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Effects of Physical Training on Defence Mechanism of Aging
and Memory Impairment of Senescence-accelerated SAMPS8

Woo-Young Ku', Yi-Sub Kwak® and Jong-Soo Lec’

Departments of 7P}ijifa/ Education, *Leisure and Sport Science, Dong-Eni University, }Depan‘mem‘ of Food
and Life Science, Pukyong University, Busan, Korea

ABSTRACT

Background: This study was designed to investigate the effect of exercise training on
defense mechanism of chronic degenerative disease, aging, and memory impairments of
senescence-accelerated mouse (SAM)P8 under the hypothesm that “Senile dementia may
be prevented by regular exercises . Methods: To evaluate the effects of exercise training
on the defense mechanism of aging and memory impairment, SAMPS8 wete divided into
two groups, the control group and exercise training groups. the exercise training group
were performed with low (V Ozmax 25~33%), middle (V Ozmax 50%) and high (V
Oomax 66~75%) intensity exercise. All SAMP8 mice were fed experimental diet ad
libitum until 4, 8 months, and dead period. Results: Median lifespan in middle exercise
group resulted in a significantly increased (23.5% and 18.7%, respectively), whereas these
lifespan in high exercise group resulted in an unexpectedly decreased (13.5% 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 compated with control group. It
is believed that extended median and maximum lifespan may be effected by calory
restriction through the exercise training. Acetylcholine (ACh) levels were significantly
increased 0.7% and 8.5% in middle and high exercise groups, and also choline
acetyltransferase (ChAT) activities were significantly increased 10.3% and 11.9% in
middle and high exercise groups. Conclusion: These results suggest that proper and
regular exercises such as middle group (V Osmax 50%) may play an effective role in
attenuating an oxygen radicals and may play an important role in improving a learning
and memory impairments of senile dementia. (Immune Network 2005;5(4):252-257)
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k. 4 SAMP8-S UlZE(control)Z} A& - (exercise
training groups)?] F+ IF5 o2 A UL thA] $H o]
b3k w7k At Al 4353 9] A3 (passive avoidance
test)& &3l 71 - Tl X9 oo F T
g il gt ks Frbslsich.

et o] 5 AYFES 4, s/Yul) Y F HE B
slo] s FslEe] AHATEZZA acetylcholine (ACh)
o] A I} AChe] A &4 Z A choline acetyltransferase
(ChAT) &4l wx& F3ks F7tslsich.
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AdsE 9 A4,
AdETE 9 As=z7: a3l F4ddA T3t
SAMPS mice (female, 18+2 g)& F7Netx FEAHA
of| A 257k M| A by, AR E 4, 370Y B Y
o] t}& wi7kA] 27t 13uje|H o' 2T AT o s
rste] Agetgich. 2A AR Table 13} 3t
FERA AY: ¥ ATE 2T AUTOD o]
Dual-Treadmill (DJ-4024, Seoul)< ©]-&-3&}od treadmill run-
nings AAEGL 5 AEe N TEAL F8 F
A 7bo 7 zAsE Bedford 5(10)¢] ¥ Hokslo]
A&, 5 HlEE 9 53] AAEI
Treadmill running-> 13v}2] 2] SAMP8o| FAlol] &
T e Hds AXEE Y Bl F 14 em, o] 90
cm, £°] 14 cm)3tSlaL, EdlE ] HAE 0°~20°E =
Aol 7h58lal, $5 20~500 m/minl. 2 24 7}53l%
= A=
3= @3 Hyut
+EHAN B AolYE AdeIA 71 -
59e Gkl A% BHSE Yo BNl AR
53] 9 A8 (passive avoidance test)2] WS H +%
s}o3 acquisition trialZ} retention test® Lo ZA 3}
v} AP EE-S light chamber (750 Lux)oll 2o 533
© & dark chamberZ Eo]7}+=d], o] w] AC 0.5 mAS] A
TEA 1% T A7NA A5 £ vhe, A7) A
WL ul- 925 Audlo] FAAIZ] * A2 light chamber
oll Wl-& ul] light chamberoll Lt & wF-= A]7k(laten-

Table I. Composition of experimental diets (g/100 g)

