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LO2 4T AMERREABRF F(HERELRHHA HERREEHA HERIFOLGLA)N S FHATTH, BHEXE
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Effects of Xiaoyao Powder and its disassembled formulas on Erastin—
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(Abstract] Objective To explore the effects of Xiaoyao Powder and its disassembled formulas on Erastin—induced ferroptosis
in hepatocytes and the related mechanism. Methods Ferroptosis of hepatocyte LO-2 was induced by Erastin and intervened by the

medicated serum of Xiaoyao Powder and its disassembled formulas (Xiaoyao Powder without liver—soothing medicines, Xiaoyao Powder
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without spleen—strengthening medicines, Xiaoyao Powder without blood-nourishing medicines). Ferroptosis inhibitor Ferrostatin—1 was
used as the positive control drug. The cell viability was evaluated by CCK-8. The levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in the cell supernatant were examined by ELISA, and the content of malondialdehyde (MDA),
reduced glutathione (GSH), and Fe* in the cells were determined by colorimetry. Fluorescence enzyme-linked immunosorbent assay
was used to check lipid peroxidation-related reactive oxygen species (ROS), RT-PCR was used to examine the mRNA expressions of
glutathione peroxidase 4 (GPX4), prostaglandin—endoperoxide synthase 2 (PTGS2), hepcidin, and ferroportin (FPN1) in the cells, and
Western blot was used to check the expressions of bone morphogenetic protein 6 (BMP6), hemojuvelin  (HJV), and mothers against
decapentaplegic homolog 4 Smad4) protein in the cells Results After ferroptosis induced by Erastin, the viability of hepatocytes
decreased significantly compared with the control group (P<0.05); the content of ALT and AST in the extracellular supernatant increased
significantly (P<0.05); the contents of MDA, ROS, and Fe*, the mRNA expressions of PTGS2 and hepcidin, and the protein level of
BMP&HJV/Smad4 signaling pathway in the cells increased significantly (P<0.05), while the content of GSH and the mRNA expressions
of GPX4 and FPNI1 decreased significantly (P<0.05). Except for the group of Xiaoyao Powder without blood—nourishing medicines
showing no significant difference in Smad4 protein expression compared with the model group (P>0.05), groups of Xiaoyao Powder
and its disassembled formulas, as well as the positive control drug Ferrostatin —1 showed significant reversed changes in the
aforementioned indicators (P<0.05). There were significant differences in AST, MDA, GSH, ROS, Fe*, BMP6, hepcidin and FPN1
between Xiaoyao Powder without liver—soothing medicines group and Xiaoyao Powder group (P<0.05). Compared with Xiaoyao
Powder, the group of Xiaoyao Powder without spleen—strengthening medicines showed no significant difference in Smad4 protein
expression (P>0.05), while both groups of Xiaoyao Powder without spleen—strengthening medicines and Xiaoyao Powder without
blood —nourishing medicines showed significant differences in the detected indicators (P<0.05). Conclusion Xiaoyao Powder can
inhibit Erastin—induced ferroptosis in hepatocytes, and its mechanism may be related to the regulation of BMP6/HJV/Smad4 signal
pathway and its downstream hepcidin—ferroportin axis. To some extent, each disassembled formula of it involves in the process of
inhibiting ferroptosis in hepatocytes.

(Keywords) Xiaoyao Powder; ferroptosis; Erastin; hepcidin—ferroportin axis; BMP6/HJV/Smad4 signaling pathway; malon-

dialdehyde; reactive oxygen species
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1 1 BRI IR b 22 TR 7 1 R T, H
A B I N S A D) R T3 R A R ZH AT A T 5
Je B, BV R A I R IR AT R L 2 R A
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1.1 RBEskiIREFIKF

LO-2 4 22 W43 F 4 1K~ 1BS 4 8 —
1% (malondialdehyde, MDA) (#tt 5 : A003-1-2) if Jil
AU Bt H K (reduced glutathione, GSH) Hb 8 3% 3 5]
& (5 A006-2—1) ) 11 B o 2 i AE W BB A FR 2
A B AR I L E BT R 1eG (55 . GB23301) | Hi
HR A5 30 Ll 2E T A TG (L5 . GB23303) I [ FE 4
IR F] s Bactin HLAAK (Cell Signaling Technology
28 Al IS :49708) s RIPA 2L f# #e (41t5 :PO013B) .
PMSF 5 [ g 7 i 51 (k%5 .ST506) . 1.5M Tris—HCI
(pHS8.8) (#lt 5 :ST789) .1.0M Tris—HCI (pH6.8) (1l
5 :ST768) . 10%SDS (4t & . ST628 ) . U H 3£ £, —
iz (L5 . ST728) Western blot — 3t - Pu i B (3t
5. P0023) \BCA & 11 ¥ B I 2 L ) & (Hit 5 .
P0009 ) . SDS-PAGE & H I £ 28 #h il (5x) (it .
P0015) Jit s W3k (45 . PO216) M i ECL 1k %
JEIR R & (A5 . PO018S) I 7 i3 = KAWL
ARA R H s PVDF B (€ [ Millipore 24 |, 41t .
IPFLO7810); DMEM 15 3% J& (VL 75 9L 3% A W) B 2 A7
BN )L 45 KEM12800-500) ;0054 3% ik & (H
A Takara 23 7, 165 :RRO4TA) 5 25 8k e ( g PR i
YR A R AL LS . B70140)
1.2 Bz

