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Effects of Butorphanol on Morphine-induced Itch and
Analgesia in Primates
Heeseung Lee, M.D.,* Norah N. Naughton, M.D.,† James H. Woods, Ph.D.,‡ Mei-Chuan Ko, Ph.D.§

Background: Butorphanol is an opioid analgesic with partial
agonist actions at �- and �-opioid receptors (MOR and KOR).
Previous studies have demonstrated that both MOR antagonists
and KOR agonists are effective in alleviating intrathecal mor-
phine–induced itch in primates. The aim of the study was to
investigate the effectiveness of butorphanol as an antipruritic
and to elucidate the receptor mechanisms underlying butorpha-
nol’s antipruritic effect in primates.

Methods: Adult rhesus monkeys were used in the behavioral
assays for measuring itch/scratching and analgesia. The dose–
response curves of butorphanol were studied using selective
MOR and KOR antagonists. In addition, the effect of butorpha-
nol as an antipruritic was studied on subcutaneous and intra-
thecal morphine–induced itch and analgesia. KOR-selective an-
tagonists were further used to compare the degrees of MOR and
KOR activation underlying the antipruritic effect of butorpha-
nol.

Results: Butorphanol alone produced analgesia with slight
itch responses, and both effects were blocked by a MOR antag-
onist, clocinnamox (0.1 mg/kg). In contrast, a KOR antagonist,
5=-guanidinylnaltrindole (1 mg/kg), increased butorphanol-
elicited itch. Systemic butorphanol (0.0032–0.032 mg/kg) dose-
dependently attenuated systemic or intrathecal morphine–in-
duced itch. In addition, butorphanol either potentiated or
maintained morphine-induced analgesia without producing se-
dation. KOR-selective antagonists, 5=-guanidinylnaltrindole (1
mg/kg) and nor-binaltorphimine (3.2 mg/kg), only partially
reversed the antipruritic effect of butorphanol with different
durations of KOR antagonism.

Conclusions: Butorphanol is effective in attenuating systemic
or spinal morphine–induced itch without reducing morphine
analgesia. This study provides functional evidence that both
partial MOR and KOR agonist actions contribute to the effective-
ness of butorphanol as an antipruritic in primates.

SPINAL administration of opioids is one of the most
frequent analgesic methods in humans.1,2 However, the
most common side effect of spinal morphine administra-
tion is itch/pruritus, which sometimes is severe. This
lessens the value of spinal opioids for pain relief and is
treated by different drugs with variable success.3,4 Re-
cent studies have demonstrated that the same �-opioid
receptors (MOR) mediate both intrathecal morphine–

induced analgesia and itch/scratching responses in pri-
mates, making it difficult to separate these effects.5,6

Therefore, MOR antagonists such as naloxone, although
they are effective antipruritics, are not useful because
they reverse the opioid analgesia in patients.7–9 Follow-
ing a different tactic, it has been suggested that activa-
tion of �-opioid receptors (KOR) can attenuate intrathe-
cal morphine–induced itch/scratching responses
without disrupting intrathecal morphine analgesia in pri-
mates.10 KOR agonists can also inhibit itch/scratching
elicited by various pruritogenic agents in rodents.11,12

More importantly, a recent clinical trial showed that a
novel KOR agonist, nalfurafine, is effective in treating
patients suffering from uremic pruritus.13 These findings
support the therapeutic potential of KOR agonists as
antipruritics.

Butorphanol is an opioid analgesic with partial agonist
actions at both MOR and KOR; it displays high affinity for
both MOR and KOR and shows low to medium efficacy
in activating receptors in cell lines expressing MOR or
KOR.14,15 Several clinical studies have shown that butor-
phanol is effective in alleviating opioid-induced itch.16–18 It
is important to study further the relative roles of MOR and
KOR in producing butorphanol’s analgesic and antipruritic
effect in primates.

