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Comparison of human recombinant adenosine A,g receptor
function assessed by Fluo-3-AM fluorometry and
microphysiometry
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1 The aim of this study was to establish the utility of a fluorometric imaging plate reader (FLIPR)
assay to assess human adenosine A,g receptor function by characterizing its receptor pharmacology
and comparing this profile to that obtained using a microphysiometer.

2 FLIPR was used, in conjunction with a Ca**-sensitive dye (Fluo-3-AM), to measure rapid rises
in intracellular calcium in a Chinese Hamster Ovary (CHO-K1) cell line stably transfected with both
the human A,y receptor and a promiscuous G, protein. Microphysiometry was used to measure
rapid changes in the rate of extracellular acidification in a Human Embryonic Kidney (HEK-293)
cell line also stably transfected with human A,p receptor.

3 Activation of A,g receptors by various ligands caused a concentration-dependent increase in
both the intracellular calcium concentration and the extracellular acidification rate in the cells tested,
with a similar rank order of potency for agonists: NECA >N¢Benzyl NECA > adenosine > R-
PIA >CPA >S-PIA>CHA>CGS 21680. No comparable effects were observed in the non-
transfected control cell lines.

4 The rank order of potency of the agonists examined was the same in all studies, whereas absolute
potency and efficacy varied. Thus, all compounds exhibited greater potency in FLIPR than the
microphysiometer and the efficacies obtained with CHO-K1+ G,;4+ Asp cell line and FLIPR were
greater than those obtained with HEK-293 + A,p cell line in the microphysiometer.

5 ZM-241385 was the most potent of a range of adenosine antagonists tested with a pA, of 8.0 in
both the FLIPR and microphysiometer assays.

6 In conclusion, the profile of the responses to both A,p receptor agonists and antagonists in
FLIPR were similar to those obtained by the microphysiometer, although both potency and efficacy
values were higher in the FLIPR assay. With this caveat in mind, this study shows that FLIPR
coupled with a cell line transfected with both the human A,p receptor and a promiscuous G,e
protein provides a useful, high throughput method for the assessment of A, receptor function.
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Introduction

The endogenous nucleoside adenosine mediates its action on
cells through at least four G-protein-coupled receptor
subtypes, which have been classified as A;, Ass, Aog and
Aj (Linden & Jacobson, 1998; Ralevic & Burnstock, 1998).
Adenosine A,p receptors have been implicated in neurosecre-
tion, intestinal function, asthma and inflammation (Feoktis-
tov et al., 1998b). Elucidation of the pharmacology of A,p
receptors has lagged behind that of the A; and A,4 subtypes,
largely because of the absence of A,g receptor-specific
ligands. The assessment of A,p receptor pharmacology has
also relied largely on the measurement of cyclic AMP
accumulation or adenylate cyclase activity (Martin, 1992;
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Brackett & Daly, 1994; Peakman & Hill, 1994; Klotz et al.,
1998; Feoktistov & Biaggioni, 1997; 1998).

FLIPR is increasingly being used to assess the functional
response of G protein-coupled receptors (Porter et al., 1999;
Wood et al., 1999; Jerman et al., 2000), particularly when
the receptor of interest is co-expressed with the promiscu-
ous G-protein G, to couple the receptor responses to
phospholipase C (Milligan et al., 1996). The present study
represents the first assessment of human A,g receptor
function using a calcium-sensitive dye (Fluo-3-AM) coupled
with a fluorometric imaging plate reader (FLIPR). The
pharmacological characteristics of the A,p receptor have
been defined and compared with those obtained by
microphysiometry, a method that uses small alterations in
pH as a signal of changes in cellular metabolism induced
by a variety of ligand-receptor interactions, including G-
protein linked receptors (Owicki et al., 1990; McConnell et
al., 1992; Coldwell et al., 1999). A preliminary report of
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this work has previously been published (Randall er al.,
2000).

