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W E: 804 WiFRERTFTH $4 (Ganoderma lucidum spore polysaccharide, GLSP) &3t LBt & A (Aceta-
minophen, APAP) AR5+ a4 M. Fik: K50 R DRMAMSAEE, oA aE, BAE, MiEHy
., GLSP/&F| 2442 GLSP &/l 24, H4 10 R, ZAHEMEHNETELE 14dHALHE, £ APAP &4, R
M, MEFEAEH . wFE4n (5 E4# 28 (glutamic oxalacetic transaminase, AST) . & 4 £ 8 (glutamic-
pyruvic transaminase, ALT) ) RAFA R g ¥ 4r (S H K (glutathione, GSH) . # =& (malonaldehyde,
MDA) . A A AHMHE B (superoxide dismutase, SOD) . Caspase-3+ Bax #= Bcl-xI) . $%%: = Ak, #
Almd ALT. AST. MDA R AR B X B Caspase-3. Bax M2 E & (P<0.01) , SOD. GSH &= # 2 ¥ 4 1&
(P<0.01) , HE } &£ % 277 APAP %3269 s KA h AR b9 ot o SHIRR; SHEMEA 522 A0k ALT,
AST M2 % M4k (P<0.01) , %#E{KH| &4 SOD. GSH ¥+ & (P<0.05) , MDA 2 ¥ 4& (P<0.05) , £%
MeHHEMF, SOD. GSHHR B EAF (P<0.01) , MDA BB F KK (P<0.01) , $4EMATAT B Caspase-
3. Bax MEF A (P<0.01) , BAFALREFUEF T L ALRRBRAR ). ZFit: REELTH Z M
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Protect Effects of Ganoderma lucidum Spore Polysaccharide on Liver
Injury Caused by Acetaminophen

LIU Yang"?, HAN Zhongming®, LIU Linling', LI Jintao', ZHANG Nan"?, YAN Meixia""

(1.Institute of Special Animal and Plant Sciences of Chinese Academy of Agricultural Sciences,
Changchun 130112, China;
2.College of Traditional Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China)

Abstract: Objective: To investigate the protective effects of Ganoderma lucidum spore polysaccharide (GLSP) on liver
injury caused by acetaminophen (APAP). Methods: Fifty mice were randomly divided into five groups: Blank group, model
group, positive drug group, GLSP low-dose group and GLSP high-dose group, with 10 mice in each group. After each
group was pre-administered according to the corresponding dose for 14 consecutive days, the liver index, serum indexes
(glutamic oxalacetic transaminase (AST), glutamic-pyruvic transaminase (ALT)) and liver tissue plasma indexes

(glutathione (GSH), malonaldehyde (MDA), superoxide dismutase (SOD), Caspase-3, Bax and Bcl-xI) were determined.
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Results: Compared with the blank group, ALT, AST, MDA and proapoptotic genes Caspase-3 and Bax were very

significantly increased in the model group (P<0.01). The contents of SOD and GSH decreased very significantly (P<0.01),

and HE staining showed that APAP treated mice showed typical lobular central necrosis of liver. Compared with model

group, ALT and AST were very significantly decreased in polysaccharide dose group (P<0.01), SOD and GSH were

significantly increased (P<0.05) and MDA was significantly decreased in polysaccharide low-dose group (P<0.05), SOD

and GSH were very significantly increased (P<0.01) and MDA was very significantly decreased in polysaccharide high-

dose group (P<0.01), and pro-apoptotic genes Caspase-3 and Bax were very significantly decreased in polysaccharide

group (P<0.01), and the liver histopathological observation showed that the necrotic area of liver tissue decreased.

Conclusion: Ganoderma lucidum spore polysaccharide can preprotect APAP liver injury, and its mechanism may be related

to improving the antioxidant capacity of liver and inhibiting the occurrence of apoptosis.

Key words: Ganoderma lucidum spore; polysaccharide; acetaminophen (APAP); antioxidant factor; apoptosis gene

R EZ T ( Ganoderma lucidum spore) JERE
(Ganoderma lucidum ) IR FRGT H A 41/ (78
T, MR Z0AEFA AN, BT R 2 e
WP, FEAEE ST S . —nh2E . BRI
P& RN, R NEIC AR, B
a2 Ak, BAAPUMIER RS s iy el
YA e . HARERIJU R ZE ), FHEHET .,
D-S 2 FUHEY . CCLM DL RSB TR SR T BT
G T AR S REAR ALT Al AST 36 1. B A e A Ak
REFEASEEVEH

