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ABSTRACT

The effect of pretreatment with the kappa receptor nonequilib-
rium antagonist, (—)-UPHIT {1S,2S-trans-2-isothiocyanato-4,5-
dichloro-N-methyl-N-[2-(1-pyrrolidinyl)cyclohexyl]benzeneace-
tamide}, on U69,593 {(5«,7a,88)—)-N-methyl-N-(7-1-pyrrolidi-
nyl)-1-oxaspiro(4,5)dec-8-yl)benzeneacetamide}- and bremazo-
cine-induced antinociception was examined in mice. Both
U69,593 and bremazocine produced antinociception in the warm
water tail-flick test after i.c.v. administration. Pretreatment with
the kappa antagonist, nor-binaltorphimine, at doses shown not
to affect [D-Ala?, NMePhe*, Gly-ol]lenkephalin- (mu-agonist) or [o-
Pen?, o-Pen®]enkephalin (delta-agonist)-induced antinociception,
significanlly attenuated the effects of U69,593 and bremazocine,
suggesting actions of these agonists at kappa receptors. Fur-
thermore, B-funaltrxamine (mu antagonist) and ICI 174,864

{N,N,-diallyl-Tyr<{a-aminoisobutyric acid),-Phe-Leu-OH} (delta
antagonist), had no effect on U69,593 or bremazocine in this
test providing further evidence of kappa receptor-mediated activ-
ity. Pretreatment with (—)}-UPHIT produced no effect alone and a
long-lasting (up to 48 hr) antagonism of U69,593, but not bre-
mazocine, antinociception. The antagonist actions of (—)-UPHIT
did not alter the antinociceptive effects of [D-Ala?, NMePhe*, Gly-
ollenkephalin or [D-Pen?, b-Pen®]enkephalin. These data suggest
that (—)-UPHIT is a selective, long-lasting kappa antagonist which
can differentially antagonize the antinocicieption produced by
these two kappa agonists. These data provide evidence in vivo
supportive of kappa receptor subtypes in the mouse, and sug-
gest that (—)-UPHIT may be a useful probe for the exploration of
kappa receptor heterogeneity.

The existence of multiple opioid receptor types termed mu,
delta and kappa has been recognized for some time (Martin et
al., 1976; Lord et al., 1977). Since these initial discoveries,
however, both biochemical and pharmacological data have ac-
cumulated which cannot be easily explained based on this
simple classification of opioid receptors. Radioligand binding
and autoradiographic studies, for example, have provided evi-
dence for possible differences in the characteristics of opioid
delta receptors (Bowen et al., 1981; Rothman et al., 1984, 1985).
Additionally, recent data have suggested differences between
opioid delta receptors found in rat brain and mouse vas deferens
(Shimohigashi et al., 1987; Vaughn et al., 1990), and pharma-
cological studies suggest that opioid delta receptor subtypes
exist in mouse brain (Jiang et al., 1991; Mattia et al., 1991).
Similarly, both evidence in vitro (Rothman et al., 1983, 1987;
Wolozin and Pastenak, 1981) and in vivo (Heyman et al., 1988;
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Ling et al., 1985; Takemori and Portoghese, 1989) exists which
would support the notion of mu-opioid receptor multiplicity.
As with both opioid mu and delta receptors, data from both
biochemical and pharmacological studies (Attali et al.,, 1982;
Iyenger et al., 1986; Rothman et al., 1990; Tiberi and Magnan,
1990) suggest the presence of at least two opioid kappa recep-
tors. These receptor subpopulations have been classified as
kappa,, or those which preferentially bind the kappa-selective
benzeneacetamides such as U69,593 {(5a,7,86)-(—)-N-methyl-
N-(7-(1-pyrrolidinyl)-1-oxaspiro(4,5)dec-8-yl)benzeneacet-
amide} (Lahti et al., 1985) and kappa,, or those that preferen-
tially bind kappa-selective benzomorphans such as bremazocine
(Romer et al., 1980). Definitive pharmacological evidence for
kappa receptor multiplicity has been lacking, however, mainly
due to the absence of a kappa receptor subtype selective antag-
onist. Recently, de Costa et al. (1989) have described the
synthesis and preliminary characterization in vitro of (-)-
UPHIT {185,2S-trans-2-isothiocyanato-4,5-dichloro-N-methyl-
N-[2-(1-pyrrolidinyl)cyclohexyl]benzeneacetamide}, an isothi-
ocyanate benzeneacetamide, which appears to selectively bind

