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Abstract

BACKGROUND: Ferroptosis is a mode of programmed cell death distinct from apoptosis, necrosis, and other novel cellular deaths, which occurs mainly due to
accumulated lipid peroxidation. Ferroptosis has been shown to be involved in the pathological process following subarachnoid hemorrhage. Baicalein, serving
as an adept sequestered of iron, evinces its prowess by quelling lipid peroxidative cascades. Nonetheless, the enigma lingers as to whether baicalein possesses
the capacity to ameliorate neuronal ferroptosis, elicited in the wake of early brain injury after subarachnoid hemorrhage.
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OBJECTIVE: To investigate the effect and mechanism of baicalein on neuronal ferroptosis after subarachnoid hemorrhage.

METHODS: Primary neuronal cells were extracted from C57BL/6L fetal mice at 16-17 days of gestation. Hemoglobin was used to stimulate primary neuronal
cells to simulate an in vitro subarachnoid hemorrhage model. The viability of primary neuronal cells treated with baicalein at concentrations of 5, 15, 25, 50,
and 100 umol/L for 24 hours was detected by CCK-8 assay to determine the optimal concentration of baicalein. Primary neuronal cells were divided into control
group, hemoglobin group, and hemoglobin+baicalein group. The levels of reactive oxygen species and malondialdehyde in cells were detected by kits. The
MRNA expressions of ferroptosis-related markers PTGS2, SLC7A11, and glutathione peroxidase 4 were detected by RT-PCR. The primary neuronal cells were
further divided into control group, SLC7A11 inhibitor Erastin group, hemoglobin group, hemoglobin+baicalein group, and hemoglobin+baicalein+Erastin group.
The expression of the ferroptosis related markers SLC7A11 and glutathione peroxidase 4 was detected by western blot assay.

RESULTS AND CONCLUSION: (1) Baicalein (25 umol/L) was selected as the following experimental concentration. (2) Compared with the hemoglobin group, the
level of malondialdehyde and the level of reactive oxygen species were significantly decreased (P < 0.05) in the hemoglobin+baicalein group. (3) Compared with
the hemoglobin group, the mRNA expression of PTGS2 significantly decreased, and the mRNA expression of SLC7A11 and glutathione peroxidase 4 significantly
increased (P < 0.000 1) in the hemoglobin+baicalein group. (4) SLC7A11 inhibitor Erastin could reverse the baicalin-improved ferroptosis effect to a certain
extent (P < 0.05). (5) The results showed that baicalein could alleviate the ferroptosis of neuronal cells after subarachnoid hemorrhage through the SLC7A11/

GPX4 pathway.
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SLC7ALL VENEFET i R i) BUF T IR 12—, 550
H ki E ALY 4(glutathione peroxidase 4, GPX4) 3[4
FRPTEALDI I 2 G, SLCTALL T W] S040 A P9 B 2B KT
BAR RN A I H K ke v, [RIFEAM 6] GPX4 JiEPE,  4kiM 5
FOS VAR S B R, A SRR T
T2 RS FOR — R AT S R U R AR SRR A,
A BUEAL . BUd. DU FIoh & R 3 55 2 5 T 1) 24 B2
R T 52 290 B B AR S, B R — R A,
ATV M P Bk AR Y, B VAT R R IR R B a2k
FETIE KW 77, AR5 32 75 il SLC7A11/GPX4 &
FEPUIR IS s IS5 BRAE T IPE AN . Tk,
%SG B R AR U S R E T SLCTALL/GPX4 22 fift ik WY 5 R
i LS A TR BB T I TE AL, B IR KA
TRAPER

1 #EF1753E Materials and methods

1.1kt JEARVIN BRI R B4 28 o 2 P B K% A4 &1 4 i
5.

1.2 B A E SZIG T 2022 4F 12 H % 2023 4E 6 HTE
A K 5 2 e P i S 1 o o o SR 25 T8 il

1.3 ##+

1.3.1 sZIGFh¥)  Z2 16-17 d C57BL/6L /) K, SPF 2%,

A& 25-30 g, H THRIUEAHZ T a i, 54 )L
(T ) EMERGRAF, LRI ERIES:
SCXK( 75 )2022-0006, =k 5 & #) {f H ¥F v] 4F 5 SYXK
( 73 )2019-0059. JJt 45 2l ¥ 5 46 15 A 1) 7™ % 3 1 52 56 5y
W B AH DG 2 B AR A HE N, L3 e R K A R A B B
BB R B AG B R I S sSE B e B A (e SN
2023AE01027).

