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Role and mechanism of Pannexin1/P2X7-mediated ferroptosis in

diabetic myocardial injury
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Abstract

Objective: To investigate the role of Pannexinl (Panx1)/P2X7-mediated ferroptosis in diabetic
myocardial injury and to elucidate its underlying molecular mechanisms. Methods: Eighteen male
C57BL/6 mice (aged 6-8 weeks) were randomly divided to a sham group (C), a diabetes group (DM),
and a diabetes mellitus plus Panx1 inhibitor group (DM -+ CBX) (=6 per group). DM was induced by
feeding a high-fat diet for 8 weeks followed by a single intraperitoneal injection of streptozotocin
(STZ, 100 mgkg '). Mice in the DM+ CBX group received carbenoxolone (CBX, 20 mgkg ', i. p.)
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24 h before tissue collection. Hematoxylin-eosin (HE) staining was used to evaluate myocardial histo-
pathology. Sirius Red staining was used to assess myocardial fibrosis. Prussian blue staining was used
to detect cardiac iron deposition. Serum ferrous iron (Fe”"), reduced glutathione (GSH), lactate dehy-
drogenase (LDH), and cardiac troponin I (¢Tn-I) were measured by ELISA. Transmission electron
microscopy (TEM) was used to examine mitochondrial ultrastructure. Western Blot was performed to
assess myocardial expression of Panx1, the P2X7 receptor, and ferroptosis-related proteins including
GPX4, SLC7A11, and TFR1. Results: Compared with the C group, the DM group showed signifi-
cantly increased serum ¢Tn-I and LDH levels (P<C0.05), as well as disordered myocardial fiber ar-
rangement with increased interstitial collagen deposition and enhanced iron-positive signals on Prus-
sian blue staining. Serum Fe’" was significantly elevated, whereas GSH was reduced (P<C0.05).
TEM revealed classic ferroptosis—associated mitochondrial features, including mitochondrial shrink-
age, cristae disruption, and membrane rupture. Myocardial Panx1, P2X7, and TFR1 protein levels
were up-regulated, whereas SLC7A1l and GPX4 were down-regulated (all P<C0.05). Following
CBX treatment, the DM+ CBX group exhibited lower levels of myocardial injury markers, reduced
iron deposition, attenuated oxidative stress, and relatively preserved mitochondrial structure. Addi-
tionally, Panx1, P2X7, and TFRI1 expression was decreased, while SLC7A11 and GPX4 expression
were increased (all P<C0. 05). Conclusion: Pharmacological inhibition of Panx1 alleviated diabetes-in-

duced myocardial ferroptosis and tissue injury, suggesting that Panx1 may serve as a potential molecu-
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lar target for the prevention and treatment of diabetic cardiomyopathy.

Key Words

¥ R 95 (diabetes mellitus, DM ) J2& — 0 4> Bk #
(1 25 e ft R PR R, T 3 2045 4F , 2 BRKE 29 6. 93
ACIBAE N X AR PR L B A R R
SREETE A OGO A IR R SE M AL H gs i,
B JR % 0 LR (diabetic cardiomyopathy, DCM)
VE R W8 R 8 A 0 0 3 v R AR T Y 3 R
Z—, B85 ZkEY. DCM AR BE 2,
W S A ZE AL AR R B DL R B R A O A AR 2 A
g B A BEAL . AFFSEUR B, BRBE TS (ferroptosis ) 7E
DCM 1 & A5 & e v e #5 OCSEAE T o T8 P i MR 28
L LA B RS T Y o B AR ORI T AR Ak K
IR RS R T M EE N R XA L A 5 5
A LA L R 255 48 A7 450 FN ) R B A, B 28 51RO LT
RE R IR0 HE 0 F7 0l 1) & AR R 4 AR R
o 0 WL 240 1 9 Bk A6 T3 e, WTRE A B i DCM Jig fit
R IT R W

Pannexinl(Panx1)J& —Fff ATP B G i , o 7E
2 i 07 VR A B A S BN AT ) i Ak s T Y R
Ji, 1 P2X7 % {A& (Purinergic P2X receptor 7) & —
ATP M E Tl , B2 S5 50 R A4 58
AR SRS BR5E R W], Panx] Fl P2X7 &
W2 B A W) e 22 FOBE DR AR DG T R E 1) K A
RIEDEREEEEM ., EFENIR BR, Panxl