ABBREVIATIONS: (—)-UPHIT, 1S,2S-trans-2-isothiocyanato-4,5-dichloro-N-methyl-N-[2-(1-pyrrolidinyl)cyclohexyl]benzeneacetamide; 8-FNA, S-fun-
altrexamine; DAMGO, Tyr-p-Ala-Gly-NMe-Gly-ol; DPDPE, [0-Pen?, p-Pen®]enkephalin; nor-BNI, nor-binaltorphamine; DMSO, dimethylisulfoxide.
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in an apparent nonequilibrium fashion to the kappa, opioid
receptor subtype in guinea pig brain. Such a profile might allow
(=)-UPHIT to be utilized in the differentiation of kappa recep-
tor subtypes in tests of antinociception in vivo.

In order to explore this hypothesis, the present study has
evaluated the effects of (—)-UPHIT pretreatment in vivo on
both U69,593- and bremazocine-induced antinociception in the
mouse. The data provide pharmacological support for the con-
cept of two kappa-opioid receptor subtypes in the mouse central
nervous system.

Materials and Methods

Animals. Male, ICR mice (20-30 g, Harlan Industries, Cleveland,
OH) were used in these studies. Mice were caged in groups of five,
maintained on a 12/12-hr light/dark cycle and allowed free access to
food and water until the time of nociceptive testing.

Intracerebroventricular injections. All compounds used in this
study were administered into the right lateral ventricle using the
method of Haley and McCormick (1957), as modified by Porreca et al.
(1984). Under light ether anesthesia, a small midsagittal incision was
made to the scalp, and injections were made 2 mm lateral and 2 mm
caudal to bregma, 3 mm ventral from the skull surface using a 10-ul
Hamilton syringe (Hamilton Corporation, Reno, NV). All compounds
were administered in a volume of 5 ul.

Tail-flick test. The tail-flick test used in this study was the
standard tail-flick test that has been described previously (Heyman et
al., 1987) which utilizes warm water (55°C) as the noxious stimulus,
and the latency to a rapid flick of the tail as the endpoint. In order to
minimize tissue damage, a 15-sec cutoff time was used. Mice which had
predrug tail-flick latencies, greater than 5 sec were discarded from the
study. Animals were tested only once before drug treatment. Data were
expressed as percentage of maximal antinociception and were normal-
ized to the control reaction time before dosing, percentage of antino-
ciception = 100 X (test latency — control latency)/(15 — control
latency). For time course studies, tail-flick latencies were determined
at 10, 20, 30, 45, 60 and 90 min after U69,593 or bremazocine admin-
istration.

Test of sedation. Ten minutes after dosing with U69,593 or bre-
mazocine, animals were placed on a plastic platform (10 X 8.3 x 2.5
cm), and the time spent on the platform determined, with latency (in
seconds) to step off the platform taken as the endpoint. The test was
terminated when either the animal stepped of the platform with all
four paws or a time of 60 sec was spent on the surface of the platform.
Any animal which took longer than 15 sec to step off the test platform
before dosing was discarded from the study and a time of 60 sec spent
on the testing device was taken as the point of maximal sedation. Data
were expressed as percentage of sedation which was calculated as 100
X (test latency — control latency)/(60 — control latency).