Therefore, using the pharmacologic approach, the aim
of this study was to investigate the receptor mechanisms
underlying the behavioral effects of butorphanol in mon-
keys. First, dose–response curves for systemic butorpha-
nol-induced itch and analgesia were determined in the
presence and absence of selective MOR and KOR antag-
onists. Second, the effectiveness of butorphanol as an
antipruritic was evaluated in both subcutaneous and
intrathecal morphine–induced itch and analgesia. Third,
KOR-selective antagonists were used to compare the
degrees of KOR and MOR actions underlying the anti-
scratching effect of butorphanol.

Materials and Methods

Subjects
Twelve adult intact male and female rhesus monkeys

(Macaca mulatta) with body weights ranging between
7.6 and 13.8 kg were used. Six monkeys (three males and
three females) participated in the dose–response and
antagonist studies of butorphanol, and in the effects of
butorphanol on subcutaneous morphine–induced itch
and analgesia. The remaining six monkeys (three males
and three females) participated in the studies using in-
trathecal morphine. The monkeys were housed individ-
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ually with free access to water and were fed approxi-
mately 25–30 biscuits (Purina Monkey Chow; Ralston
Purina, St. Louis, MO) and fresh fruit daily. No monkey
had exposure to any opioid receptor agonist or antago-
nist for 1 month before the current study. The monkeys
were housed in facilities accredited by the American
Association for the Accreditation of Laboratory Animal
Care. The studies were conducted in accordance with
the University Committee on the Use and Care of Ani-
mals at the University of Michigan (Ann Arbor, Michigan)
and the Guide for the Care and Use of Laboratory
Animals (Washington, D.C., National Academy Press,
revised 1996).

Drugs
Butorphanol tartrate, nor-binaltorphimine (nor-BNI)

2HCl (Sigma-Aldrich, St. Louis, MO), morphine sulfate
(Mallinckrodt, St. Louis, MO), and 5=-guanidinylnaltrin-
dole (GNTI) 2HCl (National Institute on Drug Abuse,
Bethesda, MD) were dissolved in sterile water. Clocin-
namox (CCAM) mesylate (provided by John W. Lewis,
Ph.D., Professor, Department of Pharmacy and Pharma-
cology, University of Bath, Bath, United Kingdom), was
dissolved in 3% lactic acid in sterile water. For systemic
administration, all compounds were administered at a
volume of 0.1 ml/kg. Doses are presented in the com-
pound forms listed above.

Experimental Designs
Dose–Response of Butorphanol and Morphine.

The first part of the study was to compare the dose–
response curves of subcutaneously administered butor-
phanol (0.001–0.032 mg/kg) and morphine (0.1–3.2
mg/kg) for itch/scratching and antinociception. Each
compound was administered subcutaneously in the
monkey’s back (i.e., around the scapular region) using a
cumulative dosing procedure with a 35-min interinjec-
tion interval. The scratching activity was recorded from
20 to 35 min after each injection. The antinociceptive
effects were measured starting 20 min after each injec-
tion. The same group of monkeys was involved in both
behavioral assays, but each behavioral measurement was
conducted on separate testing days with a 1-week inter-
val. In addition, the antagonist studies were conducted
to verify the role of MOR and KOR in butorphanol-
induced itch/scratching and antinociception. A selective
MOR antagonist, CCAM (0.1 mg/kg), or a selective KOR
antagonist, GNTI (1 mg/kg), was administered intramus-
cularly 1 day before redetermination of the dose–re-
sponse curve with subcutaneous butorphanol. The dose
and pretreatment time for each opioid receptor antago-
nist were chosen based on previous studies showing that
each antagonist produced selective functional antago-
nism for either MOR or KOR for 1–2 weeks.6,19,20 The
interinjection interval between antagonists was 1 month

to assure that antagonist effects had dissipated before
starting the next experiment.