TR GO SD AR R BRI T b 1A i 35 o S 5
YA IR 5 AT 2 7l [SCXK (7)2013-0016], 1 7% T

it T B S B W s i T OR BV R A& 1R 3R I
b TH IR (25+2) °C IR JE 50%~80% , H H & X
K o AR By S 00 AT S 0 Bl ) O 2 A F AR T,
T T R R o S v B ) S A B AR R
TR &H e 2020333,

1.3 S@mEH&

FRIBCHE 2 (588 15 g FIAT 15 g 24H 15 g,
HAR 15 g AR%E 15 g HH 7.5 g), /K 1 500 mL
B AR B 20 min, I 7RI 22 Ak Lk R
10 min, B WL 5 R4 BT Z 2 o/mL(#%
AT ) 2 VR TR ) BOR R , LA 25 1 K T A
TR RV 3 WIS R A i e 2 I 2 4 (2 g
B AT ) GHEER M AA (L MIH AR
MR AE M2 (LR AR CHED) IR A RIAE T
Bl b R BUAR R 10 mli/kg HE B 42y, Bt
) Ferrostatin—1 W} 2.5 wmol/kg 7K K
(10 mL/kg)VE 8 4525 % B2 70 15 S5 B 2R 18K .
REREGZ 1R LT d, SR A e oK,
KRG 2] 24 h g, B EFCRIM, L6 000 r/minx
10 min VR B O WA W5 W, K WO 4 1 13 T
56 C/K¥ K 30 min,0.22 wm €t 8 KA
-80 CHAF#H .

1.4 YpasrERTm

F & 10% 3G it 4 1L 9 DMEM 58 4 55
FRIETE 37 °C 5% CO, 5640 AL 55 T % MLRE
7,0 48 h AR SR A AR K B 57 IR 80%
J&i , i 0.25%J35 8 RSB & 0.02% EDTA k&1t
S PR B E R I A ML, LO-2 4 M2 Fh T 4
ML BEFRAR o3 S X BRAL B2 G B A U 4 L
T TS 2 2 3 R R 2 2 T DS AR I
2520 Ferrostatin—1 2H . XT BEZH Jim DMEM 5¢ 4 15 9%
SRR ZH R AR A T2 75 5 ) Erastin(5 wmol/L) i
A7 15 AT, JFCAh 245 0y 2L S A I 245 0 3R AT T, 45 4T
Tt 24 h JE AT AH R HE R AT
1.5 #WMIERE &

1.5.1 RIS ) DG S RAET - debnda il - il
HI CCK -8 £ I 4% 2H 28 Jf 7% 77 5 2K FH ELISA & £ DU
M 5 W TP A TN 5 (B (alanine  aminotrans-
ferase, ALT) 4% %.5% 2 [iff (aspartate aminotransferase,
AST) i & &, ff 4T L 8 2 K ) MDA (GSH & &, 3
e BRI AR B E A T

