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Protective effect of the active component DMDD from Averrhoa carambola root on myocardial injury in
diabetic mice and its correlation with the NCOA4/FTH1/ATGS axis

CHEN Yongxin, LI Yuxuan, GU Kailei, YOU lJiajun, SUN Xiaohan, MA Jing, ZHOU Yanping, WEI Xiaojie
(Dept. of Physiology, School of Basic Medical Sciences, Guangxi University of Chinese Medicine, Nanning
530200, China)

ABSTRACT OBJECTIVE To investigate the protective effect of 2-dodecyl-6-methoxy-2, 5-diene-1, 4-cyclohexanedione
(DMDD) , an active component from Averrhoa carambola root, on myocardial injury in diabetic mice based on the nuclear
receptor coactivator 4/ferritin heavy chain 1/autophagy-related protein 8 (NCOA4/FTH1/ATG8) axis. METHODS The successfully
modeled diabetic mice were randomly divided into model group and DMDD low-, medium-, and high-dose (12.5, 25, 50 mg/kg)
groups, while an additional non-modeled control group was established, with 6 mice in each group. Each group received the
corresponding drug solution or an equal volume of normal saline intragastically once daily for 21 consecutive days. After the
administration, the levels of fasting blood glucose (FBG), serum lactate dehydrogenase (LDH), and creatine kinase isoenzyme
MB (CK-MB) were measured. Myocardial pathological changes, degree of fibrosis, and myocardial cell ultrastructure were
observed. Myocardial cell death index and NCOA4 protein positive index were detected. The protein expression levels of NCOA4,
FTH1, ATGS8, solute carrier family 7 member 11 (SLC7A11), and glutathione peroxidase 4 (GPX4) in cardiac tissue were
measured. RESULTS Compared with model group, each DMDD group showed significant alleviation of cardiac pathological injury
and varying degrees of improvement in the myocardial cell ultrastructure. The FBG and serum LDH and CK-MB levels, the
myocardial cell death index and NCOA4 protein positive
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inhibiting excessive activation of the NCOA4/FTH1/ATGS8 axis and reducing ferritinophagy.
KEYWORDS Averrhoa carambola root; DMDD; NCOA4/FTH1/ATGS axis; diabetic cardiomyopathy; ferritinophagy
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T /I B JULZAR L fole 45 4 32 4, SR B R M A 2L
PRHEFZETL 07 LR R i ik A8 M S s 25 M 25 5 48
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DMDD A o e ¢ 11 W 308 S D A O JUL A O T2, A
FLHY TUNEL e (45 5L 0 7R , i PR /N BRAE T 10 LA
J {3 2, 22 DMDD U , 41 MI3E 45 2 B L A0 ;

+ 1146 - China Pharmacy 2026 Vol. 37 No. 9

[7i] I B 38 2H Ak 45 SR I, NCOA4 5 A Y B AVE 6k 3%
R, X #E 78 DMDD ] G £ /E F T NCOA4 /- S 8k
H WA G ET - 7 , B A O LR R -

