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Abstract

A recent clinical report suggested that kappa opioids such as nalbuphine and butorphanol
produced greater pain relief in women than in men. However, both compounds have been
characterized as partial agonists with mixed mu/kappa opioid actions in animal studies. The aim of
this study was to evaluate whether there is a sex difference in antinociception caused by
nalbuphine and butorphanol as well as more selective kappa opioid agonists including U50,488
and CI-977 in mice. In the acid-induced writhing assay, all compounds (U50,488: 1-10 mg/kg;
Cl-977: 0.01-0.1 mg/kg; nalbuphine: 1-320 mg/kg; butorphanol: 0.032-0.32 mg/kg) dose-
dependently inhibited writhing, but there were no sex-related differences found when comparing
EDsq values in male and female mice. In the warm water (48°C) tail withdrawal assay, U50,488
(10-100 mg/kg) and CI-977 (0.1-3.2 mg/kg) also dose-dependently produced antinociception,
although there were no sex-related differences observed. Nalbuphine (10-320 mg/kg) did not have
antinociceptive effects under this condition. On the other hand, butorphanol (0.32-32 mg/kg)
produced greater antinociception in male (50% MPE) than female mice (20% MPE). Further
antagonist studies revealed that butorphanol is a mixed mu/kappa opioid with low efficacy. In
summary, there were no sex-related differences in response to more selective kappa opioid
agonists on antinociception in mice under these conditions.
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Introduction

With regard to treatment of pain, there has been much evidence on which gender receives
greater antinociception from various opioid drugs. Many rodent studies have shown that
females receive less pain relief than males from morphine, which acts predominantly at mu
opioid receptors (3,8-10,23). However, other studies have reported that there was no sex
difference with other mu opioid agonists such as fentanyl (2) or that morphine
antinociception was greater in female than in male rats (1). It is not yet clear whether a sex
difference in opioid antinociception is a general phenomenon or if it depends on other
conditions, including the particular opioid analgesics and types of nociceptive assays in
different species.
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Recently, a clinical study reported that female patients achieved greater pain relief than male
patients by two opioid analgesics, nalbuphine and butorphanol, after dental surgery (19).
Both genders received the same dose of analgesics 1V. Whether the significantly less body
weight of female subjects contributes to this gender difference is unknown (i.e., 59 kg in
women vs. 76 kg in men). Nevertheless, the authors made the conclusion that kappa opioid
analgesics produced greater analgesia in women than men, as they inferred that both
analgesics were acting predominantly as kappa opioids.

This proposition requires further consideration in terms of its pharmacological basis. In
particular, both nalbuphine and butorphanol have been characterized as partial opioid
agonists with mixed mu/kappa opioid actions in animal studies (6,13,14,17,20,37). In vitro
studies have also shown that both compounds display high affinity for mu and kappa opioid
receptors (7,13) and they act as low to medium efficacy agonists in cell lines expressing mu
or kappa receptors (15,34,40). In nonhuman primates, nalbuphine and butorphanol cause
modest respiratory depression, which may indicate low efficacy at mu opioid receptors
(6,20). In rodents, both compounds has been characterized as partial kappa agonists based
on their diuretic effects or kappa antagonism studies (28,29,33). Both nalbuphine- and
butorphanol-induced antinociception were also antagonized by a selective irreversible mu
antagonist B-funaltrexamine (B-FNA), indicating the involvement of mu receptors in the
actions of both compounds in mice (41). Furthermore, in healthy human subjects,
nalbuphine produced a profile of subjective, psychomotor, and physiological effects similar
to that of an equianalgesic dose of morphine (39). Taken together, these evidences strongly
suggested that nalbuphine and butorphanol are not selective kappa opioids; instead, they are
partial opioid agonists with mixed mu/kappa receptor components (6,14,20,28,29,41).

In order to investigate if there is a sex difference in kappa opioid antinociception, we chose
to study the more selective kappa opioid agonists, U50,488 and CI-977, as well as
nalbuphine and butorphanol. Two different antinociceptive assays, acid-induced writhing
and warm water tail withdrawal, were utilized (i.e., visceral vs. somatic nociceptive reflex).
The aim of this study was to examine if sex-related differences can be observed under these
conditions in mice.

