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In vitro experiments showed that P2X-receptor agonist o.,B-methylene-ATP and electrical
field stimulation in the presence of muscarinic and a-adrenoreceptors blockers induced con-
tractile responses of isolated guinea pig bladder, which were more pronounced at 3(°C than
at 37°C or 42°C. P2X-receptor antagonist pyridoxal-6-phosphate-2’,4’-disulfonic acid, pro-
duced a more potent inhibitory effect on contractions induced by electrical field stimulation
at 30°C in comparison with that at 37°C or 42°C, while the contractions induced by a,-me-
thylene-ATP were similarly suppressed at all examined temperatures.
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ATP receptors (P2-receptors) were revealed in various
tissues, the bladder of guinea pig included [1]. Acti-
vation of these receptors with o,B-methylene-ATP, an
agonist of P2X-receptors, or electric field induces pha-
sic contractions, which are inhibited with P2X-recep-
tor antagonists suramin and pyridoxal-6-phosphate-
2’ 4’-disulfonic acid (PPADS) [6,12,13]. Most experi-
ments with P2-receptors were carried out under standard
physiological conditions; however, there is evidence
that the responses mediated by P2-receptors depend on
pH [7,10]. Our aim was to study the effect of tempe-
rature on the contractile responses mediated by P2X-
receptors.

MATERIALS AND METHODS

Guinea pigs weighing 350-550 g were euthanized and
dehematized. The bladder was isolated, 2x10-mm
smooth muscle preparations were prepared and placed
in 10-ml thermostabilized vials to measure isomeric
contraction. The tissue was rested under a load of 1 g
for about 1 h to adapt to the medium. Electrical field
stimulation (EFS) was performed with two platinum
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rings with a diameter of 2.5 mm, through which the
muscle strip was threaded. The modified Krebs so-
lution contained (in mM): 133 NaCl, 4.7 KCl, 16.3
NaHCO,, 0.6 MgCl,, 1.35 NaHPO,, 2.5 CaCl,, 7.8
CH O, oxygenated with 95% O, and 5% CO, (pH
7.3-7.4). In EFS experiments, atropine (3x10~" M)
and phentolamine (10—® M) were added. The contrac-
tions were measured with an FSG-01 transducer (Lin-
ton) coupled with a Biopack digitizer and imputed to
PC. EFS was performed with a Grass S9 stimulator.
The duration, amplitude, and frequency of pulses were
0.5 msec, 100 V, and 1-64 Hz, respectively. o,B-Me-
thylene-ATP (10—28-3x10— M) was added to vials, and
after attaining the maximum contraction the prepara-
tion was rapidly washed several times in fresh Krebs
solution to prevent desensitization of P2X-receptors.
All contractile responses were calculated as the per-
centage of maximum response to KCl (240 mM),
which was introduced into the solution at the end of
the experiment.

The temperature was regulated with a Techne
TE-8A pump by changing the temperature of circula-
ting fluid. In all experiments, the initial stages and ad-
aptation were carried out at 37+1°C. Two successive
contractions induced by o,-methylene-ATP (3x10—¢
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M) or EFS were recorded at the same temperature to
test the stability of the contractile responses. Then in
some experiments the temperature of the incubation so-
lution was decreased to 30+1°C, while in others it was
increased 42+1°C. The samples were adapted to the cho-
sen temperature during 10-15 min, and then contractions
in response to «,pB-methylene-ATP or EFS were re-
corded. These contractions were repeated at 37+1°C
and at 42+1°C or 30+1°C. In some experiments, the con-
tractile responses were recorded only in two temperature
regiments, one of which was 37°C. At the end of the
experiment, the response to KCI was measured at 37°C.

The effect PPADS on the contractile responses
induced by o,B-methylene-ATP or EFS was assessed
only at one temperature (30, 37, or 42°C). Initial ad-
aptation and KCl-induced contractions at the end of
experiment were always recorded at 37°C. The re-
sponses to o,B-methylene-ATP or EFS were always
recorded before and after successive incubation with
PPADS in concentrations of 10— M, 3x10—¢ M, 10—
M, and 3x10—° M for at least 25 min.

The experimental dose-response or frequency-re-
sponse curves were analyzed using nonlinear regres-
sion analysis. The maximum response was determi-
ned, and the negative logarithm of «,B-methylene-
ATP molar concentration (pD,) or logarithm of EFS
frequency producing the half-maximum response
(logEF, ) were calculated. The data were processed sta-
tistically using Student’s ¢ test and presented as M=m.

RESULTS

At normal temperature (37°C), o,p-methylene-ATP
induced concentration-dependent contractions of iso-
lated bladder smooth muscle preparation (Fig. 1, a).
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The highest of the test concentrations (3x10—> M) pro-
duced contractions constituting 21.3+5.1% of those in-
duced by 240 M KCL At 30°C, o,B-methylene-ATP
induced a more potent contraction than at 37°C, which
manifested by a shift of the dose-response curve to the
left. At this temperature, the maximum response was
observed at agonist concentration of 10— M (37.4+
4.1%, n=38). Increasing the temperature to 42¢C sligh-
tly inhibited the contractile responses induced by
o,B-methylene-ATP in comparison with that at 37°C.
pD, for o,B-methylene-ATP were 6.68+0.11 (n=8),
6.24+ 0.10 (n=8), and 5.91+0.08 (n=6) at 30, 37, and
42°C, respectively (all differences are significant).

