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Effects of Various Nucleotides on the Membrane Permeability

Joong Woo Lee and Seong Woo Jeong

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

The present study was designed to investigate i) the action of various nucleotides on membrane
permeability of rat red blood cell and hepatocyte for Nat and Rb* ii) the characteristics of purino-
ceptors on these cell membranes.

Blood from Sprague-Dawley rats was obtained by carotid arterial cannulation. Red blood cells were
then washed 3 times with saline at 4°C. Hepatic parenchymal cells were isolated from rat livers by using
a modification of the Berry and Friend (1969) method. For the Na* influx studies, isolated RBC and
hepatocyte were incubated in incubation medium containing 22Na*0.2 4Ci/ml at 37°C. After various
time intervals samples were removed from the incubation flask and washed out 3 times with ice-cold
washing solutions. Cells were destroyed by adding Triton X-100 and TCA solution. After centrifuga-
tion, the supernatants were assayed for 22Na* by gamma counter. 8Rb* was used to simulate K* in
these K*efflux studies. Isolated hepatocytes were incubated for 60 min in the loading solution
containing %Rb* 10 4Ci/ml at 37°C. After loading, the cells washed out 3 times by centrifugation with
washing solution. The cells were incubated in buffer solution at 37°C. At intervals thereafter, samples
were removed and centrifuged. The supernatants were analyzed for ®*Rb* by liquid scintillation
counter. The main results of the experiments were:

1) ATP and ATPP increased in both 22Na* influx and 8Rb* efflux in the red blood cell. Although
ADP showed a tendency to increase in RBC membrane permeability for 22Na* and 8 Rb*, the changes
were not significantly different from the control.

2) The Significant changes in ?2Na* and ®*Rb™" flux by ATP were also demonstrated in hepatocyte.
ATPP and ADP showed a tendency to increase in hepatocyte membrane permeability for both ions.

3) Other nucleoside triphosphates—ITP, GTP and CTP—did not change in membrane permeability
for 22Na* and ®Rb* in RBC and hepatocyte.

In conclusion, not only ATP but also ATPP activate purinoceptors and change in membrane
permeability for Na* and K*. In order to activate purinoceptors on the cell membrane, the nucleotides

have to possess intact adenine moiety and three phosphates or more in its molecule.

Key Words: ATP, nucleotides, ?*Na*, *Rb*-flux, membrane permeability, red blood cells, he-

patocytes
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ATP (adenosine triphosphate) 2] & =22 A
Yol A e 58 BAolE, TH4F H A3
A5 2L odertx 55A A 18T wE
Uz o] gsE Aotk ATPE & He
Fxol7le skt Aoz EAste] (Forrester &
Williams, 1972) €223} 3l 22 djAbel] J &< vl
A}, & ATPE H| %% adenine 24 ¥4,
s%, Az g AgSel FEsa e e ¥
BANA BHE FEAAZ 283} (Berne,
1963; Dabney et al, 1967; Frohlich, 1963; Kjellmer &
Odelram, 1965), z22|v} 24 off wtelA e @55
WS- eho] e FaAd,, chEfdd o A
] 8L 4 & 4] 7] 2 (Fiscus & Dyer, 1982; Fuch-
gott, 1966; Verhaeghe, 1977), Al&™$ 23 5
Q% % FEAE T A B2l BRUE
=714 7] Aoz ¥ 159t (Hrdina et al, 1967;
Lee & Filkins, 1988), ATPol] o3t 4-Zu}-3-& W
3, $4%, 949 AT e 9 ool B
2o A x & 4 9|t} (Brown et al, 1979; Burnstock,
1978; Burnstock 1981; Cocks & Burnstock, 1979;
Daniel & Irwin, 1965), ATPE: A ZojAlo)x o 3F
S Fo invivool A HAPFFE TEAINAY B
7koll 4] glucose ABALE F7}A) 717 % g} (Filkins,
1978; Lee & Filkins, 1987),

