Journal of the Korean Applied Science and Technology
Vol. 37, No. 3. June, 2020. 418~428

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)
http://dx.doi.org/10.12925/jkocs.2020.37.3.418

AP 2ol E=stolr] FAAS A ¥ Hg ofd ol
=

ARl 1217155 17

(2020 44 1 A4 20209 649 9 741 20209 64 199 AHH)

The effect of resistance exercise on B —amyloid metabolism and
cognitive function in a mouse model of Alzheimer’s disease

Yong—Chul Jang" - Jung—Hoon Koo>T

\Exercise biochemistry Laboratory, Korea National Sport University
2[nstitute of Sport Science, Korea National Sport University
(Received April 1, 2020, Revised June 9, 2020, Accepted June 19, 2020)

8 o : H dpL d=3lo|m(Alzheimer’s disease: AD) FAAZ IS gitoz AP &%
(resistance exercise: RE)0] 3fjute] Hel obd2o]=(f —amyloid: AB) THA A}, AAAZAPE 9 ol
7150l HA= 9 st E40] it AD H] FAALE YF(non—transgenic: non—tg, n=14)
ot FAAR BF (ransgenic: Tg, n=149)5 FA iAot H] FAAL PF 2 (non-tg—control:
NTC, »=7), B FHA% FF AF4 57 (hon—tg-RE: NTRE, »=7), AL tjx(tg—control:
TC, n=7) ¥ JAAS 2FA 5 (tg-RE: TRE, n=7) 02 FES}th. REX= E4 A2 Alcke] A3
A 2T 71TE AHESt] JAXALR set E SVHIA F 85K HASHATE &5 F A5 sEE B
7teb7] gt =Fu2AAret A S i, AN EZANE X & D SIRTI/PGC-1a ©HE A 5
S Ittt F R 2 HA At ALt Al BFE TC oA folstA 571 =R REE AAS
TRE A Al Alzto] A Eof Q1xEEo] /fde AR SRI=nt. T TC HAolA 57t
HAp T Wl REE Sofl fHachks Ao veihgth AFAZANE T @zl Bel-2/Bax
ratio= TC HollA FolotA HaEo] AAAEAPE] F7F B Aoz UebdA|9t REE= Bcl-2/Bax
ratiog S7HAA ABAZAMES HAAZ AR gRIEet. TC HdolA F7He BACEL ¥ ROCK1
I 7t4E ADAMI103 RAR 5 @i Hde REE Bl @AHAY S7F & Ae= yebdil, SIRT1/
PGC-1a T W2 TC HJHolA T4 AT REE &l 571 H Ao vepydtt, oahs] 873t
o] REE= ADY =gty EAQl Ap owid IdS fAAAz|n @ A 7dEE 2Edhy
(SIRT1/PGC-1a 714 &4, ofd2olt 3A7]x oA, vl-ofdRolt BAG7| 24) AAAZAPE o
AN AH o R Q12715 N AlZ & e ZaE]l &5 Wiolztn AZtE
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Abstract :
beta—amyloid(A ) metabolism, neuronal cell death, and cognitive function in the transgenic mice

The aim of this study was to investigate the effect of resistance exercise(RE) on

model of Alzheimer's disease(AD). Fourteen transgenic(tg) mice and fourteen non-—transgenic(non—tg)
mice were divided into four groups: (1)non-tg—control(NTC, n=7) (2)non-tg-RE(NTRE, n=7)
(3tg—control(TC, n=7), and (4)tg-RE(TRE, n=7). The groups with RE were performed to progressive
RE on ladder equipment for 8 weeks. The groups with RE were performed to progressive RE on
ladder equipment for 8 weeks. After then, the cognitive function was measured by using the water
maze test ,and A S metabolism—related proteins, neuronal cell death, and SIRT1/PGC-1a pathway
were also measured. Here, we found escape latency and time were significantly increased in the TC
compared to the NTC group, but it was significantly reduced in the TRE group, indicating RE may
ameliorate cognitive dysfunction. Next, we found an increased in AS protein of TC compared to
NTC, but it was significantly reduced in the TRE group following RE. In neuronal cell death, Bcl-2
was also significantly decreased and Bax was significantly increased in the TC compared to the NTC
group, but RE can increase Bcl-2 and reduce Bax, which may elevate the ratio of Bcl-2/Bax. We
further found a decrease in the level of ADAMI0 and RAR S protein was significantly increased
whereas increased in ROCK1 and BACE1 expression level was significantly reduced following RE in
the TRE compared to the TC group. In addition, the level of SIRT1/PGC-1a proteins was decreased
in the TC group compared to NTC group, but, these markers were significantly increased in the TRE
group following RE. Therefore, our finding indicated that RE may ameliorate cognitive deficits by
reducing A8 protein and neuronal cell death via regulating SIRT1/PGC-1 «, amyloidogenic pathway,
and non-amyloidogenic pathway, which may play a role in an effective strategy for AD.

