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Acupuncture alleviates cerebral ischemia-reperfusion injury by inhibiting

ferroptosis via regulating the mRNA expression of Nrf2 and GPX4
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(Abstract] Objective To investigate the effects of acupuncture intervention on neuronal ferroptosis in rats with cerebral
ischemia-reperfusion injury (CIRI) by regulating the mRNA expression of nuclear factor erythroid 2-related factor 2 (Nif2) and
glutathione peroxidase 4 (GPX4), and to explore the possible mechanism of action of acupuncture in treating CIRI. Methods A total
of 60 male SD rats were randomly divided into sham-operated group (n=20) and modeling group (n=40) using random number table.
The middle cerebral artery occlusion/reperfusion (MCAO/R) model was established in rats of the modeling group to mimic the

pathological process of ischemia—reperfusion injury. After successful modeling, the modeling group was further randomly divided into

(475 B #1)2026-03-19

(BEETE)ER HRBER A0 H (82274662) ; W11 4 W58 A4 BHIF A5 55 (2025CX066 ) .

(EFEE) MW, 5, W4, #2402, MEuA S0, E-mail .314587702@qq.com; B, Z, W4, #4Z, BI04 506, E-mail .
451358104@qq.com.,



1130 W1 R TP s 24 K2 244 hitp://hnzyydxxb.hnuem.edu.cn 2026 4E5 46 &

model group and acupuncture group with 20 rats in each group. Rats in the acupuncture group were immobilized and treated with
acupuncture at Dazhui (GV14), Baihui (GV20), and Shuigou (GV26) with needles retained for 30 mins each time; rats in the sham—
operated group and model group were only immobilized without acupuncture. All groups received intervention once every 12 hours
for a total of 7 sessions. Before and after the intervention, neurological deficits were assessed using the modified Garcia score. After
the intervention, the volume proportion of cerebral infarct area was measured by TTC staining. The mRNA expression levels of Nrf2
and GPX4 in brain tissues of the ischemic penumbra were tested by RT-qPCR. The levels of ferrous ion (Fe*) and reactive oxygen
species (ROS) were determined by colorimetry and ELISA, while the content of malondialdehyde (MDA) and glutathione (GSH) were
checked by TBA method and the microplate method. Results After intervention, the model group showed a significant decrease in
the neurological function score (P<001), a significant increase in the cerebral infarction volume ratio (P<001), significant up—regulation of
the mRNA expression of Nrf2 and down-regulation of the mRNA expression of GPX4 (P<0.01), a significant increase in the content
of Fe*, ROS and MDA (P<0.01) as well as a significant decrease in the content of GSH (P<0.01), compared with the sham—operated
group. After intervention, the acupuncture group presented a significant increase in neurological function score (P<0.01), a significant
decrease in cerebral infarction volume ratio (P<0.01), significant up-regulation of the mRNA expression of Nrf2 and GPX4 (P<0.01), as
well as a decrease in the levels of Fe*, ROS and MDA (P<0.05, P<0.01), and an increase in the content of GSH (P<0.05), compared
with the model group. Conclusion Acupuncture can exert a cerebral protective effect by up-regulating the mRNA expression of
Nrf2, and subsequently promoting the mRNA expression of its downstream target gene GPX4, thereby ameliorating neurological
deficits, reducing cerebral infarct volume, alleviating iron overload, suppressing ROS production, and inhibiting lipid peroxidation in
rats with CIRL

(Keywords) cerebral ischemia—reperfusion injury; acupuncture; Nrf2; GPX4; ferroptosis; ischemic penumbra; neurological
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1.8 RT-qPCR %#&ill Nif2,GPX4 mRNA &£

