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Hypothermia-induced supersensitivity to adenosine for
responses mediated via A;-receptors but not A,-

receptors
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1 Fourisolated tissues were examined in which the responses to adenosine are mediated via either A,-
or A,-receptors.

2 The responses examined were the inhibition of cholinergic transmission of field-stimulated guinea-
pig ileum (A,), inhibition of noradrenergic transmission of field-stimulated rat vas deferens (A,),
inhibition of developed tension of rat paced left atria (A,) and relaxation of carbachol-contracted
guinea-pig trachea (A,).

3 Cumulative concentration-response curves for adenosine and 2-chloroadenosine were constructed
at 37, 30 or 27°C.

4 When plotted as a percentage of the maximum response, the concentration-response curves were
displaced to the left by cooling in the ileum, vas deferens and atria, indicative of supersensitivity.
5 Thisincrease in sensitivity does not arise from inhibition of uptake or deamination by cooling, since
it occurs equally for adenosine and 2-chloroadenosine, the latter being immune to these processes.
6 In contrast, the sensitivity of the trachea was not affected (2-chloroadenosine) or reduced
(adenosine) by cooling.

7 Thus responses mediated via adenosine receptors of the A, subtype exhibit hypothermia-induced
supersensitivity, whereas those mediated via A,-receptors do not. This suggests a fundamental

temperature-dependent difference between the two adenosine receptor subtypes.

Introduction

Temperature is known to influence the sensitivity of
isolated tissues to the effects of agonist drugs. For
example, lowering the temperature of isolated cardiac
tissues increases the sensitivity to the -adrenoceptor-
mediated positive inotropic and chronotropic effects
of sympathomimetic amines (Broadley & Williams,
1983). This phenomenon appears to be selective for the
Bi-adrenoceptor (Williams & Broadley, 1982), and
may thus indicate a fundamental temperature-depen-
dent difference between the two B-adrenoceptor sub-
types. Responses mediated via B-adrenoceptors are
associated with stimulation of adenylate cyclase and
accumulation of adenosine 3’:5’-cyclic monophos-
phate (cyclic AMP, Wollenburger, 1975), which in
parallel with the pharmacological response is enhan-
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ced by cooling (Duncan & Broadley, 1978; Reinhardt
et al., 1978).

Cell surface adenosine receptors of the P, type are
also linked to adenylate cyclase and are classified into
the A;- and A,-subtypes. The original basis for this
classification was whether their stimulation initiated
an inhibition (A,) or an activation (A,) of adenylate
cyclase (van Calker et al., 1979). These receptors may
now be identified by radioligand binding techniques
(Schwabe & Trost, 1980; Wu et al., 1980). The
receptors mediating pharmacological responses of
isolated tissues may also be classified from the potency
orders of adenosine analogues and their stereosp-
ecificity (Paton, 1981; 1983; Brown & Collis, 1982;
Collis, 1983).

The present study examines whether the phar-
macological responses to adenosine are also tem-
perature-dependent and whether this differs for the
A,- or Ajreceptor. The responses of four isolated
tissues to adenosine or 2-chloroadenosine were ex-
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amined; these were the negative inotropic response of
paced left atria of the rat (A,), inhibition of cholinergic
transmitter release from transmurally stimulated
guinea-pig ileum (A)), inhibition of noradrenergic
transmitter release from rat vas deferens (A,) and
relaxation of carbachol-contracted guinea-pig trachea

(A2).

Methods

Guinea-pigs of either sex (> 300 g) were killed by a
blow to the head and male rats (150—250 g) were killed
by CO, asphyxiation. The tissues were removed and
set up in modified Krebs-bicarbonate solution (com-
position, mM in distilled water: NaCl 116, KCl 5.4,
CaCl,2.5,MgCl, 1.2, NaH,PO, 1.2, NaHCO; 22.0, D-
glucose 11.2 and EDTA 0.04) gassed with 95% O,:5%
CO,. Individual tissues were set up at one tem-
perature, 37, 30 or 27°C.

