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[WZE] HH  ABZEEET OGBS G O J7 8450 WU I F#E 13 45 4 ( myocardial
ischemia-reperfusion injury , MIRT) K EURBIZIET-IIHLE], ik SD KEILFEVE FR A IE A (0 = 10) [BF
R (n = 10) FRH(n = 10) WAL ITH(CCZX 4H) (n = 10) JFHFEHOALH(SXBX 4H) (n = 10), FHaH
4 AT AR, S5 AR R SIKATIE 2 4540 + Bl 5 P e Fa i MIRT A A 24 h G E 42
AR 14 d, B RER 1R, TH 16 KRG EsMCRINL, ELISA 4387 i35 H ULAR S8 1R] T8 ( CK-MB) LA K 1
T(cTnT) JBAMLYEALET(SOD) 9 (MDA) \ZANFRIFR (PUFA) & & 5 53 7.0 IEHEAT HE Je@iis.o Nl
HAVRHHIEAS 8 05 e 5O LA MR DUFR S 0 5 WL B WSRO0 B LA LA BB T2 )5 R AR TR 2S5 Western
Blot & PCR Mlizt.C JLZH 41 Nif2 ACSLA 9% 9 52 mRNA F£ihf, &8 525 G4, BAH K BAFE D 5.0
WIS 8 T O WU RS 32 8 B0 5, S BRI 22 W S s g B0 LA R b R o ke IR 42, 0 LA B A AR R i
WA, MVE A CK-MB ¢TnT MDA & PUFA & & T+ (P < 0.01),SOD FHFEL(P < 0.01) , L AL L
Nrf2 ACSL4 F) mRNA L3 F RIS R R F (P < 0.01) ; SEIAR EE IR0 5 RE W] 2408 O L ZUK i 72
P O AN A TR R A0 IS 2 R AR B, HL B 35 F IR UL P MDA \PUFA ,CK-MB . ¢TnT A4 (P < 0.01),
38 SOD &1 (P < 0.01) , I 1l _EJHOIZLL Nef2 i ACSL4 A mRNA REFFEE(P < 0.01), it MIFAE
S0 75 % MIRT Kk LR ZL0 LR 3P/ T, AT B8 5145 Nif2-ACSLA 38 i M T 31000 LR M AR AE T 5
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[ Abstract]
injury (MIRI) , basing on the theory of heartache governing liver. Methods SD rats were divided into a blank group (n =

Objective To explore the mechanism of ferroptosis in a rat model of myocardial ischemia-reperfusion

10) , sham operation group (n = 10), model group (n = 10), Conggan Zhixin recipe group( CGZX group) (n = 10),
and Shexiang Baoxin Pill group (SXBX group) (n = 10) in accordance with a random number table. Except in blank and
sham operation groups, all groups underwent ligation of the anterior descending coronary artery and ischemia-reperfusion to
establish a myocardial ischemia-reperfusion injury model. The drug was administered by gavage at 24 h after model
establishment. The gavage cycle was 14 days, and the frequency was once a day. Blood was collected from the abdominal
aorta on day 16, and serum contents of creatine kinase isoenzyme ( CK-MB), cardiac troponin T ( ¢TnT), superoxide
dismutase ( SOD ), malondialdehyde ( MDA ), and polyunsaturated fatty acid ( PUFA) were analyzed by ELISA. The
harvested heart was stained with HE to observe pathological morphology of myocardial tissue and with Prussian blue to
observe iron deposition of myocardial cells. Mitochondrial morphology after ferroptosis was observed in ventricular muscle by
electron microscopy. mRNA and protein expression of Nrf2 and ACSI4 in the myocardium was measured by PCR and
Western Blot, respectively. Results Compared with the normal group, rats in the model group had obvious myocardial
tissue and ultrastructure damage under the electron microscope, broken or loose myofilaments, swollen mitochondria in
myocardial tissue, and a large amount of dark brown iron deposition in myocardial cells. The serum contents of CK-MB,
c¢TnT, MDA, and PUFA were increased (P < 0.01), while the SOD content was decreased ( P < 0.01). Moreover,
mRNA and protein expression of Nrf2 and ACSI4 in the myocardium was increased significantly (P < 0.01). Compared
with the model group, Conggan Zhixin recipe significantly improved edema and degeneration of myocardial tissue, reduced
the iron deposition of myocardial cells and the degree of cell crest relaxation, significantly reduced the serum contents of
MDA, PUFA, CK-MB, and ¢TnT (P < 0.01), upregulated SOD (P < 0.01)and Nrf2 expression in myocardial tissue,
and downregulated the mRNA and protein expression of ACSI4 (P < 0.01). Conclusions Conggan Zhixin recipe has a
myocardial protective effect on MIRI rats, which may be related to regulation of the Nrf2-ACSL4 pathway and inhibition of
myocardial cell ferroptosis.