Methods
Materials

All compounds were obtained from Sigma-RBI (Poole, U.K.)
or Tocris (Bristol, U.K.). Fluo-3-AM and pluronic acid were
purchased from TefLabs and Molecular Probes (U.S.A.),
respectively. Cytosensor capsule kits and modified RPMI
1640 medium buffer were purchased from Molecular Devices
(U.K.). All culture reagents were purchased from Sigma-RBI
(Poole, U.K.) or Gibco (Paisley, U.K.). Cell culture
plasticware was purchased from Falcon or Corning Costar.

Cell culture

Human Embryonic Kidney (HEK-293) cells were transfected
with the human A,p receptor (accession number: GB:
M97759) which was cloned and inserted into pCDNA3.1,
as described previously (Porter et al., 1999). CHO-KI1 cells
were transfected by electroporation using the same expression
vector. Electroporation was performed using 10 million CHO
cells suspended in 0.8 ml PBS in the presence of linearized
cDNA wusing a capacitance of 25 uF and a voltage of
0.75 kV. The cells were placed on ice for 5 min before and
after electroporation. Twenty-four hours following transfec-
tion, positive clones were selected using 0.8 mg ml—' G418.
CHO-K1 cells had previously been stably transfected with the
G,16 protein and were also under selection for 0.5 mg ml~!
zeocin. Single clones were isolated by limiting dilution, and
screening for receptor expression and functional coupling was
performed in FLIPR. The cells were grown in Dulbecco’s
Modified Eagles medium (DMEM) containing 10% heat
inactivated foetal bovine serum (FBS), 1% penicillin—
streptomycin, 1% L-glutamate, 1% essential amino acids
and 0.01% sodium pyruvate (for cells transfected with the
Aop receptor) at 37°C in a 10% CO, incubator at 95%
humidity.

FLIPR

On the afternoon before assay, cells were plated at a density
of 30,000 cells/well into black 96-well plates with clear
bottoms to allow cell inspection and fluorescence measure-
ments from the bottom of each well. The density of cells was
sufficient to yield a confluent monolayer the next day. Hanks
balanced salt solution, without phenol red, containing 20 mm
HEPES and 2.5 mM probenecid was prepared fresh on the
day of assay, and used as the assay buffer. DMSO was used
to aid solubilization of poorly soluble compounds. Dilutions
were made using a Beckman Biomek 2000 laboratory
automation workstation, in assay buffer. The final concentra-
tion of DMSO exposed to the cells never exceeded 0.3%,
which had no effect alone (data not shown). The dye-loading
buffer consisted of a final concentration of 4 uM Fluo-3-AM
(dissolved in DMSO and pluronic acid) in serum-free cell
culture maintenance medium containing 20 mmM HEPES and
2.5 mM probenecid. The cells were dye-loaded for approxi-
mately 60 min at 37°C in a 5% CO, incubator at 95%

humidity by removing the existing maintenance media and
adding 100 ul of the dye-loading buffer to each well. Once
dye-loaded, the cells were washed thoroughly on a Denley
cell washer with the assay buffer to remove any unincorpo-
rated dye. Exactly 100 ul assay buffer was left in each well.

Assay conditions were as described previously by Porter et
al., 1999. Briefly, each 96-well plate containing dye-loaded
cells was placed into the FLIPR drawer and the laser
intensity set to a suitable level (to obtain basal values of
approximately 10,000 fluorescence units). Agonist additions
were made 10 s into the fluorescent measurements. For
antagonist studies, cells were pre-incubated for 10 min prior
to experiments. The maximum fluorescent signal obtained
was recorded and normalized to a positive control of 10 um
NECA, performed in quadruplicate on every plate.

