795

Anesthesiology
2000; 92:795– 805
© 2000 American Society of Anesthesiologists, Inc.
Lippincott Williams & Wilkins, Inc.

An Experimental Itch Model in Monkeys
Characterization of Intrathecal Morphine-induced Scratching and
Antinociception

Background: The most common side effect of spinal opioid
administration is pruritus, which has been treated with a variety of agents with variable success. Currently, there are few
animal models developed to study this side effect. The aim of
this study was to establish a nonhuman primate model to pharmacologically characterize the effects of intrathecal administration of morphine.
Methods: Eight adult rhesus monkeys were used. Scratching
responses were videotaped and counted by observers who were
blinded to experimental conditions. Antinociception was measured by a warm-water (50°C) tail-withdrawal assay. The dose–
response of intrathecal morphine (1–320 g) for both scratching and antinociception in all subjects was established. An
opioid antagonist, nalmefene, was administered either intravenously or subcutaneously to assess its efficacy against intrathecal morphine.
Results: Intrathecal morphine (1–32 g) increased scratching
in a dose-dependent manner. Higher doses of intrathecal morphine (10 –100 g) produced thermal antinociception in a dosedependent manner. On the other hand, nalmefene (10 –32
g/kg intravenously) attenuated maximum scratching responses among subjects. Pretreatment with nalmefene (32
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g/kg subcutaneously) produced approximately 10-fold rightward shifts of intrathecal morphine dose–response curves for
both behavioral effects.
Conclusions: These data indicate that intrathecal morphineinduced scratching and antinociception are mediated by opioid
receptors. The magnitude of nalmefene antagonism of intrathecal morphine is consistent with  opioid receptor mediation.
This experimental itch model is useful for evaluating different
agents that may suppress scratching without interfering with
antinociception. It may also facilitate the clarification of mechanisms underlying these phenomena. (Key words: Opioid actions; pruritus; spinal administration.)

SINCE the first study1 to report that intrathecal morphine produced prolonged pain relief in patients, the
intrathecal technique has been widely used for obstetric
analgesia and postoperative pain.2– 4 It is clear that the
application of spinal opioids has become one of the most
significant breakthroughs in pain management during
the last two decades. However, the most common side
effect of spinal opioid administration is pruritus, which
sometimes is severe and may lessen the value of spinal
opioids for pain relief.4,5 A variety of therapeutic agents
have been proposed as antipruritics, but they are effective with variable success.4,5
The development of experimental itch models is valuable for identifying potential antipruritic agents and investigating underlying mechanisms. In rodents, intracisternal administration of morphine has been shown to
evoke scratching responses.6,7 However, this centrally
administered morphine-induced scratching only lasted
for 1 h.6 Currently, there is no report indicating that
intrathecal morphine induces scratching behaviors in
rodents. Although high doses of intrathecal morphine
produced allodynia-like behaviors in rats, these effects
were not reversed by opioid antagonists.8 In nonhuman
primates, intrathecal morphine has been shown to produce prolonged antinociception.9,10 Nevertheless, characterization of intrathecal morphine-induced scratching
responses in terms of dose–response and duration has
not been systematically evaluated.
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Materials and Methods
Subjects
Four adult male and four adult female rhesus monkeys
(Macaca mulatta), with body weights ranging from 4.6
to 12.8 kg, were used. They were housed individually
with free access to water and were fed approximately
25–30 biscuits (PMI Nutrition International Inc., Brentwood, MO) and fresh fruit daily. Four monkeys previously trained in the warm-water tail-withdrawal procedure were used for the antinociceptive assay. As noted,
one monkey (MK1) had a history of short-term (months)
opioid exposure and three monkeys (MK3–MK5) had
long-term (years) opioid exposure in which they did not
receive systemic opioids more than twice per week. The
remaining monkeys did not have prior involvement in
opioid studies. No monkey had exposure to opioids for
1 month before the present study. Animals used in this
study were maintained in accordance with the University Committee on Use and Care of Animals at the University of Michigan and the Guide for the Care and Use
of Laboratory Animals.13
Procedure
Scratching Responses. Scratching responses, inferred as an itch sensation, were recorded on videotapes
in home cages for 15 min/h. Recording was conducted
for 6 h after intrathecal morphine administration. A
scratch was defined as one short-duration (ⱕ 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 counted by independent observers who
were blinded to experimental conditions. On occasion,
different raters separately scored a single tape, and ratings indicated high interrater reliability (coefficient of
correlation, r ⬎ 0.95).
Anesthesiology, V 92, No 3, Mar 2000

