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Effects of electroacupuncture intervention at different time points on cuproptosis-related

proteins and copper homeostasis in rats with cerebral ischemia-reperfusion injury

Wang Yufei, Meng Jia, Huang Liujiao (Hubei University of Chinese Medicine, Wuhan 430061, China)

[ABSTRACT] Objective To observe the effects of electroacupuncture (EA) intervention at different time points
on cuproptosis-related proteins and Cu®* levels in the ischemic penumbra of rats with cerebral ischemia-reperfusion
injury (CIRI) after acute ischemic stroke (IS) , so as to explore the mechanism by which acupuncture inhibits
cuproptosis to improve neurological function in CIRI rats, as well as the therapeutic efficacy of intervention administered
at different time windows. Methods SD rats were randomly divided into sham operation group, model group, 0 h
acupuncture group, 24 h acupuncture group and 48 h acupuncture group, with 12 rats in each group. The middle
cerebral artery occlusion/reperfusion (MCAO/R) model was established by Longa filament occlusion method. Rats in
each EA group received 30 min of EA at “Baihui” (GV20) and “Fengfu” (GV16) at 0 h, 24 h and 48 h after
reperfusion, respectively. Modified neurological severity score (mNSS) was used to evaluate the recovery of

neurological deficit. 2, 3, 5-triphenyltetrazolium chloride (TTC) staining was adopted to detect cerebral infarct volume.
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Colorimetric assay was performed to measure Cu® content in brain tissues of the ischemic penumbra. Real-time
quantitative PCR and Western blot were used to detect the mRNA and protein expression of ferredoxin 1 (FDX1) ,

dihydrolipoamide S-acetyltransferase (DLAT) , lipoic acid synthetase (LIAS), and solute carrier family 31 member 1

(SLC31A1) in the ischemic penumbra. Results Compared with the sham operation group, the model group exhibited

significantly elevated mNSS score, cerebral infarct volume, Cu®*

content in ischemic penumbra tissues, as well as
increased mRNA and protein expression of DLAT and SLC31A1 (P<0.01) ; meanwhile, the mRNA and protein
expression of FDX1 and LIAS were markedly decreased (P<0.01). Compared with the model group, all acupuncture
groups presented reduced mNSS score, cerebral infarct volume, Cu® level, together with down-regulated mRNA and
protein expression of DLAT and SLC31A1 (P<0.01, P<0.05), and up-regulated mRNA and protein expression of FDX1
and LIAS (P<0.01, P<0.05). Compared with the 24 h acupuncture group and 48 h acupuncture group, the 0 h
acupuncture group showed distinctly lower mNSS score, cerebral infarct volume, Cu® content, and weaker mRNA and
protein expression of DLAT and SLC31A1 (P<0.05, P<0.01), accompanied by remarkably higher mRNA and protein
expression of FDX1 and LIAS (P<0.01, P<0.05). The 24 h acupuncture group achieved better outcomes in cerebral
infarct volume, Cu®* content, and mRNA expression of DLAT, SLC31A1, FDX1 and LIAS relative to the 48 h
acupuncture group (P<0.01, P<0.05). Conclusion EA intervention can effectively suppress cuproptosis and alleviate
cerebral injury in CIRI rats, and early EA intervention exerts superior efficacy in ameliorating neurological impairment

after CIRI. The underlying mechanism may involve regulating the expression of FDX1, DLAT, LIAS and SLC31A1,

reducing brain Cu® concentration, and thereby inhibiting neuronal cuproptosis.
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Table 1 Evaluation scale for modified Neurological Severity Scores
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Fig.4 Comparison of FDX1, DLAT, LIAS and SLC31A1 mRNA expressions in ischemic penumbra of rats in the 5 groups

(z+s,3 rats/group)

2.5 £ 4K RSB A FDX1.DLAT \LIAS K&
SLC31ALEHFEIL

S BT AR YL H e, B AL 2 KRB 2 B A 4 40
' FDX1. LIAS & [ % i5 & F it (P<<0.01) ,
DLAT . SLC31A1 W& FIRiL &I m (P<0.01); 5
B RY 2 b, 45 B ol 4l KRR Bk o 2 1 A 2 4
FDX1.LIAS By # H % i5 & F+ & (P<<0.01, P<<
0.05) , DLAT .SLC31A1 Y & 11 % 1k i A% (P<<
0.01) ;5 0 h&F M 2 Fe 4, 24 h & Rl 41 .48 h & 3 41
FDX1. LIAS i & 1 £ i & B (% (P<<0.05) ,
DLAT .SLC31A1 & 1K ik & F i (P<<0.01, P<<
0.05). WK 5.

3 g

BAEIS KA 5, T AR AL DR 28 0 BRI Bk
i 25 21 23t BUAS AT 4 0 o R AT A T OR R
SR ER B AR A AT R AT A i DX 3, o A st

W5 5 R 30 AT AT A S A3 ol AR N, — o AR b A 22
M2 oeAE T R, R S A ZE LA, R I
2 T A 2200, 2 I R b S B AR SE R T M TS 1Y
K, IS H A B X B IE G, T R
BILJR I8 | i 55 1 fk BEL 2 K oC # D) g Ok T ik
R i P v RUE VA T, 5K 5% AR R e A AR
U K B R ke B K Ok B K 20 R
— B PR, HAEAT AL i, 2 T B 5 s ) &
LR KU, A ARG R T S I 10 DG B
B IR 97 0T LABE R B Bk 22 S0, A K, oA
AMPEE, BT, AR s CE &7 KU i
THEF T B, @2 8B k5 Z 2, KU & ik
S iy T T - R T I > AN o
Z

20 A Y Cu® ' 2o B 2 B A B8 T 1 G B %
MO R AR, R Cu R E G,
AL R Fe-SHEE [ 2L i



BIAEsY 2026 429 H 51 % 49 - 1205 -
1.5 FDX1 1.5- DLAT
8 1.0 8 1.0
) ## ) X)
® - ®
' A =y
E 0.5 o E 0.5
% \% \W‘%’
N "%L '»“ §° 0 0
FDX1 F----_ -| 19 kDa AX& @L&X@%@E\% X’&c\& &* é*&,g?}\ 55?}\ ,g%‘&
& & bﬁé“ & & & b:o &
o [, 0 St St
= o om 0.8 " A
0% 1.0 i A
) i ) 0.6
® 1T 2 By wh
& A T 04-
Z 0.5 =
0.2 ‘l‘
- 0
&& @g& W {v%x&\& /Sg& & ggf% B {»%X){év%
& O N\ R
s b‘ LoV »

L FDX1TNEKE R RE A 1, DLAT N AW E TR LT IL R, LIAS N ¢ FR-& M, SLC31AL g iE 4l M %% 31 ALt 1.
ST AR A, P<<0.01; SRR L, *P<<0.05,"P<C0.01; 5 0 h &1l 41 4% ,“ P<<0.05,44P<<0.01,

E5 &AXRMERMEREE AL FDX1.DLAT.LIAS & SLC31A1 & 8 K&k Lk B (75,3 B

1R /4H)

Fig.5 Comparison of FDX1, DLAT, LIAS and SLC31A1 protein expressions in ischemic penumbra of rats in the S groups
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