Component Content (%)
Carbohydrate 55.3
Corn starch 42.0
Protein 13.3
Sucrose 18.0
Casein 18.0
Lipid 18.0
Lard 13.0
Corn oil 5.0
Cellulose 3.0
Vitamin mix (AIN-70) 1.0
Mineral mix (AIN-76) 3.5
DIL.-methionine 0.3
Choline chloride 0.2
Cholesterol 0.5
Sodium cholate 0.2
Energy level (kcal/g) 4.28
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cy, sec)= acquisition trial (%] 5A])o]etar gtc}. o] uj
light chamberol| 4 dark chamberoll 57} AC 0.5 mA
o] A7t 3% F<t A3t A7A &3t sheliRich
SAMPS8 miceE 2447 & t}A] light chamberol] %S
u] oAl ANH &£3ZE 713k 300 sec”7FA light
chamberol] WA =W 7] 9] 35872 AT 5 gl
t}. & SAMPS mice”} light chamberol] 4] dark chamber 2
Eo7HA A7A ASE whe W7HAE HS5A " (ac-
quisition trial)e|2} 3} 3L, 7] Al ¥ (retention test)< 2]
5 A] ¢ (aquisition trial) A A|gF & 24X 7Fo] A} th-Sof
t}A] light chamberol] ¥ %l-5 wl] dark chamberol] Eo172
WAL AGE 2Aste] elAg e B
gl 3 g9 £ A5 Hele A HEFY 12
A7 ARE AAAZ] & ghEsie] A F S S AR
ol 3057 W8 ¥ 700xgoll A 1087F LA R g5}
oo A=ofo] &S g2 A2l sodium heparine (sigma,
100,000 Units)S &l 1 mlZ 0.05 mlZ *] 2]+ complete
blood cell count® (CBC, SAAF bl Yol -70°Col]l &
7 - HEsl A EA el
HAE £ = AEe] 22 Choi S5(12)0] A&

Brain

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

pestle in old room.

‘ Homogenate (10 ml/g) ‘

Centrifuged at 700xg for 10 min.

1

‘ Pellet ‘ ‘ Supernatant ‘
Centrifuged at 9,000xg for 15

min
Pellet Supernatant

Resuspended with 10 vol. of
homogenizing buffer, and cen-

trifuged at 9,000xg for 15 min.

[

‘ Pellet ‘ ‘ Supernatant ‘ ‘ Pellet ‘ ‘ Supernatant ‘
(Discarded)

Centrifuged at
105,000xg for 60 min.

Resuspended in 1 vol. of
homogenizing buffer.

Mitochondria

Figure 1. Schematic procedures for brain subcelluar fraction

Resuspended in 1 vol.|of
homogenizing buffer.

‘ Mitochondria ‘ ‘ Mitochondria ‘

separation.
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SlaL 104 & WA ke 2 A3k 3H4ke 1.0 mlE 78k
o] Egslqict.

Sl Eohn 2ol 208 o) 24 94 o) HDL 9
LDL-Zd|2HlE 332 3742 HDL-Z#|2=H|EHDL-C
555, Eiken, Japan), LDL-Z#|2~H]E(BLF, Eiken, Japan)
kit AleFg AH-g3keict.

HDL-Z 3| &8 &3 54: 94 03 mlE A3 ol
Wy of7]A FAA Ak 03 mlE Wol & &3k o5
AZoll A 107 WA ¥ 700xgell A 1087 A4 Eel
gl a2 3 Aol 50p, EFEN(100 mg/dl) 50y,
Blank® 5=+ 50uoll Zt2 HDLHA A<k 3.0 ml4&
Hrpsla & 48 % 37°C FRAA 5L LA
t}. BlankE tZZ 3}o] 555 nmollA] FFEE 4 3}0]
HDL-Z & 28| E2] & (mg/dl serum)S 7 &}l )
ARALGELD 9 AHAaLY 4.

olAEEE (ACh)Q] &k ZA: o4&l =¥ (acetylcholine,
ACh)®] Z4L A8 500% #3ke] 1% hydroxylamine
S0uE H7} - E£¢sla HCIE o] $3to] pHE 12402
2289}k FeCly (10% in 0.1 NHCIl)S 50005 27} %
=3eto] EFFEAE oldste]l I 530 nmeollA]
acetylcholine (ng/mg protein)®| 3+&Fg ZA 3} ).
FH oA Egk 22 2ol A (ChAT)S] A £74: =71
o} A el E gt A5 2lo} A (choline acetyltransferase, ChAT)2]
242 02 mM acetyl-CoA, 10 mM choline chloride, 0.2
M KCl, 10 mM potassium phosphate with 1.0 mM EDTAE
747k 02 m® A7) - £3ksle] & 0.8 mlo] HIE ke



31 choline acetyltransferase-2 1.0ul, cytosol 100, 1.0 M
Tris buffer 190pl, DTB (5,5’-dithiobis-2-nitrobenzoate) & 5
1, 20% TCA (trichloroacetic acid) 250p2] ko g &3}
sto] B33 AE o] &3l Ak 412 nmol|A] 28 7HH o
E ChATY| 45 43k

obA e FH ol ZH| 2oL A|(AChE) 9] &4 F4: HAZ
oA ofAlelFel of| ~El|2}o} Al (acetylcholinesterase, AChE)
A 24 L Bocquene & Galgani (14)9] W ol o) 3
A3 ek 2+ microplate welloll 0.1 M Tris buffer, pH 8.0
(Trizma HCl+Trizma base)= 300, 0.01 M dithionitro-
benzoic acid (DTNB) 20yl, enzyme suspension (%)
01 A%z Aot

EAAR FAAE. B AT e A4
Helsle] PR EFAAE AL, 7
o] §-994 ZHAL Student’s t-test (15)F DA &
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Tl v X 3k, Table ol A 2 7]
- SrFAl S ke X vllsE 2 SAMPS miceoll

