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Abstract To investigate the effects of different estrogen deficiency time on learning, memory and hip-
pocampal cell proliferation, maturation in APP/PS1 double transgenic mice, exploring its possible mechanisms,
3-month-old APP/PS1 double transgenic AD female mice underwent bilateral ovariectomy (AD-OVX), sham-

operated AD mice (AD-Sham) and wild-type mice (WT) of the same age were used as controls. 1 week ovariec-
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tomy (simulating early menopause) and 3 months (simulating mid-late menopause) respectively, Morris water maze
showed that in APP/PS1 double transgenic AD mice, 1 week after OVX, there was no significant difference in
escape latency, escape length and passing times between AD-OVX group and AD-Sham group (P>0.05); However,
after OVX 3 months, the time and escape length of the AD-OVX group were significantly prolonged (P<0.05), and
the passing times were also decreased (P<0.05). uterine weight, EDU, immunofluorescence, Western blot were used
to reflect estrogen levels, cell proliferation status, senile plaques, NeuN protein and aromatase levels in the brain of
APP/PS1 double transgenic mice respectively. In APP/PS1 double transgenic AD mice, 1 week after OVX, circulat-
ing estrogen level was no obvious change. No senile plaques were found in the brain of mice. The number of neo-
natal positive cells in the hippocampus of mice and the expression of NeuN were increased in reactivity (P<0.05).
At this time, the expression of aromatase was also increased (P<0.05). However, after OVX 3 months, the circulat-
ing estrogen level was significantly decreased (P<0.05). The senile plaques in the brain were increased significantly
(P<0.05). The number of neonatal positive cells and the expression of NeuN in the hippocampus of mice were
significantly decreased (P<0.05). At this time, the level of aromatase was decreased significantly (P<0.05). This
results indicate that the early estrogen deficiency increases the proliferation and maturation of hippocampus cells
in dementia mice reactively, and has no effect on learning and memory in mice. However, with the prolongation of
estrogen deficiency, learning and memory impairment and proliferation and maturation cells in hippocampus are
reduced in dementia mice. This effect may be closely related to changes in aromatase levels in the brain.

Keywords estrogen deficiency; Alzheimer’s disease; hippocampus-dependent learning and memory; cell

proliferation; neuronal maturation; aromatase
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2 HR
2.1 HARBEE

FATTARYE 1 it S U6 ) PRk 27 v X /N BB B
DIBR AN B 1 20 R 10 Sk 225, 46 /N0 T, 982>
I, BAARGE /N BRI 4% 3, LR 3R 310 /8 BR 0 B9 525557
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Fig.1 Diagram of ovariectomy model
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(A) WT AD-Sham AD-OVX (B) WT AD-Sham AD-OVX

(C) 008" skskk
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g E3AD-OVX
Q
=
< 0.04-
=
.20
2 0.024
o
=
=

04

OVX 1W OVX 3M
A SUGRELTIER 18 )5 78 AN B: WU R HETTER3 AN 5 15 RN C: SEit 85 2RI, #4P<0.01, **++P<0.001.
A: the change of uterine size | week after bilateral ovariectomy; B: the change of uterine size 3 months after bilateral ovariectomy; C: statistical analy-

sis, ¥*P<0.01, ***P<(0.001.

El2 HEMRRZTEREERAPP/PSUNG FEHEWL
Fig.2 Effect of different time of estrogen deficiency on uterus in APP/PS1 mice
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g - * AD-OVX 2 3 ¥ I*ADOVX g2
= % 5 . 21004 R=] I
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220 =3 e 2 R
2 2 501 £ Z
53] M ~
0 —— 0 ————

WT  AD-Sham AD-OVX

1 2 3 4 5 1 2 3 4 5
Test days (d) Test days (d)
P
D E F =
® By, (F)
—~ Tox s - WT 2
i g\x—‘}\f‘; -=AD-Sham 5
5407 . ~AD-OVX 54001 % *
5} o0 =)
= * X 5 3
— * % . — =1t}
§~ 201 * 2200 G 7
3 B g
= & ~~ s
0 T T T T T 0 T T T T T T
1 2 3 4 5 1 2 3 4 5 WT AD-Sham AD-OVX