Each 96-well plate contained four wells dedicated to the
positive control (10 uM NECA) and four wells as a negative
control (assay buffer alone). For pharmacological character-
ization, all data were normalized to the positive control wells,
which were expressed as 100% signal. Each agonist
concentration-response curve was constructed using a four
parameter logistic equation from GraphPad Prism software
as follows: Y =Bottom+ (Top— Bottom)/1 + [(*0gEC0-XnH
The efficacy of the compound was determined from the
maximal value. The concentration of agonist that produced a
half-maximal response is represented by the ECs, value, the
logarithm of which yielded the pECs, value. The pA, values
of antagonists were determined by Schild plot analysis
(Arunkalakshana & Schild, 1959).

Microphysiometry

Cells were seeded into 12 mm transwell inserts (microphysi-
ometer capsule kit; Molecular Devices) at 300,000 cells per
cup in growth medium (as described above). The cells were
incubated overnight at 37°C in a 10% CO, incubator at 95%
humidity. All compounds were made up to 10 mM in 20%
DMSO to aid solubilization. Further dilutions were made in
the microphysiometer with modified RPMI 1640 medium
(Molecular Devices). The final concentration of DMSO
exposed to the cells never exceeded 0.2%, which had no
effect alone (data not shown). The assay conditions were a
variant of a procedure described by Coldwell et al., 1999. The
cups containing cells were loaded into the sensor chambers of
the microphysiometer and the chambers perfused with
microphysiometer modified RPMI 1640 medium (Molecular
Devices) at a flow rate of 100 ul min~' and a temperature of
37°C for 50 min. Each pump cycle lasted 120 s. The pump
was on for the first 80 s and the acidification rate determined
between 88 and 118s, using the Cytosoft programme
(Molecular Devices).

In agonist experiments, increasing concentrations (at log
unit intervals) of receptor agonist were perfused over the cells
for 2 min at 40 min intervals to allow for receptor recovery.
In antagonist studies, the cells were perfused for 20 min with
buffer containing the antagonist prior to agonist addition.
Each agonist concentration-response curve was constructed
using a four parameter logistic equation from GraphPad
Prism software as described above. The efficacy of the
compound was determined from the peak value, which is the
maximum value of the Y plateau. The concentration of
agonist that produced a half-maximal response is represented
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by the ECs, value. For antagonist studies, the apparent pA,
was calculated as follows: pA,=Log [Antagonist]—Log
(Dose Ratio—1).

Results

Effect of compounds on extracellular acidification rates of
HEK-293 cells transfected with the A,p receptor

A minor signal to NECA was obtained from non-transfected
HEK-293 cells that underwent an identical assay protocol.
The HEK-293 cell line has been found to contain an
endogenous A,g receptor but no other adenosine receptors
(Cooper et al., 1997; Schachter et al., 1997; Gao et al., 1999).
However, the response obtained was much lower than that in
the A,p transfected cell line (data not shown).

Initial studies showed that responses to NECA in HEK-
293 cells transfected with A,p receptors were constant and the
potency of NECA (ECsy: 0.89+0.30 uM) did not alter with
time during the collection period, which is indicative of a lack
of receptor desensitization (data not shown). A typical
example of the time-course of the response of HEK-
293+ A, cells to NECA is shown in Figure 1A. On exposure
to NECA, the acidification rates rose to maximal level within
2 min and then gradually declined back to basal values over a
period of 10 min. Changes in acidification rates were
determined by calculating the difference between the
maximum effect after agonist addition and the average of
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Figure 1 (A) Time-course of the effect of NECA on the acidifica-

tion rate of HEK-293+ A,p cells, measured using the microphysi-
ometer. (B) Time-course of calcium signal following 10 um NECA
addition (after 10 s) on CHO-K1+G,;¢+ Ajp cells, measured using
FLIPR.

the three measurements taken immediately before exposure to
agonist.

