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Study on the effect of electroacupuncture at "xinshu" (BL15) on improving myocardial

ischemia in rats via inhibiting the ferroptosis pathway

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 in myocardial cells in the improvement of

myocardial ischemia in rats by electroacupuncture at the "Xinshu" (BL 15). Methods 18 SD rats were randomly
divided into the control group, the model group, and the electroacupuncture group, with 6 rats in each group. The
model group and the electroacupuncture group were injected with 60 mg/kg isoproterenol (ISO) subcutaneously for
consecutive two days to establish a myocardial ischemia (MI) rat model, while the control group was injected with the
same volume of 0.9% sodium chloride solution. After the model was successfully established, the bilateral "Xin shu"(BL
15)were selected for intervention on the rats in the electroacupuncture group. The treatment involved sparse and dense
waves, with a frequency of 2 Hz/10 Hz, each session lasting 30 minutes, once a day, for a total of 3 days. The

electrocardiogram (ECG) changes of the rats during the three stages before modeling, after modeling, and after
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intervention were recorded using a multi-channel physiological recorder; the histological changes of the rat myocardial
tissue were observed using hematoxylin-eosin staining (HE staining) ; the ultrastructural changes of the myocardial cell
mitochondria were observed under a transmission electron microscope (TEM) ; the contents of divalent iron ions
(Fe* ) , malondialdehyde (MDA) , and glutathione (GSH) in the myocardial tissue, as well as the activities of
superoxide dismutase (SOD) and glutathione peroxidase (GSH-PX), were detected using biochemical methods; the
mRNA and protein 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) in the myocardial tissue of each group of rats were detected using real-time fluorescence quantitative PCR
(RT-gPCR) and Western blot. Results

observed in the model group and the electroacupuncture group (P < 0.01); the myocardial tissue of the model group

Compared with the control group, the ECG S-T segment elevation was

showed pathological changes, with increased mitochondrial density and reduced cristae; The content of Fe®" in the
myocardial tissue increased (P < 0.01), while the levels of GSH, the activities of SOD and GSH-PX all decreased (P <
0.01).; the mRNA expression levels of FTH1, Nrf2, SLC7A11, and GPX4 in the myocardial tissue were all decreased
(P <0.01), while the mRNA expression level of ACSL4 increased (P < 0.05) ; the protein expression levels of FTH1,
Nrf2, SLC7A11, and GPX4 in the myocardial tissue were all decreased (P < 0.01), while the protein expression level
of ACSL4 increased (P < 0.01). Compared with the model group, the ECG S-T segment of the electroacupuncture
group returned to the normal value (P < 0.01) ; the pathological changes of myocardial cells were alleviated, with
reduced mitochondrial density and decreased degree of cristae reduction; the content of Fe* in the myocardial tissue
decreased (P < 0.05), while the contents of GSH and the activities of SOD and GSH-PX increased (P < 0.01, P <
0.05) ; the mRNA expression levels of FTH1, Nrf2, SLC7A11, and GPX4 in the myocardial tissue were all increased
(P <0.01), while the mRNA expression level of ACSL4 decreased (P < 0.05) ; the protein expression levels of FTH1,
Nrf2, SLC7A11, and GPX4 in the myocardial tissue were all increased (P < 0.01, P < 0.05), while the protein

expression level of ACSL4 decreased (P<0.01). Conclusion The protective effect of electroacupuncture at the

"Xinshu" (BL15) on ischemic myocardium may be achieved by inhibiting the ferroptosis pathway in myocardial cells.

[KEYWORDS] Myocardial ischemia; Electroacupuncture; Xinshu (BL15); Ferroptosis

O LR I (MDD 2 T 564k 8 ik Ok A9 A8, F: 3
fig 2% B0 LAY SR I RS A2, 3E— 25 g O LAY )
(1R AN A S VAN o8 (S R N Ry 7 g )
PR R SOk gE T, B 0 I FE T B
7O LA B B BB TS A B 50% ~ 60% , BV LN
— Fofr 7 P N S B A o H RO LB i
PEIR B R IT LATF AR RN 259 g 3= i A0 ] S S
Ik /b I R RS 4 i BB R I PR IAR T T B A R 1 G
) [t DUK B A TE B IR O LB i 4
TR & T R A A B BRI R R e R ek
2 0 6 AR AL SO0 P B2 T 4 R )Y 4
B TR X G O O AR R MDY RO D) . A
WF 522 B, B 78 3R 97 45 o0 LB i 1 2 0 e
HIL ) = A 0 A ) 4 Ak 7 38 o JUL 240 i R
PR AR O LA AR B TR R B R M R N A R

