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CPP : (#£)-3-(2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid

D1: R— 33 VKR 1

D2 : R—/ 33 VAR 2

D3: F—/ 33 UK 3

DAT : K="V F TV AR—HF —

NMDA B 7' )L &2 3 ez 251K : N-methyl-p-aspartate il 7' )L % 3 VRS K

SAMPG6 : Senescence-accelerated mouse prone 6

171

SAMRL1 : Senescence-accelerated mouse resistant 1
SKF82958 : 6-chloro-7,8-dihydroxy-3-allyl-1-phenyl-2,3,4,5-tetrahydro-1-phenyl-1H
-3-benzazepine hydrobromide



Tuljapurkar et al., 2000

Senescence-accelerated mouse ; SAM

AKR/J
SAM
SAMP  Senescence-accelerated mouse prone
SAMR Senescence-accelerated mouse resistant 2

1997 SAMP 9
SAMP11 1 50% 50%
10 SAMR1 50% 568
SAMP
Miyamoto, 1994 Sanchez-Barcelo et al., 1997 Shimano, 1998
SAMP SAMR1

21%
Quality of Life QOL

Takeda et al.,
SAMP1
291
19
Chen et al., 2007



1. SAM
SAMP1
SAMP2
SAMP3
SAMP6
SAMP7
SAMP8
SAMP9
SAMP10
SAMP11

SAMR1

SAMP8 SAMP10 Chen et al.,
2004 Flood & Morley, 1998 Numata et al., 2002 Okuma et al., 2000 Shimada et al.,
1993 Shimada, 1999 Chida et al.,, 2006 Miyamoto et al., 1986
Miyamoto et al., 1992 Miyamoto, 1997

SAMP6 4
Matsushita et al., 1986
S1003
Griffin et al., 1998



SAMP6  50% 8
4 6 8 12
SAMP6
1

Niimi et al., 2008a, Niimi et al., 2008b, Niimi et al., 2009
Niimi et al., 2008c



1 SAMP6

in vivo
ENU
SAMR1 SAMP6
Y
SAMP6 SAMP
Okuma &
Nomura, 1998 , 1996 SAMP6 4
Jilka et al., 1996 Kasai et
al., 2004 1 4 6 8 12
SAMP6 SAMR1

SAM
AKR/J



SLC

12
1
LOCOMO LS-5

1. 6 12

12

10:00

AKR/J SAMR1

6 MO
AKR/J SAMR1 SAMP6

AKR/J SAMR1 SAMP6

8:00 20:00
1
16:00
SAMP6 10
2 30
30 72

12 MO



148 SAMR1 SAMP6 12 10 10
60 x 60 x 50 cm Image
OF4 3 70 lux 5
25




148 SAMR1 SAMP6 12 16 12
5 x 30 cm 2 5
x 30 x 15 cm 2 5
x 5 cm 45cm 4
15 20 lux
10
4.
5.
148 SAMR1 SAMP6 11 10 10
7 x 10 x 4.5 cm
20 x 15 x 20 cm 100 lux 10
x 15 x 20 cm 5 lux 5
10



148
5cm

x 30

SAMR1

x 30

SAMP6
25

cm

12 10 10
2.5cm

25

2/3

30



SAMP6
cm
10

12 9 8

120°

7. Y

1 4 8 SAMR1
3 x 40 x 25

Y 7
35lux
7Y

8.

1 4 8 SAMR1

10 8 8

1

4

8

2

x 100

SAMP6



1 4 8 SAMR1 SAMP6 10
37cm 1.2mm 9
30
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10.
1 4 8 SAMR1 SAMP6 10

Ugo Basile RotaRod Treadmills Model 7650 UGO BASILE S.R.L.
Comerio 10

120 3 3rpm
20 3rpm

30rpm

420 1 3 5

1
10.

11.
1 4 8 SAMR1 9 8 8 1 4 8 SAMP6

10 8 8 21cm 4cm

15 x 16 x 25 cm 11 2cm

8 2 7
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11.

12.

I+

Excel Statistics 2006 SSRI

Student t one- two-
three-way ANOVA Bonferroni Tukey
1.
AKR/J SAMR1 SAMP6 6 12 72
12 8
8 12 1
24 F 1,108 =105.94, P<0.001
F 1,108 =63.03, P<0.001 X F 2,108
=25.63, P<0.001 13A 3 13B
6 12
1 3 AKR/J; P<0.05 SAMR1;
P<0.05 SAMPG6; P<0.01 Tukey 1 13A 3
13B 6 SAMP6 AKR/J
SAMR1 1 3 AKR/J

versus SAMPG; P<0.05 SAMRL1 versus SAMP6; P<0.05 Tukey
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Activity counts
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w
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o
o

N
o
o
o

Dayl
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B AKR/J(12MO)
[JSAMRZ(6MO)
B SAMR1(12MO)
1 SAMP6(6MO)
B SAMP6(12MO)

14

1000
0
Day3
5000 [ AKR/J (6MO)
B AKR/J(12MO)
[1SAMR1(6MO)
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* 1 SAMP6(6MO)
. B SAMP6(12MO)
‘g 3000
3
>
>
S 2000
<
1000
0
13. 24
12 AKR/J SAMR1 SAMP6 10
A1l B 3 +
*: P<0.05



2.

