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Abstract

Adenosine has receptor-mediated effects in a variety of cell types and is predominantly formed from ATP by a series of nucleotidase
reactions. Adenosine formed intracellularly can be released by bidirectional nucleoside transport processes to activate cell surface
receptors. We examined whether stimulation of adenosine receptors has a regulatory effect on transporter-mediated nucleoside release.
DDT, MF-2 smooth muscle cells, which possess nitrobenzylthioinosine-sensitive (ES) transporters as well as both adenosine A; and A,
receptors, were loaded with the metabolically stable nucleoside analogue [*H]formycin B. N°®-cyclohexyladenosine (CHA), a selective
adenosine A ; receptor agonist, produced a concentration-dependent inhibition of [3HIformycin B release with an 1C, vaue of 2.7 uM.
Further investigation revealed CHA interacts directly with nucleoside transporters with a K; vaue of 3.3 uM. Neither 5-N-ethylcarbo-
xamidoadenosine (NECA), a mixed adenosine A ; and A , receptor agonist, nor CGS 21680, a selective adenosine A ,, receptor agonist,
affected nucleoside release. We conclude that release of the nucleoside formycin B from DDT, MF-2 cells is not regulated by adenosine
A, or A, receptor activation. © 1998 Elsevier Science B.V.
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1. Introduction

Adenosine, an endogenous nucleoside with autocrine
and paracrine regulatory actions, is formed from the de-
phosphorylation of ATP. The concentration of this nucleo-
side is tightly regulated by purine enzymes as well as by
transport processes. Intracellular adenosine concentrations
are kept at nanomolar concentrations by the enzymes
adenosine kinase, which phosphorylates adenosine to
adenosine  monophosphate, and adenosine deaminase,
which deaminates adenosine to inosine (Geiger et al.,
1997).

Nucleoside transporters catalyze the movement of nu-
cleosides across biological membranes. There are two
classes of transport proteins (Griffith and Jarvis, 1996)
which facilitate the movement of adenosine across cellular
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membranes. Sodium /nucleoside cotransporters move
adenosine unidirectionally into cells by utilizing the sodium
gradient while equilibrative (sodium-independent) trans-
porters can move adenosine bidirectionally across plasma
membranes by facilitated diffusion. Two subtypes of equi-
librative transporters have been characterized, equilibra
tive-sendgitive (ES) and equilibrative-insensitive (EI), based
on their sensitivity to inhibition by nanomolar concentra-
tions of nitrobenzylthicinosine (Vijayalakshmi and Belt,
1988). Cdlular release of nucleosides via equilibrative
transporters has been previously demonstrated with human
erythrocytes (Plagemann and Woffendin, 1989) and ham-
ster DDT, MF-2 cells (Foga et al., 1996).

Four adenosine receptor subtypes have been character-
ized and cloned and are termed A, A,,, A,g, and A,
(Fredholm et al., 1994). Activation of adenosine A, and
A, receptors is generaly inhibitory as adenylyl cyclase
activity is inhibited. Adenosine A, receptors can aso
enhance K™ conductance and inhibit Ca®* conductance.
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Adenosine A,, and A 5 receptors are G, protein linked
stimulatory receptors which enhance cAMP formation.

Since adenosine that is released from cells can activate
its cell surface receptors, this study was designed to test
whether adenosine receptor activation affects transporter-
mediated release of nucleosides. For this study we chose
DDT,; MF-2 smooth muscle cells, which appear to possess
only nucleoside transporters of the ES subtype (Parkinson
et a., 1996) as well as A; and A, (A,, and/or A )
adenosine receptors (Ramkumar et al., 1989). We investi-
gated cellular release of [*HIformycin B, a poorly metabo-
lized nucleoside analogue (Plagemann and Woffendin,
1989; Dagnino and Paterson, 1990; Wu et al., 1993) that
can permeate ES transportersin DDT,; MF-2 cells (Parkin-
son and Geiger, 1996).