I I 025 3 300 IE 40 i Sz 2R FE T, 5 O A A 1)
e, LB T AT REJEIRYY MR R Z S . A
F 552 B R AT A5 2000 & #5 ML AE FE L fEL%E
W] 8 45 MU 5 19 BB T, LA S 75 S il aod i 3%
BRACT R ¥R R AP VR T 0 oA DU AR G il . BRI AR AF
FE LA HLER B 0 Ay 7 o Ok T BT 2 B A R
MR B B80T, 5% 4% A R B0 WL AR iR B8 T 1) &
AR O A A I Ak B T A G SE PRk R E R 1
(FTHL) &K F E 2 M6 F 20 Nrf2) bt 2 2 / 4+
FR 3 1) 8 B N (SLCTALL) A B H kS e
fiff 4( GPX4) KWk FL 40 A A nl W 4 8% % il 51 4
(ACSL4) By F BT, AT ER AL T35 42 78 HL &0
A7k MI AR .

1 #MRE57FE
L1 LR sh¥y Kooy

FUAE FABLAR 1 A 52 42 B WY AT 5 2E — 2D IR ADF 5T .
O LR iy R AT S 2 22 b 28 R A0 JUE 26 Y AT
T, A4 4 ML IR BE R T R R Bk SE T AR BRAE
ToAF o — b LBk B 1 MO A i i o A A D A 1Y
FEFFHESE T T 3, 5 — R A0 M4 9 B U AR O,

18 H SPF it SD K BRI F 1 15 37 3 v 52 56
YA B 7 [ T HIES : SCXK (7)) 2022-0004 ], {4
T (250+20) g, 1) 35 FR 8% - 3 BE (24 +£2)°C i
(60410) % . A AR 38 KR 4 POK #FE £ I b
N VEMR IR 1 S T R L, BE B 43 S X BRZH AR A 20



Bt BT 5

AT, 6 H . AR ERmas hiER
7 BE 3h W A8 B2 B 23 VR ] (A FTATCM-TAEC
2022035) , fE L B R MR LR S Y By
AT o
1.2 FERH 5

SWE EREASO) (EE Sigma) , 75 ( FE 24
L) EERh (SPD) 5 9Ube (R YN B IR 78, W24k &
O vk ) R i F & (V95 Z b A2 ), 4%
Z B HL B T WO ARG - A g 5 7k (HE ) e
Qe B4  BCA B 1 ik & ) & LT
(MDA ) K 935857 & ik B 3 5t 780 45 e H Ik (GSH)
I 3k 7 AR A A B AR (SOD) TN & L 4 bk
H K ALY (GSH-PX) M3 & (BRI FE 4R ) ,
RNAex Pro Reagent ,Evo M-MLV J #% 5% 1 i 1L 7
& .SYBR® Green Premix Pro Taq HS qPCR Kit
(Rox Plus) 514 (I8 SEF4 B ) , RIPA 41 Jifg 56 %2 it
W LHEE =K, SDS-PAGE % i He i it il i 771 &
(b HE A ) , 70 4 2 11 marker (07 FE4E 2K, V195 1
W), GAPDH Ht 4k \FTH1 $ik | ACSL4 $i 1k
( W = ), Nrf2 $it /& ( & E Cell Signaling
Technology, Inc), SLC7AL1 Hit{& . GPX4 ik (db
R

Powerl.ab ML. 870 £ S X ¥ >k 0 ¥r & 4 (I
KA IRTE ), /1N 3l 4 JRR e L BRI it 1R 48 ) | 86 s X
(BioteK) , SDZ- Il AU 4 fi ity 1 &7 4 (5 M 4
&), IE B2 B (H AR JE /) B 5 7 B il B
(H A& H3r), Veriti 96-well B #4F R4 . 7500 Fast
Real Time PCR 1 ( 3€ [ Applied Biosystems) , i jik
X (3% H Bio-Rad) , fb2% & AR R G (RN ZLG) .
1.3 R

225 SCHRUOY 7 i AR AL T A oK R R
TEWES &P, WA S UGS E AR EER A 45
0.2 ~ 0.4 L/min {783 , B J5 VU 1% % PowerlLab £
S A BIC AR, W A3 B R BB T 5 3860 H I
(ECG), % # ECG #a % 5 min Ji7 , ¢ F £ 5 07 1 5t
60 mg/kg ISO, e sk {E 45 5 min ECG. & #% i 2
19 ECG 28 Ak A2 - T Uk iy 1F 1) 48 Sy 7 ) 5 22 RUHT , I
fEH S-TEBImE . XA EHTMEFR09%
FALEE W, LR ERAE R b, IE R WK, [ 24 ho
14 THUk