Agonist concentration-response curves to NECA are
shown in Figure 2A. In the presence of adenosine or its
analogues, a concentration-dependent elevation of the
acidification rate was observed, with a rank order of
ECso values of NECA > N°Benzyl-NECA > Adenosine > R-
PIA >CPA >S-PIA>CHA>CGS 21680. This rank order
of potency is consistent with the A,p receptor. The ECs,
for the most potent analogue, NECA, was 0.89+0.30 um
(Table 1). The A4 selective agonist, CGS 21680 (Lupica et
al., 1990) failed to stimulate any change in basal
acidification rates up to a concentration of 1 mM. The
low activity of CGS 21680 is characteristic of that reported
for A,p receptors (Lupica et al., 1990). All of the adenosine
analogues had a maximal response lower than that of
NECA (Figure 2A, Table 1). Higher concentrations of these
compounds could not be tested due to their poor solubility.
The results obtained using the HEK-293+ A,p cell line were
subject to large variations between independent trials. This
is probably attributable to the small size of responses
obtained leading to a low signal-to-noise ratio. For this
reason, the results obtained were verified using an
alternative cell line in both the microphysiometer and
FLIPR assays.

Effect of compounds on extracellular acidification rates of
CHO-KI1+ G, 5+ Asp cells

No signal to NECA was obtained from the parental CHO-
K1+ G, cell line that underwent an identical assay
protocol. CHO-K1 cells have been found not to express
any of the adenosine receptor subtypes (Alexander et al.,
1996). The responses obtained using the CHO-
K1+ Gg,6+ Asp cell line in the microphysiometer displayed
greater efficacy than those obtained using the HEK-
293+ A,p cell line (Figure 2 and Table 1). The responses
were also less variable in the CHO-KI1+ G+ Ays cells,
probably because of the greater magnitude of response. The
rank order of potency (NECA >N°®-Benzyl-NECA > Adeno-
sine > R-PIA > CPA > CHA >S-PIA >CHA) was the same in
each cell line (Table 1). A measurable response was obtained
testing CGS 21680 on the CHO-K1+ G, 4+ Asp cell line at
concentrations greater than 10 um (Figure 2B). ZM 241385
(100 nM) produced a parallel rightward shift in the
concentration response curve to NECA with a calculated
pA, of 8.0 with no decrease in the maximal response,
indicative of competitive antagonism (Figure 3A).

Effects of compounds on intracellular calcium
concentrations of CHO-KI1+ G, s+ A,p cells

No signal to NECA was obtained from non-receptor-
transfected CHO-K1 and G, ¢ protein transfected CHO-K1
cells that underwent an identical assay protocol (data not
shown). Following the addition of agonist to the G, and
A,p receptor-transfected cells however, a rapid rise in
intracellular calcium was obtained, typified at higher
concentrations by a rapid initial peak (maximal approxi-
mately 15 s after addition) followed by a gradual decline
towards baseline values (Figure 1B). The peak of this rapidly
obtained maximum rise in intracellular calcium concentration
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Figure 2 Agonist concentration-response curves using: (A) HEK-
293+ A, cell line in the microphysiometer, (B) CHO-
K1+G,6+Ays cell line in the microphysiometer, (C) CHO-
K1+ G+ Asp cell line in FLIPR and (D) HEK-293 + A,y cell line
in FLIPR. Data points represent the maximum response obtained at
each concentration and are representative from a single experiment
performed in duplicate that was repeated four times (FLIPR) or two
times (microphysiometry).

over basal levels was measured and expressed as a percentage
of that obtained by 10 uM NECA. The relative efficacy of all
compounds was expressed as a fraction of that obtained by
10 um NECA.

In the presence of adenosine and its analogues, a
concentration-dependent increase in [Ca’*']; in CHO-
K1+ G, +Ass cells, with a rank order of potency of
NECA > N°benzyl-NECA > Adenosine > R-PIA > CPA > S-
PIA > CHA > CGS 21680, was observed (Figure 2C, Table 1).
The ECsqo value for NECA was 30 nM (Table 1), which is 20
fold higher than the ECs, value obtained using the
microphysiometer. CGS 21680 had the lowest potency of
the compounds and did not reach a plateau at the highest
concentration tested (10 uM), unlike all the other compounds
assessed (Figure 2C). Similar to the results obtained using
this cell line in the microphysiometer, N°®benzyl NECA
exhibited a relatively high potency (ECso: 0.094+0.01 um) for
the A,p receptor, much greater than the endogenous ligand,
adenosine (ECsq: 0.204+0.02 uMm), and R-PIA exhibited a
potency (ECsy: 0.31 £0.04 um) that was very close to that of
adenosine.

