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Effects of Exercise Training on Defense Mechanism
of Aging, Learning and Memory Impairments of
Senscence- Accelerated Mouse SAMPS8

Jong- Soo Lee

Department of Food and Life Science, Graduate School
Pukyong National University

ABSTRACT

This study was designed to evaluate and investigate the effect of
exercise training on defense mechanism of chronic degenerative disease,
aging, learning and memory imparments of senescence-accelerated
mouse (SAM) P8 mice under the hypothesis that "Senile dementia may
be prevented by exercises". To evaluate the effects of exercise training
on the experimental animal model, SAMP8 mice with learning and
memory impairment were divided into two groups, the control group
and exercise training groups performed with low( O:max 25 33%),
middle( O.max 50%) and high( O.max 66 75%). All SAMP8 mice

were fed experimental diet ad libitum until 4 and 8 months, and died.



Body weights gain in 4 and 8 months of age were consistently and
significantly lower about 10% and 4% in middle group, and 20% and
10% in high group compaired with control group. Membrane fluidities
were significantly increased to 10.2% and 12.3% in brain mitochondria
and microsomes with middle exercise training( O.max 50%), whereas
were increased 53% and decreased 6.0% in brain mitochondria and
microsomes with middle exercise training( O:max 66 75%) compaired
with control group.

Median and maximum lifespan in middle exercise group resulted in a
significantly increased(235% and 18.7%, respectively), whereas these
lifespan in high exercise group resulted in an unexpectedly decreased
(135% and 12.1%, respectively) compared with control group. Body fat
levels in 4 and 8 months of age were significantly decreased 43% to
51% in middle exercise group, whereas were remarkably deceased to
57% in high exercise group compared with control group. It is believed
that extending effects of median and maximum lifespan may be effected
by caralie restriction through the exercise training.

Learning and memory impairments were significantly improved 15
30% and 14 27% in 4 and 8 months of age by the middle and high
exercise groups. Accumulations of lipofuscin in brain of SAMP8 mice
were effectively decreased in middle exercise group, whereas these were

meaningful increased in high exercise group compared with control

group.



LDL-cholesterol levels resulted in a significantly decreased 8 16%
and 10 13%, respectively, in middle and high exercise groups, but
HDL-cholesterol levels in 8 months of age resulted in a remarkably
incereased 20% in middle and high exercise groups compared with
control group. It is believed that lower LDL-cholesterol and atherogenic
index (Al), and higher HDL -cholesterol by the exercise training may be
beneficially acted in health and longevity of human.

Oxygen free radicals in aged SAMP8 mice of 8 months resulted in
a significantly decreased 10% of superoxide radical and 30% of
hydroxyl radical in middle exercise group, whereas these resulted in a
significantly increased 10% of superoxide radical and 10% of hydrogen
peroxide in high exercise group compared with control group. Lipid
peroxide(LPO) as an oxidative stress in aged SAMP8 mice of 8 months
resulted in a significantly decreased 13% in middle exercise group,
whereas these LPO resluted in a significantly increased 10% in high
exercise group compared with control group. Superoxide dismutase
(SOD) and glutathione peroxidase(GPx) as a scavenger enzymes in
aged SAMP8 mice of 8 months resulted in a significantly increased
74% and 126% in middle exercise group, whereas these scavenger
enzymes resluted in a significantly increased 2.9% and 75% in high
exercise group compared with control group. It is believed that signi-
ficant decreases of oxygen free radicals and their oxidative stress in
middle exercise groups may be contributed the retardation of aging,
whereas significant increases of these oxygen free radicals and their
oxidative stress in high exercise groups may be related the acceleration

of aging.



Acetylcholine(ACh) levels were significantly increased 6.7% and 8.5%
in middle and high exercise groups, but choline acetyltransferase(ChAT)
activities were significantly increased 10.3% and 11.9%, respctively, in
middle and high exercise groups. Acetylcholinesterase(AChE) acitivities
in middle group only were significantly increased in 4 and 8 months of
age compared with control group. Monoamine oxidase-B(MAO-B)
activities in 4 and 8 months of age were effectively decreased 45
5.1% in middle exercise group, whereas these MAO-B acitivities almost
did not change in high exercise group compared with control group.

These results suggest that proper and regular exercises such as
middle group( O.max 50%) may play an effective role in attenuating
an oxygen radicals and their oxidative stresses, and may play an
desirable role in improving a learning and memory impairments and

preventing a senile dementia.
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(senile dementia)
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(senescence- accelerated mouse,

SAM) Takeda (1981) (strain)
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SAMR (R1, R4, R5)



SAMP SAMR
32% (Takeda et al., 1981).
SAMP (senile amyloid)

(T akeshita et al.,

1982). SAMP N - 5
(glutammine) , SAMR (proline)
N - 5
(Higuchi et al., 1986). SAMP
SAMP1, P2 ,

SAMP6
(senile osteoporosis) (Riggs et al., 1983). SAMPS,
SAMP10

(Miyamoto et al., 1986; Yagi et al., 1988; Ohta et al., 1989).
SAMP9 , SAMP3

SAM

(Vascular Dementia: VaD)
(Dementia of Alzheimer-Type: DAT)
(Price, 1986; Selkoe, 1994).



(Carp et al., 1984; Wisniewski et al.
1985, Vorbrodt et al., 1990; Kim et al., 1990).

SAMPS8

SAM . SAMPS8
SAMPS8 (control) (exercise training groups)
4, 8

(passive avoidance test)

, , lipofuscin
4, 8
, LDL HDL - , atherogenic
index (Al) ,
(reactive oxygen species: ROS) (hydroxyl
radical : -OH), (superoxide radical : O: '), hydrogen
peroxide(H:0:), nitric oxide(NO) (free radicals)

, (oxidative stress)
(malondialdehyde: MDA)
(lipid peroxide: LPO) ,

(oxidized protein : OP) (carbonyl

compound)
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(scavenger enzymes)
(superoxide dismutase: SOD) Mn-SOD  Cu/Zn-
SOD, (GPx), (CAT)

(homeostasis)

(membrane fluidity)

acetylcholine(A Ch)
ACh choline acetyltransferase(ChAT )
acetylchalinesterase(A ChE)
, catecholamine

monoamine oxidase-B(MAO-B)

SAMP8 mice low( O. max 25 33%),
middle( O. max 50%) high( O: max 66 75%) ,

- 11 -



starch(Daesang, Korea), casein  Sigma
(USA), lard(Sinhan, Korea), corn oil(Cheiljedang, Korea), cellulose
Sigma (USA), vitamin mineral mix(AIN-76) ICN (USA), DL-
methionine, choline chloride  Sigma(USA)

TG Sigma(USA) , HDL-chole-
sterol, LDL - cholesterol Eiken(Japan), Ferritin DPC
(USA) . probe

2'7'-dichlorofluorescein diacetate(DCF-DA)
probe [1- (4- trimethylammoniumphenyl)- 6- phenyl- 1,35-  hexatriene,
p-toluenesulfonate] (TMA-DPH) Molecular probe (USA)
. DNA 8- OHdG proteinase K, Phenal,
RNase A, Ti, chloroform, isoamylalcohol, nuclease P., Escherichia coli
alkaline phosphatase Sigma(USA)
Sigma (USA)

SAMP8 mice(female, 18+ 2g)
2 , 4, 8
13
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T able 1. Composition of experimental diets

(9 1009)
Component Content (%)
Carbohydrate 55.3
corn starch 420
sucrose 13.3
Protein 18.0
casein 18.0
Lipid 18.0
lard 13.0
corn oil 50
Cellulose 30
Vitamin mix (AIN-76) 10
Mineral mix (AIN-76) 35
DL - methionine 0.3
Choline chloride 0.2
Cholesterol 05
Sodium cholate 02
Energy level(kcal/g) 4.28

- 13 -



SAMP8 mice
(22+ 2°C, 65+ 2% RH)
12 (06:00 18:00)

55.3% (O
-starch: 420% + sucrose 13.3%), 18.0%(sodium-free casein),
lard 13.0%, corn oil 5.0% ,
(AIN-76 mixture) 1.0%, 35% ,
(3.0%), DL-methionine(0.3%), choline chloride(0.2%)
(Table 1).

