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R &k (ELISA) 4 K R f2 7% SOD .GSH #& 1 , MDA 4 & A IL—1B.IL—6 . TNF—a K -F ;i@ it B F &
WA S D CA1 R K AR E AL ; RT-PCR 42 0) PI3K . Nox1,Duox2, Akt mRNA A8 % & ik /K -F 5 K A West-
ern blot 34 # 2 21 22 Nox1.Duox2,GCLM %& & & PI3K/Akt Nrf2/HO-1 B8R F G st £k, &R 5
IR LA AniE ZhLH AR, R R4 3 d B R A E A (P<<0.05) , F AT & kAT & PTE R TRA= G ut 8] ¥ B %
& (P<<0.05) ; 2 MDA 4% ,IL—1B . IL—6 . TNF—a K -F 380 2 L+ (P<<0.05),SOD .GSH & £ B F &
(P<0.05);CA1 R R K AMR#E T ¥ (P<0.05) ; PI3K .Nox1.Duox2 mRNA A8} & ik K-F _EF(P<0.05), F
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0.05) , p—PI3K/PI3K . p—Akt/Akt,p—GSK—3B/GSK—3B WA A= Nif2 . HO—1 & G A &f £ £ T 2 TR (P<
0.05), HRHREMLER,EFH+RELE P RIRES R 3 dakEHRIEK(P<0.05), FATF & RHAF
& PR S TR G aF R LA (P<0.05) 5 f27F MDA 4% ,IL-1B.IL—-6 . TNF—a /K-35 90 2 F & (P<0.05),
SOD.GSH & X 2 EF(P<0.05) ; CA1 RAY ZUHi4 M 42, B KM E LIt iE D 2022 PI3K \Nox1.Du-
ox2 mRINA A8 & £ K -F F K (P<0.05) , Akt mRNA A8 5 & ik K- EA(P<0.05) 5 # 20 2% Nox1 . Duox2,
GCLM % & A8 2t & ik &9 2 %1% (P<<0.05) , p—PI3K/PI3K . p—Akt/Akt, p—GSK—3B/GSK—3p HALF= Nrf2
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> v S (AL RE T NN RE ) FCAZ i R b AR 2
K EE AR T AB AR ) 18 A2 ke S R A 4, Sk
R A5 = A DA R R B T R 3 o A1 S B e 22 T )
AE SO B B, IFIE BB 00 BN A B A 8
FFEUESE 2548 T 10% 85 5t (356 000 m M40 8
7 BV S SCHUU A3 B R MBI
Ko B2 S T R R AR (5
PR RIFERE 245 B BB IR A HE U5 & (1 i
AR B, B X 2R A 2R 67
HY ORI IR I AIFFE 2 OC L 2E

WF 5T s, A0 S0 i e B35 I Tk L 1 3 R il
(phosphatidylinositol 3-kinase, PI3K)/Akt i 1£ #H 3¢
4% A F—kB(nuclear factor—kB, NF—«B ) i &5 S 4if1
ZHBURIES . BLAL, FERE R F E2 40 56 B F 2 (nu-
clear factor E2 related factor 2, Nrf2) 475 Ifil 21 2 il 4%
fif—1 (heme oxygenase—1,HO-1) L& i F2 , iz A+
FE AR 20 BT A AE 52 I A AR Ak 400 3 s it v &
EEAEHY . S SR O Z kB TR /B BE
Jog X e I ik 2 i S 2 ST A A R L
Y AL A7 A6 R TR B — i3 2o 4 40 110 45 3 Mk 21
SR I/ S0, DA 375 S 0T I S A 4 A T 32 B
HPTRE ), TS 37 T A L GV TR
Riz Bl AL P (exercise preconditioning, EP) , iz Bl #
PR Ay B B A1 T R, 2 M AR ) 5 o R s
B3 9 Nef2 1 HO-1 R IX 30 iR 0 805 519
NF-«B i 1 , AT 4 45 B 35 3 755 0 58 S HRHTAVE T
A WFFEUESE , EP A] 3 1 5 S AR 3 W il HE %
T L LR 4 48 AL B B . (H B PSR =
EP X HE HUA % ] AR ARG A7 2% D) i B 4% T 9
FIUEE , ELELRY BE EP 78 HE HhJ2& 75 n] 4% PI3K/ Akt
FIN2/HO- 115 58 % S ARG T i AT A

