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Kappa opioid agonists suppress chloroquine-induced scratching in mice
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Abstract

Chemotherapy of malaria fever with chloroquine is often associated with generalized pruritus of unknown pathogenesis. This adverse side
effect leads to diminished compliance. We report that chloroquine (1.25-40 mg/kg, s.c.) elicits dose-related, compulsive, and vigorous
scratching in mice. This frenzied behavior is essentially abolished when the mice are pretreated s.c. or orally with nalfurafine (TRK-820), a
centrally penetrating kappa opioid agonist. Peripheral kappa receptors are involved because chloroquine-induced scratching is also
antagonized by the peripherally restricted kappa agonist, ICI 204,448: R,S-N-[2-(N-methyl-3,4-dichlorophenylacetamido)-2-(3-carbox-
yphenyl) ethyl]pyrrolidine. We propose that combination therapy for malaria with chloroquine and a kappa agonist (probably one targeting
peripheral receptors) will lead to better treatment compliance because of a reduced incidence of pruritus.
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1. Introduction

Malaria is responsible for an estimated 1-2 million
deaths annually. African children under the age of five have
been particularly vulnerable (Woster, 2003). For the past 40
years, chloroquine phosphate has remained a popular
antimalarial agent, especially in the endemic areas of Africa.
This drug provokes an often intolerable side effect—
generalized pruritus of unknown mechanism—in 8% to
20% of African patients afflicted with acute febrile malaria.
Whole body itching, involving especially the palms, soles,
and scalp, begins after about 6 h and fades within 2-3 days
(Sowunmi et al., 1989). This adverse effect has, in turn,
been responsible for diminished compliance with 4-amino-
quinoline antimalarials and, perhaps, has contributed to the
development of chloroquine-resistant parasites.

Antihistamines have been largely ineffective against
chloroquine-induced pruritus. Prednisolone has proved
more successful (Abila and Ikueze, 1989; Ajayi et al.,
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1991; Adebayo et al.,, 1997). As with pain, itching is a
subjective and varied sensation, and there is no universally
accepted, single antipruritic drug that can suppress this
annoying symptom. Endogenous opioids have been impli-
cated in several pruritic states, and narcotic antagonists,
such as naltrexone and nalmefene, have frequently been
helpful in relieving itch associated with uremia, cholestasis,
and the spinal administration of certain opioids (Twycross et
al., 2003). Opioid agonists and antagonists have often been
tested against a range of compounds (e.g., bombesin,
compound 48/80, serotonin, substance P) that induce
excessive scratching behavior in rodents (Gmerek and
Cowan, 1984; Cowan and Kehner, 1997; Yamaguchi et
al., 1999; Lee et al., 2003; Nojima and Carstens, 2003). Low
doses of agonists showing selectivity for kappa opioid
receptors have been notably effective against chemically
induced scratching (and therefore, perhaps itching) in
rodents (Cowan et al., 1995; Togashi et al., 2002; Utsumi
et al., 2004) and rhesus monkeys (Ko et al., 2003). This
work has led to the successful clinical testing of nalfurafine
hydrochloride (TRK-820), a 4,5-epoxymorphinan derivative
and kappa agonist (Endoh et al., 1999; Sorbera et al., 2003;
Suzuki et al., 2004) in hemodialysis patients experiencing
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uremic pruritus (Kumagai et al., 2004). The exciting
prospect of clinical utility (at last) for a selective kappa
agonist prompted us to test nalfurafine against the pruritus
associated with chloroquine in the hope of uncovering an
additional therapeutic target. Onigbogi et al. (2000) reported
that naltrexone (0.25 mg/kg, i.p.) antagonizes the low level
of scratching elicited by chloroquine (20 mg/kg, i.p.) in rats.
We chose mice to comprehensively evaluate the antipruritic
activity of nalfurafine because of the much greater
sensitivity of this species to the scratch-inducing effects of
chloroquine (Inan et al., 2003).

In addition, we compared the centrally penetrating
nalfurafine with a standard, peripherally restricted kappa
opioid agonist: R,S-N-[2-(N-methyl-3,4- dichlorophenyla-
cetamido)-2-(3-carboxyphenyl)ethyl]pyrrolidine (ICI
204,448; Shaw et al., 1989). Use of ICI 204,448 was
intended to answer the following question: does exclusive
activation of peripheral kappa receptors result in suppres-
sion of chloroquine-elicited scratching in mice?

2. Materials and method
2.1. Animals

Male Swiss mice (Ace Laboratories, Boyertown, PA)
weighing 25-30 g were used. The animals were housed five
per cage with free access to food and water. A standard
light—dark cycle was maintained with a timer-regulated light
period from 7 a.m. to 7 p.m. The experimental procedure
was approved by Temple University Institutional Animal
Care and Use Committee.

2.2. Compounds

Chloroquine phosphate and ICI 204,448 hydrochloride
were purchased from Sigma (St. Louis, MO) and Tocris
(Ellisville, MO), respectively. Nalfurafine hydrochloride
was a generous gift from Adolor Corporation (Exton, PA).
The compounds were dissolved in saline and injected at a
dose volume of 0.25 ml/25 g mouse. Doses refer to the
particular salt.