[ Keywords] Conggan Zhixin recipe; myocardial ischemia-reperfusion injury; ferroptosis; heartache governing liver
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reperfusion injury , MIRI) 4245 5tk 21 ik &8 43 5k 56 4
AVEPHZEZ FEIE S I3 B S GE R (O L
A LB M 453 03 0 A G2 ik s T 2R A M n e ) s B 5
P PR A3 BB T 48 00 ok Ay BEL RS N 2K i B )
SR O MBI PR A S e i YR O 3
R AR PR Y PR S R AR B AR AL
AFXF AN JE S T PR A, 34 7T S 3500 o o A Ak T T
e, 51N B S A5, DT o) 40 e 452 47 A ik
FET-H RBE TR LA Y R AR G 5 O B
SR 2R RS AN L R BT P 4 (lipid-ROS,
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R WRSE R 2 T A G O L i AR
MO TREN ) AR IER 2 LR 3 bk A2 i
3+ PR 4 MIRL Sh#RER] .0 LA 2
FUEAS O LA B TR 100 B 4 M R 58 T2 J5 4ok
PRESTE 2%, K I 0 37 H UL AR 384 5 W] T ( creatine
kinase-MB, CK-MB ) ., ¥ —. ¥ ( malonic dialdehyde,
MDA) O HULES 2 FH T ( cardiac troponin, ¢TnT)
FAY) AL B (super oxide dismutase, SOD) M £ A~
T FINE AR ( polyunsaturated fatty acid, PUFA ) S 7E
R LA 2P B B s 40 &R 2 OG- 2
(nuclear factor-erythroid 2-related factor 2, Nif2) |
BN R M BE A A BB 4 (long-chain acyl-CoA
synthetase 4, ACSL4) mRNA J £ 13535 &, DK
IR I I BRSE TR T MIRL AL B 7,
“OIRIR AT B TR A —E R S RAR T

1 MR5AE

1.1 ##
111 SERshdy

50 H SPF gt fi B SD KB, 8 ~ 10 J& %,
{RFE A 250 + 20 g, T 18 Fg 30 3 7 S ik LI 5 )
AR [SCXK () 2019-0004) . 48 FE T #irg b
PE 2R [ o — BE e SPF 2 3h ¥ B [ SYXK (i)
2020-0010] . )37 1) 45 20 K B A R AROK T I
W AESFRDRL B T T 5 28 S 0 B A BR S ) R
TAFE A IR 22 ~ 26°C , HIXHZE 40% ~ 70%,
PR 12 h JGIRFD 12 h BRI EREE | 45 /N i X
10 IR, AL GENRSE . ARTFSE T AT S E A &b ma vh
= 25K R 2E fp BE 2% 51 & 4L Ui (TACUC 20201010-
3) , S5 R EAE 3R BRI,
1.1.2 25k

MHFIR LT (402, 80, P15, 5800, %8 Al
& A0, LR ) 8 R 2 2:2:2:2:2:2:1 111k
BB T, K 7 0 W e e B 24 K 2 5 — i B B,
BRI 7 R i 8 £57K R U254 30 min /5,
WK SCK R 2 WK, BEK 30 min, 5 IFZ5, 12U
4CURFARATE . A DRODALBEAS .1 ~ 2 /R B
AL 22.5 mg, BK 3K,
113 FZERHF S5

Z 0 B (254 A2 R A R A A
20170113) , CK-MB-ELISA 7] & 96T ( Y175 fitf i 52
A B2 7], FY3500-A) , ¢TnT-ELISA i 7] & 96T
(VLINEE R S0 A FR 28 7, FY40431-A) , SOD-ELISA

A& 96T (V.75 Bl 5 Sk A7 PR A W\, FY3262-A)
MDA-ELISA {3 & 96T (1. 7 iff 5 52 A7 BR 28 7
FY8503-A) ,PUFA-ELISA i3 & 96T ( Y15 i 6 5K
v A RS F), FY40437-A) , NRF2 %t 2 $i ( BIOSS,
BS1074R ), ACSL4 ¢ 2 $T ( Affinity, DF12141 ),
GAPDH Eﬂ%?ﬁ(lmmunoway,YM3029) 5 ﬁ@ﬁ?ﬁ((%
BRK, Infinite F50, 3 [E ) | 5 A AT W3 66 RE T (B
fi,UV759, Hi =), H SAGE K 7 B8 (56 2%, DK-8D,
W) AR B AL FEBR K, TDZ4-WS, ) |, F5)
PATE AT X FE WA (K, TopPette, R E) | Al JEF K
e Ak B L, TR A Y H T (542, eppendorf,
) AN RS (A5, Mini T, ) .

