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# E:BH RTEW-T R BT B2 4855 B F(Nrf2)/ fo 20 F e 25 -1 (HO-1) /-89 25 5 T 48 KR0S Mgk o
FREDH G (MURD 6% R AR FE 50 R R A MM AT el R A T 5T KRR, %A F 45 Nrf2
Rl ) (ML385) 28, 4010 R 5 MI/RI K RAEER, R0 2, 3, SAAM R A WA A(TTC) # & 54 &4 K o ILiE 5t |

R T 5 Hb, BRI S U R K I (ELISA) 4] &40 K K e i & LB A5 AR & 4 69 K F S ILALZR M A (ROS) K-, 1L & ke
M B2 KR ULELLR o 48 R AL B EE (SOD) 7 1 | A =8 ( MDA), &t H ik (GSH) A= B4k & F (Fe™) A2 it & &
¥ 33 (Western Blot) 42 &40 K S-S MLALZR P Nrf2, HO-1 & & Ak R 55 a4k Mk, MI/RIELA 28 K R 698 AR
SERE MR EAF, i P cTnl, CK-MB Fo LDH K -F 2 33 e, & JLLL LR F ROSK-F . MDA A= Fe™ 4% 2 %4 5,
SOD &t 4e GSH 4% 2 & A%, Nrf2, HO-14& & &k B & A&, £ 5+ B A %31 5 % L (=4.359 ~ 17.701, ¥ P<0.001). 5
MURIEEA 2B AR bE |, F 5 W -F K AURAK . 37 Z 2040 ML385 20 K S 69 S WU S @ AR B 4 b 2 54K, 7 cTnl, CK-MB #»
LDH /K 2 % F M, & JLALLR P ROS K F . MDA fe Fe’™ 4% 2 %5 %1%, SOD & KA GSHA® 2 %4t &, Nif2, HO-1 & &
RERFRENG, 2FEHLIFE L (Cenen=2382~8293; 14 5n=2.476 ~ TA4T4; by 355, =2.476 ~7.580, 35 P<0.001).
5 F EWFRAGR S F T4, ML385 28 K R 64 S IR L @ AR & 43k B 5915, £ ¢Tnl. CK-MB ## LDH K -F 2 %4
&, S AL ROS. MDA A= Fe®* 4% B %91 &, SOD #& i fe GSH 4% B % 4K, Nrf2, HO-1 & & & s KT R HFHAK, £
F A Gt FE L (=5.918 ~ 13.139, ¥ P<0.001) .51 T % ME-F /K ALk i 4% Nrf2/HO- 1 38 384549 4K 50 T 374 K R
MI/RI, B A AR 25 SR B,
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Abstract: Objective Observation of the effect and mechanism of water decoction of Ganjiang Fuzi on ferroptosis mediated by
nuclear factor-erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) in rats with myocardial ischemia / reperfusion injury
(MI/RI). Methods 50 rats were randomly divided into the blank group, model group, low or high dose groups of water decoction
of Ganjiang Fuzi, and an Nrf2 inhibitor (ML385) group, with 10 rats in each group. MI/RI rat models were established. TTC stain-
ing was used to analyze the percentage of myocardial infarction area. Enzyme-linked immunosorbent assay (ELISA) was used to
detect the levels of serum myocardial injury markers and myocardial tissue reactive oxygen species (ROS). Colorimetric method
was used to detect the activity of superoxide dismutase (SOD), malondialdehyde (MDA), glutathione (GSH) and ferrous ion (Fe”")
content. Western blot was used to detect Nrf2 and HO-1 protein expression in myocardial tissue of rats in each group. Results
Compared with the blank group, the MI/RI model group showed significantly increased myocardial infarction area percentage,
serum cTnl, CK-MB and LDH levels, and myocardial tissue ROS level, MDA and Fe** content, while exhibited significantly
reduced SOD activity, GSH content, and expression of Nrf2 and HO-1 proteins (r=4.359 ~ 17.701, all P<0.001). Compared with
the MI/RI model group, low or highdose groups of water decoction of Ganjiang Fuzi and ML385 group showed significantly re-