Diabetes; Myocardial Injury; Panx1; P2X7; Ferroptosis; Diabetic Cardiomyopathy

AIRES 5 Z R dl 215 48 5 B0 o B b R T Y 1A
o BRI PR s J2 75 52 0 LA 240 Jif b Panx 1/
P2X 755 5l 3R 3k, DL Mz A7 5 il dg 5 38 o o 4%
BRFE T 34 48 DT A 32 0 B O LA 49, L i 6 e =
B IR o O BB R B A ) AR BF 5 A A
TR DRI /N BB DU Panx1/P2X7 A 5 1 £k
BT AE M DRI O LA 05 7 1) 4 FH R A2 ML

1 MREFE

1.1 #MRXITK AL 18 H 6~8 i i SPF
G HEYE C57BL/6 /N B (IR BT i 18~22 @) , A= 7 7 7]
IES : SCXK (%) 2023-0033. Fr A # /) B 24 1A 3 T
BB 2 N R B B 3l ) 552 6 v O b v o I 3 58 (R
i 21~24 °C,i2J¥ 50%~60% ,12 h /12 h {3 )
o JNEA R EEE ROK G IE R MR R 1R . s sl
AT A B R LR E & RN
RERLm W E RS RERS
WDRM 3l (4 ) 5 20240709B 45 |,

1.2 FEHY MNFH5KF

1.2.1 324 Panx] 8 #0657 H #19 (Car-
benoxolone, CBX; #lt 5 : HY-B1588) , Wy 3£ T 3 [H
MCE AW RHE A F .



7

FERRMG , 25 Pannexinl/P2X7 475 #0858 T 76 8 I O WU A3 b 69 7 T R L ) 863

1.2.2 SBRAE /NEHYIFRHLE A R
WIEARA PR 7] 5 206 B s (B 5 IX71) 36 T
H A Olympus 23\ 5 B AL (835 . KZ-5F-3D) Il {
R R AR A R A

1.2.3 % %X A 8K fk # &R (streptozotocin,
STZ, b5 :572201) , W 3£ F Sigma-Aldrich A 7] 5 H
5 [ E W (A5 . R2206151) , W 3K T i I 3% 4 /R 2k
PR A BRA ] WA B F (Fe™™) L il & (it
5 E-BC-K773-M) , Wy 3£ T 2 U 35 B 45 2 W) B 4
JBE 0 A B | 5 34 J5 A0 23 bk R (glutathione , GSH)
K550 & (L5 . S0053) , WL F il 28 = KA
FHECA BR 2 w5 3L 2 I %0 (lactate dehydrogenase,
LDH) &R 7 £ (5 . A020-2-2) .0 WLAILAS & H
I (cardiac troponin I, ¢Tn-T) & Ml i 7] & (#Ht 5 .
H149-2-1) , %0 35 T/ o & AE YR A R )
Panx1 —#¢ (#t 5 : HA721629) , Wy 3 F B M 1 42 4=
W ARG R F P2X7 —$i (5 : ER1901-99) , 1
KT UM AR 2 A ) H R BR A W s GPX4 — i (it
52 A11243)  SLC7A11 — #T (#t 5 . A25302) |
TFR1 —¥t (5 : A22161) B-ACTIN —Hi (# 5 .
3522081520) )y 3£ T i I 2 1 4% vi A= W) BL B A R
A

1.3 SLWHARLAE 18 H/NRLILES 7 £k
G3 R REBRAE (C 2H) B PR 20 (DM) il ik -+ CBX
H(DM+CBXHL) o PR /N BLUEEASE Ty vk 2 IR S 5
AR BT R, S L e e R R 8 S B
e BAR i R 35~45 g /N, ZE B 12 h L 1Y
STZ W (100 mgekg ) B M s {3 441, T 30 min Y
56 MLTE S o TR K S v BRI SR R A AR —
257 10 26 41 A K LA B AR WS By o 18 IS 2 R
Jik BB ot Y s IR 24 R B S T 11 1
mmol'L ', Hft A 21k . Z 8 2R AT EZR%
2 L, F 2 W PR s B A 7 i M) . DM+ CBX 4
/NECF BOR T 24 h iE B 3 8 CBX 20 mgekg '

