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Mechanisms of Dredging Du Meridian and Regulating Spirit Acupuncture in
Regulating Mitochondrial Ferroptosis in Stroke Rats

SUN Xiaoli,GAO Yubao,CHEN Chong,LI Yanju,CAO Ermei,ZHANG Wen, LIANG Yueguang,SUN Shanbin
(The Second Affiliated Hospital of Anhui University of Traditional Chinese Medicine , Hefei 230000, Anhui, China)

Abstract; Objective To investigate the ameliorative effects of dredging Du meridian and regulating spirit acupuncture on cog-
nitive impairment in stroke rats and its potential molecular mechanisms in regulating mitochondrial ferroptosis. Methods Seventy
rats were randomly divided into a normal control group (19 rats) ,a sham operation group (19 rats) ,a stroke model group ( 16
rats) and dredging Du meridian and regulating spirit acupuncture group( 16 rats). The normal control group did not receive any
intervention , while the stroke model group used thread embolization to prepare a stroke rat model. The sham operation group only
exposed the neck arteries,but did not receive the thread embolization treatment. The rats in the dredging Du meridian and regula-
ting spirit acupuncture group were subjected to acupuncture at “Baihui( DU20)” and “Shenting( DU24)” ,with the addition of an
electroacupuncture device. The other group were simply fixed in the same environment without any other intervention measures.
The stroke model was established in rats by filament occlusion method. Morris water maze test was performed to evaluate the
learning and memory abilities. Brain infarct area was detected by TTC staining. The levels of Fe’™ and glutathione (GSH) in
brain tissues were measured biochemically. The expressions of transferrin receptor( TfR1) ,iron regulatory protein 1 (IRP1) and
ferroportin( FPN) related to mitochondrial iron metabolism were analyzed by real — time PCR and Western blot. Results Com-
pared with the normal controls,the stroke model rats exhibited significant cognitive impairment ,increased brain infarct area, ele-
vated Fe’* level and reduced GSH level in brain tissues ,up — regulated TfR1 expression and down — regulated expressions of IRP1
and FPN. Dredging Du meridian and regulating spirit acupuncture ameliorated these alterations ,suggesting its role in maintaining
cellular iron homeostasis and inhibiting ferroptosis. Conclusion Dredging Du meridian and regulating spirit acupuncture signifi-
cantly improved cognitive dysfunction and brain infarction in stroke rats, likely by regulating the expressions of iron metabolism —

related molecules to restore cellular iron homeostasis , thereby attenuating neuronal damage induced by mitochondrial ferroptosis.
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ZIDEH RCREIE , Mg R S g o kR ok AR AR I
SHER T IR 240 R PN B A 5 TR S 5 R B T R M 4 D) A
Ko PAPRLRLARRARIIAR OC o3 T F X FE 1, W RE R Hh KUG
P AR P R LB A R T SR

B 2T R B AR 2 LS T IR R R e A
I RYAST A RERE A P 2 1 T BRI APy vl i
YA LA S BE - ATt FE e A Y AT
FW], LU S P A5 7 O 2 A T R A SR AT
XU INADIRERERT | H H A 16 BT B SF I RAE AR , %
SRR KU RE R EE L (ORI A T fE R RS R BB
M2 TEIAG I SRR ORI TE AR R R
OAERT 1 BB TR A AT 5 R BORLAR R BB T, VTG T Wi Bk
SR A T B R E Y BRBE T R R A P B T
FTE PR R R AR, A D H AR, i B S AN =, AT SR
LRGSR ANIHAES " DR, S R 0 T A R A
P, SEIUX A SR R R G LR IR AR 5 T, R
PRI e g 0 U RVE A, S o RUS AR D RE Bl 46 i
R R AL R B o BT I, ARG R A X
K B2 2D IC AL D RERR A% 1 WO A R R LR s 2 b AR 4k P T
PV LE ST FHLH, MG RYA T T KR 2%

1 #R5AE
L1 SRz

6 ~8 JE IS HEN: SPF 2% SD KR 70 H &&= M (260 +20)
g, W BTN LR YA RA R, KRS T L8 e
REGY ST o, RSB (22 £2) °C, A XTI (50 +
10) % ,12 h BRIGH, A d8E oK. Frf S rE ™
& ST SE R S BLAR ) AH DG EE K
1.2 ZERHGHHE