Table 2 Dual-
Treadmill (DJ-4024; Seoul) treadmill running
Bedford  (1979) ,
5
Treadmill running 13 SAMPS8
( 14 cm, 90 cm, 14 cm) ,
0° 20° , 20 m/min 50.0 m/min

- 14 -



Table 2. Training procedures of exercise groups

Exercise groups

Periods Low Middle High

ES ET TEA ES ET TEA ES ET TEA

4 5 5 25 5 10 50 5 15 75

8 10 10 100 10 15 150 10 20 200

ES : exercise speed(m/min); ET : exercise time(min); TEA : total exercise ;

amount (m) (n=13).

O.max

1. ( = 220 - )
2. 4 mmol/dl

3. R.Q(Respiratory Quotient) 102

4. O: max leveling off

4 2 " 0 max )
O max 30
total exercise amount (T EA) 4 100%, 8
300% " 0 max , SAM
O max
O: max low group 25 33%, middle
group 50%, high group 66 75% (T able 3.).

- 15 -



Table 3. Determination of = O:max by total exercise amount(TEA)

Determination of = O-max

Period(months) Low Middle High
4 25 50
8 100 150
" 02 max 25 33% 50% 66 75%
SAMPS8 mice 17:30
(body weight : BW) (body length : BL)
(obesity degree) (1980) Rohler
index ,  Tsuchimoto Miyata (1992) ™
index
Tsuchimoto Miyata (1992)
Rohler index (R1)=[body weight(g)/Body length(cm)]x 10°---- (1)
T M. index=[body weight(g) body length(cm)***]x 10°------ (2)
Body fat(BF)=[0.581x TM index]-22.03(g/ 100g): -« ««+++++-- 3)
SAM
,  (brain) ,
: (-70 )

- 16 -



12 C )
60 700x g 10
( ) sodium heparine(sigma, 100,000
Units) 1 0.05 complete blood cell count (CBC,
) (-70 )

(Brain)
Choi  (1989) Fig. 1
(1.15% KCI/10 mM phosphate
buffer + 5 mM EDTA, pH 74) , 10 (w/v)

700x g 10

9,000% g 15 . (pellet)

(g/ml) (mitochondria fraction)
: 105,000% g 60

(o/ml) (microsome fraction)

, (cytosal fraction)

- 17 -



Brain

pestle in cold room.

Homogenate

Pellet Supernatant

(Discarded)

Homegenized 10 vol. of 1.15% KCI-10 mM phosphate buffer
with 5 mM EDTA, pH 7.4 (Homogenizing buffer) with Teflon

Centrifuged at 700x for 10 min.

Centrifuged at 9,000x g for 15 min.

Pellet

Resuspended with 10 vol. of
homogenizing buffer, and

Supernatant

Centrifuged at
105,000x g for

centrifuged at 9,000x g for 15 60 min.
min.
Pellet Supernatant Pellet Supernatant
(discarded)

Resuspend in 1 vol. of
homegenizing buffer

Resuspend in 1 vol. of
homogenizing buffer.

Mitochondria Microsome Cytosol

Fig. 1. Schematic procedures for brain subcelluar fractions
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, Lowry  (1951)
BSA (bovine serum albumine)
20 10% SDS 12 ,
120 6 ) . 15 20
80 85 . (0.5% copper
sulfate solution : 1.0% sodium tartrate solution : 2.0% sodium carbonate
solution = 05 : 05 : 49, v/v) 1.0 10
20 . 1 N Folin
0.1 30 ,
525

(mg protein/ml serum)

2.
Y agi
(1988) (passive avoidance test)
acquisition trial  retention test

light chamber (750 Lux) dark chamber

, AC 05 mA 1 ,

light chamber

light chamber (latency, sec) acquisition trial
( ) . light chamber dark chamber

AC 05 mA 3

- 19 -



SAMP8 mice 24 light chamber

300 sec light chamber
SAMP8 mice light chamber dark
chamber (acquisition
trial) , (retention test) (aquisition trial)
24 light chamber dark
chamber (retention test)

LIGHT ROOM

Fig. 2. Measurement method of passive avoidance test

- 20 -



A step-through passive avoidance apparatus with two compartment was used. A front,
light chamber (8x 8x 25 cm; 750 lux at the floor) separated with a guillotine-type door
(5% 3 cm) was connected to a dark chamber (25x 25x 30 cm) equipped with a grid
floor. Each SAMP8 mouse was placed in the front light chamber, once the mouse in
light chamber entered in rear dark chamber on all 4 paws, the guillotine-type door was
closed and AC 05 mA scrambled footshock (Grason- Stadler, Model 700) was applied to
the floor grid for 1 sec. when the mouse was reintrodused to the light chamber,
acquisition trial was measured by remaining time (latency, sec) in light chamber. As a
mouse enters the rear dark chamber, the door is closed and AC 05 mA scrambled
footshock was applied to the floor grid for 3 sec. After 24 hrs, retention test is
examined by replacing the mouse in light chamber. The results were expressed by the

number of mice reaching a criterion (300sec)

(lipofuscin : LF) Fletcher (1973)
0.2
g chloroform-methanol (2:1, v/v) 40 1
40 ) 1
800% g 5 chloroform 2.0 ,

345  (excitation) 435 (emission)
(quinine sulfate p g/ml of 0.1 N H2SOx)
LF (ug/mg protein)

- 21 -



(triglyceride : TG) TG
(Sigma, Co.) 10 , (300 /dI)
10 blank 10 TG 10
37 5 . blank 540
TG (mg/dl serum)

o- phthaldehyde

33% KOH 03 95% 30

15 , 60 60

50
1 10
, 0-phthaldehyde
10 10
10 90
HDL LDL-

(HDL-C 555, Eiken, Japan), LDL -

- 22 -

Rudel  (1973)

0.1

30

20

550

(mg/dl serum)

HDL -
(BLF, Eiken, Japan)



. HDL-
03
10 700% g
50 (100  /di) 50
HDL 3.0
. blank 555

(mg/dl serum)

. LDL-
01 0.1
40 5
10

03
10
blank
37

650

LDL- (mg/dl serum)

(Atherogenic Index)

(atherogenic index : Al)

HDL -

. TBA (MDA)

Haglund

Choi

TBA malondialdehyde (MDA)

20

- 23 -

180
8.1% SDS (sodium dodecyl sulfate)

200

50

HDL -

BLF
(25 3 )

(1991)
HDL -

(1990)

25



20% 15 5 , 12%
TBA (thiobarbituric acid) 10
30 . 800x g 10
532

(nmole/ml serum)

(LPO)
Y agi (1987)
. 002 V12 N H.SO. 40 , 10% phosphotungstic acid
05 , 5 900x g 10
Y12 N H.SO. 20
10% phosphotungstic acid 0.3
30 TBA (0.67% TBA +
= 1.1, v/v, pH 35) 10 9 1
n- 50 900x g
15 n-
20 515

(excitation) 553  (emission)

(nmol/ml serum)