Test preparations

Ileal segments from the guinea-pig were taken 10 cm
above the ileocaecal junction and prepared for field
stimulation as described previously (Muller & Paton,
1979). They were suspended in tissue baths (4 ml)
under a resting tension of 0.5g for 60min. Field
stimulation was effected by passing biphasic pulses of
1 ms duration at 0.2Hz and supramaximal voltage
delivered by a Grass stimulator (SD9), between
platinum electrodes located at the top and bottom of
the organ bath. After establishing twitch contractions
of constant height, a cumulative concentration-res-
ponse curve to adenosine or 2-chloroadenosine was
obtained.

Vasa deferentia of rats were cleared of adhering tissue
and the mid-portions consisting of equal lengths of
testicular and urethral portions were suspended in
tissue baths. A resting tension of 0.5 g was applied and
field stimulation was by the same method as for the
ileum with the same stimulation parameters. After
establishing steady-state contractions, a cumulative
concentration-response curve to adenosine or 2-
chloroadenosine was obtained.

Left atria from rats were secured to the combined
tissue holder and electrode, suspended in organ baths
and a resting tension of 0.5 g applied. They were paced
at 2 Hz with rectangular pulses (5 ms, threshold vol-
tage + 30%) delivered by a Grass stimulator (SD9).
After an equilibration period of 1h with ocassional
washing of the bath, cumulative concentration-res-
ponse curves for the negative inotropic effects of 2-
chloroadenosine were established.

Tracheal spirals from the guinea-pig were prepared by
the method of Constantine (1965), and secured to
tissue holders. They were suspended in tissue baths

under a resting tension of 1.5g. An equilibration
period of 1.5h was allowed during which several
changes of bathing medium were made. The tissues
were then contracted submaximally with carbachol
(1073 or 10~ *M) and when the tension had plateaued, a
cumulative concentration-response curve to aden-
osine or 2-chloroadenosine was obtained. Under some
conditions maximum responses were not obtained,
but at the highest concentration used, a high concen-
tration of isoprenaline (2 x 10~*M) was added so that
the responses to adenosine or 2-chloroadenosine could
be plotted as a percentage of this maximum relaxation.

All tissues were attached to force-displacement
transducers (Grass FTO3C) and tension recorded ona
Grass Polygraph (model 7D). The bathing medium
contained phentolamine (107°M) and propranolol
(10~ %M) throughout to block «- and B- adrenoceptors
respectively. Additionally, the medium for the atria
and the vas deferens contained atropine (10~°M) to
block muscarinic receptors.

Protocol

A single cumulative concentration-curve was con-
structed for each preparation at 37, 30 or 27°C, after
which the tissue was discarded. Concentration-res-
ponse curves were constructed by half-log increments
in concentration until the maximum response was
obtained, when no change in tension occurred with
further increases in concentration. However, in the
case of the trachea, under some conditions a maximum
response to adenosine or 2-chloroadenosine was not
obtained. With the highest concentration in the bath a
large concentration of isoprenaline (2 x 10~*M) was
added to produce a maximum relaxation.

Plotting dose-response curves

The tension at the resting level and at each concentra-
tion of adenosine or 2-chloroadenosine was measured.
The change in tension induced by the agonists was
then calculated and expressed as a percentage of the
maximum inhibition on that tissue. In the case of the
trachea, the maximum response to isoprenaline was
used. Individual ECs, values were determined at the
50% of maximal response, expressed as the negative
log of the molar concentration (pD,) and the
geometric mean (* s.e.mean) values calculated. Com-
parisons between pD, values at different temperatures
were made by unpaired Student’s ¢ test and P values
less than 0.05 were considered to be significant.

Drugs
The following were used: adenosine, atropine sul-

phate, carbachol (carbamylcholine) chloride, 2-
chloroadenosine, (% )-isoprenaline hydrochloride
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Figure 1 Mean cumulative concentration-response
curves (n 2> S) for the inhibition by adenosine of contrac-
tions of the guinea-pig ileum induced by field stimulation
(0.2Hz, 1 ms pulse width, supramaximal voltage). The
tension developed was measured at rest and at each
concentration of adenosine (a) and the changes from
resting level were plotted as a percentage of the maximum
effect (b). Concentration-response curves were construc-
ted at 37 (O), 30 (X) or 27°C (O). Tissues were incubated
throtgﬁhout with phentolamine (10~%m) and propranolol
(10™°m).