Responses to increasing concentrations of NECA were
competitively inhibited in the presence of a range of
adenosine receptor antagonists, with the rank order of
apparent pA, values: ZM-241385> Alloxazine > Theophylline
(Table 2). For Schild analysis concentrations of antagonists
were evaluated using 3—10 fold the pA, values reported, and
increasing in half-log increments (see Figures 2 and 3). As
observed using the microphysiometer on the same cell line,
the reported A5 antagonist, ZM-241385, at a concentration
of 100 nM, caused a 10 fold decrease in the potency of NECA
(from ECs50=0.02+0.00 uM to ECs5o=1.19+0.01 u™m) (Figure
3B).

Effect of compounds on intracellular calcium
concentrations of HEK-293+ A,y cells

As an additional control, the HEK-293+ A,g cell line was
examined using FLIPR. NECA and adenosine both caused a
concentration-dependent increase in [Ca®*]; (Figure 2D), with
ECsq values of 1.11+0.24 uM and 6.22+0.96 uM, respec-
tively, comparable to those obtained using HEK-293 cells in
the microphysiometer (0.8940.30 uM and 2.19+2.17 uMm,
respectively). No signal was obtained from non-transfected
HEK-293 cells that underwent an identical assay protocol.

Comparison of agonist potencies obtained using the
different techniques

Linear regression analysis of the agonist potencies obtained
using the HEK-293+ A, cell line in the microphysiometer
and the CHO-K1+ G,;6+ Ay cell line in FLIPR, showed a
high degree of correlation (Figure 4A, slope=0.73, r*=0.93,
P=0.0004). A similar comparison using the CHO-
K1+ G161 Asp cell line in both assays, also showed a good
correlation (Figure 4B, slope=0.87, *=0.92, P=0.0006).

Discussion

This study pharmacologically characterized the human A,g
receptor in two different assay systems: FLIPR and

British Journal of Pharmacology vol 138 (4)
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Table 1 Agonist potencies at human A,g receptors expressed in HEK-293 cells and CHO-K1 cells transfected with G4, assessed
using both microphysiometry and (for CHO-K1 cells) fluorescent imaging plate reader (FLIPR) assays
Microphysiometry FLIPR
HEK-293+ A5p CHO-KI1+ G5+ Asp CHO-KI1+ Gy s+ Asp
Relative Relative Relative
PECso efficacy PECsp efficacy PECsp efficacy
NECA 6.1 1.00 6.2 1.00 7.4 1.00
N¢-Benzyl NECA 5.8 0.94 5.7 0.94 7.0 0.97
Adenosine 5.7 0.55 5.6 0.90 6.7 1.00
R-PIA 5.1 0.65 5.6 0.89 6.5 0.90
CPA 5.0 0.81 5.2 1.01 6.0 0.88
S-PIA 4.8 0.48 5.1 0.31 5.7 0.84
CHA 4.8 0.56 49 0.84 5.6 0.91
CGS 21860 ND ND 3.7 (1.28) 4.8 0.88

pECs values are calculated from dose-response curves; the values are the mean of three independent experiments. Relative efficacy
values represent the response relative to that of the maximal response to NECA. ND: Not determined.
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Figure 3 (A) Effect of 100 nm ZM-241385 on the concentration-
response curve for NECA in the microphysiometer. (B) Effect of
different concentrations of ZM-241385 on the concentration-response
curve for NECA in FLIPR.

