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Phentolamine-induced rhythmic contractions in
bladder detrusor muscle of guinea-pig
Nobuhiro Satake, Shoji Shibata& Shoichi Ueda

Department of Pharmacology, School of Medicine, University of Hawaii, Honolulu, Htawaii 96822, U.S.A.

1 Phentolamine caused a rhythmic contraction concentration-dependently without affecting rest-
ing tone in the detrusor muscle.
2 Prazosin, yohimbine, propranolol, noradrenaline, clonidine or isoprenaline failed to cause the
rhythmic contraction. These agents did not modify the response to phentolamine suggesting no
involvement of a-or , -adrenoceptors in the response to phentolamine.
3 Chlorpheniramine, cimetidine, methysergide, SK&F 83566, atropine, bretylium,
hemicholinium or tetrodotoxin failed to inhibit the response to phentolamine. These results suggest
that the effect of phentolamine is not mediated through histaminergic, 5-hydroxytryptaminergic,
dopaminergic or cholinergic systems, or through transmitter release from nerve endings.
4 Prostaglandin F2, (PGF2,), arachidonic acid but not ATP caused rhythmic contractions which
resembled the response to phentolamine. Potassium also caused a contraction with increasing resting
tone.
5 Following treatment with nifedipine, or incubation in a Ca22- free medium, the responses to
phentolamine, PGF2a, arachidonic acid and potassium were markedly inhibited or abolished.
6 Cyclo-oxygenase inhibitors such as indomethacin, aspirin and corticosterone inhibited or
abolished the responses to phentolamine and arachidonic acid but did not inhibit the response to
PGF2,.
7 The results suggest that the phentolamine-induced rhythmic contraction may, at least in part,
result from the cyclo-oxygenase metabolite of arachidonic acid in guinea-pig detrusor muscles and a
consequent increase in the transmembrane Ca2 + -influx.

Introduction

Phentolamine is generally considered to be a com-
petitive al- and X2-adrenoceptor antagonist without
any agonist activity. However, it has been suggested
that phentolamine is an agonist at a presynaptic-like
adrenoceptor in rabbit vas deferens but not in rat vas
deferens (Broadhurst et al., 1983). More recently,
Angus & Lew (1984) have also suggested that, in
rabbits, phentolamine has an agonist-like activity at
presynaptic receptors on cardiac sympathetic nerve
terminals and on vascular receptors that mediate
vasopressor responses.
We have recently found an interesting result, in

guinea-pig bladder, in which phentolamine evoked
rhythmic contraction in a concentration-dependent
manner. Therefore, experiments were undertaken to
clarify the possible mode of the excitatory action of
phentolamine using the detrustor muscle of the
guinea-pig bladder.

Methods

Male guinea-pigs weighing 300 - 400 g were killed by
a blow to the back of the head and the abdomen was
opened to remove the bladder. The bladder was
excised and smooth muscle strips (approximately
2mm x 6mm) were dissected from the detrusor por-
tion of the bladder, avoiding trigone and bladder
neck. Ligatures were placed on both ends of the strips
and one end was attached to a tissue holder and the
other to a force-displacement transducer (Grass
FT03) connected to a Grass polygraph on which
tension changes were recorded. Each of the strips was
then placed in a 20 ml tissue bath containing Krebs-
Ringer medium of the following composition
(mM): NaCl 120.3, MgSO47H20 1.3, KH2PO4 1.2,
CaCl21.2, NaHCO3 24.2 and glucose 5.8. The solu-
tion was maintained at 32°C in order to prevent
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spontaneous rhythmic contractions (Weetman,
1972) and aerated with 95% 02 + 5% CO2 (pH 7.4)
throughout the experiment. The resting tension was
adjusted to 1.0 g during an equilibration period of
2 h. Ca2+-free medium was prepared by omitting
CaCI2 from the solution, and addingEGTA (0.5 mM)
to the medium. In the Ca2+-free medium experi-
ment, tissues were incubated in the medium for
30 min (washed every 10 min with Ca2 +-free
medium) before the application of drugs. The mean
amplitude of rhythmic contraction was obtained by
the contractions occurring during the last 10 min of
the drug contact period.
The following drugs were used: phentolamine