T I, AR HLE X EP KR HE J5 i S 41 21
L0315 B0 K PI3K/ Akt 3 % F1 Nif2/HO-1 {5 53 #%
RN OLIHEAT 5B, R 5E EP i 5 9445 PI3K/ Akt i
JH6 H Nef2/HO- 1 {55 38 I 085 HE K BRI 2 2)
B () EE AL, iz 2 0 s IR I 25k R85 v SR
FERE B S S SR IR AR IR A & 2% .
1 #MRERE®
1.1 5558

60 - 6 J& % SPF G SD KB, #A it (170 £
10)g, g F B BE AL R 2 Se g sh gy b, shi Ak
FEVFATIE S : SCXK G ) 2016-0002, 244 fili FH V7 7]
HES : SYXK GBF)2016-0003 ., 9% 54 : A FIK A,
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R8T E 23~25 C, 1R 55%~60% , 6 BR 2% A
12 h/d. SE56 Sh ¥y 11 b B 2 7A% Fiz B Sh ) 12 B )
FIFE F 10 AH S S5 A1 FRA T o
1.2 FAUDS

W AR A A 545 (Hypoxic Tent System) ; 1
6 K W 37 S35 A 43 BT & 48 (XR-XZ301) ;5 Morris
K K BTS2 A 2 (XR-XM101-2Z) 5 K B S2 8 fl &5
(BHW-PT/5s) ; 4 H s 41 2191 /5 #HL(KH-Q330) ;
T % 43 1 2 88 (NGI-2000U ) ; PCR 9™ 141X ( Biome-
tra) ; i A5 1L (Bio—Rad) ; = 3 2 7k &5 .0 L (Eppen-
dorf) ; EP BE I 1% & 4t (Alpha) ; LUK & 4t (Bio—
Red) ; 5736 BT (Eppendorf) .
1.3 2l

2 e H B (glutathione , GSH, A006-1-1) A —
% (malondialdehyde , MDA, AO03-1-1) 8 5 fb 4 I
AL 1 (superoxide dismutase, SOD, A001-2-1) | FI /1
2 -6 (interleukin—6, IL-6, HO07-1-1) . 4/~ £ -1B
(interleukin—1B,I1L~1B, H002—-1-2) . iy ¥R FE K -
o (tumor necrosis factor—a, TNF—a, H052—-1-2) 3 7|
A A A T REFSE BT ; Nissle 44 0,32
#] £ (CO107B) | Trizol A RNA Hh 42 iz 7] (R0016) .
cDNA & 187 & (D7170M) . BUE cDNA 4 i 12t 51
£ (D7172) .ANTP Mixture(D7371) \Taq PCR Master-
Mix(D7233) 1 H 3 = KAEYA R T 5 cDNA 54
Oligo (7186) 4 F g A= 9 T #2 A BR /A F] ; BCA &
1 e B i 52 3K ) A (P0010S) . NADPH 4 1k fif 1
(NADPH-oxidase 1,Nox ) PLIA&(17772-1-AP) KU,
AL 1 2 (dual oxidase 2, Duox2) PLid (15535-1-AP) .
GCLM P& (14241-1-AP) PI3BKHTIA(21739-1-AP) |
Akt IR (10176-2-AP) GSK-3B Hi1A(22104-1-AP)
Nif2 Hri4 (16396-1-AP) \HO-1 Hi {4 (10701-1-AP)
W4 F 3& [E Proteintech 23 ] 5 B —actin L& (AA128) |
Mouse i — #i (A0216) . Rabbit Ji — #t (A0277) .
6.6 cm X 8.5 cm PVDF [ (FFP77) ) [ 38 = KA WA
BT
1.4 58505k
141 hWrdl s T 525 sh o id g P i
%3 A R RBEVLECT 2350 4 41, B 2s G E
2 (FRTRRXS MR ) | FR AR A 2 e 4 (fRT PR R iR 4 )
BAAZ B TS B 4L (TRTFRAZ Bh2H) 38 3 s B+ I
AR (s sh+ g4, B 15 H,
142 LB THTE
1.4.2.1 TEN FE 12 ) WiE W+ AT s sh 4l
Jiz 8 + 2 8 4 K AT 1 5 32 g 3E BRIk,



