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RBE BRI 33 (AU) s E 5% (CHD) K R 094 7 AE A AL A B F 40 £ 2 A6 B F 2(Nef2) /- F 894k s ik 1249
Hh, FiE: ¥ KR 5 H NC 41 CHD 241 . L-AU 41 M-AU 41 H-AU Zi4= ML385 40, 448 12 2 kK H., NC 48 % £ 448 36 2+
KRR, B 3 e R R B A R 4 Sk 5 v i 49 CHD A K R, NC 404» CHD 2K RE B 0.3%% VAL 4F 4 &40
(CMC),L-AU £8 M-AU 4= H-AU 28 X 7% § 20.40 F= 80 mg/kg/d #9 ket 335 ML385 28k K. § 80 mg/kg/d 49 k=t 3 3
M EST 30 mg/kg/d Nrf2 446 7] ML385, 32525 4 &, o A4 &40 K K498 ) A6 35 A7 [ fe 2 20 (EF ) Fe 42 4 45 42 & (FS)].
Ao F 8 AR VLER i B ) T8 MB(CK-MB ) fUBA AL 285 (LDH) | %2 & B2 (TC) . i = 85 (TG) AKX B 5% &l ) B2 (LDL-C) . &
% B Jis & & M2 1B B (HDL-C ) Fe 37 3 Mg 5 BR (FFA)] . 0 MUAL 22 B A B2 i3 38 AR [ )R AL 5B Ak (GSH ) A 7 =B (MDA ) 14w 33 JILZE 47
Fe* 4%, it FAREFAL(HE) EENR KR SIH L, @it Western blot #i] K R MLLE LR Nrf2 Kelch # ECH A8 £ % ¢ |
(Keapl ) fn41 % 8B -1(HO-1) NADPH : B2 £ 4L B 85 -1(NQO-1) B prH bk it Ak 4h B 4(GPX4) 4% & 44 1 (FTH1 ) #=
B4k s5ia %G 1(FPN1)# B G K-F, &85 NC 281k4,CHD 28 kK R.#9 EF #= FS /K -F%4&,CK-MB #= LDH K -FH 5, S Lk
I 2 Hi 45 ; TC. TG .LDL-C . FFA #= MDA 7 -F 4+ % ,HDL-C #= GSH 7K -F 4% ;Nrf2 . HO-1 NQO-1,GPX4 .FTHI #» FPN1 % &
KBtk Keapl & & K-FI& ,Fe 4895 (P<0.05), &5 CHD 4tk ,L-AU 44 M-AU 284 H-AU 4 X R.4§ EF #= FS 75,
CK-MB #= LDH K- Mefk, w5 L A9 2 % & ; TC.TG.LDL-C.FFA #= MDA K -F %%, HDL-C #= GSH /-4 % ;Nrf2 HO-1.
NQO-1.GPX4.FTHI #= FPN1 %& & K -F 7+ & ,Keapl & & K-F BEI&, Fe* 4 H14(P<0.05). 5 H-AU 48345 ,ML385 41k & 49 EF
Fo FS 4%, CK-MB #= LDH K -F 9%, & MFifs A E  TC. TG.LDL-C FFA f= MDA K -F 7% ,HDL-C #= GSH /K- 4% ; Nrf2,
HO-1,NQO-1.GPX4 FTHI1 #= FPN1 %& & /K-F [41& , Keapl & & K-F I35, Fe* 42 F(P<0.05), Gt MMM AN E T R
WA SRR, AU S dpH] Nif2 25094k T 2 A X

KT AT I SR ARG R TR 2 MERT 2400
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Effects of Aucubin on Nrf2-mediated Ferroptosis Pathway

in Rats with Coronary Heart Disease*
KOU Jin', ZENG Xian-fer, YUAN Ping-li', REN Feng', WANG Ying', XIA Ming-yang', HU Jian-ku'*
(1 Department of Cardiology, Shaanxi Provincial Corps Hospital, Chinese People's Armed Police Force, Xi'an, Shaanxi, 710054, China;
2 Greater Xi'an Area Medical Diagnostic Lab Center, Xi'an, Shaanxi, 710016, China)