1.3.2 F#RK55] 1xNeurobasal. 50x B27. 100x GlutaMax.
TrypLE. DMEM/F12. fG4-1iE. 5% & - 8% & (Gibco
/v @] ); D-Hank’s 2% ¥ Wi PBS % 3 & (BioChannel A
Al ); SLC7AL1/xCT % 7 [ 1 {4 (#DF12509, Affinity 2%
T ); GPX4 F 30 [ Pi4A (ab125066, Abcam 724 & ); ML 4T
H A B-Actin Jrik (Sigma A F] ); BRI 186 IEHTR
IgG(Cell Signaling Technology /A 7] ); 3% . SLC7A11 #I
il 71 Erastin(MCE & w ); 2 R i 2 B, CCK-8 il 1 &+
DEPC /K. 8 1% B2 g 25 BG40 1) 7). BCA 371 &
TBST. Western blot — i f1 - i # B¢ . RIPA, — H1 3
WA T R & WA & (B Z REYRHEA
] ); PTGS2. SLC7A11, GPX4 [f] mRNA 5|4 ( “ER}4EW )
PAGE it fice PRI ] 26 30 /) & WL UK 8 1 4 T & marker,
10xTris/ H % 2 /SDS Hi ¥k 2%t i~ 10x i i 2% ppif ( |
g T B A2 W) B2 2 BE 4 A BR 4 \)); Millipore PVDF i
(0.22 um, 0.45 pm). 5% Mt Jlg W5 4. RNA £ B 71 &
HiScript Il Q Select RT SuperMix for gPCR. ChamQ SYBR
qPCR Master Mix. ECL( itiMEZE AR AR A ).

1.3.3 FEAES VSIS ( ROET. SRR, TR
PR ). shi g st ( ERHXEs ) 4 Crs s opl.
AWy, MR TRAE . BEAR. BT R T
H 34k PCR AL SN 9% ) 5E & PCR X 4% (Thermo); %3
Y62 A (Olympus); = I KB (LRI ); EIRIK
W (B ) TEIRSEIE (BTN ); Western blot
FEVKAX . HEJkA% (Bio-Rad); Thunder 7% i 4% (Leica);

BEIEHL ( LHEREE ).
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1.4 E£¥%Fik

1.4.1 ML ICHIFREL B 9% 42 16-17 d C57BL/6L/IN R
CO, WA f , IR HCH IR B, 478 232 AT 704 (1) D-Hank's
bR, B JEERETEUK BT . AR AR 3 A5 MK IR
RIS SK B FE . KM, AT RE R M R . 44y
BB R H 28N 60 em® B335, fnN TryplE, BT
37 CHiFRMM A 10 min, F & A ME %0 10% A 24 M35
[ty DMEM/F12 Z& 184k, BEJGH 1 mLASk R 218K
FIMRNHZA R TR H A, A 20 I8, 1500 r/min B0
5min, £ EiE, AL DMEM/F12 B &, 3
i 3 A 2 R P T B WA 22 SR R L e )
LA, 4h JEEHAMZEITC LT G FREE. fERFRIIER 3,
5 RIFAT LI, 27 REH.-

1.4.2 JFARUHZ Ul I . M40 (ST 5 R VA VR )

(1) J& AR i 22 57 5% 5% L. 1xNeurobasal, 50xB27.
100x GlutaMax Vi & e il il e 4 55 77 5 T 5 2R e .

(2) M2 AV FREGE & M40 8 AR AR BT 5
MG FR AL, LIRS 25 umol/L, Fiil 5 H T
AL AR gk Do 58 fis H LAY

(B) X REW: ¥ 135mg B RMAE T 1mL
T BEEAR T, AR 50 mmol/L BRI, B A RE IS
-20 CR1%.

