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Effect of valproic acid on autonomous behaviors and cerebral morphology and struc-
ture in APP /PS1 double transgenic mice
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[ Abstract | Objective  To investigate whether valproic acid ( VPA) can affect autonomic activity and
cerebral morphology and structure in the APP/PS1 double transgenic Alzheimer’ s disease( AD) mouse model,
so as to explore the neuroprotective effect of VPA on AD. Methods Three-month old APP/PS1 double trans-
genic AD model mice and its wild-type littermates were randomly divided into two groups ( VPA-treated group
and saline-treated group), VPA [30 mg/(kg + d) ] and the same amount of normal saline were peritoneally
injected into mice for 4 weeks. Open field test was used to examine autonomous behaviors of AD model and
wildtype mice. Nissl staining and transmission electron microscopy (TEM) were applied to observe the morpho-
logical structures in the brains of AD model mice. Results Open field test revealed that the autonomic
activities of AD mice showed an obvious decrease when compared to wild-type mice (P <0.05) , the autonomic
activities of VPA-treated mice were decreased significantly compared with the saline-treated controls (P <
0.05), while the autonomic activities of both VPA-treated and saline-treated wild-type mice showed no differ-
ence. Nissl staining showed that neuronal cells in the brain of AD model mice were greatly decreased compared
with wild-type mice. Furthermore, neuronal cells in the brain of saline-treated AD model mice were severely
reduced in number(85.2 £13.3), and a large number of neurons became swollen and round, the nuclei were
slightly stained, and the cytoplasm was pale in which Nissl bodies were reduced significantly. Administration of
VPA notably suppressed the enhanced neuronal swelling and rescued the neuronal loss(116.9 +16.2, P <
0.05). VPA did not exert effect on the morphology and number of neuronal cells in the brain of both saline-
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treated and VPA-treated wildtype mice (142.2 £24.4 vs 136.7 £23.1, P >0.05). TEM revealed that the

cytoplama, nucleus, part of mitochondria and neuropil in AD mice became obviously swollen, which were par-

tially rescued by VPA. Meanwhile, the structure of synapse became clearer in VPA-treated mice. Conclusion

VPA reduces the autonomous behavior and relieves manic symptoms in AD model mice. VPA may not only

change the morphology of neuronal cells, but also rescue the neuronal loss in the brains of AD model mice.

[ Key words |

valproic acid; autonomous behaviors ;neuron ; Alzheimer’ s disease

Supported by the National Nature Science Foundation of China (30970986). Corresponding author: He Guigiong, E-mail: guiqionghe@ hotmail. com

F0] SR 7% 1 955 ( Alzheimer’ s disease, AD) & —Ff
KA TR WIETGE e BT MR, I R e o
DU SR PRI FEA TR AN S BE R A% 2 >
012 J1 DR K MRS AT AR, B IEM AR
(amyloid B peptide, AR) 7E4f il SMITFIE B 22 4F B
(senile plaques, SP) tau £ [ 3o 5 Wi R 10 76 20 g P 5%
T K1 4 J0 T 4E 98 45 ( neurofibrillary tangles,
NFTs) S Rur 202 AD i iy Mg B 5, L
AR JETE M R 2 1 HTAFE 11 (amyloid precursor pro-
tein, APP) 73 5| 25 B-43 06 T I y-3 W it AH 4k 7K fige
AP BACEL B B-70 MBI 1 , SR G 3 B
s y-7r e — 2 WA S, B3GR (preseni-
lin, PS) | Nicastrin, Aph-1 F Pen-2 25 7% (9%, Hip
PSINTE/CTF 5 SR -3 W B i) HE AL TG P P ot
PSI )55 AR T | K EE AD g 1 2R

HETARZ T AD KAl Y~ , an AR JTAR
Ut JHBR B P2 100 R R 58 AR 23 L B P BR A 2
PR LR RO AN < AR TR (H G T —
A ULRE A TR AD g Bt 4, S 30 AD B3R YT
ik = R ek o IR — R Y 5E A B0, W8 D B L
fif}-3 ( glycogen synthase kinase 33, GSK-3B) []f}£ 5
AD g BAFAE SP F1 NFT BJE i S ph 8 e 0 A2
PR T OAD K LI AR A Uk, B GSK-3B 2%
P70 DR EESS, GSK3B A1 tau 4R 1B RRL
FF = A , G PR SO NFT I U S B L
GSK-3B XH{Eif AR 76 AD f8.35 i v 25 Ul F 2 /E
GSK-3B FKIREIG LR I T2 APP (Lt b AR 1)
£ s GSK-3B Tl fE S 52 T I HLA]
Fr: % GSK-3B ml g1k K g e izkamg . "]
UL, GSK-38 #IA N2 AD WIS TEVEIR YT HE A, FFRE L
GSK-3B WL s BIFFER Sy AD (B IR T RERTIEAR

