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The effect of treadmill exercise and Sildenafil administration on tauopathy and

blood-brain barrier function in Alzheimer's disease mice model
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The aim of this study was to investigate the effects of treadmill exercise(TE) and/or Sildenafil(SIL) treatment on pathological hallmarks
of Alzheimer’s Disease(AD). All group, except CON group were intraperitoneally (LP) injected ALCL3 drug (40pg/kg) for 60 days to induce
AD mice model. After then, they were LP injected SIL treatment (7mg/kg/day, 5 times a week), and was conducted treadmill ex-
ercise(10~20m/min, 50min, 5days/week). First, cognitive deficits and muscle dysfunction were significantly improved following TE and/or
SIL treatment. In particular, increased PHF-1 and TNF- ¢ induced by ALCL3 treatment were significantly rescued following TE and/or SIL
treatment. Finally, BBB-related proteins such as occludin and claudin-5 were significantly reduced by ALCL3 administration. However, TE
and/or SIL treatment can reverse these proteins level. Taken together, our results demonstrated that TE and/or SIL supplementation alle-
viates cognitive deficits and muscle dysfunction by reducing tauopathy and inflammation. In addition, these interventions can improve BBB
impairments induced by ALCL3 treatment, which can play a role in a preventive strategy for Alzheimer’s disease.
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A7AE A 23K neurodegenerative diseases) S 3ol wha}
Age= 271 dgor B4 ¥ Axe 54 ol Z3,
HAR ATAE T AA AR 7)) BA 5oz AAA
Zo Aol Yt QlA7|Fe] ZHagrtHHeemels, 2016; Yu 5,
2020). o), ¢=3a}o|w| 23K Alzheimer’s Disease, AD)S 714 B
QA w s tiEHQ] AFEGAY daos gl YA of
A71A Ao gk 7122 I U A5 HEA QA
2THSelkoe, 2001). SPAIRF B Aol HES] HEl opdRo|=
(B-amyloid: AB) WA Ao AE Z4HE o7& Aow
BuEglon ofF AAAY F2& JAIs] A3 thks
Eo] A=Eal ltkSelkoe, 2001 Selkoe and Hardy, 2016). 3]
AT H7MA Ap ©0d S8 JABIAY 277 S B
S A7 AP YA YR AFeA Ap T Ao}
el mE QA7 At Bl Gtk ATt RaEHA
Ap wF olojel ThE thilAEo] iAol Hasithal AAH
A cKPimplikar, 2009).

EF 9 3 (taupathy) & ADIA Uehbe = O djEd B4 o
MA2 AT B B SNSE AT ANRY ¥

(neurofibrillary tangle, NFT)o] MEZAPES fFEshs Ao 424
AtKLebouvier %, 2017). 53] #1448} | R whildo] AD %
7] el Il A QAL ol PIEZEE0} 7o,
ABAZ ApES} 22 Yt 45 Zst] A os QA7
5 Al $8 9L Ity HuEQtivan der Kant, 5 2020).
webA RIS | BN TE S A7 RS AN
© 22 ADE #Eske & i Al duez AAE
T Sk SEARE obF7kA] Bl wEE 24 U1 &2
e 718 sk d7e 53 A%l olg #ed bk
3 =

FHZ, HEB 7)%5o] Hcerebrovascular dysfunction)& AD %7
o Yehte 353 Wess EXolgta Basoe 7] dgks
Ackst=r & A®ga AAEHSITHLove and Miners, 2016;
Rius-Pérez 5, 2018; Joo 5, 2017). ZU|§AE 3 Qaksld ERS-
ohila 2248 w-¥3 W (Blood-brain barrier : BBB)Y] 7% o]
Fe ZUEAY 52 FFgE e HEAES B 29¥o=

o i

2020). wEbA ERHES dF S8A7E e AD HER V)
Aolg sA7IE Sl AAVISE AT e 2R
Wolgta A4 4 Qo

AAEFL AR (neurogenesis), = el 4174 G U1 AKBrain
-derived neurotrophic factor : BDNF), A74AM% AZE(neuronal cell
surviva) & SAESIAIA HAE EB8ESe] ARA)] VS
nxE 2oz deiA QtiWhite and Castellano, 2008; Fahimi 5,
2017). &3] EF=E AFA &5 ADO| YeR= HEs &
A R H tau SHES YE AAAA AFAE APES
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AL A5 E& FFH AolE Wehs Aor R
tHJeong 5, 2018; Liu %, 2020). o]#{3+ 5ol 9|3} 7olaks
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By @A s ADAA Ushhs 83 7soldE 4 U
AN T 0 Z0E ZIEs YA oA 5ol 93 ERP
WS g3 71sS RIS A7 g 25 AHo|tk