Adult male and female (10-12 weeks old, 25-30 g) Swiss-Webster mice were housed 10-12
in the same gender per cage at approximately 22°C on a 12-h light/dark cycle. Food and
water were available ad lib. Each animal was used only once. After the test session, they
were sacrificed by an overdose of IP pentobarbital. Animals used in this study were
maintained in accordance with the University Committee on the Use and Care of Animals in
the University of Michigan, and the Guide for the Care and Use of Laboratory Animals (7th
ed.) by the Institute of Laboratory Animal Resources (National Academic Press, Washington
DC. revised 1996).

Antinociceptive Assays

Writhing Assay—The acetic acid-induced writhing assay was modified for use in this
laboratory (11). Briefly, mice received an IP injection of 0.6% acetic acid (0.4 ml/animal)
and were placed in individual Plexiglas boxes (18 x 28 x 13 cm) for observation. Five
minutes after the acetic acid injection was given, there was a 5-min observation period,
during which the number of writhes, typically a wave of the abdominal musculature
followed by extension of the hind legs, was recorded. Vehicle or different doses of test drugs
were administered SC 15 min prior to the administration of acetic acid.
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Warm Water Tail Withdrawal Assay—Each mouse was placed into a cylindrical plastic
mouse restrainer that left the tail fully exposed. The tail was then immersed in a container of
48°C water to approximately one third to one half of the exposed length of the tail. Latency
of tail removal was measured by a hand-operated timer. The timer was stopped upon
removal of the tail from the water. Mice were initially injected IP with sterile water and
baseline latency was tested 25 min later. Then the agonist was administered IP by a
cumulative dosing procedure with a 30-min interinjection interval. Subsequent tail
withdrawal latencies were determined starting 25 min after each injection. This continued
until the mouse failed to remove its tail from the water before the 20-s cutoff time was
reached (maximum antinociception) or until toxic effects (e.g., convulsions) were exhibited.

Experimental Designs

In the writhing assay, U50,488 (1-10 mg/kg), C1-977 (0.01-0.1 mg/kg), nalbuphine (1-320
mg/kg), and butorphanol (0.032-0.32 mg/kg) were evaluated between male and female mice
by a single dosing procedure. Each tested dose consisted of 8-10 mice of the same gender.
The control number of writhes was determined as the mean number of writhes (n = 10)
when a SC injection of vehicle (sterile water) was given 15 min before the acetic acid
injection. As the value of the control was found to slightly vary between batches of mice, the
control value was routinely redetermined for each new batch.

In the warm water tail withdrawal assay, higher doses of the agonists were required
(U50,488: 10-100 mg/kg; CI-977: 0.1-3.2 mg/kg; nalbuphine: 32—320 mg/kg; butorphanol:
0.32-32 mg/kg). Each treatment group consisted of 9—10 mice of the same gender. The
control value was the latency of tail withdrawal of each mouse after an IP injection of sterile
water was given.

In the antagonist studies, either nor-binaltorphimine (nor-BNI), a selective kappa opioid
antagonist, or B-FNA, a selective mu opioid antagonist, was administered SC to each mouse,
24 h before the agonist test. The agonist dosing procedure, antagonist doses, and
pretreatment time were used based on previous studies that have shown the dose dependency
and selective antagonism (4,11,41).

Data Analysis

Drugs

Writhing Assay—For each tested dose of the agonists, the number of writhes for each
mouse was expressed as percent of the control number of writhes. Then the percent control
value for each dose was obtained. The ED5g values and 95% confidence limits (95% C.L.)
in each dose—effect curve were determined by utilizing the statistical program PHARM/PCS
(36). A significant difference was defined as a lack of overlap in their 95% C.L. of ED5g
values between dose—effect curves.

Warm Water Tail Withdrawal Assay—For each treatment condition, individual tail
withdrawal latencies were converted to the percent of maximum possible effect (MPE) by
the following formula: %MPE = [(test latency — control latency)/(cutoff latency, 20 s —
control latency) x 100. The ED5q and 95% C.L. values of each dose—effect curve were
determined by the same statistical program (36). In the present study, nalbuphine and
butorphanol did not produce full antinociceptive effects in this assay. Effects of both
compounds and the antagonist study were analyzed with one-way ANOVA followed by the
Newman-Keuls test (p < 0.05).