mesylate (Ciba-Geigy), arachidonic acid (Sigma),
PGF2a (Upjohn), indomethacin (Merk, Sharp &
Dome), aspirin (Bristol-Myers), corticosterone
(Sigma), noradrenaline bitartrate (Sigma), clonidine
hydrochloride (Boehringer Ingelheim), methox-
amine hydrochloride (Burroughs Wellcome), iso-
prenaline sulphate salt (K & K), prazosin hydroch-
loride (Pfizer), yohimbine hydrochloride (Sigma),
propranolol hydrochloride (Ayerst), atropine sul-
phate (Nutritional Biochem.), cimetidine hydroch-
loride (SK&F), chlorpheniramine maleate (Sigma),
methysergide maleate (Sandoz), SK&F 83566 (C,,
H,8 Br NO. HBr, Smith Klein & French), adenosine
triphosphate (Sigma), bretylium tosylate (Burroughs
Wellcome), hemicholinium (Aldrich), tetrodotoxin
(Sankyo), and nifedipine (Pfizer). Yohimbine and
indomethacin were dissolved in absolute ethanol.
Arachidonic acid and nifedipine were first dissolved
in acetone and then diluted with distilled water.
Other drugs were dissolved in distilled water. The

a

doses of the drugs were expressed as final bath con-
centrations.

Results are expressed or plotted as the mean± s.e.
Student's t test was used for statistical analysis,
P< 0.05 being considered as significant.

Results

Phentolamine (3 x 10-6M - 1 X 10-4M) induced a
concentration-dependent increase in the rhythmic
contraction without significantly affecting the basal
tone in detrusor muscle strips of guinea-pigs (Figure
1). However, in the same preparations (n = 8), prazo-
sin (10-5 M), yohimbine (10-i M), propranolol
(10-6M), noradrenaline (10-8M- 10-4M), methox-
amine (10-8M - 10-4M), or isoprenaline (10-8M -
10-4M) failed to cause any significant contraction. In
addition, x-adrenoceptor agonists such as norad-
renaline, methoxamine or clonidine had no apparent
effect on the concentration-response curve of phen-
tolamine (3 x 10-6M - 10-4M) in all preparations
(n= 5).

After treatment with nifedipine (10-6M) for
10 min, or incubation of the tissue for 30 min, in a
Ca2 +-free medium containing EGTA (0.5 mM) the
contractile response to phentolamine (10-6M -
10-4M) was completely inhibited in all preparations
used (n= 5) (Figure 1).
On the other hand, chlorpheniramine (10-5M),

cimetidine (10-4M), methysergide (10-6M), SK&F
83566 (10-5M; a dopamine receptor antagonist;
Berkowitz et al., 1984), atropine (10-6M - 10-5M),
bretylium (10-6M), hemicholinium (10-5M) or tet-
rodotoxin (10-6M) failed to inhibit the response to
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Figure 1 Effect of nifedipine or Ca2 + -free medium on the phentolamine-induced rhythmic contraction in
guinea-pig detrusor muscles. (a) Phentolamine (10-6M - 10-4M), alone; (b) pretreatment with nifedipine (10-6M)
for 20 min; (c) following incubation in a Ca2 + -free medium for 20 min. Solid circles indicate the application of
phentolamine.
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Figure 2 The inhibitory effects of nifedipine and a Ca2 + -free medium on the rhythmic contraction induced by
archidonic acid (AA), prostaglandin F2.(PGF2 ) or potassium (K). (a) AA (10-6M- 10-4M), alone; (b) and (c) AA
response in the presence of nifedipine (10-6M) or in a Ca2+ -free medium respectively; (d) PGF2 (10-8M -

3 x 1-5 M), alone; (e) and (f) PGF23response in the presence of nifedipine (10-6M) or in a Ca2 +-free medium
resyectively; (g) K (5 mM - 40 mM), alone; (h) and (i) K response in the presence of nifedipine (10-6M) or in a

Ca +-free medium respectively. Tissues were pretreated with nifedipine for 20 min, or incubated in a Ca2 + -free
medium for 20 min. Solid circle indicates the application of AA, PGF2m, or K.

phentolamine at all concentrations used and these
agents, by themselves, did not cause any effect on the
detrusor muscle in any of the preparations (n = 8).
Treatment with prostaglandin F2m,(PGF2<,; 10-7M

