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[ Abstract] Objective To explore the effect and mechanism of lentinan ( LNT)on hepatic tissue ferroptosis
in mice exposed to sodium arsenite (SA). Methods C57BL/6N male mice were exposed to SA low-dose, SA high-

dose, and LNT intervention combined with SA high-dose, then, hematoxylin and eosin ( HE) staining was applied to
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assess pathological liver tissue damage; Enzyme-linked immunosorbent and Western blot were used to detect the
content or expression of tumor necrosis factor o ( TNFa ), interleukin-6 ( IL-6), ferritinophagy or ferroptosis
biomarkers. Results Compared with the control group, SA exposure induced the elevated levels of TNFa, IL-6,
ferritinophagy biomarker ferritin heavy chain 1 ( FTH1 ) and microtubule-associated protein 1 light chain 3B
(MAPI1LC3B) in mice liver tissue, while levels the ferroptosis biomarker GPX4 decreased ( P<0. 05). Compared with
SA high-dose groups, LNT intervention showed the reduced pathological liver damage and the downregulated levels of
TNFa, 1L-6, FTH1, and MAPILC3B, while the level of GPX4 upregulated (P<0.05). Western blot experiment
showed that LNT intervention antagonized the upregulated levels of FTH1, and autophagy biomarker LC3B/A, and

antagonized the increased co-expressions of FTH1 with LC3B or Ub protein in SA high-dose group (P<0.05).

Conclusions
with inhibition of TNFa-ferritinophagy signaling.
[ Keywords]

LNT antagonizes SA-exposed hepatic pathological injury and ferroptosis in mice, possibly associated
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Je8 IR BE IR F- 52 MR 22 0% i B 4 (‘tumor necrosis
factor receptor superfamily member 4 ,0X40) A4
fiIEL*  0X40 AT CD4* T 4 /il 53 i TNFa' |
0X40 7KF-THis 5 SA Be2E/N TS TNFo K-
IR RS BERE KB, TNFa B
FixS B #iUE HeLa 40 0 W 200" | 1 v
TNFo 7KF- T 5 e B TR 175 5 I R B 2 21
BRIETRABOIREOE ™ {H H B TNFo Bk F B
BRACT-AE A G 3/ BUIF 25 M b i VR LR AN TS
. P, AP T SA YL C57BL/6 /N
S N LNT i 47 T Fikb B R F2H 40 TNFa

55 AWML TR AR, NSRS IR 1 — W AR 3
ZEUT LNT $5471 SA Jeai/ D RFH A Bt T A9 PE ]
BLH

1 MHEFTTIE

1.1 SISz
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. . AR M bl 54 -3
e 1 X BRE 85 Sk BT S s S A 00 LE 5 T A B A AT 20 M 25 11 - SA IR s 4, 357 3K S0 7 IR 400 L % s W L 20 A A R DU 3 25 T
SA g B, W Sk TR S D R A T AR R T T % AR AR AR ZE A AR Z IR G IV LNT TP+ SA i L, 5k
SRR N 22 s 1 A0 LA RN i 2K, o SR A0 Pt 2 P 0 0

1 SA HeRE & LNT FHUS /DN EUFHZ HE B AHE
Note. I, Control group,arrow indicated clear boundary normal hepatocyte nuclei and hepatocyte cord. Il , SA low-dose group ,arrow displayed hepatocyte
cord detachment, irregular nucleus, and disappearance. [, SA high-dose group, arrow showed more severe hepatocyte cord detachment, and
disappearance , as well as cell edema and degeneration ,nuclear atrophy , irregularity ,and even disappearance. IV, LNT intervention+SA high-dose group,
arrow showed detachment of partial hepatocyte cords,irregular or absent nuclei,and significant reduction in pathological damage.

Figure 1 HE staining characteristics of liver tissue in mice after exposure to SA and intervention with LNT

Fb,SA 5 4 R L iE ALT ,AST  TNFa FIF HALT | MEAST o MHTNFa _ JFTNFa
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FFE (x+s,n=5)
Note. Compared with control group, ™ P<0.05. Compared with SA

0.05), 1M MAP1LC3B F1 GPX4 /K F75 4k JC 48 1
N (P>0.05), 5 SA mFEAME, LNT +
Ti+SA B H4H B A2 Fe* MAPILC3B Hi
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RO R E MR AT , LNT T T8 0] 5F i e AR A Figure 2 Characteristics of serum ALT,AST,