In the presence of atropine and phentolamine,
EFS performed at 37°C induced frequency-dependent
contractile responses of isolated bladder preparations.
The maximum contractions were observed at 16 Hz
(48.5+ 3.9%, n=14). Decreasing the temperature to
30°C shifted the frequency-response curve to the left
(Fig. 1, b), which was accompanied by a significant
increase in the maximum response to 53.9+5.8%
(n=10). At 42°C, EFS induced weaker responses com-
pared to those at 30 and 37°C: the maximum response
decreased to 29.0+2.2% (n=14). The values of logEF_|
at 30, 37, and 42°C were 0.36+0.15 (n=10), 0.60=0.03
(n=13), and 0.59+0.04 (n=14), respectively (the dif-
ferences with contractions at 30°C are significant).

At all tests temperatures, P2-receptor antagonist
PPADS produced concentration-dependent inhibition
of bladder contractions induced by o,B-methylene-
ATP and significantly changed pD, of this agonist:
pD2 calculated for PPADS in a concentration of
10— M were 5.60+0.06 (n=4), 5.6410.17 (n=4), and
5.22+0.42 (n=3) for 30, 37, and 42°C, respectively (all
differences are insignificant).
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Fig. 1. Effect of o, -methylene-ATP (a) and electrical field stimulation (b) on contractile responses of isolated guinea pig bladder in the presence
of atropine (0.3 uM) and phentolamine (1 uM) at 30°C (1, n=8), 37°C (2, n=8), and 42°C (3, n=6). Abscissa: logarithm of molar concentration of
a,B-methylene-ATP (a) and logarithm of frequency of electrical field stimulation (p) inducing half-maximum response.
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Moreover, PPADS inhibited the contractile respon-
ses of the bladder to EFS. pD, for PPADS in a concen-
tration of 10— M was 4.96:0.07 (n=4) at 30°C, which
significantly differed from pD, measured at 37 and 42°C:
4.15+0.22 (n=4) and 4.00+0.35 (n=4), respectively.

The temperature dependence of some receptor-
mediated processes was measured in various human
and animal tissues. For example, temperature drop to
24°C diminishes histamine-induced contractions of the
central auricular, but not femoral artery in rabbits [3],
and promotes relaxation induced by cholinoreceptor
stimulation [9]. It was also shown that at 30°C the
o-adrenoreceptor-mediated responses of the central
auricular artery decreased, while P2-mediated respon-
ses became more pronounced [4).

Enhancement of bladder contractility at low tempe-
rature can be related to excitation of the cold receptors
in human and animal bladder [5,8]. However, we hypo-
thesize that these receptors only little contribute to the
effects described here, because the threshold tempe-
rature of their activation in the bladder is below 30°C,
while their maximum stimulation occurs at 20°C [5).

We found that EFS-induced activation of P2-re-
ceptors induces more stronger responses at low tem-
perature than at the normal temperature. It can be ex-
plained by reduced activity of enzymes involved in
degradation of P2-receptor transmitter (i.e., ATP) at
low temperatures, which decelerates the transmitter
metabolism and potentiates the response. It is widely
accepted that the major enzyme involved in this pro-
cess is ectoATPase, whose activity in mammals is
maximum at normal temperature [1]. P2-receptors ago-
nist o,B-methylene-ATP is resistant to enzymatic deg-
radation [14]. We found that contractions induced by
this agent also increased at low temperatures. Therefore,
enhancement of bladder contractile responses induced
by stimulation of P2-receptors cannot be explained
only by a decrease in ectoATPase activity, but results
from specific intrinsic properties of the receptor.

We showed that the antagonistic effect of PPADS
on contractile responses induced by o,B-methylene-
ATP did not change at various temperatures. Howev-
er, in experiments with EFS, the effect of PPADS was
significantly stronger at low (30°C) temperature. Pre-
viously we hypothesized that PPADS is a selective
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antagonist of P2X-receptors [12,13], although recent
studies demonstrated that this antagonist inhibits also
P2Y-receptors [11}. The differences in the effects of
PPADS on endogenous and exogenous stimulation of
P2X-receptors also confirms low selectivity of this agent.

P2-receptors were found in many tissues of vari-
ous animals, including lower vertebrates and nverte-
brates [2]. Our results suggest that P2X-mediated re-
sponses are more pronounced in cold-blooded animals
than in warm-blooded mammals. However, this hy-
pothesis should be tested in comparative experiments
on various animal species.

Therefore, P2X-receptor-mediated contractile re-
sponses of guinea pig bladder are charactenized by a
clear-cut temperature dependence: temperature drop
enhances contractions induced by endogenous and exo-
genous stimulation of P2X-receptors, while tempera-
ture rise produces an opposite effect.
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