Alzheimer’s  disease, Amyloid beta, resistance exercise, Amyloidogenic ~pathway,
Non-amyloidogenic pathway, Neuronal cell death
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AAAER] =l Q1] F7t2 A E Y/ de
24e] = AT 7kt 9len ol JH]l
T 7t F3EAe 4 FYx=d #uk opye} )
oRgh olmH] A7 ojo]d & Q7] Wi olE
TEstal 2 gstr] fIeh theket WHEo] mAE 5
3 itk E3|, 2|uj(Dementia)= 7]olElo] 7Ha o2 QXY HAE Fiol= 22 BHiE]

ob @EdE Aolh yehts AZ=ERd Ag G361 Wb dioe A RoflA: A

(neurodegenerative disorder) 22 A =}
6541 ol/F Amy QlF7E 0%t o)Fom FAH
T AR EAIZE H Qlom([l], @ AR
M =7 dAlete S4HAE AAE B
2 1 wAe AAde S0 2 Aer 58
o} g=stolr| A3H Alzheimer’s disease: AD)->
2o} 70%E Ak thEAQ! & =HPd A

=

p EHEe ZAS daATIAY A= &
Hol ADS] sty 71dE Alfd 4 e &
Q1 W olakal A AlsHct.

T AARZAZFA Zufjel] Higt ] 23
= R 7hed AAE-S(physical activity)
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A7), o5 Whgshs tiok-o] AatelA

'

I

[¢]

- 419 -



Vol. 37, No. 3 (2020)

e,
lo
)
~
2
lo
frtl
R}
-
o
Mo <
ot
flo
4
ooh
ot
2o}
o
re
-

O
=
3] Koo S[14]2 Ap Tide] 7FA 7]HL

- =
AT AT ARE GAAY EdED 250 A
B BT PHATIE S1AS AAAAE
AR WA AHE AAsks A F7HIA

HHoR A BHAY WA FES A&

A 5 (resistance exercise: RE)-& -
A 2 HYE REs] wiEel k3te] <Jgt
= dFstr] fJsiA 24FHoR a4 EE=
o2 dejx QoH15]. ostARt T ¢4F 4
oA REE GlME X 7|5 Fdol 83t
2173214 (neurogenesis) 7 A7 7+ A (neuro—
plasticity)& S7HAA =9 @40 FHAA 3
Fe v BuEQoHie, 17]. SHlEA L,
AD =S tider RES 435t 21 A7
5 & AV A JAATE dE7L
RAE G B EQITH18, 19]. ol=et Iy
FENEH Aol HAH 59 FEHE= 54
A 58Ol oplgl RE: AujE #ETd &+
T shte] &5 Z2Iafio=s AAE & ok
A37tEct SkAIRE ofA7ER] REe] <@k AD
2ol QA7 Y 71 mHEAEQl ATY
I ojujet BAAPESE Z|Hoz HAEER]
ghotAl A A gtk ES dF APAT
M A 50l 5 AA7)s Fdel of
d gt glokes Adutd d4E AAE T
REC] gt QIx)7]5 ¥ ATE wf¢ FE9h
Azdolrh20, 21]. §eF REE &% Ap @i
thAte] ®ig} FE RAYESH R SIS 4
UTHH fAAA 2FERE ofel RE ESE AD
E 943 Al & gl BIEQ 5ol A4
B 2 o

It _;;10

L

d0 2 oXHEm R o

oA 2 Ao A2 AD gAY AHE

2 REZ} M| Ap i oA o
ABAZAFER BE wAYSS  Sirtuin-]
(SIRT1)/Peroxisome proliferator—activated receptor
gamma coactivator 1-alpha(PGC-1¢) Taid
T 2 QA7 wAls dFS Eelsk=T

Atk

Rty 250] gafolnl 4

g A7 o) dlet ohlzols et ATl A 4 3

2. & ¥
21, dESSE

B Ago] AREE neuron—specific enolase
(NSE)/human mutant PS2 gene(PS2m) AD &
AR oheis AFOFEIHAY IH=LAF
A AP FEHNA EgTol AMESHATH29]. W
A &2 ojulo] Hf £oA At AD FEe
oA (=149 A HA g2 mhes
(=145 Bofdol 2:(20+20) 5%(50%)
7b 2R 3] 215(08:00-20:00), ©oFgt]
Aoz £5(20:00-08:00)5t =S 3§+ Kof

=0 oEEoﬂj‘i 207H%-£ %‘?l' A}%i} lﬂ }3—_!