1.4 MBIERRGN A E

1.4.1 SR F w5 LS H X/ RS
Jiti % SR BB, T THH 0 IE AL 2 IR L TE 2 R R
W, 2K LR D) A R B 5~6 pm A
WAL Y] R o (1) HE 48 (8 20 JIE A7 55 50 R 26 i K
b IR AR R Yo e e fa BOKE R, T BB
ARSI 5 (2) KA ALYt 0 E A 5 U0 A 22 i
W KALSE BT RR LY b Y, B IS 28 T K
SR W ORE IR B A, T RO T AR
JREFHE ) o3 AT S UTARAE O 5 (3) & L s de . 0 JJE

AW R g B KAk B TS T AER
et IR R B U BE S e rh L i g JBOK
7 W IF B R, TR BT T UL SRk B R A o A A
i

1.4.2 fFFfEaane BHREERE, RHAOR
Wik W 4 500 pll it ke, T4 CH##HE 12 h, 3 000 re
min #5015 min G B FIE W, 68 ) S 2k ik
B 322 W B 5 (enzyme-linked immunosorbent assay,
ELISA) & W il 3 77 2% 2+ .GSH .LDH .c¢Tn-T#Y
1.4.3 L EKRARMBABHENILE ERL
S X 7N USSR B, A G0 W 4 21, ST BB
R bl S A Y U = AT N
it JiE 7K B SRR T A 3 O D) SRR VDD e, T R ‘it A
Py R A O (8 )5, 1385 S H 52 T WL 200 JUL 240 L 1
SRR TS 45/ = A8 R .

1.4.4 Western Blot 247 R ] RIPA 2 i &b 2t
O WUV G, 2 WF B R P 24 i 45 B 11 0T 54T BCA
FE o PR AL R R 2 50 pg JE #EAT RN
o Bl B PR UK B R R B L b, — B E R
THUBE 1 h, REE ECL B B YIS, RTHA
A 52 B 6 40 Panx1 . P2X7 .GPX4 SLC7A11,
TFR1 M RILKF-.

1.5 %it¥ A% KM GraphPad Prism 9.0 4t it
B DEAT BOHE A3 T o IE S A A B T R DL Y
bR 25 (o ts) FooR, 21 18] HL AR B [ & 7 22
Iy BT, W L AR FH Tukey #2560 P<<0.05 g 22 5%
S -0 e

2 HR

2.1 OARGAXFEEYLRE 5 C4IMt,DM
41/ BRUME ¢ Tn-1. LDH 7K F W] 8 7 &, 3275 5 R s
WET O A 2. £ CBXIRIF A, b
SR R bR I E (L D) .

2.2 DAINARKRETUUNE HEROLRIR,

1(XX) ko
T = T 800 1
= o \
2100 g 600
5 5 A 400
& 2
5 200
0

C DM DM+CBX 0~=C — DM DNHCBX
B1 &ANRMEcTn-I.LDH K F

. 7P<<0.01,



864 B K2 2E M (E2ERR)

5 CH L , DM 410 WLEF 4EHES B 2580, 2R
FEAS | WLEF4E () B4 5K, AT UL Ja kM A2 1 46 K /D
ek A IR B R O UL ZUES R R A B s &
CBXUIRYT i O WLEF 4 HE B 5k AL, 40 i 25 3k
AR GEHE IR K g M AN f IR e R A e A
P PR AR A DM 2 BH S ik 3 . KR B 41 e (a4 R
SR, 5 CYLM e, DM 410 WILTA] 5 K i % ) FBl e Ji
SF Yl PORR 0 2 3G 0, B R AR BRE | B R O WL 4 £k
2B N EE 5 1 DM+ CBX 41 15 B 0 AR B L i /b, &7
YAk BBl 5 % B 25 DM 41 8 5 AR (LI 2) .

