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Abstract

The aim of this study was to characterize scratching behavior elicited by central administration of
morphine or bombesin in rats, and to determine the role of opioid receptors in scratching induced by
both pruritogenic agents. Central administration included intracisternal (i.c.), intrathecal (i.t.), and
intracerebroventricular (i.c.v.) routes. Scratching events made with hind paws were counted by
observers blinded to treatment conditions. Intracisternal morphine (0.01-0.1 nug) produced dose-
dependent increases in scratching; the maximum response to i.c. morphine 0.1 ug was approximately
500 scratches within a 1-hour period. Neither i.t. nor i.c.v. morphine significantly increased
scratching. Bombesin (0.01 — 0.32 pug) elicited robust scratching following i.c. administration. The
maximum response to i.c. bombesin 0.32 pg was approximately 4000 scratches within a 1-hour
period. Both i.t. and i.c.v. bombesin produced profound scratching at similar doses. Antagonist
studies confirmed that mu-opioid receptors selectively mediate i.c. morphine-induced scratching.
However, selective mu-, kappa-, and delta-opioid antagonists did not attenuate i.c. bombesin-induced
scratching. These results demonstrate that morphine and bombesin elicit scratching through different
receptor mechanisms, at different central sites, and to different degrees.
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Introduction

A significant breakthrough in pain management during the past two decades has been
administration of opioids into the spinal cord. Intrathecal (i.t.) administration of morphine is
one of the most frequently used methods of analgesia following cesarean section. The most
common side-effect of spinal morphine is pruritus (i.e. itch sensation), which is sometimes
severe and may lessen the value of spinal opioids for pain relief (Cousins and Mather, 1984;
Ballantyne et al., 1988; Chaney, 1995; Kam and Tan, 1996). The mechanism of this opioid
action is poorly understood, slowing the development of appropriate antipruritics. Therefore,
it is important to develop experimental itch models in animals to study the mechanisms of itch
and to identify potential antipruritics.
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Although several studies have demonstrated that activation of central mu-opioid receptors
produces scratching behavior in rodents (Thomas and Hammond, 1995; Tohda et al., 1997;
Kuraishi et al., 2000), and that this scratching behavior can be blocked by opioid antagonists
in mice and rats (Tohda et al., 1997; Yamaguchi et al., 1998; Ko et al., 1999), the dose- and
time-dependent aspects of this response have not been well characterized in rats. To date, many
studies have investigated the antinociceptive effects of spinal mu-opioid receptors in rodents
(e.g. Yaksh and Rudy, 1976, 1977; Wegert et al., 1997; Przewlocka et al., 1999). However,
characterization of i.t. morphine-induced scratching has not been evaluated systemically in
rats.

Asimilar pattern of scratching induced by another drug has been better characterized in rodents.
Intracerebroventricular (i.c.v.) administration of bombesin, a tetra-decapeptide originally
isolated from frog skin (Anastasi et al., 1971), causes dose-dependent excessive grooming in
mice and rats (Katz, 1980; Gmerek and Cowan, 1983a). The grooming consists of vigorous
scratching of the head and body with the hind paws (Gmerek and Cowan, 1983a, b; Cowan et
al., 1985). This profound scratching behavior appears to be initiated in the CNS because
centrally effective doses, when given intravenously, do not elicit similar behavioral effects in
rats (Gmerek and Cowan, 1983a). In addition, the distribution of bombesin-like peptides has
been identified in the mammalian spinal cord (O’Donohue et al., 1984; Namba et al., 1985).
The mechanism of bombesin-induced scratching is not well understood. Van Wimersma
Greidanus et al. 1985 reported that the non-selective opioid antagonist naloxone altered the
profile of the effects of bombesin, reducing drug-induced scratching. Gmerek and Cowan
(1988), on the other hand, found that bombesin-induced scratching was not altered by
substantial doses of naloxone, but that the effect was reduced by administration of kappa-
opioid, but not mu- or delta-opioid receptor agonists. The interactive relationship between
morphine- and bombesin-induced scratching is not clear. In particular, there has been no study
directly comparing the magnitude and duration of scratching responses induced by both
morphine and bombesin following central administration.

