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Effects of acute treadmill exercise and adenosine A,receptor blockade on
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H A= U3y EF =l 253 adenosine A, 84 2gto] dfjufe] c-fos AT 27| mX= FE 3] LolR Al S 85
Hol C57/BL6 micem=120)5 adenosine A, &4 At FAHn=60)z} WA HHn=60)= FE3+ 3 adenosine A, &4 A FH=
adenosine A, receptor inhibitor (DPCPX, 1mg/kg)S E7 FARBIATE adenosine A, 84 A HEL 1) BAFD0=10), Q) AL= 53
Hn=10), Q) A-FA= +ed2Hn=10), @ 4= =4Hn=10), ©) 2Z= =842 An=10), (©) T4= r‘iél% Bn=10°2 FE3}H1,
A HER 22 207 A AHEA-H, A= ﬁ—E%‘JE‘f A-FAE +538E, SAE L5, AT L5 A AT 5
g Doz FEIGT. Y934 Eftd o2 JHE EEAXd wegt ARE(10m/min; 30min), A-FHE=15m/min; 30min), A%
(20m/min; 30min), 3% AB0% max; interval exercise), 7= B(all out; interval exercise)Z AAISETE 2947]19L Y-maze P54 = &5
sto] RISt Ad4T, A% LY 14T LT A AT 51T BY oA c-fos HHo] F7IIHH(K.05), 247
A% e ASE YEPHTHK05). T2} adenosine A, 8A1E At 45 £5dTY IAE 53T A 1A= 54T BY
47192 gk "srF YehA] ko), sfute] cfos Hae S7lske ASE YERGITH(K D). o)de] 2HE st SH= oY
A3 EF =T &5 vt cfos WAE ST AQ719E FEARITE T2y adenosine A, TEA|S) A HIA FAE &F
I IFE 5o ME ZA719 S AASHAT st cfos FAAE FIFE PIAA] K ASE FRISH

Abstract

The purpose of this study was to investigate the effects of acute treadmill exercise and blockade of adenosine A, receptors(AIR) on
c-fos expression and working memory in the hippocampus. C57/bl6 mcie(8weeks aged, n=120) were used and divided into two groups;
AlR-blocking (n=60), non-blocking (n=60). AIR blocking mice were injected with AIR inhibitor (DPCPX, 1mg/kg) intraperitoneally. The
AIR-blocked rats were divided into (1) control group (n=10), (2) low-intensity exercise group (n=10), (3) low to moderate-intensity exercise
group (n=10), (4) moderate-intensity exercise group (n=10), (5) high-intensity exercise group A (n=10), (6) high-intensity exercise group B
(n=10), Non-blocking mice were also divided into six groups (control group, low-intensity exercise group, low to moderate-intensity ex-
ercise group, moderate-intensity exercise group, high-intensity exercise group A, high-intensity exercise group B) under the same
conditions. Acute treadmill exercise was performaed at low-intensity (10m/min; 30min), low to moderate-intensity (15m/min; 30min), mod-
erate-intensity (20m/min; 30min), high-intensity A (80% max; interval exercise) and high intensity B (all out; interval exercise) according
to the group exercise treatment. For working memory, the Y-maze behavioral test was performed. As a result, c-fos expression was in-
creased in the hippocampus of moderate-intensity exercise, high-intensity exercise A, and high-intensity exercise B groups (zX.05), and
working memory was also improved (2X.05). However, there was no significant change in working memory in the moderate-, and high-in-
tensity exercise A, high-intensity exercise B groups in which the AIR was blocked, and c-fos expression in the hippocampus was in-
creased (zX.05). Summarizing the above results, acute treadmill exercise of moderate intensity or higher increases hippocampal c-fos ex-
pression and working memory. However, it was confirmed that AIR blockade inhibited the improvement of working memory following
acute moderate-intensity exercise and high-intensity exercise, but did not affect c-fos expression in the hippocampus.
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obd|:=Al(adenosine) o] ®olr] 3l #H4S E3 AAHE o]l
(inosine) ofellAl F8AE B3t 245t 7o =(Welihinda,
Kaur, Greene, Zhai, Amento, 2016), oA AAH o]l A7
A FAol| JgFe mHE Ao® HuEy ckDachir et al,
2014). Ruhal?} Dhingra(2018)= =8} Hel|A<) o]l 7= 3w}
(hippocampus) CA 1(cornus ammons 1) %< (region)ollA A73AH1E
o] H719E §5E5 AT S5 719 AMARITA B
stom, oAl dxstoln A3 Alzheimer's disease) ©.2 QI3
AA7s oo} Hz22] &4 Hod £ = AAHY A= o)
otog A v} UckTeixeira et al, 2020). ©]2}3F o]4le] 7]
< adenosine +8A1E Fate] AEsh= A= (Welihinda, Kaur,
Greene, Zhai, Amento, 2016), adenosine A, 4~&(adenosine A,
receptor; AIR)®| 7-9- el dg] Fx3le 4217 B5(Cunha, 2005)
g By #d 7)15S FY3HStockwell, Chen, Niazi, Nosib,
Cayabyab, 2016), st F7te] Faslcording 85 #Helth
&) FA(O’ Keefe & Nadel, 1978)3 ©7171998 S/t k& w
e Aog Ruwx JtkNormile & Barraco, 1991). A=, o]
2ol 27ZA e vx= Ay A 3= adenosine A, &A1 53}
of FEE 20E, &5 58 W75 Wl adenosine A,
A9 d3to] Fad Aoz Fridr)

