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Research on GLPS alleviated H,0O, — induced ferroptosis in mouse hippocampal

neurons by regulating Nrf2/HO -1 signaling pathway
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(HT22) 4HIERZE T 1 52 i S AL JE T Hzozlﬁ%%ﬂ_éﬂiﬂﬁjﬁ"fﬁ*i
W, ¥ HT22 414y Ay 1 % 41 ( .%ﬂiﬁ??) JH, 0,41 (200 pmol -+ L™" H,0,) .
GLPS 41 (200 pmol - L™" H,0, + 100 pg - mL™" GLPS) .H,0, + Fin56 £ (200
wmol + L™" H,0, +5 pmol « L™ Fin56) \H,0, + Fin56 + GLPS £{ (200 pmol - L.~
H,0, +5 pmol - L' Fin56 + 100 wg + mL™" GLPS) . J[ifg 5 %0 28 W% Fff ok 36
(ELISA) ¥EA I A0 MRObR 25 9 K SF-, AR 0 I3 B0 328 2 A 0 26 8 1 s 75 ) AN A%
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PR (MDA) & 40 3k (5.56 £0.61) . (15.53 £0.83) . (6.51 £0.29) .
(20.92 +1.03) F1(13. 65 0. 70) nmol - mL ™", {48 (L 1 AL it (SOD) 45 4331
J(37.93 £ 1.37),(22.48 £0.59) , (37.81 £2.56), (16.10 = 2.28) F
(22.21 £2.99) g - mL™", Ferritin 5 (4 A1 %F 32 35 K S 43 34 1.52 £ 0.03,
1.22 +0.07 1. 42 £0.06 0. 64 +0.02 F10.93 0. 13, GPX4 & 4 ¥} F kK T
A3 13.29 £0.34 .1.91 £0. 18 2. 99 £0. 22 1. 13 +0. 07 F12. 45 +0. 05, Nrf2 7&
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Abstract: Objective
polysaccharides ( GLPS) on ferroptosis of hippocampal neuronal (HT22)

To investigate the effect of ganoderma lucidum

cell lines induced by hydrogen peroxide (H,0,) and its mechanism.
Methods The H, O,

established in witro.

— induced HT22 cell injury model was first
HT22 cells were divided into normal group
( conventional culture) , H, 0, group (200 pmol + L™" H,0,), GLPS
L™ H,0, + 100 pg - mL~" GLPS), H,0, + Fin56
L' H,0, +5 wmol + L™ Fin56), H,0, + Fin56 +

group (200 wmol -
group (200 wmol -
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GLPS group (200 pmol « L™' H,0, +5 wmol + L. ™' Fin56 +100 pg + mL ™' GLPS). The oxidative stress markers were
detected by enzyme — linked immunosorbent assay ( ELISA); the protein expression levels of iron death markers,
nuclear factor erythroid2 - related factor 2 (Nrf2) and heme oxygenase — 1 (HO - 1) were detected by Western blot.
Results The contents of malondialdehyde (MDA) in normal group, H,0, group, GLPS group, H,0, + Fin56 group
and H,0, + Fin56 + GLPS group were (5.56 +0.61), (15.53 £0.83), (6.51 £0.29), (20.92 £1.03) and
(13.65 +0.70) nmol - mL™"; the contents of superoxide dismutase (SOD) were (37.93 +1.37), (22.48 +0.59),
(37.81 +2.56), (16.10 +2.28) and (22.21 £2.99) pg + mL™'
1.52£0.03, 1.22 £0.07, 1.42 £0.06, 0.64 +0.02 and 0.93 = 0.13; GPX4 protein expression levels were
3.29+£0.34, 1.91 £0.18, 2.99 £0.22, 1.13 £0.07 and 2.45 £+ 0.05; Nrf2 protein expression levels were
0.90 £0.01, 2.24 £0.02, 2.97 £0.07, 2.45 £0.07 and 2.76 +£0.11; HO - 1 protein expression levels were
1.58 £0.02, 1.76 +£0.04, 2.29 +0.06, 1. 67 £0. 02 and 2. 03 +0. 06, respectively. H,0, group was compared with
normal group and H,0, + Fin56 group, GLPS group was compared with H,0, group, H,0, + Fin56 + GLPS group was

; Ferritin protein expression levels were

compared with H,0, + Fin56 group and GLPS group, the differences were statistically significant (P <0.05,P <0.01).
Conclusion GLPS can improve lipid peroxide accumulation and iron metabolism disorder induced by H, 0, in HT22
cells by activating Nrf2/HO — 1 pathway, thereby inhibiting the occurrence of ferroptosis.

