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Abstract

We examined the effect of a kappa agonist, U-50488H, upon the bladder motility of anaesthetized
rats. The frequency of distension-induced rhythmic bladder contractions was reduced by the
intravenous (10 mg kg™') or intrathecal (10-100 #g) administration of U-50488H. The effect of
intravenous U-50488H was inhibited by pre-treatment with nor-binaltorphimine (10 mg kg™, s.c.).
The inhibition of bladder contractions by intrathecal U-50488H (30 #g) was eliminated with the
concomitant use of nor-binaltorphimine (10 mg kg™, s.c.), and diminished by reserpine (4 mg kg™,
i.p.), yohimbine (10 #g, i.t.) or methysergide (20 g, i.t.). The amplitude of bladder contractions
induced by an electrical stimulation of the pontine micturition centre was not inhibited by intrathecal
U-50488H (30 and 100 xg). These results suggested that a kappa agonist could inhibit micturition
reflex as well as other opioids, and at least part of the inhibition was due to the diminishment of
bladder sensation based on the activation of the descending monoaminergic systems through the
spinal kappa-opioid receptors.

Introduction

Opioids are widely used for the relief of acute and chronic pain. However, the
disturbances in micturition or urinary retention due to the use of opioids are
considerable and persistent, especially in elderly men (Petros et al 1992 ; Malinovsky et
al 1998). Over-distension of the bladder can lead to potential damage and dysfunction
of the detrusor muscle. Further, catheterization for urinary retention itself is a factor,
which is not only uncomfortable for the patient, but also increases the risk of infection.

Selective kappa agonists are opioids that do not result in psychological dependence
(Di Chiara & Imperato 1988; Tsuji et al 2001), and their clinical application as
analgesics is expected. Kappa agonists have a well-known diuretic effect (Vonvoigt-
lander et al 1983 ; Leander et al 1985; Soulard et al 1996). Meanwhile, previous studies
described that urinary bladder motility was inhibited by the activation of spinal and
supraspinal mu- or delta-opioid receptors, but was not influenced by the stimulation of
kappa-opioid receptors (Dray & Metsch 1984a, b; Dray 1985). Since then, the
possibility of modulating bladder function using kappa agonists has not been
considered. However, in recent years it was found that the kappa agonist U-50488H,
injected into the sacral level of cats, inhibited bladder contractions due to the stimulation
to the sacral dorsal root (Abdelmagid & Gajewski 1997). In clinical examinations,
nalbuphine, a putative mu antagonist and kappa agonist, administered intravenously,
delayed full bladder sensation and an increase in bladder capacity was observed
(Malinovsky et al 1998). In addition, dynorphin A facilitates the contraction of the
detrusor muscle through peripheral kappa-opioid receptors (Berggren et al 1992). These
reports made us even more determined to clarify the effect of kappa agonists upon the
micturition reflex.

The opioid-mediated inhibition of bladder motility and antinociception involve
common physiological mechanisms (Yaksh 1979 ; Kuraishi et al 1983). The inhibition of
distension-induced rhythmic bladder contractions by intracerebroventricular morphine
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was abolished by reserpine, and was reduced by pre-
treatment with 6-hydroxydopamine or 5,7-dihydroxy-
tryptamine as well as by yohimbine or methysergide (Dray
& Nunan 1985, 1987). Taken together, these findings sug-
gested that the activation of the descending monoaminergic
systems after the administration of morphine inhibited not
only pain sensation but also bladder activity. After stimu-
lating spinal kappa-opioid receptors, the antinociception
is closely related to the activation of the descending nor-
adrenergic and serotonergic systems (Nakazawa et al
1991b; Omiya et al 1999). It was pointed out that in the
antinociceptive effect of kappa agonists administered sys-
temically, the kappa-opioid receptors in the spinal cord
were more important than those located supraspinally
(Takemori et al 1988 ; Nakazawa et al 1991a). Therefore,
we examined the effect of intravenous or intrathecal
U-50488H upon distension-induced bladder contractions
of anaesthetized rats, with the purpose of clarifying
whether spinal kappa-opioid receptors change the bladder
activity through the descending inhibitory systems.