z7] e fHximmediately early gene)9l c-fosi= DNA
activator protein-13 ZA¥std 7] fadzke] s 2dsiy
(Curran & Morgan, 19%), &5 85, 2E#2 59 st 4l
A=l o3 dedo] WHERITHolE 2016, Hughes &
Dragunow, 1995; Lee et al., 2003). siujolA c-fos HHLE 274A
X9 AT} 719 AR S WA= AL=(Vann, Brown,
Erichsen, Aggleton, 2000), Guzowski, Setlow, Wanger, McGaugh
Q00DL 85 Z sjnte] cfos HE F7He AVV|AAEE &
ARG Haslg o, o]83(2010)2 <£/4H ¥ 99| cfos &
d 7k 7199 el F3s vRta Alde b ok wE
A d3ld EFod 5o mE slivke cfos W} 247]9<]
H3lE Foto] U3 50| H7)s Ml wXe FIe 9l
g = 9lom o9} BiEY] adenosine A, &4 At c-fos @
Hajo] AAAS S AmEo g U3A 50| H7)% FjAl
HX& 7 ZE(pathway)g g7 3ot & s 20 AlH:

52 71989 IALEY, 359 T dAVIeS I
+ AL=Z(Patten et al, 2013; Wang et al, 2015 De la Rosa et
al, 2019), 7171 #FAARl FFL ¥ VIsS P THAY
F&&e = Aoz g Atk Mandolesi et al,, 2018; Jia, Liang,
Xu & Wang, 2019; Ingold, Tulliani, Chan & Liu, 2020). AA=,
Jiang 520152 HE o= A7Rke] Efolds AARH A,
S5 7198o] foaiAl AT Barsglon o|aE
017) 125721e] 41 ge)7] &) =8 7 sfuke] A7EA
X ARE M7 @] 719Es ARG Basigich
ol Ao} &4, HRk} 22 WAl FeAE A7
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e &5 & ¥ 7% AT A B EHARI Aow B
HAEd, Wd, 2016 ax13, @A, SE 2019, Laurin,
Verreault, Lindsay, MacPherson, Rockwood, 2001, Abbot et al.,
2004). 1 AR D3 ol o sfnke] A2 wsket
715l HAlE S telxe B A0l TFHHA e
U3 F Ao e G Afo|x B WAA Bkt

A B dAToxe 934 Efed 5] F alinke c-fos
HAF AG71el] mAE GOl tiE LolRal Yoprt
adenosine A, 8A419] o] U3 5 T HAE FIFE
gRlstarzt sigick
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1. g

B AT A ARe AR5 E2 859Y T 3(weight 24.1£1.3g)
C57/BL6 mice(Sankyo Lab Service, Tokyo, JapanZ, % 120v}el&
AYTE ARSAA ARSI AdEES Aolet B2 FET
TEetdon 59 2% wWos YA 2AEE 55£3%,
25 2+1C, W) 12412 light/dark cycle) sFe] ARS3F3T
EE AREES 271 343 & AR Feith

