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= Abstract =

Effects of Adenosine 5'-tetraphosphate on the Cardiac Activity*

Joong Woo Lee, Ph.D., Kyu Sang Park, M.D., In Deok Kong, M.D.

Department of Physiology and Institute of Occupational Medicine, Yonsei University,
Wonju College of Medicine, Wonju, Korea

Background : Adenosine 5'-tetraphosphate(ATPP), an endogenous nucleotide, is stored in
cells and released into the extracellular space upon stimulation. Some of the biological
responses to ATPP were reported, but characteristics of its receptor were not well known.
Present study was conducted to investigate the effects of ATPP on mechanical contractility,
resting membrane potential and action potential of rat left atrium.

Methods : Left atrium was isolated from Sprague-Dawley rat. Mechanical contraction indu-
ced by electrical field stimulation(EFS) was recorded on polygraph using force transducer. With
glass microelectrodes(10 M &), potential difference across the membrane was measured and
recorded on an oscilloscope and a polygraph.

Results : ATPP reduced the left atrial contractility with concentration-dependent manner.
ATPP also hyperpolarized the resting membrane potential and decreased the action potential
duration of the left atrial cell. Nucleotides other than ATPP, such as ATP, ADP, AMP and
adenosine, have the same effect as ATPP. However, there is no difference among the nucle-
otides. Prior treatment of DPCPX, a P,-purinoceptor blocker, inhibited the ATPP-induced
negative inotropism and changes of the membrane potential. But suramin, a nonselective P,-
purinoceptor blocker, did not alter the effects of ATPP. a, f methylene ADP and adenosine
deaminase, which attenuates hydrolysis of adenine nucleotides and inactivates adenosine
respectively, did not influence the effects of adenine nucleotides except for adenosine.

Conclusion : ATPP reduced the mechanical contractility, hyperpolarized the resting
membrane potential and decreased duration of action potential of rat left atrium. These effects
were induced by ATPP directly, not by adenosine from hydrolyzed ATPP.

KEY WORDS : Adenosine tetraphosphate(ATPP) - Rat left atrium - Purinoceptor.
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AE 9o #A)5H= adenine compounds?}t tHY¥
3t AESHA g8 Yepdtte Aol Ag Wz AL
1929‘4 Drury$} Szent-Gyorgyiol &lajAjolc}). 1 o]
! adenosine?] g 3

B2 ATt AlEEY gon, o5 NET F ELL
o] ¥} At g %%}4«] 5 T ol gadd
Ba 2460 W Zok Az AF
AA" & vhdet v 8° YehllE Aoz delt. o

=3 o] EAshHE FEAE B8k
w72 Aozt %_‘-—70}011 olg9 FEAE FdU F

A (purinoceptor)eti BHSFHT. FH 8349
EAo] 33k A7t 4ol wel BurnstockS 01 &
adenosine?] 2H-go] A3 P, =89} ATPS 24
o] Mg P, FEAR Wrdth 1 ¥ & tigk
olej7}A gdAe] g3 @ Ao Mgy 58 7E
o2 P2 A Av AsE, Pie P, P, Pau, Po. Pus
o2 QA HAUG,

Ao)4]  adenine nucleotides @ adenosine®] &
e F2 P FEAE iz sk g e,
o]F A, F&Al| gt 4lvbes
8 AP, AF AL A 0E

(LR o

2 adenine nucleotides 2

FRIR 1» L2
/\] =5

R4 E

e Lﬁ}”ﬂ. As
$AE B8l B oltEAE ERThaL 31
t} E3] ATPS} 2+& adenine nucleotides™ ¥%H4
o2 AT 9o EAsl= ecto-nucleotidases ol &
8] adenosinel.& H#l¥ th P, &840 A838l]
A #dge dAARIdn A Y A
adenine nucleotides”} W& A}7} Wjol] adenosine®
2 88 4 AeAd M A B8, 2.8
] Uk 3ojZel BauEn Qo Haol ol R
AxE ATPEC] P, 8o ZHgslod AZAE
Ca'' &% ZI/W7Ia™ #5498 Firzide
E:ﬂ‘: 9\1-5}_22.23‘

g ATPe| phosphate’l 34 B £& adenosine
tetraphosphate(ATPP)7} 22 AX el EA)3}o]
W om#s ol B Ao B9 dav
Ulell 94 ke ATPP7} £A1815L 1th7} thrombin §
04"] A Qoo FeEe B vl g ATPP

