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Abstract: The anti-exercise-fatigue and oxidative stress inhibitory effects of Acanthopanax senticosus polysaccharide (ASP) was
investigated. Mice were randomly divided into the control group and the low-, medium- and high dose ASP groups (50, 100 and 200 mg/kg), and the
intervention lasted for 28 days. The results showed that compared with the control group, the weight-bearing swimming times of mice for the
low-, medium- and high dose ASP groups were prolonged by 13.79%, 33.68% and 48.89%, respectively, the contents of muscle glycogen and
liver glycogen increased, and the contents of BUN, lactic acid, blood glucose and blood ammonia decreased; Compared with the control group,
the activity of GSH-Px in the skeletal muscle for the low-, medium- and high dose ASP mice increased by 29.82%, 53.03% and 59.32%,
respectively, their SOD activities increased by 9.64%, 15.23% and 50.05%, respectively, and their MDA contents decreased by 16.45%, 36.76%
and 45.82%, respectively; Compared with the control group, NOX2 gene expression in the skeletal muscle of the medium- and high dose ASP
groups and the NOX4 and Keapl gene expressions of the low-, medium- and high dose ASP groups decreased, whilst Nrf2 and HO-1 gene
expressions of all the ASP groups increased, and the expression levels of related proteins showed a consistent trend. The results showed that ASP
has an anti-exercise-fatigue effect in mice, which is related to the inhibition of NOX2 and NOX4 expressions and the regulation of Nrf2/ARE
signaling pathway, thereby inhibiting oxidative stress.
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Table 1 The primer sequences of RT-gPCR

FA 2 AR HE7 )27 4K EIbp
\OX2 ) 5-TAGCACTTCACACGGCCATT-3’ 86
B1#): 5°-ATATGGGTCCGAAGTCCCGA-3’

E®): 5-ACAGGATCAGCTTGTTTGGCT-3’
NOX4 117
B#): 5-CACAATCCTAGGCCCAACATC-3’
E%): 5-GAGATATGAGCCAGATCGAGACG-3’
Keapl 183
B.%): GGTGTAATCATCCGCCACTCAT-3’
NiT2 %) 5-GACATCCTTTGGAGGCAAGACAT-3’ 168
B 5-TGGGAATGTGGGCAACCTG-3’
A ¥ E#: 5°-GAGCGAAACAAGCAGAACCC-3’ L1
B#): 5-ACCTCGTGGAGACGCTTTAC-3’
. E®): 5-CGTTGACATCCGTAAAGACCTC-3’
[-actin 110

B8 5-TAGGAGCCAGGGCAGTAATCT-3’
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3R 2 RAMNSHERTELE R IR ERIFNT
Table 2 Effects of ASP on body mass of mice ( x2s, n=12)

Wi Elg

il #&/(mg/kg) P —— wIREK
Sl 0 19.8842.24  28.2943.38 8.4140.73
) A A % ABARS] F 40 50 20.2441.83  29.0642.51 8.8241.05
) AAn % A FE 40 100 20.30#.52 28.67+2.29 8.3740.96
) e % A HF E A 200 19.9242.15  28.7522.77 8.8340.60

*® 4 RAEMSHEXTEE/ R AER R ATHER S RIS

Table 4 Effects of ASP on muscle and hepatic glycogen contents of mice ( xzs, n=12)

i #=/(mg/kg) AUAERI(mglg) 487/ (mg/g)

xR 4R 0 1.2140.15 11.6540.96
F) B A % HEARF F 4 50 1.3740.12" 15.3941.38"
F B A % ¥ F 100 1.6840.15™ 17.734.64"
FAER LRIt k! 200 1.9340.20” 18.0242.13"™

i Gk, "P<0.05, TP<0.01. FAR.

2.2 | F A % B XA 4L/ B S i vk A B

o

E R RIES PR UNER AR Wirm Gl DA
Table 3 Effects of ASP on weight-bearing swimming time of
mice ( x3s, n=12)
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preeym . - | FAm % A &4/ R £l
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y S Ao 2
FIER"E 2 L2 8 2 100 102.6948.24™ RSN LR
) Bm Z A A 2N 200 114.3747.83"”

YR AEIBEIVEIE ST, WS IR R AR AR
PRI, A YK [A] A] AR () [ RIS BP9 55 1Y)
FERE SR HER 3, it s Emrk it R, Sxt
MRAHELAS, RITOMZ G, b w7 RN R
VKISFIAJBH e, HAp K T 13.79%. 33.68%7H
48.89%, KEHHITUMZHEEABUSMEESTEH . il
FINZHERT - 2H /N BR AR KT TA) R 52