IR EREH (valproic acid sodium salt, VPA) 2 Il IR
E AR —RPURR 2 . TR XS VPA BFSE O R
THUBR S, K VPA HAA L 4258 E ], tn 2
AP FGTETAER . Bt &, VPA & —Fh
PEPEPERD GSK-3B HhII"" . ATIDRS & B VPA AT
FHW AB 7R K SP TG B4, VPA S A5
M) AD AU R [ AT R S 28 0 R4 748 Ak i AN T Rl

AWFFTAUH VPA 4bFH APP/PSI XURE LK AD 45751/
B, AT Ry MR 252 T-BUR I VPA X AD LR/
(9 5T 3 M SUB S 25 2

1 #B5HE

1.1 Z¥%zsHhE5oH

B6C3-Tg ({47 APPswe, PSENTA9) XUk A AD 155 750 Bt
H 32 [E [E 7. Jackson hi¥ .t . B3 A il iEME APP/PST 5 3 [H]
/(22 H IR 25 ~ 30 g) e fRl s BPAE R/INER (20 L (A
i 25 ~30 g) , 43k VPA AP A A= PEER K XT BE4H , 43 58 HE 5
FIHEIR/ BN 12 h/12 h (WfE RIS, A iR EMikok. SR
SCER( 12151, VPA JE /N 45T VPA[30 mg/ (kg - d) 1B
Fias S5, 6 B/ B S AR TR ) i AR R K . R L [
B8 25, Fr 2t 4 JA, e st/ N R T i ARk, S0 00 4 =
PREER} R 2 556 Bl ) it F AR DG AR B R
1.2 yHEimen 68 474

I EIER AR, EIR K 20 CAA, SLIFE R 50 em x
50 em (W3, E B 6 B 6 (SR BaHER) ,
B 37 B o3 A R A 45 B IE T TEAS 7 (16 BL) | 1B 4% F
TGN R A A o SEEG R R N BB R TR R g, )
FRY™35 107 AR ALIC 57 3l ) 76 45 2 B 8] P I35 sl I .
TR NLIB B A3 BT KR 43 BT /) BRLE R 1) 1) o (s [ 15 58 Ky
5 min) fE ZARAS o WELHE AR : J5 4% 1) 2R AT B (S T g
FEN T AAEHEA TS 1 AAE R ZEAT 1 IR (ELL B (Sl BT
JCAE SR RE 1 5 Bl LT e () B g o BT 1 iR (2R it b A
PRI L Hh A 45= B B (AT
1.3 ®B&FH

HET AL ARG, AR 5 /R E SRR
Mo INERER 2% 7K A G I s BRI, 445 200 5 M R e A R
7K 50 ml MBI, ARG 4% 2 53 H S 40 ml ¥ i, B
A 4% 22 5 R I [ 5 48 h, B0 RS DK ) , A e 18, A
ARSI R HLERIR Y A ()& 10 pm)

Je Rt A BT, B RS, H ALK Ak 1 x PBS
PE3 (5 min/IR) s S A PURB E G, 1 x PBS #ijk 3 1k
(5 min/¥R) ;0. 1% B2 £edL(a 5 ~ 15 min(37 °C) ; &K nh
VeJE L 95% WiKs Ak, B8 F/IMA S 26, A 100% 15K
Rk, —HRRE G 3R BB T,

B DR 4% ZRPEE 2. 5% 1K R HEER
B2 5, BN RIS CAL X4 (1 mm®) 25 2. 5% %
5 (2 h) 1% PUSAALHR IS [EE T8O PR AR 3 i K, 21 S8 A g
618" (UL IR A i) R o7, RV F, B R e €, 35 S LB
HITACHI-7500 Y22 i 20 2B Il 4544 o



5534 55 9 M o= FE B OR %
J Thid Mil Med Univ

872 2012 45 A 15 H

Vol. 34, No. 9
May 15 2012

1.4 %itsae

KA SPSS 17.0 Geit- 444, X Je PG e 2 v 45 20 /0 S P9 b
LU FE R AR AR REA T, Gt 1E 2550 A K 06 I %o 52 56 53 ok
F107 2555 BRI ¢ K