The aim of this study was to characterize and compare the ability of morphine and bombesin
to induce scratching, following central administration by the intracisternal (i.c.), i.t., and i.c.v.
routes in rats. In addition, antagonist studies using selective opioid receptor antagonists were
conducted, to verify the role of mu-, kappa-, and delta-opioid receptors in mediating i.c.
morphine- and bombesin-induced scratching.

Adult male Wistar rats, approximately 300 — 350 g (Harlan, Indianapolis, Indiana, USA), were
maintained on a 12-h light/dark cycle with free access to food and water in a temperature-
controlled (23 + 1°C) room. Each animal was used only once. Animals 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 (National Institutes
of Health, USA, 1996).

Central administration of morphine and bombesin included intracisternal (i.c.), intrathecal
(i.t.), and intracerebroventricular (i.c.v.) injection techniques. For i.c. administration, the rat
was lightly anesthetized with halothane and placed in a stereotaxic device. The head of the rat
was held perpendicular to the body axis as a needle (26G, %2") was inserted in the cisterna
magna to a depth of 5mm. The position of the needle was confirmed by a flow of clean
cerebrospinal fluid. A solution of 100 ul was infused over 20 s and the needle was held in place
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for an additional 10 s before being withdrawn (Paronis et al., 1993; Shannon and Lutz,
2002).

For i.t. administration, the rat was implanted with a spinal catheter (see details in Miyamoto
etal., 1991) at least 7 days before the behavioral study. A solution of 10 pl was infused followed
by an additional 15 pl of saline for flushing the catheter over a 30-s period. For i.c.v.
administration, the rat was implanted with a stainless-steel cannula in the lateral cerebral
ventricle, as previously described (Tortella et al., 1981; Miyamoto et al., 1991). After surgery,
rats were housed individually and allowed 7 days for recovery. A solution of 10 ul was used
for delivery of morphine or bombesin. Both i.t. catheter and i.c.v. cannula placements were
verified after each experiment, by injecting methylene blue and checking for distribution within
the cerebroventricular or spinal subarachnoid space.

The behavioral measurement was the numbers of scratching and grooming events, scored by
individuals who did not know the experimental conditions. Experiments took place between
10.00 and 16.00 hours. Rats were placed singly in Plexiglas observation boxes (55 cm long x
30 cm wide x 26 cm high) and allowed to habituate for at least 15min. Due to a slow onset of
morphine following central administration (Thomas and Hammond, 1995; our preliminary
data), behavioral observation for the morphine groups started 20 min after drug administration.
Centrally administered bombesin has a fast onset of action (Gmerek and Cowan, 19833, b;
Gmerek et al., 1983). Therefore, observation for the bombesin groups started 2 min after drug
administration. In order to distinguish scratching from grooming, scratching events were
counted as those made by the hind paws (Kuraishi et al., 1995; Thomas and Hammond,
1995; Tohda et al., 1997); movements with the forepaws were counted as grooming events. A
scratch was defined as one short-duration episode of scraping contact by the hind paw on the
skin surface of other body parts.

Experimental design

The first part of this study characterized the time course and total scratching and grooming
responses following central administration of morphine or bombesin. All animals were
randomly assigned to different experimental conditions and were only used once. The numbers
of scratching and grooming events were counted simultaneously in 10min bins for 1 hour. Each
person only observed the behaviors of one rat at any time. The range of morphine (0.0032-
10ug) or bombesin (0.0032-0.32ug) doses was chosen based on previous studies showing
active doses after central administration (Gmerek and Cowan, 1983a; Gmerek et al., 1983;
Thomas and Hammond, 1995; Tohda et al., 1997). As noted, we found that 1 ug of i.c.v.
bombesin produced similar effects as 0.32 pg (Gmerek and Cowan, 1983a; Gmerek et al.,
1983) and that 3.2 ug of i.c.v. bombesin produced tremors in rats from our pilot study; therefore,
we only characterized the effects of bombesin up to 0.32 ug in this study.