1 4 8 25 SAMR1
SAMP6 01 :F 1,118 =6.49, P=0.012
4 :F 1,73 =37.71, P<0.001 8 :F 1,98 =16.38, P<0.001 14A
SAMP6 1 4 8
- F 2,37 =22.63, P<0.001 1 versus 4 ; P<0.05
1 versus 8 ; P<0.05 Bonferroni 14B
A
1 month 4 month: 8 month:
3000 o SAMRL 3000 - _ o cAMRL 3000 1~ SAMRI
2500 2500 2500 -
—B-SAM P6 —&-SAM P6 —&—SAM P6
2000 2000 2000 -
1500 1500 1500 ¢
1000 1000 + 1000 r
500 500 500 -
0o —tr—1—1r [ — 0
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
Time (min.] Time (min.’ Time (min.
B 10000 r *
f N 1
8000 *k
g
B 6000 -
> * [JSAMRL
= B SAMP6
8 4000 -
S
.g
2000 +
0 L L
1 month 4 months 8 months
14,
1 4 8 SAMR1 SAMP6 12 10 10 (A) 5
(B) 25 + ** P<0.01
*: P<0.05

15



3.

1 4 8 SAMR1 SAMP6
o1  F 1, 22 =61.44, P<0.001 4
;F 1,30 =12.65, P=0.001 8 F 1,22 =5.19, P=0.033
SAMP6 F 2,37
=22.63, P<0.001 1 versus 4 ; P<0.05 1 versus 8 ;
P<0.05 Bonferroni 15A SAMR1
SAMP6 1  F
1,22 =39.99, P<0.001 4 ;F 1,30 =4.19,P=0.048 8 F 1,22
=4.40, P=0.048 15A SAMP6
:F 2,37 =8.61,P<0.001 1 versus 4 ;
P<0.05 1 versus 8 ; P<0.05 Bonferroni 15B
SAMR1 SAMP6
1 F 1,22 =52.82,P<0.001 4 ;F 1,30
=4.88, P=0.035 8 ;F 1,22 =12.44, P=0.002 15C SAMP6
F 2,37
=26.39, P=0.033 1 versus 4 ; P<0.05 4 versus 8 ;
P<0.05 1 versus 8 ; P<0.05 15C

16



40 x

30

20
10
0

1 month 4 months 8 months

JSAMR1
B SAMP6

Total number of arm entry

SAMR1
B SAMP6

Number of open arm entry (%)

20
10
0

1 month 4 months 8 months

30

25 il

20

15 -  EEEE— SAMR1
W SAMP6

Time spent in open arms (%)

1 month 4 months 8 months

15.
1 4 8 SAMR1 SAMP6 12 16 12
B

I+

** P<0.01 *; P<0.05
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4.

1 4 8 SAMR1 SAMP6
1 ;F 1,20 =26.46, P<0.001 4  F
1,18 =8.83, P=0.008 8 F 1,18 =7.81, P=0.048 16A
SAMR1 SAMP6 SAMRL1:
;F 2,28 =10.67,P<0.001 1 versus 8 ; P<0.05 Bonferroni
SAMPG: ;F 2,28 =5.05,P=0.013 4 versus 8 ;
P<0.05 1 versus 8 ; P<0.05 Bonferroni 16A
SAMR1 SAMP6
SAMR1 1 ;F 1,20 =90.49, P<0.001 4 ;F 1,18 =31.41,
P<0.001 8 ;F 1,18 =53.54, P<0.001 16B
A
60 -
50 |
o
£ 20
2 10
’ 1 month 4 months 8 months
B
60
S 50
B
2 20
E 10
’ 1 month 4 months 8 months
16.
1 4 8 SAMR1 SAMP6 11 10 10 A
B % +

** P<0.01 *; P<0.05
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1 4 8 SAMR1 SAMP6
1 F 1,20 =5.24, P=0.033
4 ' F 1,18 =22.56, P<0.001 8 ' F 1,18 =41.28, P<0.001 17A
SAMR1 SAMP6
o1 F 1,20 =5.08, P=0.036 4
;F 1,18 =20.53, P<0.001 8 ;F 1,18 =25.65, P<0.001 17B
A
16
ST
£ 1 .
% 10 -
3 8 [JSAMR1
E *k H SAMP6
; 6 L *%*
E o4l
2
2 .
0
1 month 4 months 8 months
B
’é-‘ 250 r
% 200 ~
% 150 - * -
S, OSAMR1
3 x> W SAMP6
& 100 ~
E 50
£
F 0
1 month 4 months 8 months
17.
1 4 8 SAMR1 SAMP6 12 10 10 A
B +