5. (ROS)
Deoxyribose hydroxyl radical(-OH)
deoxyribose
aldehyde aldehyde thiobarbituric acid

- 24 -



Halliwell
-OH
(pH 74), 10 mM NaNs:, 7 mM

ammonium sulfate, 054 M NaCl

(B ) (185 )
37 15
(170 )
8.1% SDS 75
25 1.2% TBA
30 ,

(nmole/mg protein /min)

(superoxide radical

(1981)
01 M
deoxyribose, 5 mM ferrous-
333
200

(30 )

20%

333

, 800x g 5
532

acetic acid 500 ,

-OH

0:) McCord

(1969) Chan (1974) superoxide dismutase(SOD)
ferricyto- chrome C 0.1 mM
EDTA (pH 7.8) 420 cyanide 50 p
M 20 mM cyanide 37 10
300 0.1 mM cytochrome C 50
550

cytochrome C

- 25 -

19,500M ‘cm*



(hydrogen peroxide: H.0O:) Thurman  (1972)
microsome hydrogen peroxide
ferrithiocyanate 400 mM
(pH 74) 400 , 200 mM nicotinamide 200 , 100 mM MgCl:

200 , 50 mM NaNs 200 641 735.9
60 mM NADPH 200 2 37
15 12 M TCA (tri- chloroacetic acid)
10 , 3,000 rpm 10 10
ferrous ammonium 200 25 M KSCN (potassium
thiocyanate) 100 10
480 nm

(nmol/mg protein/ min)

. NO

NO Miesel  (1996)

100 65 M HClI 25 |, 375 mM sulfanilic acid 25
10 , 125 mM N- (1-naphtyl)-
ethylendiamine 25 30 10,000x
g 5 . 540 nm
sodium nitrate
NO Yu  (1994)

0.1 M potassium phospate buffer(pH 7.5) 1.0 ml 600%x g

5 200 90 muUnit nitrate

reductase 100 , 028 mM NADPH 100 ,35puy M FAD 100 ,01 M
potassium phosphate buffer(pH 7.5) 200 25 1

- 26 -



incubation . 3

Griss (2% sulfanilic acid/5% Hs:PO. : 0.2% N- (1-naphtyl)-

ethylendiamine/ water; 1:1) 700 . 60 10
546 nm sodium nitrate
6.
(SOD)
Oyanagui (1984) (superoxide
dis- mutase : SOD) (pH
8.2) 30 0.1 05 A (52.125 of

hydoxylamine  102.1 of hypoxanthine/ 250 DwW)o02 ,B (20
of xanthine oxidase 0.9939 ethylene diaminetetraacetic acid/ 26.7
phosphate buffer, pH 8.2) 0.2 . 37 40
C (300 of sulfanilic acid N- 1-naphthylethyene
diamine acid /500 of 16.7% acetic acid) 2.0
20 , 550

(unit/mg protein)

(CAT)
Rigo  (1977) (catalase : CAT)
(130 mM, pH 7.0) 250 330
, 20 15 mM 900 , 5

- 27 -



2 lunit
Lawrence (1978)
: GPx)
GPx

M/40 mM EDTA) 10

240 nm

1 1 py mol
(GPx)
(glutathione
NADPH
(03

(0.3 M phosphate buffer with 40 mM EDTA, pH 7.2) 01 ,

1.295
DW) 05

M phosphate buffer with 40 mM EDTA) 60

mg NADPH/5.0

, glutathione reductase(5 mg of GSH-Re/ 1.0
buffer with 40 mM EDTA) 5
, 10 30

340

, 2656 mMM sodium azide
, 29437 mM GSH

(86.33 mg of NaNs/50 of
(452.34 mg of glutathione/5.0 of 0.3

, 84 mM NADPH(35.0

of 0.3 M phosphate buffer with 40 mM EDTA) 110

of 0.3 M phosphate
, 1 mM hydroperoxide 320
5
15 2

GPx (u mol/min/g protein)

7.

mitochondria ~ microsome (oxidized
protein : OP) Levine (1990) carbonyl
group(>C=0) . 01 30%

TCA (trichloroacetic acid)

05 , 3,000 rpm 10

- 28 -



10mM DNPH (dinitrophenyl hydrazine)
05 , 15 1 3000 rpm
10
ethanol/ ethyl acetate (v/v 1:1) 3.0

10 3,000 rpm 10
, 6 M guanidine(20mM potassium phosphate buffer pH
23) 10 . 37 15 , 3,500
rpm 10 . carbonyl
360 370 (E =22,000)

8. Total, Non-heme Iron

Fe* Fe* ,
total iron Brumby  (1967)

, total iron 0.1 , 60% perchloric acid
0.1 , 100 10 . 30%
hydrogen peroxide 0.2 20 , 30%
hydrogen peroxide 0.1 30

, perchloric acid
pyridine 0.1 , DW 0.1 , 0.1%
1,10- phenanthronine 0.15 , 1% ascorbic acid 0.05 , ammonium

acetate(saturated) 0.02 , 126% ammonia 0.03
10 510 nm
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Non-heme iron 03 20 TCA 05
10 5,000 rpm 10
0.1 2 , 0.65 DW, 0.1%
1.10- phenanthronine 0.15

006 N acetic acid 005 (Fe”’ )
006 N ascorbic acid 005 (Fe’” )

ammonium acetate 0.05 10

, 510 nm
non-heme iron Fe"  Fe”
9.
mitochondria  microsome (membrane
fluidity) probe 1,6- diphenyl- 1,3,5- hexatrine(DPH)
Heron (1980) . 50 mM
(pH 72 2750 ), (250 ), (100 )
37 5 probe 0.167 nM

TMA-DPH [1- (4-tri- methylammoniumphenyl)- 6- phenyl- 1,35- hexatriene,
p-toluenes- sulfonate] 6.67 . 37
shaking 30 37

360 (excitation) 430 nm(emission)

10.

(ACh)

(acetylcholine :ACh) Hestrin  (1949)
alkaline hydroxylamine O -acyl
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hydroxylamic acid ferric ion

50 1% hydroxylamine
50 . HCl pH 12+ 0.2 . FeCls
(10% in 0.1 N HCI) 500
530 nm acetylcholine(ng/mg protein)
(ChAT)
Ellman (1959) DTB acetyl- CoA

(choline acetyltransferase:

ChAT) 02 mM acetyl-CoA, 10 mM choline chloride, 02 M
KCl, 10 mM potassium phosphate with 1.0 mM EDTA 02
08 choline acetyltransferase

10 , cytosol 100 , 10 M Tris buffer 190 , DTB (5,5'-dithiobis-
2-nitrobenzoate) 5 , 20% T CA (trichloroacetic acid) 250

412 nm 2
ChAT

(AChE)
(acetylcholinesterase: A ChE)
Galgani  (1992) . microplate well
0.1 M Tris buffer, pH 80(Trizma HCI Trizma base) 300 , 001 M

dithionitro- benzoic acid(DTNB) 20 , enzyme suspension( ) 10
0.1 M

acetylthiocholine chloride 10 . Microplate reader (ELISA

reader) 405 5 AChE
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(unit/ min/mg protein)

(MAO)
(monoamineoxidase: MAO)-B Kalaria
(1987) H-O:
100 mM Na-Pi buffer(pH 74) 460 , 30 mM sodium azide 70
brain homogenates (mitochondria) 100 10 mM
benzylamine 70 37 30
18 mM 22'-azino-bis (3-ethyl benz-
thiazdine- 6- sulfonic acid) 500 .5
5 units horseradish peroxidase 50 5
. 10 0.75 M hydrochloric acid containing 5% NaDodSO.
(sodium dodecy! sulfate) 250 5
10 mM benzylamine blank
414 MAO-B

11.