S BT EBAAA 2 (AL VIR A BR A FD) 5 IR
KEZE[ GEIAIE R R ) 200A RAT ] 5 I L2240 (3
= Sigma 2\ 7)) ; Western #1328 E[1 70 A 5& 1857 ( H [E Biosharp 23
A]) s RIPA ZHZUR A HUAR (1 [ Solarbio A ] ) ; SYBR 75k
& Hit PCR A £ (B Roche A H] ) 5 GSH/ 2K B 1 B A i
& (1 E Solarbio 2AH]) ; FoAth# BAL =50 (E 2547 .

FBAER A A HE : DPT3 B 1 5% ( H A Olympus A #]) ;
LightCycler 96 %¢ 3¢ % & PCR {¥ ( Fij -+ Roche 23 7] ) ; ChemiS-
cope 6000 fb22 KNG R GE (LG ERE =B RA )
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BV -2 BRI JK AL (BT — 2 UL AN (IR G /R A W RHE A R
23w]) sMDF - 382K @RI KA ( H A =724 w]) sH - 600 1Y%
ST HAR A S22 A ) s M200PRO BEfRAX (it Tecan 237]) o
JI AR B R A T 45 A A M, 0 i v 1)
PRIRAED , B DR S 90 50 i i
1.3 sy o2 KSR JF ik
L3.1 g 70 FORRBEHL Y IEH XA 19 R BFA
4119 H P RUEERIZL 16 B A AT R4l 16
1.3.2 F RARAR & v KUY ZH AN e o o 2R 2
PR A A XOR BB AR R BRI ML, 28 0 1
DI B ZE M SR K LA, S5 FL BRI Bl kI L s I T4 15 45
LA ek s EL BT 590 P sl Bk LA, T 2908 s bkl s /N D) 1 4
ANGARKE ZEY) , HATT LA e 4 et A 5P S BRI 7 17 , 45 4L
[ E R AP AR o 2 h R AR BR AR SEM S B T . TR
HRFL B SIKG , NPT ARG, REESTIO
BRRGE  IF 45 T 1 B SR SR
1.3.3  F3Jelee R 2GR 24 h 5 AT Morris /KK F
PLEAUT S S, SC B0 O — B Kt [ B4R 160 em, I 50
em K 30 em, JRBE(25 £2) CJo KT 2 em 45 =R IR
JRCE—FAR 12 em (% 28 em B R ULk A - & | it BE P J] B b
MBEPEL BB RUE AL, 128 5 d NZRR AR B B BUK | T
MRA - o IASE SR 7 5, %R 90 s PR USRI
15 DR IR TES R ) AEE < B 5 B O RO D 3 3 s 2
iefe sz,
1.3.4 @FAApAR T @B RIS BUE E T A
BERAL IEBRRZS R 0. 25 mm x 13 mm —RAEEH R (&7
0™ 157 AT RHEAZY 2 mm {5 ] GM - 01 B AHY (T ~
20 Hz s, 1 mA S8 AE) B H &2 T8 14 d,30 min/3, H
AR R B TE A TR] B 35E T 21 50 18] R, AN o A g At 1
fiiiti o
1.3.5  AFrlg i 3732 iesh it BHG R Morris 7K 2K FY
IRV R A IR A . SEBR 2 PR AT < (1)
SENLAUA TS5 TR T B2 9 KIFIA, JELE S d K 4 Yo
KT 4 DA IR BRI ATK ST, 125 90 s RS
BIIKF- 5 A 1] (REsRE TR D)) o A7 90 s WREIF&, N TR
HE 2P EIHER 10 s, 7HHE R 90 50 (2) 28 IR L5
FHRIT B 14 K47 LA G0 KRR B E AK
Al TESRIE 90 s P 5B 65 XU YRR B i
L4 KB IBITAXE
JITA R B AE S 90 20 oI I M 32 49 T T 1 2% 84 ( Pentobarbi-
tal Sodium, 50 mg/ke) PEATIIEEFR I, JBR P o 465 A B DRt 3L ot
i FHAE BHER 7K (0. 9% NaCl) #E47 i 20 2R 3, LAAS Bk I ¥, Dok
D ML RE A RE BP0 WO IR 2GR MR o 22, 5 I 4
YU NI DX R A F bR ic B R G R o i
A FRA PR FRIFA# AT T - 80 CHAR IR KA 2 o
LS AT AN %
1.5.1 TTC % &bt M43 DRRAL AT
TTC Qe PP INEEAETE B o R UK LR T 0K 250 R ik
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HELEYIHLS ~6 )1 2 mm JERGLHA, B T 2% =R Bk
Z Wk ( Triphenyl tetrazolium chloride, TTC) JE V& H7 37 °C &G4 {4
30 min, FIEHAHPLATIRS , 1] Image — Pro Plus 6.0 {35347
BRI A 2 A 2 SR SR T RO F R o A AR Y 7 43 B o
1.5.2 Ay khm AR Fe’ 42 GSH 4% 4416 1
FUAIZHEY, A O FAR B RIPA LA ) 4 10% 23334 .4 °C
5T 12 000 r/min E.0> 20 min, W& FIEW . 4 H1R A GSH
e R ) &, e HE 0 Y 5 48 41, fo AR A AE 450 nm
DA ARG ARE ot P VR ' 1, D AR A s ol 2 5 2% A U AR
i GSH il Fe® e
1.5.3 RT - qPCR # | TFR1 .IRP1,FPN & B & & K-
5 HORRURO. 1 g 42ikZH 2L, K Trizol i5{A$2IBUEL RNA, 2
e 55 L cDNA iR . ARHE R 1 Bz 5 |97 41, e i PCR SR
R i/ SYBR Green 550 Y pHIEAT qPCR §7 3% . A5 K& A
KB 50 GAPDH [ CT {8, 315 278, 43 H I L (1
FHXTFRIBAKT-. FIIE 1,