RS G . TNFa,and hepatic TNFa levels(x+s,n=5)
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2.4 LNT T i SA #3534 FTH1, LC3B/A,
FTH1-LC3 #1 FTH1-Ub 7k

HF2H 20 Western blot £ Co-1P 256 45 53 i /8
(& 4), 5% B A, SA K574 40 % 7% FTHI
Fik A LC3B/A [ AE 5, FTH1-LC3 2 11 3%

S RAA L, © P<0.05; 5 SA G54 A b, *P<0. 05; 5
SA m R UM L, % P<0. 05,
3 SA Y@ LNT TH5 Fe™ MAPI1LC3B.IL-6
1 GPX4 K- (xts,n=5)

Note. Compared with control group, * P<0. 05. Compared with SA low-

dose group,*P<0.05. Compared with SA high-dose group,* P<0. 05.
Figure 3 Levels of Fe’* MAP1LC3B,IL-6 and GPX4 after

SA exposure or LNT intervention(x+s,n=>5)

FTH1-Ub £ 3R KE 8 (P<0.05) . 5 SA
G ZHAH [, SA = 7l i 40 FTHL  LC3B/A [
{8 .FTH1-LC3 #1 FTH1-Ub /K F i — & Jh & (P<
0.05), LNT Tii+SA il &4 5 SA &l s 4
AHEE, LNT Tii+SA 5720 7R FTHI LC3B/A
It {8 . FTH1-LC3 1 FTH1-Ub 7K FF&EA% (P <
0.05) . Z5HR4ER, SA BEEHE S/ R4 L8
RE)HE 1 ( mitochondrial ferritin, FTMT ) 3k | )
T HA S04 AW, 1 LNT T H0a] #1461 SA el
/NELFTMT 238 Fak F 0
2.5 FTMT 5 LC3A/B 5 Ub Z A EEE
FTMT == 225340 76 4l L 4 b ik | J& —Fh 45
FHRBETFTMEALZAY, U E S EHmEAEN
BOEA UMM E O ae, WA s
ZDOCK 73 FXHESL R 25 R W7n , FTMT (98 &
(arginine , ARG ) ¥% 3£ 53l 5 H BEFR &) LC3A 1{
LC3B f 5 % M2 ( methionine, MET ) F1 22 & B2
(serine,SER) KA B AE M AL & (45 A hesr
Sk —11.5 keal/mol F1-8.3 kecal/mol ) . [ B,
FTMT 1 N % B2 ( alanine, ALA ) H1 JF & MR
(threonine, THR) 5%3£ 5 Ub M4 & A ( glutamate ,
GLU) . H &R (glycine ,GLY) fil ARG &4 #fa &
ML S (ZEHEN-6.4 keal/mol) , 45 R 2
IR ERRIRHR ) FTMT Bt A0, 5 H WA

7 :A: Western blot SZY0 455, B Co-IP SZEZEH . 55X HRAA L, * P<0.05; 5 SA KFEHM L ,*P<0.05; 5 SA =AML,

4P<0.05,

4 HF4HZ FTHI LC3B/A /K5 FTH1-LC3B FTH1-Ub 3£ 5454E (245, n=3)

Note. A, Experimental results of Western blot. B, Experimental results of Co-IP. Compared with control group, *P<0.05. Compared with SA low-

dose group, #P<0.05. Compared with SA high—dose group, *P<0. 05.

Figure 4 FTH1 or LC3B/A levels and co-expressions of FTH1-LC3B,FTH1-Ub in liver tissue(x+s,n=3)



o OB BE R 2 s 2025 4E 1 A5 35 4245 1] Chin J Comp Med, January 2025,Vol. 35,No. 1 47

FI WG AERBE T 562 T sh ) S 38 IRIIE 5K
R IK VA P 4 2 B 38 2ok Y00 Bk I S 5 CSTBL/
6J Mt /N R AT 2 AR IET Y L EARRIEFE
TATEBLNT 15 /N RFAL LR AE R F TNFa
FIIL-6 7K F-FEAE, Fe* FTHI \LC3B/A FUAE LA K2
FTH1-LC3 F1 FTH1-Ub 3383k 7K F IR B A, R itk
HEM LNT W] g o 40 ) 20 28 TNFa/IL-6 %5
155, PETHS B0 40 i 2R (A5 495 4H O 14 2k 0
%, I35 U 2L A0 Bk PE T, FR AR U
USRI 52 56 K B 4 Z2 BB i) TNFo -2k A
WIS BT SA Yeig /N RAF 4 2L an i gk sE T, PR Ak
S R R TR AR 4 S AS R, AR SR Y A e R 3
TSN ARME SA HeaE K LNT + A AL 38 i 4k
Ik BT T I ) T, 2R — 2 DA RE -k
FIEBRE LNT M0E 5 TR AR P 2# L

SE k.