FH AU (Sildenafil, SIS 4 715 5t oyl AEzS
AR o TlseRdell ARl FEr g el 14
T FE o AduEs AHT AR AHEFel g8l
5 & Yol T/l BustkAgusti 5, 2017). Eg
2ol =EFAA 2EHAE FEAR 5ES Ode= SL 43
W 2EY2E NI JAVSE WAL RS
CHSikandaner 5, 2017). AD9} A A} A A5 4
HEH Sheng (2017 g=stoln| AIAAES thdo = Aut
& AT A o] RYS A 715E TR H9 4
A ARAES A AT ARG BRasigltt wet
A ol FRAMEE e AuuEe EffAAE= ADAA FF
Aoz Yehhs BRI ¥ g3 7)5olds O% 9AE
AHE 7HsAE ANT 4 on Aoz 9A7)% FAld)
Q1 Wolgks ASHARl ARE AT F Us AR A
ZHEd. spARE ofH7bA] 5 Adude] EfAAl] oJ% g
SHZF B2 ol9} AT WsS IF dFE HES A
Zolct.
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1. AREE ¥ MR

C57BL/6 ul-2(n=40, 8 weeks, female)E t)AFo 2 1964 &
A7) Aol ZA3led Guiding Principles for the care and Use of
Animal 7}o]=gRele] whe} £=(22+17), F=(50+5%), T~oKt A
s 3 &%Glight-dark cydle, 1247ho] AF2 02 M= F=
Ao A AAsIGon e Ay 9 dae 7|3y 554
P E3Y UE AHA gt b, ADE FE317]
934 Aluminum Chloride(Alcl;)& 6097H40ug/kg, Intraperitoneal
injection, ip.) T8t HeS (1) Sham-control (CON : 8wl2));
(2) ALCLs—control (ALCLs : 8w}2]); (3) ALCLs-Treadmill exercise
(ALCLs-TE : 8u}2]); (4) ALCLs-Sildenafil (ALCLs-SIL : 8u}=]); (5)
ALCLs-Treadmill exercise with SIL (Combiend : §vje))o 2 F&E3}
Aot AeldSigma) 4= Orejana 5(2014)0] AAgH WL
Agato] A UE(Tmg/kg/day) < 452K53)/5) B4 Tkt
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Eed 58 FE4YE Efcy 7)7]@-Lanes treadmill,
Daemyung scientific Co, Ltd, Korea)2 5Q7F AFHA$ S-5(10min,
10m/min)& AT o]F B 250% HFHow ¥FAEE
S7WA 47 FH10~20m/min, 50min, Sdays/iweek) AAISFHTE
& AN Y dxFTe] SRsl e ecles 24
3] 93l &5 Jod FYS Abet EFTE 717] 9o mEF
252 Ak

AEZ &2 ZAKNovel object recognition memory)= AE-&
AE Bk sE59 5485 ol8ste AR 71sd
Sh= WHolth WA dYsEs SR A3 &
el 27H«l YT EAEA AE SR FAHES Stk
o] % of 24A7to] At H ddF=S 2 Y W e
EAA shUE tE EA0] wAAMNAEA B) 1727+ dds=0] A
¥ EAE BAlsk=t AHlske ARES 7153t

4.2 75 g

AD F=9] AAZEE Z785k7] fleiA] Madiha 5(2018)9] A+
o| A AM2-E Kondziela’s Inverted Screen TestE £ Aol 9] 4
7 - Hekste] ZAsIATE 34 WL 45am XA BAAE S
A AFE FAFo] 5= AAEEL o AR 23
SRtk Wl tig TAS A5 717] flsliAuigel S4ls A