Table II. Effect of exercise training on median lifespan in
SAMPS8 mice
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A1 4] control group?] 3T 454.8+94.8Y (15.271
AyolRar, 553} low group (V 0, max 25~33%)2]
HF4E O 486.0+63.62(16270D) 2 =T d] 6.9%
o] HFrHe] AZaIrt JAHPAT, E5H3F mid-
dle group (V O, max 50%)°49 HFTHL 561.6%
68.49(18.7/1¥)el] =2 & = ] & F5Ho]
23.5% AA3] AAE I Jdge ¢ T At wEhA
AR AEe] FAAR v BT TH AR A3
7b s & Uk sA A AR e 23]
T4 ‘:}’J‘o s & T U
Exercise training group ol A4] middle group (V O, max
50%)0] 7M=& AEES el YA 5 A=
7} 7} =& high group (V O, max 66~75%)°l A= 2}
t}st $-5oll upE A A4 (oxygen radicals)e] & Aol £
8l ALshA < E #| A (oxidative stress)E Qlslo] ZFEAL7|
Oﬂ gk Agk AshA =4 (oxidative damages)s HrolA]
Zgo| A3 Fadrtar s AYAFE(16) vE
‘5]-35- Ao g Helr} ol7]gt 04?-7:‘1]-3:- Goodrick 52
ATAI(17) ZEE AlgE ’“‘ﬁ%i"ﬂ e Felehd
Q32 H ol 145 FHasto] oF 10%9] BT
W ZaaIrl vehdo= Eﬁg}b Auls] AE 5
o, ZEH o R FUALES FFe $5S THA
Aol Egg i, ABEY ¥ 238 T Al
JaI7t vebds e ek

o oY
ol

> ok

O

Median lifespan (days) Changes
Control 454.8194.8* (15.2 months) 100.0% =
Low 486.0£63.6 (16.2 months) 106.9%** &
Middle 561.6+68.4° (18.7 months) 123.5%
High 393.0+101.8°(13.1 months) 86.4%
Median lifespan (days) Changes
Control 566 (18.5 months) 100.0%
Low 594 (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.

£ R3toll 9% A1 A w3 AL
S5 58l gkol] whZ low, middle B! high group?] 714
12 747} 71.34+4.38, 80.12+6.48 % 88.97+6.45 secEA]
=z 71928 (70.10+6.12 sec) tiH] Z+ZF 101.8%,
114.3% B 126.9% 2 4] thZ7 8] low groups A|£]3}
1 14~27%2] $9149 A9 - G AL} A
sgieh, olelq AE 2 ul, 7o) - Aol E Skt
= XA A =5 Zd SAMPS miceol] thsh 2 EEEﬂ
o]v]o] 7]0—] . 6]—5:;4.0]13:; H _—é—_“,};d o7 7]]/{4 = 7}4\
o2 Hol X|uje] o} B X 8rteAE AT F U
AoZ 71k} o]E]dt AL Flood 5(18)¥} Choi &
2](19) H.Lo|A] SAMPS miceS A-E3l n|EA|H, ~E

Table III. Effect of exercise training on total cholesterol levels in serum of SAMPS8 mice

Age

Exercise training groups

Control
(months) Low Middle High
4 123.85+0.62% 123.44+7.86 126.18+4.90 111.83+6.58"
103.7% 101.9% 90.3%
8 129.78+11.05 130.52+9.73 122.92+2.48 115.045.84°
100.6% 94.7% 88.6%

*Mean (mg/dl serum)*SD with 10 mice per group; **Percent of control values. “P<0.05 compared with control group.
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Table Voll4] 87099 & AFolA = E5-512F mid-
dle 9 high groupell4] AChe] ko] 77k 72.81+6.64
gl 74.15+1.81 mg/dl serum & ZA] tZ729] AChe] $HaF
(68.31+3.20 mg/dl serum: 100%) WH] <F 6.7% 2 8.5% =
A ACh9] ko] 5K -sloll ulz} ~7H51 s &
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75%) group®| 47§Lol| A 9] | =% 5 2] ChAT 24 2+
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Table IV. Effect of exercise training on HDL-cholesterol levels in serum of SAMP8 mice

Exercise training groups

Age
(mot%ths) Control ) .
Low Middle High
4 30.76£1.22 28.37%1.22 31.85£0.85 33.80+0.48"
92.2%%* 101.9% 109.9%
8 29.50£1.51 30.12£0.80 35.34+1.02° 35.14+1.54°
102.1% 120.8% 119.1%

*Mean (mg/dl serum)+SD with 10 mice per group; **Percent of control values. “P<0.05 compared with control group. "P<0.01
g per group P group

compared with control group.

Table V. Effect of exercise training on anetylcholine(ACH) levels in serum of SAMP8 mice

Exercise training groups

Age
(months) Control . .
Low Middle High
4 62.28%6.84* 72.77£5.01 74.45+4.18" 76.12+* 254
105.0%** 107.5% 109.9%
8 68.31£3.20 66.12+4.59 72.81106.64 74.15%' 81b
96.8% 106.7% 108.5%

*Mean (mg/dl serum)=SD with 10 mice pet group; **Percent of control values. “P<0.05 compared with control group. P <0.01

compared with control group.
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