Effectiveness of Butorphanol in Attenuating
Scratching. The second part of the study was to
evaluate the effects of butorphanol on both subcuta-
neous and intrathecal morphine–induced itch/scratch-
ing and antinociception. Butorphanol (0.001– 0.032
mg/kg) or vehicle (sterile water, 0.1 ml/kg) was ad-
ministered subcutaneously 15 min before the mea-
surement of the dose-related nature of subcutaneous
morphine–induced itch. Pretreatment doses of butor-
phanol were given in a random order. The interval
between test sessions or measurements was 1 week.
In addition, butorphanol was administered subcutane-
ously 45 min after intrathecal administration of 32 �g
morphine to determine its intervention effectiveness
as an antipruritic. This dose for intrathecal morphine
was chosen based on previous studies showing that it
produced maximal scratching responses concurrently
with full antinociception and it could be used to assess
the ability of a drug to modulate intrathecal mor-
phine– elicited scratching.5,6,10 The scratching activity
was recorded during the 23rd to 38th min and 53rd to
8th min of each hour (i.e., 15 min per half hour) for
3 h after intrathecal administration. In a separate ex-
periment, the tail-withdrawal latencies were deter-
mined at the same time points used in the measure-
ment of scratching. Similarly, doses of butorphanol
were given in a random order. The interinjection in-
terval between intrathecal morphine was 2 weeks.

Antagonist Studies for Butorphanol’s Anti-
scratching Action. The third part of the study was to
investigate the effects of KOR antagonists, GNTI and
nor-BNI, on butorphanol modulation of behavioral ef-
fects produced by intrathecal morphine. The scratching
activity was recorded during the first 3 h (i.e., 15 min per
half hour) after intramuscular administration of either
GNTI (1 mg/kg) or nor-BNI (3.2 mg/kg) to examine
whether GNTI or nor-BNI alone increased scratching
responses. After the GNTI administration, the effects of
0.032 mg/kg subcutaneous butorphanol on intrathecal
morphine (32 �g)–induced scratching and antinocicep-
tion were redetermined at 1 and 14 days. Likewise,
effects of 0.032 mg/kg subcutaneous butorphanol on
intrathecal morphine (32 �g)–induced scratching and
antinociception were redetermined at 1, 14, and 28 days
after the nor-BNI administration. The dose and pretreat-
ment time for both antagonists were chosen based on
previous studies showing that GNTI and nor-BNI pro-
duced selective KOR antagonism for 1 and 3 weeks,
respectively.10,20,21 The interinjection interval between
antagonists was 1 month, and nor-BNI was the last an-
tagonist to be tested because of its long-acting KOR
antagonism.21
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Procedures
Scratching Responses. Scratching responses, in-

ferred to be a response to an itch sensation,5,6 were
recorded on videotape while the monkeys were in their
home cages. Each recording session was conducted for
15 min/test session. A scratch was defined as one short-
duration (� 1 s) episode of scraping contact of the
forepaw or hind paw on the skin surface of other body
parts. Scratches usually occurred repetitively at the same
location. Scratching responses were scored by trained
individuals who were blinded to experimental condi-
tions. In addition, sedation was evaluated by cumulative
time for eye closure or lying down at the bottom of the
cage.

Antinociception. The warm water (50°C) tail-with-
drawal assay was used to evaluate thermal antinocicep-
tive effects of the test compound.6 Briefly, monkeys
were seated in primate restraint chairs, and the lower
part of their shaved tails (approximately 15 cm) were
immersed in a thermal flask containing water maintained
at 42°, 46°, or 50°C. Tail-withdrawal latencies were mea-
sured using a computerized timer by an experimenter
who was blinded to experimental conditions. In each
test session, monkeys were evaluated once with four
temperatures given in a random order, and only the
stimulus 50°C water was tested twice to confirm the full
antinociceptive effect. If the monkeys did not remove
their tails within 20 s (cutoff), the flask was removed and
a maximum time of 20 s was recorded. Test sessions
began with control determinations at each temperature.
Subsequent tail-withdrawal latencies were determined at
multiple time points after the drug administration.