Antagonism studies. In order to determine the kappa receptor-
selectivity of the antinociceptive responses to U69,593 and bremazo-
cine, animals were administered the mu-selective antagonist, 3-FNA
(18 nmol i.c.v. at —24 hr) and/or the delta-selective antagonist, ICI
174,864 (4.4 nmol i.c.v., —10 min) before antinociceptive testing. These
dosing regimens of 3-FNA and ICI 174,864 have been shown previously
to selectively antagonize DAMGO- and DPDPE-induced antinocicep-
tion, respectively (Heyman et al., 1987). To explore the selectivity of
nor-BNI, a proposed kappa-selective antagonist (Takemori et al., 1988),
this compound was given i.c.v. (0.3, 1, 3 or 10 nmol/mouse) 20 min
before dosing with equieffective doses of DAMGO (0.1 nmol i.c.v.) or
DPDPE (30 nmol i.c.v.). In dose-response studies with (—)-UPHIT,
animals were pretreated with vehicle (50% DMSQO, 5 ul i.c.v.) or (—)-
UPHIT (2.2, 6.5, 22 or 65 nmol i.c.v.) 24 hr before the administration
of equieffective doses of U69,593 (70 nmol) or bremazocine (25 nmol).
In time course studies which examined the duration of the antagonistic
action of (—)-UPHIT, animals received (—)-UPHIT (65 nmol i.c.v.) at
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0,1, 2, 4, 8, 12, 24, 48 or 96 hr before i.c.v. dosing with U69,593 (70
nmol) or bremazocine (25 nmol).

Chemicals. Bremazocine hydrochloride (racemic) (a generous gift
from Dr. Dietmar Roemer, Sandoz Inc., Basel, Switzerland) and
U69,593 {(5a,7,88)-(—)-N-methyl-N-(7-(1-pyrrolidinyl)-1-oxaspiro-
(4,5)dec-8-yl)benzeneacetamide} (Sigma Chemical, St. Louis, MO) were
dissolved in distilled water acidified with a small quantity (10 ul/ml)
of glacial acetic acid in order to facilitate dissolution. Nor-BNI and -
FNA (Research Biochemicals Inc., Wayland MA), ICI 174,864 {N,N,-
dialiyl-Tyr-(a-aminoisobutyric acid),-Phe-Leu-OH} (Cambridge Re-
search Biochemicals, Atlantic Beach, NJ), DAMGO and DPDPE
(Bachem, Torrance, CA) were dissolved in distilled water before use.
(=)-UPHIT {18,2S-trans-2-isothiocyanato-4,5-dichloro-N-methyl-N-
[2-(1-pyrrolidinyl)cyclohexyl]benzeneacetamide} (synthesized as de-
scribed previously (de Costa et al., 1989)) was dissolved in 50% DMSO
before drug administration. Control studies with the 50% DMSO
vehicle were also done.

Statistics. Regression lines and Aj values with 95% confidence
intervals were determined using the computer program as described by

Kappa Opioid Receptor Multiplicity
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Fig. 1. A, time course of U69593-induced antinociception in the tail-flick
test. B, time course of bremazocine-induced antinociception in the tail-
flick test. Animals were dosed with U69593 (10, 30, 50 or 70 nmol i.c.v.)
or bremazocine (5, 10, 15 or 25 nmol i.c.v.) and the percentage of
antinociception in each dosing group determined at 10, 20, 30, 45, 60
and 90 min postdosing. At least 10 animals were used per dose of
compound.
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Tallarida and Murray (1986) (procedure 8). All data points shown are
expressed as the mean + S.E., and were obtained from 8 to 20 mice per
data point, with at least four data points per dose-response curve.
Comparisons of the antinociceptive responses of control and treatment
groups were made using Dunnett’s test (Tallarida and Murray, 1986)
(procedure 44).

Results

Both U69,593 and bremazocine produced antinociception in
the mouse warm water tail-flick test after i.c.v. administration
(fig. 1). The antinociception produced by these compounds
persisted for approximately 45 min for U69,593 and 90 min for
bremazocine at the highest doses tested. The As, value (95%
confidence interval) to elicit this response calculated at the
time of peak effect (10 min for both compounds) was 31.9 (25.9-
39.2) and 13.7 (11.8-15.8) nmol/mouse for U69,593 and bre-
mazocine, respectively. The sedative effects of each of these
compounds were also evaluated (fig. 2). Both U69,593 and
bremazocine produced sedation, but at doses significantly
higher than those needed to induce antinociception; the Aso
value (95% confidence interval) for sedation was 72.9 (50.2-
106.0) and 108.5 (80.0 and 166.0) for U69,593 and bremazocine,
respectively.