1.5.2 R &4k ROS Kl PBS i Uk 254
THUE R A0M, A 1 mL 5 TAR R 770 1 5 40
Mo, F 37 CHEEEIETE 10 min, 1 H FE) PBS 2
Ve4nAE 3 WK ; FH 10 pg/mL ¥ BE (%) Hoechst 33342 T
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VEW 1 mlL 7250 B w5 400, T 37 CEEIF A 30 min,
FHTAAR PBS 52 3R 40 3 W, A 2 mL/FL 40 g 55
TR 5 BT IR B0 B U, TR MK
488~535 nm &G K 610 nm Kl 568, ROS
SR VLT FRR .
1.5.3 LO-2 fiF 41/l BMP6/HJV/Smad4 {5 5 i #% &
IR ] PMSF 9 (5% ) RTPA 24 fi# W 45 B
LA 1, BCA A U0 & A I 2 & /. DA SDS-
PAGE Bt #EAT LUK /- B8, JF 2 2 0.45 pm
L2 PVDF B, G 9343 5 & TBST EC il 5%/
JE WA B A, 5l IR IRTE B h = IRI2HE3 h,
B 58 LA, TBST 266 3 IR, &R 5 min, {fi ]
TBST FCfilidi 5 B i —Pe , F H AR 451 B TBMP6 |
HJV Smad4 B-actin HTiAH 4 CHEF %, ] TBST
BV S AfE AT TBST B il & & Wk B2 /9 HRP Arid — 9t
¥ ERATET Zy0h  #E R B RS 1 h, A
TBST ¥k J5 , ECL W (4 53 55 4 M6, B 5 v FH Bio—
Rad ChemiDoc™ XRS+#& %t 5 Image Lab #X R
1.6 LO-2 FF4Ba GPX4.PTGS2 & hepcidin—ferro-
portin 3 mRNA ik #& il

K H RT=PCR 35460 . 4 25 B 4 45 20 40 if
RNA, 4 FEA RNA VR R4l 7F Jo A R il 1) 5
DB MEEARA 1 wg RNA FE4%,5xg DNA di-
gester Mix 2 pL,gDNA Eraser 1 wl, RNase freeH,0
M EZE 10 pl,42 CKEMA 2 min; £ ik 10 pl
A & o AR SR, RN A& 037 °CL 15 min,
85 °C,5 s, /38K ¢cDNA 20 CIRAF#&H . Rt
179¢ 6 & PCR 5255, 519 W3R 1, 16 TCH IRBEAYTES
LEHHIIA TB Green Premix Ex Taq 10 L, i b~ ¥iF
514 04 wL, MASE 1 4551 cDNA £k 2 pl,
ddH0 #M 2 % 20 pL,IRAT, S8 ALK f2 i 4%
.95 °C 30 s WAL ,95 °C 5 s 41,60 C 30 s
B RIBF RSO, 40 AMEIR , FHARXT 33k fE=2-22¢
IO IR O
1.7 SitEAH*

K Image J #F SPSS 24.0 #4457 48112

VEIED 3 A, B8 R JH s " OR8240 1) HU AR JH R A]
I 2200, ¥R RS 55, P<0.05 #IA O 22 5
ALt TE L,

2 /R

2.1 HEBREREDNFIFFX Erastin FSH LO-2
FF 480 B 20 B i 0 T Th BE B &2 i

550 HE 4 He e, A AN A A M G B T R A
Mo Ab i ALT AST &5t 53 EJH(P<0.05) i i
ATy M4 PF O 1T BUS A TG o 3 LT ALT,
AST i 3% R R, PR 8 259 HAA A0 LAY 1
(P<0.05), 5477 4 H A, 1 48 102k B AT 2 4L 4 i
JIFTALT 48401 3 22 5% (P>0.05),AST I 2 K ik
(P<0.05) ; i 32 1t 2 {19 24 4R 3 1 25 3% 1l 245 41
MG J1 ALT (AST 3 M HEARIT 2038 W FR AL (P<
0.05), WL 2,

22 EEBEEINFIFAI Erastin 58 LO-2
FF 400 B £k 3E 1= B 5% 1l

AHEE T MR 21 LR 41 g o MDA & ROS &
F L TH(P<0.05),GSH 3 T B (P<0.05) , 1 3% i 4
J7 B 5 41T B T 5 2 R IR 4 A o MDA (ROS
S E GSH & (P<0.05) , PHM: X} 1R 254 HoA 1
PIRFER (P<0.05) , 545 dl e, 3 95y e ek
# MDA \ROS .GSH — # J7 HiJ7 &0 ¥ &8 2 P AL (P<
0.05), TEULER 3,

50 RAZH A BB ZH 4R L rh Fe & & & PTGS2
mRNA %3k 8% FJF,GPX4 mRNA 3k 3 F [k
(P<0.05), i3 {4 J7 Moas 4 O 20 T U5 7] I 35 F
AL rf Fe2 % i M2 PTGS2 mRNA ik 3% T %,
GPX4 mRNA ik B3 F b, PHAMEXT IR 259 5 A
IAEF (P<0.05) , 54 J7 27 &5 A, 38 1 2 i
JF 25 20 7E 203 Fe? 3 6 7 YT AR 1K (P<0.05) , 7E
M 3% PTGS2 .GPX4 mRNA ik 5 i G i & 2 &
(P>0.05) ; 18 3 i 2 il I 24 21 5 38 3 1 2 97 il 25 4
1E 3% Fe* .GPX4 K PTGS2 =35 J5 i J7 34 ¥ i %
FEAR (P<0.05) . THILE 4,