The second part of the study determined the effects of opioid receptor antagonists on i.c.
morphine- and bombesin-induced scratching responses. Initial experiments were conducted to
compare the effect of nalmefene, a long-acting opioid antagonist (Gal and DiFazio, 1986), on
the dose—response curves of i.c. morphine and bombesin on scratching. Several studies have
shown that s.c. administration of nalmefene 0.032 mg/kg could antagonize mu-opioid receptor-
mediated effects (France and Gerak, 1994; Ko and Naughton, 2000). Thus, s.c. nalmefene
0.032 mg/kg with 30-min pretreatment time was used to study its antagonist effect.

In addition, selective opioid antagonists were used to verify the role of each opioid receptor
type in mediating both i.c. morphine- and bombesin-induced scratching. Naltrexone (NTX),
nor-binaltorphimine (nor-BNI), and naltrindole (NTI) are antagonists selective for mu-, kappa-,
and delta-opioid receptors, respectively. The dose and pretreatment time (PT) for these
antagonists (i.e. NTX 0.1 mg/kg with 30-min PT; nor-BNI 10 mg/kg with 24-h PT; NTI 3 mg/
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kg with 30-min PT) were chosen based on previous studies (Takemori et al., 1988; Endoh et
al., 1992; Chang et al., 1993; Walker et al., 1994). The doses of i.c. morphine (0.1 pg) and
bombesin (0.32 ug) were doses that produced maximum scratching events in this study.

Data analysis

Drugs

Results

Mean values (mean + SEM) were calculated from individual values for all behavioral
endpoints. Data for the time course and total responses were analyzed by a two-way analysis
of variance (ANOVA) followed by the Newman—Keuls test for multiple (post-hoc)
comparisons. EDsq values for i.c. morphine and bombesin on scratching were calculated by
least-squares regression with the portion of the dose—response curves that spanned the 50%
level of responding. The 95% confidence limits (CL) were also determined (P > 0.05). Mean
EDsq values were considered to be significantly different when their 95% CL did not overlap.

The antagonist effect of nalmefene was determined by in vivo apparent pKg value: pKg = —
log[B/(dose ratio — 1)], in which B equals the antagonist dose in moles per kilogram. Data for
the interaction of the selective opioid antagonists with i.c. morphine and bombesin were
analyzed by one-way ANOVA followed by the Newman-Keuls test for multiple (post-hoc)
comparisons.

Morphine sulfate (Mallinckrodt, St. Louis, Missouri, USA) and bombesin (Peninsula, San
Carlos, California, USA) were dissolved in saline. Nalmefene, NTX, NTI (National Institute
on Drug Abuse, Bethesda, Maryland, USA), and nor-BNI (Sigma, St. Louis, Missouri, USA)
were all dissolved in sterile water. For systemic administration, all compounds were
administered s.c. in the back at a volume of 1 ml/kg.

Figure 1 illustrates the degree and time course of i.c. morphine-induced scratching and
grooming events. I.c. administration of morphine produced dose-dependent increases in
scratching events [F(5,40) = 4.0; P < 0.05]; scratching peaked 10 — 20 min into the observation
period, 30 — 40 min following drug administration, and declined gradually over the course of
the one-hour observation period. Morphine given intracisternally i.c. did not greatly increase
grooming, and there was no dose-dependent effect of morphine on grooming [F(5,40) = 3.1;
NS].

Figure 2 illustrates the degree and time course of i.c. bombesin-induced scratching and
grooming events. l.c. administration of bombesin produced significant increases in both
scratching [F(5,40) = 76.8; P < 0.05] and grooming [F(5,40) = 10.7; P < 0.05] events in a dose-
dependent manner. The peak response occurred at the first observation period, 10 min after
drug administration, and declined only slightly throughout the 1-hour observation period.

Figure 3 illustrates the total scratching and grooming events produced by i.c. morphine and
bombesin. Post-hoc comparisons indicated that both i.c. morphine (0.032 — 0.32 ug) and
bombesin (0.01-0.32 pug) significantly increased scratching compared with the vehicle-treated
group (P < 0.05). Only i.c. bombesin from 0.032 to 0.32 ug significantly increased grooming
(P < 0.05). Bombesin evoked more profound scratching than did morphine under these
conditions. The peak responses produced by i.c. morphine 0.1 pg were approximately 534 +
94 scratches (mean = SEM). In contrast, the peak responses produced by i.c. bombesin were
approximately 3710 + 208 scratches.