In order to explore the kappa receptor-selectivity of the
antinociceptive responses to each of these compounds, animals
were pretreated with the mu-selective alkylating agent, 8-FNA
(Ward et al., 1985) at a dose and time (18 nmol, —24 hr) shown
previously to be selective for antagonism of mu agonists (Hey-
man et al., 1987) or the delta-selective antagonist, ICI 174,864
(Cotton et al., 1984), at a dose and time (4.4 nmol at —10 min)
shown previously to be selective for antagonism of delta ago-
nists (Heyman et al., 1987). Neither of these compounds were
found to produce any significant effect on either U69,593- or
bremazocine-induced antinociception (figs. 3 and 4). Moreover,
ICI 174,864 had no effect on bremazocine-induced antinocicep-
tion in B-FNA-pretreated animals as its A value was not
different from that in vehicle-treated animals, 13.9 (7.6-25.5),
providing further evidence of bremazocine’s kappa-mediated
actions in this test of antinociception.

Pretreatment with (—)-UPHIT at a dose of 65 nmol/mouse

100

O U69393
@ Bremazocine

~
w

% Sedation (+S.E.)
3 8
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i.c.v., significantly attenuated U69,593-induced antinociception
(fig. 5). The antagonist actions of (—)-UPHIT were significant
at 8 hr postdosing, reached a maximum at 24 hr and persisted
for up to 48 hr (fig. 6). In contrast, the same pretreatment with
(=)-UPHIT did not alter the effects of an equiantinociceptive
dose of bremazocine (fig. 5) over the same time period (fig. 6).
The antagonism of U69,593, but not bremazocine, by (—)-
UPHIT also appeared selective for the kappa opioid receptor,
as pretreatment with this antagonist had no effect on the
antinociceptive properties of DAMGO or DPDPE (fig. 7). Pre-
treatment with higher doses of (—)-UPHIT (220 nmol i.c.v.)
was not possible as toxic effects were observed with the antag-
onist alone.

In order to more completely explore the differential antago-
nism by (=)-UPHIT of U69,593, but not bremazocine, full
dose-response curves of the antinociceptive actions of both
agonists were generated in both (—)-UPHIT- and non-(-)-
UPHIT-treated animals. In addition to evaluating further both
the extent and kappa selectivity of the (—=)-UPHIT antagonistic
action, the effect of the kappa-selective antagonist, nor-BNI on
the dose-response curves of U69,593-and bremazocine-me-
diated antinociception were determined in both (—)-UPHIT-
and non-(—)-UPHIT-treated mice. A dose of nor-BNI was
selected (1 nmol i.c.v.) which had no significant effect on the
antinociceptive effects of either DAMGO or DPDPE (fig. 8).
Pretreatment with this dose of nor-BNI resulted in approxi-
mately 3- and 7-fold rightward shifts of the dose-response
curves for U69,593 and bremazocine antinociception in non-
(=)-UPHIT-pretreated mice (table 1). Pretreatment with (—)-
UPHIT again had no effect on the antinociceptive responses
to bremazocine, whereas producing approximately a 3-fold
rightward shift in the dose-response curve of U69,593. In (—)-
UPHIT- pretreated animals, nor-BNI produced no further
antagonism of the U69,593 dose-effect curve (table 1). In con-
trast, nor-BNI was still effective in antagonizing bremazocine
antinociception in (—)-UPHIT-pretreated mice (table 1).

The effect of (—)-UPHIT pretreatment on U69,593 and
bremazocine-induced sedation was also evaluated (table 2). The
sedation produced by U69,593 or bremazocine was not statis-

Fig. 2. Dose-response curve for U69,593- and
bremazocine-induced sedation. Animals were
dosed with U69,593 (25, 50, 100 or 120 nmol
i.c.v.) or bremazocine (75, 100, 125, 175 or 200
nmol i.c.v.). Animals were then tested for sedation
at 10 min after the administration of U69593 or
bremazocine. At least 10 animals were used per
dose of U69,593 or bremazocine.