Intrathecal Drug Delivery. Monkeys were posi-
tioned in primate restraint chairs and anesthetized by
intravenous administration of propofol (2.5–4.0 mg/kg
for bolus infusion and 0.3–0.4 mg � kg�1 � min�1 for
continuous infusion; AstraZeneca, Wilmington, DE).10

The lower back of the trunk was shaved and scrubbed
with Betadine (Purdue Fredrick Co., Norwalk, CT). A
spinal needle (22-gauge � 1½; Becton Dickinson, Frank-
lin Lakes, NJ) was inserted into the subarachnoid space
between L4 and L5 lumbar vertebras. Needle position
was confirmed by a free flow of clear cerebrospinal fluid.
A 1-ml solution of morphine was infused slowly through
the spinal needle within 30 s. Monkeys normally recov-
ered from anesthesia within 5–10 min after termination
of the propofol infusion.

Statistical Analysis
Mean values (mean � SEM) were calculated from in-

dividual values for all behavioral endpoints. Compari-
sons were made for the same monkeys across all test
sessions in the same experiment. For the dose–response
curve for antinociception, individual tail-withdrawal la-
tencies in 50°C water were converted to percentage of
maximum possible effect. The formula of the percentage

of maximum possible effect is defined as [(test latency �
control latency)/(cutoff latency, 20 s � control latency)]
� 100. ED50 values were calculated by least-squares
regression with the portion of the dose–effect curves
spanning the 50% maximum possible effect. The 95%
confidence limits were also determined (P � 0.05).
Mean ED50 values were considered to be significantly
different when their 95% confidence limits did not over-
lap. Remaining data were analyzed by the analysis of
variance followed by the Newman-Keuls test for multi-
ple (post hoc) comparisons. The criterion for signifi-
cance was set at P � 0.05.

Results

Dose–Response of Butorphanol and Morphine
Figure 1 compares the behavioral effects of butorpha-

nol and morphine after subcutaneous administration.
Butorphanol only slightly increased scratching re-
sponses. The peak effect was 142 � 28 (mean � SEM)
scratches for 15 min evoked by 0.01 mg/kg subcutane-
ous butorphanol. In contrast, morphine dose-depen-

Fig. 1. Comparison of behavioral effects produced by subcuta-
neous administration of butorphanol and morphine. (A) Dose–
response curve for itch/scratching responses. (B) Dose–re-
sponse curve for antinociception against 50°C water. Behavioral
responses were determined using a cumulative dosing proce-
dure. Each value represents mean � SEM (n � 6). Symbols
represent different dosing conditions for the same monkeys.
* Significant difference from the vehicle condition (P < 0.05).
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dently increased scratching responses. The peak effect
was 383 � 81 scratches evoked by 1 mg/kg subcutane-
ous morphine (fig. 1A). Both butorphanol and morphine
dose-dependently produced antinociception using 50°C
water. Mean ED50 values (95% confidence limits) for
butorphanol and morphine were 0.016 (0.014–0.018)
and 0.93 (0.58–1.47) mg/kg, respectively (fig. 1B).
These doses of butorphanol and morphine used in this
study did not produce sedation.

Figure 2 illustrates the effects of the KOR antagonist
GNTI and the MOR antagonist CCAM on butorphanol-
induced behavioral effects (F2,10 � 16.4, P � 0.05).
Pretreatment with GNTI slightly elevated butorphanol-
induced scratching (fig. 2A). However, GNTI did not
change butorphanol-induced antinociception because
the ED50 values for butorphanol with GNTI or vehicle
pretreatment were similar (i.e., 0.016 [0.014–0.018] vs.
0.015 [0.014–0.018] mg/kg). In contrast, pretreatment
with CCAM completely blocked butorphanol-induced
scratching (fig. 2A). CCAM also antagonized butorpha-
nol-induced antinociception because there was a signif-
icant rightward shift for the butorphanol dose–response
curve (i.e., 0.083 [0.065–0.11] vs. 0.015 [0.014–0.018]
mg/kg) after pretreatment with CCAM (fig. 2B).