= ATPol H]a] nucleotidased] 93+ Ea&o] vt

(Lee %, unpublished), &+ #5FoA B} 25
EHE JERRQACPHHE st gk ATPPS] thoket A

B84 24 2 o5 g0 M obz) FAHH
oz g A)A] Rkl

upgbA] B Ao ME AR, ATPP7} 317 2404
Ao} obgul Hst, &E At E VAR F5o vA=
A2 BAsta, 4, ATPPO] #H-&o] 3l A
A £& adenosine2® F3H ¥ el ox49l
LA E FRlet, A, FH 484 2aA] A F
o] Z8-& vusl Boan Ao EAgte FH 74
Ao 54& 4F wal A gk,

HPCh Y

oF & 7 gle] 200~300gmel 3 F(Sprague-

Dawley)& AMHg3t o, S55-8 ZElste] QA2
9], 2] 2742 Qo) 4™ O Z heparin(5001U/kg)

g Faln, A F F2S ol A4S 42U 4
3 4AE A7HE Tyrode £U(NaCl 140, KCl 5.4
CaCl, 1.8, NaH,PO, 0.3, MgCl, 1.0, HEPES 5, glu-
cose 5.5mM, pH 7.4)°] &+ H tissue chamber= %
7 #ZLE 2As YA EeEigth 299 #4
Gz 2L 7l A7 B & Tyrode £9%0] B0} 9
organ bath°ﬂ &7t Bath W¢] 2= 30TCE 44
st1om, 100% O, gas® Z8-3] A48 FF34ch
oo} 4% e el ¥% £ bath vhete] nAs

2 & 22 force transducer(FT03C, Grass.
MA, U.S.A)el dAstgict. Aol 300mge] dA%
12 8 71 og, B34 28l 5 |
3} polygraph(7E, Grass, MA, U.S.A)0 7123193
o} A Ao 4F dole dEAe FYsiA 94X
Al7)iL, o]& stimulator(Harvard Apparatus Ltd.
MA. U.S.A)¢ a7 713 A1 Hz, 5ms du-
ration, 10~20V)& 7}atich. 4l #5277 YA s
7l 5 ATPPZ u]%#3% adenine nucleotides ¥ ade-
nosine® 4AF %7} BA Foista 1 WstE 3, v
@ & ecto-nucleotidase?] #E-g JAdtin
4# 7 ¢, f methylene ADP(APCP : 30uM)$} ade-
02 R&A)7]E adenosine deami-
Fo}3 7, adenine com-

o]&¢] #L4o] adenosine

N

B

nosines inosine
nase(0.5units/m)) & 7l
pounds®] 2H8-& H]uafe],
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39 5 vehe 2048 ER1skch

bAE HgH 9 &F AdE S8 st} A
o] AdRE Rejslo] 2mlAE HE tissue bath& &71
9, 0 BHad dog 228 aAs. 23 G
=]
il