#1 qPCR 51974

kR 3P (5'—3") HARKE/ (bp)
TFRI F:CGCGTCAAGAGCAATAACGAA 98
R:AGTGCAGGGTCCGAGGTATT 98
FPN F: TTGCTGTTCTTTGCCTTAGTTGT 148
R: CCCTTGTTTGTTCGGATGCT 148
IRP1 F:TGTAGGCATGTTTCGAGACTTGAG 149
R:AGTCCCTTTTCATCTCAGCACAG 149
GAPDH F; CTCTCTGCTCCTCCCTGTTC 90
R:TCACACCGACCTTCACCATC 90

1.5.4 Western blot #i TFR1.IRP1 .FPN & & £ A KT 4%
TR RE0.2 g Md 2L, i AGE & RIPA 24 f# i il
B SR CREUR . AT BCA WL 25 ik B, S5 5t IR O gk
1712%8SDS - PAGE Wik 43 85, T EK B EOEKE
PVDF JiE,5% g 4= W5 5 , 43 3 im A TER1 IRP1 FPN FI Ay
ZIEP) GAPDH (¥ —HUfi SR & . U H IAKH R, HRP f
JCM = Ht, ECL KOG ME G, i ] ChemiDoc & R Sedr1 IR,
Image J ¥ {4 semi — quter 4347 H 8 1K EEE
1.6 Sit% &k

K FH SPSS 19. 0 #44 % B H i 47 58 1 43 Hr o BRI
BB £ bR 25 (v 2 5) RN, 4L1E] FRBCR A BSTREAS ¢« K56, 31
BOFR ABIEL (CE b)) F0R A L BCR R RS . 4P <

0.05 it , 2R AH 5T FE L.
2 #£R
2.1 EAMATERZER

mn3z 2.3 3 Pus, IEFAMBRTARARBAEZESLS d E
PEATATINGR R, 45 i Ta] 5 7R s B R Al B TR AR I 22 2 e S 11
RN (P>0.05), SIEFHAART AR L, o XA ZH K
SUTE A YN S5 B 7] 1 T ik B 2 B v AR T I B JE K (P <
0.01) /R iC /2 RE P 3 . 5 KUBE S 41 A8 L, 38 78 R
T A 2 DK SR Uk o R T b s T AR B 24 4 (P < 0. 05) , 3%
RSN TR 57 M == N = K R Tal VA R
2.2 FEHERERER

