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Effect and mechanism of aerobic exercise on cognitive function in schizophrenic rats

YE Le, LI Yingfang, LI Yang (The Second People’s Hospital of Lishui, Lishui 323000, Zhejiang, China)

[ Abstract]Objective To explore the effect of aerobic exercise on cognitive function in schizophrenia (SCZ) rats
and analyze its mechanism. Methods ~ Sixty-two SPF SD male rats (200 ~ 220 g) at seven to eight weeks were in-
jected intraperitoneally with dizocilpine maleate (MK-801) for 14 days to establish the SCZ model. According to the
random number table method, 60 SD rats were divided into model group, aerobic exercise group (rats were trained on
the moderate intensity treadmill at a fixed time every day for 20 minutes, with a rest of one day a week for six weeks),
aerobic exercise +ATRA group (aerobic exercise + pathway inhibitor - all-trans retinoic acid, 40 mg/kg). There were
20 rats in each group and another 20 rats (control group) treated with the same way as the model group, besides in-
jecting intraperitoneally with 0.9% sodium chloride injection. Plasma biochemical levels and inflammatory factors
were compared among all groups. The injury and apoptosis of hippocampal neurons and pathological changes of small
intestine were detected in each group. Intestinal barrier injury and changes of intestinal mucosal permeability and
blood-brain barrier permeability were evaluated in each group. The expression of related proteins was detected by
Western blot. Results Compared with the control group, the cognitive function of the model group rats decreased,

with significant atrophy and inflammatory infiltration of the small intestine villi. The damage and permeability of the
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intestinal barrier increased, and the permeability of the blood-brain barrier changed. The number of intestinal micro-
biota translocation increased, and the hippocampal tissue nerve damage and apoptosis were severe. The levels of plas-
ma lipopolysaccharide (LPS), serum neurotransmitters, and inflammatory factors increased, as well as the expression
of nuclear transcription factor related factor 2 (Nrf2)/antioxidant response element (ARE) /heme oxygenase-1 (HO-1)
pathway proteins and their mediated antioxidant and anti-inflammatory proteins increased ( all P << 0.05). Compared
with the model group, the acrobic exercise group showed reduced cognitive function and alleviated intestinal mucosal
damage, intestinal barrier damage and permeability changes, blood-brain barrier permeability changes, reduced hip-
pocampal tissue nerve damage and apoptosis, decreased levels of plasma LPS, serum neurotransmitters and inflamma-
tory factors, and increased expression of Nrf2/ARE/HO-1 pathway proteins and their mediated antioxidant and anti-in-
flammatory proteins ( all P << 0.05). Compared with the aerobic exercise group, the levels of inflammatory water and
oxidative stress in the aerobic exercise +ATRA rats were increased, the cognitive function of the rats was decreased
and the intestinal mucosal damage was increased. Conclusions Aerobic exercise may improve cognitive dysfunction

by activating Nrf2/ARE/HO-1 anti-inflammatory and antioxidant stress pathways, playing a protective role in gut-brain

axis tissue.

[Key words]

Aecrobic exercise; Schizophrenia; Cognitive function; Inflammatory reaction

[Modern Practical Medicine,2024,36(2):159-165]

F5 4> Z40E (schizophrenia, SCZ) 52 P ZH 2N
DR N ERAE I — P E R e, B
AR RO B S B, AR 0 RURR R L 3 A
WA . T RAH TR I, TAEYD-Ig-lk il fE SCZ H i
VEH, RSz B0 5T 5 B G RIS B0t iE
AR A fsme, HH AT 08 SCZ & B
IR IRUFERRE /N RN N DI fE, AR I R ik 2278 77 R
RIE RIS R HH R R 2 (Nef2) /Bt AL B
Tt (ARE) JEPRIEOE, P53 A0 3 I -1
(HO-1D P AR AT AN ]  WF FEUESE Nrf2/
ARE/HO-1 fie i e AMUAEZ R & oot 2
FNEN D REREAT h AR E Y, IS AE B B P i B 2
o AR AR E B Y A U ST K B SCZ A,
CUAE B SCZ K AE K R I sebLil, I A Aissh
£ SCZ S iR I7 S AR (1) B, ARE T .

