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Abstract

The effects of the k-opioid receptor agonist, TRK-820, (� )-17-(cyclopropylmethyl)-3, 14b-dihydroxy-4, 5a-epoxy-6b-[N-methyl-trans-

3-(3-furyl) acrylamido] morphinan hydrochloride, on the itch sensation were compared with those of histamine H1 receptor antagonists, using

the mouse pruritogen-induced scratching model. Peroral administration of TRK-820 reduced the numbers of substance P- or histamine-

induced scratches dose dependently. No obvious suppression of the spontaneous locomotor activity was observed at the doses used for the

experiments, indicating that the inhibition of scratches was not due to the effect on general behavior. Furthermore, the scratching inhibitory

activity of TRK-820 was dose dependently antagonized by the specific k-opioid receptor antagonist, nor-binaltorphimine, suggesting that the

inhibitory activity was mediated via k-opioid receptors. Histamine H1 receptor antagonists, chlorpheniramine and ketotifen, did not inhibit

substance P-induced scratches, or did so only partially. Both antihistamines inhibited the histamine-induced scratches completely. These

results suggest that TRK-820 has antipruritic activity which is mediated by k-opioid receptors, and is effective in both antihistamine-sensitive

and -resistant pruritus. D 2002 Published by Elsevier Science B.V.
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1. Introduction

One of the most common adverse effect of epidurally or

intrathecally administered morphine, the m-opioid receptor

agonist, in humans is pruritus which is localized in the face,

neck and upper thorax (Cousins and Mather, 1984; Ballan-

tyne et al., 1988). On the other hand, the m-opioid receptor

antagonist, naloxone, blocks experimentally induced itching

(Bernstein et al., 1982). Naloxone and naltrexone also sup-

press the itch sensation in patients with chronic cholestasis,

chronic renal failure and atopic dermatitis (Bergasa et al.,

1992; Peer et al., 1996; Metze et al., 1999). These observa-

tions suggest that the m-opioid receptor system is involved in

the itch sensation processing.

On the other hand, there is little information regarding

whether compounds acting on k-opioid receptors modulate

the itch sensation in humans. In experimental animals, there

was a suggestion that k-opioid receptor agonists have an-

tipruritic activity based on their inhibitory activity against

bombesin-induced scratching behavior (Gmerek and Co-

wan, 1988). However, the physiological relevance of the

stimulation remains unclear. It was reported recently that k-
opioid receptor agonists inhibit compound 48/80-induced

scratching behavior (Cowan and Kehner, 1997; Kehner et

al., 1999; Kamei and Nagase, 2001), which has been

proposed as an animal itch model (Kuraishi et al., 1995).

The fact that compound 48/80 causes histamine release from

mast cells (Lowman et al., 1988; He et al., 1990) and that

compound 48/80-induced scratching is inhibited by hista-

mine H1 receptor antagonists (Sugimoto et al., 1998; Kamei

and Nagase, 2001) suggests that the experimental system

mimics the antihistamine-sensitive pruritus in humans.

Therefore, results indicate that the activation of k-opioid
receptors is effective against antihistamine-sensitive pruri-

tus.

In clinical settings, antihistamine-resistant pruritus is

important and is observed in patients with many symptoms

such as atopic dermatitis, chronic cholestasis and chronic

urticaria (Duncan et al., 1984; Wahlgren et al., 1990;

Ponticelli and Bencini, 1995). Kuraishi and his colleagues
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reported that the administration of pruritogenic agent, sub-

stance P, induced scratching behavior, which mimicked the

characteristics of itch-related scratches in humans (Kuraishi

et al., 1995; Andoh et al., 1998). In addition, the substance P-

induced scratching behavior is not inhibited by the histamine

H1 receptor antagonist (Kitagawa et al., 1997), and elicited

responses even in mast cell-deficient mice. Taken together,

these findings make it likely that substance P-induced scrat-

ches represent antihistamine-resistant pruritus.

In this study, we examined, for the first time, the effective-

ness of k-opioid receptor agonists against antihistamine-

resistant pruritus in the animal model. A novel k-opioid
receptor agonist, TRK-820, (� )-17-(cyclopropylmethyl)-3,

14b-dihydroxy-4, 5a-epoxy-6b-[N-methyl-trans-3-(3-furyl)

acrylamido] morphinan hydrochloride (Nagase et al., 1998),

was employed to evaluate the ability of the k-opioid receptor
agonist to suppress antihistamine-resistant pruritus. TRK-820

reduced the number of substance P-induced scratches dose

dependently in mice, and the scratching inhibitory activity

was antagonized by the k-opioid receptor antagonist, nor-

binaltorphimine. These findings suggest that the k-opioid re-
ceptor agonist, TRK-820, has the ability to suppress antihis-

tamine-resistant pruritus via k-opioid receptor-mediated

mechanisms.