ABSTRACT Objective: To explore the therapeutic effect of aucubin (AU) on rats with coronary heart disease (CHD) and its effect
on the ferroptosis pathway mediated by nuclear factor erythroid 2-related factor 2 (Nrf2). Methods: Rats were divided into NC group,
CHD group, L-AU group, M-AU group, H-AU group and ML385 group (n=12). The NC group was control rats fed with normal diet, and
the other groups were rats with coronary heart disease induced by high-fat diet combined with intraperitoneal injection of pituitaryin. Rats
in the NC group and CHD group were orally administered 0.3% sodium carboxymethylcellulose (CMC), and rats in the L-AU group,
M-AU group, and H-AU group were orally administered 20, 40, and 80 mg/kg/d of aucubin. Rats in H-AU group were orally adminis-
tered 80 mg/kg/d aucubin and intraperitoneally injected with 30 mg/kg/d Nrf2 inhibitor ML385. Administration was given for a total of 4
weeks. The cardiac function indexes [ejection fraction (EF) and fractional shortening (FS)], serum indexes [creatine kinase isoenzyme
MB (CK-MB), lactate dehydrogenase (LDH), total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C) and free fatty acids (FFA)], myocardial tissue oxidative stress indicators [glutathione (GSH)
and malondialdehyde (MDA)] and Fe* content in myocardial tissue of rats in each group were measured respectively. Myocardial mor-
phology was observed by hematoxylin-eosin (HE) staining. The protein expression levels of Nrf2, Kelch-like ECH-associated protein 1
(Keapl), heme oxygenase-1 (HO-1), NADPH: quinone oxidoreductase-1 (NQO-1), glutathione peroxidase 4 (GPX4), ferritin heavy chain
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1 (FTH1) and membrane iron transporter 1 (FPN1) in myocardial tissue were detected by Western blot. Results: Compared with NC
group, EF and FS decreased, CK-MB and LDH levels increased, myocardial injury appeared, TC, TG, LDL-C, FFA and MDA levels in-
creased, HDL-C and GSH level decreased, Nrf2, HO-1, NQO-1, GPX4, FTH1 and FPN1 protein expression decreased, Keapl protein ex-
pression increased, Fe?" content increased in CHD group (P<0.05). Compared with CHD group, EF and FS increased, CK-MB and LDH
levels decreased, myocardial morphology was significantly improved, TC, TG, LDL-C, FFA and MDA levels decreased, HDL-C and
GSH level increased, Nrf2, HO-1, NQO-1, GPX4, FTH1 and FPN1 protein expression increased, Keap1 protein expression decreased and
Fe** content decreased in L-AU group, M-AU group and H-AU group (P<0.05). Compared with H-AU group, EF and FS decreased,
CK-MB and LDH increased, myocardial injury aggravated, TC, TG, LDL-C, FFA and MDA increased, HDL-C and GSH decreased,
Nrf2, HO-1, NQO-1, GPX4, FTH1 and FPNI protein expression decreased, Keap! protein expression increased, Fe* content increased in

ML385 group (P<0.05). Conclusion: Auucrin shows good anti-coronary heart disease effect, and its mechanism is related to inhibiting the

Nrf2-mediated ferroptosis pathway.
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Chinese Library Classification(CLC): R-33; R541.4 Document code: A

Article ID: 1673-6273(2024)12-2220-08

YN

]

o}

Rt N 2 AR AT AE 0 7 2Ry kA | 56009 ( coronary
heart disease, CHD ) 1) &5 HSE T AWAEIZAE T, Sk
FERTA 2 6 O 19 BIEEA , FOE 5 AR AE B BTUORR  BEHOE
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AT R BT A (CMC, C8621) | F 4 2 T3 BRG]
£ (BC5415)il B At R ERHLARAF] . 1EH (D12450] )1
=i JIg (D12492 ) fa) kg [ 3E [E Research Diets 23 ] ; T4 5 %
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A M I e G T AR 2R ST 5600 (CHD) K BB AR, 70 1
SRR T, K B e B TR 7 8 8], e 3 d I A A 3
R (30 Ukg/d) , BEHLARSE 3 H K BT B4 A0 FL ]
KAy, WAL ik I EE JIg BRI O WUBRS, 594, DR E ER T
PR OEANST ST B sl 0.1 mV R ™, 62
PR RS T, % 88.57% , BEALERE 60 BT 4:
122 XRAARGWAE F CHD BRI KK 4N CHD
2 \L-AU 41 M-AU 4 H-AU 21 F1 ML385 2 (n=12), 75l 12
RS b R A a3 R BRUAE i NC 2 NC 4411 CHD 4 KB
2T 2 mL 1Y 0.3%CMC,L-AU 41 M-AU 41 H-AU 41K
R THEE 2 mL iy 20,40 F1 80 mg/kg/d FIBKIH I (T
0.3% CMC )1 ML385 41K R 45 T H 2 mL 1) 80 mg/kg/d 1y
Mot BRI 16 M 1 5 30 mg/kg/d Nrf2 14157 ML385™, fiF
HHRFIA LT 4 7,