Nk 4 PR, IEHE A AR FAR AR RS BHEEE L,
FRET & XIBRHES TSR ITHFE X (P>0.05), Mz
T, o RUSE TR 2 R B2 R R B A (P < 0. 01 ) g 38 B 1 44 4
SHIZH R BRUAY 28 e s v RS TR 21 Jr 388 Jin (P < 0. 05) , {ELAIK
FIEHE K. X —5 Rt — L B UE T 388 A & il T ol
RG220 1 I BERE AT
2.3 TTC 3@ 5 & 4 K A% 36 & R

IEE ARBF AL RN AR WAEZELL , 1 RS R 20 77
e AR IE I, AR SE AR 7 (22.4 £2.6) % o 3@ B A
EF R A IE N B 26/, RIS A R (8.6 £1.4) % iR FHp
NI (P <0.01),

2.4 AN A4 KR4 Fe' Fn GSH 4 &

5 IEH AT AR UM G, XUBE R 20 K BRI 2 2 Fe®
IKFTHE (P <0.01) 3B AT 41K RURZHZY Fe?* 7K 22
SEGIFE X (P>0.05) , fH 3B B & 41K BN 4128
Fe? " K- BAK T KU U4 (P < 0.05) o 5 1 % 4L IS
AR, TP XA T2 38 B R 2 R U414 GSH &
TRE(P <0.01) , FLIE & 8 pf et sl 2 K B 40 22 GSH /K- 1
FrhRBETIA (P <0.05) . HERILES,

2.5 RT -qgPCR # Il & 4 TFRI IRP1 #u FPN 3t [E % 3 A F

HIEH 4R F AR 4L A0 b, o RURE 2 21 K BRI 4 20
IRP1 1 FPN fi§ mRNA % ik 7K SER&MK (P <0.01) , 1fi TFRI f#
mRNA FikFHE (P <0.01) . 5 KUY AT AH L , 38 7B IR i
JIAT 98 IRPL 1 FPN () 3 K 2634, T 9 TFRI Y% K % 5k
(P<0.05), HiklzEo,

2.6 Western blot 447 & 41 TFR1 . IRP1 #2 FPN & & % & K -F

HIEWHARMEFARAFALL, H XTI K Rk 24 FPN

2 B REE NN TSI A RIS TRk S A L A8 (£ 5) AL em
2051 n ERIPN ®2R ETKIPN H4R ERIPN
Ew4 19 942.7 +95.2 795.6 +£85.6 567.4 £75.8 425.6 £80.2 362.3+95.4
TR 19 957.1+89.9 805.3 +89. 1 602.3 +86.4 409.8 +83.7 388.6 +88.9
rh XU AL 2H 16 1285.2+152.1*% 1152.3 +98.4* 1048.5 +96.1* 725.3 +72.1* 615.8 £71.5*%
B PR 16 1102.7 £120.3*" 985.1+98.6%* 754.9 +85.7** 575.6 £65.4%* 495.4 +65.7*"
T # 5 E T A AR T AR AR BB L, P <0. 01 ;5 % 55 rp XUBLRLZH [F] B[R] L3, P <0. 05,
F3 BLRE NLUAT LI AS RIS 7] 308 38k P AR 0T AR (=) Hf:s
20 3 n B1XR ®2R ERIPN 4R %5 K
EH4H 19 47.8 £5.6 33.4 6.7 24.5+5.3 21.8+4.8 15.8 4.5
BFARA 19 47.5 4.7 35.2+7.0 25.4+5.7 20.9 +4.2 17.1 +4.2
rp XUBE AL 24 16 61.6+7.5" 56.3 +6.4" 46.8 +6.2* 38.3 x4. 1% 30.5 +5.3"
SR 16 54.4 £7.1% 43.7 £5.6%* 36.6 £5.3% 30.1+5.3%* 24.5+5.1%*

T # G IR AR FAR LR I 6] HAE, P <0. 015+ 5 XU R R I [6] EL 452, P <0. 05
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F4 BUARGFRTEWBILHE (x£5) LR A/
4151 n T B UL
EHH 19 7.1+1.3
FARH 19 6.9+1.2
rh XA TR 4 16 2.3+1.0"
B PR E A 16 4.4+1.1%