VTAE SR BFSE W], NCOA4 A S04k 13 e 2 I 2 20
FUBRARI AAZ O i AR 22—, TR R A X T 440 LA it
IEFAR S 7A0E B OCE Y MRk PRk A2 Ik,
NCOA4 "R A4 G N 2 S Wi F 2 U
FTHL, Fifi 5k HRE )2 4 2 [ W R AR AR s ATGS I
JEOCHEIY A W EE 1, B AR RS AR
MBS REEE L BN ES &, 25 AW OIE ™, A RURE
T B T iy 20 B R R, B B A kAR 1 AR
BRES  5 {E 20 B3 BE UG I, & S FTHI K A
BRARAFRE T 2%, A0 B P U S Bk 2B ™ i i S
PR Ao S AR A A TR R, B R IR e A A
L SEUMIET", K, NCOA4/FTH1/ATGS i ) -
A 2 AR O LA IR AR B L 1 Wt S5 YR 11 DG
57 N I N A SR T N 7 A N Y2 2
NCOA4 #H [13R35 W3 L ; [RIE, HA- S A4k A i G s
1 FTHL B 3E £, A WEAR 08 11 ATG8 Rk IR A JIr
R XSRS T, NCOA4 A 5 (1 4k A W 3d
S RO L SR A A TR R IR B T
i AL, HETT & LA ZE T, AT IR K I,
PRI /N B JILZH 2 Hh SLCTALL F1 GPX4 5 1 K63k I 3%
T, SLCTALL &SR/ A 2 Wil [n) iz 1A 1) fi AL
B, 1 TTRRIBUBE 2R LA AT e T K ; GPX4 WA 361 45 b
HBRCHE B Bt A A Tk JC 7 AR T I, 2 2 ML T
AL PESE T A% O™ s P 238 T T R A B PR /s
SRC L0 B ) e LA T T A 0 Bk 1 553 , 2 — 2 gl L
Y1 . 245 DMDD T , bR A8 fb ] gk fh 2300 5 |
BARRI A INHI NCOA4 ot B2k /> FTHI FEf# I~
P4 ATG8 3k, [alif I3 SLCTALL Fl GPX4 ik, X8k
45220, DMDD REM% %1% NCOA4/FTH1/ATGS fliAH %
A RS Dk F g DR B A A, JE A
FULAN AT 28 ff Wl D s O LB 405 , DR AR 4P SR iR 25 4
SEiebE . AL C A8 A9 DMDD FiE T &R 1 b
VEFHARELAM 7, 2 [ i R 22 0 A ORAP AL

25 R, ASHFSTUESE DMDD ] AR RS /N BRIl
WK, A2 O L U BRI 05 , T30 I 40 FE T, AL
il 540 H NCOAA/FTH1/ATGS fliid B B0 i/ 8k 1 W
A BRI, B ATAYBFE IS 5 BT A M AR 5
PESIHT , 1 5l = B PR 3o R s S A o 0 ) B R S 6
e BB A B RO R o ARk AR IR ALK E T R
NCOA4 I 45 K 490 R S 90 50 E 1 ¥ A, DASYI Al DR
WU (0 Bl T6 4 L 1) SR s

hEZG B 2026 4E55 37 45 9 1)



Sk

(1]

[3]

(5]

[6]

[7]

[8]

(9]

(10]

[11]

[12]

ORTEGA HI,UDLER M S, GLOYN A L, et al. Diabetes
mellitus polygenic risk scores: heterogeneity and clinical
translation[J]. Nat Rev Endocrinol, 2025,21(9) :530-545.
KAMAKSHI SHRIYA A S,PAWAR V B,PAUL A A. Dia-
betic heart disease: an intricate interplay of a widespread
metabolic disorder with the cardiovascular system([J]. Curr
Diabetes Rev,2024,21(6) :¢110724231859.
BELLEMARE M, BOURCIER L, IGLESIES-GRAU 17,
et al. Mechanisms of diabetic cardiomyopathy: focus on
inflammation[J]. Diabetes Obes Metab, 2025, 27 (5) :
2326-2338.

PREDA A, MONTECUCCO F, CARBONE F, et al.
SGLT2 inhibitors: from glucose-lowering to cardiovascular
benefits[J]. Cardiovasc Res, 2024,120(5) : 443-460.

SHI J M, WANG Y X, LIANG T, et al. DMDD, isolated
from Averrhoa carambola L., ameliorates diabetic ne-
phropathy by regulating endoplasmic reticulum stress-
autophagy crosstalk[J]. Chin Med,2024,19(1):125.
Lhigh, RIYE, BTS2 . PR DMDD J442 ROS 4 &
A 1 W08 S D o A B O LB A3 0. o e 24 B~
#2,2021,37(6) :823-827.

ZHANG X Y,DONG X F,JIE H P, et al. Downregulation
of the (pro)renin receptor alleviates ferroptosis-associated
cardiac pathological changes via the NCOA4-mediated
ferritinophagy pathway in diabetic cardiomyopathy[J]. Int
Immunopharmacol, 2024,138:112605.