123 KREANEESEME [ HINE K VisualSonics 2 Fl
A2 VEVO 3100 /N34 75 U5 R G0 WFAl 45 2R B0 1)
RESH 4350 (BF ) Fg 4 s 3R (FS)

124 XBRMFHERUE  RESHREKRE E3hkim, 2
OBUMIE . % F B 57 7600-010 T A Ak A3 HT SR FTL B 1 ik =)
T.fiff MB(CK-MB) | ./ I & (LDH ) , & 1 [ BE(TC) . H i
=H&(TG) L% B g 2 (1 IH [ B (LDL-C) il = %% ¥ g 2 I
EREHDL-C)/K - i HERIAT G U HAGI M 75 Hh FFA 7K
125 KBOABAREME TR E RO, HKP5E,
HE 4 wm A A Y] A, 384 HE Je @ isk.o LU

12.6 XKBROAAR N NEERGN /520 U048
510, BN, MDA iR GG I L Z iR ksl , GSH
PSR TR A
127 REONMALR F FEME BREOLAAHBS R
i e R A B T e A 7 B U B 3 A R R K R
DL Fe frig .
1.2.8 Western blot # i X FR/OAALREXEZEAKE fliH
RIPA #2HCOHLEE R )5 24t 10% SDS-PAGE HL kK H- 441
F| PVDF i, 5%Bi s 4= @33t 1 h, F 5 Nrf2(1:2000)
Keapl (1:2000) HO-1 (1:1000) NQO-1 (1:1000) .GPX4 (1:
1000) FTHI (1:500) ,FPN1(1:500) .Lamin B1(1:1000, % % [
M2 ) .GAPDH(1:1000, & NS ) —PL 4 CE M H AR5
5 7#1(1:1000)37CHEE 1 h, ECL g5, Image) B M1 5%
HOREAE.
1.3 Git=aHh

i SPSS 22.0 3o i, 425 7 b BCR RN &R
5 243K LSD #3:, P<0.05 R 25 R BA G i# 5 L.

2 R

2.1 BRATHEAE T R O R K RO ThBE RIS

L5 NC 4t , CHD KU EF 1 FS BEIK(P<0.05), 5
CHD % %%, L-AU 20 \M-AU 24 #1 H-AU 41 K BLAY EF 1 FS
SR A E AR TS (P<0.05), 5 H-AU 41 Llh#%,
ML385 20K Bl {4 EF 1 FS P (P<0.05), W3 1.

*1 KRB EFFIFS
Table 1 EF and FS of rats

Groups EF (%) FS (%)
NC 7825+ 4.43 5043 3.63
CHD 40.81% 4.31° 23.92+ 3.50°
L-AU 58.07+ 6.58* 3332+ 1.96%

M-AU 63.56% 5.26% 40.61% 4.35%
H-AU 7240 7.80% 4574+ 3.86"

ML385 51.25% 6.56%* 3038+ 2.330

F value 63.859 104.419

Pvalue <0.001 <0.001

Note: Compared with NC group, *P<0.05; Compared with CHD group, "P<0.05; Compared with L-AU group, °P<0.05;

Compared with M-AU group, ‘P<0.05; Compared with H-AU group, °P<0.05.

2.2 HRI-HREAER 3T O R K BR MLE O AR (AR A B9 &2 i

5 NC 41 % ,CHD 41 CK-MB F1 LDH 7K 5 F} & ( P<0.
05), 5 CHD 4 [t#¢,L-AU £ M-AU #H #1 H-AU 41 CK-MB
#1 LDH 7K [ (P<0.05), 5 H-AU 41 [t %5 ,ML385 41
CK-MB F1 LDH 7K-FF 55 (P<0.05), W3 2,
2.3 BRI HREAE XS O R K RO LA LR TR RN

KEUO WAL HE Je(a o NC 4K FLO IR 51 1
W, O UL HES I HE . CHD 28 K BLC LR M HEF I 2550 , AL
MAEAER , M FE MY 7 , I A KE R AR, 5 CHD

20 L8, L-AU 41 M-AU 40 Fl H-AU 20 K B0 WUE 25 87 5 ol
3, SKINT, 5 H-AU 20t , ML385 20 K By LA 235 453
&, WA,
2.4 BRI MREAE ST O K BRI AR R igHE AR R