2. Materials and Methods

2.1. Materials

[®*H]Formycin B was purchased from Moravek (Brea,
CA) and [®H]nitrobenzylthiocinosine was obtained from
DuPont (Mississauga, Ontario). N °®-Cyclohexyladenosine
(CHA), nitrobenzylthicinosine, 8-cyclopentyl-1,3-dipro-
pylxanthine (DPCPX), CGS 21680, and 5-N-ethylcarbo-
xamidoadenosine (NECA) were purchased from Research
Biochemicals (Natick, MA). Formycin B, Triton X-100,
trypan blue and HEPES were obtained from Sigma (St.
Louis, MO). Dulbecco's modified Eagle's medium and
fetal bovine serum were obtained from Gibco (Burlington,
Ontario). Dilazep was provided by Hoffmann-LaRoche
(Basel, Switzerland).

2.2. Cell Culture

DDT, MF-2 smooth muscle cells, originally isolated
from steroid-induced leiomyosarcoma of Syrian hamster
vas deferens (Norris et a., 1974), were obtained from
American Type Culture Collection. Cells were grown in
suspension and maintained as exponentialy proliferating
cultures in Dulbecco’s modified Eagle’'s medium supple-
mented with 4.5 g/| glucose, 5% qualified feta bovine
serum and 2 mM L-glutamine as previously described
(Parkinson et al., 1996).

2.3. [*H]Formycin B efflux measurements

Cells were harvested by centrifugation (100 X g for 10
min), washed twice (100 X g for 5 min) and resuspended
(3 X 10° cells/ml) in physiological buffer containing 120
mM NaCl, 1 mM MgCl,, 3 mM K,HPO,, 1.2 mM
CaCl,, 20 mM 4-(2-hydroxyethyl)-1-piperazineethane-
sulfonic acid (HEPES), and 10 mM glucose. Osmolarity of

the buffer was adjusted as necessary to 300 + 10 mosM
and pH was adjusted to 7.4 with NaOH.

Cells were loaded for 30 min a 37°C with 10 uM
[*HIformycin B, a metabolically stable nucleoside ana-
logue (Plagemann and Woffendin, 1989; Dagnino and
Paterson, 1990; Wu et a., 1993) that is a permeant for
nucleoside transporters in DDT, MF-2 cells (Parkinson
and Geiger, 1996). Cells were pelleted (5 s, 11000 X g),
extracellular [3HIformycin B was removed and pellets
were placed on ice. Release was stimulated by resuspend-
ing cells in 500 wl buffer alone or buffer containing
nitrobenzylthiocinosine, an inhibitor of ES nucleoside trans-
porters, CHA, a selective adenosine A receptor agonist;
NECA, an A, /A, mixed agonist; DPCPX, an adenosine
A, receptor antagonist; CGS 21680, a selective adenosine
A, receptor agonist; or forskolin, an adenylyl cyclase
activator. Cells were incubated for 90 s at 22°C and then a
400 ul aliguot was centrifuged (30 s; 16000 X g) over ail
(85 parts silicon oil: 15 parts paraffin oil; 200 wl) to
separate cells from the extracellular medium. Samples of
the supernatants were taken for radioactive determination
by liquid scintillation spectroscopy. The microcentrifuge
tubes were washed three times with distilled water, the ail
was removed, and the pellets were dissolved in 10% Triton
X-100 for determination of radioactivity.

Cdll viahility was assayed by trypan blue exclusion at
the end of each experiment and was routinely greater than
95%.

2.4. [ *H]Nitrobenzylthioinosine binding

Cells were harvested, washed twice and resuspended in
buffer as above. Cells, 25000 per milliliter assay volume,
were incubated (22°C) with 0.5 nM [*HInitroben-
zylthicinosine and CHA (10 nM to 100 uM) for 1 h and
reactions were terminated by filtration through Whatman
GF /B filters using a Brandel cell harvester. Tota binding
was measured in the presence of [*H]nitrobenzylthioino-
sine alone and nonspecific binding was measured in the
added presence of 100 M dilazep or 1 M nitrobenzylth-
ioinosine. [3H]Nitrobenzylthioinosine concentrations were
corrected for ligand depletion. The K; vaue for CHA was
determined with the equation of Cheng and Prusoff (1973)
using a K, value for nitrobenzylthioinosine of 0.26 nM
(Parkinson et a., 1996).