duced myocardial infarction area percentage, serum cTnl, CK-MB and LDH levels, myocardial tissue ROS levels, MDA and Fe™*
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content, and significantly elevated SOD activity, GSH content, and Nrf2 and HO-1 proteins expression Ievels (¢ oy dose groups of water de-
coction of Ganjiang Fuzi =2382 ~ 8'293 5 thigh dose groups of water decoction of Ganjiang Fuzi =2476 ~ 7'474; tML}SS groups =2'476 ~ 7580 ’ all P<0001) Com_
pared with the high dose group of water decoction of Ganjiang Fuzi, the ML385 group exhibited significantly increased myocar-

dial infarction area percentage, serum ¢Tnl/CK-MB and LDH levels, myocardial tissue ROS, MDA and Fe’", and significantly
reduced SOD activity and GSH content, and Nrf2 and HO-1 proteins expression levels (+=5.918 ~ 13.139, all P<0.001). Conclu-
sions The water decoction of Ganjiang Fuzi inhibits MI/RI in rats by regulating the Nrf2/HO-1 pathway mediated ferroptosis in

a dose-dependent manner.

Keywords: Ganjiang Fuzi water decoction; ncclear factor-erythroid 2-related factor 2/heme oxygensae-1;

myocardial ischemia-reperfusion injury; ferroptosis

PG, FEARZ L MG, B RO I
OBET 2 A e 0 U2 FLBBJe ot 736 8 52 05 (myo-
cardial ischemia-reperfusion injury, MI/RI) J& ¥ 24 /0>
LB = AR5, O JIVZH SR S it gt A6 107 1 [ B 75|
P A PR R IR A e R B 06 T MIURT 9 & A= AL
HICE S , BRAET i AR R il AL 7E MIRT
RAFHZAEH], A PRIGYT MURLERBE TR A

BRFE T LATE 1 4A (reactive oxygen species, ROS)
) 8 RN R o 3k AR A SR RRAE A% PR T B2 AH 5C R
2(nuclear factor-erythroid 2-related factor2, Nrf2)/ Ifil.
2T Z N4 ¥ -1(heme oxygenase-1, HO-1) {5 518 1 &
PR ERIE T Y T2 B, PR AL R S
I, AR 25 &4k o sz 25

ULAF K, Hh B 254 MURT A B 36 7 181 & 4% T
FROE 22 B A9 EL AR PO Bt MIURT (Y
oo Zxt, B ST & W T2 M ol FH T 9 ML/
R, {H 22 Bt LA Al ML ) %2 4% 40 MI/RTAE FH —
FURFRATIOC T A I8 AN Th 25 52 5 BRAET
Nrf2/HO- 1@ #% = # 455 , RUHERY T vh EE 25 8L
5T, AT AR T 22 Bk B S5 R0 T BRI 5T
F925 o ARIF S8 S S R B MI/RIRCRY, W4 132
(R IR B NI 7K I =R AR & 1 7 T A 1 S ]
BRERSE R, R T 22 B 7K BORAE MI/RIVA YT H 8 1
ALK
1 MR5A®
1.1 AR % 3 SPFZ SD KR 50 H, /& i
“h 240 ~ 280g, HI F AR kA S W AT R WD OF
AT HIE5 R SCXK(# )2022-0041, 1] 77 25 4« A% i
JE50% ~70%, ¥R JE H(23+2) C, 12h B /s o 1]
PEIR, B . 37K A 5 i 28 BT e s
B Sh e F 2 51 23 09 T AZ AL TE (fE FiE 5 . HTDW-
2023012001).,
1.2 BB S F200 : Nef2 #0551 (ML385)
(3% [§] MedChemExpress), FL i it & i (LDH) . /0> AL
JULES 25 1 I(cTnl) . AILER ¥ W] T (CK-MB) . i 7
A8 (ROS) X N7 14 TR EEK G 922 1% B U362 (ELIS A) 357
& (i B A MR A BR S wD), 8 48 1k 4 I A il
(SOD) . N~ (MDA) . 4 bt H ik (GSH) FIIE 2% 85 T

(Fe™") T 379 £ (P s A E ) T AR BFSE D) o Nif2
Ptk . GAPDHHUIA (e [H Abcam), HO-14T 4 (27X
=8 ETALES  DHEEINL)TMN SEE TR A
), FEIEAIL CRYI 3 IR A A Bl A BR A W), B
(3% E BIO-TEK A A ), & 3K w1l v R 250 AL (31
WAL = AT LA R A FD), WA HLCGER),
/AU Trans-Blot 7% E[VAE ( ISR A ).