Materials and Methods

Drugs

The following drugs were obtained from the indicated
sources : urethane (Sigma Chemical Co., St Louis, MO), «-
chloralose (Wako Pure Chemical Industries Ltd, Osaka,
Japan), U-50488H (Research Biochemicals International ;
RBI, Natick, MA), (+)-MK-801 (RBI), nor-binaltorphi-
mine (nor-BNI; RBI), reserpine (Sigma Chemical Co.),
yohimbine (RBI) and methysergide (RBI).

Animal preparation

All animal experiments were performed in accordance with
our institutional guidelines after obtaining the permission
of the Laboratory Animal Committee. Male Wistar rats
(210-290 g), dehydrated for more than 4 h, were anaesthe-
tized with urethane (700 mg kg™, s.c.) and a-chloralose
(35 mg kg™', s.c.), and a catheter filled with saline for drug
administration was inserted into a femoral vein as required.
Through a midline incision of the abdomen, bilateral
ureters were cut on the rostral side after being ligatured,
and the urethra was double ligatured. PE-50 polyethylene
tubing filled with saline was catheterized from a small
incision of the apex of the bladder dome, and secured in
place by double ligatures around the incision. The intra-
vesicular pressure was measured using a pressure trans-
ducer under constant volume and recorded continuously
on a chart recorder. The temperature of the rectum of the
rats was kept at 37.2-37.6°C during the experiment, using
a feedback type of heating mat.

Measurement of distension-induced bladder
contractions

Rats were left to stabilize for at least 30 min before the start
of the experiment. The bladder was slowly filled with saline
warmed to 37°C through the catheter until the spontaneous

bladder contractions appeared. Only the rats that devel-
oped bladder contractions at a stable frequency with an
amplitude over 20 mmHg were selected when the baseline
value of the intravesicular pressure was 8—13 mmHg. After
confirmation of the appearance of rhythmic bladder con-
tractions for at least 15 min, drug was administered. As
intravenous U-50488H gradually increased the resting
intravesicular pressure, only a transient rise in intrave-
sicular pressure, with an amplitude of more than 10 mmHg,
was regarded as a spontaneous bladder contraction after
the injection of U-50488H. Based on the number of bladder
contractions before the administration of drugs, the per-
centage change in the contraction frequency every 15 min
was estimated.

Measurement of pontine micturition centre
stimulation-induced bladder contractions

After positioning the rat in a stereotaxic apparatus, a 1-mm
hole was drilled in the cranium dorsal to the pontine
micturition centre (Satoh et al 1978; Hida & Shimizu
1982). The coordinates for the placement of a bipolar
stimulating electrode (tip diameter 0.2 mm), derived from
the atlas of Paxinos & Watson (1986), were as follows: A
—9.2mm, L 1.0 mm, H —7.0 mm. The bladder was par-
tially distended due to the infusion of saline and resting
intravesicular pressure was kept at 3-6 mmHg. The dorso-
lateral pontine tegmentum was electrically (1 ms, 50 Hz,
75-175 uA) stimulated for 10 s every 5 min in the quiescent
bladder. After confirmation that the increase in intravesi-
cular pressure due to 3 continual stimuli remained relatively
constant, each drug was administered. Based on the mean
value of 3 stimuli before the administration of drug, the
percentage change in the evoked contraction amplitude
was estimated.

Drug administration

The intravenous injection of U-50488H dissolved in saline
was carried out with a volume of 1 mL kg ' into a femoral
vein as a bolus and followed by 0.1 mL of saline injection
to flush the catheter. For drug administration into the
subarachnoid space of the spinal cord, PE-10 polyethylene
tubing with an inner volume of 5 L filled with drug
solution was inserted from a slit in the dura mater of the
intervertebral foramen between L1 and L2, and passed
cranially to the L5 or L6 spine level (Nadeson et al 1996).
The intrathecal administration of U-50488H dissolved in
1-10 xL of saline was made at a rate of 2-3 4L min™", and
was not followed by a subsequent injection of saline (Dray
& Metsch 1984a; Dray 1985). U-50488H was given to
some rats from a catheter, the end of which was positioned
at segment T9. (+)-MK-801 was dissolved in 10 #L of
saline and injected into the level of L5-6. Nor-BNI and
reserpine were given 2—6 and 16-24 h before the experiment,
respectively. Yohimbine was dissolved in 5 L of saline
and administered into the intrathecal space at the L5-6
level just before the intrathecal injection of 30 ug/5 u#L of
U-50488H. Due to the limit of dissolution, methysergide
was mixed and injected with 30 #g/10 xL of U-50488H.
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Figure1 InhibitoryeffectofintravenousU-50488H on the frequency
of rhythmic bladder contractionsin rats. The percentagechangein the
contraction frequency was estimated every 15 min after intravenous
administration of U-50488H for 60 min, and the inhibitory activity of
U-50488H was expressed as the area under the time-response curve
(AUC). Each column and vertical bar represents the mean+s.e.m. of
results from 6 rats. **P < 0.0l compared with the saline-treated
group (Tukey’s test); ##P < 0.01 compared with results from rats
treated with U-50488H alone (Tukey’s test).