2.3 R I Am % 4 x4 4/ BOILKE R BORT 4 R

GEWYH

B D T B RE R, EAEK. K
SR KIS AT RIS T, ATREE A PRER
WUREE A NUA A E R A T, S shin LR R
IMRERELIR, AR IBISIE BRI Z, FeAb it
BRI R AT e b aa pe i PR IR AT h
EIREIEAAE, BV ZERERT, W E RN
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Table 5 Effects of ASP on BUN, lactic acid, blood glucose and blood ammonia contents of mice ( x=s, n=12)

Pt #FZ/(mg/kg) BUN/(mg/dL) FLER/(mmol/L)  fodE/(mg/dL)  f%/(umol/L)

x B8 4 0 26.5342.16 7.3240.61 169.51+44.18  98.120.17

| B m % MR F 40 50 20274877 61340597  147.88#2.71°  87.8629.42"
) FAn % A ) F 4 100 19.30#2.25" 59740647  138.43#560"  77.3846.63"
) A % e FH T F4A 200 17.004.48™ 46440487 13397413437  69.4748.217

* 6 RWAMSHERELE/NREEEAN GSH-Px. SOD FEIH K MDA & ERIENT
Table 6 Effects of ASP on GSH-Px, SOD activities and MDA content in skeletal muscle of mice (- Xds, n=12)

il #F&/(mglkg) GSH-Px/(U/mgpro)  SOD/(U/mg pro) MDA/(nmol/mg pro)
B8 4R 0 22.1041.92 9.6540.83 5.7440.67
R B Am % HEARF F 40 50 28.6942.24™ 10.58:4.27" 45740.49”
R B Am % e ) F 40 100 33.8243.46™ 11.124.08™ 3.6340.35"
R B Am % ¥ F ) E4A 200 35.2143.417 14.484.53™ 3114056

25 | Fjn % A& 41/ OB BRI GSH-PX.

SOD & 14 % MDA 48 th &

WUAEMN SHUEN RIS P T, 33K
FALREEOK TGN, 5 s 57 R A I B
I8, AR, BEE ABRRIE e S, I
A LARFHZ S /1), GSH-Px 1ENUAN I AELE,
VENEZE RS S o i, o] M A A
BREAEY), R AR sZ i S ifi; SOD Xt
THRUR R R SPTE s T R A EE R YL,
FNUEN RAE R EAER PR IEE; MDA 2 RIH
HEPTEGE I ey, HE&ERE 57 RN
m BRI R PR B, RTINS TSR A A
I8 /N BR S B M A A B B — e AR E R,
AR 5T GSH-Px. SOD i1k, F#ik MDA &
AR fERBIRE A RENR R =5 3 2 AU R
KA, o 24 m] LR RIK MDA & &,
N CAT. SOD J2 GSH-Px &1, FILH RIFHIPTEA
TLERE 7P, AR TESE EFRE R B, S IR LS,
FITCINZ MR, s SR N R E B GSH-PX 75
PE BN T 29.82%. 53.03%41 59.32%, SOD &
BT 9.64%. 15.23%7#1 50.05%, MDA &K T
16.45%. 36.76%F1 45.82%, HE~HIlFLINZHEEAPT
FALROEAER, AT AR BNV RABOK T 3
InZ B 2H /N B 3% UL GSH-Px. SOD 514 & MDA
TR, WK 6.

2.6 | Fm % AE x4 4/ BUR BB L NOX2,

NOX4 2B & B B 51k Y %

R 7 RIRINSHEXRTZLE N B ERAN MOX2 Ko NOX4 EEFIEH
Al
Table 7 Effects of ASP on the expressions of NOX2 and NOX4

genes in skeletal muscle of mice ( x3s, n=12)

Pt & /(mglkg) NOX2 NOX4

A8 48 0 1.0040.04  1.0060.02
) A A% A .

N 824011 7740,
o 50 0.8240 0.7740.08
| Bm % A . -
3540 100 0.6540.05™  0.5346.06
# i@ﬁlg *"ﬁ 200 0.6040.07" 0.4940.05"
eabilh-a il

NOX2 D R S—— 55 |

NOX4 (s S —— G kU
f-actin T 4 ku
SPHRZEL CRIE hAE m
2 Hl 41
1 RIFINZHERTE LR/ R B BRANL NOX2 K2 NOX4 ZEEFRIZHIFINN
Fig.1 Effects of ASP on the expressions of NOX2 and NOX4

proteins in skeletal muscle of mice

NOX &b LA =4: ROS ()= E S, JLauss
7 FEAY, Hod NOX2 Al NOX4 VAL Aya] AZE B BE AL
h %k, BRI, EIERAEFRS T, B
NOX2 HI NOX4 WA AL TARBEEIRAS, 4K E185)
PEJZIFIN, B BRI NOX2 F1 NOX4 T AL THE LIRS,
AT ROS AR, FhRfaud AL, LAl
UKD, ISRt T Agt— D i EiE s Py
FRpElY, ABFTERT RT-QPCR A& Western blot y2:44
K, EXTREALE, MK, . mfEd
/INEVE RS NOX2 k75l R T 18.00%. 35.00%
A1 40.00%, NOX4 ik FFE | 23.00%. 47.00%F
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51.00%, W3 7; #t—2i8id Western blot 5256 <
R FomZ P ] e — e f2 A E L NOX2 K&
NOX4 HFEHFIE TR, WK 1. DL EgE Sl Fm
Z W] AR PR/ N BB NOX2, NOX4 JE[R K
EARL, VEEIHH] NOX2. NOX4 Fikf2 H B
AU E I T LEAL .