APFEL 27709 $AHS & A 209 JAad o
n=60, AIR A&+ gk n=60)>.2 FE3I%c}h AR A Hge of
g A, F8AE 5HH o= Adst= 8-cyclopentyl-1,
3-dipropylxanthine(DPCPX) 1mg/kge 57 FU3IAtiLee, Gallos,
Nasr, Emala., 2004). o]% &5 Ao we} 7 HJob BF =3

T =53 Hn=10), 7%

f Grouping )

\ Control (n=60), A1R blocking (n=60) )

A1R blocking group (n=60)\

1. Control (n=10)

( Control group (n=60)
1. Control (n=10)
2. Low intensity exercise (n=10) 2. Low intensity exercise (n=10)
3. Low-Moderate intensity exercise (n=10)
4. Moderate intensity exercise B (n=10)
5. High intensity exercise A (n=10)

&S. High intensity exercise B (n=10)

3. Low-Moderate intensity exercise (n=10)
4. Moderate intensity exercise B (n=10)

5. High intensity exercise A (n=10)

6. High intensity exercise B (n=10) /
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Treadmill exercise

\ acute exercise )

Behavior test

Y Y-maze y
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\ western blotting )
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Data analysis

one-way ANOVA
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A. Low intensity exercise

10 mymin, 30 min
]
I

B. Low-Moderate intensity exercise C. Moderate intensity exercise B

15 mymin, 30 min. 20 nyimin, 30 min.

I | I |
D. High intensity exercise A (80% max)

1st (X3 1st(X3)

—>
| | rest | rest
I T it T 1
20myimin, 60sec 10sec 2Bmymin, 60sec 10sec

E. High intensity exercise B (All out)

Tset(X3) Tset(X3) 1set(X3)

rest rest rest
1 31 IL 1 I 5| [l >
T L T L T L}

T J
0m/min,60sec 10sec  2Zmymin,60sec 10 26m/minB0sc  10s=c  Bdhausiion

2l 2 25 Z273 (A) Low intensity exercise (10 mymin,
30min), (B) Low-Moderate intensity exercise (15 m/min, 30min),
(G Moderate intensity exercise (20 mymin, 30min), (D) High
intensity exercise A (80% max; 20 mymin, 60sec, - Rest, 10sec
x 3, 28 m/min, 60sec,, 10sec x 3 ), (B) High intensity exercise
B (@l out; interval training)

4. Y-maze ZA}

HE9l A1 $FE A A3tel Y-maze BAE AN
stk Al 71e) B4 BEY Bead ARt 598 ZE
(120° )2 A28 YA ml=(de] 25am, ol Uom, UH] Sl
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A HARE AABIsTE PR TdellM 83 A= A B C 99
o= A" 7S 883 Al B ofn 2AYe 7]
=319tk A W(actual alternation> A - B — C =& C —
B — A9} Zo] 37je] 7S A& TR 9 T, 4
7 AsEe A Solzte Wl Slesk 2 TS A

Aiz Solt Z49E 24d 144 Bolsidnk Wy %9
(dternation behavione: Al 73] ol HHA] 9| Solzt A0,
2 Aosigon, Ausldel Fe4E AWH Wy A%

(spontaneous alteration) A SA€ch WA PYsdS AL
T4 ot 2t
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5. Western blot