Thermal Antinociception. The warm-water (50°C)
tail-withdrawal assay14 was used to evaluate thermal antinociceptive effects of intrathecal morphine. This procedure has been widely used in nonhuman primates to
investigate a variety of analgesics and generally in good
agreement with in vitro findings.15–18 Briefly, monkeys
were seated in restraint chairs, and the lower part of the
shaved tail (approximately 15 cm) was immersed into
warm water maintained at temperatures of 40, 50, or
55°C. They were tested one to two times at three temperatures in a random order. Tail-withdrawal latencies
were recorded with a computerized timer by an experimenter who was blinded to experimental conditions. A
maximum cutoff latency (20 s) was used to prevent
tissue damage. Each experimental session began with
control determinations at each temperature. Subsequent
tail-withdrawal latencies were determined every hour up
to 6 h after intrathecal morphine administration.
Intrathecal Injection. Monkeys were anesthetized
with ketamine HCl (10 mg/kg administered intramuscularly) and positioned laterally. The lower back of the
trunk was shaved and sterilely prepared with betadine. A
spinal needle (22-gauge/3.8 cm; Becton Dickinson,
Franklin Lakes, NJ) was inserted into the subarachnoid
interspace between L4/L5 or L5/L6 lumbar vertebra.
Needle position was confirmed by the free flow of clear
cerebrospinal fluid. A 1-ml saline solution of morphine
(1–320 g) was slowly infused through the spinal needle
within 30 s, and then monkeys were returned to their
home cages.
Experimental Design
Experimental sessions were conducted no more than
three to four times per month in each subject. The
experimental interval was 8 –10 days to prevent possible
tolerance development. The first group of monkeys
(MK5–MK8) had not been habituated and trained in the
tail-withdrawal procedure. They were used only to study
intrathecal morphine-induced scratching responses and
to evaluate the efficacy of intravenous nalmefene in
attenuating scratching responses. The second group of
monkeys (MK1–MK4) was used to study both scratching
responses and antinociceptive effects. They were further
used to study systemic (subcutaneous) nalmefene antagonism of intrathecal morphine for both behavioral end
points. The time course and dose–response curves were
replicated two to three times in each subject.
Dose–Response of Intrathecal Morphine. Experiments were conducted to obtain behavioral profiles of
scratching responses and thermal antinociception of in-
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Therefore, the aim of this study was to establish the
pharmacologic basis of intrathecal morphine effects in
nonhuman primates for scratching responses and antinociception. The time course and dose dependency of
both behavioral end points were evaluated in the same
subjects over an extensive dose range. Furthermore, a
long-acting opioid antagonist, nalmefene,11,12 was used
to assess its capacity in attenuating scratching responses
and to determine if opioid receptors were involved differently in scratching and antinociception.

797
INTRATHECAL MORPHINE IN MONKEYS

Anesthesiology, V 92, No 3, Mar 2000

ing responses and thermal antinociception were then
determined.
Statistical Analysis
Individual scratching responses were accumulated for
all six sessions (15 min per session for six sessions).
Individual tail-withdrawal latencies in 50°C water were
converted to percent of maximum possible effect
(%MPE) by the following formula: %MPE ⫽ [(test latency ⫺ control latency)/(cutoff latency, 20 s ⫺ control
latency)] ⫻ 100. The area under the curve (%MPE ⫻
hours) was used to estimate the magnitude and duration
of intrathecal morphine-induced antinociception. The
dose-dependent effects of intrathecal morphine and the
significant reduction of scratching responses by intravenous nalmefene were analyzed by one-way analysis of
variance followed by the Newman-Keuls test. Individual
intrathecal morphine ED50 values and 95% confidence
limits (CLs) for both scratching responses and antinociception were calculated by least-squares regression using the portion of the dose–response curves spanning
the 50% effects in the Manual of Pharmacologic Calculations with Computer Programs.20 The dose ratios
were calculated by dividing individual ED50 values in the
presence of subcutaneous nalmefene by the baseline
ED50 values (i.e., intrathecal morphine alone). Individual
apparent pKB values were determined by a modified
equation17,19: pKB ⫽ ⫺log [B/(dose ratio ⫺ 1)], in which
B equals the antagonist dose in moles per kilogram.
Mean pKB values ⫾ 95% CLs also were calculated from
individual pKB values for nalmefene. Apparent pKB values were considered to be significantly different when
their 95% CLs did not overlap. The aforementioned statistical analysis is the standard criterion for this type of
pharmacologic study.20
Drugs
Morphine sulfate (Mallinckrodt, St. Louis, MO) and
nalmefene HCl (National Institute on Drug Abuse, Bethesda, MD) were dissolved in saline. For systemic administration, nalmefene was administered either subcutaneously or intravenously at a volume of 0.1 ml/kg.