20 100
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Fig. 3. A, effect of 8-FNA on U69,593-mediated antinociception in the
tail-fiick test. B, effect of 8-FNA on bremazocine-mediated antinocicep-
tion in the tail-flick test. Animals were administered 8-FNA (18 nmoli.c.v.)
or distilled water (5 ul i.c.v.) 24 hr before dosing with U69,593 (15, 30,
45 or 70 nmol i.c.v.) or bremazocine (5, 10, 15 or 25 nmol i.c.v.). The
percentage of antinociception in each treatment group was then evalu-
ated 10 min after either U69,593 or bremazocine. At least 10 animals
were used per dose of compound.

tically antagonized by pretreatment with (—)-UPHIT, nor-BNI
or by nor-BNI in (—)-UPHIT-pretreated animals.

Discussion

In this study (—)-UPHIT selectively antagonized the anti-
nociception induced by the kappa-selective benzeneacetamide,
U69,593 (Lahti et al., 1985), whereas having no effect on the
antinociceptive properties of the 6,7-benzomorphan, bremazo-
cine, which has been shown to have significant activity at the
opioid kappa receptor (Roemer et al., 1980; Hayes and Kelly,
1985). Data in vitro demonstrate that bremazocine is relatively
nonselective, binding to mu, delta and kappa opioid receptors
(Gillian and Kosterlitz, 1982). The action of bremazocine as an
agonist or antagonist, however, at each of these receptor types
remains somewhat unclear. The results of the present study

Kappa Opioid Receptor Multiplicity 1157
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Fig. 4. A, effect of ICI 174,864 on U69,593-induced antinociception in
the tail-flick test. B, effect of ICl 174,864 on bremazocine-induced
antinociception in the tail-flick test. Mice were coadministered ICI 174,864
(4.4 nmol i.c.v.) or distilled water (5 ul i.c.v.) and U69,593 (10, 30, 50 or
70 nmoli.c.v., vehicle-treated) or 15, 30, 45 or 60 nmoli.c.v., ICl 174,864-
treated) or bremazocine (5, 10, 15 or 25 nmol i.c.v., vehicle-treated) or
5, 10, 15 or 20 nmol, i.c.v., ICl 174,864-treated). Animals were then
tested for antinociception 10 min after dosing with U69,593 or brema-
zocine. At least 10 animals were used per dose of U69,593 or brema-
zocine.

suggest that bremazocine has little, if any, agonist actions at
opioid mu or delta receptors in this endpoint as the observed
antinociceptive effect was not blocked by either pretreatment
with the irreversible mu-selective antagonist, 3-FNA, by the
coadministration of the delta antagonist, ICI 174,864 or by both
B-FNA and ICI 174,864.

Bremazocine has also been shown to be an antagonist at the
opioid mu receptor in the guinea pig ileum (Corbett and Kos-
terlitz, 1986) and at the opioid delta receptor in the hamster
vas deferens (McKnight et al., 1985). A recent study (Picker et
al., 1990) examining the discriminative stimulus properties of
bremazocine in rats trained to discriminate morphine from
water suggests that the pharmacological profile of this com-
pound may also include some degree of agonist activity at the
opioid mu receptor. As emphasized above, however, agonist
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Fig. 5. A, dose-response of (—)-UPHIT-induced antagonism of the anti-
nociceptive effect of U69,593 in the tail-flick test. B, dose-response of
(—)UPHIT-induced antagonism of the antinociceptive effects of brema-
zocine in the tail-flick test. Animals received vehicle (50% DMSO, 5 ul
i.c.v.) or (=)}UPHIT (2.2, 6.5, 22 or 65 nmol i.c.v.) 24 hr before the
administration of equieffective doses of U69,593 (70 nmol) or bremazo-
cine (25 nmol). The percentage of antinociception was then determined
10 min after either U69,593 or bremazocine administration. Ten animals
were used per dose of (—)-UPHIT. *P < .05 vs. vehicle-treated.

actions of bremazocine at opioid receptors other than the kappa
receptor were not detected in the present study.