Student's t-test(Steel et al., 1960)

- 32 -



(body weight)

MaCay  (1935) ( )
(lifespan) , (metabolic rate)
SAMPS Fig.
3
12
(exercise training)
high group( O max 66 75%) low group( O max 25

33%) middle group( O max 50%)

(exercise training)

SAMPS8 12 13 Kohno
(1985) amyloidosis

high group( O. max 66 75%)

Yu  (1984)

40% (calorie restriction) (ad libitum)

40%
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Choi  (1994) SAMPS8 12
4 8
group( O max 25 33%) 4 8

low

middle

group( O. max 50%) high group( O. max 66 75%)
, 4
(T able 4.). high group 4
20%, 8 10%
, middle group 4 10%, 8 4%

Body weight (g)

15 v T r - T
0 4 8 12 16 20 24

Age (months)

Fig. 3. Effects of exercise training on body weight in
SAMP8 mice
’p<0.05 compared with control group.
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T able 4. Effect of exercise training on body weight in SAMP8

mice

Exercise training groups
Age (months) Control

Low Middle High
0. max 0% 25 33% 50% 66 75%
4 36.00+ 080" 3550+ 0.34  33.10+ 120° 29.20+ 0.70
- 98.6% 91.9% 81.1%
8 3760+ 0.70 3840+ 1.10 36.20+ 1.00 34.10+ 1.10°
- 102.1% 96.3% 90.7%

"Mean(g)+ SD with 10 mice per group; ~Percent of control vaues; *p<0.05; "p<0.01
compared with contral group.

Goodrick  (1983) Holloszy  (1985; 1991),

(calorie restriction)
Table 5
4 low group, middle group high group
355+ 11 g, 33.1+ 12 g 292+ 07 g
(36.0+£ 08 g : 100.0%) 98.6%, 91.9% 81.1% 14%,
8.1%, 19.9% , 8
low group, middle group high group 384+ 11 g, 36.2
+10g 341+ 10 g (37.6+ 0.7 g : 100.0%)
102.1%, 96.3% 90.7% 2.1% , 3.7%, 9.3%
8
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TM index

Rohler index

Rohler

T able 5. Effect of exercise training on body weight, body fat

and obesity index in SAMP8 mice

Age

(months)

Control

Exercise training groups

Low

Middle

High

4 BL
BW’
RI”
™'
BFY

8 BL
BW
RI
™
BF

108+ 02
360+ 08
286+ 05
435+ 13
324+ 0.3

110+ 02
376+ 07
82+ 03
L£B211
307+ 0.8

109+ 03 (1009%)"

B5 11 (BOE%)
274£07 (B
418+08 (%6.1%)
226+ 03 (898%)

113+ 02 (1009%)
B4+ 11 (1021%)
B1£07 (994%)
B0L06 (05%)
295+ 011 (96.1%)

107+02 (91%)
B 17 (919%)
270: 06 (945%)
4110 (A5%)
185+ 07 (57.1%)

113 02 (1009%)
%62t 10 (%63%)
65+ 13 (9B7%)
A5 07 (B8%)
150+ 025 (489%)

103+01 (%B4%)
292+ 07 (8L1%)
67+ 08 (9B5%)
40308 (6%
138+ 008 (426%)

109+ 03 (P.1%)
A1+ 10 (90.7%)

26303 (B2%)
402+ 05 (B1%)
13014 (B33%)

‘Mean+ SD with 7 rats per group; Percent of contrd values; *p<005; "p<0.01; “p<0.001
compared with contra group. ’BL : body length(cm); BW : body weight(g); “RI :
Rohrer index=[BW/BL]x 10’; “TM index=[BW/BL****]x 10°; “BF (body fat)=[0.581x

TM index]- 22.03(g/ 100g)

(body fat : BF) 4
low group, middle group high group BF 226+ 0.3 g,
185+ 02 g 138+ 0.08 g BF (3.24+ 0.23 g:
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100.0%) 69.8%, 57.1% 42 6% 30.2%, 42.9%, 57.4%

, 8 low group,
middle group high group BF 295+ 0.11 g, 150+ 0.20
g 138014 g BF (307+ 0.18 g : 100.0%)
96.1%, 48.9% 43.3% 3.9%, 51.1% 46.7%

Goodrick  (1983) Holloszy

(1985; 1991) (calorie restriction)
3.
SAMP8 mice
Table 6

Table 6 . SAMPS8

mice control group 4548+ 948 (152 ) ,
low group( O max 25 33%) 486.0+ 636 (16.2

) 6.9% ,

middle group( O: max 50%) 5616+ 684 (18.7

) 235%

, high group( O max 66 75%)
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393.0+ 1018 (13.1 ) 86.4%
14%

Holloszy ~ (1985; 1991)

, 15 20%
30% (calorie restriction)
Goodrick  (1983)
14 10%
, Stalicky
(1980) (aging rats)
middle
group( O max 50%)
, high group( O max 66 75%)
14%
Table 6 control group 566 (185 )

low, middle high exercise training groups
504 (198 ), 660 (220 ) 489 (163 )
49%, 18.7% -12.1% middle group
, high group
12.1% Stalicky
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, (Holloszy &

Schechtman; 1991)
Yu (1985)

Table 6. Effect of exercise training on median and maximal

lifespan in SAMP8 mice

Median lifespan(days) Changes
Contraol 4548+ 948 (15.2 months) 100.0%
L ow 486.0+ 636 (16.2 months) 106.9%"
Middle 5616+ 684° (18.7 months) 1235%
High 393.0+ 101.8°°(13.1 months) 86.4%

Maximal lifespan(days) Changes
Contraol 566 (185 months) 100.0%
Low 54 (19.8 months) 104.9%
Middle 660° (22.0 months) 118.7%
High 489°*° (16.3 months) 87.9%

"Mean (day)+ SD with 10 mice per group; ~Percent of control values; *p<0.05; "p<0.01

compared with control group.

Fig. 4 exercise training group middle group( O: max
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50%) , high
group( O max 66 75%) (oxygen
radicals) (oxidative stress)

(oxidative damages)

( 14%) (Singh, 1992).

=]
o

Lo
=

8

—&8— Control
—O— Low
—w— Middle
== High
i —
0 4 8 12 16 20 24

Survival rate (%)

[ ]
o

Age (months)

Fig. 4. Effects of exercise training on survival rates in

SAMP8 mice
’p<0.05 compared with control group.

SAMPS8 10 (T akeda
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1981; Hosokawa , 1984),

, (female mice)
(Umezawa , 1990)

SAMP8 mice
4 8 low group( O max 25
33%), middle group( O. max 50%) high group( O max 66 75%)

(passive avoidance test) . Fig. 5
Fig. 5(A) 4 low,
middle high group 80.12+ 5.14, 8125+ 245
90.15+ 2.11 sec (70.20+ 6.72 sec)
114.3%, 115.9% 128.6% 14 29%
, 8
low, middle high group 70.12+ 5.14, 80.15+ 545
7780+ 241 sec (70.15+ 6.12 sec)
100%, 114.3% 110.9% low group 11
14%
Fig. 5(B) : 4
low, middle high group 80.22+ 4.16,
80.15+ 542 91.26+ 445 sec (70.05+ 555 sec)
1145%, 114.4% 130.3% 15 30%
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mmm Control

o ) — Low
m— (A) Acquisition trial s Middle
- b 1 High
.E d a a
E 80 T
E o
< 60 4
c
0
= 40 1
L
=3
O 20 '
-
0
4 8
Age (months)
m Control
O Low
. s Middle
100 {B) Retention test = High
b
p— a E -T
5 80 1 -
E )
m
I -1
=
o
S 40 4
=
7]
p~ - )
@ 201
0
4 8