(Sigma), phentolamine mesylate (Ciba) and (%)-
propranolol hydrochloride (Sigma). All solutions
were freshly prepared in distilled water, a small
quantity of ascorbic acid being added to the isopren-
aline.

Results
Guinea-pig ileum

Adenosine and 2-chloroadenosine produced concen-
tration-dependent inhibition of the stimulation-in-
duced contractions of the ileum. The twitches were
virtually abolished by adenosine (Figure 1a) and 2-
chloroadenosine (Figure 2a) at the maximum effect
when examined at 37, 30 and 27°C. The resting
contractions were significantly reduced (P <<0.005)
from 2.23+040g (n=15) at 37°C to 0.94+0.19
(n=7) at 27°C (data from experiments with 2-
chloroadenosine).
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Table 1 Sensitivity of isolated tissues to adenosine and 2-chloroadenosine at different temperatures measured as the pD,

Trachea
contracted with carbachol

10~4Mm!

Atria 10~°m

Vas deferens

Tleum

Temperature

pD;

pD;,

pD;

pD;

pD;

ND 3.98+0.22

5 4.17%0.10 8 ND

5.68 +0.14
587+ 0.33"S

37

Adenosine

3.394£0.10°

S

ND
ND

4.74 + 0.16t1 8 ND
464+0.12" 4 ND

S
6

6.32+0.27*

30
27

4
4
4

4.48 £ 0.06
4.38 £ 0.14"8
424 £ 0.06°

6
4

4.88 +0.10
510+ 0.18NS

7
7
4

6.87 + 0.07t1

6.41 +0.04
*6.67 +0.09°

8
8
4

6.18+0.13
6.84 +0.13%
6.73+£0.14°

5
5
7

7.31£0.08™

7.19+£0.10
7.70 £ 0.17°

37
30

27

2-Chloroadenosine

409

aluesat 30 or 27°C and
ficant. 'The values for

;P <0.02; P <0.005; 1P <0.001 and NS not signi

tration for a 50% of maximum response. Differences between the v:
~4M) were taken at the EC,s level. ND indicates experiment was not performed.

.

’s t test, are depicted as: “P <0.05

Mean pD, values (+ s.e.mean) were determined as the —log molar concen

that at 37°C, determined by an unpaired Student
adenosine in the trachea contracted with carbachol (10
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Figure 2 Mean cumulative concentration-response
curves (n > 5) for the inhibition by 2-chloroadenosine of
contractions of the guinea-pig ileum induced by field
stimulation (0.2Hz, 1ms pulse width, supramaximal
voltage). The tension developed was measured at rest and
at each concentration of 2-chloroadenosine (a) and the
changes from resting level were plotted as a percentage of
the maximal effect (b). Concentration-response curves
were obtained at 37 (O), 30 (X) or 27°C (0). Tissues were
incubated throughout with phentolamine (10~%m) and
propranolol (10~ %m).

When the inhibitory responses were plotted as a
percentage of the maximum response, the adenosine
curve at 30°C was to the left of that at 37°C with a
further shift to the left at 27°C (Figure 1b). The pD,
value at 30°C was not significantly (P > 0.05) different
from that at 37°C, but at 27°C the difference was
significant (P <0.05) (Table 1). Similarly, with 2-
chloroadenosine there was a shift to the left of the
concentration-response curves at the lower tem-
peratures (Figure 2b) with a significant (P <<0.05)
elevation of the pD, value at 27°C (Table 1).

Rat vas deferens

The twitch contractions of the vas deferens were
inhibited by adenosine (Figure 3a) and 2-chloroaden-
osine (Figure 4a) in a concentration-dependent man-
ner, with almost complete abolition at the maximum
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Figure 3 Mean cumulative concentration-response
curves (n > 4) for the inhibition by adenosine of contrac-
tions of the rat vas deferens induced by field stimulation
(0.2Hz, 1 ms pulse width, supramaximal voltage). The
tension developed was measured at rest and at each
concentration of adenosine (a) and the changes from the
resting level were plotted as a percentage of the maximum
effect (b). Concentration-response curves were construc-
ted at 37 (O), 30 (X) or 27°C (O). Tissues were incubated
throughout with phentolamine (10~°M), propranolol
(10~%m) and atropine (10~ %m).