e

oz Wgdg HaAsHA s g H, stimulatorsd

Aste] AN A=& etk AR Hs 2 €%
A4S &3] Y8 f2 v (glass microelec-
trode) 27 1mm<] microcapillary tubing(1B100F-
6. WPI Inc.. CT, U.S.A)< vertical puller(Harvard
apparatus Ltd. MA. USA)R ¥oly 3M KCIE& A
& 5 10M&L o] o] == AL Fa) AR
o] 2ol 100% 0.2 W] 3le 309 Tyrode &
HE 3ml/ming] FE2 AFAIH O, A7 o] F
5] 7Itkel Al 3 Adelol o] 2 A st 27 F9o)
= Q3o A Ag-AgClig &9 Z71A 319 ref-
erence electrode® A3t % &n|7 oA
manipulatorg AHS-8te] viAATE 230 A, A
¥ U2 ASIANEY Z38 9 Ay M8 micro-
electrode D.C. amplifier(P16D, Grass, MA, U.S.
A)E 108 FE3 & oscilloscope(Tektronix 2230,
OR, U.S.A)9} polygraph?l 7123519t} olwf #&&
o Yo ATPPE H]#3 adenine nucleotides® 9A
L7t HA rheke] AZAEe] obAur At 9 g A
el vX = FE&E Ao

T FEA gAY 9L #Es] ¢
100pM ATPPol 9]3t BiglE di=o & 33, P, 78
A Al DPCPX(1pM) 2 P, &4 zlehkAel
suramin(100pM)& 1087t AAA] & & 22 9
ATPPE Foidle] ¥iste] AL g djxv v} vlwstsi),

adenosine 5™-tetraphosphate(ATPP), adenosine
5'~triphosphate(ATP), adenosine 5-diphosphate
(ADP), adenosine 5-monophosphate(AMP), ade-
nosine, a, f methylene ADP(APCP) 2 adenosine
deaminaset Sigma #3%(Sigma Chemical Co., Mo.
USA)E AHEdded, suramin® Biomol A&
(Research Biochemicals international, MA, U.S.A)
< MMt DPCPX 9 adenosine® dimethyl
sulfoxide(DMSO : Merck, Darmstadt, Germany)el,
ueA] BE AR AEAded] %999, nucleo-
tideE2 IN NaOH= pH7} 7.00] HA 443 5 AHE
at7] A-7EA] st 20709 WEae] Rasiid

froHe 2

A= HF + EFAE FTASESH, nucleo-
tides Atole] &} Wl ANOVA testoll &b, 2}
oA o] &3} 432 Student? paired t-testel k]
patel 0.050131d W& frolgt 2telo) SAIZ Agtct.

L ot

ATPP7} #2l€ #4189 558 nA = 93 #
#Zsk7] flete] 1Hzo] WL A538tdA HEs
o 1~300:M¢ ATPPE 247t bathule] Folatie
dl, 7Fet ATPP| sXeol Wldste] A 552 0] oA
ATk 1000Me] ATPPE Folatde o %]
50% ol #asien, £5¥ A2EH9] ECx
30.9uMel AT} (Fig. 1).
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Fig. 1. ATPPO|| 2|5t ZAlH} =& o] i3},
(@) 22|E Fa
7tst04 ofoff 2fst
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ATPPO|| ola 4Z2{0| 2t
2io| 37)0| et wEE LIE
UAg= 508 ATPP 50|
EC5o 30.94MO (A CH.
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S5 AE W2 AYste] 2 Age wstE 7158
2% Aete] duration® amplitude®l 90%7H4 A&
FEed s A7HAPDW) S 71522 Hlwsltt
ATPPE 2t % e &= (hyperpolarization) Al
71WA &% Adel durationd AASA AaAAC
(Fig. 2). SFgut #ste] o= ool &% #ste]

CONTROL

AWOT

100uM ATPP

Fig. 2. ATPPOI| 2|t M MOo| Al A o] ok Kok 35},
UMYIS(1H2)Z XS 71510] BE AEfo] of
2 IAE MEO| 100uMO| ATPPE £015t 5,
o[l o|3t ADAITO| U Mot WS 7
Cf. ATPPO| E0i2 QI3f Q1M Mot

g
5|9{o0), B Heko| duration2 B3| 24
A
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-5
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8 L <
g ¥

