate the molecular mechanism by which Linggui Zhugan Decoction (% AR %, LGZGD)
ameliorates heart failure (HF) after myocardial infarction (MI) via regulating mitophagy mediated by mitochondrial calcium uniporter
(MCU)-mitochondrial calcium (mtCa®") signaling pathway. Methods Rat models of post-MI HF and hydrogen peroxide (H202)-
induced H9¢2 cardiomyocyte injury models were established. For in vivo experiments, rats were assigned to sham group, model group,
LGZGD group and captopril group. For in vitro experiments, H9¢2 cells were divided into corresponding groups with additional
interventions of MCU knockdown or overexpression. Echocardiography, Masson staining and transmission electron microscopy were

performed to evaluate rat cardiac function, myocardial fibrosis and mitochondrial ultrastructure, respectively. The mRNA and protein
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expression levels of genes related to mitophagy and mitochondrial function were detected by qRT-PCR and Western blotting. The levels
of reactive oxygen species (ROS) and mtCa?" were measured, myocardial injury markers were quantitatively analyzed, and changes in
cellular autophagic flux were observed using confocal laser scanning microscopy. Results Compared with sham group, rats with
post-MI HF exhibited significantly impaired cardiac function, aggravated myocardial fibrosis and mitochondrial damage, dysregulated
transcription of mitophagy-related genes, and markedly upregulated MCU transcription level (P < 0.001). In H2O2-stimulated H9c2
cells, ROS and mtCa?" levels were significantly increased, autophagic flux was blocked, and myocardial injury marker levels were
notably elevated (P < 0.01).Compared with model group, LGZGD treatment significantly improved cardiac function, alleviated
myocardial fibrosis and mitochondrial damage, downregulated MCU expression (P < 0.01), regulated the mRNA expressions of
autophagy and mitophagy-related genes in post-MI HF rats (P < 0.05, 0.01). At the cellular level, LGZGD reduced ROS and mtCa?*
levels in H202-injured H9¢2 cells, restored mitochondrial morphology and autophagic flux, and decreased myocardial injury marker
levels (P < 0.01). MCU knockdown enhanced the cardioprotective effect of LGZGD, whereas MCU overexpression exacerbated
cellular injury. LGZGD effectively reversed MCU overexpression-induced cellular damage and ameliorated the dysregulation of
oxidative stress-related enzymes (P < 0.05, 0.01). Conclusion LGZGD alleviates oxidative stress injury and improves post-MI heart
failure by restoring MCU-mtCa®" homeostasis and promoting mitochondrial autophagic flux.

Key words: Linggui Zhugan Decoction; heart failure; mitophagy; mitochondrial calcium uniporter; oxidative stress; pachymic acid B;

cinnamic acid; atractylenolide I1I; glycyrrhetinic acid

OWUEE (myocardial infarction, MI) J& 02 7]
%35 C(heart failure, HF) & 21 tHe0 203t T AR 4tk
T I (4 B Pk A . Bk 5 500~6 400 73 A\ 52 HF
S, AT IR IR U6 AZgIRE . ML K
AJE, bIRBNIK S ZE SR BCO UL A, Shif
DX O JULAH e % AR e B AR P AS . B AR A ZRAL
R SR R . B SR IS (] I8, O LAH A
A TR B MR T 2 MR K 4 e g8
T, FHAEDXIOE R0, 73 1 Co LA i A 4 ¢
ol BT R AR A IR, (E K f ey i B 53K
OWVER KRR, DEY K, SR, HAKE
9 HF), fEIX — R B R, 2Rk iR Th g i & O
Z) MI [f] HF BEJ& (A% DI B). O LA 2 e
T oRAA, Y 4E Dy e i B A b A S AL B R AL
HERETT, MI 5, SRl SRR RS MR, =
IR R TFF (adenosine triphosphate, ATP) &l S
N FE, R I A  E D RE B RS 5] kT PR A
(reactive oxygen species, ROS) KeEA K, A
PEEIAUS), ROS #E— Bl Zekifk DNA. 2 H R
MR, MBI RAR D RefEnG, MR FE00 LA
FET AL D e A0,