HL BT 4« 3 S5 24 h, 3 B BU0N 0 AT 7 o, R AT
HLER T 300, 58 1 2 25 (52 90 4 F 2 )8l W A v AL
K& 1 &F 2635 0.25 mm X 13 mm 848 M H Z 4,
LA 6 mm™ o RE N R X 5 A 0 AR R BRI AR

BB 0.9 %6 STk 44 7 VBRI 1) A ER O B e 6, Bz
e A 5 B S I R 2 Hz /10 Hz, LA R i%
B 2l H oK B 9% T 32 4 bk #E |, B 3K 30 min, & K 1
W L3R . X A AR AL AL [R) S U R 4,
AT Ao 1 91
1.5 SEH WS bn B I Jr v

Z A IO SO K B3 B B ECG 221k« &
20 K BRAE R B ASTR 0 0)i0 s  BRT LE AR S DA
TG 5 minfa 2 Il T8 ECG, 2k LabChart 7 %
14 %55 25 41K B 34~ B[] 5 i 4T ECG 4307, L 3¢ [m] B
[i] BE 45 4K B S-T B r o7 g BE AR AR 0, PFA 0 L
PR

JER T 55 JORE 4 K B S JUJ6E JRR T O AR BT Bt
Je AT JF M e, JC P BT 0 A B R RO E , BT
W 0.9 %0 AL B W W Uk 3RS, FH JC I BT 1K O
JIEZH 2RI 3 173, D0 AR TF B YT IR U 2H 21, T 3k 5
PO gl 411 mm X 1 mm X 1 mm K/, HFi& 5
B (TEM) WL ZE 5 b A 0 R AL 8L 400 2 3 W i 1]
T HE Q@S O EHRY )5, 5r H)
B T-80°C R A7, F T A Ak B4 A W o L
oAUl

HE 4 {6 UL 2% A B0 WILZH 239 B 22 A8 4k . T T
S5 UE B RE ML 4 R, G BT B e A
2L, 0.9% F AL WIE T, B T 4% Z R P EEE
FE 24 h, [ D) (25 um) KA, iF
1T HE 4 8 J5 A FH Ot 85 0 22 4% 4 0 WL 4 2145 1
A

TEM M %2 K B0 WL A0 i 28 R i ok 45 48 A8
b s T HLS S, 4 20 BE AL b I3 R BRLC JE , T
FIHGORHAA T mmX 1T mm X 1 mm K/, & T HE
[ 5 Wi 4°CIE 2, J5 I PBS YR 4 W, 4008 2B N
il A5 B2 B 7K 5 B E R Y) i (JEBE 60 ~ 80 nm) , £
i 12 il — A7 AR IR A e (0 5, 6 325 o Fl B2 T W0 L
TSR DRLNS R T e iR

A A A0 LA 24U Fe (MDA (GSH [ &%
A SOD . GSH-PX W1 M - IR AL S8 I, B4 6 2
KRB 430 LA 2L, #e B 1= 9 19 b Jm A 0.9 %6 &
Ak 44 95 WRTE B I L 2 500~3 000 r/min & .0 10 min,
B b W R 2 S R, AR AR A A I A 3R
Fe*" MDA .GSH % & 1 SOD .GSH-PX i £ .

RT-qPCR ¥ & W 0> AL 20 41 FTH1. Nrf2,
SLC7A11.GPX4 F1 ACSL4 mRNA 3 ik /K . B i
A KBS, B 6 K BG40 LZH 21 50 mg
TR H PR I3 SN R R EOR



Acupuncture Research

PLHC S RNA, 30605 55 i cDNA, A7 52 i 26 6 5 &
PCRY## ., 5I¥FH WL 1, L GAPDH(Rat) A

S ] 2080 vk A8 FTHT . Nrf2 . SLC7A11.GPX4
1 ACSL4 mRNA fHXT ik .