1.3 Fi&

1.3.1 TZEMFKBIRE G % 2% (hEZ )t
e R T

1.3.2 MR S S0 421 - MI/RTBETR ()
AU R 30mg/kg I3 B G 22 400 A s T SRR R
B, K H AL R R o K BT AU, O S
MR LA E AR, 164 3. 4R AL FT T I, 584>
RFE O, TAOE T % 2mm 4bgEsH 4541 20 /R 3
KRR S, 2.0 H (& v ST B BB B4R 55 | o lbt
A5 ), 287 B A% 0375 5 B 2 BRI 40min Ji5 , 4T
FrRah ULk, PR T DSR2 E R i (kiR &
20, DK ST BE AR, SR H Y F AR
SERU , S R L 286 4340 - 356 50 H SD K R (SPF
BOBENLIY M2 4 BRI | 22 B /K BRI
F A AIML385 4, Bl 10 H o 25 I KRG T
AEFRERKEE 1, RYETSLIGAS R, T2 MK AT
TRARK L 5 70 e 2H R SR I B T 22 BT /K B 1.4
124 kg 5.6g 4 24 /kg, ML385 21 K FlLE B + 22/
F K BIWR 5.6g 4 24 kg 1 [7) ) I 7 2 30mg/kg 1)
ML385, & H 2K, LT 1.

1.3.3 F8HRFEIN - 2,3,5- AL = RFE DU ZE (2,3,5- triph-
enyltetrazolium chloride, TTC) ¥ & /3 4541 K B0
WAL TR 1 43 Ll s R RR L R B O, F A 2R
K TE S, ¥ R Y R BT TTC Y,
37°C TG0 & Y4 45, 30min, 3 18] 45 B 10min 55545
RAL, YOI S AL T, Y s R TR
PR RS 28 22 3 WA 7 18 2 o > H Image Pro Plus 6.0
510 a = N N ORI AT AN E o = 1 | =N K
PRI AAGI < SRAEAS LK R AYIE 32 sh bk ML Sml
B IR MG T ELISA K6k BRUifi 3% 1 LDH
cTnl F1 CK-MB 4 7K - .0 ILZH 81 ROS Ao A - 1
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20K 100mg . LA ZURI AT, BT —20°C
o 55 VRl 2 VR BB N AR LR, 0o ILEL B 50 0 8
HUC LIS, H R ELISA 0 6 Ui B A5 co L2 21
ROS 7K. e ekl .o 4141 SOD . MDA, GSH #l1
Fe*' &t S RBIBCONAL, A of5 i L BEER
IR | B0 FFIREE B3SO WSS, S 18
TR S B A B A LA 850 2 SOD
MDA . GSH Fll Fe™ £t 2 [ i E[1325 (Western Blot) K
AR FLO L LR Nef2 . HO-1 25 2635 7E8 4
KB JILZH 21503 R i A RIPA 22 i 2% i ik 3o 3 42
IR A, b bt A R N - SR TN s T e T st
H1 Uk (SDS-PAGE) 73 B34 1, TR 31 R m — 3 & )
(PVDF) i I, SR A0F NI Wik 3t 2h, SRS MA
—3PC: anti-Nrf2(1 : 800), anti-HO-1(1 : 1 000), anti-
PR Hii i I & (GAPDH)(1 ¢ 1 000), 4°CHEE 1 4.
VR N A AR AL A AL (HRP) Aric i =40, =il
ZMF IR 1.5ho PEENIEAE ECL R4 L&, IF53
MraE A &l B KL

1.4 %t 5 54 i/ GraphPad Prism 8.0 73 #1 %%
P, E ORI + ARiE2E (xs) Fom, BILLE] 1L
R RS FEA K 1K, 222 (8] AR FH LSD K 56
P<0.05 25 BAG R