1 MRI57E%E

1.1 S0y SPF ZififE SD Mtk K 82 K, 7
~ 8 JH#%,200 ~ 220 g, KR HHYUKRE, 1AFRE
RUESHY B, TR 20 ~ 26 C. B KRIGE G
[ = B 5 B B S SR Z Wi FU T, AR PR VR RTIE S
A SCXK  (F) 2019-0011, AFEUES: 1103012
111038179 . AHFFIRBMK T H — N REFGER
FLes itk (IS 20220302-02) , 754 3R JE.
1.2 FEAA S H A PP Bk iR £ (MK-801)
(M15913, FigISEEAMRHE AR A FD s Nrf2-ARE

3 P 754 i a4 R (ATRAD (R IBRAT 2
VR B BRAFD s 401 N 5 -6 2 8 (LPS) 5
£ (CS-10802E, ifF A EMH ARG R AT, i
34 7 -5t Jl (5-HD il 5) & (IB-E 11975, YL 7G 3 1
HAMEHEARARD, £EE (DA R &
(YT30237, BigEI1E BRHECAERATD, B4
#-6 (IL-6) [ifg 1K 4 % W P v (ELISA) 77 &
(HL20064, bifgng RAEMFEHE A RA D, BG40/
#-1B(IL-1P) ELISA 7% (SEKR-0002, Jb 5 % 3K
ERBEERA G, D-I B (D-Lac) ik 7 &
(KL15282, LifgRREIAEDFRHE AR AR, HE e
WS (HGR6210, 5 By it A RHA R A D,
Je Fege iR 75 & A TUNEL 40576 (YT8907.
YT2205, JbFHEEAEMRHCERARD, KAEEA
(occludin) 7R A& 8 H ZO Kk 1 (ZO-1) . Nrf2,
HO-1. A LEE-2 (SOD2) . Al &-1a
(IL-1a) « FAZHAEIA E-10 (IL-10) 54044 (ab216327.
ab221547. ab31163. ab52947. ab68155. ab254360.
ab192271, £ [E abcam A F]) .
1.3 KA FEHLE 62 HOKR &S SCZ 1
B WG IERRL TN 60 HOKER, BN/ B A 4
iZHNH . AEISE+ATRA 4, 4120 H. 5H 20
KRR, TE X IR

TGRS B v S Hb L P P kR £ (MK-801D
0.5mg « kg™ " d', %S 14d, 87 SCZ BiAL, R
W 375256 7 iR R BB 368 HHMER I, 5K