Figure 4 illustrates the degree and time course of the effects of i.t. and i.c.v. morphine and
bombesin on scratching events. ANOVA analysis indicated that neither i.t. nor i.c.v. morphine
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produced increases in scratching (P > 0.05). However, both i.t. and i.c.v. bombesin significantly
increased scratching in a dose-dependent manner {i.t.: [F(5,35) = 63.2; P < 0.05]; i.c.v.: [F
(5,35) =28.5; P <0.05]}. Figure 5 illustrates the total scratching and grooming events produced
by i.t. and i.c.v. morphine or bombesin. Post-hoc comparisons indicated that i.t. bombesin
(0.01-0.32 png) and i.c.v. bombesin (0.032-0.32 pg) significantly evoked scratching compared
with the vehicle-treated group (P < 0.05). Only two doses of i.t. or i.c.v. bombesin (0.1 and
0.32 ng) significantly evoked grooming (P < 0.05). The peak responses of i.t. and i.c.v.
bombesin 0.32 pug were 4491 + 208 and 3944 * 544 scratches, respectively.

Figure 6 illustrates the antagonist effect of nalmefene (0.032 mg/kg, s.c.) on the dose—response
curves of i.c. morphine- and bombesin-induced scratching. The EDsq value for the ascending
limb of i.c. morphine dose-response curve is approximately 0.028 pg (95% CL: 0.0083 -0.091
ug). Pretreatment with s.c. nalmefene 0.032 mg/kg produced a rightward shift of the i.c.
morphine dose-response curve for scratching (EDsg: 0.32 pg; 95% CL: 0.11-0.96 pg). The
nalmefene pKg value is 8.0 under these conditions. In contrast, the EDs value for the i.c.
bombesin dose-response curve for scratching is approximately 0.049 pg (95% CL: 0.029-
0.085 pg). Pretreatment with nalmefene did not significantly shift the i.c. bombesin dose—
response curve (EDsp: 0.045 ug; 95% CL.: 0.023-0.093 ng).

Table 1illustrates the effects of s.c. opioid receptor antagonists on i.c. morphine- and bombesin-
induced scratching. Post-hoc comparisons indicated that only pretreatment with NTX 0.1 mg/
kg significantly blocked i.c. morphine (0.1 pug)-induced scratching (P < 0.05). Neither nor-BNI
nor NTI antagonized i.c. morphine-induced scratching (P > 0.05). In addition, i.c. bombesin-
induced scratching could not be blocked by NTX, nor-BNI, or NTI (P > 0.05).

Discussion

The present study demonstrated that morphine given intracisternally, but not intrathecally or
intracerebroventricularly, produces scratching in the rat. The doses of i.c. morphine that
produce scratching are smaller than doses of i.c. morphine necessary to produce antinociceptive
responses against acute or inflammatory pain in rats (Ko et al., 1999; Shannon and Lutz,
2002). Large doses of i.t. morphine produce antinociception against a variety of noxious
stimuli, indicating that i.t. morphine activates spinal mu-opioid receptors (e.g. Yaksh and Rudy,
1976, 1977; Wegert et al., 1997; Przewlocka et al., 1999). We had tested multiple doses of i.t.
morphine from 1 pg to 30 ug in the pilot study and did not observe significant scratching
activity. Although higher doses (i.e. 90-150 pg) of i.t. morphine produce allodynia-like
behavior, these effects are not reversed by opioid-receptor antagonists (Yaksh and Harty,
1988). To date, there is no report of i.t. or i.c.v. morphine-induced scratching in rats. These
findings may suggest that spinal mu-opioid receptors do not mediate scratching responses in
rats.