2 R

21 BAKRACHUEBmARE LR Ho
F2H R B Y0 LA AE 1 AR 29 B (0.00% + 0.00%)
e, MIURTASE 78 21 ¢ B A% o0 LA 36 1 AR 43 L
(26.34% + 6.38%) . ¥ Tt i, 2R B A G F X
(==14.059, P<0.001). 5 MI/RIAL % 41 K fRAH e, T
FEWE T K BRI L 5 R A FTMIL38S 4 K FRLC AL
FEBE T8 AR A 43 F (12.59% +3.79% ., 8.87% = 1.25% .
10.26% + 4.63%) it % FE I, Z R HA S # 2 X
(:=2.382., 4.696., 5.918, 1] P<0.001). 5 T 2 17K B
AR HE , ML38S 4K RO RS E T AL 43 kb
WETE, ZREAESHRE L (29477, P<0.001).
22 AWK R AiE S ARG AR E AR T T
F 1,525 A KB e, MI/RUBE AL 20 K BRI
cTnl, CK-MB FfILDH Y /K B 3 - F, 2% HA
45 it 2 B L (1=8.534, 17.131, 17.701, ¥ P<0.001).
5 MURIFERIZH K FRAH LY, T 22 B /K BTG L =5 77
i3t 20 FIIML385 21 b 3 K B i ¥ 7 cTnl . CK-MB Fl
LDH/K V- & T B, 225 BA G2 L (Cnna
=6.541, 6.957 . 4.359, t 45 14 1 =2.476. 7.266 , 4.696,
tuisss=2.382 4471 6.932, 1] P<0.001), 5 1 32 [
ToK HU s 77 2R HE , MIL385 4K LI H ¢ Tnl
CK-MB FILDH /K5 & T, 25 HA gt E
X (t=7.266 . 11.306,13.139, 2] P<0.001).

23 &8k AU LA P ROS K F. SOD & .

MDA.GSH#A=Fe* &%t WFEI1. 55 A4
A, MURTAL AL ZH K R0 LA 21 ROS 7K F- . MDA
FFe™ & i T 1, SOD I 1 Al GSH 7 i P A1, 22
S HA G E L (=6.541 ., 6.957.10.014, 7.266 .
11.306, ¥J P<0.001), 5 MI/RI# AU 2 K fU 48, +
LB T /K BRI | 75 771 2H A1 MIL38S 2 A B R B
LA 41 ROS 7K . MDA FllFe™ £ F& 1%, SOD 1%
PERMGSH S &, Z 7 BA I E L (CGenna
=3.631, 7.474. 5918, 8293, 4471, t4 5 q=7.474.
6.932., 2.476. 7.266. 6.145, tys554=5.918. 7.580.
6.541. 6.957. 4.359, ¥4 P<0.001). 5 T3 FIK Fik
f 7t A He g, ML385 4K FRC LA 21 ROS 7K
MDA FlFe® % i 5. 3% 7t & , SOD I 1 Al GSH 7% #:
WE AR, 2255 HA G247 X (1=12.093 ., 10.014,
13.139.7.474.5.918, ] P<0.001).
24 ZMKFSMALR PN, HO-1 % E £k U
%1, Western BlotZ5 5 7, 525 HAH K EELEL, MU/
RIAE A2 A FLC LA 2L Nef2 . HO-1 85 H % ik K
WBERE, 25 A501%E L (=4359.9477, ¥
P<0.001), 5 MURI# AV K B EGAE, 22 B /K BT
% Rl 41 ML38S 41 4k K KO fIL4L 21 N2,
HO-1 8 FIRB/KF T, 27 A G5 X
(Creman=2387 44T, tyapiay=6.932. 3631, tyyys555=4.696 .
5918, 4J.P<0.001), 5 T 22 b 7K B = 55 e A AH L,
ML385 4 K BLO LN, HO-1 35 A 5555 35 4
1%, 23 HA G242 L (9477, 11.449, ¥4 P<0.001),
3 3Fie

TEIE R A HLRGLT , O NERBRHHT i 1N ik 2 4>
B AL SE SIS | BRAEH 2 BTG
PR ML G X R FRE A3, dE—20 nE O LA
U5 T MURLI & ALK M ICE IS, AT
IR, PFETEMIRLE A | & JRAEZALH " e s
24 MI/RI (1) B3 36 77 T U 336 37 R+ 22 73 2 B 7 F
TR 2Ty 2% 25 PR2A AT I, 225
IR MR FZE 5 YURIH T K BRIET 2D AL
A T FEEOE L, H AT Z2 B K B
5 MURIFERE B S5EIET A LA D