** P<0.01 * P<0.05
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4 8 SAMP6 SAMR1
4 ;F 1,16 =5.46,P=0.033 8 F 1,14
=35.63, P<0.001 18A 8 SAMR1 1
4 SAMR1 F 2,52 =4.10, P=0.022
1 versus 8 :P<0.01 4 versus 8 : P<0.01 Bonferroni
18A 4 8 SAMP6
SAMR1 4 :F 1,16 =7.54,P=0.014
8 cF 1,14 =5.09, P=0.041 18B
A
70 r **
60 ‘%\
E\ **
= 50 ﬁ
% 40 [JSAMR1
S 5 B SAMP6
§ 20
2
10
0 L
1 month 4 months 8 months
B
100
% 80 | l% ﬂ%
s 60 I
g [JSAMR1
% H SAMP6
S 40 ¢
E 20
0
1 month 4 months 8 months
18. Y
1 4 8 SAMR1 SAMP6 12 9 8 A
B + ** P<0.01 *; P<0.05

20



F 2,44 =57.18, P<0.001

F 1,44 =0.01 P=0.940 X F 2,44 =0.46
P=0.632 19
140 -
120 -
o 100 ¢
% 8 1 [JSAMR1
60 | W SAMP6
o 40 +
20 -
0
1MO 4MO 8MO
19.
1 4 8 SAMR1 10 8 8 1 4 8 SAMP6 8

I+

21



F 1,174 =25.53, P=0.051 F 2,174
=8.85, P<0.001 X F 2,174 =3.02, P=0.051
1 8 SAMR1 SAMP6
1 ; P<0.05 8 ; P<0.01 Bonferroni 20A
F 1,174 =252, P=0.084
F 2,174 =2.14,P=0.121 X
2,174 =252, P=0.084 1 8 SAMR1
SAMP6 1 ; P<0.01 8
; P<0.01 Bonferroni 20B
A
5 -
AT *
e 3 o CISAMRL
A 5| W SAMP6
1l
0
1IMO 4MO 8MO
B
30
25
—_ 20 + -
i -
= 10 +
5|
0
1IMO 4MO 8MO
20.
1 4 8 SAMR1 SAMP6 10 A B

I+

** P<0.01 *; P<0.05

22



F 1,162 =21.18, P<0.001

F 2,162 =3.51, P=0.032 X F 2,162 =8.29,
P=0.032 X F 4,162 =4.55, P=0.002 X
X F 4,162 =4.55, P=0.002 1 1
SAMP6 SAMR1
P<0.001 Bonferroni 21A  3rpm
F 1,162 =35.36, P<0.001
F 2,162 =3.63, P=0.029 21B  3rpm 30rpm
F 1,870 =1060.16, P<0.001
F 2,870 =18.05, P<0.001 F 4,870 =18.94, P<0.001
X F 2,870 =22.18, P<0.001 X F 4,870
=13.72, P<0.001 X F 8, 870 =2.64, P=0.007 X
X F 8,870 =2.71, P=0.006 21C 1 4
8 SAMP6 SAMR1
P<0.001 Bonferroni 21C
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1MC 4MC 8MC
140 140 ¢ 140
120 o » 0 120 + Z - 7 120 o ) o
100 N 00 1 I 1 100 f\§/‘
80 80 | 80
60 60 | 60
40 —O0—SAMR! 40 t 40
20 ——SAMPE 20 | 20
0 ‘ 0
1 2 3 0
1 2 3 1 2 3
Trial: Trial: Trial:
B
1MC 4MC 8MC
140 - 140 140
120 /D—D 120 o 0 0 120 o 0 0
w0l ¢ 100 100 +§H
80 - ?/%\* 80 80
60 - 60 60
40 + 40 40
20 + 20 20
0 0 0
1 2 3 1 2 3 1 2 3
Trial¢ Trial¢ Trials
1MC 4MC 8MC
450 450 450
400 /‘3_D 400 400 &
350 / T4 350 F T 350 ! /
300 T 300 o - 300 / 1
*k
250 . 250 ** 250 7 o
)’J‘* Kk
200 o 200 200 | e " -
E *k .
150 150 150
100 100 100
50 50 50
0 0 0
DAY1 DAY2 DAY3 DAY4 DAY5 DAYl DAY2 DAY3 DAY4 DAY5 DAY1 DAY2 DAY3 DAY4 DAY5
21.
1 4 8 SAMR1 O SAMP6 10 A
B 3rpm C 3rpm 30rpm
+ ** p<0.01 *; p<0.05

24




10.

F 1,45 =29.78, P<0.001 F
2,45 =6.58, P=0.003 X F 2,45 =0.93,
P=0.402 22 1 4 SAMP6
SAMR1 1 : P<0.001 4 : P<0.05
Bonferroni 22
120
100 |
L% 80 | T *
£
= * OSAMR1
E 60 r W SAMP6
g 40 I
E
20
A
1 month 4 months 8 months
22.
1 4 8 SAMR1 9 8 8 1 4 8 SAMP6 10 8
8 + ** P<0.01 *; P<0.05
SAMP6

Fetsko et al., 2005 Lhotellier et al., 1993

Bolivar et al., 2000 Bothe et al., 2005 Brooks et al., 2005 Logue et al., 1997
Owen et al., 1997 Thifault et al., 2002 Upchurch & Wehner, 1988 van Gaalen &
Steckler, 2000 \olkar et al., 2001 SAMR1 SAMP6