RIS (mitochondrial calcium, mtCa?h) F2Zs
S 2 MI 5 ZRiR T RE R 1Y DG s B PR 2= 0010,
28 K AR 5 B 1) #% 32 /& ( mitochondrial calcium
uniporter, MCU) E 945 mtCa? & HU ) 3 258 iH,
EREEACH . AL DA i fvis R S R AZ O
AL, AEERZEARR, 2R MCU /5485 N
SCHRFERRLAR AT R A, AR UL M I 5 Wi

Thges M MIJERHELRE N, MCU i FE#s & S 2
mtCa?" 8 &, Ml K & KK 8 & M R AL
(mitochondrial permeability transition pore, mPTP)

TR AL AR It S ATP Al b, 430l
MFEIAFERIH 02181, ghAh, MIJ5 HF #Efed, 4
AN SN [/ S A (mitochondrial monoamine
oxidase A, MAOA) {EN ROS [ E ERIR, nI L
I E 236 U E A 2, P AR R E I LA
(hydrogen peroxide, H202), #1753 i Jot ik S 4k
W RN EMEN 4R T EE 4
hydroxynonenal, 4-HNE) 4151, 4.HNE j@id 3£4M&
IR PR ER BTS2 H 1 (mitochondrial calcium
uptake 1, MICUD) fifBRILx; MCU (14|, [FIEHE
F T R AR 14 B 25 73878 1 (voltage-dependent
anion channel 1, VDAC1) f£it mtCa? i, XN
WA FEINE MCU NS EE, #—BHEk
mPTP JTTSCMI AR A Tl RERRATL618, Aok g
IR Z AR BRI AERF RS B SR B LR PP L
i, AHLRA MA@ PTEN %598 1 (PTEN-
induced putative kinase 1, PINK1) -fH&#RpAHRE
F (Parkinson’s disease-associated protein, Parkin) i
B AN FUN14 53 & 8 E 1 (FUN14 domain
containing 1, FUNDC1) %, H43Z& kA tgzy
B WA, B S SRR G e R, TR Ik
ROS i R SRAML EEE1920, (H MI J5RFEAALR
B PR KA H R ™ E 2, BRI
PINK 1/Parkin 8321, FUNDC1 ik Fifl. p62 &
FRBEFREE 1 48E 3 (microtubule-associated
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protein 1 light chain3, LC3) ¥ ALFEAG. SZHLepifk
Tk B BRI R AR B, 2k — 53 N ROS A 1
IR MCU S+ RIS R, TR “ LRk 15 - 5
Wk 5% A5 -RO'S /475 o 35 - 26 R A 3 — 2D 4045 7 1ok
B FR 212 ZEH A WSO O A B, s =
FAERE, R MI J5 HF X DA i) 5 2 081,
PRI, PR Aokidk I DIRE . 2 1 MCU-mtCa? i %
L, AUGE MI G HF TR IT 5

PR 2 BA Z 5y 28 RBIRTTRE R RN
HF 2 24Kpm B AE RS FE (RSN, 5%
RAEFNREEARWFERT) St T BRI HESER25],
&2 #7712 AR H% (Linggui Zhugan Decoction,
LGZGD) ic# T (B ), &—MEA 1600 £
IR ST, RIRE . FERL. AARFIH
FLAH P02 %7 BRI (ERERNVE 2 DI,
AR 24 B 22 A T 3R B B 2 2 1 D IR 1R
A% % fe B AR WA AL ROBE DG Il g 12428291, 1
AWK, LGZGD TENS M B 2 Hhob) S Ak B
B B KR AN FL RS Sl i B 2 T s
VERD, ARG JULEH R 22 040 i S 32 45105155 5
AT . SOREFIP To0417.24301 . SR1fiT, LGZGD
RSB S MCU-mtCa2 il B A5 A4 b A4
RAF ORI E P AN IR ASHIF 7T 38 5 2 7 KR
MI J& HF ALH Ho0, 155 1O LA AR A B Y
E{EIH B LGZGD @i # 7] MCU-mtCa?" /i3 14k
Fi R BB MGE MI 5 HF P, ONIRR
N FHER AL SR I AR -
1 #R
1.1 =548k

SPF 2t SD KR, A& (180+20) g,
6~8 W%, WHIL TKAELEMHERERAF, 311
HHAES SCXK (3T) 2023-0001. K SRIAFET 28
W2y K Esh Y se e oy, R 23~25 °C, AN
HBEE 40%~60%, JGREFIHIE N 12 h I,
HHRERRRIEFIEIT. A LML & 28
R RS AR NS (S
AHUCM-rats-2023076. 2023114).