Age (months)

Fig. 5. Effects of exercise training on passive avoidance
test in SAMP8 mice

"Rat numbers(%) reached to criterion (300sec)
*p<0.05; "p<0.01 compared with control group.
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8 low, middle high group
7134+ 438, 80.12+ 648 88.97+ 645 sec

(70.10+ 6.12 sec) 101.8%, 114.3% 126.9%
low group 14 27%
SAMP8 mice

Miyamoto  (1986; 1992), Yagi (1988), Flood (

1993), Choi (1994, 1995, 1997, 2001) SAMP8 mice
5. (Lipofuscin)
(lipofuscin : LF) ceroid, lipochrome,
(aging), (malnutrition),
(chronic degenerative disease : ) ,
. LF ,
LF 05% 15%
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(T appel, 1975).

endoperoxide

(malondialdehyde MDA)
(carbonyl compound)
(Chio, 1969). Mann  (1974) LF
UIf  (1997) LF RPE (retinal
pigment epithelial)
LF T able
7 . Table 7 4 low group,
middle group high group LF 492+ 035 |, 462+
049 484+ 041 (4.73+ 0.19
100.0%) 104.0%, 97.7% 102.3% middle group LF
, high group
LF
8 low group, middle group high group
LF 528+ 0.18 , 474+ 0.27 5.88+ 0.16
LF (5.15+ 0.15 : 100.0%) 102.5%, 92.0%
114.2% 4 middle group LF
, high group( O
max 66 75%) LF 14.2% 0O
max 66 75%
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Table 7. Effect of exercise training on lipofuscin(LF) levels
in brain of SAMP8 mice

Exercise training groups

Age (months) Contrad

Low Middle High
4 473+ 0.19 492+ 0.35 462+ 049 484+ 041
104.0% 97.7% 102.3%
8 5.15+ 0.15 528+ 0.18 474+ 027° 588+ 0.16°
1025% R.0% 114 2%

"Mean( /mg protein)x SD with 10 mice per group; ~Percent of control values;
*p<0.01 compared with control group.

6.
SAMP8 mice
(triglyceride: TG)
Table 8
TG 4 low,
middle high group TG 106.19+ 457, 89.04+ 161
99.22+ 478 mg/dl serum TG (11087+ 476 mg/dl
serum : 100%) 95.8%, 80.3% 895% middle group
19.7% ,
high group 105%
8 low, middle high group TG
155.84+ 260, 131.09+ 7.94 14438+ 11.11 mg/dl serum
TG (160.24+ 10.39 mg/dl serum : 100%) 97.3%, 81.8%
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90.1% middle group 18.2%
high group 9.9%

TG ,
Choi  (1991) TG

T able 8. Effect of exercise training on triglyceride(T G) levels
in serum of SAMP8 mice

Exercise training groups
Age (months) Contra

Low Middle High

4 11087+ 476 106.19+ 457 89.04+ 161 99.22+ 4.78
- B8% " 80.3% 895%

8 16024+ 1039 15584+ 260 131.09+ 7.94° 14438+ 11.171°
- 973% 818% 90.1%

"Mean(mg/dl serum)+ SD with 10 mice per group; ~Percent of control values;
p<0.05; °p<0.01 compared with control group.

Table 9 . Table 9 low middle
group , high group
4 11183+ 658 mg/dl serum, 8
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115.04+ 584 mg/dl serum (100%) 903%  886%
10 12%

Table 9. Effect of exercise training on total cholesterol levels
in serum of SAMP8 mice

exercise training groups
Age (months) Contra

Low Middle High

4 12385+ 062 12344+ 786  126.18+ 490 11183+ 6588
103.7% 101.9% 90.3%

8 12978+ 11056 13052+ 973 12292+ 248 115.04+ 584°
1006% A.7% 88.6%

"Mean(mg/dl serum)+ SD with 10 mice per group; ~Percent of control values;
*p<0.06 compared with control group.

LDL -cholesterol
SAMP8 mice 4 8
low group( O max 25 33%), middle
group( O max 50%) high group( O. max 66 75%)

LDL-
Table 10
4 low, middle high group LDL-
82.13+ 496, 75.23+ 5.28 7322+ 355 mg/dl serum
LDL- (81.86+ 480 mg/dl serum) 100.3%,
91.9% 89.4% middle group
10% LDL-
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, 8 SAMP8 mice
. low group LDL-
13 16%

Table 10. Effect of exercise training on LDL-cholesterol levels
in serum of SAMP8 mice

Exercise training groups
Age (months) Contra

Low Middle High

4 8186+ 480  82.13+ 496 7523+ 528" 73.22+ 355
1003% 919% 894%

8 A 35+ 557 8722+ 687" 7961+ 439 8226+ 0.96°
9R24% 844% 87.2%

"Mean(mg/dl serum)+ SD with 10 mice per group; ~Percent of control values;
p<0.05; °p<0.01 compared with control group.

(anti- cholesterol factor)
(longevity factor) HDL -
Table 11
4 low, middle high group HDL-
28,37+ 122, 3185+ 085 33.80+ 048 mg/dl serum
HDL - (30.76+ 1.39 mg/dl serum : 100%)
92.2%, 1035% 109.9% middle group
10% HDL -

middle group 20% HDL -
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HDL - cholesterol LDL - cholesteral
HDL - cholesterol
(Baek. 1994)

TG HDL - cholesterol , LDL-cholesterol

(Han ,
1999).

Table 11. Effect of exercise training on HDL-cholesterol levels
in serum of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High

4 3076+ 139 2837+ 122 3185+ 0.85 33.80+ 048"
R2%" 1035% 1099%

8 2050+ 151 30.12+ 080 35.34+ 102 35.14+ 154°
102.1% 1208% 119.1%

"Mean(mg/dl serum)+ SD with 10 mice per group; ~Percent of control values;
p<0.05; °p<0.01 compared with control group.

7. (Al)
(atherogenic
index : Al) . SAMP8 mice
T able 12
Table 12 4 low group
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110% ,
high group 76.2% 24% Al

8 middle high group 72.9% 66.8%
27% 33% Al

T able 12. Effect of exercise training on atherogenic index (Al)
in serum of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High

4 308t 018 3.35+ 0.13 296+ 0.14 231+ 0.05
1106% 97.7% 76.2%

8 340+ 0.14 333+ 0.14 248+ 0.07° 227+ 0.09
97.9% 729% 66.8%

‘Mean+ SD with 10 mice per group; Al(atherogenic index) = [Total cholesterol HDL
cholesterolJHDL cholesterol; ""Percent of contrd vaues; ‘p<0.001 compared with
contrd group.