Effectiveness of Butorphanol in Attenuating
Scratching
Figure 3 shows the effects of subcutaneous butorpha-

nol on the morphine dose–response curves for scratch-
ing and antinociception. Pretreatment with butorphanol
dose-dependently produced downward shifts of the mor-
phine dose–response curve for scratching (F4,20 � 10.1,
P � 0.05). Post hoc comparisons indicated that butor-
phanol from 0.0032 to 0.032 mg/kg significantly attenu-
ated the peak scratching effect of 1 mg/kg subcutaneous
morphine (figs. 3A and B). Pretreatment with butorpha-
nol dose-dependently potentiated morphine-induced an-
tinociception (figs. 3C and D). In particular, 0.01 mg/kg
butorphanol significantly produced a leftward shift of
the morphine dose–response curve for antinociception
(i.e., ED50 values: 0.18 [0.10–0.32] vs. 1.0 [0.68–1.65]
mg/kg). Furthermore, pretreatment with butorphanol
did not increase the sedation score under these condi-
tions (F4,20 � 1.0, P � 0.4) (figs. 3E and F).

Figure 4 shows the effects of subcutaneous butorpha-
nol on intrathecal morphine–induced scratching and an-
tinociception. Butorphanol intervention dose-depen-
dently attenuated intrathecal morphine (32 �g)–induced
scratching (F3,15 � 23.0, P � 0.05). Post hoc compari-
sons indicated that butorphanol from 0.01 to 0.032
mg/kg significantly attenuated scratching between time
points 1.5 and 2.5 h (fig. 4A). Butorphanol did not alter
intrathecal morphine–induced antinociception (F3,15 �
0.6, P � 0.6). Butorphanol intervention at the dose range
from 0.01 to 0.032 mg/kg did not attenuate antinocicep-
tion between time points 1 and 2.5 h (fig. 4B). In addi-

tion, butorphanol did not increase the sedation score
(F3,15 � 1.0, P � 0.4) under these conditions (fig. 4C).

Antagonist Studies for Butorphanol’s Antiscratching
Action
The scratching responses of monkeys were monitored

for 3 h (i.e., 15 min per half hour) after monkeys re-
ceived intramuscular administration of 1 mg/kg GNTI or
3.2 mg/kg nor-BNI. GNTI or nor-BNI alone did not in-
crease scratching responses as compared with the vehi-
cle-treated condition (GNTI: F1,5 � 0.2, P � 0.7; nor-BNI:
F1,5 � 0.007, P � 0.9). The average number of scratches
across different time points ranged from 21 � 11 to 34
� 14 scratches for 15 min per session. Figure 5 illustrates
the antagonist effect of GNTI on the actions of butor-
phanol against intrathecal morphine. One-day pretreat-
ment with 1 mg/kg GNTI significantly blocked the ability
of 0.032 mg/kg subcutaneous butorphanol to attenuate

Fig. 2. Effects of �- and �-opioid receptor antagonists on sys-
temic butorphanol-induced behavioral effects in monkeys. A
�-opioid receptor antagonist (5=-guanidinylnaltrindole [GNTI], 1
mg/kg) or a �-opioid receptor antagonist (clocinnamox [CCAM],
0.1 mg/kg) was administered intramuscularly 1 day before re-
determination of the dose–response curve of subcutaneous bu-
torphanol. (A) Dose–response curve for itch/scratching re-
sponses. (B) Dose–response curve for antinociception against
50°C water. Each value represents mean � SEM (n � 6). Symbols
represent pretreatment with different antagonists for the same
monkeys. * Significant difference from the vehicle pretreatment
condition (P < 0.05).
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intrathecal morphine (32 �g)–induced scratching (F3,15

� 28.1, P � 0.05). Post hoc comparisons indicated that
1-day pretreatment with GNTI only partially reversed the
antiscratching effect of butorphanol because its effect
was significantly different from the scratching responses
produced by either intrathecal morphine alone or intra-
thecal morphine in combination with subcutaneous bu-
torphanol (fig. 5A). The antagonist effect of GNTI sub-
sided as 14-day pretreatment with GNTI was ineffective
in blocking the antiscratching effect of butorphanol.
Post hoc comparisons indicated there was no significant
difference between effects of GNTI 14-day pretreatment
(i.e., GNTI � [morphine � butorphanol]) and effects of
intrathecal morphine with butorphanol (i.e., morphine
� butorphanol) because the P values ranged from 0.6 to
0.9 across all time points during the test session. In
addition, GNTI pretreatment did not change the effect of
butorphanol on intrathecal morphine–induced antinoci-
ception (F3,15 � 1.0, P � 0.4) (fig. 5B).