As the present experiment relied on assessment of antinoci-
ceptive activity using a motor endpoint, these compounds were
also tested for their ability to produce sedation. Our data
indicate that the sedative doses for these compounds were
significantly higher than those needed to produce antinocicep-
tion. Additionally, it should be noted that although (=)-UPHIT
and/or nor-BNI pretreatment blocked U69,593 antinocicep-
tion, these compounds did not block the sedative properties of
U69,593 or of bremazocine, suggesting that the antinociceptive
effects of both U69,593 and bremazocine were not related to
sedation, at least via a kappa-mediated mechanism.

Earlier studies (Wood et al., 1981; Porreca et al., 1984;
Schmauss and Yaksh, 1984) have suggested that kappa agonists
were relatively ineffective antinociceptive agents when given
i.c.v., especially when animals were challenged with thermal
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Fig. 6. A, effect of (—)-UPHIT on U69,593-mediated antinociception in
the tail-flick test. B, effect of (—)}-UPHIT on bremazocine-induced antino-
ciception in the tail-flick test. Animals received (—)-UPHIT (65 nmol) at 0,
1,2, 4,8, 12, 24, 48, 72 or 96 hr before treatment with equiantinocicep-
tive doses of U69,593 (70 nmol i.c.v.) or bremazocine (25 nmol i.c.v.).
Antinociceptive testing was commenced 10 min postdosing with U69593
or bremazocine. Ten aniamls were used per time point per dose of
U69,593 or bremazocine. *P < .05 vs. control.

nociceptive stimuli. However, others have shown an apparent
dissociation between sedation and antinociception in mice and
rats (Belknap et al., 1987; Fennessy and Sawynok, 1973; Gray
et al., 1970; Millan, 1989). More recent studies have shown that
kappa agonists do produce antinociception, with their activity
dependent on the intensity of the nociceptive stimulus (Millan,
1989; Parsons and Headley, 1989; Piercey and Einspahr, 1989).
These considerations, coupled with the finding of differential
antagonism of U69,593 antinociception and sedation by (—)-
UPHIT and/or nor-BNI, as well as the antinociceptive actions
of bremazocine at doses 8-fold lower than those required to
produce sedation, argue for a significant role of the kappa opioid
receptor in supraspinal antinociception.

The blockade of U69,593-induced antinociception by (—)-
UPHIT was demonstrated to be both dose- and time-depend-
ent, persisting for up to 48 hr. This blockade also appeared to
be selective for the kappa opioid receptor, as (—)-UPHIT was
unable to affect either DAMGO- or DPDPE-induced antino-
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Fig. 7. A, effect of nor-BNI against DAMGO-induced antinociception in
the tail-flick test. B, effect of nor-BNI against DPDPE-induced antinoci-
ception in the tail-flick test. Mice were pretreated with distilled water (5
uli.c.v.)or nor-BNI (0.3, 1, 3 or 10 nmol i.c.v.). Twenty minutes later, the
percentage of antinociceptive response to equieffective doses of
DAMGO (0.1 nmol i.c.v.) or DPDPE (30 nmol i.c.v.) was determined. Ten
animals were used per dose of DAMGO or DPDPE. *P < .05 vs. vehicle-
treated.