B 3
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£3 50, iE
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£ = o
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Fig. 3. ATPP7} A3 A 0l OHA 2 MO S && Metof 0
e ggh

1-300pM2] ATPP £0{Z Qlalf otM et T gte| n}
2= % 28 MY duration?] ZAT} LIEHGQ,
0i2{st EDES 25715 ATPPS] S50l o[ EX
O|ACH Ot uL XMete| Hst= £0{ Mo H|5t0{ T}
23E Mekel A7ImVIE UEHRICH, & ©
oto| duration2 amplitude®| 90%JX| M EHE|=
Ol Zel= AZHAPD)E 7|22 2 6101 ATPPO| 2
s ZAE MEE 50 Mo cfst WEE2 LIE(
Qch

duration 74 42 B Foidk ATPPY Fxo 1|
#stgen], ZHzte] ECxw 61.00M3 16.1uMe]Ath
(Fig. 3). 22y} &% #<te] amplitude= ATPPO
ojste] A W= A ot
o}2] adenine nucleotides ¥ adenosine? 3
2 g2 Ao vjXe 248 vttt ATPP, ATP,
ADP. AMP ¥ adenosine®= k9| Bl#sted A
FEE gAE e ol e A9 ECyE 242 30.
9, 23.2, 18.7, 28.9uMo|ATH(Fig. 4). 124} o]& %
B7h) &8 Zrgds Aole AUATHp> 0.05).
ATPP ©]9¢9] t}& nucleotides® ¢HA= S a2
=2 ANZ =, 1000M9] F=olA ATPP, ATP, ADP,
AMP ¥ adenosine 7tZt 3.7+£1.3, 3.9£0.7, 3.0
8. 37+0.7, 5.8+0.6mV &= AA 1Y
7+e] 9JolglE ApolE= UATHp> 0.05). o1 4
2 &5 A% duration GA] A FaAH =,
2 (1000 A Wws) 2 o A Bwest 2z
55.9+15, 53.1+1.6, 50.7+£1.1, 50.1+2.0 Z 55.
4+ 1.3%°192 7 k=27 ol iTHp > 0.
05). g9 ATPPeA| ¢} vba7IA R ©]E nucleotides
Y adenosine® % A9l amplituded = 4TS

=

¥

+
ok
al
-

o rlo =«

it
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§ 50 -
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£
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€
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Fig. 4. Adenine nucleotides adenosine2| %24 XN S 1}
Hlm.
1-300uM0| ATPP, ATP, ADP, AMP %! adenosine
of st DAY &2 AN FUE vlmsIUCH
0] 228 5 80N =58 37|00 of
St ee g2 LENRICL 0|82 2F a0 vl
5t =58Hg AMsig oL, AdE7te] Zagn

= X017} RATHp > 0.05).
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FA| &gt
ATPP7} 288k F&A1E 8Rlshy] 9iste] 74
3 AGAE AAA] g F, olol] o AFS # %} }
Aok P FE 84 F A, 84 2A#1el DPCPX
(1pM)E A | g 79 ATPPel 93k ebAeh A} 1}
5 4 &5 A duratlon Zadsdol A9 AHEHA
o} ATPPol 98 58 A &3% DPCPXe] 98}
o g3 74‘43?19.“1 ol o3ld +#5¥ S8
Aol yehtzle sldeh(Fig. 5). #hd wjddd p, F
g =84 AeAe) suramin(100uM)& ATPP} %
& & 54 A4, &5 A duration A 1831
= 28, ol A& A4S 74 ¥t
Aol A vehd ATPPY 371 AH 40 AR F&
adenosine® 2 F3j¥ F YEhUE o]2HA Q] 289l
Z elalr] 918to] adenosinel 2 3|47 5
cleotidase®] ¥A)A¢l APCP(30pM), 18} Y% &
sz} AAE adenosines AEld E#7t YE ino-
sineo 2 HBA = adenosme deaminase(0.5 units/
mDE vlg] HAA & &

|

A

"I’lll’