XF LR By, WARAFNRESR . APAP, J2—Fh
IR B TR 241 . FEIEYTRIE N, Xt Sk
AW BRI IR AUCR, B A5 aE
APAP TEJFEACI S TE S A D H IR(GSH) 256519
WPEEAR Y N-2, i 248 W i =L iR (NAPQD) , f# GSH
FEuE, PR S BUTF 5, M E 0 E R S EUH e FISE
T2 N-Z el B &R (NAC) J2 H /il FDA ME—
HEAEFTIRIT TR 254, LS5 A e
iR 11 N- L BEAbAT A0, SR ki 8 h 457 i
FH IR TT AU 2 RO, 4-FE SRnthm | S R
N SRS 25050 5 A — 2 1R TV, (HEX
Ee25AE AL TG RS BB, A 1A IR
FEIE R R . VE LS AN 58 4= BH AR &5 ) fE 7
B, & B s FAT 7 R E R SR 245 ) .
HEZEE L.

REZH B2 R 2, BT IESE =
HAANER, Li U A8 R Z ezl shy
Xtk B B s FEAL N IS T i A4 B A
ERE, R ZHEXT CCl, 555 RUBR 0 AT 405 BG4
FFAPC A ARAE T, R 2 208 B3 FEIK CYP450 B
WP, IF N NF-«B FIR& PR AR F 1O BR R 3Rk 7K
o HE I IR AETD Fg Y R 2 22 W E A PR T AR T
FXR-SHP/FGF #&45 B IH TR & e 0 il 5 iiehs
Wi A, B T R 2 285X BTSN D7 T < 0w
(NAFLD) WG ITAEH o AT gR38 i3 S Rl S 5,
R R Z T4 WX 2 R L W55 5 1 SV AT
W R VE FPLE, SHiEYT APAP 55 2 M 46
ViR, N J5 SRR TS ANl PRI BRI T 17
LA R R 0= T B AN R a2

1 #MR5RE
1.1 MRS5S

50 HEr: ICR /NFRL(20~22 g)  HIT T KA
AW AR By A BRAS T AE, SE8 s i nl kS
SCXK (i1)2020-0001. =SR], /1N R A% 1] 33 16
YEFRAE (23+1) °C, VRSE 55%+10%, GBS 12 h
PRI . s Sesese v B AR RLE B RE = iF
GRS R B R N ARFIE PR B o HEHE, S 7
FERTsh (48D 55 2022-059M 5 (NO.ISAPSAEC-2022-
059M); REMIFHr W  HAREBETR Z/H-F 8
(P E AV B4 = o8 T 6 25 FH Bs AT A3 22
NG, DAFRIKIS 7 it A PR B0 453, 29 a2
M hih e BN 93.3%; 4T 2 BEEILNy ik
BT RHE B A BN 7 27 IR 25 £ (C009-2-
1) BB AT & (C010-2-1) . 7B H KA &
(A006-2-1) . I EFIRFIE(A003-1-2)  BEAAALEL
BRI & (A001-3-2) B st AU TR ST IT;
TRNzol Universal id57] & (DP424) dboi R4,
HiScript IT 1st Strand cDNA Synthesis Kit(R211-01),
Taq Pro Universal SYBR qPCR Master Mix( Q712-
02) MEREAYIRHAT B F; oK 2l H2K
TR MRS P = o bralio

D3024R =S %R &L FEE SCILOGEX;
Epoch ¥ BioTek; ZHZIRHL. 2= H sh7 1]
AL TEE Leica; NLCD500 0%/ W ide VL
B ACHT G A A5 BN w15 T25 AT 8 i i 51 AL
IKA; 26 i PCR Y ##[E Analytik Jena.
1.2 SEWFHE
1.2.1 SESG syl SAiss 2 K/ NEBERL S
hS 4L A EBIENEER 1. ADEGERPEMESFE 3 d

F1 LRIV AFEE

Table 1 Grouping information of experimental animals
gl 254 it (mgkg)  HE(H)
A ARk - 10
AL ABEERK - 10
PR RO AL 150 10
ZRGIEA  REETHEh 150 10
ZHEREA  REMTHEHE 600 10
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J& , A AR RN R B B 4A 24, /D BUR SR ISR IR
HIA(23+£1)C. FELETNLAZY 14 d J5, BARILZH | FHPE
25 W) 2l Ky Z2 0 ) L 4 I T B X 20 Tk Ak T
(250 mg/kg) AR, AR 28 ANEEIK, 24 h J5FRE
AR, S THR BRI, MK =R EE 1 h JFLL 3500 1/
min &> 15 min, BUMLYE, 4 °C ¥, FH T )5 £240 W
FEARAGIINRE o B /) FRSITHERR FIARBE, HiHE Hp £k
FEHE s, B AP, B T4 19 A BRER K AR i e T,
VEANK K Sy, FREJHFAITE R, /NEUTFA L5 RSy
AT, —FB R AFTF—80 C vk, B —For BT
10% 18 A SR THARE VR [ a2, FH PR ER Y 4 1Y)
HilE.