5 NC 21 I, CHD 41 TC . TG .LDL-C il FFA /K EFH5 ,
HDL-C /KR (P<0.05), 5 CHD 413, L-AU 41 \M-AU
401 H-AU 41 TC.TG.LDL-C il FFA 7K -4k , HDL-C 7K F-
FH#5(P<0.05), 5 H-AU 44 kb4 ,ML385 41 TC .TG ,.LDL-C Al
FFA 7KF- Tt , HDL-C 7KF-REAR(P<0.05) . I3 3.
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%2 ARAYIMiE CK-MB 1 LDH 7k
Table 2 Serum CK-MB and LDH levels of rats

Groups CK-MB (U/mL) LDH (U/mL)
NC 0.48+ 0.04 1.59+ 0.08
CHD 1.69+ 0.16* 3.38+ 0.36°
L-AU 1.35+ 0.12* 235+ 0.28*

M-AU 1.00+ 0.11% 2.02+ 0.15%
H-AU 0.70+ 0.05% 1.88% 0.15%

ML385 1.45% (.12 2.58+ (.35%

F value 220.306 75.093

Pvalue <0.001 <0.001

Note: Compared with NC group, *P<0.05; Compared with CHD group, *P<0.05; Compared with L-AU group, °P<0.05;

Compared with M-AU group, ‘P<0.05; Compared with H-AU group, °P<0.05.

Fig.1 HE staining of myocardial tissue of rats (X 200)

2.5 BRATHEAE 3T R OE K RO LA R S B EEFRRI 0
5 NC 41 [t % ,CHD 4 MDA 7K FF+ & , GSH 7K F A%
(P<0.05), 5 CHD #{ [t % ,L-AU #H M-AU #H #l H-AU £
MDA 7K FFEAR, GSH K F- T (P<0.05). 5 H-AU 41 4%,
ML385 20 MDA 7K -7} , GSH K FEREAR(P<0.05)., L3 4,
2.6 HRI-HREAER 3T O R K RO LA LR Nif2 3R 2 BB
AR LA N2 (#%) Keapl .HO-1 F1 NQO-1
g A K EREAR ST E B X (F9%4L
342,519.622,825.726,1357.145, P<0.001),, 5 NC 4 H.4 , CHD
ZH Nrf2 HO-1 1 NQO-1 & [ /K F-F&AIK, Keapl & HKFT- 5

(P<0.05), 5 CHD 41 [t# ,L-AU 21 M-AU 2 F1 H-AU 41
Nrf2 \HO-1 1 NQO-1 #& 17K F F} & ,Keapl & [ /K T B AIK
(P<0.05).5 H-AU #H I35, ML385 4 Nrf2 . HO-1 1 NQO-1 &
FKFREAL, Keapl 2 /K FFHR (P<0.05), WL 2,
2.7 BT HEAE TR O RE K O ALALR For S 2R

NC 41 .CHD 41 .L-AU 4] M-AU 4 H-AU 4] ML385 41
KB B0 LA L Fe &8 4> Bk 169.16+ 14.98 38331+
22.19.302.75% 33.73.263.51 £ 15.09.221.43 + 22.74 327.14 %
28.79 wmol/mg prot, 4[] Lk %% 2% 57 B 3 (F=123.377,P<0.001),,
5 NC 41 %, CHD 4 Fe* &Il (P<0.05), 5 CHD 4t
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i L-AU 2 M-AU 41 H-AU 2H Fe** 2 & 2 Ak - 1550 &
IRAFHERRAE (P<0.05), 5 H-AU 40 %%, ML385 ZH (9.0 L4 4

Fe* & m i (P<0.05), .

* 3 XRAMmF TC. TG, LDL-C . HDL-C #1 FFA 7k
Table 3 Serum TC, TG, LDL-C, HDL-C and FFA levels of rats

Groups TC (mmol/L) TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L) FFA (pmol/L)
NC 1.52+ 0.13 0.51% 0.05 0.36x 0.04 0.79+ 0.11 316.45+ 44.38
CHD 537+ 0.31* 1.45+ 0.14° 1.78+ 0.15° 0.30% 0.03* 626.59+ 76.98"
L-AU 3.53% 0.40® 121+ 0.13* 1.20+ 0.11* 0.45+ 0.05* 520.21% 67.09*

M-AU 2.53% 0.22% 0.90% 0.06™ 0.85+ 0.06™ 0.57+ 0.04™ 462.73% 41.21%
H-AU 1.78+ 0.10% 0.69+ 0.08* 0.60+ 0.03% 0.75% 0.07% 366.16+ 34.51™

ML385 3.75% 0.44™ 1.374 0.15%* 1.34% 0.17%* 0.40£ 0.03 %% 585.08+ 65.59 ™%

F value 281.238 149.703 117.360 288.969 54.513

P value <0.001 <0.001 <0.001 <0.001 <0.001

Note: Compared with NC group, *P<0.05; Compared with CHD group, *P<0.05; Compared with L-AU group, °P<0.05;

Compared with M-AU group, ‘P<0.05; Compared with H-AU group, °P<0.05.