Test days (d) Test days (d)

A~C: G S UIER 1R 5 2E /N Bl B8 ORI | 48 R R A 1 2 BT 6 B K D~F: B SRR H % 41/ BB BRE DRI 48 R AR S 5 T 6 i
*P<0.05, n=6,

A-C: escape latency, escape length and number of times of crossing the platform in each group after 1 week ovariectomy; D-F: escape latency, escape
length and number of crossing the platform in each group after ovariectomy for 3 months. *P<0.05, n=6.

E3 == FNEREERAPP/PST/NR 285 D 2Tk,

Fig.3 Effect of different time of estrogen deficiency on spatial learning and memory in APP/PS1 mice

Wi, WREAE R EEK, TG REEED; ERP>0.05). BEEHEOVXH[H I E K, ZOVX 34
5 AD-Sham# #H t, AD-OVX 4L /)y i 42 3] -1 & 1) JJGE, AD-OVXZL/N AR 21 & I 8] A28 i 1)
FENERI MR LT SRR BEIE R EEERKP<0.05), T8 & 8O0 R >
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(A) WT

OVX IW

500 um

(B)

OVX 1W

©

OVX 3M

D)

OVX 3M

500 um

skok

an)
55!

N

5

£3 AD-Sham
AD-OVX

The number of
senile plaques
(3%

OVX 1W OVX 3M

AD-Sham

(F)

AD-OVX

500 um

500 pm

500 um
500 pum  —

£3 AD-Sham
E3 AD-OVX

The number of
senile plaques

OVX 1W

OVX 3M

A: SRS DIBR 1V R R Y B: U S UIBR 1A AGRCE P Y ta; C: URHLUIBR3AN H W R Y D: GRS DIBR3/N HAGRCGE B Y t; B: & =it

ABHITURRTEIL; Fr: sE BT EEERER BEEIF O, +#*P<0.001.

A: methionine staining for 1 week after ovariectomy; B: 4G8 staining for 1 week after ovariectomy; C: methionine staining for 3 months after ovariec-

tomy; D: 4G8 staining for 3 months after ovariectom; E: quantitatively analyze the deposition of AB; F: quantitative analysis of plaques in the elderly.

**%P<0.001.

El4 MR Z FEIRTEERAPP/PS1/)N R AN £ FE BT
Fig.4 Effect of different time of estrogen deficiency on senile plaques in the brain of APP/PS1 mice

(P<0.05). LA_bg53RR7R, KB (] (1) e B = s = mT
INE 5 AD /N R IR 25 21 1220 g

24 EHEHZ AEREEAPP/PST/NRNAE
FHRTL

Klafe s 2 2 45 B R, OVXIE 1M, %4

/N BRI P B ARSI B 2 B 1MOVX a3 H, 4t
e 1A, AD-OVXZ /)N B8 P 22 4 B (1) B0 J B v
B K T AD-Sham4, % 73 G it 22 & L(P<0.05),
IEH /NI A EFER . DLESE RPN, Kl
WHET R Bk = FT3E In AD /S BRI N 22 AR B TR
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(A) WT

OVX IW

OVX3M

B)

AD-Sham

AD-OVX

100 um

100 pm

©_
WT

_qng E=3 AD-Sham
2 104 B AD-OVX
% -

o . *

o =5

= : **

Z 5 :

= [

=)

a -

m a

0 .

OVX IW

A GUELUTER 1 5 XEDUZR IS A B: GRS IER3AS H i 5 XEDUAR G RGN, C: s S WO UTER 15

B AR AL, *P<0.05, **P<0.01, ***P<(.001.