HOc2 i E ARG BD1X KO 2R g0
WIEFAHM R, AR SRS = AR AT
1.2 Zh%

LR HIERE . B, AR, HERE
413132 MMHEAK. KA S9N
2005181+ 2002202, 2005181 1911041) ¥4Iy [ 2k

EAHARABERAF, BRBPERGRFEHEE
A5 0 % 8 N % FL B B R AR % Poria cocos
(Schw.) Wolf M F & & #% . 1% Bl 5 % W
Cinnamomum cassia Presl )T « S EHEYI A AR
Atractylodes macrocephala Koidz. {1 TR 25 . T RHE
YIH &L Glycyrrhiza uralensis Fisch. T AR FIHR 25,
1.3 AR5

EHEA A (S 23080111) T8 E & MIHIZ5)
HIRAT: H0, (iS5 C0404510123) I H B ik
BARMHR AT HHER (5 V00930). %
P p62 L wEPUA (it P0067). i LC3 k%
ifk (it L7543) WHEE Sigma-Aldrich 27
Masson JeEikifl & (L5 G1340) WWHILHZRHEE
BHEARAT]; JC-1 i d Al &
5 100-117) M G RE AR, 0D FIRAH;
Rhod-2 AM ($tt5 HB190625) I [ 3 &Rk (
) AR AE]; MitoTracker Green R & (L5
C1996S ). Lyso-Tracker Green i#jfl| & (It 5 C1047S).
Mito-Tracker Deep Red a7l & (4t 5 S0033S ) . DCFH-
DA 5l & (L5 S0033S). FLMRALAES (lactate
dehydrogenase, LDH) ikl (3 C0016).
HRP Fric (I LLEH TR 1gG Pt (5 A0208). HRP
FRidBlEBUIR 1gG =t (5 A0216) THH k-
WA RKAEMHAAR AT ; 4-HNE ELISA {7 &
(5 MM-92588801) W H RN Z B AE MR A PR
Al AMEH K (glutathione, GSH) ELISA 71 &
({tt'5 E-EL-0026) 1 H M SR AR A
HIR AT ; RNA $2HGARE (b5 KR118-02) W H
FARAEWE AbsD ARAFR; —H% qRT-PCR
RilE (5 Q221-01). Lipofectamine 3000 (L5
TL301-01) J [ B 5t il MERR AE R A A PR A F
WLERIAES (creatine kinase, CK) #&iliAF & (Hits
SBJ-R0888) Iy H F i A VUMAMIRH A TR A7)
Pt B-tubulin ZFLFEPA (5 10068-1-AP). i
PINK1 £ wiffhifk (#L5 23274-1-AP). %4 Parkin
Z TR GIES 14060-1-AP). %4t GAPDH £ 77
BEHUR (S 10494-1-AP). %$it FUNDC1 £ il
itk (b5 28519-1-AP) W HRN = EAEMFEARE
PRAW]; Al B-actin HIEfEHUA (b5 AC038) 1
H R Z R AR AR A A fubt VDACL £
TIEEPUA (IS sc-98708) MWHEE Santa Cruz 24
Al; HPLMCU Z &Ptk (IS bs-20189R). it
MAOA Z FifEdifR (5 bs-6679R) T4 H b pT
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HRAEMBAEGRAR; RAWMHXED S
(autophagy related protein 5, ATG5) H.ig[EHuiik (it
5 ab108327) T HJEE Abcam AF]; MCU Rifii
ki (sh-MCUD T HMUEAY RS (L) BIRAF;
MCU Jd 1A TR AR 556 25 44 4 s REP-GFP-LC3 Ji
L AR B