IRSEHEESY: 20242 H #3648 H2 M

BRPEIZ8 B8 37 B (1) B 8 AR O DX SBS 3 0, FLHR( ik
b MR B IR ZRAT A0kl , SR AR AT 3 o &5
SCZ FEMR, NGRS, 31 60 R K BRG] -
KERIEB I IGE , A Fa B4 K AR [ E i
()7 b &8 B2 P 6 Ik, B 20 min, ST 6 A,
FRAKRE 1 d, KERIZ3) )5 7 IR A5 A0 B &
0.9%FANES . AHAIZB+ATRA H KA A
12 30 J5 I RE A 59 AH L7 2 1Y Nrf2-ARE 38 i [H W 77
40 mg/kg, 1 K/do HRT2H Kok B2 K BROBR s v B 25
TEHE 0.9%F LTS R .. SAESLTT6 FJa,
WK RERG 1d 388, IR T R 2805
1.4 WEIER
141 ATHZFIONEIhEE SR G AT 758
5. W KRR MCE LA AT 5 X3k (100 em>100
cmx100 cm) , B HIEZR 6 min, FH B IR i R 4¢
WEKRAE 5 min TFEHOXIER CEEARTTH
F) 25%) FAN R X 3k (L 230D 9 RS Bh iR
KK EREAR T AN R T RE: B R R E T R K i
(HA4% 160 cm, 5 50 cm, /KiE 25 ecm), /KX =i
(241D °C, K7 4 MR, 55 1 RIRAEI0EE 35 cm
BWE EAR 12 ecm. 5 22 em, FE/K R 3 em [ RITE R &
AT G, B REES 3 RN, H SMART 7
PRIER R GEic 5K IR BT & R[], B £k 1,
LK BTE 60 s PN 27 15T & SR IKEL
142 Wi SELAMETT AT NFSERE NG, B
B 6 HOK BRARSE G HUNB R Fifs B 2R, 4353
SRRy, — iR B T —80 CUKFaRAF % H, B —
BT 4%2 BPREI P EDE 24h 5, K A
A, DIK Sum VIR . WSS A, B
KA G » 23 345 JE B &% TUNEL Je i #r i B - 7
EHAT O, FETORE P& ot TR
#L. TUNEL Zt44] fr, A Image-pro plus #AFlIER
FOYLOA I AT 4D 20 H , WL g FE T
B, MR T =1 T A 38 4 i S B0 100%.
1.43 I3 LPS. I3 4 5E PRl -1 F AR 2233 5t /KT
UK BUIE 33K 2 ml, #% ELISA i 8 5 777 A il
3% LPS 7K~F-5 53 UK BUIE 32 35K 1ML 2 ml, % ELISA
Bt B 7 V2RI L3 28 8E A 7 TIL-64 IL-1B7KF, K
P26 R S-HT DA 7KF
144 WbthE  NHHS AT 1% HE W5 & i

e 161 -

B gt G, T 6B T LSRN 98 0 F0 W 3 e
JEREAR A, VAVPAh 78 e 8 PE . B (R A ke D)
Fro i & aE S, I —3T C(occludin. zonula,
1:20004 CH¥E 24 h, —HulEHi R h BBk E (-G
(1:500)ZFHEIHE 1h, T EHEE FHIEUEL, Image
JERAE 53 B W 5 e B P G A 100, DAVPA PV R B o e
LR IR .

145 J 5 B S I i B PRt 1 &2 R BRUBE LI
5 W, & BEIKES 2% EB(3 mlkg), 1 h J5¥ KR AL
BE, B Bz S 223, 3830 5 B ) M 1 620 nm K
TN EB WOV EEAR, IS EB S5, DAV LN R R
WFENE FEBEHLE 5 R OKE, BUE 30K, W D-Lac
AP B R A 25K 4 h )5, 45T 400 mg/kg FITC-
Dextran ¥ 5 4 h J5HUfL, 3500 v/min 2504 F 250> 10min
Ji» BUMAR 25 pl, 75 488 nm PRI K525 nm 5T i
KN, R A5REE, Hh5 FITC-Dextran K, A
D-Lac % FITC-Dextran 7KF, VA i i 7 14 424k .

1.4.6 JiEREE SRR 4 LR, TEE%
1 B R L A5 WA 2R, ARECH Rl &
FATEE 0.9% FACARTE S e 1%, fER AL
A TTEE, IINTE B 0.9% S ALANTE S A 1 ml
SR HL100 pl SRR, FEFh T 22 BRI IR 1
BR b, TEAEIR A T B 35 24 h, B H T AR 40 55
5577, Fl VT2 compact %552 , A5 Kb R 7R H 3 A
B A b gl o s B R AR T A AL, THEURIE &
Fli 2L 2R P9 A g T TR R A1 T

1.4.7 /Mg iS4 Nef2, HO-1, SOD. IL-1a.
IL-10 AL B—80 CAAFMI/INGHR KT
ML, ACREVR G, TIN5, B B R B
PG N R gn e s R A R R R,
BCA VAR I B 25 pg B (A RE Sl AT FLPK LR
SN, IIN—$t Nrf2 CREU 40 f % & 11D « HO-1.
SOD.IL-1a.IL-10 Hiif& (1 : 1000), P} ZHifkp-actin
(1:1000),4CTFEELR: MAZHL( L 2000) %
T E 2 he BsRAL SRR, I ROE B
SRTCAIEIF 3 K FEAR, 1 B A Rk K
1.5 4t J5i%  H SPSS 24.0 J2 GraphPad Prism 8
TG F 00T, R R R bR 2R OR, 24
FLECR T Z i, 2 EECRH SNK-g %:. P
<0.05 FRERAGIF R L.



