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[(FE] a« HEIWMKBMFRIT 5XFAD /NEUEE N BT/R ZIGER ( Alzheimer’s disease, AD ) HIEH HR XM
mi R o225, ek B SXFAD /NRS C57BL/G) B4R (wild-type, WT) /NRIETE B EAAR TN RIF B 73
HUE, ¥ 4 HIB P 5 XFAD /NEMFE B RS (littermate, LM ) WT /)N U BEPE 512> BIBEHL > M 4 4. 5XFAD X} #
2. SXFAD FREEAFARAIA . LM XA . LM BREEAIFARAHA , 3L 84, &4 8 H. FREEAMF AR /N
1.4% 5S¢ RREE T AT P TR, XTIRAATTIRIE M TR . FARJG 24 h BUNRIG DA, R AHE A B AR p-
catenin, M JFE A REHEES 3 ( glycogen synthase kinase 3 beta, GSK3B) M p-GSK3B HE K, £ % Mtk 5XFAD RAM
BEM T ARAL B, ¥ D41 F B-catenin, p-GSK3P & [ p-GSK3B/GSK3P HAMH % FE AL FIMENE 5 X FAD Bl 3 A%

(P<<0.05) ; {HJRREEAIF AR B S XFAD RIS NAHXEARSEFOFHIFE L. 4&  FREFFARX AD /N

SR SE M A7 e ) 22 5, AT REIE L1 55 N B-catenin/GSK3P {5 5l I F i lfi M AD fE3 .
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Effects of anesthesia and surgery on the expression of Alzheimer’s disease-related proteins in the hippocampus
of 5XFAD mice and its sex differences

ZHANG Yinglin, HUANG Yong, ZHANG Li", LIANG Chao
Department of Anesthesiology, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract] Objective To investigate the impact of anesthesia and surgery on hippocampal expression of Alzheimer’s
disease (AD)-associated proteins in 5 X FAD transgenic mice and explore potential sex differences. Methods 5 XFAD mice were
crossbred with C57BL/6J wild-type (WT) mice to generate offspring for genotypic confirmation. Four-month-old 5 X FAD mice and
littermate (LM) WT controls were allocated into 8 experimental groups (n=28/group): female/male 5 X FAD control group,
female/male 5 X FAD anesthesia/surgery group, female/male LM control group, and female/male LM anesthesia/surgery group.
Anesthesia/surgery groups underwent laparotomy under 1.4% isoflurane anesthesia, while control groups received no intervention.
Hippocampal tissues were collected 24 hours post-procedure for Western blotting analysis of B-catenin, glycogen synthase kinase 3
beta (GSK3p), and phosphorylated GSK3p (p-GSK3p) levels. Results Female 5 X FAD mice demonstrated significant reductions in
B-catenin levels and p-GSK3p expression compared to both sex-matched LM controls and male 5 X FAD counterparts (P<<0.05).
No significant differences in these proteins were observed in male 5 X FAD mice following anesthesia/surgery. Conclusions These
findings reveal sex-specific responses to perioperative stress in AD, suggesting that anesthesia and surgery may affect female AD
patients through hippocampal -catenin/GSK3f pathway modulation.

[Key Words] Alzheimer’s disease; anesthesia; surgery; 5 X FAD transgenic mice; sex differences; p-catenin/GSK3p
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ATREEE K. HAT, LM AD B RIE B R
2%, HINAIEE JJ R R T [ . AR
AR ST % BRI AT R S % 2 A i B R
WA TR PR BRI 22 57, M S X FAD B 5L [
NS M BAR S INEI T REBR A, SR T AR ML
i# AN I
WA B 3B ( glycogen synthase kinase 3
beta, GSK3p ) /& — Ik fRoF 1Y 22 &R/
IR TR . GSK3B WEMET = 5 B-TE M HEE 1
(amyloid B-protein, AB) SH R4EHIEMK, &
AD Y EHORHLH o IBRAERZG Y AT R
GSK3B MM IR AD #E R . Liang 25" % 3
R T-LRLE /N EUA N GSK3B i, W%
MAEAHOCHE M (Tau) R, FBUMRULH
INHIRERS . B-HE M8 ( B-catenin ) = —FP 2 UjHE
MM, 8 Wnt/B-catenin {7538 2 5 A 40

Ak FIZBErEY . GSK3PB A LI HAEVEM T -

catenin, f# B-catenin & A= i 8 fR fb I A iF H f%
fitt, FEELE NN B-catenin Ji /D, BFE SR
7RIS, FSMaSampET" . s, o
587 K B B-catenin FEFIZ ARG A H H S 5 Rl A]
SRR T I R 2T e, D sk ET
H AD RO AERER . AN, BRI
25y Al g8 i 0% GSK3PB, {2 {#i B-catenin [#f#
25 AD KK E.