8. (ROS)
(oxygen radicals)
(unpaired electron)
-OH, 0., H:0,, NO
peroxyl radical (LOO-) alkoxyl radical (RO-)

SH

(cross-linking bridge) , DNA RNA ,
C ) C )
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(chronic degenerative disease)
(free radicals)
(superoxide anion : O: "), (hydroxyl radical : -OH),
(hydrogen peroxide : H-.02), (nitric oxide : NO)

(reactive oxygen species: ROS)

Laura(1997)
Alzhemier's disease
Singh(1992)  ‘Nutrition and Exercise'
Review , )
, ) ) , TBT, PCB
oxygen free radicals 1) , 2)
DNA RNA , 3)
(lipid peroxide : LPO) TBA
malondialdehyde(MDA) ,
(oxidized protein : OP) carbonyl group(>C=0)
, (mutation)  8-hydroxydeoxyguanosine
(8- OHdG)
1) , (aging),

(cardiovascular disease), ,  (cancer),

superoxide radical (O."")
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(triplet oxygen)

(302+e' -0 )

, hydroperoxide radical (-OOH), hydrogen peroxide

hydroxyl radical (-OH)

free radical damage

(Kim 1999).

superoxide radical
H-0:
H.0.+F€’" - - OH+OH +Fe**
(-OH)

Fenton

carbonyl

cytosol

low, middle
43.01+ 246
167 mg/dl serum : 100%)

53.23+ 387 mg/dl serum

low group

1125% O~

high group O
5553+ 3.08 mg/dl serum

: 100%) 98.4%, 89.3%, 109.7%
low group

10% (07

high group 10% O
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high group O

(singlet oxygen)

radical H:0:
Fe'”

hydroxyl radical

hydroxyl radical

superoxide radical

Table 13

.4
4587+ 2.95,
(47.33+

96.9%, 90.9%, 112.5%
, middle group 10% O

high group

low, middle
4980+ 148, 4520+ 243
(50.62+ 3.14 mg/dl serum
4
, middle group



(Powell , 1989;
Gaby emd, 1991a-c) (Freeman ,
1982; Cross , 1987; Halliwell , 1987; Southorn and Powis, 1988;
Jackson, 1990; Davies , 1982)

T able 13. Effect of exercise training on superoxide radical (O:")
generation in brain cytosol of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High

4 4733+ 167 4587+ 295 4301+ 246°° 5323+ 387
B 90.9% 1125%

8 5062+ 3.14 4980+ 148 4520+ 243"" 5553+ 3.08°
984% 89.3% 109.7%

"Mean (mg/dl serum)x SD with 10 mice per group; ~Percent of contral values;
p<0.05; °p<0.01 compared with control group.

(hydroxyl radical : -OH)  superoxide radical (O: ")

H:0: (Oz._ +H.0.+H" - - OH +Oz+H20) hydroxyl
radical (-OH)
-OH
Table 14
4 low, middle high group  -OH
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705+ 066, 6.25+ 041, 7.12+ 0.31 nmol/mg protein (7.36

+ 0.22 nmol/mg protein : 100%) 95.8%, 84.9%, 96.7%
-OH radical ,
middle group 15% -OH radical
8 low, middle high group -OH
756+ 022, 588+ 1.13, 8.07+ 049 nmol/mg protein
(8.23+ 0.72 nmol/mg protein : 100%) 91.9%, 71.4%, 98.1%
-OH radical ,
low middle group 10% 28% -OH
radical
(Powell , 1989; Gaby , 1991; Freeman , 1982;:
Cross , 1987; Halliwell , 1987; Southorn and Powis, 1988; Jackson,
1990; Davies , 1982) 0O
max 50% middle group

T able 14. Effect of exercise training on hydroxyl radical (-OH)
formation in serum of SAMP8 mice

Exercise training groups
Age (months) Contra

Low Middle High
4 736+ 022 7.05+ 0.66 6.25+ 0471° 7.12+ 0.31
B8% 84.9% 9%6.7%
8 823+ 0.72 756+ 0.22° 588+ 113 8.07+ 049
919% (714%) (98.1%)

"Mean (nmol/mg protein)x SD with 10 mice per group; = Percent of contral values;
p<0.05; °p<0.01; "p<0.001 compared with contral group.
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mitochondria  microsome

-OH radical Fig. 6

(A) Brain mitochondria

= e
o & m Control
= = Low
o = 101 = middle
E'E — High
U'IE 8 1 . & a a
. — ) =
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aE
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=
< £
B~ 24
=
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]
D2 25.
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o
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= e 0 =
4 &

Age (months)

Fig. 6. Effects of exercise training on hydroxyl
radical generation in brain of SAMP8 mice
*p<0.05; "p<0.01 compared with control group.
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Fig. 6(A) mitochondria 4

-OH radical middle high
group . SAMP8 mice middle
group -OH radical , high group
-OH radical

-OH
, Fig. 6(B) microsome 8
middle group

microsome hydrogen peroxide

Table 15

Table 15. Effects of exercise training on hydrogen peroxide
levels in brain microsome of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High

4 488+ 048 5.18+ 056 541+ 0.12 454+ 0.38
- 106.1% 1109% B.0%

8 444+ 024 471+ 048 463+ 0.17 490+ 0.39°
106.1% 104.3% 1104%

"Mean (mg/dl serum)* SD with 10 mice per group; ~Percent of contral values;
*p<0.05 compared with contral group.
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Table 15 hydrogen peroxide

4
low middle group 5.18+ 056 541+
0.12 mg/dl serum (488+ 048 mg/dl serum : 100%) 6%
11% hydrogen peroxide ,
high group . , 8
hydrogen peroxide
, high group
.NO
NO NOS(NO synthase) free radical

(Hibbs et al., 1988;
Meldrum et al., 1990)

, (Moncada et
al., 1991), (Palmer et al., 1987), (Schuman et al.,
1991; Snyder et al., 1991), , .NO
, NO
NO Fig. 7 :
NO ,
4 middle group , 8
middle group  8.75+ 0.12 nmol/mg protein NO
(10.39+ 0.02 nmol/mg protein) 84.2% 15%
middle group

- 57 -



15 4

mmm Control
1 Low
mmm Middle
—— High

=

L=
L
|

a b

NO content
(nmol/mg protein)
5]

Age (months)

Fig. 7. Effects of exercise training on nitric oxide
(NO) contents in serum of SAMP8 mice
*p<0.05: "p<0.01 compared with control group.

(LPO)

(lipid peroxide : LPO)
(oxidized protein : OP), DNA RNA
(mutation)

(Singh, 1992; Yu, 1998; Yu and Yang, 1998).
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low( O

max 25-33%), middle( O. max 50%), high( O:

max 66 75%) group (LPO)
(T able 16), 4 low group
LPO ,
, 8 low group LPO
, middle group LPO 7.11+ 0.13 nmol/ml serum
LPO (8.17= 0.30 nmol/ml serum : 100%)
87.0% 13% LPO
, high group LPO 891+ 067 nmol/ml
serum) LPO (8.17+ 0.30 nmol/ml serum : 100%)
109.1% 10% LPO
SAMP8 mice , 1
8
(Freeman , 1982;
Cross , 1987; Halliwell )

Table 16. Effect of exercise training on lipid peroxide(LPO) contents

in serum of SAMP8 mice

Exercise training groups

Age (months) Contra : :
Low Middle High
4 7.9+ 004 8.06+ 0.11 761+ 048 782+ 0.16
1015%" %58% 9B5%
8 8.17+ 030 8.02+ 0.31 7.11+ 0.1% 891+ 067°
98.2% 87.0% 109.1%

"Mean (nmol/ml serum)+ SD with 10 mice per group; ~Percent of control values;

*p<0.05; °p<0.01 compared with control group.
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(OP)

(Singh,
1992).
Oliver  (1987a) carbonyl
, Carney (1991) carbonyl
group(>C=0)
SAMP8 mice
carbonyl group
(Fig. 8).
Fig. 8(A) mitochondria 4 8
carbonyl group )
carbonyl group middle group
Fig. 8(B) microsome 4 low
group , middle high group
carbonyl group , 8
middle group carbonyl group
mitochondria  microsome
middle group carbonyl group
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_(A) Brain mitochondria

60
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w901 mmm middie
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T —~ 75 1w Widdie
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o5 z = C i
— 45 +
= o
25 %
2
o 15 4
0
4 8
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Fig. 8. Effects of exercise training on carbonyl

contents of oxidized protein in brain of

SAMP8 mice
’p<0.05 compared with control group.
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10.
10- 15
(oxygen free radicals) 10
15% (Halliwell Gutteridge, 1999).
, (oxidative damages)
(Somasundram , 2000 : Perry , 2000 :
Murata , 2000 : Pamplona , 2000).