- 10-5M) or arachidonic acid (10-5M - 10-4M)
caused rhythmic contractions which were similar to
those caused by phentolamine in all preparations
(n = 5) (Figure 2); these responses were abolished by
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nifedipine (10-6M) or by incubation in a Ca2 + -free
medium containing EGTA (0.5 mM). Potassium
(10 mm - 40 mM) caused rhythmic contractions, but
also increased the basal tone in all five preparations;
again these responses were abolished by nifedipine
(10-6M) or by incubation in the Ca2+ -free medium
containing EGTA (0.5 mM) (Figure 2). Thus the
potassium-induced contractions were apparently dif-
ferent from those to phentolamine. In all five experi-
ments, adenosine triphosphate (ATP; 10-5M and
10-4M) caused a single twitch contraction
(0.51 ±0.06g at 10-SM, 1.1 ±0.4g at 10-4M) but
failed to cause rhythmic contractions.

Furthermore, 20 min after treatment with in-
domethacin (10-5M), corticosterone (10-4M) or as-
pirin (10-4M), the concentration - response curve of
phentolamine was significantly shifted to the right
from that in untreated control preparations (Figures
3 and 4). Indomethacin at a high concentration
(10-4M), abolished the phentolamine response (Fig-
ures 3 and 4). Also, indomethacin (10-IM- 10-4M),
aspirin (10-4M) and corticosterone (10-4M) inhi-
bited the responses to arachidonic acid (Figures 3 and
5) but had no apparent effect on the responses to

1.2

1.0

C
0)

0

40
C.)

L-

4-
C

0

08

0.6

0.4

0.2

0

PGF2C, or potassium (Figure 5) in all six preparations.
Further, indomethacin (10-4M) failed to inhibit the
responses to ATP (10-5M - 10-4M) (n = 5).

Discussion

Phentolamine is generally considered to be a com-
petitive a l- and x2-adrenoceptor antagonist without
any agonist activity. In the present experiments, how-
ever, phentolamine was found to cause a con-
centration-dependent increase in rhythmic contrac-
tion without affecting the basal tone in guinea-pig
detrusor muscle. On the other hand, other oa-
adrenoceptor antagonists (prazosin and yohimbine,
respectively) failed to cause any contraction.

Further, the present experiments demonstrated
that x-adrenoceptor agonists such as noradrenaline
(a mixed adrenoceptor-agonist), methoxamine (an
ml-agonist) and clonidine (an x2-agonist) did not
cause rhythmic contractions or modify the response
to phentolamine. A similar lack of effect of oa-
adrenoceptor antagonists and agonists on the re-
sponse to phentolamine was observed.

2-0
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0

-6 -5 -4 -6 -5 -4

Phentolamine (log M) Arachidonic acid (log M)

Figure 3 The inhibitory effects of cyclo-oxygenase inhibitors (indomethacin, aspirin or corticosterone) on the
concentration-response curves of phentolamine and arachidonic acid in guinea-pig detrusor muscles. Symbols
indicate the following: control (0), phentolamine at 10-6M - 10-4M or arachidonic acid at 10-6M - 10-4M, alone;
indomethacin at 10-6M (A) and 10-5M (A); aspirin at 10-4M (U); corticosterone at 10-4M (-). Tissues were
pretreated with a cyclo-oygenase inhibitor for 20 min. Significantly different from control value.
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Flgure 4 The representative response to phentolamine in the presence of a cyclo-oxgenase inhibitor (indometha-
cin, aspirin or corticosterone) in guinea-pig detrusor muscles. (a) Phentolamine (10-6M- 10-4M), alone; (b) and (c)
in the presence of indomethacin at 10-5M and 10-4M respectively; (d) in the presence of aspirin at 10-4M; (e) in the
presence of corticosterone at 10-4M. Tissues were pretreated with a cyclo-oxygenase inhibitor for 20 min. Solid
circles indicate application of phentolamine.