2.3 DAALRERRUNE HEetErasRE
78,5 CAAH L, DM 4.0 LA 21 AT 0 oK o BH A%
GUTRL, EE A T 0 LA A B () 5 IX 38K, 42 Bk
B AE D LA 20N 575 LR s R, o0 LT 4 25 1
B R B A HE S AS O J 3 AT U AR R 4 6 2K
L, ¢ BHBE PR R S TR O WIUAE A B S 1 kit 28 K A
KA. 4 CBXIRYT G , FHAPE AR 0 U0 R I 2 ik

3 BAMNROGIMA

2.4 MFEFe” .GSHAKFELE S5CHMIL,DM
/NG Fe? % i W& &, M GSH & # W T
VAN T [ Nl NVAN N K TR ) N 1 =
LB 1 N B B A 52 B 4 O I 1 B Y R AE . &8
CBX A YT I, ML Fe® /K V4 DM 41 B & G,
GSH & & 0] & 2 [0 7t , 2 W40 i Panx 1 AT A4 %2k 35
W PR 5 | S 1 2 AU 25 L 0T 2 ik 4 Ak 38 it 2R Al (DL
K4),

2.5 ZNEBHENTH BSHBEGESERDR.C

sk

40 T =
- g
= 30p “op L
s 'en

on

S £
P = sf
£ 10f &

0

0
C DM DM+CBX C DM DM+CBX

B4 KHANRIMEFe .GSHKF
# .7 P<<0.01,

DM 7 N DM+61;X
Q& {HERE(200)

84T B
C
100 jm 20 m
DM q
&>
i 100 um / 1200m
DM+CBX &
i ‘ 100 m ~ 20um

B2 &ANMNRONALHERRRELE
20602 HE 9 68 CRCR A5 50530 2 300 X R 800X ) | # {4,
SRR B 2T Y 8 AT E 53 31 R 200X 1800 X ) ¢

A A i PRl R e 405 I R DML IR R B 0 L
ST YEHEDI B LR, 200 I 405 R A X o B B s il
Panx1 J& , /0 L ZH £ B4 B0 BR R H: 5 B30 g 21 45 40
SR & A QNS RS

LT WL 22 AR /INES — A BRI B %) AR [5R0 8 5 J Z kr
A, AN S A8 7 8, P9 LU HE 5 085 BB 10 3 B 5 5 C
ZHAH L, DM 41 SR AR R B W 46 /N T A8 AN R0 i
S KL 32 A5, S0 B R D R DX U S B S
VT4, RO P -2 B T e, SR U G Y RIS A
BRYET B A H B AE s 22 CBX TS , kiR e 541
X SR A AN SR BT I AR A DM 4TI 3
HEZ 3 L, e o 350 B R %, 3R A il Panx 1 7]
A SO PR O LA A BRAE T (LI 5) o

2.6 Panx1.P2X7RIXKFMBF X THEXELK
FEEbE  Western Blot &5 R £, 5 C4 A L, DM
41 Panxl, P2X7, TFR1 % ik K F & & F+ & ,
SLC7A11.GPX4 # k7K 3 TR (¥ P<0.05),
7R Panx1 il P2X7 & & W9 300G |, [A] B A8 12 7K S
Jh 4 CBX T i , Panx1 . P2X7. TFR1 % ik /K
R B, SLC7AL11, GPX4 £ 3k K F EFH (8
P<0.05) , ¥ /- 0 1 Panx1 7] A 25008 5% 28 T2 K F
HERE(ULIE 6)



7

JEBRMG , 55 Pannexinl/P2X7 45 (2L T 76 08 I 0 WL A5 mb (4 4 B R AL 865

DM DM+CBX

Bs5 HAMNOCIMARMAEANLHEBRENRI(1S5000X)

C DM

DM+CBX  AHX$ 4 7 i
85x10°

69x10°

55%10°

50x10°

ik
=

SLC7A11A
T
D

[=}

C DM DM+CBX 0 C DM DM+CBX

C DM DM+CBX

22x10°

42x10°

o 15
j ‘ MH o *
® @Jl.o -
2 T =
= 25
£05 >
S G
0

C DM DM+CBX
B

C DM DM+CBX

A. Western Blot 5 8 ;B. &40 TFR1.P2X7.SLC7A11 . Panx1 . GPX4 % 17K F & 4% ,"P<<0.05,”P<C0.01.
6 THMBROIMALE Panxl P2X7TREFETRIZKESLER