AKR/J

25



12 72

3
Crawley, 2000 6
12
1
Rubinstein et al., 1997 1
3 1
3
3 1 1 3
6 SAMP6 AKR/J SAMR1
12 SAMP6 AKR/J SAMR1
SAMP6 6
6 12
AKR/J  SAMRL1
SAMP6
SAMP6
AKR/J  SAMRL1
SAMP Chen
et al., 2007 Miyamoto, 1994 Sanchez-Barcelo et al., 1997 Shimano, 1998
SAMR1
1 4 8 SAMP6 25
SAMR1 3
4 8 SAMP6
72 SAMP6
1
SAMP6 4
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SAMR1
SAMP6 SAMP6
Y 4 8 SAMP6  SAMR1
SAMP6
Y SAMPG6
1
Y
SAMP6
SAMP6
SAMR1 SAMR1
SAMP6
SAMR1
SAMR1 SAMP6
SAMP6
SAMP6 1
SAMP6

Crawley, 2000

Pinel & Treit, 1978, Pinel et al.,
1980
Abe et al., 1998 Ichimaru et al., 1995 Londei et al., 1998
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SAMP6

SAMP6

SAMP6

Liu et al., 2006

SAMP6

SAMP6

SAMP6

SAMP6

SAMP6

SAMP6

SAMP6

SAMP6
SAMP6
Y Y
SAMPG6 SAMR1
SAMP6
SAMR1
Y

Y

Crawley, 2000, Deacon et al., 2002

Y

SAMR1

SAMR1  SAMP6

SAMR1

1 8 SAMP6
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1 SAMP6  Orpm 1 SAMR1
2 SAMR1 Orpm
1 SAMP6
3rpm
SAMR1 SAMP6
1 8 3rpm 3 SAMP6
1 8 SAMP6
3rpm
4 3rpm
4 SAMP6 SAMR1
3rpm 3rpm
30rpm
SAMP6 SAMR1 SAMP6
3rpm SAMR1
SAMP6 SAMR1
Crawley, 2000 SAMP6
SAMP6 1 SAMP6
SAMP6
4 SAMP6 SAMR1
4 SAMP6  3rpm
4
SAMP6
SAMR1 SAMP6
SAMP6 SAMP6 1
1
SAMP6
SAMP6
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SAMP6

2 SAMP6

SAMP6

SAMP6
SAMR1

SAMP6
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SAMR1

SAMP6

SAMP6

SAMR1

SAMP6

SAMP6

SAMP6

SAMP6

SAMP6

SAMR1

SAMR1

SAMP6

SAMR1

31

SAMP6  SAMR1

SAMP6

SAMP6  SAMR1

SAMP6

SAMP6



SAMP6

SAMP6
SAMP6  SAMR1

SAMP6
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2 SAMP6

SAMP6 SAMR1

SAMP6

Brozoski et al., 1979 Clarke et al., 2004 Gainetdinov et al.,

1999 Karakuyu et al., 2007 Luine et al., 1990 Rodgers et al., 1994 Sahakian et al.,
1985 Takahashi et al., 2008 Zhou & Palmiter, 1995 Zhuang et al., 1999

SAMP6

SAMP6
SAMR1

1 SAMP6  SAMR1
SAMP6
6
SAMP6
SAMP6
5 SAMP6
1 D1 2 D2 3 D3
SAMR1
D D2 D3
D1 6 12
D1 D1
5

SAMP6  SAMR1
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SLC 146 12 SAMR1 SAMPG6
12 8:00 20:00

10:00 16:00

1 D1
6-chloro-7,8-dihydroxy-3-allyl-1-phenyl-2,3,4,5-tetrahydro-1-phenyl-1H-3-benzazepine
hydrobromide SKF82958 Sigma St. Louis IL

0.3 1.0 5.0mg/kg

3.

1

1 SAMR1 SAMP6 5

PRO-PREP™ Protein
Extraction Solution iNtRON Biotechnology, Inc. Gyeonggi
20u g 10%SDS-polyacrylamide gel

PVDF Immobilon-P  Millipore Billerica MA
Chemicon Internaational Inc. Billerica

MA Chemicon International Inc.

Abcam Cambridge MA
BIOMOL Plymouth Meeting PA

Chemicon International Inc.

ImageJ NIH Bethesda MD
SAMR1  SAMP6
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5 SAMR1 SAMP6 5
protease inhibitors Complete EDTA-free
protease inhibitor cocktail tablets Roche Indianapolis IN
320 mM sucrose 5 mM HEPES 1400x% g
12000x g 5mM Tris
P2 40u ¢

D1 Chemicon Internationa Inc. D2 Chemicon

International Inc. D3 Alpha Diagnostic International San Antonio TX
DAT Chemicon International Inc.
ImageJ NIH Bethesda

MD
SAMR1 SAMP6
4,
6 SAMR1 SAMP6 5
100p M EDTAZ2Na isoproterenol
0.2M perchloric acid 20000x% g
0.45y m
HTEC-500
PowerChrom Bio Research Center
5. SKF82958
6 12 SAMR1 SAMP6  vehicle 03 1.0 5.0mg/kg
SKF82958 10
LOCOMO LS-5 2
2
1 SKF82958