Results
Dose–Response of Intrathecal Morphine
Low to medium doses of intrathecal morphine (1–32
g) dose-dependently induced scratching (fig. 1, top).
However, there was no dose dependency with higher
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trathecal morphine by studying an extensive dose range
(1–320 g). One hour after intrathecal injection, the
antinociceptive responses were measured during the
first 15 min of each hour. Subsequently, monkeys were
returned to their home cages, and scratching responses
were recorded for 15 min after the antinociceptive measurement. Monkeys not involved in the antinociceptive
procedure were recorded at the same time point for
their scratching responses. The effects of intrathecal
morphine were studied for 6 h (i.e., six test sessions) by
giving different doses randomly in a single dosing procedure.
Antagonism of Intrathecal Morphine. After establishing the dose–response curves of intrathecal morphine in each subject, the opioid antagonist, nalmefene,
was chosen to verify the opioid receptor mediation of
intrathecal morphine. The dose of intrathecal morphine
producing maximum scratching responses in each subject was chosen for the intravenous nalmefene study.
The maximum dose of intrathecal morphine for monkey
no. MK5 was 320 g and for other monkeys (MK6 –
MK8) was 32 g. After recording in the first test session,
subjects were seated in chairs, and one dose of
nalmefene was administered intravenously through a
saphenous vein from either side of the lower shanks 15
min before the second test session. Monkeys were subsequently returned to their home cages, and recording
was continued every 15 min/h for the remaining test
sessions. Different doses (1–32 g/kg) of nalmefene
were given in a random order by a single dosing procedure. Effects of intravenous nalmefene were assessed by
comparing accumulated total scratches during the second and sixth session after this systemic intervention.
Based on the previously described protocol, 32 g/kg
of nalmefene was chosen for the pKB antagonism study
in the second group of monkeys, because this dose
significantly reduced scratching. Theoretically, under
specific conditions (e.g., competitive and reversible antagonism), the antagonist in vivo pA2 and pKB values for
an agonist should be identical. The in vivo pKB analysis
can be achieved by use of only one dose of the antagonist and would produce a rightward shift of the agonist
dose—response curve.17,19 The magnitude of rightward
shift of the dose—response curve would reveal certain
receptor populations mediating the observed effects.
Nalmefene (32 g/kg) was administered subcutaneously
in the back (i.e., around the scapular region) 3 min
before intrathecal morphine injection. The dose–response curves of intrathecal morphine for both scratch-
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doses of intrathecal morphine (100 –320 g; fig. 1, bottom). Peak effects were observed 1–2 h after intrathecal
injection, and scratching lasted for at least 6 h. At 24 h
after intrathecal injection, the subjects’ scratching responses were similar to those observed in the conditions
of the vehicle and 1-g morphine injection (data not
shown).
Figure 2 illustrates each subject’s dose–response of
intrathecal morphine-induced scratching accumulated
across six test sessions (i.e., 6-h duration). These data
indicate that monkeys have different susceptibilities to
intrathecal morphine-induced scratching. For example,
32 g of intrathecal morphine induced profound
scratching responses in monkeys no. MK1 and MK2, but
did not evoke similar scratching responses in monkeys
no. MK3 and MK4. In addition, monkey no. MK5 had
Anesthesiology, V 92, No 3, Mar 2000
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Fig. 1. Average time course of intrathecal morphine-induced
scratching responses in monkeys (n ⴝ 8). Each value represents
the mean ⴞ SEM (two to three replications). Abscissae (both
panels): time (hours) after intrathecal injection. Ordinates
(both panels): scratches per 15 min during each session. Solid
symbols represent different doses (micrograms) of intrathecal
morphine, and open squares represent the intrathecal vehicle
(saline) injection. See figure 2 for individual dose–response
curves of intrathecal morphine and Materials and Methods for
other details.