WANG Y, ZHANG Y, GAO M, et al. Lipocalin-2 pro-
motes CKD vascular calcification by aggravating VSMCs
ferroptosis through NCOA4/FTH1-mediated ferritinophagy
[J]. Cell Death Dis,2024,15(11) :865.

FUJIOKAY, TSUJI T,KOTANI T, et al. Phase separation
promotes ATGS8 lipidation and vesicle condensation for
autophagy progression[J]. Nat Struct Mol Biol, 2025, 32
(11):2285-2295.

DR, R, IR AE, 45 . A PE A DMDD 38 #4 INK/
P38MAPK I 11 2 UM PR 5 AR PR 05 /)
SURT I PR J5 PO (], ) P R R 2241, 2023, 40(5) «
786-791.

LORENZO-ALMOROS A, CEPEDA-RODRIGO J M,
LORENZO O. Diabetic cardiomyopathy[J]. Rev Clin Esp,
2022,222(2):100-111.

XU B T, WAN S R, WU Q, et al. BDH1 overexpression

TEZD; 2026 455 37 5 9

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

alleviates diabetic cardiomyopathy through inhibiting
H3K9bhb-mediated transcriptional activation of LCN2[J].
Cardiovasc Diabetol, 2025,24(1):101.
NIU W P, LIU X, DENG B, et al. Piezol deletion miti-
gates diabetic cardiomyopathy by maintaining mito-
chondrial dynamics via ERK/Drpl pathway[J]. Cardiovasc
Diabetol, 2025,24(1) : 127,
LIWY,LI W,WANG Y, et al. Inhibition of DNMT-1 al-
leviates ferroptosis through NCOA4 mediated ferritino-
phagy during diabetes myocardial ischemia/reperfusion in-
jury[J]. Cell Death Discov,2021,7:267.
ZHANG S Z, TIAN W C,DUAN X X, et al. Melatonin at-
tenuates diabetic cardiomyopathy by increasing autophagy
of cardiomyocytes via regulation of VEGF-B/GRP78/
PERK signaling pathway[J]. Cardiovasc Diabetol, 2024,
23(1):19.
NAGAKANNAN P, ISLAM M I, SULTANA S, et al.
TXNIP promotes ferroptosis through NCOA4 mediated
ferritinophagy[J]. Biochim Biophys Acta BBA Mol Cell
Res,2025,1872(8):120054.
WU H, LIU Q,SHAN X Y, et al. ATM orchestrates ferri-
tinophagy and ferroptosis by phosphorylating NCOA4([J].
Autophagy,2023,19(7) :2062-2077.
LI H H, WANG X T,ZHANG Y, et al. SLC39A13 regu-
lates heart function via mitochondrial iron homeostasis
maintenance[J]. Circ Res,2025,137(6) :e144-e156.
LUO CY,LIANG H S,JI M T, et al. Autophagy induced
by mechanical stress sensitizes cells to ferroptosis by
NCOAA4-FTH1 axis[J]. Autophagy, 2025, 21 (6) : 1263-
1282.
SONG J Z,LI H, YANG H Y, et al. Recruitment of Atgl
to the phagophore by ATGS8 orchestrates autophagy ma-
chineries[J]. Nat Struct Mol Biol, 2025, 32 (9) : 1606-
1621.
HOELZGEN F,NGUYEN T T P,KLUKIN E, et al. Struc-
tural basis for the intracellular regulation of ferritin degra-
dation[J]. Nat Commun, 2024, 15: 3802.
ZHANG M, ZHENG H, JIN H, et al. Regulating
SLC7A11/GSH/GPX4 axis by glucose dyshomeostasis to
simultaneously promote disulfidptosis, cuproptosis and
ferroptosis[J]. Bioact Mater, 2025, 54 : 744-758.

(i H 191:2026-01-08  &[R1 H 451 : 2026-04-18)

(Gl - FP45F)

China Pharmacy 2026 Vol. 37 No. 9 + 1147 -