Figure 6 illustrates the antagonist effect of nor-BNI on
the actions of butorphanol against intrathecal morphine.
Both 1- and 14-day pretreatment with 3.2 mg/kg nor-BNI
significantly blocked the ability of 0.032 mg/kg subcuta-
neous butorphanol to attenuate intrathecal morphine
(32 �g)–induced scratching (F4,20 � 30.6, P � 0.05).
Post hoc comparisons indicated that either 1-day or 14-
day pretreatment with nor-BNI only partially reversed
the antiscratching effect of butorphanol because its ef-
fect was significantly different from the scratching re-

sponses produced by either intrathecal morphine alone
or intrathecal morphine in combination with butorpha-
nol (fig. 6A). The antagonist effect of nor-BNI subsided
because 28-day pretreatment with nor-BNI was ineffec-
tive in blocking the antiscratching effect of butorphanol.
Post hoc comparisons indicated that there was no signif-
icant difference between effects of nor-BNI 28-day pre-
treatment (i.e., nor-BNI � [morphine � butorphanol])
and effects of intrathecal morphine with butorphanol
(i.e., morphine � butorphanol) because the P values
ranged from 0.2 to 0.9 across time points during the test
session. In addition, nor-BNI pretreatment did not
change the effect of butorphanol on intrathecal morphi-
ne–induced antinociception (F4,20 � 0.9, P � 0.5) (fig.
6B).

Discussion

The first part of the study showed that systemic butor-
phanol alone produced an antinociceptive effect with
slight itch/scratching responses in monkeys. This finding
is similar to clinical studies reporting that butorphanol
produces analgesia with a low incidence of itch.22,23 A
MOR-selective antagonist, CCAM, blocked both butor-
phanol-induced itch and analgesia, indicating that MOR
mainly mediated both itch and analgesia produced by
butorphanol (fig. 2). In addition, a KOR-selective antag-
onist, GNTI, slightly potentiated butorphanol-induced

Fig. 3. Effects of butorphanol pretreat-
ment on systemic morphine dose–re-
sponse curves for scratching and antino-
ciception. Butorphanol (mg/kg) was
administered subcutaneously 15 min be-
fore the injection of the first dose of sub-
cutaneous morphine. A and B: Effects
of butorphanol on morphine-induced
scratching responses. C and D: Effects of
butorphanol on morphine-induced an-
tinociception against 50°C water. E and F:
Effects of butorphanol combined with
morphine on the sedation. Each value
represents mean � SEM (n � 6). Symbols
represent different experimental condi-
tions for the same monkeys. * Significant
difference from the vehicle pretreatment
condition, subcutaneous morphine alone
(P < 0.05). See figures 1 and 2 for other
details.
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itch without affecting its analgesia, indicating that butor-
phanol’s KOR agonist actions were responsible for its
antipruritic response. Given that butorphanol has high
affinity and partial efficacy for both MOR and KOR,14,15

these results indicate that a partial KOR-agonist action
may inhibit butorphanol-induced itch mediated by MOR
activation. Previous studies have demonstrated that
MOR, not other opioid receptor subtypes, mediates itch
evoked by a variety of opioid analgesics and that activa-
tion of KOR inhibits MOR agonist–induced itch without
attenuating analgesia in primates.5,6,10 It seems likely
that butorphanol’s concurrent activation of both MOR
and KOR with partial efficacy contributes to its limited
pruritic effect.