1.2 A%

1.2.1 ok loor

50 HOBBLR BB AL 70 25 4 AR TR AL B
AU IR O 4 (CGZX 41) | B A& IO AL
(SXBX 41)5 H., HIEMRFE, AHBEYOK, =M1
PRI BE AR 2250, 25 (A 4 R RUIE 3 1) 9%, AL 4
CGZX ZH SXBX ZHAHFS 12 h 286, P s 1 Kk
Fr s, B =0 7 40 f R A, T S b
BB, EVIF mARERE, B
SFIRMLEAT N T A0 WP 0, o 1 2% 5% 00 I B K Ifi
RS, DL 6-0 485 225 4L e MR 3h Ik 22 i B 32 i
B BHIET 30 min J5 A8 T 4% G 2 445 P E RS B
J& T VA b A BE K 3% R A BT R, iR R, R
AR HGFEAGEF, RIBAERIBIAIA . F AR HF
) g LR R S OGRS 4 A g s O LA
Al L HL ] ST B ) i3 J A =8 i RE ] S K
R A EEFLR I bR
1.2.2 4%

WAL 24 h )5, & A BRFARL BRI T D
GRBUZRRKAE S | 25 130 N5 R BUR R B
RAFSOR A TR S |, CGZX T LUMFR
DJ7(6.3 g/(kg-d) ) HEH , SXBX 4T LA BF A O
FUREW (12,15 mg/ (kg-d) ) BEH B RHEE 11k,
HELFE R I,

1.2.3  Hubt

BKUTHAE 14 d(ER 16 X)8.00, %
AP HLEL 3 40 M OB, 1o A oo JUL A I -8
SERUR , 5L BT K BB IE s, B IR 3 B ik B
2 mL, ## 15 min 520 MG, R0 K5, R
-80°C VKA P VRAE . I 52 ) B 20 3 B ory
Wk, 4y B Gk O WL I, F-80°C UKAE N AR BB 45 .
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1.2.4  K$EdR

KRR UNR « (1) HE Y& @550 LA i 5 43
TS THELO WU ZE T A, BRS04 8 T
(%) = [ (L0 ZEMBEHAL L P/ B0 AR
JA) /2 + (FEU EATFEFFAL MBS/ Bt AL E

£) /2] x 100%., (2) &+ G M SR DU
Bl (3) BSTHLE P IFAS A0 MBS T4 . (4)
ELISA I 7€ IfiL 175 O WLIR BB B S8 Ak Sy AH G 8 A &
i, (5)PCR AL A& & 51 9P 9045 B 0
# 1, (6)Western Blot JWli.0HLEH & &,

&1 519HEE

Table 1 Information of primers

5|4 Primers F3(5”—3" ) Sequences (5’ —3") £ (bp) Length (bp)
B-tubulin F. ACAGGACAATGCGACTCC R: TTCGGCAGTAAGCCAGAC 82
Nrf2 F. ATGTCCAAGGAGCAATTCA R: CTGAGCGGCAACTTTATTC 103
ACSL4 F. ATCAAGAAGGGAAGCAAGG R:; ACAAAGAGGGGCATCATATC 198
1.3 FitESH £ 40+
RH SPSS 21. 0 G AR A 00T, S Kl LA 2 »
THE + BRI (x = 5) Fm, ZALIR AR Ty 2253 SE #
Br, J7 22 55 Y AT LSD K 9, O 22 9E 5% 1 i e
— 3= % ALY \) ﬂ S
Dunnett’s T3 34, P < 0.05 TREFASGITFE L, 2 E 10 =
=]
[+
2 45 < 0"
H % L eiticl CGZX4 SXBXZH

2.1 HE Z&l.0EmR

SRR A, CGZX 4 K SXBX £H .0 A8 11 AL
BIR B45/N(P < 0.01) , LA 1,
2.2 HE £BUZOLAERBHER

HE Jeta gl Bl /R AR 21 K RGO ILZE 8L HE 5
ZEAL RT3 B8, 4 B A R BE e W i 1 8 1 4
MU, T CGZX 4 e SXBX 4 41 ISR FE b 4 1
20 it 32 1 A AU 2 B S O/ BT R 0 WLZH 24
A R AR A SS 1 5E 5, LR 2,
2.3 EELHLENBRITRERL