U50,488 (Upjohn, Kalamazoo, MI), CI-977 (also known as enadoline) (Warner Lambert/
Parke-Davis, Ann Arbor, MI), butorphanol tartrate (Bristol Myers Squibb, Wallingford,
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CT), nalbuphine hydrochloride (Mallinckrodt, St. Louis, MO), B-FNA (Dr. D. Zimmerman,
Eli Lilly, Indianapolis, IN), and nor-BNI (Dr. H. Mosberg, Dept. of Medical Chemistry,
University of Michigan, Ann Arbor, MI) were dissolved in sterile water. The agonists were
administered SC (in the writhing assay) or IP (in the tail withdrawal assay) in volumes of
0.01 ml/g. Glacial acetic acid (Fisher Scientific Co., Fair Lawn, NJ) was diluted to a 0.6%
solution with sterile water.

Writhing Assay

The mean control values across different batches of male mice ranged from 11.6 + 1.8 to
15.2 £ 1.9 writhes. The mean control values across different batches of female mice ranged
from 12.6 £ 1.1 to 14.4 + 1.3 writhes. Overall, there was no significant difference between
genders regarding their writhing responses induced by IP injection of the acetic acid.

Figure 1 illustrates that all compounds used in this study (U50,488, C1-977, nalbuphine, and
butorphanol) dose-dependently inhibited writhing responses. However, there was no sex
difference found when comparing their EDsgq values (Table 1). It is worth noting that
nalbuphine is not as effective as other compounds to inhibit the writhing responses, as its
dose—effect curve is very shallow across 2-log dose units.

Warm Water Tail Withdrawal Assay

In this preparation (48°C water), the averaged tail withdrawal latencies of male mice from
different groups ranged from 2.7 £ 0.2 to 5.4 £ 0.6 s. The averaged tail withdrawal latencies
of female mice ranged from 2.8 + 0.5 t0 5.2 £ 0.6 s. There was no significant difference
between genders regarding their baseline tail withdrawal latencies in 48°C water.

Figure 2 illustrates that selective kappa agonists, U50,488 and C1-977, dose-dependently
produced thermal antinociception against 48°C water. There were no sex-related differences
observed, as both compounds had similar potency (i.e., EDsq values) between both genders
to produce antinociception (see Table I). Up to the dose of 320 mg/kg, nalbuphine did not
significantly produce thermal antinociceptive effects. At the dose of 1000 mg/kg, some mice
convulsed. In contrast, butorphanol only partially produced antinociception, as it reached the
plateau when the dose was increased. Although we could not obtain EDsgq values, there was
a significant difference between genders at the doses of 3.2 and 10 mg/kg determined by the
Newman-Keuls test (p < 0.05), in which male mice had more antinociceptive effect.

Because butorphanol produced greater antinociception in male mice than female mice (i.e.,
50% MPE vs. 20% MPE), further antagonist studies were conducted in male mice to
evaluate the selectivity of butorphanol effect in this preparation. It was difficult to conduct
the antagonism study in female mice, as butorphanol only produced slight antinociception in
the tail withdrawal assay. Figure 3 (top panel) shows that 24-h pretreatment with B-FNA, a
selective mu antagonist, can block butorphanol-induced antinociception in a dose-dependent
manner. In addition, 24-h pretreatment with nor-BNI, a selective kappa antagonist, also
dose-dependently blocked antinociceptive effects of butorphanol (Fig. 3, middle panel). It
needs to be noted that in the presence of nor-BNI (10 mg/kg), 320 mg/kg of butorphanol
caused death and convulsions in some mice. Figure 3 (bottom panel) shows that 24-h
pretreatment with low doses of both B-FNA (3.2 mg/kg) and nor-BNI (3.2 mg/kg) produced
significant inhibition of butorphanol antinociception.
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Discussion

The present study illustrated that there was no sex difference in response to selective kappa
opioid agonists, U50,488 and CI-977, in terms of their antinociceptive effects in mice.
Although butorphanol produced greater antinociception in male mice than in female mice,
butorphanol was characterized as a mixed mu/kappa opioid agonist in this preparation.