This is different from the profile of morphine-induced effects observed in primates. In both
humans and rhesus monkeys, i.t. morphine produces scratching as well as antinociception and
these effects occur at the same doses (Palmer et al., 1999; Ko and Naughton, 2000). Although
morphine has a slow onset of action, scratching was observed 20 min after i.c. administration.
We noticed large individual differences of i.c. morphine-induced scratching in rats. This is
similar to other animal studies (Thomas and Hammond, 1995; Ko and Naughton, 2000) and
is consistent with the clinical observation that the incidence of pruritus varies widely, from 0
to 100%, in patients receiving spinal opioids (Chaney, 1995; Kam and Tan, 1996). Small doses
of i.c. morphine (0.01-0.1 pg) dose-dependently increase scratching in rats. However, larger
doses of morphine (0.32-1 pg) start to inhibit this scratching. This inverted U-shape curve of
i.c. morphine-induced scratching was also observed in mouse studies (Tohda et al., 1997;
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Yamaguchi et al., 1998). It might be due to general suppression of behaviors by high doses of
morphine.

Pretreatment with a single dose of nalmefene (0.032 mg/kg) produces an 11-fold rightward
shift of the i.c. morphine dose—response curve for scratching. The nalmefene pKg value is 8.0,
similar to the in vivo nalmefene pA,/pKg values (7.8-8.4) for mu-opioid agonists in rats and
monkeys using other behavioral endpoints (France and Gerak, 1994; Ko et al., 1999; Ko and
Naughton, 2000). This supports the notion that morphine is acting on mu-opioid receptors to
produce scratching after i.c. administration. Additional antagonist studies demonstrate that a
small dose of NTX, 0.1 mg/kg, which is selective for the mu-opioid receptor antagonism
(Walker etal., 1994), significantly blocks i.c. morphine-induced scratching. Neither the kappa-
selective antagonist, nor-BNI, nor the delta-selective antagonist, NTI, attenuates the effects of
i.c. morphine on scratching. These results support previous studies indicating that mu-opioid
receptors, rather than kappa- or delta-opioid receptors, mediate scratching induced by centrally
administered morphine (Thomas et al., 1992; Tohda et al., 1997; Ko and Naughton, 2000;
Kuraishi et al., 2000).

It is not clear why only i.c. morphine produces scratching responses that are not seen with
either i.t. or i.c.v. morphine. Although we used a larger volume (i.e. 100 pl) for i.c.
administration, our pilot studies confirm that 0.1 ug of morphine in 10 ul produces a similar
peak response of scratching in rats (data not shown) and a difference between injection volumes
does not contribute to the scratching observed in this study. It is possible that the site of action
of mu-receptor-mediated scratching is more localized and anatomically close to the cisternal
injection of morphine. The finding that microinjection of morphine into the medullary dorsal
horn in rats produces scratching responses (Thomas and Hammond, 1995) seems to support
our notion.

In contrast to the finding that only i.c. morphine induces scratching, all three central routes of
bombesin administration resulted in marked scratching. Scratching increased monotonically
as dose of bombesin was increased. Grooming likely reached a plateau with larger doses of
bombesin. The potency, effectiveness and duration of action of bombesin are the same
regardless of the route of administration. Pretreatment with nalmefene did not modify the i.c.
bombesin dose—response curve. These results indicate that mu-opioid receptors do not mediate
scratching behavior evoked by i.c. bombesin. This supports earlier findings by Gmerek and
Cowen (1988) but not those of Van Wimersma Greidanus et al. 1985 who found that the mu-
opioid antagonist, naloxone, was able to block the ability of bombesin to increase scratching.
NTX, nor-BNI, and NTI also failed to attenuate i.c. bombesin-induced scratching. This finding
agrees with a previous study that centrally administered bombesin-induced scratching is
independent from classical opioid receptors (Gmerek and Cowan, 1988).