2 HR

2.1 VPA &35 AD A NRM A ZEFHKRE

W3S 4% 50 2% 3l i 1 X 5 3 ST IR B 3R
Sy ] B A FR I G I BE o B AE /N R L, AD BRI
ANEL (TGS VPA b BRI J2 25 R /K X R LR ) 1355 B0 ) 444
T TS TOREE P (P <0.05) ;{H AD BEEI/N R VPA A4bH4H Y
S AD B/ B A 4L Sk (P < 0.05) , T P 21 BF
AN SR C B E 2R (P>0.05) o WK 1.

1 UHRRHEANRPRREHNAE B ERED

BT/ MBERELR (% ¥ ts)

g1 e X G Eh e X G E)

B [E]/ BB R] B/ SR T

WA TR/ IS FRUX B2 10 2.58 +0.96 4.07 £0.79

B/ VPA b3 10 2.35 £0.64 3.98 £0.25
AD BT/ R R 11 7.76 £0.322 9.78 £0.522
AD BN VPA LbFRL 11 3.41 £0.53% 5.83 +0.19

a:P<0.05, 5% AR ) KA abi;bh.P<0.05,5 AD # A
R B 4 AR

2.2 VPA &3 )5 &0 Fw MAY 2 0 E AL

JE R YL a2 S R, B AR RN U I 2 e W B 2 T
AD RIS GO A (9 M 28 900 85 A /N B VPA Kb BLZH R 0 TR
KN IR TR TOI 25 5 (142.2 24,4 05 136.7 £23. 1,
P>0.05) . AD 71N LA ok B 2E /0N Bl A G B S oA T o 22
JHHE%&FME&(SS.Zi13.3),ﬁﬁthfﬂjtiﬂqlﬂ&ﬂﬁﬁiéééﬂiﬂﬁ,

) -~ %"
-,‘\oh‘ - e ¢Irh¢3'3

T BRI AR R T 48 Sk [T, 40 SR AZE A o7, 240 o 9% e 52
BABFCR, WA KL 25, JE R/AMENT K0 VPA b3 41/
IR P et ik ) ol 2260 A S8 sk 20, 406 5 P JE B /IR B T el 22
JLEERE B R (116.9 £16.2, P<0.05), W& 1,
2.3 VPA %&Fxéﬂ'l‘mﬂﬁséﬂmia‘“’i LT

A 2 /N BRI 4 2R AT 38 I e B A5, 45 2R SR, W A Y
JINE A R K X I 2 A VPA Aob T 4 ¥ T o 28 50 TG W1 8 ik
([ 2A B) il AD 5 /)N BRUIAE 2 i 28 06 i BEA [ B3 A i
i, LA A FEER K 0T B2 AD A5 R /)N BV T ol 25 G i i 45
A EAZ S AL, S TR R AR A M A T i, Rk A4
iR 3o S A HOREAR | 28 b2 R Ay , o 2 B 1 B0 A g e i
(B 2C) ; VPA Kb32H /] BRI X b Bl 28 e sl , 20 it A 52 13
TE BRI , Y €[5 3 A1 3550 ORI e ik B S 0ok, 2 fih 45 44
THAE s 2 B b B (181 2D) o

3 i

T 10 AR AD 5 JE R /N U B A 15 3%, I RIF A
AD 5 B FE K AD (2580 PedR At T B A 59 T HL,
FIRG AT F 6 36 R AD BB/ A APP PS1 B A% B
[l K2 APP/PST WURE IR /NG, T 5 35 AUl P 4 30 3
AEBE () R 10 EL S R AT £, S HRTIISE
AD g PR IS O BRABAE R AR S SR T 9 AD T
/NERCH APP/PST XU FE R /N BR, B6C3- Tg,izﬁ:,%édxgﬁ