2. Materials and methods

2.1. Animals

Male ICR mice (Japan SLC, Japan) aged 4–5 weeks were

used. The animals were housed 5 per cage under a controlled

12-h light–dark cycle and allowed free access to food pellets

and tap water. One day before testing, the rostral part of the

back of each mouse was shaved.

2.2. Drugs

Substance P (Peptide Institute, Japan) and histamine

(Wako, Japan), which were used to induce the scratching

behavior, were dissolved in phosphate-buffered saline, pH

7.4 (PBS; Gibco BRL, USA). TRK-820 (Toray Industries,

Japan) was dissolved in distilled water containing 5% D-

mannitol, ketotifen (Sigma, USA) was dissolved in distilled

water containing 10% dimethyl sulfoxide, and nor-binaltor-

Fig. 1. Effects of TRK-820, chlorpheniramine or ketotifen on the substance

P-induced scratching behavior in mice. The ICR strain mouse was given a

p.o. administration of TRK-820 (A), chlorpheniramine (B) or ketotifen (C),

and 30 (A) or 60 (B,C) min later, substance P (250 nmol/site) or PBS was

injected intradermally. Immediately after the intradermal injection of subs-

tance P or PBS, the number of scratchings was recorded and counted over a

30-min period. The scratching number of the vehicle and substance P-in-

jected group is shown as 100% in the vertical axes. Each value represents the

meanF S.E.M. (n= 8). **P < 0.01 when compared with the vehicle and

substance P-injected group (Dunnett’s test).
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phimine (synthesized by Toray Industries) and chlorphenir-

amine (Wako) were dissolved in distilled water.

2.3. Observation of the scratching behavior

The scratching behavior was observed according to the

method described already (Kuraishi et al., 1995). Briefly, 30

min before testing, the mice were placed in a cage for

acclimation. Immediately after an intradermal (i.d.) injection

of substance P or histamine, the mice were returned to the

same cages and behavior was recorded for 30 min using a

video camera under unmanned conditions. Each recording

was played back to count scratches. The number of scratches

toward the injection site with their hind paws was counted

and that of other sites such as ears and face was disregarded.

Mice generally showed several scratches for about 1 s, such

that a series of such behavior was counted as one scratch

event. A volume of 50 ml of substance P or histamine was

injected i.d. into the rostral part of the back. Test compounds

were administered p.o. 30 or 60 min before the injection of

pruritogen. Nor-binaltorphimine was administered s.c. 24 h

before the TRK-820 injection, as described (Endoh et al.,

1992).

2.4. Evaluation of the spontaneous locomotor activity

Spontaneous locomotor activity was evaluated by the

wheel running test, as described (Misslin et al., 1988).

Immediately following administration of the test compound,

the mice were placed in the wheel of the apparatus and the

number of rotations was recorded using a counter, for 60 min.

The apparatus consisted of a running wheel with a central

perforated metal band (6 cm wide) enclosed at each side by a

circular Plexiglas sheet.

2.5. Data processing

Statistical significance was analyzed using comparisons

made by repeated measures, using one-way or two-way ana-

lysis of variance, and post host hoc Dunnett’s or unpaired t-

test; P < 0.05 was considered significant. The percent of con-

trol was calculated as follows: (numbers of scratches)/(mean

of the scratches in the pruritogen and vehicle instead of test

compound-injected group)� 100. The ED50 value was de-

fined as the dose required to produce 50% reduction of the

Fig. 2. Effects of TRK-820, chlorpheniramine or ketotifen on the histamine-

induced scratching behavior in mice. The ICR strain mouse was given a

p.o. administration of TRK-820 (A), chlorpheniramine (B) or ketotifen (C),

and 30 (A) or 60 (B,C) min later, histamine (10 mg/site) or PBS was injected

intradermally. Immediately after the intradermal injection of histamine or

PBS, the number of scratchings was recorded and counted over a 30-min

period. The scratching number of the vehicle and histamine-injected group

is shown as 100% in the vertical axes. Each value represents the mean

F S.E.M. (n= 7–12). *P< 0.05, **P < 0.01 when compared with the ve-

hicle and histamine-injected group (Dunnett’s test).
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pruritogen-induced scratching numbers. The background

scratching numbers, as obtained in the PBS-injected group,

were subtracted from the scratching numbers of all pruri-

togen-injected groups and used for the calculations.