olshite BBZ 4Folvt thatel vl E JHE
AZOE 5T A ionEd ol 53} Ao 3]
g Aoz 2533 Yool AAZ AR AZolA
ATP} ion%2} o RR52 37141700 224 o
9lt}, & ATPE vl oAl £ (3T6 mouse cell), erythro-
leukemia cell % mast cellol 4] K* effluxE F7}4]
7] (Chawala & Cantley, 1984; Dahlquist et al,
1974; Rozengurt et al, 1977), guinea pig 7} A Zoi|
A ut AH$lE hyperpolarization A|7]t}(Jager &
Schevers, 1980; Jenkinson & Koller, 1977), =3k
ATPE Azwe 3 Ca™ o]F¢ FAAAG
(Dahlquist, 1974; Kimmich & Randles, 1982),

#1 2AolE B WL v £ % P Yol adren-

ergice]|1} cholinergic nervous system £] o] = neuro-

N
e

oo

transmitter & adenosinee|v} ATPE A= purin-
ergic nervous system®] &7} g on] QN P Y
2 Azt = ATP9} 2+ purined] £3 o] A st
X receptor (purinoceptor)7} §lE AL F B IE I
9)t}(Chapal & Loubatieres, 1983; Kennedy et al,
1985), e} o] S-A9) AApolrt 1 287 Ael
daids 2 geld 9 ghos ol2lg purino-
ceptor7} BE A Zof t} A3t AR E BAA
s,

weba £ QFolAE purinoceptors] S4E
qat wHe Auez A YT AAZE
model 3ho] 3, ATP7} o|% A|lZolA Na*
%) K+ ahol o] A& G DA YT Y 2
AZAAS purinoceptor EHE A EA,
ATP9]ol| 2 ¥x}7Z7} A3k nucleotidesE-2] %
g ulwal $o2 purinoceptors] S48 YUY

£ FehnA s

4 8 ¢
L d@dz

AYE5EL AT 200~300gm3] = A
(SpragueDawley) & o4 FHlo] AHE3ieh 5
2141 & 2NaCl ) *%RbCl& Amersham | - (Amer-
sham International Ple, UK.)$ A}-£3192, col-
lagenase (type IV), hyaluronidase, ATPP (adenosine
tetraphosphate), ATP (adenosine triphosphate),
ADP (adenosine diphosphate), AMP (adenosine
monophosphate), adenosine, ITP (inosine triphos-
phate), GTP (guanosine triphosphate), % CTP
(cytidine triphosphate)¥ Sigma A& (Sigma Chemi-
cal Co. US.A)S A&31get, A28k nucleotides+
Z2 10 mM¢] stockg #Hgo] IN-NaOHZ pH 7.1
~7.30] FA AAT F Fak 20C YEIo| A%
57 A7k masigeh,

2. YT 24

# 9] E7 o] Na-thiopental 40 mg/kgE FAF3}
of mlstm AFYo 2 te Pl HHG oF ©]
Z clinical centrifugeZ 4 Coll A 1087} YA H=] 3}
Atk 94+ ¥ plasmas} buffy coatE A7 3}
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o]& Wztxl Al A 2o} (NaCl 140, KCl 4, HEPES
10, Na-phosphate 1, CaCl, 0.5, MgCl, 1, glucose
10mM, pH 7.4) 2.2 33] AlX3led Het 50%2] A
T Ffelg arEdeh

