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Abstract: The improvement effects of Ganoderma sinense polysaccharide (GSP) on the learning and memory abilities
of mice with exercise-induced fatigue were investigated in this study. GSP was obtained through water extraction and ethanol
precipitation. Its monosaccharide composition was analyzed, and relevant biochemical indicators of mice were measured. The
results showed that three polysaccharide components (GSP-A1, GSP-B1, GSP-C1) were obtained through the isolation and
purification of GSP. GSP-A1 was composed of Fuc, Rib, Man, Gal, Glc, Ara and Rha, GSP-B1 was composed of Man, Fru,
Gal, Gle, Xyl, Glu-Ac, Gal-Ac, and GSP-C1 was composed of Glc, Rha, Xyl, Glu-A, Gal-Ac. Compared with the exercise-
induced fatigue model group, the mice in the GSP-A1, GSP-B1, and GSP-C1 groups had significantly reduced escape
latencies (by 23.82%, 49.82%, and 39.35%, respectively), significantly increased dark avoidance latencies (by 29.40%,
89.00%, and 56.49%, respectively), significantly increased levels of hepatic glycogen and muscle glycogen, significantly
decreased levels of oxidative stress and inflammatory factors in the hippocampus, significantly increased levels of
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neurotransmitters NE, 5-HT and DA, significantly increased expression of anti-apoptosis gene Bc/-2 mRNA, and significantly

decreased expression of pro-apoptosis genes Bax and Caspase-3 mRNA. In summary, GSP can improve the learning and

memory abilities of mice with exercise-induced fatigue by reducing the levels of oxidative stress and inflammatory factors,

while inhibiting neuronal apoptosis, which provides a new idea for the application and development of Ganoderma sinense

polysaccharides in the field of functional foods.
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Table 1 Gene primer sequence information
4w JlL B A XA B A3 457 FKE
Caspase-3 F: 5-GCAGCAGCCTCAAATTGTTGAC 158
P R: 5-TGCTCCGGCTCAAACCATC
B F: 5'-ATGCGTCCACCAAGAAGC-3’ 123
@ R: 5-CAGTTGAAGTTGCCATCAGC-3'
Bel2 F: 5-~AGCCTGAGAGCAACCCAAT-3’ 119
R: 5~ AGCGACGAGAAAGTCATCC-3'
Practi F: 5'-CACGATGGAGGGGCCGGACTCATC 240
-actn R: 5“-TAAAGACCTCTATGCCAACACAGT
=2 EREZWENEBTEEB ST
Table 2 Monosaccharide composition analysis of Ganoderma sinense polysaccharides
JERE 5H6 /%
AE RS Stk A2 : -
GSP-A1  GSP-B1  GSP-C1
A Fuc y=2.14x10° x+47.68 0.999 1 9.87 / /
B Rib y=1.86x10°x-104.22 0.998 5 2.25 / /
C Man y=1.38x10°x-64.56 0.997 6 40.85 32.76 /
D Fru y=1.73x10’x+105.47 0.999 2 / 0.74 /
E Gal y=1.63x10°x-221.21 0.999 1 2.71 0.69 /
F Glu y=2.03x10"x-112.36 0.998 9 43.72 18.65 23.91
G Ara y=7.32x10"x-56.19 0.999 3 0.43 / /
H Rha y=1.38x10°x-72.46 0.998 8 0.17 / 46.20
I Xyl y=2.13x10°x-142.51 0.999 5 / 2.92 2.56
J Glu-Ac y=1.53x10°x+86.14 0.997 8 / 41.71 15.21
K Gal-Ac y=2.23%x10°x-183.42 0.999 3 / 2.53 12.12

VE: | R RN B A S,
1.3 HAE4HE

BT Hdis il & 3 Ik & UL E, SR SPSS 22.0
BT X R B F 3 A, BHE DL “X£s” FRoR, ZHIH
B A%, RHSBRERTTZESH, P<0.05
FKoRZEF R, Origin 2021 1EKE .
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PREVR B R ZHZ WK 8527 ¢, M Z BT
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Z W4 DEAE-52 412 3 3 A At e it Ja i B 3 A4S
Velilge, Horh GSP-A (5~18 %) Nz /K Be Mt 15
GSP-B(22~36 &) A 0.1 mol/L NaCl J& Wt T3
GSP-C ¥ 0.3 mol/L NaCl &S Fifs (45~58 %),
GSP-A. GSP-B. GSP-C i3t — 2 2 %] 8 W it I 41 )2
Mralifh 5 5 mlfs GSP-Al (i 5.37 g).GSP-B1 (Jifi
i 7.82 g)v GSP-C1 (JFifE 5.07 ), Z5& B aifth &k