OVX 3M
34 i 5 X EDUZH it 455

A: detection of EDU cell proliferation in hippocampus for 1 week after ovariectomy; B: detection of EDU cell proliferation in hippocampus for

3 months after ovariectomy; C: quantitative analysis of the proliferation of EDU cells in hippocampus at 1 week and 3 months after ovariectomy,

*P<0.05, **P<0.01, ***P<0.001.

ElS M RHRZ TRIREEAPP/PSI/N R AN AE D X MAEIETE AT 1L
Fig.5 Effect of different time of estrogen deficiency on cell proliferation in hippocampus of APP/PS1 mice

2.5 EHEZEBZ AERTBEAPP/PST/NRIKAE
OX/mpatEER Tt

EDUZH g 3 5t i &5 R an B 5 wor, OVXJE 1
Jil , AD-OVXZH fisi PN it 5 X BT A= 41 i 2 9 AD-Sham
HAIEE /N RA 2R, ZRA g E X
(P<0.05); 50 L UTBR 531 H, AD-OVXA fii A ¥ 15 [X
EDU P 14 41 g 5 & 45 AD-ShamZHL A1 IE ¥ /N BUH BH 2
RIREAR, Z R St 78 X (P<0.05). PL B4R,
A ] (R 2% R = T 9 AD )N BRUG P ¥ 5 DX A
YA
2.6 WEHZERZ NERTEIEZAPP/PS1/NFR XA R
AEZTHT

Klogk R iR, OVXJE1JH, AD-OVXZL i A NeuN

(2R IE KT AD-Sham A #9008 A /K7 Rl G s
AU HLE R —F; OVXJE 31 A, AD-OVXALi A
NeuN [ R iA 8 AD-Sham G H B I BEL, ZH% A
Gk = X (P<0.05). UL EZ5RAER, K [a] )
WA Bk = 0] 98> AD/IN BRI i E X NeuN 1) R 1A
2.7 WEHERHRZ A EIREEZAPP/PS1ANAS EE
HYZE 1L

BI745 R R, 1R EEER & PR E R, OVX
1 ZHAD /)N B3 P 75 7 i 1) 2% 3% 7K P 5 AD-Sham
HANIEH X IRA A B E RN, ZRE8 iR
(P<0.05); MOVX 34~ H 21 8 AD-Sham4H Al 1E # %F
A T HLRIFRK, 278 St 58 L(P<0.05).
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(A)
z
>
>
S
(B)
=
gl 4
>< 5
>
o =
I _400 um
© WT AD-Sham  AD-OVX (E) H07 * . &3 wr
€23 AD-Sham
- %
45KDa 0.8 ¥ E=3Apovx
37 KDa %0_6_ o -
< P =
45KDa 2 04 2 'j =
37 KDa 024 [al - y .3
od = H P
OVX IW OVX 3M

A. B: B H UG ERT IR S DIBR 1 . 34 A XHE S CAZX A 2 JTGNeuN I 521A; C D: Western blotha il 50 S DIBR1E L 34~ /N B
PINeuNIA81k; E: 2 B4 HT O S UIBR 1 . 34N H NeuN A} ik &, *P<0.05.

A,B: the effect of ovariectomy for 1 week and 3 months on NeuN in hippocampal CA3 region was detected by histochemical staining; C,D: changes of

NeuN level in brain of mice after ovariectomy for 1 week and 3 months by Western blot; E: quantitative analysis of the relative expression of NeuN in 1

week and 3 months after ovariectomy, *P<0.05.

Elo MEHMFRHRZ TREIREERAPP/PSI/NRKNAMRARETHIZIL
Fig.6 Effect of different time of estrogen deficiency on NeuN expression in hippocampus of APP/PS1 mice
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A: changes of aromatase level in brain of mice after ovariectomy for 1 week by Western blot; B: changes of aromatase level in brain of mice after ovari-

ectomy for 3 months by Western blot; C: relative expression of Aromatase at 1 week after ovariectomy; D: relative expression of Aromatase at 3 months

after ovariectomy. ***P<0.001.
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Fig.7 Effect of different time of estrogen deficiency on aromatase level in the brain of APP/PS1 mice
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