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Abstract

Objective: To study the regulatory effect of progesterone (PROG) on the expression of Aquapo-
rin-4 (AQP4) in the hippocampus of the Alzheimer's disease (AD) rat model and to investigate the ther-
apeutic effect and mechanism of PROG on AD. Methods: AD rat models were induced by Apssss

EHE BN BR/har, B, 1987—  BEF M+, @l AT B U, 32 20 D5 il A6 v SRR R S5 500 1 I IR A 5%, E-mail: 838949111@qq. com; %=
i ,1982—, BE2EM 4, Bl AT B IF , 322 F i 2 A8 VR ik i 5 45 A9 TF ST, E-mail: ljfallen@163. como Bi/NEF IS Ry A< SC
LW —1EH

BEEE IE, 5 ,1975— B2, FAF B I, 3220 I 4 A 0 R IR 5 1 55 078 119 6 9%, E-mail: 15871046830@huawei. com



308

RPN = Q= )]

combined with D-galactose and treated with progesterone (PROG-+ AD); Morris water maze was ap-
plied to show the learning and memory capacity of rats in each group; HE staining was used to detect
the pathological changes of hippocampus; immunofluorescence staining was used to detect the expres-
sion location of hippocampus AQP4; Western Blot was used to detect the expression abundance of hip-
pocampus AQP4. Results: The results of Morris water maze showed that compared with those in
Sham group, the escape latency and search path of AD group increased (P<Z0.05), and the times of
crossing the quadrant where the platform was located decreased (P<C0. 05); PROG could reverse the
above changes in AD group (P<C0.05). HE staining results showed that the hippocampal pyramidal
neurons in AD group were disordered, the number of cells decreased, and vacuoles gradually in-
creased; PROG treatment could alleviate the pathological changes in AD group. Immunofluorescence
staining showed that the hippocampus AQP4 of Sham group was located around the blood vessels,
while the expression of hippocampus AQP4 in the AD group increased and located mainly on the cell
membrane. The expression of AQP4 in the PROG+AD group decreased, and AQP4 was partly lo-
cated in the cell membrane and around blood vessels. Western Blot results showed that the expression
of hippocampus AQP4 in AD group was higher than that of Sham group (P<Z0. 05), while the expres-
sion of hippocampus AQP4 in PROG+ AD group was lower than that of AD group. Conclusion: Pro-
gesterone can improve the learning and memory ability of AD rats, and its mechanism is related to the
down-regulation of hippocampus AQP4 expression in the brain of AD rats and the restoration of its po-
lar expression site.

Key Words Alzheimer's Disease; B-Amyloid Protein; Progesterone; Hippocampus; Aquaporin-4

46 %

Bl /R 2% U 2R % (Alzheimer's disease, AD) /& H
X 22 28 G0 vh i DL IR AT R R, HE T B B 2
WA AT Sy R Rz 2 Ry DX 4 B A B UE B A AR
(amyloid -8, AB) 5 # Ut LB W 9 & 4F B (senile
plaque, SP) . Tau &5 [ & B B 2 1k 3 B0 # 28 2F 4
g8 2% (neurofibrillary Tangles, NFT) #l #f 4 & %
KU BB R A i AR O I I A
P CAN AL e OB PR s 1 R 45 ) 4 T 58 AD & A=
B RUES: o EVE 7 B4, AD 233 W iU 25 v o S
2RI I B — 7 5 R AR B RN 113 A s
78,2020 4F 65 % Je LA ENIE 242 A (i 2 A H
Fe 9 2 13.506) , T i #f 1 AD HUiR 3k 6. 620 L
bR H M 658 F B NFER S S AD I
B R S . BEE R E R E A
B>k K AD o N By g, AN AL 45 18 2 8
TEMRE BAHSERTERNETET.
BT AD B8 U0 A HL R ST A S BOLR T B
ZRESE T HYF R B, SR AD FR R PR
ROOFINLATF, 5 AD IR YT R I U