. 162 -
2 #R
2.1 4AHKRBATHAHZ N IReLbE: 4 Hi =

ONTEBNIE B9 28R T & SRR O R R AR A 2
Vg %m L (F=102.321, P < 0.05). 5}
RRZEAH L, SRR BRAED I b0 RIBE 2 2, i
BRSNS EE T & RIRIREER (g=
20.759, ¥ P < 0.05) , BRI ZE K (=29.269, P
< 0.05); SERAML, FHRENHKREY
O X IRIEH B D T B R OE SR S L R B R
PRI EEG N (g=7.379, ¥4 P < 0.05) , W EE AR I 4
11(g=17.806,P < 0.05); 55z sh AL, 552
BI+ATRA 0K AL 37 O X 380E B 38 i, 38 5 v
OV BNPE B L 2 G & R ERAK (¢ =8.675, 1)
P < 0.05), BEEMRIALEK (g=19.576, P < 0.05),
W 1.

22 AHKREEME TG LT HE R 8
FGu o m] I, o B K B A & o U S 1B
BLAYH K BRI S PP e A I i , B AZ R 48 HLIR G,
FZE 0 E IS FNIRBE ™ 8 ; TUNEL 42 (8 n] AR A2 K
BV S 1P 22 O M e B DR, R T 4 2H I T 4

A R IRAL

FLALZH

™ S50 32

bidrie b

Modern Practical Medicine, February 2024, Vol.36, No.2

KW TR ERA G IR (F=340.707, P <
0.05) . SAEAHAALL, A 508 5 24 K BRI T2 % FR K
(g=19.373, P < 0.05); SHAESAMIL, AEE
B+ATRA 40K BRH T2 15 1 (¢=18.075, P < 0.05),
W 2.

2.3 4 KRNI LPS. I8 #5E K1 A 4058 )5
Ebi 4 41 LPS. DA, 5-HT. IL-6. IL-1p/K T Z )

Bt L (F=39.976, % P < 0.05) . 53R
FIEE, A8 4H LPS DA 5-HT IL-6 . IL-1B/K P-4 T+ 5
(g=11.853, %] P < 0.05); 5HEAA ML, 51230
HIEK (g=8.768, 3 P < 0.05); 5 Hizash 4
te, HHEUZ3I+ATRA HEEFm (¢=9. 218, B P <
0.05), WK 3.

24 AHRBBBFEEREIE R KR
HENGEM IR, T8 R A E A R ZO-1 JL oc-
cludin & [ 7] 7EZH MR AN J T A 52 5 BE 4 (s £
UKL JROZE 2273 A1) 2 s A AH K B RS 9k 25
A7 K P T e 53 TR % 98 R 4 Hes e S5 21
P47 1 E, J A o R e AR v L A A AN IR,
Z0-1 J% occludin 2 55FHPEFR X .4 2H ZO-1. occludin
FHME R IL 2 3 A Giit i L (F=209.570, ¥ P <

KREE

B 60T ST
E E=g
" ,458
&40 st
R &
I & 4 |
220 | B
=+ LN &
" k|
1 o &R0

Wi
SN

BB

/)é\/%@ ‘@XLL,%)’(W

1z an 4l I B +ATRA 41
— 3 .',"f- e £ :_--__. ?M! %"‘ N
= "E’I-"""‘-- : A - gy e |

.'t I! |. _}), |

;v L LAY '

# ) o, d
\ 5 _,J:nl - x’“ -".:‘ ||'J pe
b

—

HEETE ORI ()

R

T AN 37 S50 KK B TR I B B ONIA SN T g EL g, S HRAA LA, aP << 0.05; SN LR, bP << 0.05; 5 SiEsh 41 i, cP < 0.05
1 4 HKEAT EE BN Yy he b i



IRSEHEESY: 20242 H #3648 H2 M

0.05 . 5EMAM L, F4 iz 84 Z0-1 & occludin
PRI RIETHE (@=12.318, ) P < 0.05); 5H4AIE
S, BHEIZE+ATRA 41 ZO-1 K occludin B
PEIRGS (q=11.438, 3 P < 0.05), WL 4.