35



I+

Student t
ANOVA Bonferroni
7.
5 SAMR1 SAMP6

Excel Statistics 2006 SSRI
two- three-way
Tukey

Avertin  2,2,2-tribromoethanol Sigma-Aldrich  St.Louis IL
4% paraformaldehyde

4% paraformaldehyde

1.
1
SAMR1
40
P<0.001 t 23A 23C
P<0.01 t

36

S m

SAMP6
SAMR1 SAMP6

58

23B 23C



SAMR1 SAMP SAMR1 SAMP
St NA Liv Str NA Liv B Liv B Liv
™o . e
pTH e pTP Toam
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TH 40
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2 1 2 3
D1 P<0.01 t DAT P<0.001 t
D3 P<0.01 t D1 P<0.01
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D3 P<0.01 t SAMR1 SAMP6
24A 24B

Striatum NACc Cerebellum

SAMR1 SAMP6
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SAMR1 SAMP6

D1
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o
3 100 r
=
(6]
S
a 0
D1 D2 D3 DAT| D1 D2 D3 DAT| D1 D2 D3 DAT
Striatum NAc Cerebellum
1 DI 2 D2 3 D3 DAT
SAMR1 SAMP6 5 A
D1 D2 D3 DAT B

I+

** P<0.01 NAc:
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SAMR1 SAMP6 P<0.05 t
homovanillicacid HVA P<0.05 t
P<0.05 t 5-hydroxy indole acetic acid
5-HIAA P<0.01 t 5-HIAA
P<0.01 t HVA P<0.01 t
5-HIAA P<0.05 t P<0.01
t HVA P<0.01 t 3-methoxy tyramine 3-MT  P<0.05 t
P<0.05 t P<0.01 t
HVA P<0.01 t P<0.01 t 5-HIAA P<0.01
t HVA P<0.01 t 5-HIAA P<0.01 t
3
3.
dopamine (ng/g tissue) DOPAC (ng/g tissue) HVA (ng/g tissue)
Region SAMR1 SAMP6 SAMR1 SAMP6 SAMR1 SAMP6
cortex 78.94+13.04 189.70+38.22* 34.51+2.97 36.16+7.40 49.03+£3.49 78.16+£10.77*
hippocampus 9.71+3.05 8.99+1.19 9.78+2.32 11.02+0.68 9.74+2.16 10.81+1.30
striatum 2970.74+206.82  2672.13+264.84 677.58+54.96 551.19+38.93 252.55+10.90 353.50+26.24**
Nucleus Accumbens 339.23+90.00 772.49+58.90** 3.69+1.57 4.06+0.99 58.31+9.42 136.9+2.35**
brain stem 54.75+£5.00 62.02+10.37 27.86+£2.71 29.39£3.17 52.09+£3.77 33.53£2.14**
cerebellum 1.38+0.12 2.64+0.20** 0.74+0.09 0.91+0.18 3.28+0.35 8.12+0.89**
3-MT (ng/g tissue) 5-HT (ng/g tissue) 5-HIAA (ng/g tissue)
Region SAMR1 SAMP6 SAMR1 SAMP6 SAMR1 SAMP6
cortex 77.39£11.57 68.69+14.78 249.11+17.64 337.98+23.00* 428.121+32.016  634.85%£42.97**
hippocampus 4.43+1.18 3.26+0.70 193.30+18.85 220.03+18.68 777.90+46.55 1090.00+64.74**
striatum 507.46+42.51 582.66+77.35 325.12+19.14 329.93+38.28 738.92+55.83 1099.21+100.69*
Nucleus Accumbens 47.33£17.77 167.14+33.19* 285.94+35.44 440.91+32.19* 1194.36+68.35 1284.98+161.26
brain stem 27.90+£2.64 33.98+3.59 481.84+40.00 451.00+16.12 1423.29+95.18 922.33+39.30**
cerebellum 1.22+0.19 1.35+0.31 33.11+£1.03 46.39£3.04** 83.2315.66 196.83+12.27**
6 SAMR1 SAMP6 5 +
**. P<0.01 *; P<0.05
3. SKF82958
60
SKF82958
25 F 1,144 =82.26, P<0.001 F 1,144 =93.00,
P<0.001 F 3,144 =134.73, P<0.001 F 1,
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144 =48.04, P<0.001 X F 3,144 =8.33, P<0.001

X F 3, 144 =753, P<0.001 X X
F 3,144 =8.25, P<0.001 Vehicle
6 SAMP6 SAMR1
vehicle P<0.01 Tukey 25 \ehicle
6 SAMP6 SAMR1
25 12 SAMR1
SAMP6
SAMR1 6 12
SAMP6 vehicle 12
6 vehicle
P<0.01 Tukey 25
2500
[CJvehicle
2000 r [70.3 mg/kg
1.0 mg/kg
5.0 mg/kg
2 1500 |
>
8
2
=
3 1000 ¢
500 -
. [
6MO 12MO 6MO
SAMR1 SAMP6

25. SKF82958
6 12 SAMR1 SAMP6  vehicle 0.3 1.0 5.0mg/kg SKF82958
10 120

I+
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Harada et al., 1996
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Karakuyu et al., 2007 Luine et al., 1990 Sahakian et al., 1985
Breese et al.,