# N 36.52%. GSP-Al. GSP-Bl. GSP-C1 [{] £ ¥
gl 43 59 N 94.27%. 93.34%. 91.16%. B 7Tl N
27K BRI BT A3 1 2 M M 2 0, 174 NaCl
VTR S B 2 BN R M 2 R N — R
AR, BRZZHANEFRERRZA Ay, H
2 NaCl RS R R 2 A s i E R E T
ZARMKTE TSR EZ . T, RRZZHHA
IEA RIS HREZ N, LRt &
B T 2 b

a »ﬂh L
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b 40r ##/K 0.1 mol/LNaCl 0.3 mol/L NaCl
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Fig.1 Morphological diagram of Ganoderma sinense
and ion cellulose elution diagram of Ganoderma sinense
polysaccharides
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Fig.2 Chromatogram of monosaccharide composition of

Ganoderma sinense polysaccharides
E: A % # ¥ (Fucose, Fuc), B. #% #& (Ribose,
Rib), C. H $ #& (Mannose, Man), D. & #% (Fructose,
Fru), E. ¥ 4L #& (Galactose, Gal), F. # # #& (Glucose,
Glu), G. FT32144% ( Arabinose, Ara ), H. & Z2#% (Rhamnose,
Rha), I A#& (Xylose, Xyl), J. # # #% B 82 ( Glucuronic
acid, Glu-Ac), K. ¥3FL#EE B2 ( Galacturonic acid, Gal-Ac)

M 2 F15E 2 AT %0, GSP-A1 FZEH Man. Glu.
Fuc 11/ & Rib. Gal. Ara. Rha 41, /K H %
tt N Fuc:Rib:Man:Gal:Glu:Ara:Rha=9.87:2.25:40.85:
2.71:43.72:0.43:0.17 ; GSP-B1 * % H Man. Glu.
Glu-Ac f1 /> & Fru. Gal. Xyl. Gal-Ac 4 i, J&
/K B 47 b A Man:Fru:Gal:Glu: Xyl:Glu-Ac:Gal-Ac=
32.76:0.74:0.69:18.65:2.92:41.71:2.53 ; GSP-C1 ¥ %
i Glu. Rha. Glu-Ac. Gal-Ac 1 /> & Xyl 4 1%
FE /R F 4y A Glu:Rha:Xyl:Glu-A:Gal-Ac =23.91:
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RN R FE 45 BACAR L, (HAEE— e R, &
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Pz Sl e SRR Z WA MR I A1k 7 A
EEEFS
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77 % v

M 3 %1, 5 N-con #HLt, E-con ZH /N R % ¥k
6 IBE VS R U R 3B B R A R R,
T G RE. PG B IR S B TR, 38R RS I AR 3
BIRIRBEAR. RIS 55 BER L % Ty, 183)
P95 i BRAR T /N R 192 2181268 1. 5 E-con #H
b, GSP-Al. GSP-B1. GSP-C1 4H /)~ B, JiF ¥k 2 ik
TR 23 1) B 2 PR T 23.82%. 49.82%. 39.35%,
T S IR N R T 85.98% 130.19%.
111.59%, “F& R Ao EERET
36.36%- 68.35%- 46.61%, WERETER 43 7] 535 2
BT 29.40%. 89.00%. 56.49%, iBF I HE R K>
AR EBRK T 24.21%. 43.18%- 28.42%. 45RFM,
B REARH 2 BARS /NS08
e, HERTEZ B GSP-BI MRUR ey, it
B GSP-A1 IR e 7s. BHEEN. RAappps %
Sy FAESE, JRR Z 2R RIS/ R
WCAZBEIER, AT ERZ 2 RRZ
ZHEEAMFERThR, WEEKGE TR E
BEEHS o

24 RRZLZHEXMEEHE T /DPRHG. MGE
A

WL SEATHE R (HG). WUBER (MG) & &
i &%, PRSI L, H&ESRE—E
FERE b AT R ML P TE 3% 557K 2 K 3 AT 4,
5 N-con fHEL, E-con 41/ HG. MG & 2 B&1IK,
RPKIAIZ I 57 THFE TR A KER . 5 E-con
#HEL, GSP-Al. GSP-B1. GSP-C1 4/l HG & &
SR ERE T 14.13%. 46.89%. 27.79%, MG &
B0 R ERE T 42.99%. 83.18%. 69.63%. 7
&b, 5 GSP-A1 F1 GSP-C1 #{ Et, GSP-B1 4 /) &,
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AN HG. MG 2B R ER . 4REY, thn
(5 R Z 25 W 5w 1 /N B oA 0 S AU
JRE &, wigm/hRisshit ) R REERH, BRIE
Z W% GSP-B1 112 1 bl J5 i 25 24 SR 2248 T GSP-A1 Al
GSP-Cl. Cai &, ZmiB &PV R R, R
ZBEAT LA $E 7 HG. MG KPR IE R/ iz 3l
Mif 77, X5 AHE 50 A 5K R 220 H A A R Dh .
thAh, Bai &%, I EPILEM R RE, RS
PR SN PR T SOR R Em T2, B
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