3. ZIMZ 28]

A ZE w8 A7) Berry % Friend (1969) 4
oz yesiqc Ak Hoz AT MY
o}& 7l &35 portal veinol| PE-260 polyethylene
wbed AYshol HLF uhT FIE AAsl 2L
A7]¢] tubeZ thoracic vena cavaol 4FQl3te] F3h
t}, 7+S ulz HZ3sled liver aeration-perfusion
chambere] &7 0.05% collagenase % 0.1%
hyaluronidase7} ¥ 3t5]o] gl¥ Ca**—free Hank|
g-oll (Nacl 137, KCl 5.36, Na,PO, 0.34, NaHCO,
417, MgSO, 041, MgCl, 0.49mM, pH 7.49) &
36°Col A AFahTh, 20~30%-7 AFT o5 2
% perfusate7} £0] 9L+ beakerol] &7 37357
2o AL o] 9le] A& AAGT A FroE
100% O, Z-F3}oll 37°CollA] 10827} incubation A]
Ak, o] %722 3 cheese clothz o 73} oh&
A1 8o ¢|5}e] Wzksl Krebs-Ringer bicarbo-
nate §-of o 2 33] AH3tgict, o] F@A o A Al

¥E 02% trypan blueol] 2j3}od viability test

(Aw & Jones, 1985)% 35}9jer], Bradford(1976)
spgol olsio] T 55 Aekasch,

4. 2?Na* Influx &3

223 AZE AT 79 Heto] 20~50%,
AAE] 7% 9id FErt 4~8mg/ml S
incubation £-° (Na-acetate 95, Na-Phosphate 50,
K-acetate 5, ouabain 0.2 mM, pH 7.4)o| Q3. 37C
ol 4] 107} preincubationdt ¥ &<duloll #*Na*7}
0.2 xCi/mls] A 7}ste] 6087k incubation3} 9] t},
Incubationdl & suspension 1mlE 3}ed ol F
clinical centrifuge®. 4°CollA] 387F YA+ 5l
2 4zag AASL WAL ARAe 2 35 AA
Sk, AAn AEFYG LAzl 1%
X-100 0.5 mle} 20% TCA 0.5 mlE 7}slod AL E
shastol YT F 2 A5 0.5mlE 2 3he]

Triton

2 g ol wNate) WAS FHEE

gamma counter (Packard Auto-Gamma 500)2 %

Astgleh.
5. “Rb* Efflux &3

K+ o] 52 Kt o] £9] indexZ ©|-&5 = %Rb*&
2485191 o} (Putney, 1978), F2& A E+ 2 744
& %Rb*o] 10 4Ci/mle] £o{9l& loading solu-
tion (NaCl 120, KClI 10, Na-phosphate 50 mM, pH 7.
4)o 2 33 AA g & incubation -F-Holl Y=
Het 6~7%, 7442+ A 5=} 8 mg/mlo] 5|
A Y1 37°CollA incubationA] A}, A3l A 710
ofl A 5-E] 120874A])oll 1 mld FH3lo] 4CellA 3¢
7L AR g & 2 A5 0.5mlE counting vial
of @1 liquid scintillé.tion counter (Packard Tri-
Carb 300)0l| 4] 86Rb* ¥lAl s AT E ZA33 )
o|w incubation Zojof ATPE ul%3d ofz{7}7|
nucleotidesZ 0.5 mM=] Al 2 7}3lo] o] & nucleo-
tides>} 22Na+ 3 #Rb* o] %ol n|x]& 9 3kS v|aL
ET e

Lol Na*t 3 K*2] %=+ flame photometer
(Radiometer FLM3)Z. 2 A3l gt A+ FHT
FrEFoAE Jehllon FATRAHL foA4S
Student t-testol] <] & pgke] 0.050] &tel|l A Tt

484

1. MYF o2 E£§ 22Nat influx 3 *Rb*
efflux

229 AYTE #Na*7} SoYE Lol incu-
bationd} ] oAzt WE AYHE o]FehE
zzNa+o°]:_% X«]]l-AEOJ] E/‘] —3}_%;}_. 22Na+ o} Z-gF
(influx)& incubation AJ7kell wal 718l e
incubation 2|7t 90E7}A) & A2 Aoz Ft
A9 1 olF BHE FAEES 42 2
o}, B ool JeRNA 93kev} incubation A]
2 180%oE “Na Rl Tlol4 FA3A @
z3t84-g Bydch 22 AgolA incubation g}
off 0.5mMe} ATP7} £oi3l& wl& #Nat o] Fo]
72 A7¥e] dzFol vl FoHEE BAET
7 incubation £olu]¢] Nat ¥ 7} F718¢45E