2.5. Data Analysis

[3H]Formycin B release measurements were in triplicate
and [ *H]nitrobenzylthioinosine binding measurements were
in duplicate. Each experiment was performed at least three
times and all values are reported as mean + S.E.M. Non-
linear regression was performed using the software pack-
age GraphPad PRISM version 2. To test for significant
differences between three or more means, data were ana-
lyzed using a one-way ANOVA with Tukey's multiple
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Table 1
Effect of adenosine receptor agonists on ES transporter-mediated release
of [*HIformycin B from smooth muscle DDT; MF-2 cells

Table 3
Effect of NECA and CGS 21680 on cAMP production in DDT,; MF-2
cells

[®H]Formycin B release
(pmol /108 cells)

Control 51.2+3.3(14)
Nitrobenzylthioinosine (10 uM) 9.14+4.8(3)x * =
CHA (30 uM) 5.143.6(6)* = *
NECA (30 uM) 67.6+£3.3(3)
CGS 21680 (10 M) 35.2+7.4(3)
Forskolin (10 wM) 53.6+13.6 (3)
Forskolin (1 M) 58.1+1.0(3)
DPCPX (10 uM) 51.2+5.3(7)

CHA (30 M)+ DPCPX (10 uM) 157447 (A *

Cells were loaded in the presence of 10 uM [3H]formycin B for 30 min,
extracellular tritium was removed, cells were exposed to indicated com-
pounds for 90 s, and release of [*H]formycin B into supernatants was
determined. The number of experiments is shown in parentheses.

# %% P <0.001 relative to control; ANOVA with Tukey's multiple
comparison post-tests.

comparisons post-hoc test. A significance level of P < 0.05
was chosen a priori.

3. Results

DDT, MF-2 cells possess nucleoside transport pro-
cesses of the ES subtype. By imposing an inwardly di-
rected concentration gradient, cells were loaded with
[*HIformycin B. Cells were stimulated to release [*H]for-
mycin B by removing extracellular tritium and thereby
providing an outwardly directed concentration gradient.
Release of [®H]formycin B was inhibited 82% by the
transport inhibitor nitrobenzylthioinosine (Table 1), con-
firming that release was mediated by ES transporters.

To test whether adenosine receptor stimulation affects
ES transporter-mediated nucleoside release, cells loaded
with [®HIformycin B were treated with the adenosine A,
receptor agonist CHA, the mixed adenosine A /A , recep-
tor agonist NECA or the adenosine A ,, receptor selective
agonist CGS 21680. CHA (30 wM) significantly inhibited
[*HIformycin B release by 90%. [3H]Formycin B release

Table 2
Adenosine A ; receptor-mediated inhibition of CAMP production by CHA
CAMP (pmoal)
Isoproterenol (1 M) 48.8+9.2
+CHA (30 uM) 105+1.0%
+DPCPX (10 uM) 41.64+6.2
+CHA (0.3 uM) 10.1+0.8*
+DPCPX (10 uM) 50.7+9.5

Cells were exposed to the indicated compounds and to the phosphodi-
esterase inhibitor rolipram for 90 s at 37°C. Cyclic AMP levels were
measured as described in the text.

* P < 0.05 relative to isoproterenol alone; ANOVA with Tukey's multi-
ple comparison post-test.

cAMP (pmol)
Control 48404
NECA (30 uM) 39+03
CGS 21680 (0.1 M) 6.840.8
CGS 21680 (1 uM) 11.942.0%
CGS 21680 (10 uM) 10.8+1.2:

Cells were exposed to the indicated compounds and rolipram for 90 s at
37°C. Cyclic AMP levels were measured as described in the text.