effect. The resting contraction height was progressive-
ly reduced by lowering the temperature from 37°C
(0.59+0.01g, n=28) to 30°C (0.53+0.10g, n=28)
and 27°C (0.46 £ 0.08 g, n = 4). The concentration-
response curves were plotted as a percentage of the
maximum response to reveal a shift of the curves to
both adenosine (Figure 3b) and 2-chloroadenosine
(Figure 4b) to the left on cooling to 30°C. The pD,
values were significantly (P <<0.005) increased with
both agonists (Table 1). However, on further cooling
to 27°C there was no further shift of the curves or
change in pD, values in either case.

Rat left atria
The atrial tension was reduced by 2-chloroadenosine

in a concentration-dependent fashion achieving at the
maximum effect a 62+ 3% inhibition of resting



developed tension at 37°C (n = 7), 51 + 5% inhibition
at30°C (n = 7)and 38 £ 1% inhibition at 27°C (n = 4)
(Figure 5a). The resting developed tension was sig-
nificantly (P <0.05) increased by cooling from 37°C
(0.33+£0.04g) to 30°C (0.38+0.04g) and 27°C
(0.69 £ 0.14 g). A progressive shift of the concentra-
tion-response curves to the left by cooling was
observed when they were plotted as a percentage of the
maximum response in each tissue (Figure 5b). The pD,
values were significantly (P <<0.05) greater at 30°C
and 27°C than at 37°C (Table 1).

Guinea-pig trachea
Tracheal spirals contracted by carbachol (10~ °M) were
relaxed by 2-chloroadenosine in a concentration-re-

lated manner at 37 and 30°C (Figure 6a). The relaxa-
tions to 2-chloroadenosine at the highest concentra-
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Figure 4 Mean cumulative concentration-response
curves (n > 4) for the inhibition by 2-chloroadenosine of
contractions of the rat vas deferens induced by field
stimulation (0.2Hz, 1 ms pulse width, supramaximal
voltage). The tension developed was measured at rest and
at each concentration of 2-chloroadenosine (a) and the
changes from the resting level were plotted as a percen-
tage of the maximum effect (b). Concentration-response
curves were constructed at 37 (O), 30 (X) or 27°C (O).
Tissues were incubated throughout with phentolamine
(10~%m), propranolol (10~°M) and atropine (10~ °m).
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tion used (10~*M) were not complete relaxations, so
isoprenaline was added and the responses expressed as
a percentage of the maximum response to this agonist
(Figure 6b). Isoprenaline was added cumulatively
until the maximum effect was obtained, thus overcom-
ing B-adrenoceptor blockade due to the presence of
propranolol. The concentration-response curves plot-
ted in this way were virtually superimposed at 37 and
30°C (Figure 6b) and there was no significant
(P> 0.05) difference between the pD, values (Table
1).

Because of the possibility that the responses may be
influenced by the magnitude of carbachol-induced
contractions, adenosine and 2-chloroadenosine were
also examined in tracheal spirals contracted by carba-
chol at a higher concentration (10~*M) than used
previously. The relaxation responses were plotted as a
percentage of the maximum responses to isoprenaline
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Figure § Mean cumulative concentration-response
curves (n 2 4) for the inhibition by 2-chloroadenosine of
the contractions of rat left atria paced at 2 Hz (5 ms pulse
width, threshold voltage + 30%). The tension developed
was measured at rest and at each concentration of 2-
chloroadenosine (a) and the changes in tension from the
resting level were plotted as a percentage of the maximum
effect (b). Concentration-response curves were construc-
ted at 37 (O), 30 (X) or 27°C (O). Tissues were incubated
throughout with phentolamine (10~°M), propranolol
(107°M) and atropine (10~®m).
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Figure 6 Mean cumulative concentration-response
curves (n > 4) for the relaxation by 2-chloroadenosine of
the guinea-pig trachea contracted by carbachol (10~°m).
The tension was measured before and after.each concen-
tration of 2-chlorodenosine (a). At the maximum concen-
tration, a supramaximal concentration of isoprenaline
(2 x 107*M) was added to the bath and the changes in
tension were plotted as a percentage of this maximum
relaxation (b). Concentration-response curves were con-
structed at 37 (O) or 30°C (X). Tissues were incubated
thro%slhout with phentolamine (10~%M) and propranolol
(10~°m).