maximum scratching responses at the 320-g dose,
whereas monkeys no. MK6 –MK8 had maximum responses at the 32-g dose. Statistical analysis indicates
that intrathecal morphine, from low (1 or 3.2 g) to high
doses (320 g), significantly evoked scratching responses compared with vehicle (saline) injections (P ⬍
0.05 and 0.01, respectively) and reached a plateau for
most monkeys at higher doses (100 –320 g). It is worth
noting that both monkeys no. MK4 and MK7 vomited at
the 320-g dose. They were not tested further at this
dose.
The second group of monkeys displayed a consistent
profile in warm-water tail-withdrawal responses. They
kept their tails in 40°C water for 20 s (cutoff latency) and
removed their tails from 50 and 55°C water rapidly
(within 1–3 s). Figure 3 illustrates that medium to high
doses of intrathecal morphine (10 –320 g) dose-dependently produced thermal antinociception in 50°C water.
In particular, both 100 and 320 g morphine produced
maximum antinociception with a long-lasting duration
(i.e., approximately 4 h). We did not test higher doses
(e.g., 1,000 g) of morphine alone for safety reasons, as
we occasionally observed moderate respiratory depression, slight sedation (i.e., staring into the space), and
slight loss of body balance among subjects 1–2 h after
320 g of intrathecal morphine. Although this study did
not use a motor measurement, it should be noted that
monkeys did not have overt behavioral changes, such as
sedation and motor dysfunction, at the dose range between 1 and 100 g of intrathecal morphine.
Figure 4 illustrates each subject’s dose–response of
intrathecal morphine-induced antinociception across six
test sessions (i.e., 6 h). Low doses (1–3.2 g) of intrathecal morphine did not produce significant antinociception in this procedure. Medium to high doses (10 –
320 g) of intrathecal morphine significantly produced
antinociception against 50°C water in a dose-dependent
manner (P ⬍ 0.05 and 0.01, respectively). It should be
noted that ketamine, administered before intrathecal injection, may have influenced the behavioral measurement. Monkeys normally recovered from ketamine anesthesia (e.g., body balance and motor coordination)
within 25– 40 min in this procedure. However, considering the possible residual effects of ketamine, behavioral measurements were not started until 1 h after
intrathecal injection. Nevertheless, to what extent ketamine may interfere with behavioral observations in the
present study is unknown.
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Fig. 2. Different doses of intrathecal morphine-induced scratching responses (15
min per session for six sessions) accumulated across the six test sessions in eight
monkeys. Each panel represents one
monkey and its gender. Abscissae (all
panels): different doses (micrograms) of
intrathecal morphine. Ordinates (all panels): total scratches accumulated in six
test sessions. The character “v” represents vomiting by monkeys at this dose.
Asterisks represent a significant difference (*P < 0.05; **P < 0.01) from the
vehicle (VEH) condition. Other details are
as in figure 1.

Antagonism of Intrathecal Morphine
Figure 5 shows the efficacy of intravenous nalmefene
in suppressing intrathecal morphine-induced scratching
responses. The dose of intrathecal morphine chosen was
based on each monkey’s previously determined dose
that produced maximum scratching responses (320 g
for monkey no. MK5 and 32 g for monkeys no. MK6 –
MK8). Intervention with intravenous nalmefene doseAnesthesiology, V 92, No 3, Mar 2000

dependently attenuated subsequent scratching responses in each monkey between the second and sixth
session. In particular, both 10 and 32 g/kg significantly
attenuated scratching responses in these four monkeys.
Pretreatment with subcutaneous nalmefene (32 g/
kg) produced a rightward shift of the intrathecal morphine dose—response curve for scratching in all monkeys in the second group (fig. 6). Similar rightward shifts
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in monkeys (figs. 6 and 7). The pKB analysis did not
reveal any difference for nalmefene antagonism between
scratching and antinociception (i.e., both mean pKB values were within similar 95% CLs, table 1).