ciception at the dose and pretreatment time selected in these
studies. In order to evaluate more fully the differential blockade
by (=)-UPHIT of the antinociceptive actions of U69,593 and
bremazocine, nor-BNI, a kappa-selective antagonist, was stud-
ied in (=)-UPHIT- and non-(-)-UPHIT-pretreated animals.
Nor-BNI produced approximately a 3- and 7-fold rightward
displacement in the U69,593- and bremazocine dose-response
lines in non-(—)-UPHIT-pretreated mice. Although nor-BNI
was not effective in antagonizing U69,593 in (—)-UPHIT-
pretreated mice, this compound remained effective against bre-
mazocine. At the doses required to produce antinociception
under these conditions, it was noted that the animals were
markedly sedated, which may be expected at the doses of
U69,593 and bremazocine utilized after the administration of
(=)-UPHIT and/or nor-BNI. However, (=)-UPHIT and/or
nor-BNI were unable to block the sedation associated with
bremazocine and U69,593 suggesting the possibility of a non-
opioid sedative effect of these compounds. This possibility
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Fig. 8. A, effect of (—)-UPHIT on DAMGO-mediated antinociception in
the tail-flick test. B, effect of (—)-UPHIT on DPDPE-mediated antinocicep-
tion in the tail-flick test. Mice were pretreated with vehicle (50% DMSO,
5 uli.c.v.) or (=)-UPHIT (65 nmol i.c.v.). Twenty four hours later, antino-
ciceptive dose-effect curves were determined in animals dosed with
DAMGO (0.006, 0.02, 0.06 or 0.2 nmol i.c.v.) or DPDPE (5, 10, 20 or 30
nmol i.c.v.) 10 min after their administration. At least 10 animals were
used per dosing group.

requires further evaluation using more general opioid antago-
nists such as naloxone.

Whereas the differential antagonism of the antinociceptive
actions of U69,593 and bremazocine by (—)-UPHIT pretreat-
ment would support the concept of separate types of kappa
receptors, an alternative explanation involving differences in
efficacy must be considered. If one hypothesized that the effi-
cacy of bremazocine at the kappa receptor was much greater
than that of U69,593, then partial inactivation of this receptor
by (—)-UPHIT might result in an attenuation of U69,593, but
not bremazocine, antinociception. In such a situation, the con-
clusion of heterogeneity of kappa opioid receptors would be
incorrect. Whereas evaluation of efficacy in vivo is not readily
achievable, it should be noted that even if bremazocine was a
compound of high efficacy and was acting at the same receptor
as U69,593, treatment with (—)-UPHIT would nevertheless
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TABLE 1
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Aso values with 95% confidence intervals for U69,593 and bremazocine-induced antinociception after (—=)-UPHIT and/or nor-BNI

pretreatment

Animals were pretreated with 50% DMSO (5 ul i.c.v.) or (=)-UPHIT (65 nmol i.c.v.) 24 hr before dosing with U69,593 or bremazocine. In nor-BNI- and/or (—)-UPHIT-
treated animals, animals received (—)-UPHIT (65 nmol i.c.v.) 24 hr before antinociceptive testing and/or nor-BNi (1 nmol i.c.v.) 20 min before the administration of U69,593

or bremazocine. Ten animals were used per dose of U69,593 or bremazocine.

Pretreatment
Agonist
Vehicle (—HUPHIT Nor-BNI (—)}UPHIT/nor-BNI
U69,593 36.2 (25.5-51.3) 153.7 (83.5-283.1) 121.4 (57.8-255.0) 159.9 (88.7-288.4)
Bremazocine 14.0 (8.4-23.4) 149 (11.9-18.6) 96.8 (51.5-181.9) 97.9 (56.4-170.1)

TABLE 2

As, values with 95% confidence intervals for U69,593- and bremazocine-induced sedation

Animals were pretreated with 50% DMSO (5 ul i.c.v.) or (=}UPHIT (65 nmol i.c.v.) 24 hr before dosing with U69,593 or bremazocine. In nor-BNI- and/or (~)-UPHIT-
treated animals, animals received (—)-UPHIT (65 nmol i.c.v.) 24 hr before sedative testing and/or nor-BNI (1 nmol i.c.v.) 20 min before the administration of U69,593 or

bremazocine. At least 10 animals were used per dose of U69,593 or bremazocine.