(Figure 7). There was a small but progressive dis-
placement to the right of the concentration-response
curves for 2-chloroadenosine with cooling (Figure 7a).
The pD, value at 30°C was not significantly less
(P> 0.05), but the value at 27°C was significantly less
than at 37°C (P <0.05) (Table 1).

The maximum relaxation produced by adenosine at
the highest concentration used (10~3m), was less than
50% of the isoprenaline-induced relaxation at all
temperatures (Figure 7b). The response to this concen-
tration of adenosine at 27°C (25 + 5%, n = 4) was
significantly (P <<0.05) less than at 37°C (48 * 8%,
n = 4). Although the curves were clearly displaced to
the right by cooling, comparisons between them at
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Figure 7 Mean cumulative concentration-response
curves (n 2> 4) for the relaxation by 2-chloroadenosine (a)
and adenosine (b) of the guinea-pig trachea contracted by
carbachol (10~*M). At the maximum concentration of
each agonist, a high concentration of isoprenaline
(2 x 107*M) was added to the bath and the changes in
tension were plotted as a percentage of this maximum
relaxation. Concentration-response curves were con-
structed at 37 (O), 30 (X) or 27°C (O). Tissues were
incubated throughout with phentolamine (10~%M) and
propranolol (10~%m).

different temperatures could not be made at the ECs,
values; instead the EC,s values were used for this
comparison. The EC,s values showed a significant
reduction at 30 compared with 37°C (P < 0.05) (Table

1).

Discussion

Adenosine and 2-chloroadenosine exerted inhibitory
or relaxant responses in the four tissues examined. The
reduction of twitch height of field-stimulated guinea-
pig ileum is attributed to inhibition by adenosine of
acetylcholine release (Sawynok & Jhamandas 1976;
Hayashi et al., 1983). Adenosine stimulates presynap-
tic inhibitory receptors that have been classified as the
A,-subtype (Paton, 1981; 1983). Similarly, the reduc-
tion of twitch height of field-stimulated rat vas
deferens by adenosine is due to inhibition of noradren-
ergic transmission via presynaptic adenosine receptors



of the A,-subtype (Paton, 1981; 1983). The inhibition
of the paced left atrium of the rat by adenosine
involves a direct negative inotropic effect upon the
cardiac muscle (Burnstock & Meghji, 1983) which is
mediated via receptors of the A,-subtype (Paton,
1983), as in the guinea-pig atria (Evans et al., 1982;
Collis, 1983). In contrast to the above three tissues, the
relaxation of the carbachol-contracted guinea-pig
trachea is a direct effect upon the tracheal smooth
muscle due to stimulation of A,-receptors (Brown &
Collis, 1982). The responses examined in this study
were assumed to be mediated via P-purinoceptors
since they have been shown to be antagonized by
theophylline either in this laboratory (Paton, 1983) or
by others (Brown & Collis, 1982).

The concentration-response curves to adenosine or
2-chloroadenosine were measured as absolute changes
in tension and expressed as a percentage of the
maximum response to obtain the pD, as an index of
the tissue sensitivity. The sensitivity to adenosine or 2-
chloroadenosine was determined at bath temperatures
of 37, 30 or 27°C. The resting states of contraction of
each tissue were affected by the bath temperature and
this influenced the nature of the concentration-res-
ponse curves when plotted as the change in tension.
For example, the resting developed tension of the
paced left atria was greater at 27°C than at 30 or 37°C
and confirms the well established effect of temperature
upon the cardiac muscle (Blinks & Koch-Weser,
1963). The contractions of the guinea-pig ileum and
rat vas deferens were reduced by cooling, so that the
extent of the inhibition by adenosine was reduced at
the lower temperatures. For comparisons of sensitivity
between temperatures it was therefore necessary to
convert these to percentage of maximum plots. These
revealed shifts of the concentration-response curves to
the left by cooling the atria, ileum and vas deferens
indicating a hypothermia-induced supersensitivity.