It has been previously found that the urinary blad-
der of guinea-pig fails to show any response to ex-

ogenous catecholamines, suggesting a lack of ad-
renoceptors in guinea-pig bladder (Edvardsen
& Setekleiv, 1968). Furthermore, using the same

preparation, De Sy (1970) demonstrated that
catecholamines, such as noradrenaline, adrenaline
and isoprenaline, inhibited the contraction evoked by
electrical stimulation and this inhibitory action was

blocked by adrenoceptor angonists indicating the
presence of only inhibitory ae- and P - adrenoceptors.
However, these results suggest that the stimulatory

action of phentolamine is not due to the activation of
ct- or P adrenoceptors. In addition, the effect of phen-
tolamine is not mediated through histaminergic,
dopaminergic, 5-hydroxytryptaminergic or choliner-
gic systems, since none of the antagonists used to
inhibit these receptors was effective. Moreover, since
inhibitors of adrenergic and cholinergic neurotrans-

mitter release (bretylium and hemicholinium respec-

tively), and tetrodotoxin did not interfere with the
response to phentolamine, the effect of phen-
tolamine is not mediated through neurotransmitter
release from nerve endings.

In the present experiments, potassium caused a

contraction although the configuration of this re-

sponse was unlike that of the phentolamine-induced
contraction. This led us to consider that phen-
tolamine, like potassium, may cause a contraction
due to membrane depolarization. However, such a

possibility can be eliminated as the phentolamine-
induced contraction, but not the potassium-induced
contraction, was inhibited by indomethacin.

Several investigators have previously suggested
that endogenous prostaglandins play an important
role in the maintenance of tone and the development
of spontaneous contractility in the mammalian blad-
der (Eckenfels & Vane, 1972; Bultitude et al., 1976;
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Fure 5 The effects of cyclo-oxgenase inhibitors (indomethacin, aspirin or corticosterone) on the rhythmic
contraction induced by arachidonic acid (AA prostaglandin F2a (PGF2X) and potassium (K) in guinea-pig detrusor
muscles. (a) Arachidonic acid (10-6mM-10 M), alone; (b) and (c) AA response in the presence of indomethacin at
10-5M 10-4M, respectively; (d)AA response in the presence of aspirin at 10-4M; (e) AA response in the presence of
corticosterone at 10-4M; (f) PGF2, (10-8M - 3 x 10-5M), alone; (g) PGF2a response in the presence of
indomethacin at 10-4M; (h) K (5 mM - 40 mM), alone; (i) in the presence of indomethacin (10-4M). Tissues were
pretreated with the cyclo-oxygenase inhibitor for 20 min. Solid circles indicate the application of AA, PGF25 or K.

Husted et al., 1980). Also, in vitro, the prostaglandins
induced a contraction of the bladder which was

abolished by treatment with indomethacin, a cyclo-
oxygenase inhibitor (Bultitude et al., 1976; Ander-
son & Kohn, 1978; Abrams et al., 1979). In the

present experiments, PGF2 and arachidonic acid, a

precursor of prostaglandins, caused a rhythmic con-

traction which was similar to the response to phen-
tolamine, and the effect of arachidonic acid was

inhibited by the cyclo-oxygenase inhibitors, in-

a

b

c --w-, A

..961



PHENTOLAMINE-INDUCED CONTRACTION OF DETRUSOR MUSCLE 971

domethacin, aspirin and corticosterone. In addition,
the cyclo-oxygenase inhibitors also reduced the re-
sponse to phentolamine in a concentration-
dependent manner. These results suggests a possible
involvement of endogenous prostaglandins in the
response of the guinea-pig bladder to phentolamine.

It is known that transmembrane Ca2 + -influx plays
an essential role in the maintenance of tone and
spontaneous contractility and also in the activation of
contractions induced by a variety of stimulants in
mammalian and human bladders (Andersson et al.,
1980; Maggi etal., 1982; Khanna etal., 1983), since
these contractile activities are inhibited by Ca2 +
entry blockers. In particular, several investigators
have demonstrated the inhibitory effect of nifedipine
(Ca2 + -entry blocker) or Ca2 + -free medium on the
prostaglandin induced contractions in rabbit and
human detrusor muscle (Anderson & Kohn, 1978;
Forman et al., 1978). It has been suggested that
prostaglandins may serve as regulators of Ca2 + bind-
ing sites within the cell membrane and thereby mod-
ify cell motility (Paton & Daniel, 1967). Anderson&
Kohn (1978) suggested that prostaglandins may act
at Ca2 + channels to augment the movement of Ca2 -
through membranes or that they might serve a role as

carrier for Ca2 + in the rabbit detrusor muscle cells.
The present experiments also indicate that

nifedipine, similar to Ca2 + withdrawal from the
medium, abolishes the rhythmic contraction induced
by phentolamine as well as the contraction induced
by PGF2(, or arachidonic acid; whereas tetrodotoxin,
which inhibits the fast Na + influx, failed to inhibit
thse responses.