FLMZE4E B B TGS I A S B0 I B F5 PI3K/ Akt 1 Nef2/HO— 1 38 B 5% BRI S0 27 > B 5 64 5% i)

1%/d, 15 min/¥X , 10~12 m/min, 3% £ 0°, LIl 2k
3d. iz TE N RN 4 T . X R4 K R ER A K
R R IE W IR B G 8l , NS 58 sh s b T % .
B Mis ol + g A K R AT B 5 U 2, 1 e
ZHEMW T @ 81,2 /d, F84$ 19,30 min/IK,
10 m/min, 3% B 07, 32 ShIAEE i w4, i HARE,
Q@28 2% /d, BM& 177,30 min/¥R, 15 m/min,
PeRE0° 38 shRBE b A, i BARE B 2B 3 ),
2/d, B4 1Y%, 45 min/¥K , 15 m/min, 3¢ JF 57,
BB N H R AL R HIRE ;@ 48,2 /d,
B & 1Y%, 45 min/IK, 20 m/min, 3% & 5° , 18 3h
5w o L, A HAREL

1422 RAREHE B HLENERKH X}
W2 IS B AL IE B SRR s RER AL iz 3 + 2 7R
2R BB ARG AT, MR AR 5 HoAh 24—
LA SR 10% (296 000 m K , GRS 12 h/d,
S 50 kPa, Y EE 23~25 °C, ¥ 55%~60% ., %%
ZHANE B+ R ER A R BUE 1000 m 3K HE AR K
% Wik FFHEE 150 m/min, B.A2 6 000 m M 1E, T
AR A NG 7 d, B H A FRK DR K 5 46 SRk i
[E] 20 min,

143 At EMERE 7 dRERTRG S AL
PRI 10 HR B, 25 M8 RRTbR 2 B 5 K B 5 b I
SLARFE VR RL R FLEY IF fE, R E Tk S LA
ok vt i ZEL 20, /N0 BY B0 Th 24 40, A B R K e AT
Ve, WoKAE T K, Al A 2R INRE B E
-80 Ci IR vKAH IR AF A H . KR & =i A &
45 min, 4 °C .2 000 r/min, &.0> 10 min, B _F 35 B A
MY 5 B 400 mg K FUIE TH 41 40, B9 %, Jin A PBS 2]
WA ,2 000 r/min 213 1 min, 213 R FERS EE 0
% .4 °C .6 000 r/min, & 0> 10 min, L I 3% -80 °C
RIS

1.5 Mgk

1.5.1 W 355258 K Morris KK 5 5288 (D & 4%
BRI (n=5) 4TI 3755 Fll Morris 7K 2K B S5
R T R PR €5 P BE IR B T4 (IR < 100 em X
100 em X 50 cm) , £ P X 43 A HoCs DX 3k K J8] 32 X 3k
KETFAIN H TG 3) S min, 20000 £ 400 5% K iz
ST | s DX 38 Bl s R R i R A R, 1A
Hizgh B, B R KRR R, 75% £ B
I 1H LW 758 ) BEFIRCES , LATH BRSO 5, 17
R EHRKRERE FARLERE. @ VLK
55 HEAT Morris 7K 2K B 525G, 5 1% S50 i K B
BT ICFG KM (R , 180 em X 180 em X 60 cm, 7K

50 em, 7K 23~25 °C) , A H1 UK 2 min A HE
WEE . SCIHFEE 4 d, o0 e AT S0 M 2 IR R
SCE . AT AT SC, RELE 3 d, R T
S I R] B I 25 4 YR, 7K it D7 BB IR R B % 4 BT
R4, KEE FARIC 4B AN ES WAE
SEESE AR AT, KA A 4G RR B AL £ R — 4 R
eI ECE S B COF & 5 08 LGB A ) o B
B 38 6 oy A R s T ] el B S A 7K L, 00 A R
R G000 5 K Bk B & A0 i TR) RNz Tk A2, 4 I
AR KK G EE0120 s WA & (5
PRIATE R 120 ) 0 f S2 30 408 Hog | $ 287 & 6
B FIRE 10 s, BT FIREEES . i idT SR 5
24 #1728 R R L0, WBR -5 AR —AH Rl A K
RO R UK T2 SR BUTE 120 s PN A9 I DK 642
JEFR G SR 5 I AE 5 B A5 8 Bsf (1) AR 28 T 15 1k
B, SR 23 (0] 52 o7 BB ) A 2 (R R R ad A b i A2 1k
P