It is unlikely that this supersensitivity is merely due
to the temperature-induced changes in resting levels
and subsequent conversion to a percentage of max-
imum plot. This conclusion is supported by examples
of similar resting levels such as the atrial contractions
at 37 and 30°C, but a significant increase in sensitivity
at the lower temperature when measured from the pD,
value. The resting contractions of the vas deferens
were in fact not significantly different at the three
temperatures, yet the sensitivity increased on cooling
to 30 and 27°C. The supersensitivity occurred in a
progressive fashion between 37, 30 and 27°C only in
the atria. In the ileum there was a significant increase
only between 37 and 27°C, whereas in the vas deferens
there was supersensitivity between 37 and 30°C but
with no further increase on cooling to 27°C. This was a
consistent pattern whether adenosine or 2-
chloroadenosine was the agonist.

Therefore hypothermia-induced supersensitivity to
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both adenosine and 2-chloroadenosine occurred in the
atria, ileum and vas deferens. It was possible that
lowering the temperature may reduce the breakdown
of adenosine by deaminase or its uptake (Plagemann,
1970) and thus explain the increase in sensitivity.
However, 2-chloroadenosine is not taken up by the
tissues (Muller & Paton, 1979; Collis & Pettinger,
1982) or deaminated (Clarke et al., 1952; Rockwell &
Maguire, 1966, Muller & Paton, 1979). The supersen-
sitivity could not therefore be attributed to any change
in disposition of either agonist.

The fourth tissue examined was the carbachol-con-
tracted trachea of the guinea-pig. The concentration-
response curves for 2-chloroadenosine were virtually
superimposed at 37 and 30°C whether the tissue was
contracted with 10~ or 10~*M carbachol. On further
cooling to 27°C there was in fact a rightwards shift of
the curve in tissues contracted with 10~*M carbachol,
indicating a reduced sensitivity. This failure to observe
the hypothermia-induced supersensitivity seen with
the previous tissues was therefore independent of the
concentration of carbachol used to contract the tissue.
The higher concentration of carbachol was used to
examine adenosine, which, as in all tissues used, was
less potent than the 2-chloroanalogue. At the max-
imum concentration of adenosine used (10~>M), the
relaxation was only 50% of the maximum relaxation
produced by isoprenaline. Since the maximum respon-
ses to adenosine or 2-chloroadenosine were not
attained, it was not possible to express these curvesasa
percentage of their own maxima. However, there wasa
clear reduction in sensitivity as the trachea was cooled,
with the concentration-response curves being depres-
sed and displaced to the right. Furthermore, the
threshold concentration for relaxation was also in-
creased.

Thus in contrast to the atria, ileum and vas deferens,
the trachea did not exhibit hypothermia-induced
supersensitivity but displayed a subsensitivity. Relaxa-
tion of the guinea-pig trachea by adenosine (Coleman,
1976; Farmer & Farrar, 1976; Jones et al., 1980) is
mediated via adenosine receptors which have been
classified as the A,-subtype (Brown & Collis, 1982),
which distinguishes it from the atria, ileum and vas
deferens. The relaxation of the trachea by 2-
chloroadenosine also differed from the other tissues in
that 100 fold higher concentrations had to be used.
This difference is also apparent from the reports by
Collis and colleagues on guinea-pig trachea (Brown &
Collis, 1982) and atria (Collis, 1983). These results
therefore suggest that hypothermia-induced supersen-
sitivity occurs for responses mediated via A -receptors
but not A,-receptor-mediated responses.

The A,- and A,-receptor subtypes have been clas-
sified in biochemical and pharmacological systems by
the rank orders of potency of agonists and by agonist
stereospecificity (Paton, 1981; 1983; Daly, 1982).
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From biochemical characterization, the A,-receptor is
associated with inhibition of adenylate cyclase
whereas the A,-receptor is associated with stimulation
of this enzyme (van Calker et al., 1979; Daly, 1982).
The opposing effects of temperature upon the respon-
ses mediated by these receptor subtypes suggests that
the supersensitivity is a relatively specific phenomenon
and probably associated with the receptor or cyclase
system that it inhibits. Radioligand binding studies
indicate that binding to adenosine receptors is optimal
at 37°C, reducing below this temperature (Dutta &
Mustafa, 1979; 1980; Schwabe & Trost, 1980). The
supersensitivity at A -receptors does not therefore
appear to involve an increase in binding of the agonist
to the receptor.