1.4.3  CCK-8 JEAar Wl 4H ik /7 07 46 28 %5 R ) e AR IR BE
JRACHZ ST AI R 2x107 L (4R, LABESL 200 pL
AR RIIE T 96 FLAR, K598 7d, 4 a4, e
M A + S RAFREA, SHRE 6 ML,
R AL (UmEEFRE ) A RAE . K& e
W N 25 pmol/L, B E R IR E 438 5, 15, 25, 50,
100 pmol/L, B2 PN 2 h J5 NN LT & (1 3L [ 15 7%
24 h, [ 545 FLH IR 100 ¢ 1 ELIHNN 20 pL CCK-8 TAE VR,
W 2 h o FHBERR ORI A5 440 B 450 nm AR {E
1.4.4 WAFERMAEANHE BT KEAHZICH
il il 4x10° L (14 e B vi,  LAAEAL 200 p () (A AR Al i
96 fLAR, 7 7d, pAXHA. M &R maE
o+ 35501, SFHRE3IANES, HhmaE ke
N 25 umol/L, BEXERIRE N 25 umol/L, ML EH + #H%
KSR 2 h, SRJE N L0 2 A 3% [H 4E
24 ho WCEEANMY, FESTARAERNZE, INNFRATHCE N
R TAEW, 12T, 100 ‘C 4@ 15 min, AHI 2 =G,
1000xg =i 550> 10 min, H{ 200 pL L&t A 96 FLAR,
FHBEARASCLE 532 nm K A0 00 5 W Y FE A .

1.45 RFEARMAN A EEEOKTE B R Z o
il i 2x10° L (4 M B vk, LA AL 200 uL () 44 ARl AR T
96 fLIR, KiFR7d, AR (M4 4R A R
H+ESRd, BHRE3IANEF, Hihima®E Ak
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N 25 umol/L, B FAEH 25 umol/L, [MLLEH + E5
R HES ZWALEE 2 h, RGN A & A 3L FRE
24 h, FEMEEMEEUK. %I 1 1 1000 TG I iE B 57
FE DCFH-DA, i 23 &2y 10 pmol/L. 2 R 4 i 35 77 7,
BN 100 uL #BEL4f () DCFH-DA, 37 ‘C Al 5 F=M N iE &
20 min, H G MLIE A M R TR i A 3 Ik, AR AR
NI A ) DCFH-DA, IR 6 i K AR SR 6 K 73 3l
488 nm. 525 nm, {E% R ME N WE I, Image )
BAR BRI .

1.4.6 RT-PCR #& ] PTGS2, SLC7A11. GPX4 [f] mRNA %
ik K EARHR A LN A Y 8%10° Lt B4 M B, BLAEAL
1 mL AR ARMRE T 12 FLAR, 598 7d, 20 A2, I
AEAHMMAEA + HERHA, BHRE3IANEAL,
Horr if 208 VR BE DN 25 umol/L, 355 ZK A 25 umol/L,
MECEE + WERHASLHESRIAAHE 2 h, REINARL
LR AL EAEF 24 h, I RNA $2HUGR ) & 42 B2 40 i
KURNA, MR EEJG, SO 6 i cDNA, - 42 HE ) & 1
45 5% H] SYBR Green 4l v %% )% 5%€ & PCR, UL GAPDH {F
NN B IR, PL2%T i 5 PTGS2, SLC7A11. GPX4 [f)
mMRNA LiE7KF-. 51975 3k 1.

1 | 519F%
Table1 | Primer sequences

B[R 44K 5195 (57-3')

SLC7A11-F GGCACCGTCATCGGATCAG
SLC7A11-R CTC CAC AGG CAG ACC AGA AAA
GPX4-F GAT GGA GCC CAT TCC TGA ACC
GPX4-R CCC TGT ACT TAT CCA GGC AGA
PTGS2-F TTC AAC ACA CTC TAT CAC TGG C
PTGS2-R AGA AGC GTT TGC GGT ACT CAT
GAPDH-F AGG TCG GTG TGA ACG GAT TTG
GAPDH-R TGT AGA CCA TGT AGT TGA GGT CA

Tk GPX4 NG IMEH I A AL 4.