1.4 Y&

HT7700 ZUES L R5Ee (HAH L E#H
ARAF]D); INNO6 VET BUEHE U (5 215 Bl 75 i
B ARG CRIKIERHET AR A 7]); LightCycler96 75k
i ¢ 't 5 B PCR {X (¥it: Roche A F]); N60 AUitAE
AN T (FE[E Implen AH]); Nikon
Eclipse E100 M IEE 2 Wi (HAJERRAF]D;
DMi8 B8 B 5t iM% (fE[E Leica A#H]); k3
W KEIRC (GEE B CHRBHEAF]D; ECG-
2303B BB DN O M =8 E T RIBE R A
A]D; 1C1000 B0 i s ke ARk (k
#) AMRAF]; CytoFLEX LX AU R4 X
[ 2 FE/REERR S (L) BRAF];
LSM980 UM L A2 B e (EE R AFD.

2 7k
2.1 LGZGD B

FRYE AR L T 1R 7 VAP %% LGZGD,
PR /KRR & ok, T 4 C&MFTIRT. KH
P CRAE LR - TS I (HPLC-MS) & &= A
LGZGD (1) 4 M E Ry, 4558 E/R, LGZGD &
IRZE W B 0.125 mg/g. RIFERR 2.63 mg/g. AR P
11 0.413 mg/g. HHIXER 0.155 mg/g.

2.2 LGZGD ZZ5MERIHIE

¥ 20 HOKRBENL A2 4R LGZGD (8.4
ghkg) M, TH 10 X, ZidHEERE ig
LGZGD /KR, ==AH ig SHRMAETEIK, &
GRS 7 do RIREEZ5 1 h)E (fZh5ikigmt ), %
FH S SR R OK SR, I E SR BRI, R = iR
#H2h)5, 4 C. 3000 r/min &0 15 min, 2} 5
FEMmE, FAMEEHES, 56 C/K# 30 min
PORIEAMAE, £ 0.22 pm AL L EEDS 5, &
BERAF T80 CUKFE&H . LAy 4 R
FZH L ST AR RIRAECD, AHIF T3 24 135 1 4K
H 8.4 g/kg &, FNAENLIRFIER 2 5, ZKE
HIEH A MIE A Y “HAGHE MR E, ([
B 56 T T I SE I 45 IR e . AR T A KR
B, R R S, NI U R

MHERIC, 2 B0 E T RE L ST A%
BT IE BIRa e TG VEIR I, KA AN 5k
W 4.2 g/kg KL 2 m EIULAC, W H SRR T
RPN 2 EAE T
2.3 HF KRRBEIK LGZGD F

FE IR SCR T k12833 ST HF AR, SR 2% 57 9
Tk AR SD KB, K APESESL A T IR BBk AT
XiET ML RTFARABATIH TR, wARBKA 7%
LG L. RGN AR, B 12 /N se TN
HE (0.05 mg/kg), 4L 48 ho i CoFL EIAN %2 ST B
I S A O Bl BRI O 5 I g B Cleft
ventricular ejection fraction, LVEF) [#{Ik, #fi\ MI
BRI RS DS RGEE 2 K, KRBV AETF
AR, AL, LGZGD (4.2 gkg) HFMKFLHEF
(2.57 mg/kg) 4, FH 10 H. 5RO e KR
MI J& HF #5284 KA IR R, % LGZGD
k. . mE (2.1, 420 84gke) 1T T R4
XL AT AL 4.2 g/kg NilE, %5
B AE TSI B0 A I 0B A O% AR e e b A 22 IR SE
HARRGE ATEERIZR, DRI i A A S 1)
SR 2R L0323 RIBE A E N S0 T 4R T
Clpe [0 Jy 3232 W27 Fi3 79 2024, 2023 ESC.
2022 AHA/ACC/HFSA 15/ #E#7 1) MI J& HF —£%
FERNETT 259, Wn PRI FEUE SE AT B0 S EAY
FEARFEToZ, HLHIPE AW RAAS. AT Bt
FAM K BATAEAL o PRI DA B35 ) g [ A 0k HE 24
Y, Bk LGZGD MO ERIFER . %45 2454 ig #H
N2, ARTFARHEAMBIAA ig SRR AR R,
1R, BSR4 .
24 BELEIERN

ety 4 JJa, /BT R OO IR B
OIS KK LG 40min, KA 1%0 5 H22 44
PRI BR, AMENEET 58, SRR 20 16 LASRAS T3 ke P
BIR o 3 It B 00 ML 2R e ) e o 2 7 5K RS
W12 (left ventricular internal dimension diastole ,
LVIDd). 7c .0 Z 4 A #1942 (left ventricular internal
dimension systole, LVIDs). LVEF FI /& 0 % 5 545 76
. (left ventricular fractional shortening, LVFS). A
PRAEAERYE, A 3 AN 0osh i I~ 2 1E .
2.5 Masson FEMNELAHENIZE