1.5.2 I I A O PObR 3 0 RN AR P R AR R 3R GA
AV RIS A5 LT, e R IR S0 32 W B (ELIL-
SA )R B Uk B A5 B bR v S 2 10 we/mL, AL
Beas AL AR EE 5 fL, 37 ‘CHEE 20 min, L T
A, PBST 5 & PE ¥ 3 UK, 7o M i LI A il A 18 551
% ,37 “CH T 20 min, PBST H & PE¥4 3 K, TMB JIEY)
WA AL R, 450 nm AN A S, e B 40 DL
K 1fiL 35 SOD . GSH 7 14 , MDA & & M IL-1B . IL-6 .
TNF-o X} 235K -

1.53 JerRgets BRI 5440, PBS Mk, 4%
Z R W [E 2 24 h BB BE 4P (75% . 85% . 95% X
2% 100% X 2 & Wik 1 h, —HAEN]  HE 21K,
2% 30 min; 50~52 ‘CI2 M5 27K, %5 1 hy HLL AL, B
[ J5 e 7 28 4 CORFEDRAT o TEAE SRR B V) -, J5
& 8 wm, 40 ‘CKIBREF,60 CH Frid . —HZRM
I 3 YK, 45 10 min; &6 2B (100% X 2,95% X 2 1K
85% .75% ) J 75 /K 452 7K 5 min, JE [K (Nissle) 4
s e g B R B NSRS CAT X HLAY
TE K Je FRAR A R B o 2R Image] SR X 48 T XF
VI F A 4m B AT, AT Vg T 20 4 250 B T
FI e /MK

1.5.4  JEREREIRKN B DA L5 KW, SR
Trizol ¥ H2 B 1 E RNA , 43 6% BE ALK I RNA
Gl R e B o il FH 0 A SR k) 0 G SR A e DA
K 5292 56 5 B PCR(RT-PCR) #4611l mRNA A
X FIRKF-. PCR WA F 20 pL: cDNA AT 1 L,
ddH,0 7 L Em 51 WL 514 1 L. 2 X Taq
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PCR Master Mix 10 ML,%‘%#F%] 95 “CHIURAE 1 55 s
SRIGTE 95 CZAFPE 10 s, 57 °CiB K 30 s, 40 ME .
FREH LU H A 3R . AR I i il L A0 o i A
S HH A f 2y 3 (27209 3B AN TR i 35 R AR
XF IR A, 1P A LR 1,

*1 5I1¥F7
Table 1 Primer sequence of target gene
SEIH 44 Bk gl
PISK F:5 CGAGAGTGTCGTCACAGTGTC 3’
R:5 TGTTCGCTTCCACAAACACAG 3’
Akt F:5 GTGGACTTACCTTATCCCCTCA 3’
R:5 TTGGCTTTGGTCGTTCTGTTT 3'
- F:5 CAGCTCGTGTCCGACTCAATC 3'
R:5 CGGGTATCATCGGGTTAATGG 3
F:5 TGACGGTGTTTATCAGGCTCT 3’
Duoxz R:5 TTTGCCCTTAGCGACAGCATC 3’
. F:5 AAGGCCAACCGCGAGAAGAT 3
—actin

R:5 ACAGCCTGGATAGCAACGTACA 3'

155 HE KRB Bk DA S5 K, R
RIPA SEAEHUH LR ,4 °C, 15 000 X g 5.0 20 min;
3 W A P BCA 1 v B 3701 0 00 5 2 ok B
A 5XSDS FAEZE s, 95 “CAEPE 15 min, L&
SDS-PAGE #E/E , ¥ 45 i 15 80 'V HLYK 30 min, 4355