1987 Carvalho et al., 2005 De La Garza & Mahoney, 2004 Jackson et al., 1975
Lammers et al., 2000 Pijnenburg et al., 1976 Schwarting et al., 1998
Apps & Garwicz, 2005 Thach et al., 1992 Thach, 1998

Walter et al., 2006
SAMP6
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Carvalho et al., 2005 De La Garza & Mahoney, 2004 Schwarting et al., 1998
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Zhou & Palmiter,
1995
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SAMP6

SAMP6

Apps & Garwicz, 2005 Ikemoto & Panksepp, 1999 Missale et al., 1998
Thach et al., 1992 Thach, 1998 Viggiano et al., 2003 Walter et al., 2006
DAT G

Hiroi et al., 2002
D1 D2

D3 Bishop & Walker, 2003 Breese et al., 1987 Jackson et al., 1975
Kamei & Saitoh, 1996 Kolasiewicz & Maj, 2001 McNamara et al., 2006 Pijnenburg
etal., 1976 Schwarz et al., 1995 Shapovalova & Kamkina, 2008

SAMP6 D1 D3
D1 D3 SAMR1
D2
SAMP6 DAT
SAMP6
DAT
D1 D1
Bishop & Walker, 2003 D1 Shapavovalova et al.,
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D2/D3
Barik & Beaurepaire,
2005 D3
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1996 McNamara et al., 2006

Kamei & Saitoh,
Schwartz et al., 1995
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D3 Fauchey et al., 2000 Levant, 1997
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Levant, 1997 Zapata & Shippenberg, 2002
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Lammers et al., 2000

SAMP6 D3
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D2 D3
10 Barili et al., 2000 D2/D3
Kolasiewicz &
Maj, 2001 SAMP6 D3
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5
Barili et al., 2000 Bouthenet et al., 1991 Boyson et al., 1986
D’Souza et al., 1997
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D1 Desai et al., 2005 Mori et al., 1997
Ralph & Caine, 2005 Smith et al., 1998 Tran et al., 2005
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3 SAMP6 NMDA

1 Y SAMP6 2

Goicoechea et al., 1997 Morgan et al.,
1987 SAMP6
SAMP6

N-methyl-D-aspartate  NMDA Tang et al.,
1999 Tsien, 2000
Cao et al., 2007 Limaetal.,, 2005 Niewoehner et al., 2007 Parada-Turska

& Turski, 1990 Rampon et al., 2000 NMDA
NMDA
NR1 NR2A NR2B NR2C NR2D NR3A NR3B 7
NMDA NR1 NR2 NR3
Dingledine et al., 1991
NR1 NR2A NR2B

Berberich et al.,
2005 Liuetal, 2004 Massey et al., 2004 Niewoehner et al., 2007 Rampon et al.,
2000 Weitlauf et al., 2005 Zhao et al., 2005

SAMP6 NMDA
NR2
NMDA
(x )-3-(2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid CPP  Lehmann et al.,
1987 Yoneda & Ogita, 1991 Y
SAMP6 NR1 NR2A
NR2B SAMP6 SAMR1

SAMP6
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1.
SLC 4 SAMR1 SAMP6
12 8:00 20:00
1
10:00
16:00
2.
NMDA
(£ )-3-(2-carboxypiperazin-4-yl)-propyl-1-phosphonic acid CPP  Sigma-Aldrich
St. Louis IL vehicle 5.0 10.0mg/kg
30
NMDA CPP
4 SAMR1 SAMP6  vehicle SAMR1 6 SAMP6 9
5.0mg/lkg SAMR1 5 SAMP6 7 10.0mg/kg SAMR1 5
SAMP6 7 CPP
LOCOMO LS-5 2
10
Y
4 SAMR1 SAMP6  vehicle SAMR1 9 SAMP6 6
5.0mg/kg SAMR1 9 SAMP6 10 10.0mg/kg SAMR1
7 SAMP6 6 CPP 3 X
40 x 25 cm 120° Y
7 10
35lux 3
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/ 2 x 100

SAMR1 SAMP6  vehicle SAMR1 5 SAMP6 6
10.0mg/lkg SAMR1 5  SAMP6 5 CPP
10-25lux 35 x 35 x 35 cm
27
10 1cm
2 15
CPP 30
10 2
10
2

217.
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NMDA

4 SAMR1 SAMP6 5
PVDF NMDA
1 NR1 BD Bioscience PharMingen Franklin Lakes NJ
NMDA 2A NR2A PhosphoSolutions
Aurora CO NMDA 2B

NR2B  Upstate Biotechnology Billerica MA
ImageJ
NIH Bethesda MD
SAMR1 SAMP6

1.
+ Excel Statistics 2006 SSRI
Student t two- three-way
ANOVA Bonferroni Tukey
1. CPP
CPP CPP SAMR1
SAMP6 X
F 2,33 =2.45,P=0.102 X
F 1, 33 =10.88, P=0.002 SAMR1 SAMP6 CPP
28

