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Electroacupuncture at “Xinshu” (BL15) improves myocardial ischemia by inhibiting the

ferroptosis pathway in rats

CHI Xiao-wen', DONG Ya-qin'*, XU Jin-sen®, ZHENG Shu-xia®, CAO Xiao-min', WAN Long® ('School of Acupuncture-
Moxibustion and Tuina, Fujian University of Traditional Chinese Medicine, Fuzhou 350108, China; *Key Laboratory of
Propagated Sensation Along Meridian of Fujian Province, Fujian Academy of Chinese Medical Sciences, Fuzhou 350003)
[ABSTRACT] Objective To explore the role of the ferroptosis pathway of myocardial cells in electroacupuncture
(EA) at “Xinshu” (BL15)-induced improvement of myocardial ischemia (MI) in rats. Methods A total of 18 male SD
rats were randomly divided into control, model and EA groups, with 6 rats in each group. The MI model was established
by subcutaneous injection of isoproterenol (1SO, 60 mg/kg) for consecutive 2 d. The rats of the control group received
the same volume of 0.9% sodium chloride solution for 2 d. EA was applied to bilateral BL15 for 30 min, once a day for 3 d.
The electrocardiogram (ECG) of the standard limb lead Il was recorded before and after modeling, and after the
intervention using a multi-channel physiological recorder. Histopathological changes of the myocardial tissue were

observed by hematoxylin-eosin staining (HE staining) , and the ultrastructural changes of the myocardial cell
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mitochondria were observed under a transmission electron microscope (TEM). The contents of divalent iron ions
(Fe*"), malondialdehyde (MDA), and glutathione (GSH), as well as the activities of superoxide dismutase (SOD) and
glutathione peroxidase (GSH-PX) in the myocardial tissue were detected using biochemical methods. The expression
levels of ferritin heavy chain 1 (FTH1) , nuclear factor E2-related factor 2 (Nrf2) , cystine/glutamate antiporter
(SLC7A11), glutathione peroxidase 4 (GPX4) and acyl-CoA synthetase long-chain family member 4 (ACSL4) mRNAs
and proteins in the myocardial tissue were detected using real-time fluorescence quantitative PCR and Western blot,
separately. Results Compared with the control group, the model group had a significant increase in the ECG ST
segment after modeling and a decrease after interventions, content of Fe** , and the expression levels of ACSL4 mRNA
and protein (P<0.01, P<0.05), and a considerable decrease in the content of GSH, activity of SOD and GSH-PX, and
the expression levels of FTH1, Nrf2, SLC7A11, and GPX4 mRNAs and proteins (P<0.01). In contrast to the model
group, modeling induced an abnormalities of ECG-ST segment, content of Fe*, and the expression levels of ACSL4
mRNA and protein and the decrease of the content of GSH, activity of SOD and GSH-PX, and the expression levels of
FTH1, Nrf2, SLC7A11, and GPX4 mRNAs and proteins were all reversed by EA (P<0.01, P<0.05). Histopathological
and ultrastructural observations showed a reduction in the number of cardiomyocytes, with loose arrangement,
extracellular inflammatory cell infiltration, vacuolated myocardial fibers and increased extracellular space, and a
decrease in the mitochondrial volume, with an increase of density and breakage of crista in the model group, which was
relatively milder in the injury degree of cardiomyocytes and their mitochondria, etc. in the EA group. Conclusion EA
at BL15 can alleviate ischemic myocardium injury in rats with MIl, which may be achieved by inhibiting the ferroptosis
signaling pathway in the myocardial cells.

[KEYWORDS] Myocardial ischemia; Electroacupuncture; Xinshu (BL15); Ferroptosis pathway
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tissue of rats in the 3 groups(HE staining)
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Fig.5 Comparison of the relative expression levels of FTH1, Nrf2, SLC7A11, GPX4 and ACSL4 mRNA in the myocardial

tissue of rats in the 3 groups(r+s, 6 rats/group)
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in the 3 groups (Z+s, 6 rats/group)
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H D O WLAE A Fe® & & s, GSH.SOD . %
IOk ok 4 Ak ) i 4 T AR AR T =ERE IR, MDA
BA TR HZER LG E X, el T MDA 5
RN & A R AL AL Y O OR A, 5 R
T3 F i B MDA 5@ i 41 20 g 5 i A8 AR Y T
F DL 2% B e WL JUL 40 i ol ot 390 180 AT B R AR T
BRAET 5 T HLER 0 i T U i cs LA 2 e ok
PR FE B B Fe® & i B IK .GSH .SOD . GSH-
PX &40 A AL ot e, AR W SE TR B R, U0
FLEE O AT AR B A A R SE TG M, 4 R0 D
it