microphysiometry. Ligand potencies in the FLIPR assay were
approximately one order of magnitude greater than those
obtained using microphysiometry. This is probably attribu-
table to the amplification of the response signal via the
coupling of the A,p receptor to phospholipase C by G,e.
Many of the agonists tested (especially the weaker A; and
A,a receptor agonists) exhibited the properties of partial
agonists when tested using the HEK-293 + A,g cell line but
acted as full agonists when tested using the CHO-
K1+ G,6+ Az cell line. This difference is most probably
due to the enhanced probability of receptor coupling with the
transfected promiscuous G,;¢ protein (which was present in

Table 2 Apparent pA, values for antagonists at transfected
human A,g adenosine receptors expressed in the CHO-
K1+ Gyt Asp cell line, using the FLIPR assay

FLIPR
CHO-K1+ G5+ Asp
Antagonist pA>
ZM 241395 8.0
CGS-15943 7.9
8-cyclopentyl-1, 3-dipropylxanthine 7.4
KW-6002 6.9
SCH-58261 6.3
Alloxazine 6.0
Theophylline 53

The pA, values of each antagonist studied were determined
by Schild plot analysis (Arunkalalakshana & Schild, 1959).

high concentrations) and the amplification of the signal by
Ca’* mobilization on receptor activation, leading to
increased probability of functional responses being detected
in the CHO-K1+ G, s+ Asp cell line. It has previously been
reported that different G-protein expression patterns can
affect pharmacological responses at GPCRs (Yang et al.,
1999). The substantial increase in the potency and efficacy of
the agonist responses obtained in FLIPR with the CHO cell
line contrasts with the results for the same agonists obtained
with the same cell line in the microphysiometer (see Table 1)
suggesting that these differences are due to detection
methodology rather than, for example, receptor reserve.
Interestingly, the results from the microphysiometer agree
well with other studies which utilized cAMP measurements
(Klotz et al.,1998; Feoktistov & Biaggioni, 1998) implying
that the endogenous G-protein coupling of the A,p receptor
is weak. This is reflected by the low activity of this receptor
subtype in situ in comparison to the other adenosine receptor
subtypes (Feoktistov & Biaggioni, 1997). Taken together,
these results suggest that G, is a useful tool for evaluating
the pharmacology of A,g receptors, especially given its
amenability to high throughput pharmacological testing by
the use of screening tools such as FLIPR.

Characterization of the transfected A,p receptor in both
the HEK-293 and the CHO-KI1+G,s cell lines using
microphysiometry and the CHO-K1+ G, cell line using
FLIPR, produced a rank order of agonist potencies that

British Journal of Pharmacology vol 138 (4)
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Figure 4 (A) Comparison of agonist potencies obtained using the
HEK-293+ A, cell line in the microphysiometer and the CHO-
K1+G, 6+ Ay cell line in FLIPR. (B) Comparison of agonist
potencies obtained using CHO-KI1+G,;s+A,g in the microphysi-
ometer and in FLIPR. The dashed lines show the 95% confidence
intervals.

correlated well between the two techniques (Table 1). NECA
was the most potent agonist with the greatest efficacy, as
shown previously (Cooper et al., 1997; Brackett & Daly,
1994; Alexander et al., 1996; Feoktistov & Biaggioni, 1998).
Similarly, the close correlation of the rank order of A,p
receptor agonist potencies in both the FLIPR and micro-
physiometry assays is in good agreement with previous
studies using a variety of different cell preparations
(Feoktistov & Biaggioni, 1993; 1998; Klotz et al., 1998;
Mirabet et al., 1997; Alexander et al., 1996; Martin, 1992).
However, although the rank order was consistent, there were
some differences in the relative potencies of some of the
agonists tested. For example, we found that the proposed As-
receptor selective agonist, N°®-Benzyl NECA generally ex-
hibited the same efficacy as NECA, whereas Feoktistov &
Biaggioni (1998) reported it to be a poor Aj,g receptor
agonist. Similarly, we found the A;-receptor selective agonist,
R-PIA to have a similar potency to adenosine for the A,y
receptor, which suggests a greater potency than that reported
in previous studies (Klotz ez al., 1998).