% adenine nucleotides & an-

denosine®] &3}& #z3}%Th ATPP, ATP, ADP ¥
AMP? 37 919 AR Folk 77} izt 95.
4, 98.7, 90.2, 94.6% = & #fol7t gleut, adenosine
of Adgto] tizgtol HlEl 20.4%= AA #HAEATH
(p <0.01). Fig. 6°lA2} Ze] APCP ¥ adenosine
deaminase®] A7} ATPPe] &do] 27 J3S
FA 53 oz B uf ATPP9| 282 adenosine
2§ solMzt ofvie) Fd wEAd Ay Ao
et dajet Azt

i ot

—_

A 9jehe] adenine nucleotides?} 713t 8.9
o RE A AR B QG FE], AERe] T
7 agla #gle] el 9hE (exocytosis) & &
QLHY o] Z 71 B el AL WAz A2y
%l’ﬂ 2F %9 nucleotides?t #§ Fej2 WEH o

olgo] AT 9oz fEEgoR U ADPY
ATPQ] % ekt 20uM7A] F7herhar ST
o Qe tFd ARE Eaﬂ NE gHoz Feld

.’1

A

I CONTRACT

1004 CTIRMP —
774 ADPy

80 1

60 +

Percent of Comtrol

-20
DPCPX SURAMIN

Fig. 5. £2| 48X XITHH|7} ATPPOY 2|3t Al =53 4
aF M wstol 0|kl HEL
MX 100uM2| ATPP & adenosme()il oIt &5
o of FQt #EIE BASI0] 0|2 HEFOR 5i%t
O, P, A XI-tAQ] DPCPX(1EM) EE= P,
A XICHAQL suramm(]OOyM),E 1087 ®RX]
gt & Z2 2| ATPPE F0{510 0|0} osl| tzt
& %‘JE% CHA T off EHé’ HEgR LIEHAACE

ZHE(CONTRACT), 2t T & HRMP)

2 O
3
m@ i
>
r|r

Y %'@ duration(APDw)2| 1312 ®X{5| it
EHtd 2L, suraming® M= A0l Heks 0]X|X|
QIQTE = p < 0.012.

ADENOSINE ATPP

A.D.A+APCP
ADENOSINE

w0z

Fig. 6. APCP2} adenosine deaminase’/} ATPP 3! ade-
nosine0l| 2|8t Al =8 {30l O|X|= P&l
HA 100uM2| ATPP & adenosmeOﬂ o|st 5,‘—%%!3,4
o W3E LHasio OIE Ezez stgen
nucleotidase®| A A|¢] APCP(30uM)2} ade-
nosineE inosine® XEIA|F|&=  adenosine
deaminase(0.5units/m)E 0]2| XXX ot 0 Cf
Al ATPP & adenosine® E£04510] Bigle| Mz &
R} H|5I2CH Adenosine?| & 1t= 22)
AR 2 He| AMEl HIH, ATPPS| Sif= A
EFS WIR| QLi=C}.