* P < 0.05 relative to control; ANOVA with Tukey's multiple compari-
son post-tests.

was not significantly altered by the adenosine A,/A,
mixed receptor agonist NECA (30 uM) or the selective
adenosine A,, receptor agonist, CGS 21680 (10 wM)
(Table 1). During the brief 90 s time intervals required for
release assays, the concentrations of CHA and CGS 21680
used were effective at inhibiting and stimulating cAMP
levels, respectively (Tables 2 and 3). In contrast, the mixed
agonist NECA had no significant effect on cAMP produc-
tion (Table 3).

Forskolin is an activator of adenylyl cyclase that has
previously been shown to inhibit adenosine uptake into
bovine chromaffin cells or pig kidney cells (Sen et al.,
1990; Sayos et a., 1994). Treatment of DDT, MF-2 cells
with forskolin for 90 s resulted in a concentration-depen-
dent increase in cAMP production; 1 M, 10 uM and 100
M forskolin elevated cAMP values by 4.3-, 8.3- and
9.7-fold over basal, respectively (n=3). However, no
effect of forskolin (1 or 10 wM) on [3*HIformycin B
release was detected (Table 1).

To test whether the inhibition of [*HIformycin B release
by CHA was due to stimulation of adenosine A ; receptors,
the effect of the selective adenosine A; receptor antago-
nist, DPCPX (10 uM), was investigated (Table 1). DPCPX
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Fig. 1. Concentration-dependent inhibition of [3HIformycin B release by
CHA. Release was stimulated by resuspending cells, loaded with [*H]for-
mycin B, in buffer containing 0.1 uM to 30 uM CHA. Supernatants
were collected after 90 s and assayed for tritium content. Symbols
represent mean+ S.E.M. of at least three experiments. Control represents
release in the absence of CHA.
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Fig. 2. Concentration-dependent inhibition of site-specific [3H]nitroben-
zylthicinosine (0.5 nM) binding by CHA (10 nM to 100 uM). Cells
(25000,/ml assay volume) were incubated for 1 h with radioligand and
graded concentrations of CHA. Site-specific binding (control) of
[®H]nitrobenzylthicinosine was the difference between binding in the
absence and presence of dilazep (100 wM) or unlabeled nitrobenzylth-
ioinosine (1 wM). Symbols represent mean+ S.E.M. of three experiments
performed in duplicate.

aone had no effect on [*HIformycin B release. While
DPCPX blocked the effect of CHA on cAMP production
(Table 2), it produced only a partial reversa of the
inhibitory effect of CHA on [3HIformycin B release
(Table 1).

To examine further the effect of CHA on release of
[*HIformycin B, we measured release in the presence of
0.1 uM to 30 uM CHA. Concentration-dependent inhibi-
tion of [3H]formycin B release by CHA was observed with
a half-maximal inhibition constant (IC,) of 2.7 + 1.5 uM
(n=23) (Fig. 1.

Because severa adenosine analogues have been shown
to interact directly with nucleoside transporters (Geiger et
al., 1988; Hammond, 1991), we performed competition
binding assays with [3H]nitrobenzylthicinosine and CHA
(Fig. 2). CHA produced a concentration-dependent inhibi-
tion of [*H]nitrobenzylthioinosine binding to DDT,; MF-2
cells and an ICg, value of 9.6 uM, corresponding to a
caculated K; value of 3.3 uM, was obtained.

A concentration of CHA (300 nM), which did not
inhibit [*H]nitrobenzylthicinosine binding (Fig. 2) but was
able to cause significant activation of adenosine A, recep-
tors in these cells during 90 s exposure (Table 2), was
examined for inhibition of [*H]formycin B release. In the
presence of 300 nM CHA, [3HIformycin B release was
43.4 + 3.2 pmol /108 cells (n=3), and was not signifi-
cantly different from control values.