2.5 4 KR iedE v K il o B B od g M L 4
H FITC-Dextran.D-Lac & EB /K- 2% F ¥ 91t %

¢ 163 -

B (F=27.954, ¥1P < 0.05). SAHIEAMLL, #
RUH 1 J FITC-Dextran ¥R % J& D-Lac 7K fixi2H 21
EB /K FH1 7 (g=11.083, %) P < 0.05) ; SR
LG, 4502 3 BB (g=6.130, 5 P < 0.05);
H5HEAZHMAMIL, HHIE+ATRA HH =

(q=5.836, ) P < 0.05),

LK 5.

A

xof AL B g FRIEH

HEZHH+ATRA 4L B 40

PHTIH (%)

E:ANBIKK TUNELQ%@(MOO) B MZ TR LA, 'ﬁﬁﬁﬁfﬂﬂﬁj{ aP << 0.05; SHAIH L, bP < 0.05; 5HFIEENH LR, P < 0.05
B2 4 HARRIEGEDME TG LA S L

E8 ’ .~ 100 ~ 007 .
b T i =
=N g £40 ~
= 4 \<E I 5 b
£, g 40 290
W #z 20 o
50@@@%"50»&»»&» PO,
DS S Y3 QI U R
Welphe g e e el
o 4@»‘}’ 4@»&»

VE: SxHRALELE, aP < 0.05; SAAALELE, bP < 0.05; 55 EE 4L HE, cP < 0.05. LPS: i 2 b%; DA: £ EJig; 5-HT: #1438 f5i-5-72 (0

Jié IL-6: (4RI -6 IL-1B: AN K-1B
B3 44 KR LPS.DA.5-HT. IL-6.IL-1p/KF-tL#%
A R Ttk Heiszhi HEIBEA+ATRA YL B 2 4
# =
®
S
N
)
®
o o
N g 3 |
’{Blz(
$2
Q
% gl
& |
: T on- . -
_§“‘ § ’{S‘gélt% ’féfﬂ% ﬁX[t% ‘&P’/
=}

%P»

VE: AN HE /32 Z0-1. occludin ﬁa&“éﬂﬂs%&é (x200> B 7'3 ZO-1. occludin PH A LL#E, SXIRALELER, aP < 0.05; SHMAIELE:, bP <
0.05; S EIZNLLELEL, cP < 0.05. ZO-1: #RH A 11 ZO K% 1; occludin: 'R A& 11
B 4 44 KR bl b



.- 164 -+

2.6 4HKR AL EEHEBERAMALLE 448
emir%nﬂmeﬂ,/\q:%ma YA = RIS A S
MY (F=191.852, ¥ P < 0.05). SxfiEH HE,
ﬁiéﬂ%kéﬂﬂiﬁ%ﬂlﬂu LR RN PH AT =
(g=27.530, 3% P < 0.05); SHEAAM L, HARIZH
R PPN B PR (9=17.889, P < 0.05); 5
G RN, G EIZE+ATRA AR FATEAN

T+ (g=14.907, ¥ P < 0.05), LI 6.
2.7 KEVNE- 8 2+ Nrf2/ARE/HO-1 1 i 25
% SOD. IL-1a. IL-10 R A EE 4 HA/N. iFL

YH 2 Nrf2, HO-1. SOD. IL-1a. IL-10 & [ #ik %=
SR L (F=34.183, 1 P < 0.05). 5%
e *%yﬂd\% g ALz Nif2 i
H#IA . 49+ HO-1. SOD. IL-1a. IL-10 & A
FiETHE (=7.380, ¥ P < 0.05); SHERAHLE,
FREFHUAEARETE (@=5.134, ¥ P < 0.05);
HHEIEEA R, AHIZ5I+ATRA & HRIA M
K (g=5.300, %) P < 0.05), W& 7.