1.4.7 CCK-8 yEkar il 240 Hu i /) 9 ik Erastin (RIS AEIRE 4
JEA K22 TC AR M ] 1, 2x107 L (I 4H =i, DAZEFL 200 pL
IR FIAE T 96 FLAR, REFR7d, /x4, 4
FZH NI 2T 85 1 +Erastin AR, FAHKE 3 NMEIL,
R AL (DO FREE ) A ARt . Hrhif sl s e
W N 25 umol/L, Erastin 34054 0.5, 1.0, 1.5, 2.0,
2.5 pmol/L, Erastin 5208 AL FEER 24 h, BfjE&L
FZHE 100 © 11N 20 L CCK-8 TAEWE, W H 2 h j5 H
FRASCR WU % ZEL 240 i 450 nm Kb 5 B 41

1.4.8 Western blot il &5 1 IA /KP4 R ACH 22 o0 48
Pl 8x10° L (40 i B,  LAAEAL 2 mL (iR B
6 fLI, RidF 7d, Xt HR4L. Erastin 41, M2 2R 14
MAEH+ HERH. MAEH + 7% K +Erastin 44,
HE 3ANEA, Hifma &k 25 umol/L, 5
ZX IR N 25 umol/L, Erastin 3% & 1.5 umol/L, 5 Ifi. 4T
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A% Erastin #iKE N 0.5 umol/L, ML A + BEE R4
Je B R TALIE 2 h, ARG IZLE F 3L RE A 24 h,
MATE [ + 2R +Erastin G S R WAL 2 h, AR
Ja N L2125 1 A Erastin 2L [ /EF 24 ho S H TS )5,
FEFLII RIPA, 2 1 BT 70 AGE AL BRBHR A, R
RIS EE, H BCAIKTIGENEREAWE. BEEnk
A, LL30-50 pg (15 & EAE, HLK FE TS F 5% M 9k
HMALh, 4 AMALLL o 1000 #iFE ) SLC7ALL —Hi AL
5 000 FiBE (1) GPX4 —Hit, B E IR, &8 — PN R E
Pt HREIKHE 1h, ECLILFRIGER,
AR S HT B A R KA

1.5 EZARIEAR OB I ZNFE ARG o M s 1 1 5
M @EEFEX AP E T A AR @)
2520 JEAR A 48 O A T 1 KT R s @ 8 XS N
SLC7A11 F1 GPX4 & A XL, B % 2 % PTGS2,
SLC7A11 A1 GPX4 mRNA FZiA 152 .

1.6 %it% 547 %M GraphPad Prism 9.0 #F 47 481t
SMT, BN EVORL, DL xts For, RH BN E T £
T (ANOVA) HI t #3560 FE 4T GE v 22 A0 2, e P 4R %f b
tRge, 3 HE3 L) EXTLL A BFE R 258, P<0.05
NERAREEE L. RN ITEE M KR
S E I 8 SR R B A S R .

Image J

2 Z5E Results

2.1 CCK-8 b fmiei& /)  Hn iR @il 40 DAAE 2 IR 2 S
AL, AT A AR 42 T 4 i 24 b JE I IC, N
25 pmol/L"**, A [ 9 FE ¥ % & (5, 15, 25, 50,
100 pmol/L) FALB AL T 2 h Ji5 55 25 umol/L IfiL
2L ASLEE A 24 h, R IAH RS 7). 5 4l A A L,
25 pmol/L X A e Al AA i R BT &, ZRA
Ew BB E X (P<0.0001), WE1L, K, JE2:kH
25 umol/L B FAE AR TTIREE .

22 AZEKFE SxMAMLEL, maEadn KT
BTG, ZrAdEWEREER X (P<0.001), SiMsE
HHALL, MAEE + 35 R AN K- R RS,
ZrfAREEE L (P<0.05), WE 2, FUEEZRA] D>
PR TCAR A JE T B KT

2.3 EMEKF SO UOAAR NG T A B E PR UK
o SXFREHARLG, 20 B A SO R T B
S LB R 24 b JFEA T4 T RERIIE A,
AT 1 + 325 2 AR A i 21 8 1 2H 9% e o 5 0 iy 55
R B s RoR, WERAD & il 5
FEAERE R, ZRAAEE BEEE L (P<0.01), WLE 3.
2.4 PTGS2. SLC7A11 #= GPX4 mRNA &1k HIfilZl A4
FHEG, ML + R4 PTGS2 mRNA Rk i 2 T %,

SLC7A11, GPX4 mRNA RIEEZTE, EZRWEIEEEE
PR L (P<0.0001), WF2, PhEGRER, BEEERA
AL DA SR R IE AR HZE T .