4, Discussion

Formycin B is a poorly metabolized inosine analogue
which is a permeant for ES transporters in DDT,; MF-2
cells (Parkinson and Geiger, 1996). We used formycin B
for this study because adenosine is rapidly metabolized by
intracellular, and possibly extracellular (Ciruela et al.,

1996) enzymes, thus, it is difficult to achieve a stable
releasable pool of intracellular adenosine. While it is possi-
ble to load cells with [*H]adenosine in the presence of
inhibitors of adenosine metabolism, severa inhibitors of
adenosine metabolism, such as the adenosine kinase in-
hibitor iodotubercidin, can block nucleoside transport pro-
cesses and interfere with uptake or release assays (Parkin-
son and Geiger, 1996). Formycin B is a poorly metabo-
lized nucleoside that is a permeant for ES nucleoside
transporters and equilibrates across cell membranes. These
properties make formycin B a useful probe for assaying
cellular release of nucleosides.

Release of [*H]formycin B was initiated by imposing an
outwardly directed concentration gradient. Release was
inhibited by the transport inhibitor nitrobenzylthioinosine,
indicating that release occurred through ES transporters.
[*H]Formycin B release through ES transporters in human
erythrocytes has been observed previously (Plagemann and
Woffendin, 1989).

To investigate the effect of adenosine receptor stimula
tion on nucleoside release processes, high concentrations
of adenosine A, and A, receptor agonists were chosen so
that significant receptor activation would occur within a
minimum release interval. Release intervals had to be kept
to a minimum to avoid depletion of intracellular [*H]for-
mycin B. Significant inhibition of [3H]formycin B release
by 30 uM CHA was observed. This inhibition was con-
centration-dependent and an 1C, value of 2.7 uM was
obtained. However, the adenosine A, receptor antagonist
DPCPX did not completely reverse the inhibition of
[*HIformycin B release by CHA, indicating that inhibition
of release by CHA was not mediated solely by adenosine
A, receptor activation. We tested whether CHA could
interact directly with ES transporters and found that CHA
inhibited [*HInitrobenzylthicinosine binding with a K,
value similar to the IC, value for inhibition of [*H]for-
mycin B release. Several structural analogs of adenosine,
including receptor agonists and antagonists, have been
found to inhibit nucleoside uptake (Geiger et a., 1988;
Hammond, 1991) but effects on nucleoside release have
not been reported previously. A concentration of CHA that
had no effect in [*H]nitrobenzylthicinosine binding assays
but was effective in adenosine A, receptor assays had no
effect on [3H]formycin B release, indicating that inhibition
of [*H]formycin B release from DDT, MF-2 cells by CHA
was due to direct inhibition of ES transporters.

No effect on [3H]formycin B release was observed with
NECA, a mixed adenosine A,/A, receptor agonist, or
CGS 21680, a selective adenosine A ,, receptor agonist.
At the concentrations used, CGS 21680 stimulated cCAMP
production, likely by stimulating adenosine A, receptors
in these cells. In contrast, NECA had no significant effect
on cAMP production. In the presence of DPCPX, NECA
stimulates cCAMP production in these cells (Gerwins and
Fredholm, 1991; unpublished observations), therefore the
lack of effect on cCAMP production in this study is due to
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simultaneous activation of both inhibitory A; and stimula
tory A , adenosine receptors. Thus, our data do not provide
evidence for regulation of nucleoside release from DDT,
MF-2 cells by adenosine A, receptor activation. In con-
trast, NECA enhanced adenosine uptake in cultured bovine
chromaffin cells (Delicado et al., 1990) that express adeno-
sine A, receptors, however, an adenosine A, receptor-
mediated elevation of CAMP could not explain this effect
of NECA since forskolin inhibited adenosine transport in
these cells (Sen et a., 1990). Thus, in the same cdll type
activators of CAMP formation have been shown either to
increase or to decrease the activity of nucleoside trans-
porters. In the present study with DDT, MF-2 cells, we
found no effect on nucleoside rel ease processes by concen-
trations of forskolin that activate adenylyl cyclase and
increase CAMP levels.