R BENLE I 5 HOR R BRI s 73k, Tk
b 43 iy 2 I AT X ZH 20, B 50~100 mg T
Nif2 Fl GPX4 mRNA Kk, % R0 & 1 )
PR BEEURE AR B RNA IFA 8 cDNA, Bl J5 17
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SuperMix Ut A5 EATIE Y 4G | SO 4544 R 95 °CHil
P30 5,95 CAMES .55 CIBK 20 .72 CHE
i1 30 s, 3L 30 DMEIR, A ik i 2k 20 B B UE 7 ) A
PE, LA B-actin AN SHED 2R ] 2700 350 H AR Ak
mRNA AHXS K35 K-, B AR B A A 3 9,
SIS 1,

®1 510F%
Table 1 Primer sequences
I I8 (5°-3) K /bp
Nrf2 1E 7] :5°~CCCATTGAGGGCTGTGAT-3" 247
211 :5°~TTGGCTGTGCTTTAGGTC-3"
GPX4 1EJ ;5= AATCCTGGCCTTCCCTTGCA-3" 172
211 :5°~GCCCTTGGGCTGGACTTTCA-3"
B-actin 1] :5~CCCATCTATGAGGGTTACGC-3" 150

JZ11] :5°~TTTAATGTCACGCACGATTTC-3"
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£V e ) 1153 L O N1V e bt A =91 P =05 T W B
VER IR AS 25 FH o RS0 iH A I 350 & N 2590 7
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I Lo N G R AR ) SN I A AR
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KV B0 W BV TRAE 532 nm R R A,
GSH 75 2 I 22 - SR GO 2%, B A 5 40 02 IS 40 2
0 FFE S AR PR AT, & OV R, IBRE T 405 nm
A AR I W B BT A U A A A AR AR X L 52
B, B FEASEAT I B 3 AN AL, e MR 4546 A
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L1l Zit=4aE
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ZANFFH R Games—Howell K555 20 N+ AT /5 Eb
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FEN R i RS A AERE B il B i S R A
R A HMA 20 HKR, 3L 60 HRRAA
£
2.1 HFEHRARMEETHLE

T, S5 F AR LA L, B2 5 5 R 2K R
P2 T REVE4) k2 AR (P<0.01) . T HUR , S FA
41 B MR 2 5 L O 2 P 2 ) BE T 4 b R AR
(P<0.01) ; SHEAI 4] B &1 I 20 K R 28 1 g 3F
I3 % Tt (P<0.01) o T TUHTfe 2 X 1L, A0 2
Z I REIF 3 25 R G F B L (P>0.05) , £ il 41 b
28 U1 Re W T UH 2 T (P<0.01) . HEILIE 1,
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Fig.l Comparison of Garcia neurological function scores Fig3 Comparison of cerebral infarction volume ratio on the

ischemic side among different groups of rats (x+s, n=5)

e SR T AR AL, *#P<0.01; 5 L3, #P<0.01

among different groups of rats (x+s, n=20)
O S EP AU A, #+P<0.01; SR A H AL, #P<0.01 5 5 + i iy
L #5,°°P<0.01

2.5 1.5
22 448 K BRI U Bl A B A4 AR L b B =2 . -
4 < -
51 TR LA L AR e LR B A z'* g
£ .
LI (P<0.01) 3 15 45 R0 1 L% 10 41 4 9 1k g "0 Z 05
BULBE SN (P<0.01), L 2—3. ul ©
0.0- 0.0-
Vg Vg
’% @ @\ ’% 4%0 4%\
@& w %& w

B4 FEAEXRBRMFET Nif2,GPX4 mRNA RizKFE
Lb % (ks ,n=5)
Fig.4 Comparison of mRNA expression levels of Nrf2
and GPX4 in the ischemic penumbra among different

groups of rats (x+s, n=5)
T 5P ARA A, #P<0.01; 5HIR A L4, *P<0.01

24 FBAKXBRRMIFER Fe . ROSBELE

SEFARAA L, BRI EFfIl 4 Fe* ROS &
I (P<0.05,P<0.01) ; SRERIZH A, B 2 ke |
ROS & T (P<0.05), TEILA S,

40 600-
= L
£ 30- T 3 2
) E
L 5§ % E 400
P A LT 2H Ll £ 204 E
- il
2 HAKXRBMMEEE TTC B LR (vxs,n=5) b ¢ 2001
Fig.2 TTC staining results of cerebral infarction on the 'E, 8
ischemic side among different groups of rats (xxs, n=5) 0- 0-
4680 IE ALY, 116 BRI S X &&‘%ﬁ‘&%@@ o
2.3 FAKXRERMFET Nrf2,GPX4 mRNA Ri& BS5 &AKXRRMEFE Fe \ROS G BILE (355 ,0=5)
IK T b Fig.5 Comparison of Fe* and ROS content in the ischemic

penumbra among different groups of rats (xxs, n=5)