3. Results

3.1. Effects of TRK-820, chlorpheniramine or ketotifen on

the substance P-induced scratching behavior

The effects of TRK-820, chlorpheniramine or ketotifen

on the substance P-induced scratching are shown in Fig. 1.

TRK-820, administered p.o. 30 min before the injection of

substance P, dose dependently inhibited the scratching

behavior and statistically significant inhibition was seen in

the 100 mg/kg group (Fig. 1A). The ED50 value of TRK-820

was calculated as 19.6 mg/kg (95% confidence limits; 9.6–

40.0 mg/kg). At the same time, the doses of TRK-820 af-

fecting spontaneous locomotor activity were assessed in the

mouse wheel running test. TRK-820, administered p.o. 30

min earlier, dose dependently suppressed running activity

and the ED50 value was calculated as 102.8 mg/kg (95% con-

fidence limits; 64.9–163.0 mg/kg).
Chlorpheniramine at doses of 1–30 mg/kg did not inhibit

the substance P-induced scratching behavior (Fig. 1B). Keto-

tifen, administered p.o. 60 min before the injection of sub-

stance P, inhibited the scratching behavior dose dependently,

but only moderate (66%) inhibition was observed with the

highest dose, 100 mg/kg, used (Fig. 1C).

3.2. Effects of TRK-820, chlorpheniramine or ketotifen on

the histamine-induced scratching behavior

The effects of TRK-820, chlorpheniramine or ketotifen on

the histamine-induced scratching behavior are shown in Fig.

2. TRK-820, administered p.o. 30 min before the injection of

histamine, dose dependently inhibited the scratching behav-

ior and statistically significant inhibition was seen in the 30

and 100 mg/kg groups (Fig. 2A). The ED50 value of TRK-820

was calculated as 7.3 mg/kg (95% confidence limits; 4.2–12.6

mg/kg). Chlorpheniramine and ketotifen, administered 60min

earlier, also inhibited the scratching behavior dose depend-

ently (Fig. 2B,C). The ED50 values of chlorpheniramine and

ketotifen for the histamine-induced scratches were calculated

as 8.5 mg/kg (95% confidence limits; 1.7–25.5 mg/kg) and

3.4 mg/kg (95% confidence limits; 0.5–20.3 mg/kg), respec-

tively.

3.3. Effect of nor-binaltorphimine on the scratching inhi-

bition activity of TRK-820

To confirm that the scratching inhibitory activity of

TRK-820 is mediated by k-opioid receptors, the effect of

the k-opioid receptor antagonist, nor-binaltorphimine, on

the activity of TRK-820 was examined. Pretreatment with

nor-binaltorphimine at doses of 1–10 mg/kg suppressed the

scratching inhibitory activity of TRK-820 dose dependently

(Fig. 3). The numbers of scratches in the TRK-820-injected

and in the corresponding vehicle-injected groups after

pretreatment with 10 mg/kg of nor-binaltorphimine did not

Fig. 3. Effect of nor-binaltorphimine on the scratching inhibitory activity of TRK-820. The ICR strain mouse was given a s.c. injection of nor-binaltorphimine.

Next day, the mouse was given a p.o. administration of 100 mg/kg TRK-820 or vehicle, and 30 min later, substance P (250 nmol/site) or PBS was injected

intradermally. Immediately after the intradermal injection of substance P or PBS, the number of scratchings was recorded and counted over a 30-min period.

The scratching number of the vehicle and substance P-injected group is shown as 100% in the vertical axis. Each value represents the meanF S.E.M. (n= 8).

*P < 0.05, **P < 0.01 when compared with the corresponding vehicle-injected group (unpaired t-test).
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differ significantly. Nor-binaltorphimine pretreatment alone

did not affect the numbers of scratches at any dose (Fig. 3).

4. Discussion

Pruritus can be defined as an unpleasant sensation that

provokes the desire to scratch and is one of the important

symptoms of skin diseases such as atopic dermatitis and

urticaria. In addition to occurring in skin diseases, pruritus

occurs in some patients with visceral disorders, including

hepatic cholestasis, malignancy and chronic renal failure.