[ 1] FREDIANIJ K, NAIOTI E A, VOS M B, et al. Arsenic
exposure and risk of nonalcoholic fatty liver disease
(NAFLD )
association modified by race/ethnicity, NHANES 2005-2014
[J]. Environ Health, 2018, 17(1): 6.

[2] QIUT, PEI P, YAO X, et al. Taurine attenuates arsenic-

among U. S. adolescents and adults; an

induced pyroptosis and nonalcoholic steatohepatitis by
inhibiting the autophagic-inflammasomal pathway [J]. Cell
Death Dis, 2018, 9(10) : 946.

(3] MUTHS, skobdy, skaeay, &5 L THILT M A MERT SN
AT Ik 20 M 5 453 1 (0], o [ B 2 R G
2023, 39(7) . 1265-1272.
ZHU Z H, ZHANG Q Q, ZHANG Q Q, et al. Roles of
ferroptosis and autophagy in ethanol-induced liver cell injury
[J]. Chin J Pathophysiol, 2023, 39(7) . 1265-1272.

[ 4] 38 BRICT-D1 &/ RLARTRE TS 07T 99 1) 5B B
WEPTFMREEERSE (D], LT LTREHLKR
2%, 2022.
ZHANG X. The molecular mechanism of ferroptosis induced
non-alcoholic fatty liver disease in mice and the regulatory

[D].
University of Traditional Chinese Medicine, 2022.

[5] WEIS, QIU T, WANG N, et al. Ferroptosis mediated by

effect of astragaloside [V Liaoning: Liaoning

the interaction between Mfn2 and IREa promotes arsenic-

induced nonalcoholic steatohepatitis [ J]. Environ Res,
2020, 188: 109824.

[ 6] MM, RIL XAGE, 5. FEZREEHOEIMRRENTE T/
SUFEETEAEIONGE (1], AL DA SR B, 2023, 34
(1): 1-5.

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YANG Y, SONG S, LIU Y L, et al. Antagonism of Lentinan
on sodium arsenite induced hepatotoxicity in mice [ J]. J
Public Health Prev Med, 2023, 34(1) . 1-5.

W, HLFLT, BN, 7k 2 MR UL R R S /1
SUTPIER BT TR B S8 0 5e [J]. A3 T A 5 s B2
2, 2024, 35(1) ; 20-23.

DAIZ Y, WU Q Q, YANG Y. Experimental study of
Lentinan antagonizes against hepatic lipid deposition induced
by sodium arsenite in mice [ J]. J Public Health Prev Med,
2024, 35(1): 20-23.

YANG Y, SONG S, NIE Y, et al. Lentinan alleviates
arsenic-induced hepatotoxicity in mice via downregulation of
0X40/1L-17A and activation of Nrf2 signaling [ J]. BMC
Pharmacol Toxicol, 2022, 23(1) . 16.

KUMARI R, CHAKRABORTY S, JAIN R, et al. Inhibiting
0X40 restores regulatory T-cell function and suppresses
inflammation in pulmonary sarcoidosis [ J]. Chest, 2021,
160(3) : 969-982.

RENU K, SARAVANAN A, ELANGOVAN A, et al. An
appraisal on molecular and biochemical signalling cascades
during arsenic-induced hepatotoxicity [ J]. Life Sci, 2020,
260: 118438.

NAJAFI S, ABO-ALI E M, DUKHANDE V V. Methods for
studying TNFo-induced autophagy [J]. Methods Mol Biol,
2020, 2108 131-146.

CHEN X, LIU C, YU R, et al. Interaction between
ferroptosis and TNF-at; Impact in obesity-related osteoporosis
[J]. FASEB J, 2023, 37(6) : e22947.

M, Bk, XN, 5. FESHERRECRTIR LR
[J]. BB ST, 2022, 43(8) : 202-208.

AO Z, LUO Y C, LIU Y, et al. Extraction technology of
lentinan: a review [ J]. Food Res Dev, 2022, 43(8): 202
-208.