Key words: ganoderma lucidum polysaccharides; hippocampal neuronal cell line; hydrogen peroxide; ferroptosis;

lipid peroxidation; nuclear factor erythroid2 — related factor 2/heme oxygenase — 1 pathway
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JZ i ( quantitative real — time polymerase chain reaction,
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INFARE g, I SOR B A B A PR A W 7
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Multiskan SkyHigh 22 X GE B #11Y , 35 [ Thermo Fisher
Scientific 23 5] 7 5 o
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PR KRS BT HT22 49434 1E 4 4H . H, 0,
2 .GLPS 4. H, 0, + Fin56 4| . H, 0, + Fin56 + GLPS
Ho IEH A A0 M U7 R O B %5 H, 0, 4 200
pmol + L™" H,0,4b 3 ; GLPS 20 i 200 pmol - L™"H,0,
#1100 pg - mL™" GLPS &b ¥ H, 0, + Fin56 41
200 wmol + L™" H,0,4b ¥ 5, LA 5 wmol + L™" Fin56
T #i 10 h'; H, 0, + Fin56 + GLPS 4
200 wmol » L™" H, 0, kb H J5,5 pmol « L~' Fin56 +
100 pg - mL™" GLPS #E474b 3,

2.2 #iRFIENEMEAGKSE"

FLH HT22 AHfIAEHE 24 h 5  WSCERARNE , Hic HR A
FMAGE RS R IR SIS E TRV & E 24 10 min,
LI 1.2 x10* v+ min ™" B0 10 min, B BOMA L T
BAAWT 37 CHEF 10 min (7€ S EEE F40 min) , 75
593 nmbiE AALOGE A, TR ANk & i
2.3 EFEX & W R 54 ( enzyme — linked immunosor-
bent assay ,ELISA ) s &S L LR = oz~

K20 HT22 4 ffuab B 24 h J5 , A4 T LA 3 000
r - min~ B0 10 min 32 BRI A4 36 B -5 4G 41 L
THWH SOD ,CAT MDA (GSH - Px [ & &, 154 4
AR R SRR
2.4 BEHETEHEWERARENERSEL

254 HT22 200 i ( 40 M % P2 AN i 70% ) 5 5 8%
I3, A 0.25% &% EDTA JgE i 1 1k, LA 1 000
remin T B3 ~ 5 min J5, FE 2 LT, A LB
E TR HIC R A L [ O P B i K i, A
A AL I 45 B 50 ~ 100 nm (1) 8 Y A, 3l i 37 S
L 0 O R R IR TR S 4L
2.5 RREBAVEEMEA ROS S

FAH HT22 AHf0ALEE 24 h J5 , RBRAIMEESFREE, A
PTG 5 350 B 19 10 wmol - L™" DCFH - DA,
ETER CO, 0 IR A & 20 ~ 30 min, TG

BEFRMDR VAN 3 UK, WSO A 41 40 e, R o =X A A
K ROS 7K, i H R34 98 e
2.6 ¢RT - PCR Xl &AM Nrf2, HO -1,
TfR1 .DMT1  Ferritin  NCOA4 #1 GPX4 mRNA {)%&
g