TE SR AT HEAT THYCEG, i APAP A &
A1 250 mg/kg, ¥EARETE] S 24 he
1.2.2 /NERAFIEFRE e &AL 24 h s, FrE /D
SRR ER M A 2R 3R, PR8ISR .

85%-95%-95%-TJC7K - TerK L BE-TCoK ) i 7K,
2 (20 min, 10~20 min) J5 2, 28
WY A (4 pm) | JBH . B a2 oK, 7
PIDRARZE LI (HE) B A5 K3t B, I Ass T Wgg
LU AR AP 22

1.2.6  JHT-AHSCHE A A

1.2.6.1 &L RNA 19 & HU & cDNA 1 #l & =B
TRNzol Universal i 7] & U5l B 53547 5L RNA 932
B, 590 5 $2 B B RNA ¥R EF .+ HiScript 1I 1st
Strand cDNA Synthesis Kit i35 & 156 B i1 786 —
5 cDNA A N, A ¥ cDNA B F-20 °C £
17, % H.

1.2.6.2 qPCR SI¥iEil& sl #a ESE A Y
ARAEBRLS T 5ER, PAEIRG B cDNA Sl #8477
FEASPEOGE 7 PCR. 515 B W3R 2, #% Taq Pro
Universal SYBR qPCR Master Mix 5| & i3 BH 451

Q QD & 7 \), °
%ﬁaﬁ%pﬁégiﬁgﬂm 7 GPCR J2)i1(3 3)
‘RAER 13 HEaLE

1.2.3 1fiyEH ALT. AST BYillE  IMIEHAY ALT FI
AST Z: s En it B A T e o

1.2.4 GSH. MDA, SOD FyllxE HUATLHZUmA: 5
FK, AL FHSIRMLSIIE, RIS 10% HASIHRE, =
MR & UL 5, XHATH LR EY GSH, MDA |, SOD
A TIAE o

1.2.5 JFHLBUBAZFMEE  /DNRTHSRE G5
T 10% AR IR MR T ERE . S b HE
K ehe 3 Yk, B 20 min, AR R 21 (75%-

JIT A B 5 DLV 28 B0 o I 25 3R 05, SR
SPSS # AT FE 7 245317 12 H GraphPad Prism
8.0 AR
2 HERESH
2.1 RFBEIE%

NEUFREFE B0 0L 4, 525 FL4dAH L, AERIZH T

B B 2 T (P<0.01), nTRESE:H T4 Sz 21360
15, P/ N BRI &2 A= ik . SR3E . SACALZH A L,
BEPEL5 20 R B0 i 25 R (P<0.011), IR R4

*2 5IWEE

Table 2 Primer information

51YFHI(5-37)

L 44 PR - -
LY TEs 1Y
GAPDH CGTGCCGCCTGGAGAAACC TGGAAGAGTGGGAGTTGCTGTTG
Caspase3 GTGTCCATGCTCACGAAAGA CCAGGAGGACCGTCAGATTA
Bax CTCAAGGCCCTGTGCACTAA CACGGAGGAAGTCCAGTGTC
Bel-xl TGACCACCTAGAGCCTTGGA TGTTCCCGTAGAGATCCACAA
#£3 RNEF
Table 3 Reaction procedure
HIR R KA SR (C) SIS 1]
A 1 95 3 min
J— 95 3s
PEIR L 40 60 32s
95 15s
ikt £ 1 60 60's
95 155
F 4 FA/NRWIFEEEL
Table 4 Liver index of mice in each group
21531 E=E FEARIZ PH 254 GLSPILHI &= GLSP 5 &4
JHNEHE £ (%) 4.05+0.21 6.21£0.12" 4.67+0.11* 5.66+0.30" 4.63+0.18"

T * R 545 (LA H BAT B 3 M 22 5 (P<0.05), **+ 3R 525 AU HL A AR B35 25 5 (P<0.01) 5 #3878 ST H AT B 3825 57 ( P<0.05),
#HR N ST A L B I 3 25 57 (P<0.01); F65~%6, K2,
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R EU EREAIR(P<0.05), Zhimrl R AT 5L S
BH A 25 420 2HL AR ST, 5455 78 2 A Eb A4 0 25 IR (P<
0.01), YiHH GLSP " HEXS APAP JIFHif5iAa WAL /1Y
YEF.
2.2 IiEA ALT. AST B97KF