A WFGE R W, UK 8 3E 2 11 -4 (aquoporin-4,
AQP4)TE AR 5 5 B BT 8L AD 248 B /T8 il h &
EE HEAEH . AD B E IE WK h AQP4 KT+
w L AL AQPA SR T HR AQPA T U Ifl

o Jo 5 2 6, 5 B0 A A L S 1 R R, 3 20 3 3
AD ) — R FN W B CAS o I AE R R A 0 il A i
PR A58 7S IE 5%, Kl (progesterone , PROG) X} F
i A3 0 EL A P O VR . BT E Ry A P R
GG WO & SR e AR P A2 400 41 8L il &
T PR S AR, LA A A el A g A e AR R 2% R
SV AT 2% 25 0 B ) IR BE R T AR S it - A 5 R
AR Z )7 mAE Y AU SR R AT E
IR 4 IR A 08 KT R AT T AD BRI AR .
HE T AQPATE AD i 15§ 2 g v i 5C B A T, 80 1S I
S A X AQP4 Y 2 38 I 5 DL FE X T AD i Yy
IRITAE N H A A WA, 7 i — 2P W oY

AR SC F A 5T BARER X T AD B K R IR T
FEHT, IF N AQP4 8 4% 1Y £ B2 R R 3 B AR i X AD
B ORAP AL, DL AR T T AD B3R 97 B2 4R 0
YR R .

1 HE5%%

1.1 EWzh¥  SD K (SPF %% )36 H , A PR
M, AR 5T i 230~250 g, R 2. 540, B i K2
SR Y R AL SER R S S B Y e B e
FAFFG, A5 B0 R DUTT 55 7S BE B A8 B 22 01 S 4tk vt



3 1

/INTT 45 AR X BT 2 2% T SR A B T T KO G 1 4 SR % R 4 B LA BT R R B 309

1.2 HHHRGAFEES ARl A EH Sigma it
Al D2EELAEI A BT o ARy Tl L
A PR ER K VR B Ry 2 ool B HARAE T — 20 °C,
EAHRCT 37 CHFEM P E 7d, L RE R A
AT ML 2R R AR . BRI [ 25 E Sig-
ma /Al o /N EROR IR 9 AQP4 FA 5 B TR (Western
Blot, 1: 1 000) K& % >k J5 1 AQP4 £ sa B B A (285
e, 1:100) 1 [ [ Proteintech 23 &, #AR i A1k
) (horseradish peroxidase , HRP) #5ic # Ll = 47 %
IgG F =4t/ B IgG W F 28 8 EarthOx 23w o

XA : CM 1860 H pK i U1 | HIL AT DMIS I %€ ) i
flBE A [ 18 Leica /s @ . DW-2000D R fii 37 44 %
BEAL T 5 AR 28 B )
1.3 XRADEBEH % K BE N R
3d, % Morris /K 28 B K&, A 5 He2i > {812 6 1 M
23 () BE 0 RE 7, Vi UK B I At T R A AR ) R R
At P38 5 07 1 A R B AL 36 H LB HEBEAL Y WA 3
2 . A B EL UK 4 (Sham) D -2 ZL M + AR 21
(AD) | B KWl +D - ZLAE + Ay 4l (PROGH
AD) B2 12 H o X BR A1 A K I v G A 2 4k K
ImL, 268, T8 7 J8 BN D 3 55 A4 28R
K5 plo #5RL 4 FIG 97 408 Ik 1 5 D-2F 7L K% 50
mgekg 'ed ', T 7 XN WE DN E B AR
5ulo ABus EH I T« KR 2 35 gL 'k
EL bb 22 BRI J , 2 0 T &, S I R Bk A i T
XoF R AL, G Ao AR 8 R BRI ST A R A6 BT BT
TE B 14 7 0] V6 DX BA o2, B ET XS (AP)4 mm,
2k (ML) &2 A 455 2.9 mm, DV (BE K il 2 =2
feom A E D) 401 mme B0 S5 pL (10 pg)
ABysss, TE 5 min N ES 58, IF 8 41 15 min, FH ZF 46
AN AL L B2 S R RIF I . VAT A S R
Bk L1 7 32, 76 78 5F ARusss BT 1 h B 73 5 10
mgekg B B ARED (L1 mL 0.9% Ay 2k B K F
B o ARJE B 5 2 KR M OF 75 58 8 Rk 4T
IR R AT R AR I G 2 RS AT R SRR
1.4 1TAHZHMN Morris /KB N —E I Kt
(AR 150 em, =5 50 em) |, b BE J&] Bl 2 5 A A [R]JE AR
AIAR IR PE o KB s 2 8y . K3 4 o 44
SR, BEFE— AR, FE L OE R — S 25 em,
HAEIemFE, K26 cm, Kl (26+1) C, 52
WA TS d, AT 2 d MR, JE 3 d 2 IERNL ., K
BURE RN 4 W F R BLUK B M BEFZ R DY (g b 4
MATK BB A K K (244+2) Cl. il