Antagonist studies were difficult to perform by micro-
physiometry since only small responses were obtained using
the HEK-293 + A,p cell line. A larger response was obtained
with the CHO-K1+ G, + Asp cell line probably due to the
overexpression of the G, protein. The pA, value obtained
for the antagonist ZM-241385 in the FLIPR assay (8.1) was
very similar to that obtained in the microphysiometer assay
(8.0) and at least two orders of magnitude greater than that
for theophylline and alloxazine. ZM-241385 was originally
described as a potent and selective adenosine A5 receptor
antagonist (Poucher et al., 1995). The present data, together

with that of others (Linden et al., 1999; Ji et al., 2001),
indicate that this compound is also a potent adenosine A,g
receptor antagonist.

The responses obtained in the microphysiometer with
native HEK-293 cells confirm previous observations (Cooper
et al., 1997) and the absence of an effect in the FLIPR assay
suggests that the endogenous receptor does not cause a rise in
intracellular calcium concentration. By contrast, the HEK-
293+ A,p cell line produced a strong calcium signal, without
the coupling to a promiscuous G-protein, which suggests that
with sufficient receptor expression there is alternative
coupling of the A,p receptor to phospholipase C, possibly
via the fy subunits (Camps et al., 1992; Clapham & Neer,
1993). The exact intracellular signal transduction pathways
and the specific responses mediated by the A,p receptor are
still not fully defined. Recent studies suggest that, in addition
to stimulation of adenylate cyclase in HMC-1 cells, A,p
receptors also activate phospholipase C, resulting in
mobilization of intracellular calcium and generation of
diacyglycerol, which then activates protein kinase C
(Feoktistov & Biaggioni, 1996).

The ability of extracellular adenosine to modulate mast cell
function has long been recognized (Marquardt et al., 1978;
Church et al., 1986; Peachell et al., 1988; Auchampach et al.,
1997). Indeed, activation of mast cells by adenosine has been
implicated in the pathophysiology of asthma (Feoktistov &
Biaggioni, 1997; Feoktistov et al., 1998a,b). The A,y receptor
has also been implicated in the proliferation of cardiac
fibroblasts and participates in cardiac hypertrophy/remodel-
ling associated with hypertension and myocardial infarction
(Dubey et al., 1997, 1998). The potential role of Ajg
receptors in the pathogenesis of human disease raises the
possibility that A,g receptors could become a useful target
for future drug development (Feoktistov & Biaggioni, 1997).
Progress in the study of A,g receptors will be greatly
advanced by the introduction of specific pharmacological
probes for this receptor subtype. Even though adenosine
analogues generally have poor agonist potency and selectivity
for the A,p receptor (Feoktistov & Biaggioni, 1997), this is
not the case for adenosine antagonists (e.g. enprofylline;
Feoktistov et al., 1998a). Potent and selective A,p receptor
antagonists may thus provide a fresh approach to the
treatment of diseases such as asthma and cardiac fibrosis.

In summary, the present study has validated the use of
FLIPR to assess the function of A, receptors when
transfected into a cell line and coupled to phospholipase C
via co-transfected G, protein. There are two important
caveats, however: (1) potency values were 10 fold higher in
FLIPR than those determined by microphysiometry and (2)
partial agonist activity was not commonly observed. These
discrepancies may be attributable to the amplification of the
response signal. Nonetheless, the fact that the rank order of
agonist potencies correlated very well between the FLIPR
and microphysiometry, coupled with the fact that FLIPR
provides a high throughput method to assess receptor
function, suggests that FLIPR provides a very useful tool
for the assessment of A,p receptor function.

H. Patel was the recipient of an Intercalated BSc Studentship from
the British Pharmacological Society.
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