L
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adenine compounds 4% S, 9 HEZ
0]9}. Autes o sz Wil = /\Ig,}yj“o“ wo o
S mATY. Wk e} adenosineoly ATPE 4
A 44 B4 (supraventricular arrhythmia) ) 2|8
of AMEH 7% a®® AT A £4& Fola, 3
Bol &&& £+ 5 U4 232 Jehdda deA
AT ATPP GA E719] 4% T EAlste W
214 nucleotides2M (Lee %5, 1995a) =l 23
Z8 5 oSS A FeS vehd oz Azbgcps
9. (199D 93ha FolEAE ATPPE B¢
%1_7‘1 o2 kg v A, Akt st
2 AR, YR e ALY FolME 259
j“ A FTHAHT. -'131"} ob g ATPP
3 2 Aghe A A g et
A71% A5E T %JZ* H1£(1 Hz)& ¥%& f%=
doll ATPPE 7l8tSle o, Fod
o olEHog FEHo] A=Y cHFig.
D). olelg &xe] 71d-& K} ola]aty] et} A4
Zo] obgut Mgt 9 85 XSl v dgE BEs
Ak ATPPE AA FEo Hj#ste] b= Askg
¥ (hyperpolarization) AlZ2oH, &% A9 du-
ration® FEHAA AxAHAHFig. 2). A &% A
gtel duration® F2 Ca™™ #% & dehte
plateau phase?] durationdl] &3] AAHER ol
AZ W2 Catt Y AEE AFH o7 vhad g,
ATAEANM AE R Ca't §¢ B2
A o]&EY FEEA, o] TR st AA F 7L
2| 240 o8] JeS WA "ok 2 F shuis ok
Ao} gl EFHdo|r, & h= o] %
ZE o] gl whilHol "J’&ﬁh_ Lo o W3}
T Hgte] REFEE
} A =, w2bA ol
9] duration T4 2 53 oA glojM F
qo2 283 4 JrP”. olv] adenosine 4
oA K' & g gzt g
S{l_EE’—_"‘”, 2 adenme nucleotides 9A] o]}
FEol st} E Hgte]
:‘i\'—‘} f?i’b“’] viehd Zi 2 A7t 3 o] RER
atel HA =HW TR AR <l
a'’ °°r]°] 7 "), oleld Qlatslel A
cychc adenosine 5 —monophosphate(cAMP)Q} e

T8 m-

25 %ﬁf} Ca** w4e] %

( II\Ach Ado

AEY olxpEEAe o3 B FFE ek o
g 5o wAA FEEAE Foste A2 AEu
cAMP A& F7HA719, olol o3 EAHE
AMP-dependent protein kinase(protein kinase-
Al & Ca™ T2 477t st =A 51, o]=
As Ca'o frdlol F7IHAl kY. wbd ade-
nosine ¢} BHl 2 cAMPAIAGE AA3HA =T, o]
2 Q8 Ca™t Fdol ZtadhA Hoka B3 € 6 glth
@ B A% AgoA Ueld adenine nucleotides 3
adenosineo] 23 &8 7+4 EAEL 9 F 714
71HET geiEo] Yeid stz AztElo] . §n|

2& A2 adenine compounds §oJA] thi-& okyut

Agtel BB Hibo] WA paAEG o BHF L
duration% ol A A3 Zads Holu}, o]

%5 At duration #a 7] YR} o] AAE
E%l/l w3tz Qs Uehis aselnz i Alzh
Ae]7] dFolet AztE o] Z‘E}

F4 FEA AGAE Foig Ax} ATPPY &3+=
Py &4 AtA]o] o) “HT E#Z—?P_i ]l o
(Fig. 5), °|213F A= ATPY &3 94 Y8kt
(Aol eRlA @), dutd oz P 58] digt
FHAEY G52 adenosineo] 7VF AEEa ATPE
ARH oz A9 Fart glvka dA glen? df
ATP= A adenosineS. 2 £3l¥ HAolok 2-8-& e}
W Aojg} stHe. 3wk & Ay Ao waw F s}
A HJog B ul ATPPY ATPol 93 &37} adeno-
sine®® FaEolA vehdrhas B7] ofHth A
2 583 9 A9} W3l Z5o)A ATPP 2 ATP|
A7} adenosineol HlE] & Folrt fikE FH<dd
(Fig. 4), o]213 FAL adenosine.2 Fa5= &%
7} ofF WhER] o ol YEh] oyt FHARE
29 H3E Aashs APCPS A4H"
adenosine inosine®® W3A|7]& adenosine dea-
minase?] FH% B-F8t1 ATPP 59 &3jle W
3} 9lo] adenosine®] &3 Ache Holok(Fig. 6). o]
213 A& ATPPU ATP7} B384 ¢a 24 &+
Aol Fgste] EHE YERIthE A7 2 F e
o, w2bA] o]Eo] 2Hgshe FEAE Py 78A19 Abo]
7F & B o} 71E9) P P, 78 EREE 44
A=A g