5 A AD AFERY B 3 DO AE T AT O 2 R 4]
AU B e 1] R (3 /\H)“”o AHIFFE I Y

VPA CLIESEREAS M LI GSK3B WM o il
VPAZ T 228 ADBE T/ B A 2% A7 39 R 0T A 52

B \-' (.1. = . » ‘: 3 .‘l"‘:f: & » -' r" ‘ W7 .\
e ey SN G zu"%"‘ W LIRS \{ SRad
- Y W l; aing % w‘ Q "' ;'
-‘;o ’\ 'E'."g‘ ;,o I} f“:l‘ j. ‘; ’Oﬂ d f . %l Q\ﬁ:j, E: \\\. ‘)*‘\\.\\\ \‘2
s R 3 LB 53;.\10.0’7, o » 2 jz‘_%;‘ CERATCR R *'\"Qg\;"\,
n:‘:.--'.-",;g ~5';?.~':;;“u". ..,- ";“, J '{’ ;’.%&P‘\ Ted Rty M!
SR S R TR - RLE By U BIRNE Tai ‘kg
. s 8 ) ,« “‘} g‘}} AN R w&;\\ \\;‘\ X ¥

w WL LA

V% ?‘t'

B‘. ~‘ ‘ ’

é‘ “’t ,ﬁc’_% .

A B AR &nxﬂaéﬂ B: %A AR VPA 43240 ;C. AD AL Fxd B4 ;D AD 42841/ | VPA & 2240
E1 BRELBAZZSHNERAHSABESEMRBENTWL (LM x400)

A: gﬁ‘ii'l ﬁﬁ““ﬂ B: %"‘ii'l ﬁlVPA 4248 ;C: AD 71‘%&'1 ﬁ.VPA kLiEZ'?}l D:AD %%id s‘ﬁ.ﬂ““}l

E|2 AD RN VPA A IBZA K Xt R AMKA LB

ML



F34EEOW = FE KB K % % W Vol. 34, No. 9
2012 4£5 15 H J Third Mil Med Univ May 15 2012 873
A FAT R A RAEL WG AT S5 0. % P
Z :

D5 eV SEgR S e B A IR v i B AT RS
F 0 B SR R B — P A kT N . LR S e BT
AT PR BT ST Ry e A (R A 3R RN L I ] S S R R
SRS SR A= B R i B AT M S IRTEAT N
WEEOT /NREA GRS P TEN 35000 h F8EER
MR GRIX TG Bl o T AS S50 WA 3], A BEER 7K Xof iR
20 AD /NRAEW™ S 220 B 00 A 0, 78 Je X B
PR ERCA S e R AR RN B, U B AD TR /N ER
Gy M BB TR AN L A T 4 0 o AR R/ U B
SVEC BB S AE A g X B A R S5 LI R A
FATLBL VPA AL B2 AD 8RN R B 3236 sh A0
HEZH B 05 , (H VPA XFEF A BU/N BRI B 15 s Io s
Wi, #2758 VPA W] S 250k /0 AD #5558 /)N BRI J0T 8 L &) 98
LA

AR AL R DR, AD B/ FRG B 2H
R Kz Jo R H XA #2806 HH 300 25 I AR S5 4 1)
A BLFE B2 TU A AR K AR ] A 7, 2R A e
I/ M HEM W] B & AD B/ UG #2870 N
T gt JE FG/IMAC A % (central chromatolysis ) I142
& ER/ IV ik T RV T 22 TC M4 55 2 2 1) T 23 7
HOMARMEITTH T RN Z —, VPA 4bFEZ] AD £
T /)N BRI PR P 28 0 M A T 5 ek ik B e 9%, A4 o
P /IR B0 ) Jd 18 T A 0 R A 25 4 O, AD
BRI BT BEZH T 5 52 il B 25—, S5 A Fi by, 100 ]
AD AEHY /N BRI PR 2 M o B0 7 0, T 5 ik v #5340 mT
HIZEFEMWAGE TG G, 5% 010k 1 ik
flko T VPA Zb3 5 AD #E5/N BRUHE B X 28 il 45 44 V5
L A7R VPA X il B A A A, X 5 A PR 4 Hif
WTAE R A B VPA 7] 20385 AD BRI LA 21042
BERTRSE AW A1 SR AT 25 M D) il A Bl A
FECAD fem A A R R, i S AD i
PRRR I P B A 2 ) B B AR 56T DR, B
BRI S5 16 AT RE , ¥ A T AD SEAR 1Y 2l
KA o ASEHG KB 4 H i AD BB/ IS BRUG 2H 20 22
JCINZORLAR T 0 B K, $2 7R ek 2 52 B 4 3,
VPA b3 /)N BRI P ik 18 SR A A5 B A [) 2 B2 1)
W%, DL g5 SR, VPA TT AR E R 0 W & T
BE,

AWFFEHE R VPA W] 5 ol 4 2 b 1R B 2 fik 1) 45
FoRIG TR AD AL/ N UK AT 2T BT AL I A E
RE T, AEREIN AL S S5 R R T BB A9 1E 5, DT 038 AD
FERU/ N2 2T ICACRE T, O e TR AN 22 55 1 2
A, AR VPA T AD WG R B iRt T
SR

[1] O’ Brien R J, Wong P C. Amyloid precursor protein processing and
Alzheimer’ s disease[ J]. Annu Rev Neurosci, 2011, 34 . 185 —204.