Previous studies investigating regulation of nucleoside
uptake or release have used direct stimulation of compo-
nents of second messenger pathways. In cerebellar granule
cells, Sweeney (1996) observed that pertussis toxin de-
creased, while cholera toxin potentiated, adenosine release
and she proposed that the activity of equilibrative trans-
porters in cerebellar granular cells was modulated by
G-proteins. Phorbol esters, cAMP analogues or forskolin
were found to inhibit nucleoside uptake in cultured chro-
maffin cells (Sen et al., 1990; Delicado et al., 1991) but to
have no effect in bovine endothelia cells (Sen et al.,
1996). Therefore, regulation of nucleoside transport func-
tion by components of signal transduction pathways varies
among cell types.

These previous studies which have investigated regula
tion of adenosine uptake (Sen et al., 1990, 1996; Delicado
et al., 1991) or release (Sweeney, 1996) processes have
used exogenous or endogenous adenosine, respectively.
However, it is difficult to distinguish between the effects
of drug treatment on adenosine transport per se and on net
adenosine uptake (inward transport + intracellular
metabolism) or release (intracellular formation + outward
transport). The present study assayed ES transporter func-
tion directly and found no evidence for adenosine
receptor-mediated regulation. Whether adenosine receptors
or other modulators of signal transduction pathways can
affect nucleoside transporter function by altering adenosine
levels, due to effects on adenosine production and/or
metabolism, remains a possibility that could be addressed
in a future study.

In summary, the main finding of this study was that
[3H]formycin B release from DDT, MF-2 cells was inhib-
ited by the adenosine A, receptor agonist CHA. This
effect was not blocked by DPCPX, and can be attributed to
direct interactions with transport processes rather than
regulation by receptor activation. The nonselective adeno-
sine receptor agonist NECA, the adenosine A ,, receptor
agonist CGS 21680, and the adenylyl cyclase activator
forskolin did not affect release of [3H]formycin B. These
data indicate that adenosine receptor activation in DDT,

MF-2 cells does not regulate nucleoside transporter func-
tion.

References

Cheng, Y., Prusoff, W.H., 1973. Relationship between the inhibition
constant (K;) and the concentration of inhibitor which causes 50
percent inhibition (I5,) of an enzymatic reaction. Biochem. Pharma-
col. 22, 3099-3108.

Ciruela, F., Saura, C., Canelg, E.I., Mallal, J,, Lluis, C., Franco, R., 1996.
Adenosine deaminase affects ligand-induced signalling by interacting
with cell surface adenosine receptors. FEBS Lett. 380, 219—-223.

Dagnino, L., Paterson, A.R., 1990. Sodium-dependent nucleoside trans-
port in mouse leukemia L1210 cells. J. Biol. Chem. 266, 6308—6311.

Délicado, E.G., Rodrigues, A., Sen, R.P., Sebastiao, A.M., Ribeiro, JA.,
Miras-Portugal, M.T., 1990. Effect of 5-(N-ethylcarbox-
amido)adenosine on adenosine transport in cultured chromaffin cells.
J. Neurochem. 54, 1941-1946.

Delicado, E.G., Sen, R.P., Miras-Portugal, M.T., 1991. Effects of phorbol
esters and secretagogues on nitrobenzylthioinosine binding to nucleo-
side transporters and nucleoside uptake in cultured chromaffin cells.
Biochem. J. 279, 651-655.

Foga, 1.0., Geiger, JD., Parkinson, F.E., 1996. Nucleoside transporter
mediated uptake and release of [*H]L-adenosine in DDT, MF-2 cells
smooth muscle cells. Eur. J. Pharmacol. 318, 455—460.

Fredholm, B.B., Abbracchio, M.P., Burnstock, G., Daly, JW., Harden,
T.K., Jacobson, K.G., Leff, P., Williams, M., 1994. VI. Nomenclature
and classification of purinoreceptors. Pharmacol. Rev. 46, 143-156.