The second part of the study showed that systemic
butorphanol was effective in attenuating systemic or
intrathecal morphine–induced itch (figs. 3 and 4). Im-
portantly, systemic butorphanol either potentiated or
maintained morphine-induced analgesia without produc-
ing sedation. In contrast, butorphanol dose-dependently
produced downward shifts in the dose–response curves

of systemic morphine–induced itch. This changing pat-
tern of the dose–response curves is similar to that pro-
duced by selective KOR agonists that showed a func-
tional antagonism of itch.10 In contrast, MOR antagonists
produced only parallel rightward shifts in the dose–
response curves of morphine-induced itch, indicating
that antipruritic effects of MOR antagonists are produced
at MOR in a competitive and reversible manner.5,24 Nev-
ertheless, these findings support clinical studies showing
that butorphanol is effective in alleviating opioid-in-
duced itch without reducing analgesia.16–18 Taken from
the first two parts of the study, it is possible that the
MOR population or/and efficacy required for producing
pruritus is greater that that for antinociception. Most
partial MOR agonists produce full antinociception mea-
sured by the 50°C warm water tail-withdrawal assay in
monkeys.25 Therefore, the ability of butorphanol to in-
hibit morphine-induced pruritus but not morphine-in-
duced analgesia may be expected.

The third part of the study demonstrated that both
partial KOR and MOR agonist actions contributed to the

Fig. 4. Effects of butorphanol intervention on intrathecal mor-
phine–induced scratching and antinociception. Butorphanol
(mg/kg) was administered subcutaneously 45 min after intra-
thecal administration of 32 �g morphine. A, B, and C represent
effects of butorphanol on morphine-induced scratching, an-
tinociception, and sedation, respectively. Each value represents
mean � SEM (n � 6). Symbols represent different experimental
conditions for the same monkeys. * Significant difference from
the vehicle condition between time points 1.5 and 2.5 h (P <
0.05). See Results section for other details.

Fig. 5. Antagonist effect of 5=-guanidinylnaltrindole (GNTI) on
the actions of butorphanol against intrathecal morphine–in-
duced scratching (A) and antinociception (B). Butorphanol
(0.032 mg/kg) was administered subcutaneously 45 min after 32
�g intrathecal morphine. Filled symbols represent the effect of
GNTI (1 mg/kg) 1-day pretreatment (PT) on the actions of sub-
cutaneous butorphanol against intrathecal morphine. Each
value represents mean � SEM (n � 6). * Significant difference
between experimental conditions, (GNTI � [morphine � butor-
phanol]) and (morphine � butorphanol). # Significant differ-
ence between experimental conditions, (GNTI � [morphine �
butorphanol]) and (morphine alone). The effect of GNTI 14-day
pretreatment was not shown for the sake of clarity because its
effect was similar to that of (morphine � butorphanol). See
Results section for other details.
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antipruritic effect of butorphanol against intrathecal
morphine–induced itch (figs. 5 and 6). KOR-selective
antagonists, GNTI and nor-BNI, only partially reversed
the antipruritic effect of butorphanol, and nor-BNI pro-
duced a longer duration of KOR antagonism. Nor-BNI at
the same dose (i.e., 3.2 mg/kg) was able to reverse
completely the antipruritic effect of U-50488H, a full
KOR agonist, on intrathecal morphine–induced itch.10

In addition, nor-BNI pretreatment did not modulate in-
trathecal morphine–induced pruritus, indicating that
morphine does not have the KOR agonist action.6 These
findings indicate that the partial MOR agonist action may
also contribute the antipruritic effect of butorphanol
(i.e., low-efficacy ligands antagonize high-efficacy li-
gands’ action in producing itch sensation). This notion is
supported by clinical trials showing that a partial MOR
agonist, nalbuphine, is effective in attenuating spinal
opioid–induced itch while maintaining spinal opioid an-
algesia.8,9 Given that MOR is the dominant receptor
population for producing analgesia, these results concur
with animal and human studies indicating that partial

MOR agonists have an advantage over MOR antagonists
as supplemental agents to treat itch in patients receiving
spinal opioid analgesics.5,7–9