JREPE 110V HL Pk 28 75 4 2138 40 B G , 20 pg
RE RS E A B B PVDF I . 5%

B R E 1 h, A —HT(1:1 000Fi ) ,4 °C
PEIRIEH £ 2 ; TBST PEMEE 10 min X 3 WK, in — P (1:
3 000 i B ) , 37 ‘CHFH 40 min; TBST % 10 min X
5. ECLILR R, BER S R 50 145 14 Quan-
tity One 3.0 4K, 115 B 9 8 AR X 5 & o
1.6 Sil2Jiik

K SPSS 25.0 G it 2= it v it b . it

OB A IE A0 R (s ) 78, 507 255¢
i R R R o 22 00, P AR
LSD—1 K6 5 5 45 J5 22 A5 55 W 2K ] Games—Howell 75
P<0.05 KR ZEFA LI HE L,

2 & B

2.1 4R A AT RTE T A
W37 4 L, KA KR sh B g2 =
TG 272 L (P>0.05) ; X B8 2H Flliz o) 21 15 A it
s TR (P<0.05) ;12 3f -+ 5 575 21 15 A A
T RBEH, HERTLLSITTFE X (P>0.05) ; 418
4 38 B4 ez B 4 FRER AL PO X B ] I
TR (P<0.05) , Ui Bz 3l T b e 7 — i FE
ek 7 MRAE RSB KRS R REE S . k2.

FR2 AHEKRRE HTW LR (xxs)

Table 2 Comparison of open feild test in four groups of rats (x=s)

215 n BEN IR/ m s Ak AR/ A L XIS Bt /s
Xif R4 5 12.93+2.12 72.45+13.91 18.5144.07
B 5 12.81+1.94 74.80+16.14 18.4443.90
IRERA 5 13.0442.24 60.13+12.57V? 22.3945.15"%
BE)+REA 5 12.88+2.31 67.57+14.34 19.1644.74%
SR, 1) P<0.05; 52341 A, 2) P<0.05; 558413, 3) P<0.05.

Note: Compared with the control group, 1) P<0.05; compared with the exercise group, 2) P<0.05; compared with the exposure group,

3) P<0.05.

2.2 AHLREUESTIZE N JNRE ) b4

Morris 7K 2K By 256 45 S e B | X RE 21 Filiz sl 21
1~3 d ks v FR 30T B[R] 41K F R 2 41 iz o)) + 2
#E 41 (P<0.05) , ZE BT 5 IRE T 65 T 2 2 B A5
B B 4 T AR R A s s+ B R4 (P<<0.05),
UL 7 d KA 2 R o K B2 ) s e fE
TRl + B 1 ~3 d RV AR ) R T
FR A (P<0.05), -V 5 BV 5 4
FR 455 B B 1) 35 v F R R 41 (P<<0.05) o DL 3 Al
F4,
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2.3 441k B i MDA & & H1 SOD. GSH 7% 1k
Hege

5% R Az sh 2 e, R4 iz s + 2 R
ZH I MDA & 4T (P<<0.05) ; 5 R FR A LA,
iz 8+ B FRALMTE MDA & T (P<0.05) . TEI
5 SOD i& M7 1, X HEZH & T 2 Be 4 Mz 8 + 2 7%
H(P<0.05),iz 8+ Z 4 & TR EE 4 (P<0.05).
XML E GSH IG5, XF AR 41 Flliz sha ¥4 v T 54 5%
HIGEH+ REEAH (P<0.05) 155+ B H s T2
T (P<0.05), WFES5,
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F3 42K R MkREE K HA R 18] b 3 (20s) s
Table 3 Comparison of escape latency time in four groups of rats (x+s) s
205 n AN H2R HIR
X HEZH 5 74.21+10.70 59.62+11.37 42.06+7.24
=84 5 70.74+12.38 56.18+12.04 41.35+6.69
e 5 99.80+15.56" 73.32415.12"% 65.474£10.20"%
B+ AR 5 82.39412.832% 65.46+12.35"2% 52.13+8.26"2%
TE SR, 1) P<<0.05; 5z sh 4 HEL, 2) P<<0.05; 52 FR41HEL,3) P<0.05.
Note: Compared with the control group, 1) P<0.05; compared with the exercise group, 2) P<0.05; compared with the exposure group,
3) P<0.05.
x4 AERBZERFRE S LR (v15)
Table 4 Comparison of space exploration experiment in four groups of rats (x+s)
4L n DK HEE/ (em/s) S RERLE B ITE G R B T /s
X HEZR 5 144.354+12.71 4.7440.80 33.25+7.74
ey 4 5 147.324+11.09 5.234+0.97 35.60+7.36
RER 5 142.47+12.35 1.41+0.51" 15.28+4.27"%
iBE))+ R 5 144.62+10.87 3.5540.72"7% 26.14+6.19"77

T SR 1) P<0.05; 5iash A AL, 2) P<0.05; 58E4 L, 3) P<0.05,
Note: Compared with the control group, 1) P<0.05; compared with the exercise group, 2) P<0.05; compared with the exposure group,
3) P<0.05.