KR A A K o2 R 207 5 90 1€ EF & R R
b REE R . KRR EF & iR AR 10 s34
AIKJE 60 s WA BEFREIT- &5, BUR AR 77 % K
RS T¥6 Eulisr 10 s, R 5 WA EIRCT iR E
30~60 s, FF#FAT T — Wil 25, ko0 5 K 3 A0
BEAXS AN . 56 KRBT & 0 KEESE 21 A
KA K H I8 5 2 min K BUTOF B BT E LR
Tk 1) BsF 8] B 28 358 °F 65 1 B, B B L X S 5 45 (]
ARV TS S

1.5 EEERE IVWKWE IR, & 2003
JHE T A= JER /K 100 mL, R A0 HEO W S K S
Yk S HET 4% £ BH R 350 mL 5 BN , 4k 2k BT
4% ZBPREHEHEE 120,24 10% .20% .30% kb
JEE TR B VB K S L3 KR Y R LY L R R
um, PIHE TN TE, BEBGH U 5 475
L HE F1 Nissl ¢ 0, #4 U1 A F — 20 CHR-AF .

1.5.1 HE# & Kb Y45t 0.01 mol-L
PBS B G, 43 i 28 328 95 K 28 g% W R 40 g v
o i K sk KK 25T 70% LB 95% L FE
ToK R RE K, R BB E

1.5.2 %%k EeE YRLEPBSIEWRE.MA
& Triton X-100 i & F & T 37 “CH#F 30 min, fil 4
L AQP4(1:100) —Hi7E 4 CF B LR, 55 2 REUH
PBS % 37K, 4 Y% 10 min, il A Alexa Fluor 488 #x
ICRY L 2E PR e 6 Bt T 37 CHER 90 min, PBS {5
Ve 3K, B K 10 min, & A DAPLIY |l & A, 9%
I B (Leica, {8 E ) T W <45

1.6 Western Blot &40 3 H &L O ST
120 mL Az 3 7K 4 0 I s O, H 2R 2R T
P B (5, BCA YL I 25 1 vk B, 26 (1 Rk
AR B AR ZE v 95 C 4 JE VA 5 min. 45 41X
30 pg ¥ H 4 SDS-PAGE 4 & )5 5 2= PVDF i, H
5% M B8 4 W B M 120 min, B /N BB AQP4
(1:1000) —$r & F 4 COKAEMH 2 %, H PBST %
PE 3K, BEK 5 min, SR 5 7E 37 COK VA A8 AH I
ZHiBEE 90 min, JH PBST ¥k 5 ¥, 4 Y% 10 min,
ok ECL 32 W 2 1 FH 8 e i 1% & 4t (Thermo, 32
] ) A I 25 2

1.7 SitZE&E A B R 8+ bR 2
(xEs) Fom BRI & BB 5045 By 251, %
GraphPad Prism 8 Xf £ 48 £ 17 73 M7, ] B [H 3R 07
253 1 (one-way ANOV A ) J5 ¥ % 20 18] 5 48 £ 17 1b
B P<0.05f0R2ZEF AT E L.