[2] Epis R, Marcello E, Gardoni F, et al. Alpha, beta- and gamma-secre-
tases in alzheimer’s disease[ J]. Front Biosci( Schol Ed), 2012, 4.
1126 - 1150.

[3] LiYM, Lai M T, Xu M, et al. Presenilin 1 is linked with gamma-
secretase activity in the detergent solubilized state[ J]. Proc Natl Acad
Sei U S A, 2000, 97 (11) . 6138 —6143.

[4] Karran E, Mercken M, De-Strooper B. The amyloid cascade hypothesis
for Alzheimer’ s disease: an appraisal for the development of therapeu-
tics[ J]. Nat Rev Drug Discov, 2011, 10(9) : 698 - 712.

[5] Hooper C, Killick R, Lovestone S. The GSK3 hypothesis of Alzheimer’
s disease[ J]. J Neurochem, 2008, 104(6) ; 1433 - 1439.

[6] DaRocha-Souto B, Coma M, Perez-Nievas B G, et al. Activation of glyco-
gen synthase kinase-3 beta mediates 3-amyloid induced neuritic damage in
Alzheimer’ s disease[ J]. Neurobiol Dis, 2012, 45(1) ; 425 -437.

[7] Kockeritz L., Doble B, Patel S, et al. Glycogen synthase kinase-3—an
overview of an over-achieving protein kinase[ J]. Curr Drug Targets,
2006, 7(11) ; 1377 - 1388.

[8] Lucas J J, Hernandez F, Gomez-Ramos P, et al. Decreased nuclear beta-
catenin, tau hyperphosphorylation and neurodegeneration in GSK-3beta
conditional transgenic mice[ J]. EMBO J, 2001, 20(1/2) . 27 -39.

[9] Muyllaert D, Terwel D, Borghgraef P, et al. Transgenic mouse models
for Alzheimer’ s disease; the role of GSK-3B in combined amyloid and
tau-pathology[ J]. Rev Neurol ( Paris), 2006, 162(10) ; 903 -907.

[10] Hooper C, Markevich V, Plattner F, et al. Glycogen synthase kinase-
3 inhibition is integral to long-term potentiation[ J]. Eur J Neurosci,
2007, 25(1) : 81 —86.

[11] Williams R S, Cheng L., Mudge A W, et al. A common mechanism of
action for three mood-stabilizing drugs [ J ]. Nature, 2002, 417
(6886) : 292 —295.

[12] Qing H, He G, Ly P T, et al. Valproic acid inhibits Abeta produc-
tion, neuritic plaque formation, and behavioral deficits in Alzheimers
disease mouse models[ J]. J Exp Med, 2008, 205 (12) . 2781 -
2789.

[13] SR, B, 23R4, 4. PS1/APP XU 58 R B R % 1 SR s A 251
FAR/IN BRI e DR T e J L R4 A [T ) 5 = R R 44,
2006, 28(14) ; 1453 — 1456.

[14] Gao B, Long Z, Zhao L, et al. Effect of normobaric hyperoxia on be-
havioral deficits and neuropathology in Alzheimer’ s disease mouse
model[ J]. J Alzheimers Dis, 2011, 27(2) ; 317 - 326.

[15] Swiergiel A H, Dunn A J. Effects of interleukin-lbeta and lipopolysac-
charide on behavior of mice in the elevated plus-maze and open field tests
[J]. Pharmacol Bioehem Behav, 2007, 86 (4): 651 —639.

[16] Jeabfir, BA58, o, . PUKIRBIRS MElE APP/PS1 XU L HE K
INBAT A REFERER R R [T ]. AT o R S R A
2011, 20(30) : 205 -207.

[17] Reddy P H, Beal M F. Amyloid beta, mitochondrial dysfunction and
synaptic damage: implications for cognitive decline in aging and
Alzheimer’ s disease[ J|. Trends Mol Med, 2008, 14(2): 45 -53.

(RS :2011-11-27 ;£ 6 :2012-02-05)

(s EE)