In conclusion, the present study has demonstrated a
hypothermia-induced supersensitivity to adenosine
and 2-chloroadenosine in tissues where the responses
are mediated via adenosine receptors of the A,-sub-

References

BLINKS, J.R. & KOCH-WESER, J. (1963). Physical factors in
the analysis of the actions of drugs on myocardial
contractility. Pharmac. Rev., 15, 531-599.

BROADLEY, K.J. & WILLIAMS, R.G. (1983). Temperature-
induced changes in dissociation constants (K,) of agon-
ists at cardiac B-adrenoceptors determined by use of the
irreversible antagonist Ro 03-7894. Br. J. Pharmac., 79,
517-524.

BROWN, C.M. & COLLIS, M.G. (1982). Evidence for an A,/R,
adenosine receptor in the guinea-pig trachea. Br. J.
Pharmac., 76, 381-387.

BURNSTOCK, G. & MEGHIJI, P. (1983). The effect of adenyl
compounds on the rat heart. Br. J. Pharmac., 19,
211-218.

CLARKE, D.A., DAVOLL, J., PHILLIPS, F.S. & BROWN, G.B.
(1952). Enzymatic deamination and vasodepressor effects
of adenosine analogues. J. Pharmac. exp. Ther., 106,
291-302.

COLEMAN, R A. (1976). Effects of some purine derivatives on
the guinea-pig trachea and their interaction with drugs
that block adenosine uptake. Br. J. Pharmac., 57, 51-57.

COLLIS, M.G. (1983). Evidence for an A,-adenosine receptor
in the guinea-pig atrium. Br. J. Pharmac., 78, 207-212.

COLLIS, M.G. & PETTINGER, S.J. (1982). Can ATP stimulate
P,-receptors in guinea-pig atrium without conversion to
adenosine? Eur. J. Pharmac., 81, 521-529.

CONSTANTINE, J.W. (1965). The spirally cut tracheal strip
preparation. J. Pharm. Pharmac., 17, 384-385.

DALY, J.W. (1982). Adenosine receptors: targets for future
drugs. J. med. Chem., 25, 197-207.

DUNCAN, C. & BROADLEY, K.J. (1978). Correlation between
cAMP production in guinea-pig left and right atria and
their inotropic and chronotropic responses to orcipren-
aline at different temperatures. Mol. Pharmac., 14,
1063-1072.

DUTTA, P. & MUSTAFA, S.J. (1979). Saturable binding of
adenosine to the dog heart microsomal fraction: com-

type, but no change or a subsensitivity for responses
mediated via A,-receptors. The responses mediated
via adenosine receptors therefore share with those
mediated via -adrenoceptors a common differential
effect of temperature. Responses mediated via B;-
adrenoceptors exhibit hypothermia-induced supersen-
sitivity whereas responses mediated via B,-adrenocep-
tors do not (Williams & Broadley, 1982). The present
observation further substantiates the dual receptor
classification for adenosine and suggests a fundamen-
tal temperature-dependent difference between the two
adenosine receptor subtypes.

This work was supported by the New Zealand MRC and by a
travel fellowship to K.J.B. from the Wellcome Foundation
and the New Zealand MRC. K.J.B. was a Visiting Research
Fellow, on leave from the Dept. of Pharmacology, Welsh
School of Pharmacy, U.W.L.S.T., Cardiff.

petitive inhibition by aminophylline. J. Pharmac. exp.
Ther., 211, 496-501.

DUTTA, P. & MUSTAFA, S.J. (1980). Binding of adenosine to
the crude plasma membrane fraction isolated from dog
coronary and carotid arteries. J. Pharmac. exp. Ther.,
214, 496-502.

EVANS, D.B., SCHENDEN, J.A. & BRISTOL, J.A. (1982).
Adenosine receptors mediating cardiac depression. Life
Sci., 31, 2425-2432.