SRR, XN, BFET: 5 2 MR mr ot e [J].
H AR SRR, 2023, 30(12) ; 1501-1506.
MA M H, LIU C C. Research progress of iron death and
acute liver injury [J]. Chin J Bases Clin Gen Surg, 2023,
30(12) : 1501-1506.

ASCHNER M, SKALNY A V, MARTINS A C, et al
Ferroptosis as a mechanism of non-ferrous metal toxicity
[J]. Arch Toxicol, 2022, 96(9) . 2391-2417.

QIN X, ZHANG J, WANG B, et al Ferritinophagy is
involved in the zinc oxide nanoparticles-induced ferroptosis of
vascular endothelial cells [ J]. Autophagy, 2021, 17(12):
4266-4285.

YU L, LV Z, LIS, et al. Chronic arsenic exposure induces
ferroptosis via enhancing ferritinophagy in chicken livers
[J]. Sci Total Environ, 2023, 890 164172.

TRMET, BEN, KR, . BRAME IR R R



48 v P R 2 4k 2025 4F 1 45 35 4% 1 ] Chin J Comp Med, January 2025, Vol. 35,No. 1

BRAWEAR B [J]. AEArfess, 2023, 43(8) ; 1221- - 1435.
1228. [22] TYCIAKOVA S, VALOVA V, SVITKOVA B, et al
ZHANG P Y, LI'Y Q, ZHANG X C, et al. The relationship Overexpression of TNFa induces senescence, autophagy and
between ferritinophagy and Ferroptosis, as well as mitochondrial dysfunctions in melanoma cells [ J]. BMC
ferritinophagy related diseases [ J]. Chem Life, 2023, 43 Cancer, 2021, 21(1) . 507.
(8): 1221-1228. [23] HOU H, QIN X, LI G, et al. Nrf2-mediated redox balance
[19] ZI'Y, ZHANG B, JIANG B, et al. Antioxidant action and alleviates LPS-induced vascular endothelial cell inflammation
protective and reparative effects of lentinan on oxidative by inhibiting endothelial cell ferroptosis [ J]. Sci Rep,
damage in HaCaT cells [J]. J Cosmet Dermatol, 2018, 17 2024, 14(1) . 3335.
(6): 1108-1114. [24] WHHE. WANRRAENME S B W s A 2 40 i ks T
[20] XU X, YAN H, TANG J, et al. Polysaccharides in Lentinus [D]. Fp.: mRERK, 2021.
edodes:; isolation, structure, immunomodulating activity and XIAO J T. Arsenite induces ferroptosis in the neuronal cells
future prospective [ J]. Crit Rev Food Sci Nutr, 2014, 54 via activation of ferritinophagy [ D]. Chongqing: Chongqing
(4) . 474-487. Medical University, 2021.
[21] RAVIKUMAR B, SARKAR S, DAVIES J E, et al
Regulation of mammalian autophagy in physiology and (Ye#s HHA)2024-06-14

pathophysiology [ J . Physiol Rev, 2010, 90 (4). 1383

A

aéﬁ%‘-ﬁé%‘-f’ﬁﬁ

e R )

(PEILBREFFREN RS

ERFIS CN 11-4822/R EBRFIS ISSN 1671-7856 EREAS 82-917

—FENA

AT rh E SE g s A o 5 v [ R 2B 2 B 15 2 S U s Y B 5 i 2 I 4 TR v 2 R T
(T, DShe 550k 3 & S EHLE GRS 5 IR EDE 58 a5 A B 2 AH R A B
S SRR B B AR S R P R AR O AT 3R AF ., EORORTEAREASE B
AT EE SCFRT 2R LRI R UE S 3, A BT A R AR

A rp R | SR PR IR IS ) | v 2 R R 255 I O e 12 ke R ) | b B 2 R T 45
AU (CAJCED) G TR ) | v I 2 AR 30 ) S ) ke 500 1) 5 v B 2 2 SRR a8 L (v
FEAZ O30 T (38 ) Bl e ) b ERHEGR SCEE A ) (i ERMAZ O] (R SO C T H R
W) SF R R AR
—BEREREREEED

SN A HA QU B A S IV e S, BORE TSR | SCEm IO 25, bR S HE
TR, BIFRIE I, SCRE T HUME 6000 2N

P F Rk :http ://zgsydw. ecnjournals. com
LIRSS NP S