aAle] Z2AE AXEeH BE S Y% ST £ 2W

o] SAE AT Fo O 7 Hdighs A8kt AR8Sith

BE A7} $59 3 pentobarbital sodium (50 mg/kg)S E73
W Fdate] miska maAl ¥ 248 AEstel B4A7A]
i FAANA -80C 2A¥%7|Deep Freezer, SANYO,
Janpen)o]] 3% 2319t
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ﬂ%ﬂgi 228 22% Bradford1976)50] wel AFsia B3
Sad S 20-30ug -2 10-12% SDS- Polyacrylamide gelellAl %
719% f‘f}—?— PVDF membrane®.2 ZoJAHth o] 3-5% BSA7}
A7k TBS-T §402 60-90% &<k Aol blocking A7l %,
IR BAE 4C F2 204 @-12A1%E o) wHeAHTE o]F
TBS-T ¢h5-8405 8E%t 53] AlH = 224 FAIE =04 60
Tt HEAIZT olF B TBS-T 5o 821t 53] A4
3, ECL solution(Santacruz Biotechnology, USA)¢ll membranes- 1+
7+ @AEla membraneg ©]u]A] B4 Alxl(Molecular Imager
ChemiDoc XRS System, Bio-Rad, USA)S o|&ate] ~703 %
Quantity One 1-D Analysis Software(Bio-Rad, USA)E o83t %

cha 38 ARESISIT
7. X=x2|
FR% AEE PSS Statistics 24.0 A ZRIWL o] &3]

7+ WRlEY Ulg V& SAAE Hd+EFHAMean£SEE 4
Z3tk 7 T A7) el mE WSS Aols JYUWEE
A(One-way ANOVA)E 2A3I¢om 1 2jol& FAF oz B
&17] 98l LSD (least significant difference)S o]-&3lo] ALE AZ
S AN on) BE Az EAAH {94l o=052 A
g3l

1. EYl=Q 2=3} SILME| e QKPS| His}

4771el B el 253 Ay AFdl i dA7sE &
ol5l] Y3l AIEHERN AAE AAEEoH A 7t EAAOR
FOIR Aok vheht AE A ANBIKIY 140, WA
CON ek} vlmalal ALCLy oFE-e B3 Hue A2 B4
ol Buls Azl BAHOR fojslA adhe AoR Vel
SAu Efed £ A3 ALCL-TE Ao e E4=

—o =

Discrimination index (%) G
a 3 g

»
bg

&l 1, Treadmill exercise and/or Sidenafil administration alleviate cognitive function in ALCLs-induced AD mice model, (A) Exploration time
of the Novel object recognition memory during training session (B) Exploration time of the Novel object recognition memory during test

session; (C) Discrimination index (%), All bars shown represented the means + SEM. A LSD post-doc test: *p¢0.05, **p{0.01,

p¢0.001

versus CON group; #0¢0,05, ##0{0.01 versus ALCL group; 8&0¢0.01 versus ALCL-SIL group.,
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BAsHE Aol 93 F7KE 2102 Ueh} 250 9% Q4]
SOl AME ZoE uehdth sAW AEUEE 4AT

ALCL-SIL Bl #xjo] o A28 84 g4 ARko] 5
Ho= RoIF Aol ehtA wgick W Ed=d £5) A
HEe 23 AA% Combined TEAME WY AAR 183}
Hslel A28 BAIA Bl Aol BALOR Fhe Ao
vtk D

2. Effl=d 230t SRl wWE 2 7S] Wt

47310 EF s 5 Adu AFd o 2 715
QU371 $13l Grip tests AABIH oM ATk 1 BAZOZE {9
Zol7h e} ARE S-S AASITKIY 2. ALCL; &5 F
ofgh Fthe CON et nlwsled SAHCE folsi & 7%
o] A% AoFE Uehyith AAd o & 7% IES <
A3 Efed &5 ALC, Fo9dl o3 ad 2 7%
BN Ao UehtAuk AuuE AFHEs AR §9
apol7b YeRtA] i) miA|gto g Efod 53 Ay
BIXAE ALCL, Fooll 93 s ZAE 3EAR Zow
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ANFYTK 1Y 3). WA PHF-1 whd 42222 ALCL
ON Fths} Hlwste] BAHCR frofab 71 2o s
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12! 2. Treadmill exercise and/or Sildenafil administration restore
muscle function in ALCls-induced AD mice model, Al bars
shown represented the means + SEM, A LSD post-doc test:
*0¢0.05, *p{001, *p{0001 versus CON group; #4005,
##0{0.01 versus ALCL group.
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7202 Uebgtk 1y 4B sh% 228 Ocdudn® E¥=d
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&l 3, Treadmill exercise and/or Sidenafil administration reduce PHF-1 and TNF-e expression in ALCLg-induced AD mice modd, (A-C)
Representative blot of western bands and quantification for PHF-1 and TNF-« in the cortex, All bars shown represented the means + SEM, A
LSD post-doc test: *p<0.06, *p{0.01, **p<0.001 versus CON group; #0005, ##0{0.01 versus ALCL group; &0{0.05 versus ALCL-SIL group.