310 B K2 2E M (E2ERR)

2 #R

2.1 HEMEBTAIKED-FLAE+AR: HESE
MR AIICIZFERS  Morris K 2 B K 45 R WK,
58 F R X B M e, AD B4 (D -2 3O
+ A Busas ) 5 1 i K BR 20k 3BE VR AR 1 (P<C0. 05) , & B
AP S Z TR B AD BRI PROG+AD
A1 RUAE 7K 2K B S0 3~5 d Gk akE T IR 1 1L AD A
K20 B 4 46 4 (P<<0.05) . 25 Al 8 R S0 6 45 1
7N, AD BERVZE TR H bR 52 BR A5 B 0 B 1) B 0 T OE
B PEIR ABss o5+ D2 FLBE I G b B 5147 K R
(2% > 242 BE S, T PROG+AD 20 BU7E H b5 4 R
R W AR R GRS R VA R/ & DI
(P<<0.05)(E 1),

2.2 HEMEBTAURED-$ABE+ARHES
SRR MR ERG HE a8 R BoR BT R4 0
T HE AR Z A HE S R 5 ST R4 ,AD 4
TE D=2 FLHE + ARss oo M 2 BEVEAE T, K SR 25 4
T4 2 240 450 2k a2, HE B % 3 25 AL B 4 i e e 4
i A% S A e 4 R A B A U R B O T & L 4R
K i 32 0 (TR 2) 5 35 MR TR 96 7 40 T A2 A

Sham

% 46 B
. SEA AT L
50 * *
7} * A A 0 A
;'«; 40
K 30
% 20
210
0
LGN EUUPR BHR A
W 1]
mSham = AD BPROG+AD
R R I
151 " 60r

=

ﬁlo =

- 2 =

R * £

qa S g”%

Ly i

0 m

%‘Q‘b& ?’QGX?’O B
&

B1 KEFEMAITER
AL BRI AR BT A 55 MR G C. H bR R & it
fl. 5 Sham 44 X, *P<C0.05; 5 AD @M X, “P<C0.05, n=12

ZICHY RO LE AD 1880, # 22 ST S Ak S BLE
L2 ICHESE TR ST

~ PROG+AD
e e el

E2 ZEARMEIHESLRBLER (HELM)

2.3 BRHEREFTARED-EIIE+AP . HES
MM AQP4RM MMM EE Ry sy
7R, Sham 20 i i 25 o AQP4 i 55 6 18 F B K
20 B R 1A% R BB s 6 AD 2R, DB FLBE 4 AR
f P 2 75 OB S B0 AQP4A BH M 4 i B0 i 8 i , JF HL
20 MR T AQPA ) % 3K AR 1G5 BRI T 41
o AQP4 BH 1 4 Mo %5068 3 Wk 2, B8 4 AQP4 LT
I A8 JE R (L 3) o

2.4 HEEEBFTATEAD-FAE AR, HES
4 BT 2 AQP4 BIE N Western Blot 5 H £ 9 , 7]
Sham At , AD 41 B MK 1 5 AQP4 19 3% 35 3

(0.841 040.018 0 ws 0.687 240.026 5, P
<<0.05) , i 76 PROG+AD 4, i i & AQP4 iy %
ik 5 AD 41 M I K& K (0.697 8+0.036 8 wvs
0.8410-+0.018 0, P<<0.05) (Kl 4).

3 itit

BEE E AL BBk, AD B3 A By 3% i,
TN T GEBE JAt 2 B G I X i A i R di
TOFE AR L, B AD 89 &R LR I B
SFE PRI L 390, 8 A % A5 A D () ] R



o3 1)

Who/INET , 45 . B PR o ] R % T R R BRI T T K T T B 1 4 R 3K IR 4 R HC T BT R i R

311

AQP4

V4

Sham

100 pum:

AD

PROG+AD

DAPI

Merge

lﬂﬂ_um

]U()_pm C

B3 JREHRMEDAQPAERREWNRLBE (REIOLHRE)

10
08
£
S 06
H
Sham AD PROG+AD 5 04 F
[=¥
AQP4 W— 37kU &
) o ! - < 02F
o-Tublin e -50 kU 0
SRSINRS)
A & TP B
Ny
<