A&ty A7 B¢t TE8oR Ax
Atz (Purina FAF= -5057)8F 82 Ak ¢l
Faotant. Je2 ADE FEAS 5z oF
npe-A HWHATINTC, #=7), FEXT =7
ok Ad SEHDINTRE, #=7)3%
ADZ FEHe H mhes HuHH(TC, n=7),
FAAE © nhkes A LEHD(TRE, n=7)
o7 JEsIGIch

it gl 1ok e
flo R
>,
Ql
fr
o
>

[e]

=

52 rlo
rlo

22 NI 25 Z2EES

RES B4 A2d 49528 Ate 257
T (width X length X interval, 128x24x2, A=
80C)E Atgsto]l AAstth. WA & Ag A
AH8E AD tpeAE L3519 (20 months) AEIE
A EE2 AARE A3t o= HiE &
7WANA REE 3 4 3171 A7 glol
FAl(body weight) ¥ ©]-85to] RES 43
ok AP At *Fel Wi A2 1
(2set/day, 5 times, 1 week) A5t on E
T2 35 ARHoR NE 48§ JF7MAA RE
E AAISHA AE 7F 72 2802 35ty
gt chE 1).

Table 1. Resistance exercise protocol

period sets  frequency (per week)
Pre-RE 2
1-2 week 4 .
5 times
3-4 week 8

5-8 week 10

RE: resistance exercise.
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2.3, =0 2HA

A7 5& F7Ie] fI8l +Ful 2 - AHwater
maze test: WMTD)E AAsIYlen &4 ¥
49  AZl(escape  distance)®t  Al7H(escape
latency)& AFE Z2IH(SMART-LD)E o]&
gt FHgt2 =45t SMART-CS Z=21%H
(Panlab, Barcelona, Spain)& #-83dte] EA51%]
th. WMTE 984-2FAE 1.5mx %] 40cm)ol
215 12cmQl 2L FH A lem B 32A
ARt B(23T-257C)& ot /& &dl A
A BHS Hol7 ¢YEE sty WMT HAb=
59 BRF Z47F 2314 EIA oA AlRfSte] &
Ao =gt 4 s st 23] RE #A

2 #A 2% Aol AD njeag mAoz
gxote] 9AE AT 4 Q=S 2Xskdct
Zh7te] WMT AAbE 5B AEe] 1Hg w9l
o e eAAels BAES AAT T FAG
ZuAHolA Aztsto] 602 Bt BAL 29
b wle] Azk ARE 48 doldE AMgs
A},

2.4, k| 22|

8F7t RE & pentobarbital sodium(50mg/kg)
2 27 ) FUAA oEekT W 7, M 24
(hippocampus)= A&sto] A3}t Aie] FEA
7111 -80C¢ xAHL& W=7 (Bio—Freezer,
Forma Science)oll E4A712] W5 HEsHHT]

2.5. western blotting

A=z Ee" SiotE Bradford[30]§ of
gt Aoty Tl 2(25-30ug) 10-12% SDS-
Polyacrylamide gel& Sd %719%F ¥ F
polyvinylidene  fluoride(PVDF) membrane2 2
HolAF Lt ©o|% 3% BSAZF A7tE TBS-T &
Slog 1A7F Fet ALoA WSAAT Z17te]
12} A (Amyloid—beta, Bcl-2, Bax, ADAMIO,
RAR B, BACEl, ROCKI1, SIRT1, PGC-la,
and B-actin}E 4ColA (14417t o) ¥HEA|
Ztt. TBS-T &0z 1087 53] A& & A2
oA 22t FAet 90& FIF ¥HEAZIL F &
TBS-T ¢H5Hoz 1083 58] AHsAct. mhA]
wog membrane WBLR solution
(WBLUF0100; Millipore, USA)e] 1&5<¢F dhA
st olujz] EAN  AlAERl(Molecular Imager
ChemiDoc XRS System, Bio—Rad, USA)= °]&
sto] #YJgE ¥ Quantity One 1-D Analysis
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Software(Bio—Rad, USA) A|AHIS o]gslo] o
Wy re S 4RSS

2.6, XIEX2|HH

4= ZAFEE SPSS Statistics 24.0 54 =&
OIS olgstylon Z+ HdEe] gt Ve §
AAE P+ EFQ A Mean+SEM)2 AHESH
o ZF e 9@ 5 7|7t mE WIS Apo]
S ZRIstr] QoA ol dHEEA (Two—way
ANOVA)E AAIRE & 7 zolgs ZA|H oz 5t
Q15t7] #J8ll LSD (least significant difference) &
ol-gste] AR AFE AASHIT 2E HF9
FAAY] fFo4eE2 2=0.052 A5