282 Sport Science 2022. 40(1)



ALCL; -2 AAEAELR 7|7 Tl HE T3t ¢
A Aukoll p-amyloid TAS} FIAE B ER- ThalEo] 23
Hol IA71sE A3HAIZ]7] Wizl AD A AFelA ARSHETH
(Kawahara -5, 1994). & AFollxs MY+ Aot fARH
ALCL; T JAVles BAFCE fosiA 24aARl Zes
UERFTKIE O, 252 84 e nkexe] B4 F AR
EAE 2Asker 9 ErE /Rt Ae SAR FEEHATh
E3] CON Aot} vlwale] ALCL Aok Q2L EAo i3k &
n 5.0 BA Aj7to] ZhaE 08 Uehith o= ALCL; Fojdl
o3 JIA7|E B2 7|95 Ee] 1ad AR M F 3o
ALCL; Fofell oJ3)] QIAEHo] Zasgitta Bugh Mo}
S A7E JeRdt Chiroma 5, 2019). 3FA|9F 4F7ke] Ed
Tl 52 24A4E JAVIEH 719 sEE YR 35AR AL
2 Uehgd &5l 93t A7 NS B o] dad
T} SAke A7E JeRITHCha 5, 202D). &, Adg 43
T 4% Aes MIANE S dot BaEATHL 5,
2019; Venkat -5, 2019), ¥ AFolAMe= A3l 93t S1A7]5 A
= YA @9ttt ol ot AuuE Fof 4t 713k
ot AolsAl tEA vehd 4 e ZeE Az ARt
Efed 53 3 Auu H3HE 859 4A]3 Combined 1
o EAE 2wS AN B AREG A7)0l STk
A Uepdth uebd 35 Aduel oigk LAHA Tl
I AZIE 245 A B 75 ES EEkE o] F8
stk

ADE HEAH R QA7 s At F HHo R ANE7] i
o R Ho] 7% FAd 2HL 1 gtk sAY YR o
TollA AD= ¥ ek ofe} 2 7] At @] UER] W
o o]& /WA= Zo] ADE Felshes & tE Wiolgta B
1FAtHTurkseven 5, 2017; Moon %5, 2018). ool & AFoA=
47710 EfEY 52 Ao Al o3 2 7% A &3
£ ERIsk7| 93l Grip testE AAsISATE EPEAIE ALCL; Fo
© 2 7les sl ANzl AR eyt o ALCL; F
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o7} Q1A AsHEdt oflet & 7SR AAATE okEolzta
AT SRR ofA7lA] ALCL; Fololl o3k 2 752 S]IgH
AT wie BEap] diel % #E 71HE SRI% el
S7HET ALCL; Folof gal] THad & 7|52 477t Ecd
5 Bl 9F M ACE Yeht &5l o3 2 VT F
’4e Bagh APArol fARE 23S JeR: gkl g5 A3
Aol AduE AHe 25 did J4 371 2 929 &
T2 Asks 4 AAAZ F glvkal BauE{tiMoore 5, 2016;
Percival &, 2012). oo & A= ALCL; T 93 & 7]
s At Adu AFHE g3k 7 deA Skis A o
9] AduZ AFHel g 2 7% A YErA &9ut st
Ak EY e 257He A 253} vlwsle] Combined 1%
A 2 7% /Aol Frlkske AdeE UEh] wEed E3A
A0 gk AR Z23E F353 B 5 Stk s BARCE
Fofgk ztol7F YERA] 9k oA e AAY Adud F
of <k} 7Rt wet ARt Zold 4 ] " % AFE
53l He 7AE ER1E et ok