Pretreatment
Agonist
Vehicle (—}UPHIT Nor-BNI (—}UPHIT/nor-BNI
U69,593 62.9 (41.9-94.4) 62.3 (42.9-90.4) 104.2 (52.5-202.9) 80.8 (47.9-136.3)
Bremazocine 76.7 (45.8-128.5) 94.3 (79.1-112.4) 86.6 (59.3-125.5) 66.9 (48.0-94.0)

block some fraction of these receptor sites, as demonstrated by
the observed antagonism of U69,593. In this instance, in spite
of the ability of bremazocine to achieve a maximal response in
the presence of some fraction of (—)-UPHIT occupied recep-
tors, one would also expect to see a rightward displacement of
the dose-response line resulting from the fewer available recep-
tor sites. As no rightward displacement of the bremazocine
dose-response line was observed after pretreatment with (—)-
UPHIT, the possibility of differential antagonism resulting
from differences in efficacy appears to be unlikely. Further-
more, the possibility of differential efficacy has been explored
in our laboratory by a comparison of the relative efficacy of
U69,593 and bremazocine in an isolated tissue preparation, the
guinea pig longitudinal muscle-myenteric plexus. Our results
(K. D. Wild, P. J. Horan and F. Porreca, unpublished obser-
vations), indicate that the relative efficacy of U69,593 and
bremazocine, as measured by the relative fraction of receptors
occupied to produce an equivalent effect, do not differ in this
isolated tissue preparation. Thus, although the absolute efficacy
of these compounds in producing antinociception will, of course,
be different from the efficacy needed to inhibit electrically
induced contractions in a bioassay tissue, the relative efficacy
between U69,593 and bremazocine should remain constant,
given the unknown validity of the assumption that the kappa
receptor in the two situations is the same. Additionally, Hunter
et al. (1990) have compared recently the effects of U69,593 and
bremazocine in the rabbit vas deferens and found that, unlike
U69,593, bremazocine does not elicit a full effect in this tissue.
This finding would suggest that bremazocine has, if anything,
lower efficacy than U69,593. In this regard, it should be noted,
however, that Verlinde and de Ranter (1988) have also evalu-
ated bremazocine in the rabbit vas deferens and show a full
response for this compound. Given these findings using tech-
niques in vitro as well as the failure of (—)-UPHIT to produce
a rightward displacement of the bremazocine dose-response
line, interpretation of the present data as reflective of kappa
subtypes appears to be appropriate.

The present data also suggest that (—)-UPHIT selectively
acts at the receptor site mediating U69,593 (kappa,,) but not
bremazocine (kappa,) antinociception, whereas nor-BNI acts
at both receptor subtypes. However, radioligand binding data

in guinea pig brain after (—)-UPHIT pretreatment suggest that
this compound produced a partial blockade of the kappa, bind-
ing site, or that bremazocine interacts with both kappa, and
kappa, sites. The latter possibility would appear more likely
based on binding studies in guinea pig brain (Rothman et al.,
1990, Tiberi and Magan, 1990) and rat brain (Zukin et al.,
1988). Additionally, binding studies in guinea pig brain (Roth-
man et al., 1990, Tiberi and Magan, 1990) also suggest that
nor-BNlI is a nonselective antagonist of these receptor subtypes.
Further studies in vitro are needed in the mouse to determine
more fully the selectivity of the interaction of both (-=)-UPHIT
and nor-BNI with these receptor subtypes.

Substantial data in vivo (Iyengar et al., 1986), as well as more
recent autoradiographic and radioligand binding data (Nock et
al., 1988, 1989; Tiberi and Magan, 1990b; Zukin et al., 1988)
support the existence of at least two kappa receptor subtypes,
and perhaps others (Rothman et al., 1989, 1990). Collectively,
these data, together with the present observations, provide
evidence in vivo for two subtypes of the kappa opioid receptor.
Differential antagonism has historically provided the strongest
pharmacological evidence for the existence of receptor sub-
types. It is tempting to speculate on the function of each of
these receptor subtypes, although this will require further study
with compounds such as (—)-UPHIT which, from these data
obtained in the present study, selectively and perhaps via a
nonequilibrium mechanism, blocks the kappa,-opioid receptor
subtype. (—=)-UPHIT appears to be a useful tool for investiga-
tions into subtypes of the kappa opioid receptor, and may
provide inroads for the development of a clinically useful kappa
opioid analgesic, as well as promote a further understanding of
kappa-opioid receptor multiplicity.
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