3 it

DCM J2: Bl PR A 8 K A= ) 56 9 4 3 2 57
P& B R 2R, HRRAE AL 45 0 LSS A o 9 2F 4k 4k K )
A W Ak, LA BIL T o A 72 Ax R T2 AR Ok,
R B 2 TR A R Bk AT T AR S — R Bk
B IR Bt A2 A0 L 40 i A e R S T O 5K A
PR AR OGO LA 4 Fh R AR S SEAE T . Ik, 34K
PA 4R BRAE T A BT A A, X T B IR DCM B AT 2
o AT Panx1/P2X7 (55 Hhifa &, R4
BT HAEBE SR O LR SE T R B9 AR I PR AL T
Panx1 #§ 5 M 30 1 5 CBX 109 08 471 200 . A< F
FELE R RW] 0 Panx1 A] 53 W0 E RO AIRAS TN
0 WL 28, Bt 2Ok PR 405, R AR R ST T2 K
M 450 WU 3 7R o

WEAEBTFE 1 S W, M PR AT 800 LT 4k
FIZEEL L [ 3k, I AT R IR BT 4 TUAR, 0 L
AU B I A AR A AT il . AT R,

2 Panx 1 4 78] CBX U , /I Bt JLES 44 4t 77 Dok
B AE AR R EE R B X SE 25 LR T ] Panx] %
K B 68 ARG F W DR T B O LR 245 4 45 4
M AL E I A — 2B BRI ORI EH .

HR G BERIRE T ONAHAA S Tl 8%
B, PEBE L Fe™ Ft i A1 GSH R [, R ALK A
b3 S5V 52 450, O LA A Ak 1K 47 £ 38 5 4 Ak
NE O EOIRAS o BR 09 5 R B W] {2 i Fenton
A B R & TR P 4L (reactive oxygen species,
ROS) , i 5 I8 B id S Ak fgk st -1 . AR wFseh,
CBX A+ i {3 9 00 WL Bk B FHAE AR 5, B AR LT
Fe* KV IR GSH & it , R BN Panx1 n] 47 2L
S0 DR R DG 18 A8 35 L AN S A K, X 5 I
A" 1) Panx 138 38 4 5 40 fL A ATP B [
S IE F I B S A IR B VR I BL R AR — 2, 32
7 Panx1 (% b B2 006 7T B & DCM H 2R FE T 1 58 (1
R /57 N

LR R BRAE T B, L

=

S5



866 RPN = Q= )]

47 %

RETR 75 22 o e 440 it 424k 10 385 e AR KO
WF5E R B, Panx1 7] 38 43 4 5 P2X7 Z /R 1% AL AR ifF
LR MR ROS A2 B, DT 75 5 4 ML 483 005 . A BF X 36
B, DM 417N B JILZRORE R 1A R4 /I | 06 W7 284 | s &%
A RS IR K L 3t v, %8 3 T i, 5 0 LR R AR T T
SEAFRAE 0 CBX AN HR 5 1A 58 B B kst . X —
SE SR — 2 S T A0 H Panx1 A9 3 B B RE S (R4
SRR S5 K 57 B | TR DR 17 T 1 Bk A T g
B A, DA BEL LB R BB T (0 Fr 2 i i

AR BTS2 0, Panx1/P2X 7 #li i) 1
I T 38 S G 5RO N AR N B S S £ D b
JR IR A OC I R AE . A5 Western Blot 45 58 7R,
DM 41 0 L4121 h Panx1,P2X7 K 8k i 38 # 6 8 H
TFRI1 %k 8 # T, M SLC7A11 5 GPX4 B4 F
Pl L 42 R B PR 5 1R A9 Panx1/P2X7 Bl a2t B 3405 7T
B 380 S 348 o Ak B B 4 A A I IR R B 0T B IR B s
it E AL RE D SR R AR T K A . CBX T
J& , BEAK T Panx1,P2X7, TFR1 () % 35, I F
SLC7A11 Y5 GPX4 7K, #F— 2Dk S 4 i Panx1
FE 08 2l 3 W i s o0 UL 40 R ) 4 AR i 2 A 5 4 Ak it
i, Xk Besk B Panx 1 A] BE 1 B0TE P2X7 18 i
A A MR AR A S A e H AR, AT S R AE T
U8