B4 40 HT22 40 g 4b B 24 h J5, Fil M5 HiPer
Universal RNA Mini Kit 221/ 21 ff] RNA PR 2 B 7
PRI E RNA, I RNA ¥ B2 AR A8 il 32 77 9
YWl 45, i PrimeSeript™ RT i Vi 0K 42 BUS (9 8,
RNA [l %% 5845 i ¢cDNA, 7E qRT - PCR &% I i 17
PCR 43, L) B — actin fE N2, 2 7% Ik it 5 3k
FEXT IR IK - o
2.7 EQRETERNEEHMME Nrf2, HO -1,
TfR1.DMT1 Ferritin NCOA4 1 GPX4 EH K FRIE
'I%;R[lﬂ

K20 HT22 4bFH 24 h J5, AR 40 HE im A RIPA 24
AR R B ) 25 DL SRR A R R R 25, B T
VK - 244#% 20 ~30 min, T4 CF,LL 1.5 x10*r - !
B0 15 min ORI, W0 48— B R B I R
R R A HL UK 4 B AR L T AR I & PVDF B -
1 5% R4 D a AR IR E A 1 ~2 h, IATR BT
{#) Nrf2 \HO — 1 . TfR1 .DMTI ., Ferritin NCOA4 Fil GPX4
—Pi, A 4 CUKFEIRIRZENEWFE 12 h, K H TBST
PRI 3 WE A b, SRR RIFE 2 h, H ECL %
RCBFNE A UG S 06 2R Gekaill H A 251 .
3 GitEsE

JH GraphPad Prism 8. 0 #1758 1104, i
PR, & £5 TR, AR LA PRI R T 2007, 4
] LA 2 2 0 R

min -

# R

1 GLPS 3t H,0,ifS# HT22 NS EfE X
FEBEENRIZKFERZ M

EW LA TR 3% H, 0, 445 T 200 wmol - L'
H, 0,; GLPS 41 #5 % 200 pmol - L' H,0, + 100
pg + mL™" GLPS;H,0, + Fin56 £ %;200 wmol « L'
H,0, +5 wmol + L' Fin56;H,0, + Fin56 + GLPS 41 %%
F 200 pmol + L™" H, 0, +5 pmol + L' Fin56 +
100 pg - mL~" GLPS,

H,0,4H 51E % 4 e #, GLPS 415 H,0, 4 L #%,
Fe** k4 & H1 TR1 . DMT1 ,NCOA4  Ferritin ,GPX4
HEAR LB KRS T EERIA G E X
(¥ P<0.05), 031,
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Table 1 Effect of ganoderma lucidum polysaccharides ( GLPS) on the expression level of iron content and iron death marker protein in

HT22 cells induced by H,0, (x +5)

Group n Fe** (nmol - 107%)  Fe (nmol - 10 -%) TR1 DMTI Ferritin NCOA4 GPX4
Normal 6 0.18 +0.01 0.48 +0.02 0.55 +0.01 0.57 +0. 00 1.13 +0.01 1.06 +0.03 1.26 +0. 06
H,0, 6 0.30£0.01** 0.84+0.01** 0.79+0.03** 0.84+0.02** 0.88x0.02** 1.34+0.05** 0.93+0.01**
GLPS 6 0.23 +0. 03% 0.57 £0.01* 0.65+0.04%  0.62x0.03*  1.14+0.04"*  0.99+0.03*%*  1.19 0. 04"

Normal group: Conventional culture; H, O, group; 200 wmol + L=' H, 0,; GLPS group; 100 pg + mL~' GLPS; TfR1: Transferrin receptor 1; DMTI ;

Divalentmetal — iontransporter — 1 ; NCOA4; Nuclear receptor coactivator 4; GPX4. Glutathione peroxidase 4; Compared with normal group, * P <0.05,

** P <0.01;Compared with H,0, group, *P <0.05, P <0.01.

2 GLPS 3t H,0, % S8 HT22 MLk A 4454
Rt opA )

H, 0,41 5 1F# 41 Fh A, 4 i 2 b (4 022 Hi 25 i 44
T ZRLiAR I R, 4 ARG 2 GLPS 415 H, 0,41
oA, BORAARTE A5 0 3 15 21 B Sl 30, 0L )23 6 B o
I IS0, N AMIEER SEHE 5 T H, 0, + FinS6 ZHARAL T
H, O, LR AR ZE A F A F— 25 e, B SRR 38 25 Fn4b
EIRFEIS  H, 0, + Fin56 + GLPS 415 H,0, + Fin56 41
LB, SRR S A8 453 1 15 B 52 Sk 3 , (HAH L T GLPS
ZH WUJZ 2% B AR OR AR IR ELUB T 24 2 1 DL 1
3 GLPS 3t H,0,551 HT22 S5 K FEr
Al