FARMER, J.B. & FARRAR, D.G. (1976). Pharmacological
studies with adenine, adenosine and some phos-
phorylated derivatives on guinea-pig tracheal muscle. J.
Pharm. Pharmac., 28, 748-1752.

HAYASHI, E., MORI, M., YAMADA, S. & SHINOZUKA, K.
(1983). Presynaptic inhibition of cholinergic neurotrans-
mission by adenosine in guinea pig ileum. In Physiology
and Pharmacology of Adenosine Derivatives, ed. Daly,
J.W., Kuroda, Y., Phillis, J.W., Shimizu, H. & Ui, Y.
pp. 155-164. New York: Raven Press.

JONES, T.R., LEFCOE, N.M. & HAMILTON, J.T. (1980).
Pharmacological study of adenosine and related com-
pounds on isolated guinea-pig trachea: evidence for more
than one type of purine receptor. Can. J. Physiol.
Pharmac., 58, 1356—1365.

MULLER, M.J. & PATON, D.M. (1979). Presynaptic inhibitory
actions of 2-substituted adenosine derivatives on
neurotransmission in rat vas deferens: effects of inhibitors
of adenosine uptake and deamination. Naunyn-Sch-
miedebergs Arch. Pharmac., 306, 23-28.

PATON, D.M. (1981). Structure-activity relations for presyn-
aptic inhibition of noradrenergic and cholinergic trans-
mission by adenosine: evidence for actions on A, recep-
tors. J. auton. Pharmac., 1, 287-290.

PATON, D.M. (1983). Evidence for A, receptors for adenosine
in heart and in adrenergic and cholinergic nerves. In
Physiology and Pharmacology of Adenosine Derivatives.
ed. Daly, J.W., Kuroda, Y., Phillis, J.W., Shimizu, H. &



Ui, Y. pp. 113-118. New York; Raven Press.

PAGEMANN, P.G.W. (1970). Effect of temperature on the
transport of nucleosides into Novikoff rat hepatoma cells
growing in suspension culture. Archs Biochem. Biophys.,
140, 223-227.

REINHARDT, D., BUTZHEINEN, R., BRODDE, O-E. & JOA-
CHIM, H. (1978). The role of cyclic AMP in temperature-
dependent changes of contractile force and sensitivity to
isoprenaline and papaverine in guinea-pig atria. Eur. J.
Pharmac., 48, 107-116.

ROCKWELL, M. & MAGUIRE, M.H. (1966). Studies on
adenosine deaminase. 1. Purification and properties of ox
heart adenosine deaminase. Mol. Pharmac., 2, 574—584.

SAWYNOK, J. & JHAMANDAS, K.H. (1976). Inhibition of
acetylcholine release from cholinergic nerves by aden-
osine, adenine nucleotides and morphine: antagonism by
theophylline. J. Pharmac. exp. Ther., 197, 379-390.

SCHWABE, U. & TROST, T. (1980). Characterization of
adenosine receptors in rat brain by (—)[*H]NS-phenyl-

HYPOTHERMIA AND ADENOSINE RESPONSES 415

isopropyladenosine. Naunyn-Schmiedebergs Arch. Phar-
mac., 313, 179-187.

VAN CALKER, D., MULLER, M. & HAMPRECHT, B. (1979).
Adenosine regulates via two different types of receptors,
the accumulation of cyclic AMP in cultured brain cells. J.
Neurochem., 33, 999-1005.

WILLIAMS, R.G. & BROADLEY, K.J. (1982). Responses
mediated via B,, but not B,-adrenoceptors, exhibit hy-
pothermia-induced supersensitivity. Life Sci., 31,
2977-2983.

WOLLENBERGER, A. (1975). The role of cyclic AMP in the
adrenergic control of the heart. In Contraction and
Relaxation in the Myocardium. ed. Nayler, W.G.
pp. 113-190. London: Academic Press.

WU, P.H,, PHILLIS, J.W., BALLS, K. & RINALDI, B. (1980).
Specific binding of 2-[*H] chloroadenosine to rat brain
cortical membranes. Can. J. Physiol. Pharmac., 58,
576-579.

(Received June 11, 1984.
Revised September 13, 1984.
Accepted September 28, 1984.)