==

3. #an & nF

3.1. Mgy 30| UX[7|s0 ojxl= FE
QA7) AsHe AD A mdoyq FEHO
2 Yeite ddez g2 AddTola A4
52 B3 AV MAE  Eusidnt
[12-14]. olo] & AolA= REE EoiAE <1
2715 M 87 YehEz] gkletr] 8]
WMTE 35t thFig. 1). guitdoz WMT
HAR= AD mheavt EHAHA R 2]H7}
2] EEehs A7HE ARE ESAche Yo
Az Azt Z7F D4E 12750l AHatE 9l
oha S Ech B oA At fAH
TC Heh2 NTC o}t Hlwsto] Hx 230
zaket Azb ARt AR {olatA Fot
g Aoz Yeigrth olg A= oA gttt
AAE TC FolA AA71%s Azt yehd A
o2 FHd 4 glow AD RES o=z <l
275 FAs Hugt Agdel vset 2us
UFERATHAIZE: p=.001, A2 p=.001, Fig. 1A,
B). stARt 85Xt REE AAIRH A3t non-tg ~L
FEIA AIRME Ae] folgt Aol et
oktxwt TRE Heke TC Aoty dH|wste] 28
A7 mdete MM ARyt BAHCR §
ostA Frashes Aoz Yehdth(AzE: p=.001,
78l p=.016). ol= QA7 AsPrt REE 53
AR SlEH Aoz AZEe 2T 5
3 A ML Bag HAfdTet U
ANE JehdcH12, 14]. webd 2724 &
gk ofgt REX AD A% melo|q yYehts
2715 Aot A AF & Qe ZrtEe

ol
-

of
oft ro H i o

Mo
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Resistance exercise improves cognitive deficits in the AD mice model. A) Escape

distance of probe test. B) Escape latency of probe test. All bars shown represent the

means+SEM (7=7/group). A LSD post—doc test: ~p<.05, ~ p<.01,

ETEY

p<.001, compared

to the NTC group: *p<.05, #p{01, ¥ p<.001 compared to the NTRE group. *p<.05,
$pC01, ¥ 5001 compared to the TC group. NTC: non tg control, NTRE: non tg
resistance exercise, TC: tg control, TRE: tg resistance exercise.

ozt AZHET. HT IR HEJIAH |
(mild cognitive impairment) =%1-S Aoz
Pe APIdFANAE HAFE 5 T AA7]
W& BIstIcH18]. wheha 2 A4
H L3td AD 3 ndS ez
A7 M B2 EAAEETAEQ] wHAYUS
A5t ZIgttA 2w A¥Ato|A et
REO|| €5t Q17)7)5 /W anE wetfor
A 4 U Ao JgELh

YT | o

3.2, Ngd 230| OfHZ0|= CTHHZE CHAIR}
MBMZEAHO O0jX|= S

2715 Aotz & Fofl 549 Ap @Hd
I wfe =2 AH AAHAE dEepdnH22, 23]
upebA SFA =1 REC] 93k Q1A]7]5 7H4dol
Ap G X3 o] QA skt
(Fig. 2). al/dser vie} Zo] Ap g Ide
o Asdet fAksHA TC o] NTC A
o3t Hwste] FAHCR FolotA FIIE ALS
2 Yehgdom(p=.008, Fig. 2B), o= A TC
HolA Q12715 A7t vebd AxaE Hurd
Qb ESH AR oA SZHof o9t A A ZAL
g2 275 AstE fEshy] wEel 2 AT
oAl NAFNZAFE T SRASES SRlgt At
(Fig 2E-G), Ap ©a™e] Zzo] F71 | TC
o] NTC Meta} vlwste] AAFA|ZANE &
T olx}el BCL-2 Associated XBax)7} §2]5t

Al F7kke Ae® el (p=.001), A|ZAFE
oA Tl B-cell lymphoma 2(Bcl-2)%}
Bcl-2/Bax ratio= 395 #ASE Zlog et
Foh(Bcl-2: p=.001, Bcl-2/Bax: p=.001). ©]&]
g A= TC AdolA 245 Ap dido] 4l
BAAZEAPEE F7HA710L AT o R Q1A 5&
AR Aeog PZHE. ARt 8t REE
gt TRE 1§ TC IE3 H|wst] AR
dedol  drgo]  f{oobA AL EHloH
(p=.018) AT =& & Ap THA9 HAE
Hugh Afgdret vigt AdE UEWo
[12-14]. E3F, REE Bax ©@¥iAL ZAA7|1
(p=.009),  Bcl-2(p=.001) ¥ Bcl-2/Bax
ratio(p=.00D& st F7HAFEH. ol TC
AeollA 7t AlZA|ZAREO] Ui st A
o7 SHHM A7Y 5= Tl Ap HHAT
T1of wE ABAZAPES] FAE Hugh A
ot RSk ATE UEHlTH 14, 24]. ol ¥
ol EH REo|| 9§t Q1275 7Hd2 Ap T
A AAAMZAPES] HAAas et Axketa A3
Z}Ee}, Shx]9k REE So Ap TlEo] 20|
ojmet ZHor FAL=A FAHS] dHA YA
2l dRidog Ap Tl ofd=molt
S (amyloid precursor protein: APP)o] Z+zh
B —secretase 2} 7y —secretase G40 o £AH

= of=Zol= A 71X (amyloidogenic
pathway) 22 ZZHEAL  «a -secretase ¢t vy
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Fig. 2. Resistance exercise reduces Ap protein and apoptosis—related factors in the AD mice
model. A) Representative blot of western bands for APP, oligomer A8, Bcl-2, and Bax.
B-G) Densitometry quantification of the oligomer A 8, APP, and A B/APP ratio, Bcl-2,
Bax, and Bcl-2/bax ratio. Values are expressed to 100% for levels of NTC group. S
—actin was probed as housekeeping gene. All bars shown represent the means+SEM

(m=4/group). A LSD post-doc test: ~p<.05, = pL01,

EXTEY

<001, compared to the NTC

groups *p<05, "p01, " p{001 compared to the NTRE group. *p<.05, ¥¥p<01,
%5001 compared to the TC group. NTC: non tg control, NTRE: non tg resistance
exercise, TC: tg control, TRE! tg resistance exercise.