LR
YT =g 54 Na* influxk Z7}st9ich 5 Nav

.ol
B A
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Fig. 1. Time courses of 22Na* influx into red blood cells (A)and #Rb* efflux from red blood cells (B) in the absence

and presence of 0.5 mM ATP.

gyl 1, 50, 100 % 145mMelwl¢] Na* influx
(4moles/10° RBC/hr)E 77+ 0.009+0.002, 0.33+
0.045, 0.56+0.052 %) 0.74+0.0212.4 = & 9] oh 9]
Nat 55 A9 44402 ul28g & % gk,

A1-BE & AP0l %Rb+E loading A7 &
incubation & o} H -T2 Yy LAUE wA Qo
+ *Rb* o|F time course® EfPZiolch, #Rb*
efflux$. incubation A]7to] whz} ZFr1slgen 0.5
mM ATP7} #Rb* effluxs F7}A) 7S o4 5 o)
Incubation A} 7} 0o} 4 = Alrleke] Rbo] 7 &5
S ol ¥Rb* boading¥ A|H 2ol HYT
o Folo] Eojgld “Rbt7}t 2l Aoz A7d
o}, AT & E3F ?Nat influx % 8Rb* efflux
£ ATPxxof ule} 2713130, ATP 0.1 mMoj|
AR B3t dehs] Agsel 05mMeld 1
HuxE 2yt weta & A4 incubation
ool o3l nucleotidese] T =+ 0.5mM=E 3}
o}, '

11

0.9

0.7

Na* Influx (umoles/ 106 RBC/hr)

0.5

Fig. 2.

|
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C ATPP ATP ADP AMP Adeno
Effects of various adenine nucleotides and
adenosine on 2?Na* influx into red blood cells.
Number of experiments is indicated in parenth-
eses. *denote p<0.05 compared to control.
Adeno: adenosine.



Table 1. Effects of other nucleoside triphosphates on 22
Nat influx and %Rb* efflux in RBC

22Na* Influx 8Rb* Efflux
Nucleotides (uzmoles/108 (cpm/108
RBC/hr) RBC/hr)
Control 0.74+0.020 4,161+£176.3
ATP 1.00+£0.060* 5,193 £275.2*
ITP 0.73+0.084 4,199+109.1
GTP 0.73+0.018 4,236+162.1
CTP 0.74+0.028 4,150+175.3

Values are mean+SE for 8 separate experiments. 3
denotes p<0.05 compared to control.

2. 0 & 7} X| Adenine nucleotides 7} 2?Na*
influxoj] 0| X = HE

A2eE HYF & 5 Nat influxe] 5)3)&
= 7}%} adenine nucleotides®] 93k incubation A]
7k 60l A9 oz wlmd Holth oA
adenine nucleotides 5 o] A ATP % ATPP+
Nate] o5& YA F7HA13 2= (P<0.05)
ATPe] Z3}7} ATPPS] A ¥t} o] Fth, ADPE =
FHA e AL Aoy BAgH oz oogle
ol¥ ohgdth(p<0.01), AMP % adenosine-2
Nat o S0l 3¢ 37 @k

Adenine nucleotides ©]9]¢] t}Z nucleoside tri-
phosphater} 4 €7 § Na* o 5ol n|x&
3¢ A1Zel Yeiyedl, ATPE A9 ITP,
GTP 9 CTPE Na* o] ol 88 74 isket.