The potential distribution of drug within the spinal cord
was assessed by the intrathecal injection of Evans blue dye
(60 xg) made in the same manner as the drug administra-
tions. Ten minutes after the injection of 1 or 10 gL of dye
solution, rats were killed by decapitation. The vertebral
column was removed from the body and cut between L1
and L2, and the caudal side was partially frozen in dry ice.
The stiffened column was then cut into 0.5-cm segments
and the cord inside each segment removed by inserting an
appropriately sized plunger (Yaksh & Rudy 1976). The dye
in each sample was extracted by the method of Katayama
et al (1978), and the content was calculated based on the
absorbance of the supernatant measured at 620 nm.

Statistical analysis

The inhibitory activity of drugs on the bladder contractions
was expressed as the area under the time-response curve
(AUC)calculated by plotting the increase in inhibitory rate
(% ) on the ordinate and time interval (min) on the abscissa.
The results are expressed as the mean+s.e.m. The signifi-
cance of differences was determined using a one-way analy-
sis of variance followed by Tukey’s test. For all cases,
differences of P < 0.05 were considered significant.

Results

Effect of intravenous U-50488H on distension-
induced bladder contractions

When the resting intravesicular pressure was adjusted to
8-13 mmHg by infusion of an appropriate amount of
saline, spontaneous bladder contractions were observed
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Figure 2 Representative tracing showing suppression of rhythmic
bladder contractions in rats by U-50488H under constant volume. U-
50488H was administered intravenously (A) and intrathecally (B)
(arrowhead and bar, respectively). Note the irregular agitation and
gradual increase in intravesicular pressure after intravenous, but not
intrathecal, injection of U-50488H.

from 11 to 39 times per 15 min (20.5+0.6, n = 112). There
was no significant difference in the frequency of bladder
contractions between the groups in the 15 min before the
administration of drugs (data not shown).

The bladder motility was not affected by the saline
(ImL kg™, iv.), but it was suppressed by U-50488H
(10 mg kg™', i.v.) (Figure 1). The effect of U-50488H was
attenuated by pre-treatment with nor-BNI (10 mg kg™’,
s.c.), a selective kappa antagonist. The cessation of bladder
contractions after the intravenous administration of U-
50488H always accompanied irregular agitation and a
gradual rise of intravesicular pressure (Figure 2A). Nor-
BNI also tended to inhibit the increase in resting intravesi-
cular pressure after the intravenous injection of U-50488H.

Effects of intrathecal U-50488H on distension-
induced bladder contractions

U-50488H (10-100 xg) in a volume of 10 gL, which was
injected into the level of L5-6, dose-dependently suppressed
the rhythmic bladder contractions (Figure 3). The bladder-
contraction responses of the rats to which U-50488H (10
and 30 xg, i.t.) was administered recovered within 20 min
and 42 min, respectively. However, 4 out of 7 rats in which
U-50488H (100 pg, i.t.) was injected did not show a re-
appearance of bladder contractions during the observation
period for 120 min after the administration. U-50488H
(30 pg) administered to segment T9 had a similar inhibitory
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Figure3 Inhibitory effect of intrathecal U-50488H on the frequency
of distension-induced bladder contractions in rats. The inhibitory
activity was measured every 15 min after intrathecal injection of U-
50488H for 120 min, and expressed as the area under the time—
response curve (AUC). Each column and vertical bar represents the
mean=s.e.m. of results from 6 or 7 rats. **P < 0.01 compared with
the saline-treated group (Tukey’s test).
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Figure 4 Effect of injection volume on the inhibition of rhythmic
bladder contractions in rats by intrathecal U-50488H. The percentage
change in the contraction frequency was estimated every 15 min after
intrathecal injection of U-50488H for 60 min, and the inhibitory
activity of U-50488H was expressed as the area under the time—
response curve (AUC). Each column and vertical bar represents the
mean=s.e.m. of results from 6 or 7 rats. **P < 0.01 compared with
the group treated with 10 L injection volume (containing 30 g U-
50488H) (Tukey’s test).

effect on bladder motility (Figure 3). In contrast with
intravenous U-50488H, intrathecal U-50488H did not have
an effect upon resting intravesicular pressure (Figure 2B).