—secretase &40 o5 RAE= H]-ofdRo|E
A3 7174 (non—amyloidogenic pathway) 22 =%
o] AJAETH25]. webA APP T iAbeh T
e gy =9 o 55 EAske 22 RE
g i e J1AE Kotk JEsiA
Ue ZAog Pztech olo] 2 A
shlgt Axt
NTRE Feto] thg RE Fdt Hlwste] 57
Aow FosHA Fagt o=z uEhAT
(p=.001, respectively), Tg W &% offof et
M TARCE {Folgh Zpol7h vehtA] ettt
(Fig 2C). sHA9F AB/APP ratio A% ZA}
(Fig 2D) oA A=t AH™ NTC 153 ¥l
sto] TC 15 oA AR fFoJstA 7t
Ao 2 YePFTtHp=.008). o]t A= TC 1
Foll4 amyloidogenic pathway7} 571 =AY
52 non-amyloidogenic pathway”} A =|o]
AiAos AR Tl ZHo] FIIet Aoz
Ad 4 gk SEAIRE 853F RE= AB/APP
ratiog FYsH FAAAFSH(p=.015), ol
RE7} amyloidogenic pathwaysS JAAA Ap
L e B s = eV Ed b 52

oA  APP

non—

amyloidogenic pathwayE SJ3AAH Ap T
e HaAR Zoletal AZHh wehA 8F3F
REE  amyloidogenic pathways  AA7]1L
non—amyloidogenic pathways ZAJSHAA Axt
Hom Ap ©iAe] 25 HAaAF Aoz A

Zhict,

3.3. X&M 2%0| amyloidogenic pathway
related proteins W&i0|| O|x|= I&t
REe] o3t Ap o ZF4-7F amyloidogenic
pathway -2 non—amyloidogenic pathway 7]
Aol ot ARQIA] FA|He= &Rlstr] fsf &
Zkol FAdof tigh e wrdS ghelshalh(Fig.
3). WA non-amyloidogenic pathway gl Tl
A<l ADAMI107+ RAR B i e TC
o] NTC et vlwste] $AHo= oot
A ARt Zem UERHTH(p=.001, respectively,
Fig. 3B,C). E3F amyloidogenic pathway T
Tl BACELT ROCK12 TC Hee] NTC
Akt Hlwste] FAA SR FolsHA 57Kt A
o2 YepgtH(p=.001, respectively, Fig. 3D,E).
ol&= TC oA non—amyloidogenic pathway
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= ¥ amyloidogenic pathway”7} &4 3.4. §&M 2=0| SIRT1/PGC—1a
o= =T At TC HdelA Ap & ghsio O|x|= HE

ety e50] gefolol §Aue A7) Hol et ohdols HAls AR5l WAL G 7

A B C

Hippocampus

RARP s s s o
L s o |

N
S

o
S

@
S

ey
#iH
$$

RAR protein
(% of NTC group)

ADAMI0 protein
(% of NTC group)

@
3
£
ES
ES

BACE] | o s mwm i
M

ROCKI |5 s s oo NIC NTRE TC TRE NTC NTRE TC TRE

=
N
g
=
a
g

B-actin | e — — —

a
3

NIC NIRE TC TRE

ROCKI protein
(%of NTC group)
8

BACE1 protein
(% of NTC group)
2
8

@
k4

o

NTC NTRE TC TRE NTC NTRE TC TRE

Fig. 3. Resistance exercise activates non—amyloidogenic pathway and reduces amyloidogenic

pathway in the AD mice model. A) Representative blot of western bands for
ADAMI10, RARS, BACEl, and ROCKI. B-E) Densitometry quantification of the
ADAMI10, RAR B, BACEL, and ROCKI. Values are expressed to 100% for levels of
NTC group. B -actin was probed as housekeeping gene. All bars shown represent the
means + SEM (2=4/group). A LSD post-doc test: ~p<{.05, ~ p<01, " p<.00l,
compared to the NTC group; *p<.05, "pl01, " p{001 compared to the NTRE
group. *p{.05, %01, ¥ pC.001 compared to the TC group. NTC: non tg control,
NTRE: non tg resistance exercise, TC: tg control, TRE: tg resistance exercise.