3. M@ of2 S5 *°Rb* effluxojl 0|X|= of
2|7} x| nucleotides2] H &k

o]2]7}A] adenine nucleotides’} ¥+ =& &
3l 8Rb* effluxol @)X+ <332 incubation A]7t
9002l FFe g A3xe uvlmslgrh, Incuba-
tion A7} 908 ¥l AYTFHE Folzkd “Rb*
o o 176%7 8 sddch YA} ol
adenine nucleotides® ATP % ATPP+ *¢Rb*efflux
£ J<jglAl Z7HAH 0w (0<0.05) ADPE 7 sat
Vel 2 AMP % adenosine& 8Rb* o] Fof ¢33}

2 74 sk

- A A4 . Nucleotides7} A £ 9t F 3 5o v] X+ o &—

Table 2. Effects of various nucleotides and adenosine
on 22Na* influx and %Rb* efflux in he-

patocyte

Na* Influx 86Rb* Efflux
Nucleotides (umoles/mg cell  (cpm/mg cell

protein/hr) protein/hr)
Control 0.38+0.020 1,034.54+104.2
ATPP 0.60+0.054* 1,315.6+101.2
ATP 0.54 +0.040* 1,468.5+110.4*
ADP 0.44+40.033 1,219.5+94.2
AMP 0.41+0.017 1,182.3+91.8
Adenosine 0.39+0.027 1,196.2+ 104.6
ITP 0.38+0.027 1,126.9+90.2
GTP 0.44+0.035 1,114.8+96.6
CTP 0.46+0.040 1,136.5+110.0

Mean=+SE for 8 separate experiments of ion fluxes for

cotrol and nucleotide addition are presented. *denotes
p<0.05 compared to control.

88 Rb Efflux (cpm x 10*/10° RBC/hr)

(N=8)
4 =
3 l
Cc ATPP ATP ADP AMP Adeno
Fig. 3. Effects of various adenine nucleotides and

adenosine on 8Rb* efflux from red blood cells.
Number of experiments is indicated in parenth-
eses. *denotes p<0.05 compared to control.
Adeno: adenosine.
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8Rb* effluxol] =]zl t}& nucleoside triphos-
phate?] %3S A|1F o Jelll e ATPE A9
ITP, GTP & CTP: Rb* o] %] o 8FS 2] 9o}
2

4. o 2|7} x| Nucleotides7} ?_I-HI_‘EE}% &
8l 22Na* influx 3 %Rb* effluxo] o|x|=
At

& Fol| A9} 7+& vhH o 2 Natinflux 3 efflux
o] vlx]+& o] 7}A] nucleotides % adenosine?] <3
g ZHAI Lol A dAste] A2Fol e
o}, 7hA)Z 22 Na* influx rate ( gmoles/mg cell
protein/hr)= ATPP @) ATPo| o] 3}e] | e]glA) =
7} st el 2Tl viste] 77t 58% 3 42% 5
7}stich, ADP % GTPE Nat o] F& F7H7]€
A%e gglot AR gol7h giglom 2
9] 9] nucleotidesi} adenosine& Na* o] S-of] ¢ 3k-2-
) sispe,

3l3l Rb* efflux (cpm/mg cell protein/hr)e] 7-$-
ATPg} o)elglA) Z7bA|Am ATPPE ¥ %% the
nucleotides 52 57} 7 gk vHebll e,

Lo M
g3 &

rl

1]

a &

dutzle g A ZuolE 1~5mM A5 9 ATP7}
ZA3HE A A ZHol A dojrthe HArtx] F5H
H49) oix 4oz 44ach ¥ % 2e Fxol
1t sht AZSelol s ATPA} Eloto] Sg
o Hals x5 7} 7zt 0.34 M % al 1. 2uM A% o]
3 gl Eof Zolete Aoz
B 1 59} (Forrester & Williams, 1972),

0|23 ATPS] 24l 27l e 2HALY FL
AubA| ZhS B-5le] wix] & Z o2k A7 o
%k o1} purinergic nervous systemo| W g =) Z-2
dU o] Alelegkol ATP7} purinergic nerve ending
cznd $oid Aoz Aren do.