Geiger, J.D., Johnston, M.E., Yago, V., 1988. Pharmacological character-
ization of rapidly accumulated adenosine by dissociated brain cells
from adult rat. J. Neurochem. 51, 283-291.

Geiger, JD., Parkinson, F.E., Kowaluk, E.A., 1997. Regulators of en-
dogenous adenosine levels as therapeutic agents. In: Jacobson, K.A.,
Jarvis, M.F. (Eds.), Purinergic Approaches in Experimental Therapeu-
tics. Wiley-Liss, New York, pp. 55-84.

Gerwins, P., Fredholm, B.B., 1991. Glucocorticoid receptor activation
leads to up-regulation of adenosine A ; receptors and down-regulation
of adenosine A , responses in DDT,; MF-2 smooth muscle cells. Mal.
Pharmacol. 40, 149-155.

Griffith, D.A., Jarvis, SM., 1996. Nucleoside and nucleobase transport
systems of mammalian cells. Biochim. Biophys. Acta 1286, 153—181.

Hammond, JR., 1991. Comparative pharmacology of the nitrobenzylth-
ioguanosine-sensitive and -resistant nucleoside transport mechanisms
of Ehrlich ascites tumor cells. J. Pharmacol. Exp. Ther. 259, 799-807.

Norris, J.S., Gorski, J., Kohler, P.O., 1974. Androgen receptors in a
Syrian hamster ductus deferens tumour cell. Nature 248, 422—424.

Parkinson, F.E., Geiger, J.D., 1996. Effects of iodotubercidin on adeno-
sine kinase activity and nucleoside transport in DDT,; MF-2 smooth
muscle cells. J. Pharmacol. Exp. Ther. 277, 1397-1401.

Parkinson, F.E., Mukerjee, K., Geiger, JD., 1996. [*H]Adenosine trans-
port in DDT,; MF-2 smooth muscle cells: inhibition by metabolites of
propentofylline. Eur. J. Pharmacol. 308, 97—102.

Plagemann, P.G., Woffendin, C., 1989. Use of formycin B as a genera
substrate for measuring facilitated nucleoside transport in mammalian
cells. Biochim. Biophys. Acta 1010, 7-15.

Ramkumar, V., Barrington, W.W., Jacobson, K.A., Stiles, G.L., 1989.
Demonstration of both A, and A, adenosine receptorsin DDT; MF-2
smooth muscle cells. Mol. Pharmacol. 37, 149-156.

Sayos, J., Blanco, J, Ciruela, F., Canela, E.I., Mdllal, J, Lluis, C.,
Franco, R., 1994. Regulation of nitrobenzylthioinosine-sensitive
adenosine uptake by cultured kidney cells. Am. J. Physiol. 267,
F758—-F766.

Sen, R.P., Delicado, E.G., Miras-Portugal, M.T., 1990. Effect of forskolin
and cyclic AMP analog on adenosine transport in cultured chromaffin
cells. Neurochem. Int. 17, 523-528.



344 SL. Borgland, F.E. Parkinson / European Journal of Pharmacology 346 (1998) 339-344

Sen, R.P., Sobrevia, L., Délicado, E.G., Yudilevich, D., Miras-Portugal,
M.T., 1996. Bovine adrenal endothelial cells express nucleoside trans-
porters nonregulated by protein kinases A and C. Am. J. Physiol. 271,
C504—-C510.

Sweeney, M.1., 1996. Adenosine release and uptake in cerebellar granule
neurons both occur via an equilibrative nucleoside carrier that is
modulated by G proteins. J. Neurochem. 67, 81-88.

Vijayalakshmi, D., Belt, JA., 1988. Sodium-dependent nucleoside trans-
port in mouse intestinal epithelial cells. Two transport systems with
differing substrate specificities. J. Biol. Chem. 263, 19419-19423.

Wu, X., Hui, A.C., Giacomini, K.M., 1993. Formycin B elimination from
the cerebrospina fluid of the rat. Pharmacol. Res. 10, 611-615.