Both U50,488 and CI-977 have been characterized as selective kappa opioid agonists in
different species and behavioral assays including antinociception and diuresis
(4,16,26,27,35). This study confirms other reports that both kappa ligands are full efficacy
agonists under both in vivo and in vitro conditions (5,34,40), in which full kappa agonists
are able to produce antinociception against more intensive noxious stimuli and to produce
maximum stimulation measured by [3°S] GTPyS binding in a cell line expressing kappa
opioid receptors. Nevertheless, there was no sex difference in kappa opioid antinociception
measured in either the writhing or tail withdrawal assays. This observation is similar to
another study, which illustrated that U69,593 was equipotent between both genders in
producing hot plate antinociception in rats (12). However, it was different from another
finding (2), showing that bremazocine, but not U69,593, produced greater antinociception in
the tail withdrawal assay, but not in the hot plate assay, in female rats. Although the authors
suggested that sex differences were assay, dose, and time dependent, repeated measurements
in the same subject may contribute to and confound the exact nature of gender difference.
On the other hand, one study has shown that U50,488 produced greater antinociception in
male deer mice (22). To date, there is no clear consensus regarding the sex difference in
kappa opioid-induced antinociception (2,12,18,22). Further studies are required to clarify
this phenomenon.

For example, several studies have emphasized that the sex difference may depend on
different nociceptive assays and genotypes (25,30). Equivocal findings regarding opioid sex
differences in the literature may be partially accounted for by the use of different strain
populations (25). In addition, it is worth noting potential species differences in opioid
pharmacodynamic profiles. In rats, kappa; receptor populations comprise approximately less
than 10% of the total amount of opioid receptor populations (31,32). In contrast, kappa;
receptors are much more abundant in cortex membranes in other species, including guinea
pigs and monkeys (7,32,42). It will be valuable to determine the kappa receptor density
between both genders among different species or strains. The limitation of the present study
is lack of determination of time of peak effect for those opioid agonists and lack of control
of the estrous cycle in female mice. Nevertheless, it has been shown that there was no sex
difference in pharmacokinetic factors such as ligand concentrations in the brain or blood
after systemic injection and the elimination half-life (10,12).

Nalbuphine produced antinociception in the writhing assay, but not in the tail withdrawal
assay. This functional antinociception profile suggests that nalbuphine is a low-efficacy
agonist, which is consistent with other reports indicating that nalbuphine acts as a partial
agonist in vitro (15,34,40). Nalbuphine has been found to bind to both mu and kappa opioid
receptors (7,13). Antinociceptive effects of nalbuphine in mice were antagonized by either a
selective mu antagonist (B-FNA) or a selective kappa antagonist (nor-BNI) (33,41).
Furthermore, the mu receptor component of nalbuphine actions has been demonstrated in the
antinociception and drug discrimination assay in rhesus monkeys (20,21). In the same
species, nalbuphine produced modest respiratory depression and it could be used to
antagonize the marked respiratory depression induced by a full mu agonist, alfentanil (20).
These animal studies clearly indicated that nalbuphine has low efficacy at mu opioid
receptors in rodents and monkeys. More interestingly, in healthy human subjects,
nalbuphine produced subjective effects, which is similar to that of morphine at the
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equianalgesic dose (10 mg, 1V) (39). Nevertheless, the extent to which nalbuphine can
relieve pain in humans through mu, kappa, or both opioid components remains to be
determined.

Butorphanol displayed partial antinociceptive effects in the tail withdrawal assay, but
produced full antinociception in the writhing assay in mice. This may indicate that
butorphanol is an agonist with low to medium efficacy. In support of this supposition, in
vitro studies have shown that butorphanol produces partial stimulation in [3*S]GTPyS assay
in cell lines expressing mu or kappa opioid receptors (15,34). Functional studies have also
suggested that butorphanol has low efficacy at both mu and kappa opioid receptors in
rodents and monkeys (6,14,17,28,29,41). In the present study, both B-FNA and nor-BNI
dose-dependently blocked butorphanol antinociception in male mice. In particular,
pretreatment with combination of small doses of B-FNA and nor-BNI significantly
antagonized butorphanol, which indicated that butorphanol produced antinociception
through both mu and kappa components under these conditions. It is important to note that
butorphanol only produced greater antinociception in the tail withdrawal assay, but not in
the writhing assay in male mice. Also, there was no sex difference in response to
nalbuphine, which has also been characterized as a mixed mu/kappa opioid in mice (33,41).
This observation may be partially due to different nociceptive assays and particular
analgesics (2,30). Although both nalbuphine and butorphanol were partial opioid agonists
with mixed mu/kappa opioid actions, both compounds may not have similar behavioral
profiles. In human subjects, butorphanol produced a somewhat different profile of subjective
effects and greater psychomotor impairment than morphine (38). It is possible that
differential combined contribution of mu and kappa receptor components between
nalbuphine and butorphanol results in different functional profiles.