F2 | BEAFRRWEZTHRFETHEXERMN mRNA RIX (xts, n=3)
Table 2 | mRNA expression of ferroptosis-related proteins in primary
neurons of each group

i PTGS2 SLC7A11 IR R ARG 4
payiei: 0.23+0.04 1.2740.05 1.35+0.07
MmerEAH 1.34+0.04° 0.29+0.06° 0.18+0.04°
MALEA + HERH 0.3740.06" 0.85%0.05" 0.7740.08"

k. SXE4UHLL, °P<0.0001; i E [, P <0.000 1,

2.5 SLC7A11 f= GPX4 & & & & HXIMAML, ma
1 2H SLCTAL1 i GPX4 [ B [ Rk 7K 1 35 2 35 PR 11K,
ZRAREME L (P<005), WE4A, B. [fif5, HT
I 3% 25 25 % A5 @ 1 SLC7TAL1/GPX4 3 % Sk R 15 1 F,
3] N T SLC7A11 4141 7] Erastin, 3@ it CCK-8 524 15 t,
Erastin 1 F i A4 28 70 240 R 0 3 PR A 0 ), L4 1) 4
FH SR FEAH 1, Erastin 7 F J5 A4 22 70 40 1R 4 = 400 |
WIEN 1.5 umol/L, 5121 & [ 3% F G 02 0 ik N
0.5 umol/L, W.[E 4C. ¥4 & 259 1/E H T R A 2 70 48 i
24 h J5 K SLC7A11 F1 GPX4 (W3R 115K T, Hil4 &
43 Fl Erastin ZHAH LE, 12185 1 + 3% %5 2 40 SLC7A11 Al
GPX4 [ F IR B3 T (P<0.05); HIfl4LEE A +
FISFYLAALL, IMATE A + A5 & +Erastin 2 SLC7A11 Fll
GPX4 i) F Rk /K1) B35 [#4IK (P < 0.05), WL[E] 4D, E.
A FRIEIT SLCTAL1/GPX4 Sl P 2 AR T ML 25 A1 15 5 1Y)
BRAETD, SN R HA IR IT IR N IS R T
BRAETI R

3 {Jif Discussion

R R BB P L R A B, R G RORI R R T R
SREENZ P, BRI IR R N A AL SR
MY BRI R, SBUSRHEEMIE S S 28, 5l
RGN R RO T P R SR, A R R T
ALY, HERNEZD5YET R IEMX ™, £
WHIC T, TS LS B I 41 A 1 RS SR AR R 2 o 4 i
N WK R ERIN, ST . 51 AE U AL
WIER E R R 2 — 2 xCT- &M H Bk -GPX4 [hHi AL
B R G5 O 0 Y, GPXA S i BRI MR T R I, T A
il SLCZALL(CT 428 ) W] Jak 55 2% e H KK 1 A1 GPX4 7%
P O T B AL E A S A T R AR AT
55 SLC7A11/ GPX4 g R A 0%, B Sl A Mk AE T
AHOCHER [ SLC7ALL Fl GPX4 IR IAIK, RIAEMLLLE
VEF FERBET- A 28 1 SLC7ALL 1 GPX4 F ik 7K P44 2%
B A RGN Bk BE T #H 55 & [K] PTGS2. SLC7A11 Fll GPX4 1]
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V. *P<0.0001, °P<0.001, P<0.05,

Bl | TEREESREATRERABMETNEFEE
Figure 1 | Survival rate of primary neurons exposed to different
concentrations of baicalein

b

N
3 Kly%: °P<0.001, °P<0.05.
£ .5 — —
< 0l B2 | BEBERBETHR BT
i Figure 2 | Malondialdehyde levels in
f’% 10 primary neurons of each group
i
o
,& B X
S
@f » %,fm
A xof A kAR SE:R MAE A + AR

BIE: B AR MREEEROLE: B %
JEaRFI AT, °P<0.005, °P<0.05.

3 | HARERBETHFEMEKE
Figure 3 | Reactive oxygen species
expression levels in primary neurons of

0- To each group
5 O "
Q@ 4&@‘ ,g/& R
@’%f%

PEICHRIE

Fik, KL PTGS2 [ mRNA ik & 2% |+, SLC7A11 I
GPX4 ) mRNA RIA W% F . XHERTE M5 A /e
N, LT R A ERBETS, SR AR 8 P
WE RN MBS, A BT 6 R P AL,
FERRBET AL R O 2% %t e R R 5 I 41 2R
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