Although several bombesin receptor antagonists have been developed (de Castiglione and
Gozzini, 1996), none has been found to be effective in attenuating i.c.v. bombesin-induced
scratching (e.g. Cowan et al., 1985). A phyllolitorin analogue, [desTrp2,Leu®]phyllolitorin,
was effective in attenuating i.c.v. bombesin-induced scratching, but this peptide has no binding
affinity for the bombesin receptor site (Johnson et al., 1999). Nevertheless, central bombesin-
induced scratching is experimentally useful for detecting potential antipruritics. For example,
several kappa-opioid agonists are selectively active in attenuating i.c.v. bombesin-induced
scratching (Gmerek and Cowan, 1984; Cowan and Gmerek, 1986), which indicates that kappa-
opioid agonists may be effective for treating refractory pruritus. As noted, kappa-opioid
agonists have been shown to inhibit scratching behavior induced by morphine in monkeys
(Ko et al., 2003). It will be worthwhile to determine whether kappa-opioid agonists can
attenuate scratching produced by centrally administered bombesin in non-human primates.
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Taken together, the data demonstrate that i.c. morphine and bombesin elicit scratching behavior
through different receptor mechanisms in rats. In particular, centrally administered bombesin
induces profound scratching that is not attenuated by mu-, kappa-, or delta-opioid receptor
antagonists. Centrally administered morphine induces a milder pattern of scratching that is
attenuated by muopioid receptor antagonists. Compared with the non-human primate model,
the rodent model is inexpensive and less labor intensive. The differences in the ability of i.t.
morphine to produce scratching in the two species is interesting and needs to be investigated
in order to determine if the rodent model is limited by its insensitivity to i.t. opioid pruritic
effects. Several experimental itch models have been established in rodents by using a variety
of pruritogenic agents (e.g. Gmerek and Cowan, 1983b; Kuraishi et al., 1995; Tohda et al.,
1997; Andoh et al., 1998). These models are useful for evaluating the effectiveness of proposed
antipruritics. They will facilitate itch/pruritus research and allow the identification of potential
antipruritics.
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Fig. 1.

Time course of i.c. morphine-induced scratching and grooming events in rats. Morphine (ug)
was given intracisternally 20 min before observation. Each value represents the mean + SEM
(n =9-12). Not all of the data are shown for the sake of clarity. See Fig. 3 for the complete
dose-response of i.c. morphine.
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Fig. 2.

Time course of i.c. bombesin-induced scratching and grooming events in rats. Bombesin (ug)
was given intracisternally 2 min before observation. Each value represents the mean + SEM
(n =9-10). See Fig. 3 for the complete dose—response of i.c. bombesin.
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Effects of i.c. administration of morphine and bombesin on scratching and grooming behavior.
Vertical axes: total number of scratching or grooming events over a 1-hour period. Horizontal
axes: doses (ug) of i.c. morphine or bombesin. Each value represents the mean + SEM (n = 9-
12). The asterisk represents a significant difference from the vehicle condition in scratches (*,
P < 0.05). The sign, #, represents a significant difference from the vehicle condition in

grooming events (P < 0.05).
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Fig. 6.

The antagonist effect of nalmefene on i.c. morphine- and bombesin-induced scratching events.
Nalmefene (0.032 mg/kg) was given subcutaneously 30 min before i.c. administration of
morphine or bombesin. Each value represents the mean + SEM (n = 9-12). Complete dose—
response curves for scratching events are shown with or without nalmefene pretreatment.

Behav Pharmacol. Author manuscript; available in PMC 2007 March 6.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Leeetal. Page 16

Table 1
Effects of opioid receptor antagonists selective for each opioid receptor type on i.c. morphine- and bombesin-
induced scratching events

Number of scratching events (mean + SEM)a

Pretreatment conditions® i.c. morphine 0.1 pg i.c. bombesin 0.32 pg
Vehicle (1 ml/kg) 473+73 3750 + 210
Naltrexone (0.1 mg/kg) 75 + 19%€ 3960 + 163
Nor-binaltorphimine (10 mg/kg) 509 + 149 3650 + 223
Naltrindole (3 mg/kg) 539 + 119 4100 * 266

aEach value represents the mean + SEM (n = 9-10).

Naltrexone, naltrindole, or vehicle (sterile water) was administered subcutaneously 30 min before intracisternal (i.c.) injection. The pretreatment time
with nor-binaltorphimine was 24 hours before i.c. injection.

cThe asterisk represents a significant difference from the vehicle condition (P < 0.05).
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