WA IE R AABRFARAF B L, P <0.01; + 5 RUBIAIZ]
[m B ] H 35, P < 0. 05,
5 BAKRBKIKALHF Fe? * Fl GSH i LE (x £35)

AN pe/g
2415 n Fe?* GSH
EH 4 19 10.2 1.8 104.6 +11.5
RFARHA 19 10.3+1.5 103.2 +11.2
LR EE) 16 18.5 +2.1* 53.8 +8.7*
PR 4 16 10.7 £2.0* 83.5+9. 2"

T # 5 IEH AR T AR F R L3, P <0.01; + 5 XU RIZH
R ) e %52, P < 0. 05,
#6 KAKEMLALH TFRI IRPL I
FPN 3 A X 8 KT H g (w2 5)

31 n TFR1 IRP1 FPN
EHE4 6 0.424£0.115 1.28020.126  0.997 +0.061
RFARH 6 0.425£0.124 1.296+0.125  0.999 0.068
KU 6 0.862+0.113* 0.839+0.141* 0.621 £0.057"

WML 6 0.485£0.107* 1.205+0.132*  0.892 +0.032
H#SIEFARMBFERL I, P <0.01; « Hrp USRI L, P <0.05,
FlIRPL B [ 22 35F4 (P <0.05,P <0.01) , i TFR1 & 9 # ik
T (P <0.01) . 5 RURIZH A Eb , 30 7B )8 #i ) v] 8 FPN
FIRP1 25 1 R A FH i TFRI SRR AFEM (P <0.05,P<
0.01), HikWFET,
FT FLYKEMLALLH TFRL IRPL F1 FPN & FUAR XK K- H g

415 n TFR1 IRP1 FPN
4 6  0.27+0.09 0.78 £0.12 0.83 +0.08
THFEAH 6  0.31£0.08 0.84 £0.11 0.81 0.08
H AL 6 0.65+0.14*  0.43 £0.06" 0.40 +0.05"

WEPHMERIZA 6 0.40£0.05*  0.69£0.10*  0.74£0.05*
HAHGIEFARMBFERL I, P <0.01; « HrhRUERHA L, P <0.05,
3 itig
g P RIS AR, th KR AL 3222 2 B S U R B
BT R R R AR A IS S AR AR, S S 7 6 R
25 MU F 428 Pk %) 38 A1) R R B Sy — RS A0 R BEL M 4
AUBTCHARIG 70 2 1B FR FIRE ik 45, T S B £ T e %
o WFREIN, TR RUG R B 41 285 St it 35 4, B0 ok iR 25 44
FISIRE % A T 2L, AR AR R g > [l 4
BRI AR TR BORR BRAE T B, R B & TR R
ToIRBE T U AR BE AL > L I, A BT A3 Tk L B
UE T H B AR B B o KU LAY B RE . LAk, R EE R
558 RN AAR B PRSP A 0 2 4 2 F g R R . P RS SO
BHZCTE , SUMLIB AT 46, SEM AT RTIE 2°% o vh UR R A
PR B RPRRI , B R EFAE SR UTE M, BUCEE
BARCGERE TR A AMFARERT F B (AR [F & 15k
IN AEE—E A, B AR R & TiRe . Ik, &
B s AR YT 7 DA KBRS AR P i 2 oo Fk 2 T R LA
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TG R, X AR ASTE SRR 10 1 R 50 2 SO

o & 2515 b XU I R TA YT AT RERE S R 5 T TR,
SH o S e A SO 0 22 0 53 TR A A 4 2R 26 R S
PRAET BT Y BB R, A VR B BT B
SE ML A . BRI 2R T R I, B KA T 24
5l 26 IR R R G F R 2 A, ke L 458 4 3 e
ST 2 5 R 3 B UL 4 | T HOUE B, DA T A M 8 T 3R
B3 eIl PRISIE , S VA b 0 7T e o KU A T
RERERE