4 BARBMEDAQPAEAREEITLER
AD 41 5 Sham 41 # b & PROG+AD 41 5 AD 41 # b,
‘P<C0.05, n=3

R AD B kA KR EEAN G T 5 AD
R AL AR 5C 1 22 Bl 5, A0 tau 28 200 IR BB
Ul AR REZEEL UL & JE B AU R L
VLA . o AR U R e T AL A
EHEIEO T, VEM HERT A M (amyloid precusor pro-
tein, APP) FH 33 WA filg 24 % Ry W Pk AR, 1T & 5 Aol
28 IR BE P R AR s A PR 2K AT LR BAPP &
FE IR T 5 5 4 i A0 AL B ek AR TG AR B T U TE Y
AR, I IR R 25 T 1 40 M 5 T 4 RS 1 A AR
SECH @B R, R K& Ca® AN, @
o VRO A RS M I L 2 1 A R D R A RS L
ML [ S AR g 22 T ORI
ThBIET: . BHGBAAE I AR S R 2
AD 4 BEIE LY B o, BB BF 58 R ] AB R B
CUT A Bosss ARrao B AR 3 1 S B 5 M I D-~F

FUBE T 55 B9 77 122 B il AD K RUBEBY, RIS AD Ry
Ko EARBFIE 85T ARy B A D2 3L b il 75
(9 AD B A AT S BOR BL2E 2 1012 RE 1 N R IF AT DL
Vi A R 240 M 2 b 8 DT A2 4 M B R I AD B
S

K TE B O — 2 5 K A R Y i
Mas P, A T Y B AR S K AR
WAV AR E . i, AQP4JE H T & B
WG & B2 i) 2 mKGEEREA, 2R
A3 A5 7 A A A SR T G AN M ¢ R TS G
FEE P 2% T TP B A J5E T A R R 5 5 S 4 L g 56 O
SEFRAL AQPA Y B P 2 15 455 2 7E Tl P K HRL A T
e 25 1) 4k F5 0B 0 S 2 AR % W 1 8 e b
PR CHEVE F, 1 ) BE 1 OE 4 AR R E 1 N IR
Bio WRs R CABMIUIEI L AD M R RES
AQP4 (1 R IR B VIAAOC BT AQP4 iy £ ik
A 5 AD 0% R A AEAS R & 0L, 5 4 IR R
G S B AD BB A R L RO R L=
T R 4 i A ] L B A I R T A QP4 R 5k B B 4
Jn, i ZEPPENFELD 4817 & 3 1fi 45 J8 Bl AQP4 11
FEIRU A IF 1 0 2 AU R R DR AR P 4 B
(R AR 5 7 AD ol A5 A0 v U] % B0 ot ] I A
FEY R UTRLIX dh AQP4 Y 223K 1 W] g ydi /01 it BE
e Bl AQP4 1) 235 5 WA BT I i s oA i o R
7N, B AQPAKH IR APP/PST XU 35 A /N KLU Bz
J K By v AR YRR Rl A A . AR BEGE R,
e AD KB T AQP4 1 F 3k 38 i, 9F H AQP4



312 RPN = Q= )]

46 %

() 2 35 DA I A ] P15 % 28 M Jo 400 R I o 40 i
| AQPAF IR B HTIN W T B 42 1 K H i
FACH 7R, T RR IR HE A BE R . 4 TR R
A FE IR S, & AF BE AT B0 AR 1 B 2 i 2 40
oK 5 I G SR R A 0 & AR . F Rl L, AD
AQP4 F 350 B, AE AD i 9F B b & 15 %
YEHT o

AT AW R, =02 ) AD g 2
LE 422 JE R BN B0 N & AD 1 — 1M e
o R MR XT T AD A RAFay B/, Horp i
PR ER X AD HAT IR /R . S AR R SRR 22, 32
SR BN Ay W AT AE IR R JEE B A
PR P9 2RI DL 2ok b 28 5 5T A48 e R PR 2 O I [
P JUE A5 B, B B R R R A AN R A
It BAERG N Tz 50 A4 R e M 2 K. A b
28 3 G0 N I BT K LA 3 R B e Sl
25 (R 0T I A0 5 2 il 2 R g B IR B A
R BRTOESE AN B A R R AT L A AR
28 R G0 B 48 B A0 L P A2 A R R R A SR R
4 B R R A b 22 oo D fig o mT DA G R S R 2
HLH W76 15 5 5 5k 1 L 45 HAE Y oAb,
AT 14 AT LA 5 5 e G 9 A QP4 1 3R 3K 1T R A 42
TR PR