EHHE
Blank group

BFERA

Sham operation group

MRALA
Model group

_

2 FHKFOHHSRBRAR L (HE 3L 46,)

Model group CGZX group SXBX group

TE SR, P < 0.01, (FEIR)

1 MIRT R URESE i R
Note. Compared with model group, #P < 0.01.( The same in
the following figures)

Figure 1 Measurement of myocardial infarction

area in MIRI rats

e - Yefa 2k LR BRI A K RO LA Y
PRI 1) B 2 DT SRR R RO LA 2L L
B, CCZX AU el /b s R F AR 410 L 21
B SRR DR, UL 3,

CGZX4H
CGZX group

SXBX 4
SXBX group

Figure 2 Pathological changes in myocardial tissue of rats in each group (HE staining)

E{EE
Blank group
' RN

BFARA

Sham operation group

i)
Model group
G ]

SR

3 BAREOIAL

CGZXH SXBX#4
CGZX group SXBX group
%y P A

DU L (& LR ()

Figure 3 Iron deposition in myocardial tissue of rats in each group (Prussian blue staining)
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2.4 HETTEERKETES
PRI 2H R B UL 22 Ko 28k A PN 3 45 A S
HAENL22 K 24 Sk iR i ik B2 B W AR T i, 545 750

LSt BERE MR
Model group )

Blank group Sham operation group

K

2 LWL KA

HAH , CGZX J2 SXBX 4H E A Wr sl gi by, (HIE &
ARXTSE - U 2 10 P o E A A R 40 4% IR T R4 K
SO L2 B b iR g #h 5e 5% WLIE 4,

SXBX 4
SXBX group

CGZX 4.
CGZX group

B4 24RO LA 2o 4375 2 HL 35

Figure 4 Transmission electron microscopy images of myocardial mitochondria in each group of rats

2.5 ELISA UEMmECANIRIE R S & S HE S8R
523 A M L, #E A4 MDA  PUFA . CK-MB ,
cInT HIBEFE (P <0.01),S0D BERKEP <

0.01), SHIAIZH A I, CGZX 41  SXBX 41 MDA .
PUFA .CK-MB . ¢TnT 4 i & FF& (P < 0.01),S0D
BETE (P <0.01), 1WA 5,

N =14 B BFAE  ERAE Cdcezxs B SxBX#A
Blank group Sham operation Model group CGZX group SXBX group
= group
z 0.5
\g s
L] by
& 0.4 " "
e #
w m w w ®
034 # = L # =

<
o
1

<
1

Content of indicators related to myocardial
necrosis and oxidative response(pg/mL)

D JJURFE R AL R RIAE R HE D

<
=)
1

MDA SOD

W HEAEMML, P <0.01, (FEIE)

[ BEAMELEE  BNENRITE VREERTIE  OUWSEAT

PUFA CK-MB c¢TnT

B S5 AR BT LR SE B S SR AR S Fi b 75

Note. Compared with blank group, ™ P < 0.01. (The same in the following figures)

Figure 5 Content of serum myocardial necrosis and oxidative response related indicators in each group of rats

2.6 PCR ZEKGNZHKROAELR Nrf2, ACSL4
mRNA ik 7k F

Nrf2  ACSLA [ 47 fift Hh e 35 Ry BR0G o3 A, 47 344 il
LoV AR ST IE, Ry 1 7 W R AT
523 (P4AE HE, BET 4] Nief2 mRNA 7K B i R %
ACSL4 mRNA /KT (P < 0.01) , 478 MIRI i
BEREID ] Nef2 B3R5, e ACSI4 Rik; s HAH Y
R TFARLAH L, Nef2  ACSL4 mRNA /K24 506 3%
(P > 0.05) ; CGZX ZH A1 SXBX £ Nrf2 mRNA 7K
AR 5 3 T ACSTA mRNA 7K -5k 75 4
B (P < 0.01),CGZX #H I SXBX #H 2 [i] 22 5% G
BEMP >0.05), WK 6,