Discussion

of intrathecal morphine dose–response curves for antinociception were also observed (fig. 7). Subcutaneous
nalmefene, 32 g/kg administered alone, did not produce any effects in this procedure (data not shown). The
ED50 calculations from the linear ascending portion of
each subject’s dose–response curve are summarized in
table 1. As shown, a single dose of subcutaneous
nalmefene produced approximately a 10-fold rightward
shift for both scratching responses and antinociception

Dose–Response of Intrathecal Morphine
This study clearly shows the long duration and dose
dependency of intrathecal morphine-induced scratching
in monkeys (figs. 1 and 2). For most monkeys, 10 and 32
g of intrathecal morphine evoked maximum scratching
activity across the test sessions for 6 h. The dose dependency can be observed at the lower dose range (e.g.,
1–32 g). However, scratching responses seemed to
reach a plateau at higher doses such as 100 and 320 g.
This dose–response profile is similar to the finding in a
recent clinical study,21 which showed that patients
given intrathecal morphine (0.2– 0.5 mg) reported similarly high pruritus scores, but lower doses (0.025– 0.075
mg) of intrathecal morphine produced lower pruritus

Fig. 4. Different doses of intrathecal morphine-induced antinociception against
50°C water during the six test sessions in
four monkeys. Abscissae (all panels): different doses (micrograms) of intrathecal
morphine. Ordinates (all panels): area
under curve (percent maximum possible
effect ⴛ hours). Asterisks represent a significant difference (*P < 0.05; **P < 0.01)
from the vehicle (VEH) condition. Other
details are as in figures 2 and 3.

Anesthesiology, V 92, No 3, Mar 2000
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Fig. 3. Average time course of intrathecal morphine-induced
antinociception against 50°C water in monkeys (n ⴝ 4). Each
value represents the mean ⴞ SEM (two to three replications).
Abscissa: time (hours) after intrathecal injection. Ordinate: percent of maximum possible effect. Solid symbols represent different doses (micrograms) of intrathecal morphine, and open
squares represent the intrathecal vehicle (saline) injection. See
figure 4 for individual dose–response curves of intrathecal morphine and Materials and Methods for other details.

The present study illustrates that both scratching responses and thermal antinociception can be studied in
the same monkey after intrathecal morphine administration. Both behavioral effects were long-lasting and dosedependent. The antagonist study confirmed that  opioid receptors mediated intrathecal morphine-induced
scratching and antinociception under these experimental conditions.

801
INTRATHECAL MORPHINE IN MONKEYS

scores. Another study also showed that both 1 and 2 mg
intrathecal morphine had 92–100% of parturients reporting an itching sensation.2 Taken together, these studies
indicate that the dose–response of pruritus may depend
partly on the dose range studied.
Itch is a skin sensation leading to a desire to scratch.
This sensation is distinct from pain or touch in its nature.22 The intensity of itching sensation in monkeys in
this study was quantified as number of scratches. Mon-

Fig. 6. Rightward shifts of intrathecal morphine dose–response curves in scratching
by a single dose (32 g/kg, administered
subcutaneously) of nalmefene pretreatment. Abscissae (all panels): intrathecal
doses (micrograms) of morphine. Ordinates (all panels): total scratches accumulated in six test sessions. Open circles represent total scratching responses after
intrathecal morphine. Solid circles represent total scratching responses after intrathecal morphine in the presence of
nalmefene pretreatment. See figure 2, table
1, and Materials and Methods for other details.

Anesthesiology, V 92, No 3, Mar 2000

keys showed different susceptibilities to intrathecal morphine-induced scratching. This observation is consistent
with clinical studies indicating that the incidence of
pruritus varies widely from 0 to 100% in patients receiving spinal opioids.4,5 These large individual differences
should be considered when treating patients with opioid
medication. It would be interesting to investigate if there
is a correlation of itching sensitivity in the same individual who responds to different sources of itch stimulation

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/92/3/795/400096/0000542-200003000-00023.pdf by guest on 27 May 2022