x1 5l9F5
Table 1 Primer sequences
B IE T S I K /bp

GPX4 CCGCTGTGGAAGTGGATGAAGATC CTTGTCGATGAGGAACTGTGGAGAG 117
PTGS2 GGGTTGCTGGTGGTAGGAATGTTC CTGGTATTTCATCTGCCTGCTCTGG 86
Ferroportin—1 ACTGGTGCTATCTTCGGTTCCTCTC TGATGGGTTTGATCTCTTGCCTTGG 93
hepcidin ACCTGCCTTCTGCTCCTTGTCC GGTGTCTCGTCTCCGTCTCTGG 83
B-actin CGTTGACATCCGTAAAGACC AACAGTCCGCCTAGAAGCAC 81
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* 2 HEEHKREINZIFFG I Erastin §
oA B i 71 R Th BE B 82 )
Table 2 Effects of Xiaoyao Powder and its disassembled

%S 1 LO-2 FF4fE

formulas on the vitality and function of Erastin-induced

LO-2 hepatocytes

41531 n YNNG /%  ALT/(U/mL)  AST/(U/mlL)
Xt BE 41 3 100.00+0.00 18.3242.52  34.64+2.25
R 4 3 48.32+4.43% 44.17+5.43%  67.59+8.79%
MM 3 87.74+15.67" 25.81+4.18"  38.88+3.34"
MEEEFATLGAH 3 79.57£12.17F 29.44+5.11F  50.11+7.03%

WIE RIS 3 57.82+8.08"  36.35+7.37"4  59.53+6.48"
B EIRMEAA 3 66.67+8.84* 38.21+6.45* 52.27+7.77**

Ferrostatin—1 2 3 93.49+13.97* 16.89+2.77*  36.96+4.46*

e 5 0] B LA, *#P<0.05 5 SR RI A LL A, "P<0.05 ; 5 T 3 1 4
Ji LA, AP<0.05

23 HEEBKEEINIIFFG I Erastin i

BF 48 B2 BMP6/HJV/Smad4 15 5 18 2% B9 5 i
AHA T ) RRZH 455 A0 21 20 Jifd b BMP6/HJV/Smad4

%% %EE%LE%Lﬂgumﬂ BT

T 3 A N 24 A e A 24 4 B B ke

28 10-2

W25 W 1 il J5 34 ] SR 2 I R 20 B b BMP6/HJV/
Smad4 {55 5 18 #5122 15 (P<0.05) , 18 & 2= 57 1l
25 20 W] I 3 Uk A 41 i BMP6 (HJV 2 1 & 3k (P<
0.05) ,{H X} Smad4 # 131k i & Wi (P>0.05)
5407 L E i 38 K 6T 25 41 BMP6 3R Kk
KA FEAR (P<0.05) , % HIV 2 Smad4 £ [ #3502
F 2% 5 (P>0.05) 5 3 Al {d 14 25 2 BMP6 \HJV &
I #35 K P FE K (P<0.05) , Smad4 2 113 ik K

To B EMEE S (P>0.05), 1818 B2 5% M2 4 7F 03
BMP6/HJV/Smadd4 {55 18 i 85 11 ¢ 18 77 197 2034 2
EREAT(P<0.05), WK 1.5,

24 BEBREINIFF X Erastin i
BF 28 B@ hepcidin—ferroportin ¥ B % Mg

5551 BE2H e, M 4 41 B P hepeidin mRNA
Fik W E 1T FPNT mRNA 3k B3 T (P<0.05) .
TH 1B A T A B A AR O AT 1S T AT A
1 hepcidin mRNA £ ik | # 7 FPN1 mRNA ik,
Bk HE 24 ) B AT AL P (P<0.05) o 5 42T L
B3 MR T AE G hepeidin—ferroportin mRNA 3
IRTT T AR B E PR (P<0.05) . TEILE 6,

5 S H LO-2

*£3 BEEHEENZIFFI Erastin 558 LO-2 FF4HA MDA .GSH & ROS B0
Table 3 Effects of Xiaoyao Powder and its disassembled formulas on MDA, GSH, and ROS in Erastin-induced
LO-2 hepatocytes

5 n MDA/ (mol/L) GSH/(umol/L) i I35k 4 A ROS (R X 58 S 38 2 )
Xt BE 41 3 2.33£0.31 44.14+4.16 1.00+0.08
T 75 2 3 4.46+0.64* 18.81£3.21% 3.2240.47%
i 3 54 5 41 3 2.1740.25" 40.964.58" 1.340.16*
MR 3 2.86+0.21% 32.48+2.49% 1.93+0.14*
TH T 2 (R 24 20 3 3.18+0.32% 30.16+4.47" 2.24+0.33%
HeRy GRE G 3 3.01£0.36™ 26.77+2.11% 2.4120.28"
Ferrostatin—1 #1 3 1.98+0.16" 51.39+4.92" 1.16+0.11%