2.7 BFAKXROINAL Nrf2, ACSL4 EH R IE
KF

RN, 558 AU H, BRI Nef2 25 K
S TR, ACSIA FEHKEFHE (P < 0.05) , #2
75 MIRI A AEHI ] Nef2 (935, 2 1E ACSL4 ik,
A SR TFARAM L, Nef2 ACSLA H H K22 57
TCREE(P > 0.05) ; CGZX 211 SXBX 4H Nif2 &
Ko 20 B S FH 5, ACSLA 25 1 /K P-4 455
HFEK (P < 0.05) ,CGZX 2HF1 SXBX 2H = [H] 2% 5
TREFEMECP > 0.05) , 37 ML 7 FUBE A R L
AT REE AR Nef2 (365K, 3] ACSLA [ FRINK
Mc3% MIRI, WLIE 7,
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Nrf2 {4 i 2% Nrf2 i 1 2 S 209 & 207
Amplification plot of Nrf2 Melting curve of Nrf2 ] # }" g
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Ry 73
Fog =%
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ACSLAY i 2 ACSLAfifif 4 o § %57 8 057
Amplification plot of ACSL4 Melting curve of ACSL4 = 2 § °
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i 1= / SO0 4% %39 + S Q;% Qéo 4,\%02\ é;% %g; S «y Qﬁ.%o
i = / RS L &Y + *M. Gy .1, *H,
I / = J\ & 2 & & 2
= — 2 Il 7 L S S &o C S
= e 5 5
SRR, P < 0.01, (FEIR)
6 FUKEUONILLL Nef2 ACSL4 mRNA £iEKF-(n = 6)
Note. Compared with model group, P < 0. 01.( The same in the following figures)
Figure 6 Expression of Nif2 and ACSI4 mRNA in myocardium of rats in each group(n = 6)
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ACSLA | s s S s w74 kD2 < 2 | | | | E2 | |
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E 0.0 I 1 I 1 I & 0.0 T
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2 H B K G ERE NSRS fy‘?r/\%@,e AR
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B 7 ASURECHIEL Nef2 ACSL4 A RIEKF-(n = 6)
Figure 7 Expression levels of Nif2 and ACSI4 proteins in myocardial tissue of rats in each group (n = 6)
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+ I P ARy S A MIRT AEALY B
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AR T, 75 280 A (2020 4F T 4R 3 bk i iz H
RGO ELS S 2ITiEM) (T2 IR YT
oI PR S S (2020 Fiz) ) 41117 | H 523 iE B
HAEMGEE MIRT, WO LT Ak sE T AR 5%
Wt HE et %z BRI 20 20 B /K i 3558, 20 g HE 1)
ASFRIN b B R d A A MR 8 B AR B
B2 A BRC UL 22 W SR sl i A, O WL 2R b {4
Jif ik, N EBEE R B AL, R, A2 CK-MB | c¢TnT 5
BETEE UL AN A A FE T A O JUL B I T A
iR EIER . A, 525 FT 4 e, BRI MDA |

PUFA 5.3 F+ 5, 1 B O LS i P v ot gk s T
R IR Bk Ak, Nef2 2 40 450 A0 N i
I A O YR YT 3, AT i AR AR AR R D AR AN R

P75 i ACSLA 8RB T 5 It 1 56 St ) ) 5~
AV RERIET FRi > R A BT e $% Nef2-

ACSI4 4’5j9’%5(§5t5’]ﬂ?"1.ﬂ%i”2§ 2k L I 7N AR A
AR B LZHS Nef2 mRNA M2 28 K P28 1 4
Bl F %, ACSI4 mRNA M % 1K F Jh &, £ W
Nrf2-ACSLA AJ BESE O LR 0L P 288 V400 A 2k e T 1Y)
ERcsiliN

BES , ABFIE I HE G @2 3], S5ER41 A1
I, CGZX 21 5 SXBX £ ¥4 n] I 25 vl /b 45 2K 1 A
CGZX A0 WLZH 27K i A8 1 sk 2L | 98 i 248 i 32 31 ik
1%, H CGZX 4HIMI CK-MB ,cTnT ik T &, i3 5
e R CGZX 4R B WLEH S Z b A o ik 8, R
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MR Lo 2H 5 3 AT ReARGCo LR i 453 40 8 BB 5 CGZX

ZH 1L SOD 3 T, MDA  PUFA 3% Fd, #2

7N MGG I AT I8 7 B o ik S A S 0 5 38 6 - i

5 oR CGZX AU /b ; HERAE T hn i

ACSLA mRNA K EEF /KT, Nif2 mRNA K& H

KA B2 T, SR A RO LA T, 22

SHG 2 FE X, £ CGZX 5 SXBX 4 ¥ nl i i

PF5E ACSLA Nef2 7KF-SE B R FE - VE T . 25

b AR OIRIA B B G O O O LA

JLA 43 FT e o et AR S i AR Bl o o

AR A EIERAE T, EALHI S R Nef2 R 94 ACSL4

A, AT RO IR I NS TR A ST AR

AW LSRR CCZX Jr i IET - nl BE 5

5 Nrf2-ACSLA 13KV S8 Ak i, et i o A

A G, [R5 - 32 i 1 2 68, 7T A i Bk SR B AR

T, DT 0 LA 45 , s O JUL R I
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