Fig. 5. Effect of intravenous nalmefene in
attenuating intrathecal morphine-induced
scratching responses in four monkeys.
Each value represents the mean ⴞ SEM
(two to three replications). Abscissae (all
panels): different doses (micrograms per
kilogram) of intravenous nalmefene. Ordinates (all panels): total scratches accumulated from the second to sixth session
after intravenous injection. Asterisks represent a significant difference (*P < 0.05;
**P < 0.01) from the vehicle (VEH) injection. Other details are as in figures 1 and 2.
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(i.e., spinal opioids vs. local/peripheral itch mediators,
such as substance P, interleukin-2, and histamine).
It is worth noting that scratching in this primate model
is generalized; monkeys scratch the whole body, including trunk, limbs, tail, and face. The majority of scratching
on trunk and limbs may reflect the distribution of the
1-ml injection volume of intrathecal morphine within
the cerebrospinal fluid surrounding the spinal cord. To
what extent intrathecal morphine has cephalad migration in the cerebrospinal fluid requires further study, as
intrathecal or epidural morphine injected in different
volumes in primates migrated rostrally in varying quantities.23–26 It will be interesting to investigate if monkeys
change the scratching locations after intracisternal injection of morphine in this procedure. In contrast, clinical
studies suggest that the most common location of intra-

thecal morphine-induced pruritus in parturients is the
facial area.4,5 The medullary dorsal horn has been demonstrated to be one central site in which  opioid agonists act to produce facial scratching in monkeys.27 It has
been speculated that cerebrospinal fluid flow may radically increase under strain conditions such as childbirth,
which may increase the possibility of spinal opioids
reaching the brain stem.27
In the warm-water tail-withdrawal assay, intrathecal
morphine also dose-dependently produced long-lasting
antinociception in monkeys (figs. 3 and 4). The dose
dependency of intrathecal or epidural morphine-induced
prolonged antinociception in primates has been well
documented in the literature.9,10,21,28 In this study, 320
g of intrathecal morphine produced antinociception
for 4 h. However, in the shock titration threshold pro-

Table 1. Nalmefene (32 g/kg) Antagonism of Intrathecal Morphine-induced Scratching Responses and Thermal Antinociception
Scratching Responses
Morphine Alone
Subjects

MK1
MK2
MK3
MK4

Thermal Antinociception

Morphine ⫹ Nalmefene

Morphine Alone

ED50 (g)

95% CL

ED50 (g)

95% CL

Dose
Ratio

7.2
4.4
15.3
5.2

3.6–14.3
0.9–23.1
2.6–92.0
0.5–58.7

113.9
64.4
137.1
50.6

55.0–235.5
43.7–94.6
66.6–282.5
21.7–118.2

15.8
14.5
9.0
9.7

* Mean pKB ⫽ 8.06; 95% CL, 7.85– 8.28.
† Mean pKB ⫽ 7.94; 95% CL, 7.81– 8.08.
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Morphine ⫹ Nalmefene

pKB*

ED50 (g)

95% CL

ED50 (g)