o slntERE SdS F=Es] 3l st 22 20mM
Tris- HCT pH 8.0 1% NP-40, 150mM EDTA, 10% glyceral, 0.1%
beta-mercapto ethanol, 0.5mM DITE €1 £}t 1 3 4T
oA 12,000pmeE 1081F AAEEd & 42 ARk
239tk o]%  Bradfordd o=  spectrophotometer(Molecular
Device Co., USA)E ol83te] Thilds AeFsigint. thile] #7]F
52 sodium dodecyl sulfate polyacrylamid gel electrophoresis
(SDS-PAGE)E Al¥st3icy. el sample buffer (0.125M Tris
pH 6.8, 2% SDS, 25% glycerol, bromphenol blue, 2-mercaptoethanol)
E o] 100C ol Xedt & sample buffere]l =<1 TH(40ug)S
12%9}F 15%2] gradient gelollxl #7195 3tdch 2719% Al
minigel A7]%9%54AISE 600 Hofer Sci. Ins. USAE o]&3ka 90V
of ks Tkt 241 Bt ST A7|FE T ogels
Coomassie brilliant blue R-25002 1A7Fa<et FAIAI7 2L Al
HN(10% acetic acid & 10% methano) 0.2 EAAIA gel’dol|A] W=
£ golsitt wiA transfer AX|(Hoefer Semiphor, Phanacia
Bio., USA)YE o]&3te] 120mAoiiA 2417t &<t gele] Thal-g 0.45um
9] polyvinylidene difluorid (PVDF) 2HMillipore Co., USACZ &4
Tk o] PVDF 2he YAkdA9 HIEold Agks Abdstr] fiste]
Tris buffer saline (TBS)e] 3% bovine serum albuming =<!
blocking buffere] o} 1417t <+ WHSAIZTE i7]0] rabbit &
AA}akAQ1 c-fos (1:500, Santa Cruz Biotechnology) & 4ColA 3}
F 5% HESAIZ 3 0.05% Tween 20-TBS (TBST)E o]-83} 33]
AFsGT) o] & o]adAIQl goat rabbit IgC cinjugated AP
(Santa Cruz Biotech, Delaware, USA)E 1:2,00002 3435l 14
b 9t BRAIFT: TBSTE 23] A4 % alkaline phosphates &
H(0.1IM Tris, 0.IM NaCl, 0.0IM MaCl2)ell A|&s}tar o7]ol] NBTS}
BCPE Ho AT WEe] dWes ZAskr| 9fl image]
pixel 448 AAISHTHNIH Image software).
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6. ALEx{2]
B o 1E Edo] dojd Avk= SPSS/Window Ver. 250 Z&71

L olgsto] M FEFHAHD)IE Aestaion, A 7o
Foat ASE 918t One-way ANOVA #4& AABIHTE frof
Aol ElE 79 Tukeys o83 AFAHTS AXSIith fols

FL (g)=002 AAsHTH

. ¢i7z=}
1. ZeP (A9l Hs|

U354 EF= 53 adenosine A, &4 gt Wl o
Rls7] 28l Y-maze ZHAFS AAEICH
A3 A3, %7&5 5 o%ﬂ d IS ST A IS 5
o Be] ApA WA YsEo] oAl S8k AR YETH
(p<.05). &1} adenosine A, FEAZ AAS ZE SFH A
AR WA EE o] Wshh vehA] dttKTIE 3.
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T2l 3, 27|40 Bis} Control, control group; Control +
DPCPX; control DPCPX injection group; Ex (10mymin), Low
treadmill exercise group; Ex (10mymin) + DPCPX, Low treadmil
exercise and DPCPX injection group; Ex (15mymin),
Low-moderate treadmill exercise group; Ex (15mymin) + DPCPX,
Low-moderate treadmill exercise and DPCPX injection group; Ex
(20m/min), moderate treadmill exercise group; Ex (20mymin) +
DPCPX, moderate treadmill exercise and DPCPX injection group;
80% max Ex; intense treadmill exercise group A; 80% max Ex
+ DPCPX; intense treadmill exercise and DPCPX injection group
A; 100% max Ex, intense treadmill exercise group B; 100%
max Ex + DPCPX; intense treadmill exercise and DPCPX
injection group B, Data are presented as the meanststandard
error of the mean, *p{.05 compared to the control group,

2. c-fos gk B3}

U3 Efe 53 adenosine A, -84 Apghol] W FH
sinte] cfos Td WSk <O¥ Do} 2k viAE AT F A
T 59y a4E ST A AT 5T BY afjnjol|A
cfos Wdo] foSHA Frlke ZoE UERFOom(K09),
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adencsine A, FEAE AP JdoHsE = ST 1
A% =AY A 1% SEAY Bo| sjnol|A c-fos o] &
o5l Fkshe Aes ‘45}‘*‘:](‘0( 05).

s i
UL

cfos-— «----”—- _;._qozkna
GAPDH[ @ e o oo ww o= s W WD WO Wy 08/ 7:0:

T2l 4 cfos 246 s} A) non-blocking (B) A1R blocking,
Control, contral group; Control + DPCPX; control DPCPX
injection group; Ex (10mymin), Low treadmill exercise group; Ex
(10mymin) + DPCPX, Low treadmill exercise and DPCPX injection
group; Ex (15mymin), Low-moderate treadmill exercise group; Ex
(15mymin) + DPCPX, Low-moderate treadmill exercise and
DPCPX injection group; Ex (20my/min), moderate treadmil
exercise group; Ex (20m/min) + DPCPX, moderate treadmil
exercise and DPCPX injection group; 80% max Ex, intense
treadmill exercise group A, 80% max Ex + DPCPX intense
treadmill exercise and DPCPX injection group A; 100% max Ex,
intense treadmill exercise group B; 100% max Ex + DPCPX
intense treadmill exercise and DPCPX injection group B, Data
are presented as the meanststandard error of the mean, *p{.05
compared to the contral group.
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€ A7 L3N EdE 53 adenosine A, 84 2pdo]
Fo 27193 sfvke] c-fos W] mx= G dopEy]
8l st A7=(10m/min, 30min), #-57=(15m/min; 30min),

Z75(20m/min; 30min), 27 = A (80% max), 17+%= Bl out)e
Usld EFd gEl] &< Ao, adenosine A, &
A Zpgko] AA71A3} cfos Hdol| WA= YIS Is] Hsk
] adenosine A, 483 AA|Q] DPCPXE FY3sIt)h A7+,
G A% $53 I4E &5 A 45 &5 B HelA 3
nke] c-fos Tdo] 7RI A9 E aFx ﬂ” Ao et
”E} T2y adenosine A, FEAIE Adet LFHH cfos &

A2 STk oY 29471999 Wshke v A ettt

529 58 FA4AQ HEF 5E(cerebral blood flow, CBEF)
S Z7M71adde & Secher, 2000), AH2) Fxob AAMAE
A3l 012)7)%-S AHAZITHCotman & Engesser-Cesar, 2002;
Cotman & Berchtold, 2002). &3t 574=2] Z7lol el = &
A Z77F Hskeci(Williamson,  McColl, Mathews,  Ginsburg,
Mitchell, 1999). =g+ &2l Aol 717k FellAl 50| +342
g HAhA=s BE F 9o, $EHEHEY e &5 A

Fst o oo gAlS Z7A7)aKayser, 2003) HA ¥ oAb
58 dAIZITKWilliamson, McColl, Mathews, Ginsburg, Mitchell,



1999; Ide & Secher, 2000). 17}= %52 adenosine monophosphate
(AMP)Z5-E] adenosine< sHF AJ4kste] tiAE o€ 7ksAdel of
3 dAME 89 HEE ZVMA7|H(Oworak, Diel, Voss,
Hollmann, Strider, 2007), T4% 55 F3td 71 AMPE W7
ZYQElo|t TR aso] 93] adenosineC®  AZHE 1
adenosine-2 ofH| Al o gl ofg o]iqlo 2 ZFHHTh
adenosine O ZHE IAYH oAl AHME B QAA7F F
ol s vAH A E] AsetA FHd AP Ao w Ag-
3 =4=7] A4 Benowitz, Goldberg, Irwin, 1999; Irwin, Li,
O'Toole, Benowitz, 2006)3 A7AAE] A 2 7158 XA
(Chen, Stockwell, Cayabyab, 2016). 2 A= A-FHPEE E
g 27| 25 AAS Jot 80% max E al out EFE
g &5E AN JHe A4r]de] Sk ZoE VT
T2} adenosine 841 A, & AHd 5 FoolAs ZH7Y
o] 7P} Yyeh A gtk o]= adenosine A, &A1Y 750
Agol Yehd A#E, Ohno$t Watanabe(1996)=  afjw}e]
adenosine A, F8A A AAMES 7|5 AAFoEH &
A719S AsA Itk Buslyew, Von Lubitz, Paul, Bartus,
Jacobson(1993)= A &A= <3+ adenosine A, &A1) AHe &
b EEEES 7198s ATl Basigitk &, adenosine
A, F8A19] Aol o]xAl7 adenosine A, TEA<] A &
A& AAIStL adenosine 819 A5 Ao HDs AlgERo
4 d3 el wWE AQ719Y ol AR Zlow At
Hrh.