There was no difference in the inhibition of distension-
induced bladder contractions after the intrathecal injection
of U-50488H (30 ug) dissolved in 5 or 10 #L of saline.
However, the activity of less than 3 uL of U-50488H was
reduced until the volume decreased even though the dose
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Figure 5 Distribution of dye recovered in the spinal cord segments
(0.5-cm lengths) of rats after intrathecal injection of Evans blue dye.
0, 60 ug/1 uL; @, 60 1g/10 uL. Each point and vertical bar repre-
sents the mean=s.e.m. of results from 4 rats.
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Figure 6 Effect of antagonists on the inhibition of distension-
induced bladder contractions in rats by U-50488H. Nor-binaltor-
phimine (Nor-BNI; 10 mg kg™', s.c.) and reserpine (4 mg kg™!, i.p.)
were given 2-6 and 16-24 h before the experiment, respectively.
Yohimbine (10 gg, i.t.) was administered just before the injection of
U-50488H. Methysergide (20 zg, i.t.) was mixed and injected with U-
50488H. The inhibitory activity was measured every 15 min after
intrathecal administration of U-50488H for 60 min, and expressed as
the area under the time-response curve (AUC). Each column and
vertical bar represents the mean+s.e.m. of results from 7 rats.
**P < 0.01 compared with rats treated with U-50488H alone (Tukey’s
test).

was the same (Figure 4). The distribution of dye after the
intrathecal administration of Evans blue dye into the L5-6
level is shown in Figure 5. The recovery rate of dye from the
spinal cord was 89-94%. After injecting 10 uL of dye
solution, the presence of dye was noted in a broad area
from L2 to 4.5 cm towards the caudal side. However, 1 yL
of dye only spread within a distance of approximately
1.5 cm.

The inhibitory effect of intrathecal U-50488H (30 ug)
on bladder contractions was abolished by nor-BNI (10 mg
kg™', s.c.), and diminished with the concomitant use of
reserpine (4 mg kg™', ip.), a noradrenaline (norepine-



phrine) «,-antagonist yohimbine (10 xg, i.t.) or a serotonin
antagonist methysergide (20 ug, i.t.) (Figure 6). In another
experiment, it was confirmed that yohimbine or methyser-
gide did not affect the frequency of spontaneous bladder
contractions, which were observed for 90 min (data not
shown).

Effect of intrathecal U-50488H on pontine
micturition centre stimulation-induced bladder
contractions

Electrical stimulation of the dorsolateral pontine tegmen-
tum produced an increase in intravesicular pressure from
19to40 mmHg (28.2+1.1 mmHg, n = 22). The amplitude
of evoked bladder contractions was gradually decreased by
an N-methyl-D-aspartate (NMDA) antagonist (+)-MK-
801 (16 ug, i.t.), although it was not influenced by U-
50488H (30 and 100 g, i.t.) during the observation period
for 90 min after administration. AUC value of the rats
treated with saline (10 gL, i.t.), U-50488H (30 xg), U-
50488H (100 pg)and (+)-MK-801 was —86+687 (n = 5),
934452 (n = 5; P >0.05 vs saline-treated group), 123+
770 (n = 6; P >0.05) and 8495+1244 (n = 6; P< 0.01),
respectively.

Discussion

The present study using U-50488H indicated the feasibility
of inhibiting the micturition reflex by stimulating kappa-
opioid receptors. Berggren et al (1992) suggested that
substance P was involved in the facilitation of bladder
contraction due to the activation of peripheral kappa-
opioid receptors. Neuropeptides such as substance P re-
leased from capsaicin-sensitive primary sensory nerve end-
ings in the bladder wall produce various biological effects,
including contraction of smooth muscle, potentiation of
efferent neurotransmission and activation of micturition
reflex (Maggi & Meli 1986; Maggi 1991 ; Ishizuka et al
1994). Thus, the irregular agitation and gradual rise in
resting intravesicular pressure induced by intravenous, but
not intrathecal, U-50488H may be due to the release of
substance P after the activation of peripheral kappa-opioid
receptors (Berggren et al 1992). If the resting intravesicular
pressure had not risen, the inhibitory effect of intravenous
U-50488H on the rhythmic bladder contractions may have
been even stronger.