0 M P9 BRBE T R R A A2 2 AR s AR I R
A 455 BRACHE IR BT AR L A I i 2R G A 2 Fh AR
AR AR I R R R AR s R R T Y
B, BTSN —F e R R AET
KAWL AN Fe™ Rads e i, KA i Fe™ B BRI,
Jtid 1t Fenton W 5 5 A8 BT 4, DA 5 Bk e
oA AR, FTHLE TAEE A —Fh, BEA2 6%
TERR IR 4L Fe® ', BH 1k Fenton JZ 1 , #E — 45 10 4
i E ALY A R AR BE T R v R B R AR
FREST 8 SCHREO R B R 2 30 4 i
Fe’" & & , 1% 5 Fenton N ) & 4 | e 4 3 3K SE
ToR A . BRIE TR K AR mT LR AR AR R P Y AR R
ALY KR ARG ACSLA J& T K 4% i i it
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FEEH G A G U SR — 51, TR LR A AR Y
2 R4 A G 05 B2 (PUFA) I 8 PUF A Bt 3 4 il A,
e 28 U i L B 1 G 0k — R A AR AR AR S
TV G i A, e A S B SE T I R AR A
HWACSLAKRH LR SHILT-MEERIEM . A
fF 5212 WA 3 3k g B /0N BRUA0 I B ACS LA JE A, fE %
AR REARBRIE T2 5 5008 3 00 40 i B AE T 1 &
b VN e S NI 4 A i KON
WLZE 20 FTH1 mRNA 5 8 13 15 K F 35 B A%,
ACSL4 mRNA 5 & & BKF¥H T mE, RHFTHL
A9/ B Fe” 1) 40 i N B, A2 £ Fenton g W &
A=, [A) B ACSLA % 4h Ml B | i PUFA # 1k
PUFA Wi SL 5 f A, 138 i 7 1 0] 58 5 300 L4 A
BRAET 0 2 28 s T 4T 40 FTH1 mRNA 5 H (3%
kK2 T m , ACSLA mRNA 5% 1R kK F 3
RREAR L 22 B RS0 A7 AT AB S o 2 kA R o
AR A 35 42 8 4 0 UL A LR BE T

GPX4 A T 1Pt A AL RGeS 30 il g e T AF it
T W HL R 2 — , GPXA4 AT L 3E 8 g B k4R Ak
Yy Ak JE T M 0 B, R I AR PE T AR R
Nrf2 J2& H0 8k W8 M 5 PR Y 5C B 2 o A 7, AT AR ] —
F BRI 4 Ak B R i TR Y 3R GE L A0 < T AR AR
K (SLC) W i H 1 SLC7ALl. GPX4%,
SLC7A11 & MR iR /4% 2 W8 I % iz {4 (System Xc-)
B 4 B 43, System Xe-23 52 W 21 il P9 GSH A i 3
B GPX4 DL GSH RJEY) , 4 5 itk A A W) e 1k
JC 5 VR 1 B, DA & 45 90 44 25K 58 T 0 BT RS, A
SCHRMOHR A A 2 S RS HOC2 0 LN B A A,
PR A AT DLl 5 300 Nrf2/SLC7A11 /GPX4 i %
P 2k A8 T Bl s M FRVE R B 45 ot A A o
ISL AbFE, AT DAl Nrf2 5 457 oF A 40 fd A%, vl LA 20D
P HO-1 .GPX4 SLC7A11 K, 8 4% £ ki AR 451 4
FVER DR, 5 & ek 2> M PV 71 5 /9 0 JULAE 58 1
TR 07 . LA bR 52 25 4 3% W3l 5 0E GPX4 Bt A
ARG UA MG RIET- M &4, b THIHE
BEC0 AT 7R BRI O LR R 4R TR S 5 N2/
SLC7AL1 /GPX4 i #A4 5¢ , A o 58 % K B0 LA
21 Nrf2 . SLC7A11,GPX4 mRNA 5 # 1% 5 ##
AP, 45 58 WoR B K B mRNA 58 &Rk
T SR A, B AN 4K B mRNA 58 H &
KIS H T R R HER 0 A Ak B TR G a0
WUK A5 VB F AT BBt 5 376 Nrf2/SLC7A11/
GPX4 4T 4 b 38 B A %

2 b, A LA R B T a8 AR A L T D AT

3 R R MG 2 P 45 2R, X — i fe
L Z2 A AR I AR o AR S 06 08 FL A 40 4] gt it 0 UL 4R
M AR T B 22 AN R AR B IR, O il PR IR I Bk I 1 R
o B AL T g S MR (ELE 5 A A A — B R R
P AR SEE A T3 d BIZEAT HObE , % T i Ao A
TE K B M 0 05 8k 58 T2 19 52 W), i A 1 1 ik —
HARR AR FE T LLEF XS A [|] i) 5] Mgk B T
FrRABETE , i R AR J7 M2 it ik — 2 SR AR
o B i MR {47 REL i R 7 1 o
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