&5 4HKXRIMFEMDA &EHSOD.GSH M ELE (v+5)
Table 5 Comparison of serum MDA content and SOD, GSH activity in four groups of rats (x+s)

205 n MDA/ (nmol/mlL.) SOD/(U/mL) GSH/(mg/mL)
papiisEsl 10 5.7241.05 92.35+15.79 1.2240.14
iz 10 6.10£1.28 88.48416.42 1.1840.15
R 10 12.35+3.479% 69.124+11.77"% 0.83+0.11V%
B+ R 10 9.134+1.81V9% 80.51+12.04V% 1.02+0.132¥
SR A, 1) P<0.05; Hizshdl i ,2) P<0.05; 57 @41 tb$,3) P<0.05.
Note: Compared with the control group, 1) P<0.05; compared with the exercise group, 2) P<0.05; compared with the exposure group,
3) P<0.05.
24 441K B IL-18. IL-6 Fl TNF-oa K F- 41104, 028 8 + 2 88 41 L 1L-6  TNF-a K73
s TR (P<0.05), I IL-1B /K15, % B4 |

55 %} B2 Fllia sh 40 Fe A, B fE 4 flia o) + 25z s Ks s+ BRI AT 24 (P<0.05),
ZH L3 IL-6 . TNF-a KE3 T (P<0.05) 5 55 22 857 L6,

Fz6 4HEKRIMFERAERBIREDAKFLE (x+5) pg/mlL
Table 6 Comparison of serum inflammatory response biomarkers levels in four groups of rats (¥+s) pg/mL
21 5 n IL-1p 1L.-6 TNF-«
papilEEz) 10 135.71420.29 142.50+18.35 109.354+12.56
by i | 10 131.21422.56 146.31+19.05 113.214+13.61
T g 10 189.54+28.09V% 211.72423.64"? 218.814+16.70"%
iz 8+ g 10 152.574£25.40” 180.234:20.63"% 162.93415.04"2%

T SXRA L 1) P<0.05; 5128041 1AL, 2) P<0.05; 57 FR41 4, 3) P<0.05.
Note: Compared with the control group, 1) P<0.05; compared with the exercise group, 2) P<0.05; compared with the exposure group,
3) P<0.05.
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2.5 A41LKRLIEE L CAT DX PRFAIE

Xt M 2H s B 2R BT S 2 2 CA L IX e R/
PRECRE 7, Bl 28 T A N 4 K S B T AT 5 5 X R4 AN
15 B2 YT, % 8 4 s )+ R s 4R U S 4

CAT IXJE F/IMAKR TR, nT UL 7 d IR 4R B 5 ] 3%

= Y £
== “

50 pm
T HRZH

iZ3H N

AR K U D42 CAL X R/MASR ; S R ERAH
H# iz 3+ R TEA M S CAL X8 [/ME S &
2 T UL Z B WE N A RO T 7 AR
BRI DSHL CAL X e R/MEET- M4,
LI 1,

£ B3+ sk

1 4AKXREDS CA1XRBRLEELEE(X200)

Figure 1 Comparison of Nissl staining in CA1 area of hippocampus in four groups of rats (x200)

2.6 441K B T 41 U AR B R A 0k
begs
55t A e A, da sh 4 K BRI S5 4128 Nox1 . Du-
ox2 T FAHXT A ETF, GCLM & A X 2215 5
A