Therefore, the present experiments suggest that
the transmembrane Ca2+ -influx, but not the fast
Na +-influx, plays an essential role in the develop-
ment of the phentolamine-induced rhythmic contrac-
tion, which may be mediated through the production
of a cyclo-oxygenase metabolite of arachidonic acid,
in guinea-pig detrusor muscle. However, further in-
vestigation will be required to clarify the precise
mechanism of the excitatory action of phentolamine.
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References

ABRAMS, P.H., SYKES, A.J. & ROSE, A.F. (1979). The synth-
esis and release of prostaglandins by human urinary
bladder muscle in vitro. Investigate Urol., 16, 346-348.

ANDERSON, G.F. & KOHN K.I. (1978). Interactions of cal-
cium, prosta-glandins and indomethacin on the smooth
muscle of the bladder. Pharmacology, 16,306-313.

ANDERSSON, K.E., HUSTED, S. & SJOGREN, C. (1980).
Contribution of prostaglandins to the ATP-induced
contraction of rabbit urinary bladder. Br. J. Pharmac.,
70,443-452.

ANGUS, J.A. & LEW, M.J. (1984). Phentolamine - an unex-
pected agonist in rabbit. Br. J. Pharmac., 81, 423-425.

BERKOWITZ, B.A., ZABKO-POTAPOVICH, B., SHERMAN,
S., HIEBLE, J.P., WEINSTOCK, J. & OHLSTEIN, E.H.
(1984). Vascular effects of SK&F83566: a selective
dopamine (DA-1) receptor antagonist. Fedn. Proc., 43,
743P.

BROADHURST, A., ENNIS, C. & LAlTIMER, N. (1983).
Paradoxical agonist effect of phentolamine. Br. J. Phar-
mac., 78, 149P.

BULTITUDE, M.I., HILLS, N.H. & SHUITLEWORTH, K.E.D.
(1976). Clinical and experimental studies on the action
of prostaglandins and their synthesis inhibitions on de-
trusor muscle in vitro and in vivo. Br. J. Urol., 48,
631-637.

DE SY, W. (1970). Receptor responses in isolated smooth
muscle of the urinary bladder. Arch. int. Pharmacodyn.,
186,188-189.

ECKENFELS, A. & VANE, J.R. (1972). Prostaglandins, ox-

ygen tension and smooth muscle tone. Br. J. Pharmac.,
45,451-462.

EDVARDSEN, P. & SETEKLEIV, J. (1968). Distribution of
adrenergic receptors in the urinary bladder of cats,
rabbits and guinea-pigs. Acta Pharnac. Tox., 26,
437-445.

FORMAN, A., ANDERSSON, K.E., HENRIKSSON, L., RUD, T.
& ULMSTEN, U. (1978). Effects of nifedipine on the
smooth muscle of the human urinary tract in vitro and in
vivo. Acta Pharnac. Tox., 43, 111 - 118.

HUSTED, S., SJOGREN, C. & ANDERSSON, K.E. (1980).
Mechanisms of the response to non-cholinergic, non-
adrenergic nerve stimulation and to ATP in isolated
rabbit urinary bladder: evidence for ATP-evoked pros-
taglandin release. Acta Pharmac. Tox., 47,84-92.

KHANNA, O.P., BARBIERO, E.J., MOSS, M., SON, D. &
McMICHAEL, R.F. (1983). Effects of calcium and ver-
apamil on vesicourethral smooth muscles of rabbits.
Urol., 21,284-290.

MAGGI, C.A., GRIMALDI, G. & MELI, A. (1982). The effects
of nifedipine and verapamil on spontaneous and
carbachol-stimulated contractions of rat urinary bladder
in vivo. Arch. int. Pharmacodyn., 257,288-294.

PATON, D.M. & DANIEL, E.F. (1967). Contractile response
of isolated rat uterus to prostaglandin E1. Can. J.
Physiol. Pharmac., 45,795-804.

WEETMAN, D.F. (1972). The guinea-pig isolated, inner-
vated bladder preparation: The effects of some au-
tonamic drugs. Arch. int. Pharmacodyn., 196,383-392.

(Received July 3, 1984.)