P
Ehit

o] 71 © olfE ST shAEk 85 2=o oust Mo AB TR AAT}
ES 49 TRE A2 TC ot vlust  ojgo] pojol 710g 2deter] HokelA o

o] ADAMI107} RARB ©ld ¥ {051 A 9z gt A SIRTI/PGC-la 71AL

S7HFH I (p=.001,
ROCK1 ©d &S {oJstHA AaAlxl Ao
UERATHp=.001, respectively). o]zt Z}

BACEIT A ghaige] gaat o4 7182 24k 2o
2 BUEATH26, 27]. 53] 4R AolA

SIRT1/PGC-12 9] ¥ 7ta BACElLS %7}

respectively)

AD A% BB Bl oz A4 &5
E3 ADAMIO® RARB @ 2719}
BACE1? ROCK1 whijd #d 4z Hugh
Aggst dAoke AT vehicii4] ot

o rlr Hu

A 2 Al 857k REE non-
amyloidogenic pathway & =747
amyloidogenic pathways JAAA Ap T

RS FaAT ARHOR ABAEAES
sk B A7 A AR Aoz A

gy,

AlZ1 ADAMI0S AAAIA Ap Sado] 534
= 7M1 4 Stk HuskeitH2e, 27] ®
g, AD HEZ  o]gt AFY *E2
SIRT1/PGC-1a& Z7HA#A BACElI®} ROCKI
9 22 Z4aA711, ADAMI0Y RARB
AL IV AoR BHAsttH14]. ol A
4 %52 B SIRTI/PGC-la  713e]

pathway®}t non-amyloidogenic
T}l .o

R R

amyloidogenic
pathwayS ZZsto] AdpHoz Ap
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AN Ao=w AZH wepA & AFoA e
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Fig. 4. Resistance exercise activates the level of SIRT1 and PGC-1a in the AD mice model.
A) Representative blot of western bands for SIRT1 and PGC-1a. B-C) Densitometry
quantification of the SIRT1 and PGC-1a. D-E) Correlation analysis of A -42 and
SIRT1 and PGC-la (n=4/group). Values are expressed to 100% for levels of NTC
group. fB-—actin was probed as housekeeping gene. All bars shown represent the

means + SEM (#=4/group). A LSD post—doc test: ~p<05, ~ p<0l,

*

7 p<.001,

compared to the NTC group; *p<05, "pd01, " p{001 compared to the NTRE
group. *p<05, ¥ p01, ¥ p{ 001 compared to the TC group. NTC: non tg control,
NTRE: non tg resistance exercise, TC: tg control, TRE: tg resistance exercise.

- 425 -



Vol. 37, No. 3 (2020) AP 5ol gzatol FARG A W weh obdzol= fiAeh AA7T wAE FF 9

AZAES ANA AR eS AN R
2 vehgth webd olE F@s) MW RE: A
f BN NE 2FY 4 Y- E skt &
FH9 ©F Fe|E AR ekt RES)
QA5 A &Y S1Ae PAHOR WY 4
ol ofn] gl A7 Avetn Az shAR
AB T S 2 ch 71R(14
MY, £EA AEA, QA NEDC
gob 73550l £Ajst] WEe] RE 250 o
g ek P2 714977 Basha Az
ot

#ZAe| 2

*This work was supported by the Ministry of
Education of the Republic of Korea and the
National =~ Research Foundation of Korea

(NRF-2018S1A5A2A02070874)

References

1. H. J. Nam, S. H. Hwang, Y. J. Kim, K.
W. Kim, “Korean Dementia observatory
2018”, Seoul Central Dementia Center,
Ministry of Health and Welfare, (2018).

2. D. ]. Selkoe, J. Hardy, “The amyloid
hypothesis of Alzheimer's disease at 25
years’, EMBO molecular medicine, Vol.8,
No.6 pp. 595-608, (2016).

3. G Botteri, L Salvads, A. Guma, Lee D.
Hamilton, P. J. Meakin, G. Montagut, M.
L. J. Ashford, V. Ceperuelo-Mallafr¢, S.

Fernandez—Veledo, J. Vendrell, M.
Calderon—Dominguez, D. Serra, L.
Herrero, J. Pizarro, E. Barroso, X
Palomer, M. Vazquez—Carrera, “The
BACE1 product sAPPS induces ER stress

and inflammation and impairs insulin
signaling”, Metabolism, Vol.85, pp. 59-75,
(2018).

4. P. H. Reddy, X. Yin, M. Manczak, S.
Kumar, J. A. Pradeepkiran, M. Vijayan, A.
P. Reddy, “Mutant APP and amyloid

beta—induced defective autophagy,

10.

11.

- 426 -

mitophagy, mitochondrial structural and
functional changes and synaptic damage in
hippocampal neurons from Alzheimer’s
disease”,  Human  molecular  genetics,
Vol.27, No.14 pp. 2502-2516, (2018).

R. J. Mullins, T. C. Diehl, C. W. Chia, D.
Kapogiannis, “Insulin resistance as a link
Amyloid—Beta and Tau

pathologies  in  Alzheimer's  disease”,

between

Frontiers in Aging Neuroscience, Vol.9, pp.
118, (2017).