52



Motor activity
300 - * vehicle
| 15mg/kg
T Il 10mg/kg
a 200 -
% -
S
100 ~
0
SAMR1 SAMP6
28. CPP
SAMR1 SAMP6  vehicle SAMRL 6 SAMP6 9 5.0mg/kg
SAMRL 5  SAMP6 7 10.0mg/kg SAMR1 5  SAMP6 7
CPP + *: P<0.05
2. Y
SAMP6 SAMR1
vehicle F 1,13 =557, P=0.035 5.0mg/kg: F 1, 17 =8.83, P=0.009
10.0mg/kg: F 1,11 =6.81, P=0.024 29A CPP
F 2,41 =0.48, P=0.625 SAMP6
SAMR1 vehicle - F 1, 13 =5.02,
P=0.043 5.0mg/kg: F 1,17 =7.85,P=0.012 10.0mg/kg: F 1,11 =5.88, P=0.034
29B SAMR1 vehicle 10.0mg/kg
F 1,14 =473, P=0.047 29B SAMP6

F 1,10 =0.28, P=0.759 29B
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60 I l
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c
3
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20 +
0
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29. Y
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CPP A B

I+

** P<0.01 *; P<0.05
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vehicle 10.0mg/kg SAMR1 SAMP6
30

CPP 2

vehicle SAMR1 16.63+ 2.97 10.0mg/kg
SAMR1 14.30% 1.07 vehicle SAMP6  22.80% 1.29 10.0mg/kg

SAMP6  21.64+ 3.02 CPP
F 1,17 =0.63, P=0.439, CPP X
F 1,17 =0.07,P=0.793 CPP
SAMP6
SAMR1
vehicle F 1,9 =5.16, P=0.049 10.0mg/kg F 1,8 =12.72, P=0.007
30 SAMP6 10.0mg/kg
CPP SAMP6
SAMR1 30
100 *x

80

LJSAMRL (vehicle )
Bl SAMR1 (10mg/kg)

EISAMPS (vehicle )
B SAMP6 (10mg/kg)

60

40

20

Exploratory preference (%)

0
Acquisition Retention
30.
4 SAMR1 SAMP6  vehicle SAMR1 5 SAMP6 6
10.0mg/kg SAMR1 5 SAMP6 5 CPP

%

I+

** P<0.01 *; P<0.05
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NMDA

SAMR1 SAMP6
SAMP6 NR2B SAMR1
P<0.001 t 31A 31B NR1 NR2A
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NR2 - -_—
NR2 —
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CPP SAMR1 SAMP6
CPP

CPP Y SAMP6
vehicle 5.0 10.0mg/kg
SAMR1 SAMP6
vehicle 5.0 10.0mg/kg SAMR1
10.0mg/kg CPP  vehicle SAMR1

SAMP6 10.0mg/kg

SAMP6 NMDA

CPP
Y SAMR1
10.0mg/kg CPP 10.0
mg/kg CPP
2 CPP
CPP
2
CPP
SAMP6 SAMR1
SAMP6 10.0mg/kg CPP
SAMP6
SAMR1
SAMP6 NMDA
NMDA NMDA
NMDA
NMDA
NR1 three-from-six
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Niewoehner et al., 2007

NR2B T
Cao et al., 2007 CAl NR1
Rampon et al., 2000 NMDA
SAMP6
SAMR1 NR1 NR2A
NR2B SAMP6
NR2B SAMR1
NR1 NR2A SAMP6 SAMR1
NR2B SAMP6
1
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1 Y SAMPG6
2
NMDA
1. CPP SAMR1 SAMPG6
CPP
2. CPP Y CPP
SAMP6 CPP SAMR1
SAMP6 10.0mg/kg CPP
SAMR1 SAMP6
SAMP6  NMDA
3. CPP
CPP
SAMP6  SAMR1
SAMP6 10.0mg/kg
CPP SAMR1 SAMP6
SAMP6  NMDA
4. SAMP6 NR2B NR1
NR2A SAMP6  SAMR1
NR2B SAMP6
1
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SAMP6 4

S100B SAMP6
1 4 6 8 12
SAMP6
SAMR1 SAMP6
SAMP6
SAMR1 SAMP6
SAMP6
SAMR1
SAMP6
SAMR1
SAMP6 SAMR1
3
SAMP6
SAMP6
SAMP6
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SAMP6 1

SAMP6 D1
D1

SAMP6

SAMP6 D1
D1 SAMP6
1
SAMP6
D1

1 D1

Palacios et al., 1988 Cortes et al., 1989 Ossowska, 1993
SAMP6 D1
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1 SAMP6
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Age-related changes in the higher brain functions
of Senescence-accelerated mouse prone 6 (SAMP6)
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Summary

The senescence-accelerated mouse (SAM) was developed through selective
breeding of the AKR/J strain based on a graded score for senescence, life span, and
pathological phenotypes. There are nine senescence-prone (SAMP) strains and three
senescence-resistant (SAMR) strains. SAMP strains have a shortened life span and
show early manifestations of senescence, such as various skin lesions and increased
lordokyphosis, after a period of normal development. Among SAMR strains, SAMRL1 is
long-lived, showing resistance to early senescence, and is used as a control. Among
SAMP strains, SAMPG6 is considered to be a model of senile osteoporosis with slow
bone loss after 4 months of age. Recently, it was reported that SAMP6 exhibited
increased expression of S100f8 in the brain compared to SAMRL, suggesting that
SAMPG6 is also useful as a model of age-related diseases related to central nervous
system alterations. | performed a battery of behavioral analyses using 1- (juvenile stage),
4-6- (adult stage), and 8-12-month-old (old stage) SAMP6 and age-matched SAMR1 to
investigate the age-related changes in behavioral features and the mechanisms involved.