H,0,4 5 1F % ¢ %%, GLPS 41 .H, 0, + Fin56 4

Normal

FHIE S5 7 R AR 25 21
Figure 1
( x2.0x10%)

5 H,0,4H [t# ,H,0, + Fin56 + GLPS 415 GLPS 4 It
B, AL SOD (CAT MDA & & #il GSH - Px % 1, 78
GiiteE EERWA SR L (P <0.01,P <0.05);
H,0, +Fin56 + GLPS 41 5 H,0, + Fin56 2H Fb.45, 41 iy
N SOD .CAT MDA &4, e84t 1% L 22 R WA 51t
N (P<0.01,P<0.05), L322,
4 GLPS xf H,0,#55#7 HT22 4RAf ROS 7K Fay 220
1EH 41 H,0,41 .GLPS 4 H,0, +Fin56 41 H,0, +
Fin56 + GLPS Z1 iy 41 ig N ROS 7K °F 43 Jl A
11.28 +3.11.34.98 + 1.56,12.60 +2.16.48.73 +0. 59 FI
23.45 +3. 88 ,H,0,41 5 1E# 4l b4, GLPS 41 \H, 0, +
Fin56 415 H, 0, 4 %%, H, 0, + Fin56 + GLPS 4 5
H,0, + Fin56 41 .GLPS 4l tb s, 7E4t it L 2 R 3H

H,0,+Fin56

H,0,+Fin56+GLPS

)

Transmission electron microscopy was used to observe the changes of mitochondrial structure and morphology in each group

Red arrow: The morphological and structural changes of mitochondria in HT22 cells; H, 0, + Fin56 group: 200 wmol - ™' H,0, +5 wmol - L™ Fin56;
H,0, + Fin56 + GLPS group: 200 wmol - L.™' H,0, +5 pwmol + L= Fin56 + 100 pg - mL~" GLPS.

R 2 GLPS X4 4L A0 S AL UK B R (% £ 5)

Table 2 Effect of GLPS on oxidative stress of cells in each group(x £s)

Group n SOD(p,g-mL_l) CAT(pg-mL_l) MDA(nmol-mL_l) GSH—Px(ng-mL_l)
Normal 6 37.93 £1.37 4156.01 £126.35 5.56 0. 61 107.70 +3. 07

H,0, 6 22.48 £0.59* * 3 184.35 £296.92 * * 15.53+0.83 " * 83.87 £1.14**
GLPS 6 37.81 £2. 56* 4249. 77 £220. 55 6.51 +0.29% 101. 30 £3. 50"
H,0, + Fin36 6 16. 10 £2. 28* 2450.29 +115.55* 20.92 £1.03* 57.91 £4.73%

H, 0, + Fin56 + GLPS 6 22.21 £2.99¢@¢ 3228.19 228, 02¢@ & 13.65 0. 70¢ @& 65.00 +4. 43¢

Dose refer to figure 1;SOD: Superoxide dismutase; CAT: Catalase; MDA : Malondialdehyde; GSH - Px: Glutathione peroxidase; Compared with normal
group, ** P <0.01; Compared with H,0, group, *P <0.05, #P <0.01; Compared with GLPS group, ®® P <0. 01; Compared with H,0, + Fin56 group,

&P <0.05, **P<0.01.
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&3 GLPS XFA LA IH T E2 MISCH 7~ 2/ MALZ N4 — 1 (Ne2/HO - 1) {55 1848 MPIE LA AR B W) mRNA kK
SR (% £ 5)
Table 3  Effect of GLPS on mRNA expression levels of nuclear factor erythroid 2 — related factor 2( Nrf2 ) /heme oxygenase — 1 (HO - 1)

signaling pathway and iron death related markers in cells of each group(x +s)