2.7 R Ffn % o & 4L/ BUR B AL Keapl,

Nrf2, HO-1 2 R & & ik th &0

Nrf2/ARE 13 5@ -5 WA FIPT A SO E FH ¢
FEA), HoA Nrf2 XU R S A RO A 20 E
FEER, B Nrf2 Fik, AT DL SRR A LT
0, ST RARGOE 5 R, Keapl 2215 Nrf2 111
AEVER, Horr CUBIE BRI . 12 AL 52
Nrf2 {12214, HO-1 y Nrf2 Tl B B /E A
HIERE, /& Nrf2 RAFEFTEMIE I R BB, Bt

AR, FPRFERH AT PA B Nrf2, HO-1 X
FiL, T Keapl HHFRZE, @il {75 Nrf2/ARE 13
SIEE KPR, TR ia 2 i S
(/N BRZ BV AR R P, NIf2/ARE 12 5k 5
NOX F e AR UASE S HUK A H RO,
(H = 2 A& A M EAE R AR AL E TR
. AWFFERRI, SR, HFon 2 PE(K.
H, RN BBV Keapd JERIETA > 5 R T
26.00%. 33.00%7#11 52.00%, Nrf2 JEFELB T
35.00%. 53.00%F1 76.00%, HO-1 FERFFiAR N T
61.00%. 82.00%7#1 109.00%, W.% 8; #Ht—iEil
Western blot SZ46 B, I TN BEXT Keaply Nrf2
HO-1 5 [3RIA 15 5 5L R SR8 B M R 5,
W 2. DA ESE SRS, )N 2 0E vT BA A I PR
Keapl JE K & & AFRIE, #90 Nrf2, HO-1 2K K& H
Tk, FORHPTANNIIER ST Nrf2/ARE 55
A K.

% 8 RIRMBHEX BB NRBIRAN Keap?s Nrf2 K HO-1 EEFRIERIFIN
Table 8 Effects of ASP on the expressions of Keapl, Nrf2 and HO-1 genes in skeletal muscle of mice ( xs, n=12)

P! 7 =/(mg/kg) Keapl Nrf2 HO-1
x4 B840 0 1.0040.03  1.00#0.06  1.000.05
F) B A B HEARF F 4 50 0.7440.08™ 1.3540.16" 16140.17"
R B % FELE 100 0.6740.06”  1.5320.14" 1.8240.20"
R B %M HH ELA 200 0484005 1.7640.22" 2.0940.23"

Keap| CHM-— () |
N2  o————__— S
HO-1 w3 |
fractin G 1 ku
SERE GRE bR AR
il 0 2 4
& 2 RTINS HEEXELE R B HEAN KeapT, Nrf2 K2 HO-1 &
EESI:EA
Fig.2 Effects of ASP on the expressions of Keapl, Nrf2 and

HO-1 proteins in skeletal muscle of mice

AFERKI, SAFFIRERR N2 5T
TG, ZINER A IV (] B R A K, LA A
(IR A 238, FEHRERSf BUN. FLER. 1A &%
M E G, RGN 2R G yusshiteg sy
(DI i [T iWod W kW2 L BIRDS: PN
SCE Bl GSH-Px. SOD iitE, [ MDA &,
Sl o 2 BEdTis s 55 1F FH S A AR
W% [FIRE, A2 pEd T DAYE— e R L RE
ICE AL NOX2, NOX4., Keapl J:PR| M & F£IL,
M Nrf2, HO-1 JH:F &EFARIEL, SR INZ
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BEFIPURACR AR 5401 NOX2, NOX4 ik &
T Nrf2/ARE {5 S8BT 5. RITUINZ HEpTas)
YT E RIRTRT RERLEL, I 3.

[ 3 RIF N Z BRI ERELEI

Fig.3 Mechanism of ASP on anti-exercise fatigue

gi b, AERFUUE SR TUMZ WA S/ RIS 3)
IR SFER, ZVER 540H] NOX2. NOX4 %Kik K&
P15 Nrf2/ARE 155381, B S RNIHE 5%,
(L 7500 e A PR % 5 LA A 4 T 1 — 5
Fo BRIGHNEIEITAL, RTINS 57 45 /2
T BA R SEEE L R R St S — N5 1A

Bt I AR
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