BOMRALSEET 4% 2 KBS, VIRg 4
um JEY)F, RA R AR ST Masson =5
getn, TRMET TSI,



F8 B 2026F68 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

* 4697 »

2.6 BEHHETEMBENRLNIABRHEN
WK RO EH A T4 (1 PBS e, E87 AL
1 mmX1 mmX2 mm FJZHZIEL, FIA ) 2.5%)% —
BT 4 CHE%E 2~3 h; 0.1 mol/L Wl h 22t
B3R, 1%UEACER S [B5E 3 h, FRIRFHBEIR $h 2%
MR 3 K BRIE O (50%. 70%- 90%) Jii/K,
FHIX 15 min, BHfE4 OB/ ER G W0, 100%
PIBAG K 3 YK, BEUR 15 min; 383K 5 A BH/BR SR
=1

JRRGHSEAL, B THREMN S, KKE
37 ‘C. 12h, 45 C. 12h, 60 ‘C. 24h %5 #l
2% 50~70 nm [FIAETEY) F, SBEER AR BRET W
HYh 15~30 min f5, RAZEN BT RMENE.
2.7 qRT-PCR #&M/OANELREXERERIE

KH RNA $EEG &3 BOK RO NLH 2R
RNA, ffifl—%k qRT-PCR {7 &kl H ArFE A
TR SIPPHIIER 1.

51451

Table 1 Primer sequences

EIEZ| L5 MFS (5-37)

THEEITE (5°-3)

ATG5 CTTGCATCAAGTTCAGCTCTTCC

FUNDC1 AGACACCACTGGTGGAATCGAG
LC3 GTCCTGGACAAGACCAAGTTCC
MAOA AAACTGCTCGGGAATTTGCG
MCU AGATGGTGTTCGAGTTGCTG
p62 AAACATGGTGCACCCCAATG
Parkin ACCTGATCACCAACAACAGC
PINK1 CGACAACATCCTTGTGGAGTGG
VDAC1 GCTTTTCGGCCAAAGTGAAC
p-actin GGCGCTTTTGACTCAGGATT

AAGTGAGCCTCAACCGCATCC
CCTTCTGGAATAAAAATCCTGCAC
CCATTCACCAGGAGGAAGAAGG
TCACATACCACAGGAACCACAG
TCTGCGTTTTCATGGCTCAG
ACTGCACTTATAGCGAGTTCCC
ATCGTTGAGCCTTGTGACAC
CATTGCCACCACGCTCTACACT
TTGACGTTCTTGCCATCCAG
GGGATGTTTGCTCCAACCAA

2.8 H,0:iFS5H) H9c2 MR IAtR BN IE 3T RGeS
2.8.1 H,0,% S HOc2 i oAl g 7. 1E=
SEBSHT, R CCK-8 W& 1%k HaOo I f
YERIWREE . ¥4 HOc2 ZHfudeh T 96 FLAR, 7% T
0. 25. 50. 100. 200. 400 pmol/L ] H,O, 4b ¥
6 h, R MANMAAE R . 45 R B, HoO2 WAL T 50
umol/L B, #HLyEMETCIH BARM, Toikis FAE M
AR R WETHE 100 pmol/L 1, ZHififg
TGN IR 60%, 7l Sfe. ATEENIE
FOOCHE AN AT, LA P O B S A A B s 1k
AL R SR SR SIS TR R s W BT
200 pmol/L I, ZHAAFIEZ SR FF%, 400 pmol/L
AbFE 6 h 4HHAFEIE KT 30%, 28 & SOt R,
JEA b P[] ] B0 S ) e Ak, eV T
YT IS . BT BRI EE I, AW Sk
100 umol/L H,0, 4 6 h #J%E HIc2 41 il S8 1b v ik
PR REAIB4, DU MI U UL 10 S5 S e
P BARAS o