600 | 61
E ~
400 E4t
5 g
R 200 a2}
o A
g
=

0

0

A AN

Modern Practical Medicine, February 2024, Vol.36, No.2

3 iTig

TR, SCZ NN REIRIR 5 X4 R St
O ME e A K. B EE3h T RIAAZIIRE
SN TH B JE 4% Kl 152 T 1) 224, 93/ D 1 S R AR 43
%K, MIMHERFN AR R E . RO, A
SIS TTE SCZ K FRAINEN 5 2] B 42/, 9 1y
PR T A T B B AR, XN E RIS s A
FIT22 % SCZ g Bt 2 Teai A BN Fn D) R Rhs o

BHFFRI SCZ B3 Wil AR TEUAE Y T
(2 REPE S B I M i v A S AR = 4 an
LPS SERE O8I, 23 il 20 RS il 48 ik 14 200 i 1R
TN, U i B R @ E M, TS B0
7 AR PR 22 3 T A L P 3 I o A i TE 8 R Gtk
N KR, VB T2 70, 52 DA A0 ) BE S50 5 | g 437
17 AR B, AR K R B i K E i P
A Ji 3 VR RS L SRR TSI A 388 R 48 1 IR T4
I, S8 A IS B TS R IR B R e v

e B AT 22 A, L% LPS . LI H 28 12 Rl S fh 42 3
Jo K FRATG ML o o0 5

P CA AR th 2 25 2R A, X 4R

A O o A O B i A o DN Iy
N ng( %\5_5/1:53%)( P;YQ\P’ )g\} %4@7@ %/\}//f‘);/% PSY\P* oS\ )ﬁgj“é )53 e P,SQ\P»
;é’?(,\ﬂ:} ,)é'%,\}j‘ /élag(\ﬂ;/

VE: 53R LT, aP < 0.05; SETRAH LLE, bP < 0.05; 55 281 4H L, cP < 0.05. FITC-Dextran: 565 # B 9% 6 -8 b ; D-Lac: D-

FLEZ; EB: AR 022
5

C

T

¥ 2 I B 45 A1 B RS i (A

SR

A FREA ARISEIAHATRA 4

4 2H K, FITC-Dextran.D-Lac & EB 7K tb

4

w2

8]

TR ZA A 72 Br (A

X R 21
VE: HXIIRALEL A, aP < 0.05; AL ELEE, bP < 0.05; 5H AIzsh4lELE, cP < 0.05
6 4 KR e 4 R A B A B s

Bl fRiEahd AEISEIHATRA 41



IRSEHEESY: 20242 H #3648 H2 M

e 165 -

A 37T 25 3
= £20 £
e 215 32
a1 5 L0 ER!
= 205 _'1
ZO@ Coo oy i % N
i R i W \ DO LL,
AR Ny Lﬁpﬁ\ §@ %f\% % » @ %‘;\
C /)é f»% @LL
: @\}f} B
B B 5
B 25 25 3
220 220 | £
i=] = S 2
215 515 | 3
510 & 1.0 | S
2 0.5 8 0.5 | 3
0. N L @ 0.0 =0 - S —
o wg; m‘% \w% g %/ i @B \w\é L&x DY
F \%ﬁg’@v PSQJX SN ?*P’ )XQF} @;@v@‘@% R %‘f m@ N
= e LT et
7@’%\ ;3N )@%«?/ JRRN

A NNFHSF R E A RIS, B NG SHAH /K E A RIE .
ZH HUHE, oP < 0.05 . Nrf2: A F 3% FFAHOC R F 25 HO-1: MLZL R4 g-1;