Itch is a significant clinical problem that receives dif-
ferent pharmacologic treatments with limited success,
and there are many potential mediators involved in itch
sensation.26,27 MOR antagonists are effective in alleviat-
ing itch in patients with chronic cholestasis, implying
the involvement of endogenous opioids in this type of
itch.28 Furthermore, the potential antipruritic effect of
opioid partial agonists such as butorphanol was raised in
treating this population of patients.29 The pharmaco-
logic profile of butorphanol is different from those of
selective full MOR or KOR agonists. For example, the
subjective and psychophysical effects of systemic butor-
phanol are not similar to that produced by either the
MOR agonist morphine or the KOR agonist enadoline in
humans.30,31 In addition, butorphanol produced a vari-
ety of behavioral and physiologic effects in primates,
suggesting that it has a mixed partial agonist action at
both MOR and KOR.25,32 The current study demon-
strates that butorphanol’s partial agonist action at both
MOR and KOR contributes to its antipruritic effect. It is
interesting to note that itch/scratching can be elicited by
other MOR agonists with different chemical structures
and that the MOR is responsible for opioid analgesic–
elicited pruritus at the cellular level.7 It will be valuable
to further study the effects of butorphanol against pru-
ritus elicited by other MOR agonists.

It is worth noting that KOR activation produces several
functions opposite to MOR activation in primates. For
example, MOR agonists produce euphoria and KOR ago-
nists produce dysphoria.31,33 MOR agonists produce an-
tidiuretic effects and KOR agonists produce diuresis.34,35

MOR agonists produce pruritus and KOR agonists pro-
duce antipruritic effects.10,36,37 Interestingly, butorpha-
nol produces neither euphoria nor dysphoria in hu-
mans.38 Butorphanol does not cause diuresis25 and it
produces low incidence of itch in primates (the current
study).22,23 These findings strengthen the notion that a
mixed MOR/KOR agonist may have a therapeutic advan-
tage over a selective MOR agonist. Given that MOR and
KOR are abundant in the primate central nervous sys-
tem,39,40 an opioid agonist with mixed actions of high
efficacy at MOR and low efficacy at KOR may be a strong
analgesic with less side effects and abuse liability.

In summary, this study reveals butorphanol’s dual ac-
tions at both MOR and KOR by using selective MOR and
KOR antagonists in monkeys. It further demonstrates
that butorphanol is effective in blocking systemic or
spinal morphine–evoked itch/scratching responses
while maintaining morphine-induced analgesia. Both
partial MOR and KOR agonist actions of butorphanol
may contribute to its antipruritic effect. These findings
support the therapeutic potential of partial MOR or/and
KOR agonists as antipruritics in the context of spinal

Fig. 6. Antagonist effect of nor-binaltorphimine (nor-BNI) on
the actions of butorphanol against intrathecal morphine–in-
duced scratching (A) and antinociception (B). Butorphanol
(0.032 mg/kg) was administered subcutaneously 45 min after 32
�g intrathecal morphine. Filled symbols represent the effects of
nor-BNI (3.2 mg/kg) 1- or 14-day pretreatment (PT) on the
actions of subcutaneous butorphanol against intrathecal mor-
phine. Each value represents mean � SEM (n � 6). * Significant
difference between experimental conditions, (nor-BNI � [mor-
phine � butorphanol]) and (morphine � butorphanol). # Sig-
nificant difference between experimental conditions, (nor-BNI
� [morphine � butorphanol]) and (morphine alone). The effect
of nor-BNI 28-day pretreatment was not shown for the sake of
clarity because its effect was similar to that of (morphine �
butorphanol). See Results section for other details.
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opioid analgesia. More importantly, the study encour-
ages the research and development of novel opioid ago-
nists with dual actions at both MOR and KOR with
different degrees of intrinsic efficacy.

The authors thank Justin Knorr, B.S., Timothy Zdrodowski, B.S., and Tina
Frese, B.S. (Research Assistants, Department of Pharmacology, University of
Michigan, Ann Arbor, Michigan), for technical assistance.
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