The results of this study did not support a recent clinical study (19), suggesting that kappa
opioids (e.g., nalbuphine and butorphanol) produced greater antinociception in women than
in men. The major drawbacks of the clinical study are lack of kappa receptor selectivity of
chosen analgesics and lack of control of systemic doses in patients with different body
weights. The exact nature of kappa opioid antinociception between both genders could be
complicated by a variety of factors. Even the gender differences in response to the noxious
stimulus under baseline (i.e., vehicle/control) conditions are not consistent across studies. In
many cases, including the present study, there was no significant sex difference in the
baseline pain threshold (8,9,24). Sex-related differences in opioid antinociception is not yet
a general phenomenon and its precise nature may depend on the particular analgesics,
assays, strains, species, and measurement parameters such as the dose and time course
(2,12,23,25,30). The present study illustrated that there was no sex difference in response to
selective kappa opioid agonists, U50.488 and CI-977, and partial agonists with mixed mu/
kappa opioid actions, nalbuphine and butorphanol, in writhing antinociception. Only
butorphanol produced greater antinociception in tail withdrawal antinociception in male
mice under these experimental conditions.
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Antinociceptive effects of U50,488, CI-977, nalbuphine, and butorphanol measured by the
writhing assay in a single dosing procedure. Abscissae (all panels): agonist dose in mg/kg.
Ordinates (all panels): percent of writhing inhibition. Each value represents the mean £ SEM

(n = 8-10).
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Figure 2.

Antinociceptive effects of U50,488, CI-977. nalbuphine, and butorphanol measured by the
48°C water tail withdrawal assay in a cumulative dosing procedure. Abscissae (all panels):
agonist dose in mg/kg. Ordinates (all panels): percent of maximum possible effect (%MPE).
Each value represents the mean + SEM (n = 9-10). *Significant difference (p < 0.05, male
vs. female) determined by the Newman-Keuls test.

Analgesia (Elmsford N Y). Author manuscript; available in PMC 2011 June 15.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

PATRICK et al.

% MPE

% MPE

% MPE

Figure 3.

Page 12

100 1 QO +vehicle
A +pFNA32
8071 ¢ - B-FNA 10
+ B-FNA
50 + n B- 32
40 1
20 + . *
0 ) . Al Al
1 10 100
100 1 O +vehicle
A x .
80 -|_ + nor-BNI 3.2
4 +nor-BNI 10
60 +
a0 +
20 +
*
&
0 T aal al al
1 10 100
10 T O +vehicle
80 4 B+ (B-FNA 3.2+nor-BNI 3.2)
60 +
40 1
20 +
&
U T Al Al A l*j Aaal
1 10 100

Dose of butorphanol (mg/kg, i.p.)

Antagonist effects of B-FNA (top panel) and nor-BNI (middle panel) against butorphanol in
male mice measured by the 48°C water tail withdrawal assay. The bottom panel illustrated
the effects of combination of the low dose 3.2 mg/kg of B-FNA and nor-BNI. Abscissae (all
panels): agonist dose in mg/kg. Ordinates (all panels): percent of maximum possible effect
(%MPE). Each value represents the mean + SEM (n = 9-10). *Significant difference (p <
0.05) from the vehicle group determined by the Newman-Keuls test.
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Comparison of EDsgq Values (mg/kg) of Kappa Opioids Between Genders

EDx, (95% C.L.)"

Male Mice Female Mice

Writhing assay

U50,488 3.80(3.35-4.31)  2.93 (1.62-5.30)

Cl1-977 0.04 (0.03-0.06)  0.05 (0.03-0.08)

Butorphanol 0.10 (0.07-0.16)  0.11 (0.06-0.18)

Nalbuphine 12.7 (3.03-53.04)  7.56 (3.17-18.1)
Tail withdrawal assay

U50,488 41.2(29.7-57.0)  27.09 (13.5-57.1)

C1-977 0.33(0.10-1.10)  0.33(0.21-0.52)

Butorphanol NA NA

Nalbuphine NA NA

NA, not applicable.

*
95% C.L. is confidence limits (p < 0.05).
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