V. Sharma, P. Nagu,
Sharma, H. Kumar, “Amyloid Beta
Mediated Mitochondrial Dysfunction in
Alzheimer's disease: A Mini Review”,
Current Pharma Research, Vol.9, No.3 pp.
2981-2990, (2019).

W. H. Organization, “Risk reduction of
cognitive WHO
guidelines”, in Risk reduction of cognitive
WHO  guidelines.

R. Thakur, P.

decline and dementia:

decline and dementia:

pp. 401-401, (2019).

. L. A. van der Kleij, E. T. Petersen, H. R

Siebner, J. Hendrikse, K. S. Frederiksen,
N. A. Sobol, S. G. Hasselbalch, E. Garde,
“The effect of physical exercise on cerebral
blood flow in Alzheimer's disease”,
Neurolmage: Clinical, Vol20, pp. 650-654,
(2018).

T. Matsui, H. Omuro, Y. F. Liu, M.
Soya, T. Shima, B. S. McEwen, H. Soya,
“Astrocytic glycogen—derived lactate fuels
the brain during exhaustive exercise to
maintain endurance capacity”, Proceedings
of the National Academy of Sciences,
Vol114, No.24 pp. 6358-6363, (2017).

H. C. Park, J. U. Cheon, “Effects of
16-week Combined Exercise on Dementia,
Depression, and Cognitive Function in
Elderly Women”, Journal of the Korean
Applied Science and Technology, Vol36,
No.2 pp. 456-467, (2019).

F. Liang, T. Huang, B. Li, Y. Zhao, X.
Zhang, B. Xu, “High-intensity interval
training and moderate—intensity continuous
training alleviate B —amyloid deposition by



12.

13.

14.

15.

16.

17.

r-lolw

inhibiting NLRP3 inflammasome activation
in APPswe/PS1dE9 mice”, NeuroReport,
Vol31, No.5 pp. 425-432, (2020).

B. Zeng, G. Zhao, H. L. Liu, “The
differential effect of treadmill exercise
intensity on hippocampal soluble a8 and
lipid metabolism in  APP/PS1  mice”,
Neuroscience, Vol430, pp. 73-81, (2020).
L. Woost, P. L. Bazin, M. Taubert, R.
Trampel, C. L. Tardif, A. Garthe, G.
Kempermann, U. Renner, G. Stalla, D. V.
M. Ott, V. Rjosk, H. Obrig, A. Villringer,
E. Roggenhofer, T. A. Klein,
exercise and spatial training: a longitudinal
study of effects
factors, and

“Physical

on cognition, growth
hippocampal  plasticity”,
Scientific reports, Vol8, No.l pp. 1-13,
(2018).
J. H. Koo, E. B. Kang, Y. S. Oh, D. S.
Yang, J. Y. Cho, “Treadmill
decreases amyloid— 3 burden possibly via
activation of SIRT-1 signaling in a mouse

exercise

model of Alzheimer's disease”,
Experimental neurology, Vol288, No.5 pp.
142-152, (2017).

C. McGlory, M. C. Devries, S. M.
Phillips, “Skeletal muscle and
exercise training; the of protein
synthesis in recovery and remodeling®,
Journal of Applied Physiology, Vol122,
No.3 pp. 541-548, (2017).

E. M. P. ortugal, P. G. Vasconcelos, R.
Souza, E. Lattari, R. S. Monteiro—Junior,
S. Machado, A. C. Deslandes, “Aging
process, cognitive decline and Alzheimers

disease: can strength

resistance
role

training modulate
these responses?”, CNS & Neurological
Disorders—Drug Targets (Formerly Current
Drug  Targets—-CNS &  Neurological
Disorders), Voll4, No.9 pp. 1209-1213,
(2015).

K. J. Marston, M. J. Newton, B. M.
Brown, S. R. Rainey—Smith, S. Bird, R. N.
Martins, J. J. Peiffer., “Intense resistance
exercise increases peripheral brain—derived

neurotrophic factor”, Journal of science

18.

19.

20.

21

22.

23.

- 427 -

Journal of the Korean Applied Science and Technology

and medicine in sport, Vol20, No.10 pp.
899-903, (2017).

K. M. Broadhouse, M. F. Singh, C. Suo,
N. Gates, W. Wen, H. Brodaty, N. Jain,
G. C. Wilson, J. Meiklejohn, N. Singh, B.
T. Baune, M. Baker, N. Foroughi, Y.
Wang, N. Kochan, K. Ashton, M.
Brown, Z. Li, Y. Mavros, P. S. Sachdev,
M. J. Valenzuela, “Hippocampal plasticity
underpins long—term cognitive gains from
resistance exercise in MCI”, Neurolmage:
Clinical, Vol25, pp. 102-182, (2020).

M. C. Chang, A. Y. Lee, S. Kwak, S. G.
Kwak,
depression in  mild Alzheimer disease
patients with sarcopenia”®, 7he American

“Bffect of resistance exercise on

Journal of Geriatric  Psychiatry, Vol28,
No.5 pp. 587-589, (2019).