S ell" R e ATPE u|%E 3} adenine nucleotides”}
BAEg IR Bte] FRAA YA
A2 2AE@chs Aol deld $hoLh(Berne, 1963;
Folkow, 1952; Frohlich, 1963), portal veins < -
YAANNE WBFEE JEHAE Foh(Fis-

_1_;1%-_;_.,_—1'-

cus & Dyer, 1982; Furchgott, 1966; Lee & Fikins,
1988; Verhaeghe, 1977) ATPE R &9 =
A701A glicose AA-E Z74A1710d, 7 mast cell
ol|A] histamine -] & ZAdl2 FH7t AlZ=o|v}
gjul A Zutoll 4 insulin bindingS- A A% A
AR wrge] BASE Ao obeiich(Dablquist
et al, 1974; Lee & Filkins, 1987; Trischitta et al,
1984).

Burnstock 3 2.9 2% A7AES & %
& 92 AEtel] $74x] F5-9| purinergic recep-
tor (purinoceptor) 7} ¢}-& Ao T FZ3Fgch F
adenosineol] 2] 3}o] 343} 5]v] methylxanthineso]]
sl o 4ol AuslE Pyreceptorsh ATPo
o] 7+5}w] apamine, quinidine % imidazolineg-ol| £
3}ed z}Els] & P,receptorrt I Aeg ¥ sl
t} (Burnstock, 1978),

ATP7} o 54 o4t 22 48 vehiA 3
A0 AT 2 WA UA get oehe
ATP7} purinoceptorel] binding 5 & el 4
ZukS E4 ionEe o] Fo 71 Aeg F33}
3 gth AAZ ATPE o 2 7}A] A ZojA] ionE 9]
o] %ol Tofdlt}, & ATPE F mast cell, erythro-
leukemia cell % 4= epithelial cellof 4] 22Na*
influx®& Z=7}4) 7=, A2 3T6 cell, mast cell Fol| A
K+ g #Rb* effluxy F7kA1A ¥at oz}, gui-
nea pig 7} Al Z-E hyperpolarization A]7]7|% gt}
(Chahwala & Cantley, 1984; Dahlquist, 1974:
Jager & Schevers, 1980; Kimmich & Randles, 1982;
Rozengurt et al, 1977), ¥ Ao = ATPE &
g 3 AETF 2 2P Zofl4] *Nat influx 3 *Rb*
effluxs $7HA] 7l e,

ATP7} o 7] 0.2 Nat %l K+ o] 52 5714
Aol AL A ot ook ALl
Ca** FEi3ls} olo] Hojdle Hoz A7
9 ¥5ld ATPE # mast cell 3 4% epithelial cell
Zof|A] Ca*t uptakeS Z7}A|7]H,
ule] Ca*t FE& WAFAY Catt o] 5L AT
w ATPo] ¢]3l Na* influx 3 K* effluxz} A=
#a} o}zl ionophore A23187 G- 2 Ca** influx
5 Z7HA71d ol & ionE 9 o] Fe] FAE Wl

o]t} (Burgess et al, 1979; Chahwala & Cantley, 1984.

incubation -&
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Dahlquist et al, 1974),