AT TR T 22 B 7K BT B4 MIRLK FUR
PR PEVERT, HEEFT AL MR R I, T2 7K
R ATy D D UREFE TR A 43 Eb i O s s )
FIRGINZE SR 7R, MURDARRIZH A BRUER T O L4 2 3]
#4473, LDH .. CK-MB. cTnl % Z i, SECLAE ML
T8 R TR T 22K AR A BERAAI T M7 LDH
CK-MB, cTnl/K ¥, B3t TR ELONHRS " seatk, A4
WFoT & B, T2 M FoK AR T B i PRI ROS | Fe*' il
MDA (1) 33k . Tt 55 SOD I 4 A GSH 7 2 41 il MI/RT
SHEACHUERBET, X —Z5 FUESE T 22 MF /K B
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AR BRI T R AR O IR ER]

x1 BAKXRELRNIERRE Nri2/HO-1 BEEAREMLLE (X+s5, n=10)
e o TR MK )
TiH SA4 MI/RI FEAI4] P ——— ML385 4 Fff P
¢Tnl (ng/L) 24784311 7459862 6.370 £ 7.65 3.027+381 4486+532 14213 <0.001
CK-MB(IUL)  39.11:482  97.52+12.89 84.84+ 11.64 46.29+6.99 5940831 16742 <0.001
LDH (U/L) 6249£620  11247+7.76 78.93 +8.49 6549 +5.59 68.63£9.52 20136  <0.001
ROS (pg/ml)  1836+2.15 5742690 4335+5.84 30.11£4.27 52.08 +5.65
SOD (U/ml) 53.024529 1864277 29.13£345 4029+ 4.63 2315£280 6517 <0.001
MDA (nmol/ml) ~ 1.18£0.25 3.15+0.44 253034 1334034 198025 8351  <0.001
GSH (ng/ml) 17562038  8.15%13.16 11.35+16.59 14.63 + 1871 9.03+1234 7026  <0.001
Fe’ (nmol/g)  1651.05+61.87 2099.79 +82.21 1957.88 +49.94 1631.11+51.06 1837.59+6142 11327 <0.001
Nrf2/GAPDH ~ 040£0.05 0.25+0.02 0.34+0.05 0.37+0.07 028+003 7193  <0.001
HO-1/GAPDH 041 £0.06 0.07+0.01 0.14+0.04 0.18 +0.04 0.13£005  33.04  <0.001

AR AR R I, 5T MK B e R i
ZHAH EE, ML385 ZH K B0 IR FE T AR A 3 L i 25 7t
/&, 3% cTnl. CK-MB I LDH 7K F- 7 , (0 JILZH 21
H1ROS . MDA I Fe*" & it T, SOD i Al GSH 77
HEFRAR, $25 ML385 1 BH (. 55 T 22 Bt 7K Bgox
BRBET B4 A MURT AR5 H

HHIERIET 32 Z R A AR AR , Nief2/HO-1
{550 S A R E T A T U N2 SRR
Ja s BT E A RN T (ARES) 454, HO-1 8 2
Nrf2 TR, P AR . GSHA AL, BE Bl Gt
T2, BHLIRERIET, RAEDURALR YRR B2 A o o
SR A R A MK BT TS MURTR
O NI ZIR N2, HO-1 85 FH R A A8k, 45 R
HFRIRITHE SR IG AW FEAE = ) g T 22 /K R
TSR 1A ML385, 4559 & 31, ML385 ZH K E
Nrf2 . HO-1 £ 133k PG, 28 A MIL385 AT HH 5 9 55 /&5
P 2H 22 /K BT MIRT R B O LS 25 AR B E
T ARV FH 3 PR 5345 AR AL (] R B 1 22 -7k Ji
WA FR MURT PR FH S 30 Nef2/HO-1 3B #6AT O%

2 LTk, 22BN /K BGHE 1 845 Nrf2/HO-1
I A TR ERSE T R BROMIRL, HHAE 250
WA SR T ARSI SR A FARAET X — P st Ty
3, (EMURIH AT BE#E K Z R A st T 7 U 28 HAE
I, AEAE— S8R B o AR M9 75 2 — A TR B T2 i 2k
SET-IVEFIMLEL, 4N . Tl sS 56Uk  BRIET R 57
PEFR W3 0 Ag ik S Ak = ) S BT 3527 Lg%
(FR5E) 55, LARALERIET I ELAZAIEE
SEHk:
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