25 Tk, AR B 58 M Panx1/P2X7 {5 5 i B% £
JE R G0 MW TR DR O LR BE T 1 43 - HIL I < B R
AR AT, % B O R R E R LR R
G 38 Uy S LR R AR5, B IR Bl LN I kS T
1M Panx 1 # #i] 51 CBX 7] 47 25 BH W7 - 3 55 38 9 56 Ji
I, B kAR 3K AL S AU A N R, R O LA A .
R E AR R T Panx] f£ DCM B FE T I8 2 v 19 56
SRR, L T DCM 24 T S2 5643 5 W A
TRYT RS

TFHAE (AT )ARIRE (OSID) : BERAR

&% Lk

[1] COLE I B, FLOREZ J C. Genetics of diabetes melli-
tus and diabetes complications[J]. Nat Rev Nephrol,
2020, 16(7): 377-390.

[2] MATSUSHITA K, HARADA K, KOHNO T, et al.
Prevalence and clinical characteristics of diabetic cardio-
myopathy in patients with acute heart failure[J]. Nutr

Metab Cardiovasc Dis, 2024, 34(5): 1325-1333.

(3]

(11]

[15]

ZHANG H, LI X D. Ferroptosis targeting: A novel
therapeutic regimen in diabetic cardiomyopathy[J]. Cell
Signal, 2025, 135: 112053.

XUAN X Y, ZHANG S L. Targeting the programmed
cell death (PCD) signaling mechanism with natural sub-
stances for the treatment of diabetic cardiomyopathy
(DCM)[J]. Phytother Res, 2023, 37(12): 5495-5508.
ZHAO Y T, PANBJ, LV X Y, et al. Ferroptosis:
Roles and molecular mechanisms in diabetic cardiomy-
opathy[J]. Front Endocrinol, 2023, 14: 1140644.
SCHENK U, WESTENDORF A M, RADAELLI
E, et al. Purinergic control of T cell activation by ATP
released through pannexin-1 hemichannels[J]. Sci Sig-
nal, 2008, 1(39): ra6.

JELICIC I, VUKOJEVIC K, RACETIN A, et al.
Expression of pannexin 1 in the human kidney during
embryonal, early fetal and postnatal development and
its prognostic significance in diabetic nephropathy[J].
Biomedicines, 2022, 10(5): 944.

JOUKAR S, RAJIZADEH M A, BEJESHK M A, et
al. ATP releasing channels and the ameliorative effects
of high intensity interval training on diabetic heart: A
multifaceted analysis[J]. Sci Rep, 2024, 14(1): 7113.
ELTOKHY A K, EL-SHAER R A A, EL-DEEB O
S, et al. Synergistic effects of AgNPs and zileuton on
PCOS wvia ferroptosis and inflammation mitigation[J].
Redox Rep, 2025, 30(1): 2445398.

ISHII T, WARABI E, MANN G E. Circadian con-
trol of BDNF-mediated Nrf2 activation in astrocytes
protects dopaminergic neurons from ferroptosis[J]. Free
Radic Biol Med, 2019, 133: 169-178.

ZHOU L, SUW T, WANG Y F, et al. FOXO1 re-
duces STAT3 activation and causes impaired mitochon-
drial quality control in diabetic cardiomyopathy[J]. Dia-
betes Obes Metab, 2024, 26(2): 732-744.

CHENG Y N, WANG Y, YIN R L., et al. Central
role of cardiac fibroblasts in myocardial fibrosis of dia-
betic cardiomyopathy[J]. Front Endocrinol, 2023, 14:
1162754.

WANG M R, LTIY S, LIS, et al. Endothelial dys-
function and diabetic cardiomyopathy[J]. Front Endocri-
nol, 2022, 13: 851941.

XIANG H, LYU Q, CHEN S H, et al. PACS,/
CPT1A/DHODH signaling promotes cardiomyocyte
ferroptosis in diabetic cardiomyopathy[J]. Cardiovasc
Diabetol, 2024, 23(1): 432.

ZHANG W, QIAN S H, KANG P F, et al. Curcum-
in attenuates ferroptosis-induced myocardial injury in di-
abetic cardiomyopathy through the Nrf2 pathway[J].
Cardiovasc Ther, 2022, 2022(1): 3159717.

(T# %884 W)