SxtiRALE:, aP < 0.05; SHHEAIH L, bP < 0.05; 5HEEH
1; SOD: A ; TL-1a: BANAA T FR-1a; IL-10: AU E-10

E7 4HRMEAREILER

ARl s SCZ KR i bt i 1515
Nrf2/ARE/HO-1 AHLAR ST R A7 7 1) 5 28
P MUARTESZ 2 5 1 KB B fa 2
Nif2 5 ARE 454, HREPTEME D RER D
SOD. KHiAKF T IL-1azRik KK FE AR
5 734 Nef2/ARE &4k, 7] il HO-1 ik, K%
LR FUEAPUE TR, SRR A L 52 45431
B BN E Nrf2/ARE/HO-1 J# & Al {23 SCZ
KEIUEAEG & &, SR FANI, G K RIA RN T)
e, MW MREm a2, AR EIE Aizshd
K- 4L 2 P Nrf2/ARE/HO-1 38 % & H
PLk  PUAMNIBRIBOE, $enA RI8 8 KIE -
SRR, AT RE S GE Nrf2/ARE/HO-1 JE % & H
A FHPL TR A 26, 11 ATRA W] IR 554 4
BEI EIRIER
FIZSZE P (8 7 W oA 2 o
(EE MR R SRR THRERAE RS 2595 SR
G4 2 TR B 0K

2 % x W

(1] R at, T A d, S 56, 55 B A S RS e 2 2 SOm LI AR
TR T SR L] H AR R 4% 35,2019,52(5):357-360.

[2] MARTTINEN M, ALA-JAAKKOLA R, LAITILA A, et al. Gut
microbiota, probiotics and physical performance in athletes and
physically active individuals[J].Nutrients,2020,12(10):2936.

[3] AL-NAKKASHL, MASON D, ISMAIL N, et al. Exercise training
prevents the loss of wall thickness and lowers expression of Alzhei-

mer's related proteins in 3xTg mouse jejunum[J].Int J Environ Res

Public Health,2022,19(21):14164.

[4] ZAKARIA A, RADY M, MAHRAN L, et al. Pioglitazone attenu-
ates lipopolysaccharide-induced oxidative stress, dopaminergic
neuronal loss and neurobehavioral impairment by activating Nrf2/
ARE/HO-1[J].Neurochem Res,2019,12(1):2907-2910.

[5] HUQ,RENJ, LIG, etal. The mitochondrially targeted antioxidant
MitoQ protects the intestinal batrier by ameliorating mitochondrial
DNA damage via the Nrf2/ARE signaling pathway[J].Cell Death
Dis,2018,9(3):403.

(6] L, VP 750 P 52 TH R A 00 2R E S8 2 o B B A T et e 0.
AR IR ,2020,53(1):55-58.

(7] T33O 55 A B Bl B R & R B AN T B
RS A3 (4 T P (). o 6 R BE 2404 35,2021,23(5):510-51.2.

[8] LIXY,HEC,ZHU Y, et al. Role of gut microbiota on intestinal bar-
rier function in acute pancreatitis[J].World J Gastroenterol,2020,26
(18):2187-2193.

[9] BIOQUE M, GONZALEZ-RODRIGUEZ A, GARCIA-RIZO C, et al.
Targeting the microbiome-gut-brain axis for improving cognition in
schizophrenia and major mood disorders: A narrative review[J].
Prog Neuropsychopharmacol Biol Psychiatry,2021,105:110130.

[10] ALHAITHLOUL H AS, ALOTAIBI M F, BIN-JUMAH M, et al.
Olea europaca leaf extract up-regulates Nrf2/ARE/HO-1 signaling
and attenuates cyclophosphamide-induced oxidative stress, inflam-
mation and apoptosis in rat kidney[J].Biomed Pharmacother,2019,
111(1):676-685.

[11] sKIEHT, W, T KI5, 2. B A4 2 T Keapl/Nrf2/ARE 155 518
% KA A R R R DA R A A S L B ) 52 [0, AR 2
PHIIR,2022,37(11):2437-2443.

ks B #A: 2023-09-08
(A3 4%E - PG LD