ALT. AST 2 W5 1 BBUS R bR, S T2 it
SZAGT P ) S ORI E A ML), ALT . AST 119
FrEbr G G . ARSEES: ALT. AST ) RE 455 UL
2% 5, 525 A AR b, ARCRUZH Hp PR R R G T TR A
T (P<0.01), FREINFAUML & AR 4007, TEALT); SA5E
UZH AR Eb, BHPEZGH02H . 22055 s 2H (% R P IS P41
e i 25 AR (P<0.01), HL 257 AH S, 1] GLSP
*F APAP I EA R ER .
2.3 GSH. MDA. SOD Ri7kF

SOD 114 3= EEAE FH AU B ins B A P9 i s P4 A
FH 3, PRIEAS SOD A4k AT LA S ey 5% 11 PR 317
fE S BT EALBE ST . GSH AT N =AY /K
PEBUIR B AL A5, BB T REYR T 4H A P AL fiA
JE AN, A AR R B B R s DI RE . DIk, I
GSH & 0] DL T i S AR N, M AR ik S Ak i)

FREE . MDA J& H B AE M T8 T &k A i | A s
PR 2 —. PRI, 3 MDA 1985l LA
WA AR BT it S AR B, St B P AR i 45
AEFEFREY, MISELERUNE 6 PR, 525 IR, A5
HIZH ' GSH e 3 I (P<0.01), $&/Rid 7 APAP
TERFNEAC B T #E GSH, [FIRT, i R PR SOD
T W KRR, A MDA i b S T
(P<0.01), $2&7~ A AL B SUKE T mr s SRR 2 X
bb, B4 GSH. SOD .3 7175, MDA &
Il BRI (P<0.05) ; 228l 2 SOD 1P A
GSH &3 ik 2 T+, BT MDA #% ik 25 FE I (P<
0.01), #£75 GLSP mT#2T APAP AT b i A
TR, HARFFVEF AT RE- S5 I ZHZ b g S A 3
KA Ko
2.4 PFF4AZR HE aEER

/NERFZH 2N HE G (o, UL IE 1, 25 [ 20 4 At 58
P&, AR SR R T o O, R SE3%, HF2RTE s A5
TUZH 2R 2L, A% 2%, FRHRIZE AL, e ik s
[l H B AR T IR SR R S IR s Ti4h T 2085, 4557
HEZH /N SERA I T, Z2 R LT AN IR S E A

5 I AST Al ALT BTG
Table 5 Activity of AST and ALT in serum

2159 =HA HRIZH FHPEZ 2 GLSPfIEFI =40 GLSPEH =4
AST(U/L) 44.7+7.0 285.1+4.9™ 58.8+9.4" 142.6+6.5" 67.4+15.6"
ALT(U/L) 41.043.2 224.4+8.5" 38.5+3.3" 178.5+2.5" 43.441.2"

#*6 L5 h SOD. GSH Ml MDA (17K
Table 6 SOD, GSH and MDA levels in liver tissue homogenate

2051 IR HERIZ P25 P20 GLSPHI =41 GLSPE 741
SOD(U/mg prot) 4.95+0.11 2.58+0.14™ 4.30+0.27" 3.51+0.27" 3.93+0.06™
GSH (umol/g prot) 7.4140.69 1.57+0.15™ 11.74+2.16™ 2.40+0.68" 9.85+2.72"
MDA (nmol/mg prot) 1.44+0.05 3.5240.34™ 1.44+0.03" 2.51+0.317 1.95+0.30%

 GLSPIEHIAL

GLSP 1l 2
Bl 1 JFEHEUR Y A (HE, 200%)
Fig.1 Pathological section of liver tissue (HE, 200x)
TE: I b R ik, — I IRSEFI SR IR, — N 14 T2
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FIrss L, BRPH: 245 2 RN 22 s 75 a2 T DA A5 R B
WIS
2.5 ATHEXEERMELSSR