Histamine H1 receptor antagonists with or without antialler-

gic activity (an inhibition of mast cell degranulation) are

mainly used to treat pruritus. However, neither type of an-

tihistamine offers sufficient relief of most pruritus, such as

atopic dermatitis, chronic cholestasis and chronic renal fail-

ure. To date, no drug effective in the full spectrum of pruritus

has yet been described (Hägermark, 1992). In the present

study, we evaluated the antipruritic activity of the k-opioid
receptor agonist, TRK-820, and compared it with the activi-

ty of the histamine H1 receptor antagonists, ketotifen and

chlorpheniramine, those with or without antiallergic effect,

using the pruritogen-induced scratching behavior model in

mice.

Substance P and histamine are recognized as the most

common mediators of the itch sensations in humans (Häger-

mark et al., 1978; Fjellner and Hägermark, 1981). These

mediators induce scratches in mice, which is regarded as an

experimental itch model (Kuraishi et al., 1995; Kitagawa et

al., 1997). Substance P is thought to induce scratches by

acting on the peripheral terminal of sensory neurons directly

through tachykinin NK1 receptors (Andoh et al., 1998),

rather than by the activation and degranulation of mast cells

(Ebertz et al., 1987). In fact, the substance P-induced

scratches were not, or only partly, inhibited by chlorphenir-

amine and ketotifen, respectively. (Fig. 1). On the other hand,

and in agreement with the report that the histamine-induced

scratches involved the activation of histamine receptors

(Kitagawa et al., 1997; Inagaki et al., 1999), scratches were

completely inhibited by chlorpheniramine and ketotifen (Fig.

2). Therefore, the substance P- and histamine-induced scrat-

ches are likely to represent two different types of pruritus.

TRK-820 dose dependently suppressed both the sub-

stance P- and histamine-induced scratching behavior. There-

fore, it is possible that TRK-820 has antipruritic effects on

both antihistamine-resistant and -sensitive pruritus in hu-

mans. In these experimental itch models, a compound that

affects motor activity or has a muscle-relaxing effect may be

regarded as having scratching inhibitory activity. Since k-
opioid receptor agonists have a sedative effect, it is possible

that the assessment is affected by sedation. However, TRK-

820 showed no apparent inhibition of spontaneous locomo-

tor activity in mice at doses of up to 100 mg/kg. Further-
more, the sedative ED50 value of TRK-820 in the wheel

running test was 5.2 to 14.1 times greater than the anti-

pruritic ED50 values. Therefore, it is unlikely that the scrat-

ching inhibitory activity of TRK-820 involved the sedative

effect.

In order to clarify whether this scratching inhibitory

activity of TRK-820 is mediated via k-opioid receptors,

the effect of pretreatment with the k-opioid receptor antag-

onist was examined. The pretreatment with nor-binaltorphi-

mine dose dependently antagonized the scratching inhibi-

tory activity of TRK-820 (Fig. 3). Kamei and Nagase (2001)

recently reported that nor-binaltorphimine induced the

scratching behavior immediately after administration, which

might be an itch-associated response. On the other hand, no

scratches were observed 24 h after the administration of nor-

binaltorphimine in the present study, which is consistent

with their report in which it disappeared within 2 h. Thus, it

seems likely that nor-binaltorphimine acts as a selective k-
opioid receptor antagonist, not as a pruritogenic agent, when

used with the present doses and schedule. Taken together, the

results suggest that the scratching inhibitory activity of TRK-

820 is mediated via k-opioid receptors.

TRK-820 has been synthesized as a new type of k-opioid
receptor-selective agonist (Nagase et al., 1998). In vitro

studies using mouse vas deferens, guinea pig ileum or

Chinese hamster ovary (CHO) cells expressing recombinant

rat m-, d-, or k-opioid receptors (Seki et al., 1999), showed

that TRK-820 had a potent k-opioid receptor selective

agonistic activity. The compound has potent antinociceptive

activity in the mouse acetic acid writhing test (Endoh et al.,

1999), rat formalin test (Endoh et al., 2000), and monkey

hot-water tail-withdrawal procedure (Endoh et al., 2001).

The most important characteristics of TRK-820 is that it

induces far weaker aversive effects than do other k-opioid
receptor agonists in a conditioned place preference experi-

ment (Tsuji et al., 2001). TRK-820 may have characteristics

different from those of other k-opioid agonists as suggested

by several reports (Endoh et al., 1999; Tsuji et al., 2000a,b).

In this study, we showed, for the first time, that the k-opioid
receptor agonist, TRK-820, had the ability to suppress not

only antihistamine-sensitive but also antihistamine-resistant

pruritus via k-opioid receptors. Taken the findings together,

it seems that TRK-820 may represent new entity of drugs to

treat pruritus in humans, and over a wider spectrum than

offered by preexisting drugs.
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