ARWFGEAERTIAT M 2p B A b, g4
PRI RN F-AR 518 v B-catenin Fll GSK3B £ik
TR AR AL S LR 25 57, RIS AN TR
PEG B AD B KA D) RE R AT Y AT BE 4 T2k
YL S AL S I R

1 MREFE

1.1 F8xr% 2 AHENE SPF 90 5XFAD /MR
8 H, IR 22~24 g, WWHMEAMT (TN ) B2y
5T oA B 7] [SCXK(5)2018-00061 . 3 H i
HEPE SPF 4% C57BL/6J BFAERI/NEL 16 H, A&
18~22 g, W H EiEEE/R-LILLR YA RA
Al [SCXK(7)2018-0006], #f 5 X FAD i il 5
CS7BL/6J BP A RUMERR IR 1 : 2 %, B THEH
KRS B il SPF RIS T AR B F . A5k

B . MR 22~28 C, MXFIEE 40%~
60%, 12 h/12 h B IHIEASEE .
INERASHE B A AR, REFARR L e
PEAT L R % [ A 3 Ok T 0 R AR B
( amyloid precursor protein, APP, 377 bp ) FL[H
AR EHEH-1 (presenilin-1, PS1, 608 bp ) FEA
1/INERCA 5 XFAD /MR [P ANSRIA APP B A
PS1 ZHF A /N R &R (littermate, LM )
XN B AR/ R SE R R R 391 4 2, 4k
SE7E SPF MR RFR 2 4 ik,
1.2 s R 4 Ak SXFAD /M
B LM /NG (B3 2R S04 16 H) 4R
BrRE 0 8 . MEVEBUME: 5 X FAD XJ 8
2H . MEPESEYE S X FAD BRIEEAT T AR AL FHAH | M
PESME LM X IR | M s LM ORI AR
AERZ, R 8 Ho BREEAITAR AL BEL /N BRUR
H 1.4% SEREERRIE, JFFTHFIE AR, XA
FTIRRIEFNFA
1.3 #hdhpEs SR H/NRE TR T, R
FH 1.4% S0 BEAS 15 min J5, B EHEREE
o, JERESELL 1.4 % 5Bk R RR I . B 1R
16 S il AHETE 2L B b, DL I S5 60k IS
AU RE o AR R 2 X6 /0N BRUE S B R O
BN 5 B LB EA U 0.5 cm b, WY IE BB IE
&, MORYITFIETR AR . BENFIERE . AEEA
TP HABERNE, DL 4-0 Vieryl TR IR G54R3 )2 48 &
JEERYIO . FARE WG, KT ES 0.4 mg/kg WA
1% A 6 ME v LA A R, I K /DS Rk e R e
FENARSERREE . R /N FARFFLEZ10 min, iR
PR 2 hoe SCEERR Y, DTS/ INER G I B
JERN B B0, bt A . = EAEBLR A R
SiWJE, K/ NEUBCRNE TR R E, PR
F/NRRES R, Sk, &5 24 h,
W5 /N BURRERE 5 AR BE o vk 43 55 /N BRI 41 2T
B HAR AL TR, TFT—80 C VKFHIRTTE
1.4 &G JR¥PiEix ( Western blotting, WB)  H
B A/NRIRAAE A2, A 100 pL &6 1% K
P R S . R P D o R A R e 4 ) 5 Y
RIPA 2 b (_LIRE3E = RAYIH AR e A B
/3], POO13B) , BHEE, A EELC (15000 r/min,
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30 min, B0 8.7 cm) o WREL FIEE THA
BLET, SR BCA EIEEAWE ., 30 ug
BEHFEART 95 C 21 S min J5, TR NGB
BERZ LYK . 7E 300~350 mA H I A1 T LR,
5% WEBRWIKS £ 2 he B-catenin (1 : 1000, 3€
[# Cell Signaling Technology 2 &, #8480) .
GSK3B (1:5000, 3E[E Abcam 23F], ab32391) |
p-Ser9-GSK3B (1 : 5000, FE Abcam A A,
ab32391) Ml GAPDH (1 : 1000, i3 = K4E
Y ARG BRAF, AGO19) —4i 4 C IFE
W PRSP (1: 1000, B KEY
HARBABRAF, A0208) FEEETIFA 1 h,
i ECL m R b 2e &l st ir g, It
B . HREAKT (%) =HREAKEE/
WS [HHEE-3-wE e I =8 ( glyceraldehyde-
3-phosphate dehydrogenase, GAPDH ) ] K&
{5 X 100%