AR PE T3S PR R AR P IS AR R T L RN
MBI TR . Bax J@ TR TR K, HABAE 4%
Y AR VAR T 0 R A s Bel-x1 J& THdH T 3%
, HiEBug R g E Ty K425 554 Caspase R
WL SE AR TR T AN AT BB Sy, HABE
Z 5 T P TR, PO LR AR IE T 04 R
A NEHTFHZR A Caspase3 . Bax . Bel-xI ) mRNA
LIRS ILE 2, S5a5 H4AH b, B R T A
F Caspase3. Bax WZikl i & THE (P<0.01), #&/~
MFamfe R AR T SECRIZAAH L, PG, Sl ad
PR b 3 PR R T 3 Caspase3. Bax W32 ik
(P<0.01), #2753 GLSP HIRIE MR RE 52 57 15 4

25

20 fiiid

#H

Caspase3

2% & N4
&
B R

7

Bax

Bel-xl

0.5 =

1
& & F &
wR X R
o
LA
Kl 2 Caspase3. Bax., Bcl-xI B mRNA Fik/KF
Fig.2 mRNA expression levels of Caspase3, Bax and Bcl-x]

THEN PRI A G, HAh, 250 H M IE T2 A Bel-
xI 1Y) mRNA Fik2E SRR
3 Wig

HHIT, APAP 75 S i H405 & IR AR 2 24
Py AN LA AR T RS i o e A T A AR PRAH G
PRI L3R R4S PR 5% 2 BRI A R AR S B VPG
FFERer e bR, — 38 2o s 2 i R A
traE P, FEARMTE T, 45T APAP J=, /NEIPIFR
HifE T DA S R0 . 255, $ /N BRI 4t &
A5 407; [RI, AR A BERAR AL IR SE T 3X— 83, AT 0L
HERUZH Y /IS S 2555 . AR AEIR T A48 ML IARZE
BHYEZ5 LA AN Wi BE 20 ALT . AST FIHHE%Y
S E AR, LR ZR R B AR A BIR T MZE M, R
FTH 220 5 R 2 PR 22 AR 2 R — 3, BRBEAS B 5%
It ALT. AST PUFEH™, HRZ T ZHiRE(L AST
R 2

PEHRE, RZ iy n] geus /i i R
FARFEHE R HE TP PR Y . 7 APAP
FHG 2SR, AN P R R SO TR R i 32 i
K2z —, 21 APAP F20 GSH 1 K& IHFE, HFIE
AR TH S, R TIGR RS, AU IRZEHET 5
KICHERIEFPAT N, Ao, 285084079 GSH
T W TR, H S B2 A L 2E AN
¥, P&7R GLSP "I He A -9 APAP 5191 ) o
AN, FFHLIH R JERE SOD AL =4 MDA tn]
VIR S 1 W S Ak 7 30K ST 1 B AR AR PO, AEXT T4
HUZH , 22 20 v X PR Fp$8 bR 24 A Iir il 3%, MDA Fi
SOD 7K - i 4 v v LA A Py g o A 153 A 4 A 4y
S, ATV A N PR R IR E L AR RE T SR AR
FFAE,

NI T R A I RR PSR T, TE 2T
TREEEENERP Y, dE APAP 5 EIZkL
R A T BEPENG Bax PAT-H T, S EAIIB A ¢
PAERALAA AR T S LR R BT T, Sl 2~ e R A BRI Bz iy
SEAMIEH TP, Caspase3. Bax Fll Bel-xI X LB 1
FERTEZA AR TR EHEE . AL as R 5T A
5T IAR—F, BRI P T I Caspase3. Bax 3=
FHE, PR el ST 25 ZH AR PR T 3R R FR A b
F AR, #2758 GLSP WY{RE A P] Ge FlZ 5 875 4
MIIHT A, THIIPAT LN Bel-xl 1SS H 2=
SIFARRE . A, T APAP HFG P A
TSR 1, Xandra 5509 YUORIRZERT EAE APAP
05 v A0 SR 2R o 4 32 S {37 5 Schulze 45023 Fil
Layal 2509 1A°h APAP 1) TUNEL 3 (a2 J i i,
AR T A AU ZET - PR L i AZ BE I, ELASAY:
A Caspase3 (4 247, th A GE#% Caspase #1111l 551 FEL
1. Hit, GLSP X APAP JHH55 A1 E IS A 15
AT
4 i

2k LT, R 218 285 APAP i &
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AP VER, R 21078y Z 05 T AR I 7 H AST.
ALT, F%Pisfb$Ekr SOD. GSH. MDA FIMiEJ# T
KN Caspase-3. Bax YA MFE, WCHALS ] BB S5 VH
T E ) SR AN BEOKSE L PRI T R A K,
[FIB, EARR S GG T, A1 R Z 1 HkH = 0
X APAP M6 054 4V, e am iV FH AL
T itb—2LHE5E .
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