2 A g4 Na* Rb*9] passive permeability7}
ATP 9jell = ATPPo] ojaj A5 Z7b5gl s o]
T AL o] F Al Lol % receptors} ATP 9] <]
thE adenine nucleotidesol| o] 3|4 & A 35S vt
s}, 22} ITP, GTP 3 CTP2} -2 adenine
719l Fz27 Ag "l AoletE sl adenine T4l
pyrimidine© 2 %}o] 9]+ nucleoside triphosphate
o tHaj A= 4h-g-3lx] ¢fo o2 Nat g Ko} &
7% 7} adenine nucleotidesol] o 3 4]} specificd}-g-
% % ieh, Bat ohie} Na* o K* HEshsof 3
23} purinoceptor7} &A43} 57 YFH A= nu-
cleotide®] adenine moiety7} 2LA3|oF B} nu
cleotided} ¥-xz}ol] Ho]% 371 o]Ale] phosphate 7]
7} %o} Yofo} B ez 25T, A9 Ao
mast cello] 1} w 9k5] 3T6 mouse cello] 4] Na*,
Rb* =l Ca** o]Fo] ATPe| a4 F7t= v}
ITP, GTP, CTP @} UTP%-3} 72 tlE nucleotides
Soll oA FoFL whx] BECHE PR 20
¥ 2} gt} (Dahlquist, 1974; Rozengurt et al, 1977),
7o} 87 o portal vein BRT 4ol 1]
+ o 2 7} A nucleotides v] 4 & o] A adenine
nucleotides® 1} o)z} ITP, GTP % CTPx <&
¢ 5 Aos vunoled (o5 1987 o 9 %,
1988), ols} Z& AUL ZAsh OE 5
purinoceptors 7}2 3 9 A} 24L& receptorz} 3}

5 ARSA S GBS HalFo sl

22l ATPZ u|£3gl adenine nucleotides?} o]
WA HHF 7 Zol A Nat £& K+ E3s 2
AN AR AR WA oA
ofnt= Ml Zatol 9l G Proteino] Fofdle Aoz
22313 9ieh, Fohx 230] o3}% purinoceptor
o] nucleotidesz} 7 3t5lwl o 2] 7}R] A Eol A g
catecholamine 28 k43 nlabslx] 2 A Zabo] Q)
+ G proteinel| 2]3dle] adenylate cyclase sysemo]
$43} =AY 3L oE routed F3lo] of 2 7}A]
ion channelgo] 942 o 24 ionkol o3t &= s}
Z7tele Ao g &3l 9t} (Fredholm & Dun-
widdie, 1988. Gordon, 1986; Katsuragi & Furukawa,
1985; Stiles, 1986), =2{1} F 83k 7] AL o]l o
@ ) B @) o RojHokat B Aoz 4

7,
2 =

o] 2]7}4] nucleotides7} ¢ A7 o 714 Lo
A #Na* 5] #Rb* o] 5| ol& 9§ e Bl
e 2e AEL Adieh

1) ATP % ATPP: =& o4 2Na* influx
A “Rb* effluxE o oA F71A R ADPE
Nat influx ) %Rb* effluxZ F7}A)7)& 7 kal o}
bl v AMP % adenosine °j gko] gl

2) ITP, GTP 3 CTPE & gFof4] 22Nat influx
% *Rb* effluxc]] 3 35 ] kel

3) ATPE 2 7hA 2ol 4 2Na* influx % SSRb*
efflux |29 714155,

4) ATPPE 714 2o A 22Na* influx ) ) Q)]
F7H7 20} “Rb* efflaxts F71A71E 3 3
Bl =2 9] 9] adenine nucleotides & adenosine2-
g ol gigleh,

3) ITP, GTP % CTP+ 7HA|Eoj4] *Na* 3
SRb* o] Foll 9§ F2] Ykt

ol o] AHoz v Fo] Bol H HYF o 74
ZojAx = ATPP % ATP 2%} 7.8 adenine nu-
cleotideso]] 2]5}od #4135} =]+ purinoceptory} EA)
3=, o] receptory} ¥413 Huj Alxe} Foix s}
Z7}5ted Nat influx 3} K+ eflux7} 2713 7lo
Z AlaH ok, 223 o] purinoceptorr} 4] 3}5) 7
434+ nucleotide®] adenine moiety7} <A 3] o
3} nucleotide H=}o]] Hojx 35 o]A+¢Y] phos-
phate7} o glofok 5l Zo2 Alase)
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