The battery of behavioral analyses revealed innate behavioral alterations in
SAMPG6, including higher motor activity, lower anxiety, increased short-term memory, a
motor coordination deficit, and antidepressant activity. The higher motor activity of
SAMP6 was observed until the adult stage, and then the motor activity began to decline,
and lower motor activity was observed at the old stage, indicating that the motor activity
of SAMP6 exhibited the same pattern of age-related changes as seen in the bone mass
of SAMP6. The marked motor coordination deficit of SAMP6 was observed at the
juvenile and old stages, whereas amelioration in the motor coordination deficit was seen
in the adult stage, suggesting that the motor coordination of SAMP6 exhibited a pattern
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of age-related changes similar to that of the bone mass of SAMP6. On the other hand,
the differences in anxiety and antidepressant activity between SAMP6 and SAMR1
decreased gradually with age, indicating that the lower anxiety and antidepressant
activity of SAMP6 showed another pattern of age-related change. No apparent
age-related change was observed in the increased short-term memory of SAMPS.
Accordingly, the behavioral features of SAMP6 were divided into three categories
based on the pattern of age-related changes: (1) accelerated-senescence-like behaviors;
(2) behaviors with age-related changes; and (3) behaviors with no age-related changes.

The expression of tyrosine hydroxylase, an enzyme involved in the biosynthesis
of dopamine, and its phosphorylated form was increased in the striatum and nucleus
accumbens (NAc) of juvenile SAMPG6, suggesting an increase in the concentration of
dopamine in the juvenile SAMP6 brain. This was thought to be one of the innate
alterations related to the higher motor activity of SAMPG6. Increased expression of D1 in
the striatum, an over-activated D1 signal cascade, and an increased dopamine
concentration in the NAc were seen in adult SAMP6, which seemed to explain the
higher activity of adult SAMP6. An apparent decrease in the sensitivity of D1 of old
SAMP6 compared to adult SAMP6 was observed, which was thought to be involved in
the decreased motor activity of old SAMPG6. These results suggest that an age-related
alteration in the D1 sensitivity of SAMP6 is one of the mechanisms altering motor
activity, one of the accelerated-senescence-like behaviors observed in this strain. On the
other hand, the increased D3 expression in the cerebellum of adult SAMP6 was thought
to be one of the mechanisms related to the motor coordination deficit, another
accelerated-senescence-like behavior observed in this strain. However, further
examinations of the D3 expression levels in juvenile and old SAMP6 cerebellum are
needed to evaluate whether the altered D3 expression is involved in the
accelerated-senescence-like alteration of this behavior.

The serotonin system was studied to examine the mechanism of the lower
anxiety and antidepressant activity, behaviors with age-related changes, of SAMPG6. The
expression of tryptophan hydroxylase, a serotonin biosynthesis enzyme, and its
phosphorylated form were increased in the brainstem of juvenile SAMPG6, suggesting an
increase in the serotonin concentration in the juvenile SAMP6 brain. This was thought
to be one of the innate mechanisms related to the lower anxiety and antidepressant
activity of SAMPG6. Serotonin concentrations were increased the cortex and NAc of
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adult SAMP6, which likely explained these behavioral patterns in adult SAMPG6.
However, further examination of the serotonin concentration of juvenile and old
SAMP6 brains is needed to evaluate whether the altered serotonin concentration is
involved in the age-related change of these behaviors.

The dopamine and serotonin systems and N-methyl-D-aspartate (NMDA)
receptors were studied to examine the mechanisms for increased short-term memory, a
behavior with no age-related changes, of SAMP6. As mentioned above, the increased
dopamine and serotonin concentrations in the juvenile SAMP6 brain were also thought
to be one of the innate changes related to the increased short-term memory of SAMPG6.
In addition, expression of the NMDA receptor subunit 2B (NR2B) was increased in the
forebrain of adult SAMP6, and this appeared to be involved in the increased short-term
memory of adult SAMP6. Further examination of the mechanisms involved in this
behavioral property of old SAMP6 is needed.

In this study, a battery of behavioral analyses using animals at three
different ages showed various behavioral alterations with aging. In addition,
biochemical and pharmacological approaches revealed the involvement of
several different mechanisms in the behavioral alterations. These results
suggest that the higher brain functions are controlled by variable thresholds
of the respective neurons and complex neuronal networks. Studies using
SAMP6 might elucidate the influences of aging on higher brain functions and
related mechanisms, resulting in the specification of the signal cascades that
activate higher brain function and the development of new drugs that act on
these cascades. These could increase the healthy longevity and quality of life
of humans.
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