1.5 %5422 KA GraphPad Prism 7.0 #£47
g s34, Image Lab X 25 1 55 K AT 1
30T B £s £, RABUN R T5 2250 Hritt

AT A] Fe%, Bonferroni it AT 5 001, KK
#E (a) 4 0.05,

2 # B

21 FHBAARLER EEEESR (K1) 8
7~: 1% APP 1 PS1 FER BN 5XFAD /MR, A~
#Ea APP A1 PS1 JEH WA LM M. Bl g
20 7 AD [HHES IR (5XFAD /MR |, 4330 W
WT IS (WT BPA BN ) o S5 21,

22, 23, 25, 26, 27 128 ¥k 5XFAD /N, %
524, 29 LM .

22 KRB AFRSMERLAD MXEO AKX

W 5 (K 2) Bin: 5HiME SXFAD X
AL, MEPE SXFAD BRESANF AR AL L Y15
02 p-GSK3B . B-catenin /K Fl p-GSK3p/
GSK3p MM 2 F MK (P<<0.05) 5 i 7E P4 41
LM /N A, p-GSK3B. B-catenin 7K-FFl p-
GSK3B/GSK3p HH R 2 R Igit2= 5 L. %41
1] GSK3B Rk 2 T BTG 2 L.
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Figure 1 Schematic diagram of results of genotyping

M: Marker.

23 JRkEAF AR AD AKX EZ G KA W
Brm S5 (I 3) R FRERATF AR X % 4
Bl & B-catenin, GSK3P 1 p-GSK3pB FFiA2E
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24 JREFeF Kb AD AR X &R A AL A £
7 4R (B 4) BoR: JREMTF AR, #Erk
5XFAD /N B-catenin F p-GSK3B/GSK3p L 1H

BOHEE R (P<<0.05) .
3 3 i

AD E—Fh 2B A g, H R B RIA
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AD KA K JEFIREAFAEIR R o IR IR oY &
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SRR S0 BRI AR E AN B, RIS SRk 5
FRERREE R A AR 1 EINAE S B3 TR, &

PEEARBIAR AL . HAT, WA A
ERERW], MR AD KRR R, AR C T RR
AN T ARXTA R P51 AD £ 325 T R 5 i 1
PLHMTS I E 18
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Figure 2 Expression of B-catenin, p-GSK3p, and GSK3p in the hippocampus of female mice

LM: littermate; GSK3p: glycogen synthasekinase 3 beta; GAPDH: glyceraldehyde-3-phosphate dehydrogenase. "P<<0.05 vs
5XFAD control group, *=*s.
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Figure 3 Expression of p-catenin, p-GSK3p, and GSK3p in the hippocampus of male mice
LM: littermate; GSK3: glycogen synthasekinase 3 beta; GAPDH: glyceraldehyde-3-phosphate dehydrogenase. ¥ +s.
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Figure 4 Expression of p-catenin, p-GSK3p, and GSK38 in the hippocampus of female and male 5 X FAD mice

GSK3p: glycogen synthasekinase 3 beta; GAPDH: glyceraldehyde-3-phosphate dehydrogenase. "P<<0.05 vs male 5 X FAD

anesthesia/surgery group, ¥ *s.

5XFAD /NERJE AD %9 8 1555 H %) S5 56 50
Y, HTIRIE AD KIWHLTRIARGITRCR . &
ik 5 ARG VE AD AR 5L, fudE APP695
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V7171) J PS1 JEF M 2 A48 (M146L .
L286V ) , REHSHIFHLBIAL AD B i Py 21
2 B AR R AT R TR 1.49% S Gk
JPRIE R 04T I E TR 8 57 R RN TR sh i A
ARG R b AD HBE BRI A F AR . 1Al

AW S, RAEFTSR . TR R R,

Bl AR R 5 e A O i i ] L R e B O R E
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