Morris 7K 2 B S2 3045 5 W5, 5 1E % % IR 2 A BT AR 28 A
B, H RURE TR0 21 BT S A A U115 0 4% B ) A, ek i
Tt b SRR R ST, 7 23 (] 1628 S v 2 T £ X Bk
W/, T A v XA BB 7 A 7 B B 11 2 S0 012 B R B
o (EAS SRR , 55 e U260 20 AR L , 38 4% 0 i 1 o 20 K B
() (AT VI Rk 5 A6 SV IR 1 M A, s R R rh
T 5 YOO B S B IN , BRR 207 1 AT 43 e b KU A 3
e, TTC Yozl S s , v XU 260 21 47 75 W) S R BB AL , -
PSR E TR 5 4 W 11 22. 4% , T 30875 0 s 340 41 14 490 B 1 AL
K 8. 6% . 33 I S0 U B RS A o 3 T R BUIA 0 T g
BEAT L 7ERE AR AR T IR SUR . AR AR & B, o
IR 2 B2 il 89 Fe” * Wk B2 T 5 L GSHL 5 REFR IR, 42
7R RUE B ZE R R AL LN R 77 R R o 4
Fe’ " Yk B W 3 T 20 1E % K 7, GSH. & bt A i 7 s . 4%
BT R AR, LRSS S B b e 9 T RS
Tl S 0 L PR B T K T L A 4 A RIS, AT 40 2k B
ToR A HETTAE A 26 T 0 e N T R A, HE— b
VU2 B, 55 TE 8 %ok B 2L A0 T A LR A L, e RS 80 26 K UG 26
YU 1 IRPL FIRESE R (1 FPN (03235 F Il 5%
1527k TFR1 6600 7H 5, 42 7% b US40 9 B A £ i
FEASNHEBE AN, A F T4 R 5. 10 20 610 T 9
LSy T3 % A0  TRPL A FPN 715 \TFR1 [&4%, A F
TR T SR M BRI AN, TR 2 SR iA 25
B 43K - (78 A0 Ry BT A A 20 AR T B BRI S d

ABFFEAE RO U F , RGEVPH T 38 VR el o % ke
S KU A T R BRS04 B OV FE 1 43 TV FIBILARL , 375
TUFIUA DT LB : (1) 47 RS2 25 5 R, 5 5
X BB FLAF b, 30 88 i T S 2K LA 27 20 S0 A2 RE D o, 3
ST B T KU DA D R B R B L U PE . (2) 9%
ARG 2 B, A o ) S R I B A
i, AR AR AR i 2L 2058 3 T AR L 491, o i 22 DY £ 3 47 0 7
BESE T LU . (3) 5T S s gt R R S
e T R R PR B AR O 2 T IR0 , AR A0 P B
(1) 250, 400 o B B L I B o 3 TR I Ik
IR, G RS EAL R I o A T T R SR e b 2 7T
BB T4 O I S B R A 1 DGR A TR . (4) BT
B AKX T XU 2 ) B R A
PR, 37 AR AL RS 8 BRI 4R T B AR Y 43
FAEFIHLH, S B A B o XU A B D RESR AL T 07 9 BT
R dh o

TS R AR R AR — SR, R IAE ALK
W7 A BO LR S BACHAR I 19737, R RE A T PR 1812 9 ot
S X 200 i PR T 1 (AR A T IR e 2 S kBB T



$44 % #H2m R % h E FH F T Vol. 44 No.2
2026 %2 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Feb. 2026

WALV AN , T I I T R A ) T e ek e

TR . R, 755 2L R v, B B4R J 58 3 ZokL

PRGACHR 4 R0 28 5~ B AG TN , S DU BR S8 T 1 Ui R 231, 1)

3 8 X OB R ] 8k S T A R AR A AL . TS S

AR AR BRAT N 22PN, R GEVTAR S IR 0T 4 2

PR RE 22 58 B 52 R B 5 AT Eh RE RIS ) ORI

ASBIFTE Ay v BB R 7 0 i b KUS RN S BE R A5 A PR

PSR TR AT Ry A B2 TR AR S, B — 2 I R

Ao HLAE ST/ 200 A0 e WY1 e 98 o ) B £ AL

i, e s B AR T A 22 T RE B o T A BB Bt 1R BB AR
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