2.82 S H9C2 MITES 10%HA4 1%
s FR-HEH R0 DMEM R 983 h IEH B 9%, W
TR R RE K 5X 105 N /mL, ¥JEJHERIE 6 FLAR
o, 2mL/AL. Fr4ERE 1K 70%~80%K, WE
YPRERZH . AU, 2 IS 4R LGZGD 4. XfHE
HAEALA LB ABAZH I 100 pmol/L H,0, &b
. FEMEHMA 100 pmol/L HaOs Al 20%1E %

KR IMFAEE; LGZGD 4L 100 pmol/L H,0, Al
20% LGZGD & Zj IiFB-35 b 2

NWEFE MCU HITEH], # HOc2 difiuifh T 6
LR, #37 MCU i RIEFI R AR A

(1) MCU i RIE /40 WEBEX A : TG,
ToAbH AR RA: WA RAISE, 100 pmol/L
H,0, 463 6 h; 23 AKZ (Vector): Uik )G,
100 pmol/L H20, 42 6 h; MCU 1 E ik 4H (MCU):
Bt MCU FhLE, 100 pmol/L H,0, 403 6 h;
MCU+ 7 HIIEH: 9 MCU kL, 20%I1E5% K
FRMLETIALFE 12 h J5, 100 pmol/L HoO2 4L FE 6 h;
MCU-+LGZGD 4: ¥4 MCU Jiiki, 20% LGZGD
EHMETALEE 12h J5, 100 pmol/L HaOp #LFE 6 he

(2) MCU miflesrdi: wEXNEA: T3, I
bR TEMRE R HMERAIE, 100 pmol/L
HyO, #bFE 6 hy BHARLL (Vector): #Ee 2 #AK )5,
100 pmol/L H,0, 4 #E 6 h; MCU i fi4H (sh-MCUD:
Y sh-MCU J&, 100 pmol/L H,0, 4bFE 6 h; sh-
MCU+ 7 F G4 : 4% sh-MCU, 20%1E % K
MEFRALEE 12h J5, 100 pmol/L H,O2 AFE 6 h;  sh-
MCU-+LGZGD 4: #%% sh-MCU, 20%LGZGD 5
5 MIETALTE 12 h J5, 100 umol/L H,0, 4L 6 h.
2.9 Western blotting &M {ATHBE & B I8 %<
EA=ES

o “2.87 WURN 75, WAL, IS
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FRPIRIUE A B AR E+ e SRR -
ke ik, %% PVDF &, #HHE, BE i
MZHt, M ECL 5K GRA R, KA Image
T BRA 43 b 2% K AR
2.10 BRSO

# RFP-GFP-LC3. MCU it ik Fikifll MCU
R et HOC2 A, #54% 12 h )5, %
“2.87 TN J7iAbHE . Hoechst 33342 & 15 min 5
WCHMIAZ, 4%% FHEEE E 10 min, FIHILEER
T 5% E Wi o
2.11 YHEBEERRG ST

2 “2.87 BUR kb FE G, Wb, i JC-
1 28R AR B P A A A7) S 2R AR B F A,
Hoechst 33342 AT ARG, SR 28 % B 3R
Y MR E G, St FE I N 3R B b A i 2
WAk . M Rhod-2 AM (ZRRiAR%ES B FHRED) B
Mito-Tracker Green (Z&RifAtnic¥n) PEAl mtCa2 7K
F, Rhod-2 ZJGRERINF ] miCa> Ek.
Mito-Tracker Deep Red (ZERiAAbRICH)) brid 2k
I, IEMELRARTER, SRk IR R IR L

6 0001

4000

2 000+

CK/(U-L™)

A B c
” 5000+
MI HYf i
IE ~ 40001
I
= 3000+
Ml J5 E 2 000
—
P‘\U&/\MJ\J\N\J\I\M L9000
0-
RFAR B
D E
800+ 10001
— .
= 600 8001 3
4 : o >
- @ 600-
£ 4001 1l = El
%4 s - Z 4004
F200] o B ©
¥ 2 ¥ 3 = 2004