H AN i 7E AD v, 8 UK B m G 3 DL = s
TR R AR R B IR R Ak i L
22336 J5 Y R 5 Al MAPK/ERK {5 53 B 09 38006 75
H 1 JE N AQPA 3R 3K 18 45 A FE B 5% 88 AR i X T AD
IRITVE R A CHGE o ARTFIE 45 3 & B, il 1 B A
BRIE T, vl el AD BRUGE 5 rh HE R A R )= A S5 4
TR I o AQP4 B FR A R T IR & HAE 1 A R
Rl 2R3k, W] A AT 0 AD BRI 2 2T ic 42 g

25 b, R AT A S Si R B K T 40 4 A 6 4
T AQPA M FRIE W nl H ] AD it AR EE 1Y
BEPEVE ] 5 T AQP4 1 235728 46 SO%H 4 L A AR 25 F
(9 TCRR A S, DT 52 M 3 AD 905 B A B2 2 8
AW IE M PR X AQP4A/ AR I 2 1) £ FE Sk BF 5%
TR X5 AD (9 & 04 T, O B R R T AD IR 9T
P& AT B 1 HTAE 0, O B ER VR 7 AD 2t £
S Ak S HR S K R -

&% ik

[1] BEN HALIMA S, MISHRA S, RAJA KM P, et al.
Specific Inhibition of B-secretase processing of the Al-

zheimer's disease amyloid precursor protein [J]. Cell

[12]

Rep, 2016, 14(9): 2127-2141.

FRELEE WHE B L A I A A AR o o
HrLT]. NEWESE, 2022, 46(4): 27-39.

ZHANG X L, MING Y. Assessing accuracy of age re-
porting in the 7th population census of China[J]. Popula-
tion Research, 2022, 46(4): 27-39.

PATIL RV, HAN Z, WAX M B. Regulation of wa-
ter channel activity of aquaporin 1 by arginine vasopres-
sin and atrial natriuretic peptide[J]. Biochem Biophys
Res Commun, 1997, 238(2): 392-396.

LANY L, ZHAO J, MA T, et al. The potential roles
of aquaporin 4 in Alzheimer's disease[J]. Mol Neurobi-
ol, 2016, 53(8): 5300-5309.

YANG C, HUANG X, HUANG X, et al. Aquaporin-
4 and Alzheimer's disease[J]. J Alzheimers Dis, 2016,
52(2): 391-402.

SILVA I, SILVA J, FERREIRA R, et al. Glymphat-
ic system, AQP4, and their implications in Alzheimer's
disease[J]. Neurol Res Pract, 2021, 3(1):5.

ZHENG C, GONG J, ZANG L, et al. Mechanism of
progesterone in treatment of traumatic brain injury
based on network pharmacology and molecular docking
technology[J]. Med Sci Monit, 2022, 28:937564.
NASRE-NASSER R G, SEVERO M M R, PIRES
G N, et al. Effects of progesterone on preclinical ani-
mal models of traumatic brain injury: Systematic review
and meta - analysis[J]. Mol Neurobiol, 2022, 59 (10):
6341-6362.

STEIN D G. Is progesterone a worthy candidate as a
novel therapy for traumatic brain injury?[J]. Dialogues
Clin Neurosci, 2011, 13(3): 352-359.

SHI W, WU H, LIU S, et al. Progesterone suppress-
es cholesterol esterification in APP/PS1 mice and a cell
model of Alzheimer's disease[J]. Brain Res Bull, 2021,
173: 162-173.

LIU S, WU H, XUE G, et al. Metabolic alteration of
neuroactive steroids and protective effect of progester-
one in Alzheimer's disease - like rats[J]. Neural Regen
Res, 2013, 8(30):2800-2810.

REISBERG B, SHULMAN M B, TOROSSIAN C,
et al. Outcome over seven years of healthy adults with
and without subjective cognitive impairment[J]. Al-
zheimers Dement, 2010, 6(1):11-24.