Nox] [ o o— a_— o | 3] Dy

Duox2 | "— e a_— —

GCLM -:—-ﬂl 28 kDa

173 kDa

%, HZEFIH TG E L (P>0.05) ; 5 %] FE 4] A
A L, R FE 4 iz 3 + & #5 4 Nox1 . Duox2 .
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Figure 2 Comparison of relative expression levels of oxidative stress protein in hippocampus in four groups of rats
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Figure 3 Comparison of PI3K/Akt pathway related proteins in hippocampus in four groups of rats
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Figure 4 Comparison of expresssion of Nrf2/HO-1 pathway related proteins in hippocampus in four groups of rats
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Effects of Exercise Preconditioning Mediating Oxidative Stress to Regulate PI3K/Akt and
Nrf2/HO-1 Pathways to Alleviate Cognitive and Learning Disorders in Rats
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ABSTRACT Objective: To explore the basic mechanism of exercise preconditioning regulating PI3K/Akt and Nrf2/HO-1 signa-
ling pathways and oxidative stress to alleviate cognitive and learning disabilities in rats with hypoxic exposure. Methods: A total of
sixty 6-week-old SPF male SD rats were divided into control group, exercise group, exposure group and exercise + exposure group
according to random number table method, with 15 rats in each group. The control and exposure groups received no exercise precon-
ditioning intervention, while the exercise and exercise + exposure groups received exercise preconditioning intervention (treadmill
training, twice a day, 6 days a week, a total of 4 weeks of training). The day after exercise preconditioning, rats in the exposure and
exercise + exposure groups received hypoxia exposure for 7 days. After 7 days of hypoxia exposure, the cognition and learning abili-
ty of rats were evaluated by open field test and Morris water maze test. SOD and GSH activities, MDA content and IL-1f, IL-6 and
TNF-a levels in serum of rats were detected by enzyme-linked immunosorbent assay (ELISA). The changes of Nissl corpuscles in
CA1 region of hippocampus were observed by Nissl staining. mRNA expression levels of PI3K, Nox1, Duox2 and Akt were de-
tected by RT-PCR. The relative expression levels of Nox1, Duox2, GCLM and PI3K/Akt and Nrf2/HO-1 pathway proteins in hippo-
campus were detected by Western blot. Results: Compared with the control group and the exercise group, the 3 d escape latency of
the exposed group increased (P<0.05). The times of the platform crossings and the residence time in platform significantly decreased
(P<0.05). Serum MDA content, IL-1p, IL-6 and TNF-a levels significantly increased (£<0.05), while SOD and GSH activities signi-
ficantly decreased (P<0.05). The number of Nissl bodies in CA1 region decreased (P<0.05). The mRNA expression levels of PI3K,
Nox! and Duox2 increased (P£<0.05), while the mRNA expression level of Akt decreased (P<0.05). The relative expressions of
Nox1, Duox2 and GCLM proteins in hippocampus significantly increased (P<0.05), while the ratios of p-PI3K/PI3K, p-Akt/Akt, p-
GSK-3B/GSK-3p and the relative expressions of Nrf2 and HO-1 proteins significantly decreased (P<0.05). Compared with the expo-
sure group, the movement time in the central area, the 3 d escape latency decreased (P<0.05), the number of platform crossings and
the platform quadrant residence time increased (P<0.05) in the exercise + exposure group. Serum MDA content, IL-1, IL-6 and
TNF-a levels significantly decreased (P<0.05), while SOD and GSH activities significantly increased (P<0.05). The damage of neu-
rons in CA1 region was reduced and the number of Nissl corpuscles increased. The mRNA expression levels of PI3K, Nox1 and Du-
0x2 in hippocampus tissues decreased (P<0.05), while the mRNA expression level of Akt increased (P<0.05). The relative expres-
sion levels of Nox1, Duox2 and GCLM proteins in hippocampus significantly decreased (P<0.05), while the ratio of p-PI3K/PI3K,
p-Akt/Akt, p-GSK-3B/GSK-3f and the relative expression levels of Nrf2 and HO-1 proteins significantly increased (P<0.05). Con-
clusion: Exercise preconditioning may be involved in the regulation of oxidative stress in brain tissue by activating PI3K/Akt and
Nrf2/HO-1 signaling pathways, and thereby improves the neurobehavioral functions of hypoxia exposed rats.

KEY WORDS exercise preconditioning; oxidative stress; PI3K/Akt signaling pathway; Nrf2/HO-1 signaling pathway; hypoxic
exposure; cognition and learning ability
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