, free radical superoxide anion

hydrogen peroxide hydroxyl group

superoxide dismutase(SOD), glutathione peroxidase(GPx), catalase

(CAT)

scavenger enzymes

SAMP8 mice
Superoxide dismutase(SOD) super -
oxide radical
superoxide radical
SOD
SOD SOD
(MLSP) (T olmasoff 1980).
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SOD

(T able 17), low( O: max 25 33%), middle( O max 50%)

high( O max 66 75%) group 4 SOD
3.04+ 0.18, 3.34+ 0.14 3.13+ 0.21 Unit/mg protein

SOD (3.02¢ 0.16 Unit/mg protein : 100%) 100.7%, 110.6%

103.6% SOD ,
SOD middle group
8 4 ,
middle group SOD
middle group SOD
~ 02 max 50%

Table 17. Effects of exercise training on superoxide dismutase
(SOD) activities in serum of SAMP8 mice

Exercise training groups
Age (months) Contra

Low Middle High

4 302+ 016~ 3.04+ 0.18 3.34+ 0.14° 3.13+ 0.21
1007% 1106% 103.6%

8 3.12+ 028 324+ 0.18 3.35+ 0.14 321+ 0.18
- 103.8% 107 4% 102.9%

"Mean (unit/mg protein)x SD with 10 mice per group; ~Percent of control values;
*p<0.05 compared with contral group.
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mitochondria

Fig. 9(A)
, low group
Mn- SOD
middle group
, Fig 9(B)
4 8
(brain)

SOD
SAMP8 mice
Mn-SOD  cytosol Cu/Zn- SOD
Fig. 9
Mn-SOD 4

middle high group

Cu/ Zn-SOD
Cu/ Zn-SOD
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. (A) Brain mitochondria
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= Control
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Fig. 9. Effects of exercise training on superoxide dismutase
(SOD) activity in brain of SAMP8 mice
’p<0.05 compared with control group.
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SAMPS8

mice glutathione peroxidase(GPx)
T able 18
low( O max 25 33%), middle( O max 50%) high
( O max 66 75%) group 4 cytosal GPx
561+ 0.35, 6.75t 0.28 547+ 062 1U/g protein
cytosol GPx (5.10+ 042 1U/g protein : 100%)
110.0%, 128.8% 112.5%
GPx
8 middle group GPx 553+
055 IU/g proten GPx (4.91+ 0.38 1U/g protein
100%) 112.6% GPx
Rao  (1990) SOD
, GPx , Lui
Mori(1993) SAM GPx

Table 18. Effects of exercise training on glutathione peroxidase(GPx)
activities in brain cytosol of SAMP8 mice

Exercise training groups
Age (months) Contra

Low Middle High

4 5.10+ 042 561+ 0.35° 657+ 0.28° 574+ 062
- 1100% 1288% 1125%

8 491+ 038 448+ 039 553+ 055° 5.28+ 049
- 912% 112.6% 107 5%

"Mean (IU/g protein)+ SD with 10 mice per group; ~Percent of control values;
*p<0.05; °p<0.01 compared with contral group.
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(catalase : CAT)
T able 19
low( O: max 25 33%), middle( O. max 50%)
( O max 66 75%) group 4 serum CAT
1.39+ 0.03, 155+ 0.07 167+ 0.07 p mol/min/ml serum
CAT (1.37+ 0.10 p mol/min/ml serum : 100%)

1015%, 113.1% 121.9% low group
CAT . 8 4

middle high group 16.4% 28.1%

CAT

hydrogen peroxide

high

CAT

Table 19. Effects of exercise training on catalase(CAT ) activities

in serum of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High
4 137+ 0.10 139+ 0.03 155+ 0.07° 167+ 007
- 1015% 113.1% 121.9%
8 146+ 006 156+ 0.07 170+ 0.13 187+ 0.20°
- 106.8% 116 4% 128.1%

"Mean (u mol/miryml serum)x SD with 10 mice per group; ~Percent of control

values; °p<0.01; °p<0.001 compared with control group.
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12.

(homeostasis)

(Kim 1999; Choi , 1994).

Joseph  (1997) ,

mitochondria  microsome

(membrane fluidity : MF)
SAMPS8
Table 20 Table 21

Table 19 low( O max 25 33%), middle( O: max 50%)
high( O max 66 75%) group 4 mitochondria MF
424+ 023, 5.05t 043 528+ 0.20% polarization MF (466

+ 0.24% pdarization : 100%) 91.0%, 108.4% 113.3% low

group MF
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T able 20. Effect of exercise training on membrane fluidity (MF)
in mitochondria of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High

4 466+ 024 424+ 0.23 5.05+ 043 5.28+ 0.2¢°
- 91.0% " 1084% 113.3%

8 452+ 0.3 422+ 0.37 498+ 0.18° 476+ 0.09
(9B4%) (110.2%) 105.3%

"Mean (% polarization)+ SD with 10 mice per group; ~Percent of control values;
*p<0.05; °p<0.01 compared with contral group.

8 middle group  4.98+

0.18% polarization (452+ 0.23% polarization : 100%)

10% MF , high group MF
Table 21 low( O max 25 33%), middle( O max 50%)
high( O max 66 75%) group 4 microsome MF

MF , 8

middle group 6.21+ 043% polarization MF (653t 0.11%

polarization : 100%) 112.3% 2% MF

mitochondria  microsome

middle group MF

(1995) Fischer 344 rats rats
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T able 21. Effects of exercise training on membrane fluidity (MF)
in brain microsome of SAMP8 mice

Exercise trainig groups

Age (months) Contra

Low Middle High

4 787+ 088  7.34+ 0.36 8.17+ 0.15 7.79 052
- 93.3% 103.8% 99.0%

8 553+ 0.11 5.86+ 0.02 6.21+ 043 5.20+ 0.16
- 106.0% 112.3% 94.0%

"Mean (% polarization)+ SD with 10 mice per group; ~Percent of control values
’p<0.01 compared with control group.

13.
(acetylchdline : ACh) . Fig 10
1) effector organ
ACh , 2)
effector organ ACh , 3)
effector organ
ACh effector organ norepinephrine(NE)
4) ACh
epinephrine(Epi), NE, dopamine(DA) peptide
acetylchaline(ACh)
(A Ch)
ACh low,
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middle  high group Table 22

Table 22. Effect of exercise training on acetylcholine(ACh) levels
in brain of SAMP8 mice

Exercise training groups

Age (months) Control

Low Middle High

4 69.28+ 684 7277+ 501 7445+ 4.18° 76.12+ 425°
- 106.0% 107 5% 109.9%

8 6831+ 3.20 66.12+ 459 7281+ 664 7415+ 1871°
- 9%6.8% 106.7% 1085%

"Mean (mg/dl serum)x SD with 10 mice per group; ~Percent of contral values;
’p<0.05 compared with control group.