PR TEAS IR
212 KBROBEEZE GSH, [M)5 4-HNE. LDH.
CK #1 H9¢2 #fiffifh 4-HNE. GSH. LDH. CK 7k
S 3z ol il

NPEAY HE #81K SR HOc2 4 i A Ak 1145
FREE, X B MEZHZA 51 2% HIs . (i A H9e2 4H
WA AT AT, 7 AT 4-HNE. GSH LA K 4%
k&Y LDH 1 CK /K°F. 4-HNE Afl i 4k
(48R, GSH H TIPS A RS RE 7T -
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A-electrocardiogram, with arrow indicating ST-segment elevation; B, C-levels of CK and LDH on day 2 post-MI; D, E-levels of 4-HNE and GSH on day

28 post-MI; F-mitochondrial ultrastructure observed under transmission electron microscopy (* 10 000), arrows indicate autophagic lysosomes; G-Masson
staining of rat myocardial tissues on day 28 post-MI (x 200); P <0.05 *#P<0.01 *#P<0.001 vs sham (control) group; "P<0.05 *P<0.01 ™P<0.001

vs model group, same as Figs. 2, 3.

El1 LGZGD MEKR MIZLIIEE (X+s,n=5)
Fig. 1 LGZGD improves cardiac function of rats after MI (X £ s, n=5)
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Table 2 Cardiac function indices of rats in each group (X s, n=5)
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**P <0.01 vs sham group; *P < 0.05 *#P <0.01 vs model group.
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A-expressions of autophagy-related genes; B-expressions of mitophagy-related genes; C-expressions of mitochondrial function-related genes.
2 LGZGD MEZLRATNEEH R BMEFLRIA BN (X+s,n=5)
Fig.2 LGZGD enhances mitochondrial function and facilitates both autophagy and mitophagy (X £ s, n=5)



- 4700 -

F8 B 2026F6H $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

(P<<0.05. 0.01. 0.001), FTHEAWER™EZH; 5
BRI AL, LGZGD F-RAL I RIAC T 5 35 5 2
ATGS5. LC3. PINKI. Parkin f1 FUNDCI f13i5/K
P (P<<0.05. 0.01), [RINFEAK p62 Fik (P<0.01),
PEINERLAAR F W/ WG T B R A B s AR . 1t
bb, EEFARALE, BAH MAOA F1 MCU ik
W3 i (P<0.01. 0.001, & 2-C), VDACI Fik
W1 TN (P<0.05); SHEAAE, LGZGD H
FEAL ) 2 PR MAOA A MCU 3% (P<0.01),
T VDACI ik (P<0.01). LA 4558 %W, LGZGD
IR S LR W S SR, R MI KR
ERAR T RERERS, HAR RO S RIS R4
3.3 LGZGD il H0, iFSH HIc2 MpSE LR
BRI ThEE R BIEHH X EBRIA

i p62 AR B (P<0.01), ATGS5 FiLFK, LC3-
II/LC3-1 {8 Ft &, PINKI. Parkin. FUNDCI. MAOA.
MCU #1 VDAC1 #& [F3RiE K3 T+ s (P<0.05.
0.01); SHMALLE:, LGZGD & 241 & Wit
p62 B&R (P<<0.01), #&& LC3-I/LC3-1 i (P<
0.001), Fif MAOA. MCU #it (P<0.01. 0.001),
Jf i ATG5. FUNDCI1. PINK]1. Parkin 1 VDAC1
2% (P<<0.05. 0.01. 0.001). fE 3-E~H fr
7~y HoOn S PRI A GSH /KF (P<<0.001), JF
= 4-HNE N4iffiifidsdi®) LDH. CK KF (P<
0.001); SHAIH LA, LGZGD & 251 % & T
U GSH /KF (P<<0.001), [k 4-HNE. LDH
1 CK KF (P<0.01). PLEZEHRE, LGZGD &
2 M35 A AW HoO2 75 S AR, 2% H9e2