®1 S|¥MES
Table 1 Sequences of the primers
eS| I (5-3") =PRI (bp)
i : GGCACAGTCAAGGCTGAGAATG
GAPDH (Rat) 143
T :ATGGTGGTGAAGACGCCAGTA
[ : TTCATTGAGACGCATTACCTG
FTHI1 117
T : AAAGAGATATTCTGCCATGCC
i : TTAAGCAGCATACAGCAGGACAT
Nrf2 112
T :GGACAGTGGTAGTCTCAGCCT
. CATGATTCACGTCCACAAGCA
SLC7A11 80
T :CGGAGAAGAGCATTATCATTGTCA
i :CACGAGTTCCTGGGCTTGT
GPX4 102
T :GTCGGTTTTGCCTCATTGC
i :CGCATACCTGGATTAGGACCA
ACSL4 120

T : CAATCACCCTTGCTTCCCTTC

. FTHL W& A H4E 1 Nrf2 T E 2/ %W F 2. SLC7TALL MM AR /A &R n 4535 E 11 . GPX4 A e H ik

A ALY 4 ACSTLA Jy T RE A A3 10 B S I A 57 45

Western blot 2 4 M .0 (L4 28 v FTHI1 . Nrf2,
SLC7A11.GPX4 Fl ACSLA % [ iy ik K -« 45 41
6 H R BRI 100 mg 0 WL U A RIPA fI% 75 24 f#
4°CF 12 000 r/min &5 0> 10 min B b 1 W 3K 15 B0 2E
M, 3% BCA B & W E IS B 28 12.5 pg/pl,
A AR ZE vh B J5 A8 P 10 min, i EAES pla,
HEAT LYK, B T Rk HL R DRy 120 v G JIEE | A 400
mA) B, B KON [F PR R A SR L
(FTH1 1:5 000, Nrf2 1: 1 000, SLC7A11 1:1 000,
GPX4 1:1500,ACSL4 1:5 000, GAPDH 1:5 000)
P B I ACCIE R o 0, B 06, 4% I (1:5 000) i B
JEE WM E 1 h, ks W5, F Image 10 M 45 4515
K EAE G Geit .

1.6 BLit#a#r

K SPSS 27.0 e i 3 4 #E 47 $icHis 43 A, £t
H R FH 3 B = o 22 (b s) R, o 0 4% 21 B di it
PIEAS R, i 2 ESELAR, R EER
ANOVA 5381, A& i e 75 22 5%, R AT LSD 2% ,
T EZEANFF R Games-Howell 5, P<<0.05 N Z S H
Gt X

2 R
2.1 3K ECG S-T Bt fi g 25 4k

Bl L] LA A 455 78 20 R B2 ) S-T
BHMAHEN S THE, RSk, THJER
FHAL S-T B B 5 Il g, i 455 70 2] 52 B S-T B R fIK %
B, B R 3 g R AR D AT AT DU R R R ML,
wmE 2R, ST, 34 KR EUECG S-T B v & &
P, 22 57 U Ge T 18 S0 3 S, A5 780 2 e 2
S-T Bt Aext B4 B 2 4R 5 (P<<0.01) , 2 B 5 488 )5 o0
WL & A ™ E s i s+ B, 5 0 A S-T Be & B X
o, B2 S-T Be A AR (P<<0.01) , /s 154 0 L
R, T HL B2 ST Befi B 1n] 52 W &, () %o REZH AH [
ZR G2 X AR5 T W5 0B R 44 L 22 5
HEi2EE L (P<<0.01) 3R AR D fr 7 7al 2 1E
S-T By FE A2 Ak, 8 K RO LI R 2
2.2 3 KR WU 2% P45 4 A5 1k

W 3 7, ok BEZH I BRLC JL 48 At E ik i, 4
S5 K RE N 5 %, HE B BB 5 AR 2 T DLW 4 E 0
JUL 20 8 50 2 0 /0, HE B 5 s, A0 A 5 P A0 R T
O IVEF 4 25 9 Ak, B 5 v vl UL /N 1 B 2 34, 4
JiEL A/ B 3 A 5 A 0 LA 20D L 45 4 4 2 HE B

i AL, 200 L I i s A 48 5



Bt RWE 5L

. 5.
AR HEREAT RS T
0.5 mv B &
FBRA ‘ T,,m.mlfxﬂa'ﬁ[mw’w S m«ll'wm"mlw g e o e o
k S | ‘ |
44 . | i i
R ) ]'I M,\W’LMJ\MJ‘V ool ‘m“‘JLm““LN“buNﬂ"w oaf MY W’WWLPWJY
\ l
T LRI B SR e B
% llfw‘ﬂf"\lllu/"""'/‘“‘l‘\bf"\/\’]dl \~ ooy ‘l W V\ll \‘v’u""\l w‘vﬂ’\. w\ﬁ'\d W ool |J '.r" ‘|
: » i
E1 XEBR3INMHEOCEEEL
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Fig. 4 Ultrastructural changes of mitochondria in cardiomyocytes of the three groups of rats
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tissues of the three groups of rats(;d:s,6 rats/group)
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Fig.7 The expression of FTH1, Nrf2, SLC7A11, GPX4 and ACSL4 proteins in myocardial tissues of three groups of rats

(z+s,6 rats/group)
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