- 71 -



SOMATIC NERVOUS SYSTEM Effector
v Organ
ACh

AUTHONMIC NERVOUS SYSTEM
PARASYMPATHETIC DIVISION

Effector
organ

Ganglion A Ch

AUTONOMIC NERVOUS SYSTEM
SYMPHTHETIC DIVISION

Effector
organ

Ganglion ACh
ACh

Effector
{via bfood stream) ~ organ

Adrena Epi (also NE, DA, peptides)

Fig. 10. Transmitters used in the various components of the
peripheral nervous system (Vender et al., 1998)

Table 22 low( O max 25 33%), middie( O max 50%)
high( O. max 66 75%) group 4 ACh
7277+ 501, 7445+ 4.18 76.12+ 425 mg/d serum ACh
(69.28+ 684 mg/dl serum : 100%) 50%, 75%  99%

ACh
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, 8
7281+ 664
(6831 320 mg/d serum : 100%)

ACh
(ChAT)
ACh ,
ACh
acetate choline
(-NH-2)
oxidase)
Fig. 11 acetylchadline
(ChAT)
ACh ChAT
Table 22
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7415+ 181 mg/d serum

middle high group ACh
ACh
6.7%  85% ACh
(Fig. 11).

MA O(monoamine

acetyl coenzyme A chaline

chaline acetyltransferase



|75Lre |['DA—|"'L"I/E|Z_1;]]?I-;;\ )=k tylchaline (ACh ='u‘rf Acetate \)“ I'/Eim_li;;\'l
Actiyl Cod T L j’iil cetylcholine (ACh)2{ Acetate )7\ C e)

ChAT AChE"

Fig. 11. Changes in acetylcholine(ACh)-related enzymes
(Vender et al., 1998)
‘Before a second impulse can be transmitted through the synapses,
however, the acetylcholine(ACh) secreted after the first impulse must

be hydrolyzed by the acetylcholinesterase(A ChE) in the junction.

SAMP8 mice cytosol
acetylcholine(ACh) chaline acetyltransferase(ChAT)
Table 23
Table 23 low( O. max 25 33%), middle(
O: max 50%) high( O max 66 75%) group 4
ChAT 524+ 0.12, 557+ 0.4 567+ 048 p g/d serum
ChAT 545+ 022 p g/d serum : 100%) 96.1%, 102.2%
104.0% low group
4
SAMP8 mice
ACh Table
21
, 8 SAMP8 mice
ChAT 451+ 0.20, 536+ 0.34, 544+ 0.11 p g/dl serum
ChAT 486+ 0.12 p g/dl serum : 100%)
92.8%, 110.3% 111.9% low group middle high
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group 10% 12% ChAT

T able 23. Effects of exercise training on choline acetyltransferase
(ChAT ) activity in brain cytosol of SAMP8 mice

Exercise training groups

Age (months) Contra

Low Middle High

4 545+ 022 524+ 0.12 557+ 0.34 567+ 048
- 9%6.1% " 102.2% 104.0%

8 486+ 0.12 451+ 0.20 5.36+ 0.34° 544+ 0.11°
- R8% 110.3% 111.9%

"Mean (U ¢/dl serum)x SD with 10 mice per group; ~Percent of control values;
’p<0.05 compared with control group.

(AChE)
acetylcholine(ACh)
ACh choline acetyltransferase(ChAT)
, . ACh
2 1
ACh AChE acetate  choline
SAMP8 mice
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acetylcholinesterase(A ChE)

Fig. 12
Fig. 12 low( O. max 25 33%), midde( O:
max 50%) high( O max 66 75%) group 4 AChE
, 8 low high group AChE
, middle group
AChE
150 1
mmm Control
= —3 Low
E 120 4 == Middle
1 High
= 2 904
==
T =
w =
o~ O 60 4
O E
<=
c 304
=
0
4 8

Age (months)

Fig. 12. Effects of exercise training on acetylcholin-
esterase(A ChE) activity in brain of SAMP9 mice

’p<0.05 compared with control group.

- 76 -



(MAO)
MAO
, dopamine(DA)

serotonin, epinephrine(Epi), norepinephrine(NE) catecholamine

SAMP8 mice

catecholamine MAO-B
T able 24

Table 24. Effects of exercise training on monoamine oxidase (MAO-B)

activity in brain of SAMP8 mice

Exercise training groups

Months Contrad
Low Middle High
4 132+ 009 1.28+ 0.13 1.26+ 0.04 1.35+ 0.06
97.0% B 5% 102.3%
8 136+ 0.01 137+ 0.11 1.29+ 0.09 1.36+ 0.08
- 100.7% A% 100.0%

"Mean (IU/g protein)+ SD with 10 mice per group; ~Percent of control values;

low( O: max 25 33%), middle( O. max 50%) high

( O 2max 66 75%) group 4 MAO-B 128+
0.13, 1.26+ 0.4 135+ 0.06 1U/g protein MAO-B
(1.32+ 0.09 1U/g protein : 100%) 97.0%, 955%  102.3%
high group MAO-B
8 middle group
MAO-B 129+ 009 IU/g protein MAO-B
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(136 001 IU/g protein : 100%) 5%

SAMP8 mice

4 8
catecholamone MAO-B
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“ »

(senescence- accelerated mouse)
1 SAMP8 mice low( O. max 25
33%), middle( O. max 50%) high( O: max 66 75%) ,

SAMP8 mice (control) (exercise training groups)
, 4, 8
(passive avoidance test)
4 8 passive
avoidance test ,
LDL HDL - , atherogenic index (Al)

, (reactive oxygen

species: ROS) (hydroxyl radical : -OH),
(superoxide radical : O: "), hydrogen peroxide(H:0O:), nitric
oxide(NO) (free radicals) ,
(oxidative stress) (lipid peroxide:
LPO) malondialdehyde(MDA) ,

(oxidized protein : OP)
carbonyl group(>C=0)
(scavenger enzymes)
(superoxide dismutase : SOD)

Mn-SOD  Cu/Zn-SOD, (GPx),
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(CAT)

(homeostasis) (membrane
fluidity) . acetylcholine(A Ch)
ACh choline acetyltransferase(ChAT )

acetylcholinesterase(A ChE)
, catecholamine

monoamine oxidase-B(MAO-B)

1 middle group( O. max 50%) high group( O: max

66 75%) : 4
high group 4 20%,
8 10% , middle group

4 10%, 8 4%

2. middle group( O max 50%) 235%

, 18.7% high group( O. max 66
75%) 135% ,
12.1% . . ,

3. 4 8 middle group( O max
50%) 43 51% high group( O. max 66
75%) 57%

4. middle group( O. max 50%) (235% )

(18.7% )

(calorie restriction)

5. . middle high group
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, 4 15 30%, 8

6. lipofuscin(LF)
, middle group(" O: max 50%)

14 27%

LF

high group( O. max 66 75%)

LF
7.
middle group 8 16%, high group
, HDL - 8 middle
20%
8. HDL -

middle high group

, high group
9. 8
10% high 10%
middle 30% high
hydrogen peroxide middle 4%

nitric oxide middle
middle group
high group
10. 8

- 81 -

10 13%

LDL-

high group

atherogenic index (Al)

high group 8

, superoxide radical middle

, hydroxyl radical

high 10%

lipid peroxide(LPO)



middle group( O max 50%) 13% high
group( O max 66 75%) 10% ,
(oxidized protein : OP) 4 8 middle group
11. 8 , SOD GPx
middle group( O: max 50%) 74% 12.6%
, high group( O: max 66 75%) 29% 7.9%
, Mn-SOD Cu/Zn-SOD middle hroup
CAT

12.

, middle group( O: max 50%)

12 3% (microsome)

5.3%(mitochondria)

13. 8 ,
6.7%
, ACh

high group
ChAT
11.9%
ACh

group

14.
middle group
MAO-B

8
10.2% (mitochondria),
high group( O: max 66 75%)

- 6.0% (microsome)

ACh middle group
85%
10.3%

middle group high

AChE middle group

middle group

MAO-B 4 8

45 51% high group
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middle group
( O: max 50%) 20%
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