Group TfR1 DMT1 Ferritin NCOA4 GPX4 Nif2 HO -1
Normal 1.01 £0.21 1.00 £0.05 1.00 0. 04 1.00 £0. 04 1.00 £0.03 1.01 £0.08 1.01 0. 09
H,0, 3.10£0.07**  2.43+0.14** 04204 *  412x0.62**  0.49+0.02** 1.22 +0.07* 1.32+0.09*
GLPS 1.27 0. 08" 1.08 +0. 05" 0. 88 0. 03" 1.34 0. 06" 0.90 +0. 06" 2.29 +0. 18" 1. 81 0. 05"
H,0, +Fin56 6.76 0. 53% 3.94 +(. 25" 0.28 +0.01* 5.65 +0.37* 0. 16 +0. 00 1.54 +0.12* 1.36 +0.08
H,0, +Fin56 + GLPS 4.57 £0.279C%% 2,44 40, 1599%¢ 0.51 £0.02¢°% 4,09 £0.219°% 0,28 £0.019@%¢ 1,87 +0.03%¢ 1.57 +0. 4 @&

Dose and n refer to tablet 2 ; Compared with normal group, * P <0.05, ** P <0.01; Compared with H,0, group, *P <0.05, *P <0.01; Compared with
GLPS group, ® P <0.05, ®®P <0.01; Compared with H,0, + Fin56 group, ¥P <0.05, P <0.01.

F4  GLPS XF& LI Nef2/HO — 1 5 548 M ARFE T A AR &M 14 25 1 AR 238K P 2R (x £ 5)
Table 4 Effect of GLPS on Nrf2/HO -1 signaling pathway and protein expression levels of iron death related markers in cells of each

group(x £5)

Group TIR1 DMTI Ferritin NCOA4 GPX4 N2 HO -1
Normal 0.50 +0.02 0.47 £0.02 1.52 £0.03 117 0.04 3.29 £0.34 0.90 +0.01 1.58 +0.02
H,0, 1.13£0.03**  0.88+0.04**  1.22£0.07** 1.34+0.05 1.91+0.18**  2.24+0.02** 1.76 £0.04* *
GLPS 0.44 +0.01* 0.69 (. 03" 1.42 +0. 06" 117 £0.02* 2.99 +(), 22% 2.97 £0. 07 2.29 0. 06"
H,0, +Fin56 1.59 £0. 14* 1. 14 +0. 05" 0. 64 +0, 02" 1.67 0. 4 1.13 =0, 07* 2.45 +0.07* 1. 67 £0.02

H,0, +Fin56 + GLPS 1.09 £0.05¢€%¢ 0,93 +0.049“%¢ 0.93 £0. 13998 1,44 £0.08¢ ¢ 2,45 +£0.059%% 2,76 +0. 119%¢ 2,03 £0.069 %

Dose and n refer to tablet 2 ; Compared with normal group, * P <0.05, ** P <0.01; Compared with H,O, group, *P <0.05, #P <0.01; Compared with

GLPS group, “ P <0.05, “®P <0.01; Compared with H,0, + Fin56 group, P <0.05, *¥P <0.01.

it E X (¥ P<0.05)
5 GLPS 3} H,0,i5 5/ HT22 4 & Nrf2/HO -1
ESEERKETHXIREYWH mRNA f15E 585t
RiK KRR

H, 0,20 5 1F % 21 [t %, GLPS 41 . H, 0, + Fin56 41
5 H,0,41 %, H,0, + Fin56 + GLPS 415 H, 0, +
Fin56 2 \GLPS 21 [L5%, ZM L N TfR1 . DMT1 | Ferritin |
NCOA4 .GPX4 Nrf2 HO -1 mRNA FI&& [ HH X 3235 7K
oGt EEREA S E L (P <0.01,
P<0.05), 033 F1$ 4,

WHFE R, #h ookl 800 BE & Bef & oot i
AP S R o R BRI R 4, DL L
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