ERtan) e vHad HE g2 ookt ohdEs
332851 microtublule dynamic} WESIE st AAH
924 B 52 A7l Hofdith SEARE ADAE ofi
gt ol-FE ERTE IRIAISL Hoj AE 2E# 29 A HF
(inflammation), P|EZE=g]o} 7)%o}Hmitochondria dysfunction),
2 ARz AMES FESTHKoo 5, 2017). 53] PHFs(paired
helical filaments)&= 2} Q1A3LE tau Thildo] =2H )& A3}
Hog AANFY F=meurofibrilary tangle, NFT)& &3tk
B oo A= ALCL; Foj& PHF-1 vl w28 93517
S7HAA A ANGE ZAAE ER @Ee] 3t s} e
ASE siMd ok EZ oldd 4 iskE AE St
S TTMA NEARES fEsked £ A7oME PHE-1 o)
Z o] $71F ALCL 254 INF-o @A o] 9]
A Z7F8 AoE Yepdth ¢ Efod &5 PHE-1 52
YR TraAlE Z10E BuEglor(eong 5, 2018), ol H%
WSS Y7 A & QIS Ao E RS 4 Stk sARE £
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12! 4. Treadmill exercise and/or Sildenafil administration increase occludin and claudin-5 expression in ALCLg-induced AD mice mode!, (A-C)
Representative blot of westem bands and quantification for occludin and claudin-5 in the cortex, All bars shown represented the means +

SEM. A LSD post-doc test:
group,

B 20t A MEP 2Xsi0|0EE S5 20| BlESt KR 1 TS0 0fX|

**0{0.001 versus CON group; #p¢0.05, ##p(0.01, ###0(0.01 versus ALCL group; &0<0.05 versus ALCL-SIL
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s o Ay AH=Z Qg PHF-1
Sa1sh 25t I8 Aolok e sl SR Sl
AT B A B sl

Aok BEZEL TNF-o 9l £33 Efed 5 2 Auvz
Aol ol AR R RofsiAl Ahdhe Aow vehgth ot
g Bt 5 9 AU AFHe By B IRltEt
& JAsAY 22 A
Hrjolgtar Azt

URHA O 2 HERL ¥ & °1]L17<l-°+ s % %\:ﬁ& Bt of
Yz} tiabgel A AR =4 3
< AskE e ¥ A% J} °ﬂ vﬁﬂ ﬂo]i A 2l
CHZlokovic, 2011). slAIRE HEH 7|5 Astol o3t ¥ FHF
(cerebral blood flow) 7= 9| olUAIthALe] £t 97
Sol 29 FA PUAE aRHo s AASHA Hetal A= A
ZAAEY AEe dog)E Aew BHuEITHZokovic, 2008).
HEAE AD H38% 7 #HE 71d F BBBe #elis |
B TiEd ue WAE dE" Aew HuHdlt
(Zetterberg %, 2019). 53] BBB 7%l 503 Wady oz
(tight junction proteins)&<] <o) FhAas|o] HAHe| Aol7} =
et HuESIcSweeney &, 2018, Yamazaki 5, 2019). ¥
AFANME ALCL; Fode 2aA3 @dQl occuding claudin-5
TEe TS A2AR AeE Yeth ol oA AW A
A ERp # QI4RSIE 1% PHF-1 7 S71eF o] glon
A or ARAHe] F25 TR AR dXE 5 Stk
A EFsl 58 7AW occludnd daudinb ©hd 45
< S7HIA BBB 715 &5 /AR Ao s AdEn: 3 4
g AdF el ogk o] 7 wd 2 occludind F7heE WA
daudin-52 frelgk Zpol7k VERtA]l itk AR EFEY &
53 7 AeuES 43¢ Combined oA F dld mF
el S7kshe A&l veRsy] mizell A o3 Al
A ZIE el & ¢ Aok AR 47710 EdEd 2 &
& A Fojof o3k FA12 a3 AFE] e F
7HQl A97F Fesitkal Az

ool

12

E 478 SaY (709 Aoy £F SE U8
HHE ALCL Telol o3 AD ¥ejsts 5491 QA7lsst 2]
5 A3k Q¥ Y FloR ekt T2 1 HeES
5 BBB 71 A3tk 224l Hole] ofsh U
ehtth webd ol FHeINY Eded o
e gzsloln] A8 ek e

U gaAld 4 Qe Al Pele A

A ot
Jlole
rlo
>
=
&
X

= ES —
B A9 AD 23 5F RdS gosw Eded 2 4
gy A37E A7, 2 7%, BHES 9 BBB dd ©d
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WAL HIsier o 1 Aske Bhest guh EdEd 8%
3 AU BAE ALCL, oFF Relo] oj3 AA7)53 2 715
2 A% PN A0 Uehidth B EdY 259 A
o S S0 38 A A0 ez A,
oo ©J3 BBB ¥l BRI 7= FHt BT £53 Ay
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