— e PN [ax Yizad D 2 1 N
N 3-A~D Fizn, HoOp AP FHC H9c2 4 4B Sk i T REFaehS Al AR 515 5 il i 2R 1
A AR BUY EFILEE LGZGD Do - Ls- i
62| s ———— | 2 10* = 61 = SRR
—— - - : = 15 Vs 8 o = A
ATGS 55X10° & = Q5 % : = LGZGD
LC31 D 1 6% 10° O = 4 g ,
LC3-I1 | o — o_—— 14x10* Q 1.04 *k 8 » 0.5 -
=4 3 =
<
GAPDH | <D <IN SIS T 3.6} 10* 0.5 5 0 |
B M BN %A LGZGD 207 oo OB GZ-O‘ R
= .. ‘F T [c=N
Parkin saxiot 210 0.4 S0 #
< e 8
FUNDCI L7X10*  Z 054 £0.24 £05-
- =
B-actin| AEE— N SR S > < 0 0 0 - 0 -
) \ 0.7 2.0 05
C X B HIMmE LGZGD £ 06 NV £ An
MAOA| Jeoxi0t 2 g5 - 2151 om £ 04 T
g E]
MCU| s i S — 10> 10* S 04 & 10 o & #
g 03 8 Q03
VDACI | . = = |ioxi0+ Z 305 S
B-tubulin| CEEEED NS W, W 0.1 0 02
E F G H
40 i " 1 800 15 000 W an 180
2 Hi AN~ — 7150
.g 30 = — 7 =
g L1200 =110 000 £ 120
3 2 *%k a = 75
5% S - o § i
= %600 A 5000 2 60
T 10 — =5
g | | l |'_| Z 30
0 —L 0 0 T 0
X]‘HE M‘b 2 AIME LGZGD ﬁﬂ” ﬁzﬁ_ [:um,ﬁ LGZGD Xj‘H” A A IME LGZGD XJEG ;%?i : muﬁ LGZGD

A-HEME ARE; BRI A AR E RIE; C-AR KRR E RIS, D-EAKNKEMEDTHT; E~H-4-HNE. CK. LDH 1 GSH
AP 2°P<0.01 “4°P<0.001,

A-expressions of autophagy-related proteins; B-expressions of mitophagy-related proteins; C-expressions of mitochondrial function-related proteins; D-
grayscale analysis of protein bands; E—H-levels of 4-HNE, CK, LDH and GSH; ““P<0.01 “*“P<0.001.

3 LGZGD MEIE W N HF IR EAATIREMBRERXEBRIE (X£s,n=3)
Fig.3 LGZGD inhibits oxidative stress and regulates mitochondrial function and autophagy related protein expressions
(Xxs,n=3)
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A-ROS level assay, green fluorescence indicates ROS (x 1 000); B-mitochondrial membrane potential assay (x 200); C-mitochondria-lysosome

colocalization imaging (x 2 000), green fluorescence indicates lysosomes, while red fluorescence represents mitochondria; D-mtCa?" level and

mitochondrial morphology imaging (x 2 000), red fluorescence indicates intracellular free Ca?*, green fluorescence labels mitochondria.

4 LGZGD F&RAAN ROS K EH 4 mtCa2 Fazs

Fig. 4 LGZGD reduces intracellular ROS level and maintains mtCa?* homeostasis
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Fig. 5 Effect of MCU overexpression and knockdown on oxidative stress response in H9¢2 cells (X £ s, n=3)
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Fig. 6 LGZGD regulates enzyme homeostasis perturbation induced by MCU abnormalities and mitigates oxidative stress-

induced damage (X £ s,n=3)
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A-autophagic flux analysis (x 1 000), yellow dots represent autophagosomes, red dots represent autolysosomes; B-mitochondrial membrane potential
analysis (x 200), green fluorescence indicates depolarized mitochondria, red fluorescence indicates non-depolarized mitochondria; C-mtCa?*-mitochondria
colocalization analysis (x 2 000), red fluorescence indicates mtCa?*, green fluorescence indicates mitochondria, and yellow dots represent the calcium

overload area of their colocalization; D-mitochondrial morphology analysis (x 1 000), arrows indicate mitochondrial morphology, where filamentous

mitochondria are intact and fragmented mitochondria are obscure.
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Fig. 7 LGZGD improves mitochondrial function and autophagy abnormalities mediated by MCU imbalance
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