95% CL

Dose
Ratio

pKB†

8.20
8.16
7.93
7.97

35.0
39.2
32.9
35.1

12.1–101.0
23.7–64.9
19.4–55.9
24.9–49.4

410.8
304.7
302.7
310.0

335.3–503.4
198.0–468.9
69.8–1312.8
122.1–787.0

11.7
7.8
9.2
8.8

8.06
7.86
7.94
7.92
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Fig. 7. Rightward shifts of intrathecal
morphine dose–response curves in thermal antinociception by a single dose (32
g/kg, administered subcutaneously) of
nalmefene pretreatment. Abscissae (all
panels): intrathecal doses (micrograms)
of morphine. Ordinates (all panels): area
under curve (percent maximum possible
effect ⴛ hours). Open circles represent
antinociceptive effects after intrathecal
morphine. Solid circles represent antinociceptive effects after intrathecal morphine in the presence of nalmefene pretreatment. See figure 4, table 1, and
Materials and Methods for other details.
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Antagonism of Intrathecal Morphine
After intrathecal morphine-induced scratching, intravenous nalmefene dose-dependently attenuated this activity for the remaining test sessions (fig. 5). Nalmefene
is a very long-lasting opioid antagonist. Its onset is within
a few minutes, and its antagonist effects last for more
than 8 h in humans after systemic administration.11 It has
a similar duration of antagonist action in rhesus monkeys, approximately 6 h, in a behavioral assay.12 In addition, nalmefene has been used to ameliorate the pruritus of cholestasis, indicating the involvement of
increased endogenous opioid neurotransmission.34 Nevertheless, it is not clear which opioid receptor subtype
mediated intrathecal morphine actions.
In vivo pKB analysis can be used to verify functional
receptor populations of intrathecal morphine for both
scratching and antinociception. If both behavioral effects are mediated by the same receptor population, the
same magnitude of rightward shifts of dose–response
curves are expected.17,19 Pretreatment with a single
dose of nalmefene (32 g/kg) produced approximately
10-fold rightward shifts of each monkey’s dose–response
curves of intrathecal morphine for scratching and antinociception (figs. 6 and 7). The mean nalmefene pKB values (95% CL, 7.81– 8.28) were similar for both behavioral
end points (table 1), indicating that intrathecal morphine-induced scratching and antinociception are mediated by the same receptor population. These values are
not different from the nalmefene pA2 values (8.16 – 8.45)
for systemic  opioid agonists, including alfentanil and
morphine, in antinociception in rhesus monkeys.12 This
indicates that intrathecal morphine produces scratching
and antinociception through  opioid receptors that are
functionally similar to that acted on by systemic  agonists.9 The  opioid receptor–mediation in intrathecal
morphine-induced scratching is also supported by the
evidence that central administration of  and ␦ opioid
agonists does not induce scratching in rodents and monkeys.6,35
Although morphine can release histamine from mast
cells, this does not seem to be the mechanism underlying intrathecal morphine-induced pruritus. Several studies have shown that antihistamines are not effective in
relieving opioid-mediated pruritus.27,36 Antihistamines
may be effective antipruritics secondary to their sedative
effects.4,22 Although opioid antagonists are effective in
attenuating opioid-mediated pruritus, they are not ideal
therapeutic agents for parturients. Several studies have
shown that spinal opioid-maintained analgesia was reversed when the opioid antagonist was systemically ap-
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cedure,9,10 1,000 –1,200 g intrathecal morphine produced longer antinociception for approximately
18 –20 h in monkeys. Comparing each monkey’s ED50
values for both behavioral end points indicates that
intrathecal morphine is more potent to induce
scratching than antinociception in the tail-withdrawal
procedure (table 1). Nevertheless, it needs to be noted
that analgesic ED50 values in experimental pain models can be changed by using different sources or intensities of nociceptive stimuli.15,16 For example, 
opioid agonists are more potent to produce antinociception against capsaicin- or prostaglandin E2–induced thermal hyperalgesia than the noxious 50°C
water used in this study.29,30 Therefore, one must
interpret the present results with caution, remembering that intrathecal morphine ED50 values for both
pain relief and pruritus in patients may be similar or
not, depending on different forms and intensities of
pain.
The long-lasting scratching responses and thermal antinociception of intrathecal morphine was centrally mediated because a centrally effective dose (320 g) of
morphine administered subcutaneously in the back did
not produce any effects in monkeys (data not shown).
Several studies have demonstrated that spinal opioids
produce effects centrally across different species and
assays.23,31 In the warm-water tail-withdrawal procedure, subcutaneous morphine also produced antinociception against 50°C water in rhesus monkeys.16,29 However, the dose of intrathecal morphine (10 –320 g) was
much less than systemic morphine (3.2–10 mg/kg, administered subcutaneously) in rhesus monkeys under
this condition. In a pilot experiment, we found that a
single dose of subcutaneous morphine (10 mg/kg) produced antinociception for approximately 4 h, but monkeys did not have as much scratching activity when
compared with 320 g of intrathecal morphine (unpublished observation). It seems that intrathecal morphine
evokes a unique profile of scratching responses in which
systemic morphine may have general inhibition. This
notion can be supported by an observation that intervention with intramuscular morphine (1 mg/kg) reduced
ongoing facial scratching behavior in monkeys.32 The
hydrophilic property of morphine and the associated
difficulty crossing the blood– brain barrier may be part of
the reason for this phenomenon.33 It will be important
to investigate further the relative potency in evoking
scratching between intrathecal and subcutaneous administration of  opioid agonists with different lipophilicities.
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