Qr B3 m 2 A% Ay §AHA adenine

adenosine 2=
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nucleotideszte} ZFo] 72| 21", adenosine dea-
9]8) adenosine] &3}gko] XpekE] AL
adeenosine uptake blockerel 98] adenosine2] 2}
fto] B3t 5% o|E5o] adenosinel@ FalF o]
Uehe 971 obdel & 4811, Py 78 A
of ojaf MelHoR s g 747 vE 23E
oA B ug vk glvl Matsuoka $(1995)& ATPY
w3 =& HPLCE o] &3l 2 A3 A, i
458712 A4¥ adenosineo] Fo38 ATP9] 5%¢]s}
2 L}F%‘xkq’”’ LL}EW Z2 ko] AolE Zetsitizte
ATP7} 8 w3 glvkae A7k of g
Shmozuka T 0131 g A9g vy o g p, £ 8A(F

S A, FEANTL ERE oY, o} o]
gk A R olsl 7t F-E ot

2 AY8S Fste] ATPPE 339 aawedA the

Pt

adenine nucleotides ® adenosine®} &7 A %
o] A3}, oFAut x}cgo] IR A o gl zjolo]
duration& #aAFE B 0431 A A 2g& Eh)
nom, olefgt EJ} adenosine 2.2 F-a=o}A e}
U Zo] etyet 33 FEAd ALste] yeptE o
4 gt} ATPPE #H]%3 adenine nucleotides %
adenosineol gl FEAE 71E9 P/P, £EA

Follw 2 B3R B "ol o, upeba oz dt
T%ﬂH Ao @3t v} gEkel gyl o ok
& A AzbeEoh 28x QA nucleotides?]
ATPPY] A&7 28-& theds] sl o 9] ATPP
of AEH A3t % 859 S B & F UL

g2t 71T

minase®ll

FO
9

ol

Adenosine 5'-tetraphosphate(ATPP) &= A} &
Ask= WA nucleotide2AM, AEUel A%FE o] 9l
Th7b A5 AL AR o HkEEo] ofe] JEEHA 2t
& Uehdr) XYk o] 59 vhdkek A_EE ofF] A
o] &eAA] Kafglon, olFo] 2EatE FEA HA
WEs] A 1gk deolth webA & AFeA e
ATPP7} 813 #4e] 71AA 53 oot A9t 4
5 Aol vl gIE HEstn, o)Fe] A8
FEA 9 5EAS tFstaat sk

S AH&g H 1}“”& HHE force
transducerel|l 73k, A71H A=-& 7hebAEA °]°ﬂ
o3 7| A4 %3] W8E polygraphdl 71531
ot At 4L 91kl 10ML ko] AgE 7 er]
nA =S AE 2 ARIe §, A71A AT et

Vel 2k [9te] WElE DC amplifier® S%3}o]

:12

oscilloscope 2 polygraphell 7123t}

4 o

1Hzel ®Iiz2 9Aa ‘F?r@}% FAHe A
ATPPE $i8 o Hlglstel £38S oAt
T3 ATPPE oHA e A & &5

e} durationd A 7“\’\15’3‘3} 131
7re] apoli= Gtk ATPP7} Z—}%o} I &9l
0}7] A3l 84 A E Fo 754. DPCPX(P,

Fd A A E AHA 5HE A ATPPY
Ztgo] 25 vk vbd  suramin(P, £ ¢844 A
g AA dFE WA Z3AT e, f methy-
lene ADP$} adenosine deaminase® ©la] A5
o] adenosine2.22] #3 % WA H adenosines £
Agt Azl ALo)® ATPPE |33 OE adenine
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