S. E. Lamb, D. Mistry, S. Alleyne, N.
Atherton, D. Brown, B. Copsey, S.
Dosanjh, S. Finnegan, B. Fordham, F.
Griffiths, S. Hennings, 1. Khan, K. Khan,
R. Lall, S. Lyle, V. Nichols, S. Petrou, P.
Zeh, B. Sheehan, “Aerobic and strength
training exercise programme for cognitive
with mild to
DAPA RCT”,
Vol22,

people
the
Health  Technology — Assessment,
No.28 pp. 1-202, (2017).

T. M. Vital, S. S. S. Hernandez, R. V.
Pedroso, C. V. L Teixeira, M. Garuffi, A.
M. Stein, J. L. R. Costa, F. Stella, “Effects
of weight training on cognitive functions
in elderly with  Alzheimer's disease”,

impairment  in
moderate  dementia:

Dementia & neuropsychologia, Vol6, No.4
pp. 253-259, (2015).

J. P. Cleary, D. M. Walsh, J. J.
Hofmeister, Shankar GM, Kuskowski MA,
Selkoe DJ, Ashe KH, “Natural oligomers

of the amyloid-f protein specifically
disrupt  cognitive  function”, Nature
neuroscience, Vol8, No.l pp. 79-84,
(2005).

L. R. Clark, A. M. Racine, R. L. Koscik,
O. C. Okonkwo, C. D. Engelman, C. M.
Carlsson, S. Asthana, B. B. Bendlin, R.



Vol. 37, No. 3 (2020)

24.

25.

26.

217.

Chappell, C. R. Nicholas, H. A. Rowley,
J. M. Oh, B. P. Hermann, M. A. Sager,
B. T. Christian, S. C. Johnson,
“Beta—amyloid and cognitive decline in late
middle age: Findings from the Wisconsin
Registry for Alzheimer's Prevention study”,
Alzheimer's & Dementia, Vol12, No.7 pp.
805-814, (2016).

H. S. Um, E. B. Kang, J. H. Koo, H. T.
Kim, Jin—Lee, E. J. Kim, C. H. Yang, G.
Y. An, I H. Cho, J. Y. Cho, “Treadmill
exercise represses neuronal cell death in an
aged
Alzheimer's disease”, Neuroscience research,
Vol69, No.2 pp. 161-173, (2011).

F. Kamenetz, T. Tomita, H. Hsieh, G.
Seabrook, D. Borchelt, T. Iwatsubo, S.
Sisodia, R. Malinow, “APP processing and
synaptic function”, Neuron, Vol37, No.6
pp. 925-937, (2003).

G. Marwarha, S. Raza, C. Meiers, O.
Ghribi, “Leptin attenuates BACE1
expression and amyloid— 3 genesis via the

transgenic  mouse  model  of

activation of SIRTL signaling pathway”,
Biochimica et Biophysica Acta
(BBA)-Molecular ~ Basis  of  Disease,
Vol1842, No.9 pp. 1587-1595, (2014).

H. R. Lee, H. K. Shin, S. Y. Park, H. Y.
Kim, W. S. Lee, B. Y. Rhim, K. W.
Hong, C. D. Kim, “Cilostazol suppresses
B-amyloid production by activating a
disintegrin and metalloproteinase 10 via
the upregulation of SIRT1-coupled retinoic
acid receptor-B”, Journal of neuroscience
research, Vol92, No.11 pp. 1581-1590.,
(2014).

28.

29.

30.

31.

- 428 -

AP 250l gzstoln] AR A K9 Her obBzolE dhAret QA7) MAE GF 11

Y. I. Kim, D. P. Ok, S. Y. Cho, “The
Effects of Regular Taekwondo Exercise on
Brain wave activation and Neurotrophic
Factors in Undergraduate male students”,
Journal of the Korean Applied Science and
Technology, Vol35, No.2 pp. 412-422,,
(2018).

D. Y. Hwang, K. R. Chae, T .S. Kang, J.
H. Hwang, C. H. Lim, H. K. Kang, ]. S.
Goo, M. R. Lee, H. J. Lim, S. H. Min, ]J.
Y. Cho, J. T. Hong, C. W. Song, S. G.
Paik, J. S. Cho, Y. K. Ki, ©
behavior, amyloid beta—42, caspase—3, and
Cox—2 in mutant PS2 transgenic mouse
model of Alzheimer’s disease”, Federation
of American Societies for Experimental
Biology, Vol16 No.8 pp. 805-813., (2002).
L. W. Bradford, “Problems of ethics and
behavior in the forensic sciences”, Journal
of forensic sciences, Vol21,
763-768., (1976).

K. Bromley—Brits, Y. Deng, W. Song,
“Morris water maze test for learning and
memory deficits in Alzheimer's disease
model mice”, Journal of Visualized
Experiments, Vol53, €2920, (2011).

Alterations in

No.2 pp.