In this study, we have obtained evidence that spinal
kappa-opioid receptors play an important role in the
suppression of bladder motility by systemic U-50488H. In
addition, we demonstrated that the effect of intrathecal U-
50488H depends on not only the drug dose but also the
volume ; more than 5 ¢L is required to produce full activity.
The fact that there was no difference between the activity of
U-50488H administered into lumbo-sacral and thoracic
regions suggested that all spinal kappa-opioid receptors
could suppress the bladder activity. It is likely that the
effect of U-50488H on bladder motility is produced in-
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directly due to activation of the descending monoaminergic
systems (see below ). The activation of the inhibitory mech-
anisms may require stimulation in not only a local, but also
a broad area, in other words, an ample number of kappa-
opioid receptors in the spinal cord. Our experiment that
injected dye into the intrathecal space revealed that the
spread of compound was in proportion to the volume of
the solution. A similar result was shown in the study of
Yaksh & Rudy (1976). Dray (1985) and Sheldon et al
(1988), who reported that U-50488H administered into the
lumbo-sacral regions using a hand-held syringe did not
cause loss of bladder activity, selected an injection volume
of 1 uL and 1-2 uL, respectively. The small volume of
intrathecal U-50488H in previous studies may have caused
an apparent difference in the spinal effect of U-50488H
compared with our study.

The activation of descending monoaminergic systems
accompanies the suppression of bladder motility (Dray &
Nunan 1985, 1987). The results that the activity of U-
50488H was decreased by reserpine, yohimbine or methy-
sergide, at similar doses which prevented the inhibitory
effect of morphine on the micturition reflex (Dray & Nunan
1985, 1987), support our hypothesis that both noradre-
nergic and serotonergic mechanisms play an important
role in the inhibitory effect of U-50488H on bladder
activity. Abdelmagid & Gajewski (1997) suggested that the
effect of intrathecal U-50488H on the sacral dorsal root
stimulation-induced bladder contractions may be the result
of diffusion to the supraspinal level, because the inhibition
of bladder contractions after the administration of U-
50488H was not observed in chronic spinally transected
cats. However, their results may be explained by the
disconnection of afferent input required for the activation
of descending inhibitory systems due to the spinal transec-
tion between spinal kappa-opioid receptors and the supra-
spinal central nervous system and the disappearance of the
descending monoaminergic systems.

Our finding that the pontine micturition centre stimu-
lation-induced bladder contractions were inhibited by
intrathecal (+)-MK-801 is consistent with the findings of a
previous study (Matsumoto et al 1995). Based on the result
that intrathecal U-50488H did not affect the amplitude of
evoked bladder contractions, the possibility that the spinal
effect of U-50488H may be involved in the efferent pathway
of micturition reflex was excluded. The primary afferent
fibres from the urinary bladder use various neuropeptides
(substance P, somatostatin, vasoactive intestinal polypep-
tide, etc.) as sensory neurotransmitters or neuromodulators
in the dorsal horn (Maggi & Meli 1986; Maggi 1991;
Kawatani et al 1993; Igawa et al 1993). The activated
descending inhibitory systems may have made the bladder
sensation diminish by inhibiting the release of these neuro-
peptides through noradrenaline «,- and methysergide-sen-
sitive serotonin receptors as well as analgesia-producing
mechanisms (Kuraishi et al 1985, 1991). It was considered
that the inhibitory effect of the kappa agonist on the spinal
sensory neurotransmission explains why nalbuphine admi-
nistered to patients induces a delayed full bladder sensation
and an increase in bladder capacity (Malinovsky et al
1998).
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Conclusions

Our findings indicate that the stimulated kappa-opioid
receptors in the spinal cord can inhibit bladder motility via
the activation of descending monoaminergic systems. In
addition, systemic U-50488H induces hyperactivity of the
detrusor muscle, which may lead to the symptoms of urge.
When using kappa agonists as analgesics clinically, it may
be necessary to consider the changes in micturition as well
as other opioids.
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