% 4 KRAOANEALR MDA #1 GSH K F
Table 4 MDA and GSH levels in myocardial tissue of rats

Groups MDA (nmol/mg prot) GSH (nmol/mg prot)
NC 15.09+ 1.37 39.66% 2.04
CHD 40.49+ 3.93° 15.34+ 0.85*
L-AU 30.31+ 1.84® 23.35% 1.39®
M-AU 23.04% 1.47™ 29.82+ 2.15%
H-AU 17.54+ (.82 34.79+ 3.28%
ML385 33.17+ 3.08%* 20.49+ 1.91%*
F value 207.884 234.329

P value <0.001 <0.001

Note: Compared with NC group, *P<0.05; Compared with CHD group, "P<0.05; Compared with L-AU group, °P<0.05;

Compared with M-AU group, ‘P<0.05; Compared with H-AU group, °P<0.05.

2.8 ST HEAE XS E O R K RO A LS T TR R A R0

KR NI4] GPX4 FTHI #il FPN1 & /K F-25 57
2 (F=1020.122,1615.456,2053.709, P<0.001). 5 NC 41 Ft.#%,
CHD 4 GPX4 .FTH1 1 FPN1 %5 F4 /K S R5{% (P<0.05) ., 5 CHD
41 H s, L-AU 41 M-AU 41 #1 H-AU 41 GPX4 FTH1 #il FPN1
FE KT SR SRR 790 AR T (P<0.05) . 5 H-AU 4
L %5, ML385 41 GPX4 .FTH1 il FPNI %5 [ 7K F [% i (P<O.
05), UL 3,
3 g

BB B W A O ORIV E T . R R T, Mk
B AT IR S A A K R T -B 1 35 S A0 M A 2T 4 40 i A B
T , 82T A AU DGR 1 A 280 Ak SR 30 3 1oL 7
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CK-MB F1 LDH /K, 3 T .0 JUE A, T 20 E i T i
DR

BEA, B AR S 5 0o BEBRE WA 5, i B R A 23 51
2 DNA FIAH M 474, AR AR TR Y7 6 O 1) B 2R
0 HEHE , Ak (10,20 .40 me/kg ) AT FEARAR IR MG
[ JiF (NAFLD ) /)N B IfiL 3% 7 TC . TG \LDL-C b % % J i 2 (4
(VLDL)7K -, 5 HDL-C 7K, 41l i g i , 5 HLAE 1 i
R TG L I (AMPK o) OB R ILS . AT 53t g2 Bkt
B 3 T W G AN N 0N IR U AW it e o 88

A ELAT T bR ROS Az AL R ML . /722 P TR
P RGEAEIE N FE KT 327 5% K - Nef2 76 1E AR PR A%
£, Keapl 5 Nrf2 254 1650 Nrf2 FA7 . 708 Ak RI777E 1Y)
AT N2 B BN A%, ShUA IS sh T e b
FRE G (ARE)SS & TS S0t S AL R e g LA 2 T i 86 A
i HO-1 .NQO-1 . 4+ Bt H kit & fb ¥yl (GSH-Px ) (47 Bt H ik S
RS (GST) Ml SOD (YR, AT, BT I FEAIK
TSR AR B OIS MDA K, FHi T GSH K E, FHis
T Nrf2 HO-1 FI NQO-1 /K-, FERT Keapl & K-
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Fig.2 Expression levels of Nrf2, Keapl, HO-1 and NQO-1 proteins in myocardial tissue of rats
Note: Compared with NC group, *P<0.05; Compared with CHD group, *P<0.05; Compared with L-AU group, °P<0.05;
Compared with M-AU group, ‘P<0.05; Compared with H-AU group, °P<0.05.
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Fig.3 GPX4, FTHI and FPNI protein expression levels in myocardial tissue of rats
Note: Compared with NC group, *P<0.05; Compared with CHD group, °P<0.05; Compared with L-AU group, °P<0.05;
Compared with M-AU group, ‘P<0.05; Compared with H-AU group, °P<0.05.
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