SF AR AT 2 55 020 Nef2 mRNA
T 58T AR R, #P<0.05,%%P<0.01 ; 58RI 2 AL, *P<0.05,

FiEKF B E I GPX4 mRNA kK ERET
W (P<0.01) ; SHEAYZ H 48, 41 2H Nef2 .GPX4 mR- 2.5 HAKXRERMFRES MDAGSH 8 =ttE
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(P<0.01), 51l 2H MDA & & 22 R LG i 2 L (P>
0.05)  MEAIL] EI I GSH & i i E FEIE (P<0.01) . 5
BERIZH U4, ST RIZH MDA 1t b IR (P<0.01) \GSH
ST (P<0.05) . FEWLIF 6,
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B 6 HHAKXREBRMFET MDA.GSH & 2R (v+5,n=5)
Fig6 Comparison of MDA and GSH content in the ischemic

penumbra among different groups of rats (xs, n=5)
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GPX4 S HLAAR Py — Pl 5 1 5 A e S Ak ity 3 2o i
AR BT 2k 4840 0 B4 30 D S A I R Bk AT T T R
WO AE P, GPX4 2635 1 5376 M P AIHS B 42 11 59
20 0 ) BB AR BE 1, TS S Kk AU T & 2R, N2
VB SRy 8 2 7 LA S 7 1Y) B A S TR R SE A 1
4G GPX4 78 N 1) 2 F 240 i AR 4 3 D], B ol 45 Bt ik
FET B S BE A 5 ] -2 AR WESE B AR BRI BRI BE
38 o P Nef2 (GPX4 K& K B 1l 2R s 1, AT
W CIRT K R34 .

ARSI A5 RN BRI T BRI 3 8 CIRL K
B 28 Ty R ol 453 1 45 /0 i A S AR B LE | 3% B o
X CIRT HA B #h 22 R P VR T . FAEX At T2 1
SRR AE AR FR AT AR DN 5 & B, B R BB A A5 A i
HEN Fe* ROS MDA &t [AES FiRHT &Y i
GSH 7K, $ 7 Bt ml 3 i s 4% 4k 35 AL 9kl ROS
H R SR T3 AL BT R BB T 9 A 0 SR Bl PR

R TR ) BT AR R AR R AT
Nif2 & GPX4 WA CHEPT & AL 3 1 IF Al , 45
7%, CIRI J& K BUIG 4121 Nef2 mRNA &35 L,
B R i O SN 4 7 GPX4 mRNA KA H) i 3
TNV 3T Al LA P R B SR AR R s | kst
ToRAERE LR, 8RS, KU ZHZIN2
mRNA ik it —2L i, [ GPX4 mRNA BT
AT EN W DL RS RN B B PR B
FAAR R BR T F 8 Nrf2 1) — i P ik | o m] ik 52 o 3
SR Nef2 FUFPLEALIN T GPX4 Y SE £ ik, GPX4
SEAm AL GSH 38 J5 i 5t it S Ak 4 DG B il 1) SR A
HF IR E X T AE K5 4 f i A A AR AR B O 2,
DR, AT R — 4 0 B S CTRT K BB i 4 7 7
A BE 2 i JH 45 Nef2  GPX4 5 R 38 38 Ok SEE A
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WEFE k100 By 3 e 1 1 G A v B AR T S 56 4 4, D
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I B S A o R 45 T B, 7E 4 22— 0
Bt A0 1 IR P ML

S % Uik
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