SR L #E, #P<0.05 5 5 Erastin #7841 L4 ,#P<0.05 ; 5 3 38 #0477 41 L85, 2P<0.05 .

x4 HEBHERENGIFFI Erastin S H LO-2 A4 Fe* GPX4 & PTGS2 K51
Table 4 Effects of Xiaoyao Powder and its disassembled formulas on Fe*, GPX4, and PTGS2 in Erastin-induced
LO-2 hepatocytes

4150 n Fe*/(pmol/L) GPX4/B-actin(mRNA) PTGS2/B-actin(mRNA)
X HE 41 3 13.37+1.76 1.00+0.07 1.00+0.11

BRI 2] 3 45.84+5.14% 0.32+0.04* 6.14£1.07*
SERu Ey | 3 22.41+3.01" 0.87+0.10" 1.53+0.32"
SIER e T AT 3 28.99+2.45" 0.93+0.14" 2.02+0.40"

3 3 2% At 2 2 3 35.36+4.33% 0.58+0.04" 3.60+0.48"

T8 1% WA SR 2 41 3 31.85+2.72% 0.49+0.08" 4.16+0.33%
Ferrostatin—1 #1 3 16.60+1.59* 0.95+0.09* 0.91+0.08*

TE 50 BRZH L8, #P<0.05 5 SRS R4 LA, "P<0.05 5 5 38 T8 1 42 5 21 H 4, #P<0.05 .,
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A B C D E F G

BMPG‘-- L — ——-‘57k0a

va‘ ——

— — ‘21 kDa

SMACA | s g 57 D2

B-actin ﬁ.- --.d 43 kDa

B 1 EEHRENHIFFAI Erastin SO FHEE
BMP6/HJV/Smad4 15 S i 2% #) % T
Fig.1 Effects of Xiaoyao Powder and its disassembled
formulas on BMP6/HJV/Smad4 signaling pathway in
Erastin—induced hepatocytes
TE AN R AL B 4] ; C.Ferrostatin—1 41 ; D.38 i 4= Jr 41 ;
.30 2 H 2% i T 24 201 5 P30 0 2% {24 AL 5 G Bl 2 R
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Table 5 Effects of Xiaoyao Powder and its disassembled
formulas on BMP6/HJV/Smad4 signaling pathway in

Erastin—induced hepatocytes

45

n BMP6/B-actin HJV/B-actin Smad4/B-actin

X B 2H 3 1.00+0.06 1.00+0.12 1.00+0.08
LT 2] 3 2.13+0.27* 1.84+0.20*%  1.55+0.22*
HIERA A 3 0.81+0.10 0.91+0.07*  0.87+0.07*
HEMERZ4 3 1.15£0.09*  0.94x0.11*  1.030.14*
HIEA LM Z54] 3 1.04+0.10" 1.42+0.18*  0.95+0.13*
HEALFEMZGAL 3 1.54+2.72%4 1.33+0.13**  1.53+0.18%
Ferrostatin-1 41 3 0.72+0.08" 1.18+0.15*  0.80+0.12°

T 50 B2 L85, *P<0.05 5 SRR e A, "P<0.05 5 5 38 8 1 42 7
20 I, 2P<0.05
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Table 6 Effects of Xiaoyao Powder and its disassembled

formulas on hepcidin—ferroportin axis in Erastin—induced

hepatocytes
4159 n  hepcidin/B-actin(mRNA)  FPN1/B-actin(mRNA )

Xof BR 20 3 1.00+0.13 1.00+0.10
2] 3 5.13+0.68* 0.31+0.05%*
BT A 3 0.93+0.13% 1.41£0.16"
HEMLHFAA 3 1.56+0.24% 1.090.10*
B LR 3 3.35+0.44" 0.74+0.09"*
HEEETRMH 3 2.69+0.22% 0.88+0.14*
Ferrostatin-1 21 3 1.27£0.15* 1.06+0.11*

X IR A, #P<0.05 ; S AR 4 H g, *P<0.05 5 5l i 4 7
1 IBEL, 2P<0.05,
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Z 2 RPN LRk A 8 F RO AR AE | 2 IR
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5FIE G R BB U AT P 4% . B3I, A, Bk 3%
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hepcidin 19235 ; R AEH 1T [L-6/JAK2/STAT3 {55 i
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