cfose AAAIY &4 AEE YT F e FARE
(Bellchambers, Chieng, Keay, Christie, 1998), afjujollA c-fos ¥l
& A77199] FAIHGrimm et al., 1997), 37198 Ao 4
&2 mXe Zog Huwa rkHe, Yamada & Nabeshima,
2002; Vann, Brown, Erichsen, Aggleton, 2000). %3+ c-fos:= A1)
45 2 o A A5E Bl HY o G0N wdshk=
Ao B3| 52 cfos WS FostA T/ 8R1o=
R 9k AAE Lee SIS A o B8] E
Hod 25 AN 2 sjvke] cfos o] FURIAT B
T8 or], 0B ATNNE 7U7ke) £Fe50] 7 3
ko] cfos e S7MFTAL Basii. & dTddE 53
= $5mming 14% $560% max, al oA i)
cfos Ldo] k= ACE Uehton, e &5 AR
adenosine A, 484 2t A= c-fos Bdo] Frlshe Fo=
Uerdtt olzjdk Az sfnte] cfos ol adenosine A, &
Aol Apgto] FYAQ FFs m|AA| KZ ACE AAE AA
2 o2 adenosine 84 % adenosine A2B 4~8-4|9} adenosine
A3 $~8A19] 7% adenosine A, G819} nIRI7IAZ extracellular
signal-regulated kinase-1, -2 (ERK1/2) signalings ZAI3}A1A
cfos &ES A8t AR HaEa 910™, adenosine A2A 4
S ek HAAY] cfos T YFE mAE Aoz Hud
vl JckPinna, Wardas, Cristalli, Morelli, 1997). we}A] adenosine

A, F8A19) Ao 2 ke cfos FES AAIE F = Ao
2 ey gy 50l wE sfule] cfos ol adenosine A,
FgA19] Ato] 5YAQ HEFS vAA] ks Zlow AgEn:

V. 4

rhu

£ Fal

H dye= Yl Ed=d %53 adenosine A, 84 2ol
Fol 2713} sfufe] cfos @l mAE Gl tis] AE
A%}, g 22 A2S At

AR, Y34 FAE S5@m/mn, 0mng IFE 5
ABO%max), 1% 2% Ball out)e A9 271l folsA &
ANATK06). T adenosine A, EAE At 34 &
SEAE, A% A 1A= BY A AH7199 7P UERd
A skt

=4, 434 FAE 5 I AT &5 A Jd, =
&5 B Ao sfutollA c-fos o] Flsl=

o

S o= VERES
H(X.05), adenosine A, F8AE At SFAHITAE, 14
A, 3745 B9 supl M c-fos Wdo] F7kshe A2 et

THK.05).

ol’Fe] ANE THNH Y3 &5 T FAE oYY 52
71918 FAAIIANE adenosine A, FEA1Y 2he U3A
5o W A7) e Al AR IS =
3 U3 FA5 ol £58 Fjuty| cfos WS FTHAT) AL,
adenosine A, 484 A U3 5ol WE cfos T W}
o FEFE WAA ke AoE FRlsiHth webA U3 &
o w2 kel c-fos L&l adenosine A, F&A2 Ao] =
ARl Faks WAA] Eahes ACE AR adenosine A, T8A)
o] Ao R c-fos Wd 7S RISk A Brlsd 2o
Aot 33 255 B3 cfos W adenosine 48412k
HEXE oI5l 9fs adenosine A, &4 Eub opyzt
adenosine A2A 8AIE X3 thE adenosine &A1} c-fos
W] FoHEds I AuE FaU) gloy o9} A &
52 59 dnke] o)l wdo] cfos B ATAHZ A=

kg
ro

=

AEE, W (2010, 84 HEY BY Y] EohesrE
30 &3tk A GAERYR] 25514, 6(1), 41-48.

H218, AP, FR (2019, FEE ik SF0] Higk # ¥ 2
219] 27 74ard Bl Tl Wi )] Y A=A
23738317, 26(6), 859-867.

oAz (016). YA A 5ol A7) 9 slint AEBelA 27] 3
d fRel wAE 9% FFAE2EIR], 140,

AUs|N Erf|=L S0} adenosine A, 22| RIEI0| 02| c-fos Weint Ziod|dol| Dxj= ¥sF 133



591-59%8.

olAZ. (2010). ¥ sirtll M G50l c-fos, c-jun Eol| WA
T 9% U= =EA), 1), 245-253,

o|&3d (2017). EHEY 5ol k3 ¥ sfnie] ARAE S
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