YE T, LI X, ZHOU P, et al. Chrysophanol improves
memory ability of d-galactose and AB(25-35) treated rat
correlating with inhibiting tau hyperphosphorylation and
the CaM -CaMKIV signal pathway in hippocampus[J].
3 Biotech, 2020, 10(3): 111.

YANG J, ZHANG R, SHI C, et al. AQP4 associa-
tion with amyloid deposition and astrocyte pathology in
the Tg-arcswe mouse model of Alzheimer's disease[J].
J Alzheimers Dis, 2017, 57(1): 157-169.



% 3 /INTT 45 AR X BT 2 2% T SR A B T T KO G 1 4 SR % R 4 B LA BT R R B 313
[15] MOFTAKHAR P, LYNCH M D, POMAKIAN J L, pregnanolone in the nervous system: Resurgence of the

et al. Aquaporin expression in the brains of patients
with or without cerebral amyloid angiopathy[J]. J Neu-
ropathol Exp Neurol, 2010, 69(12): 1201-1209.
HOSHI A, TSUNODA A, YAMAMOTO T, et al.
Altered expression of glutamate transporter-1 and water
channel protein aquaporin-4 in human temporal cortex
with Alzheimer's disease[J]. Neuropathol Appl Neurobi-
ol, 2018, 44(6): 628-638.

ZEPPENFELD D M, SIMON M, HASWELL J D,
et al. Association of perivascular localization of aquapo-
rin -4 with cognition and Alzheimer's disease in aging
brains[J]. JAMA Neurol, 2017, 74(1): 91-99.

CLARK A T, ABRAHAMSON E E, HARPER
M M, et al. Chronic effects of blast injury on the micro-
vasculature in a transgenic mouse model of Alzheimer's
disease related AR amyloidosis[J]. Fluids Barriers
CNS, 2022, 19(1): 5.

NERATTINI M, JETT S, ANDY C, et al. System-
atic review and meta - analysis of the effects of meno-
pause hormone therapy on risk of Alzheimer's disease
and dementia[J]. Front Aging Neurosci, 2023, 15:
1260427.

HE X F, LIU D X, ZHANG Q, et al. Voluntary exer-
cise promotes glymphatic clearance of amyloid beta and
reduces the activation of astrocytes and microglia in
aged mice[J]. Front Mol Neurosci, 2017, 10: 144.
SCHUMACHER M, MATTERN C, GHOUMARI

A, et al. Revisiting the roles of progesterone and allo-

(22]

[23]

[24]

[25]

(26]

(27]

progesterone receptors[J]. Prog Neurobiol, 2014, 113:
6-39.

HU Z, L1 Y, FANG M, et al. Exogenous progester-
one: A potential therapeutic candidate in CNS injury
and neurodegeneration[J]. Curr Med Chem, 2009, 16
(11): 1418-1125.

STEIN D G. Progesterone exerts neuroprotective ef-
fects after brain injury[J]. Brain Res Rev, 2008, 57(2):
386-397.

SINGH M. Ovarian hormones elicit phosphorylation of
Akt and extracellular-signal regulated kinase in explants
of the cerebral cortex[J]. Endocrine, 2001, 14(3):
407-415.

LI X, BAI R, ZHANG J, et al. Effect of progesterone
intervention on the dynamic changes of AQP-4 in hy-
poxic-ischaemic brain damage[J]. Int J Clin Exp Med,
2015, 8(10): 18831-18836.

WANG X, ZHANG J, YANG Y, et al. Progesterone
attenuates cerebral edema in neonatal rats with hypoxic-
ischemic brain damage by inhibiting the expression of
matrix metalloproteinase -9 and aquaporin - 4[J].
Ther Med, 2013, 6(1): 263-267.

RADAGHDAM S, KARAMAD V, NOURAZARI-

AN A, et al. Molecular mechanisms of sex hormones

Exp

in the development and progression of Alzheimer's dis-
ease[J]. Neurosci Lett, 2021, 764:136221.

(2023-04-04 W Fi)
Wi INFEx