2.3. Quantitation of scratching

Each mouse was weighed and allowed to acclimate for at
least 1 h in individual, rectangular observation boxes. The
animals received chloroquine either orally (20-160 mg/kg)
or s.c. (1.25-40 mg/kg into the back of the neck), and the
number of hind leg scratching movements directed to the
neck was counted for 30 min after latencies of 10 and 1 min,
respectively. Each burst of rapid scratching activity was
counted as one event.

In one set of antagonism experiments, saline or a
standard, behaviorally nondepressant dose of nalfurafine
(0.02 mg/kg) or ICI 204,448 (5 mg/kg) was injected s.c. into

the flank of mice 20 min before challenging the animals s.c.
with chloroquine (1.25-40 mg/kg into the back of the neck).
In a second antagonism study, saline or nalfurafine (0.02—
0.12 mg/kg) was given orally, 45 min before a fixed dose of
chloroquine (10 mg/kg, s.c.). Hind leg scratching was again
counted for 30 min after a latency of 1 min.

In all cases, each dose of compound was tested in groups
of 10 mice with 2 mice being monitored during each
observation period. Mice were used only once. Experiments
took place between 2.00 p.m. and 5.00 p.m.

2.4. Statistical analysis

Group data are expressed as the mean with S.E.M. The
Eax and AS50 values with 95% confidence limits were
calculated using linear regression analysis (PharmTools
Pro software, The McCary Group, Elkins Park, PA).
Group comparisons were performed using analysis of
variance (ANOVA) and the Newman—Keuls test with this
software.

3. Results
3.1. Chloroquine-induced scratching behavior

Chloroquine (1.25-40 mg/kg) caused compulsive and
vigorous neck-directed scratching with both hind legs
within 5 min of s.c. injection. A sigmoidal dose— response
curve was obtained with an E,,, of 360+ 34 scratches in the
30 min observation period (Fig. 1). The A50 value for
chloroquine was 5.9 (3.3-8.4) mg/kg. At the top dose tested
(40 mg/kg), scratching was uniform for 30 min and then
intermittent over the following 30 min.
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Fig. 1. Dose—response curves for chloroquine (CQ, s.c.; m); ICI 204,448 (5
mg/kg, s.c. at —20 min)+CQ (s.c.; -); nalfurafine (20 pg/kg, s.c. at —20
min)+CQ (s.c.; v); and CQ (p.o.; O) in inducing scratching behavior in
mice (n=10).
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Fig. 2. Effect of pretreatment with nalfurafine (p.o. at —45 min) on
scratching behavior induced in mice (#=10) by chloroquine (CQ; 10 mg/kg,
s.c.). ¥P<0.05 and **P<0.01 vs. CQ alone (ANOVA and Newman-Keuls).

When given orally, chloroquine (20-160 mg/kg) was
only minimally active, and the incidence of scratching was
not dose-related. The maximum effect occurred at the 40
mg/kg dose level (i.e., 44%10 scratches). This number of
scratches is just two to three times greater than our historical
oral saline mean value.

3.2. Effect of ICI 204,448 on excessive scratching behavior

When mice were pretreated with a fixed dose of ICI
204,448 (5 mg/kg, s.c.), the chloroquine dose-response
curve was shifted to the right and displaced downwards.
Scratching associated with the top dose of chloroquine (40
mg/kg) was more than halved (Fig. 1).

3.3. Effects of nalfurafine on excessive scratching behavior

The incidence of scratching was impressively decreased
when a fixed dose of nalfurafine (0.02 mg/kg, s.c.) was
given 20 min before chloroquine (1.25-40 mg/kg). The
chloroquine dose-response curve was essentially flattened
to the abscissa with the exception of the 20 mg/kg dose level
(81+£23 scratches; Fig. 1). The mice displayed no obvious
behavioral depression.

When mice were pretreated orally with increasingly
higher doses of nalfurafine (0.02-0.12 mg/kg), 45 min
before challenge with a fixed, submaximal dose of
chloroquine (10 mg/kg, s.c.), the incidence of scratching
was correspondingly decreased in a smooth and regular
fashion to essentially zero (Fig. 2).

4. Discussion
We have shown that the mouse is very sensitive to the

scratch-inducing action of chloroquine. Whereas an injec-
tion of 20 mg/kg of chloroquine s.c. behind the neck of mice

elicits around 350 hind leg-to-neck scratches in 30 min, this
dose given i.p. to rats provokes only 30 head/body scratches
in the same time (Onigbogi et al., 2000). Furthermore, the
chloroquine dose-response curve across 1.25-40 mg/kg in
mice is sigmoidal (and therefore suitable for studies with
antagonists), rather than shaped like an inverted U as has
been reported for this antimalarial compound in rats
(Onigbogi et al., 2000).

The pharmacology of nalfurafine has been examined
extensively (e.g., Endoh et al., 2000; Tsuji et al., 2000; Mori
et al., 2002; Mizoguchi et al., 2003; Suzuki et al., 2004). It
is characterized as a chemically novel, centrally penetrating,
selective agonist at a subtype of kappa opioid receptor. Of
great interest to skin pharmacologists were reports describ-
ing the ability of nonsedating doses of nalfurafine to
antagonize scratching elicited in mice by histamine,
substance P (Togashi et al., 2002) or morphine (Umeuchi
et al., 2003). The antipruritic activities of nalfurafine could
be antagonized if the mice were pretreated with norbinal-
torphimine, the selective kappa antagonist (Togashi et al.,
2002; Umeuchi et al., 2003). It is therefore reasonable to
conclude that kappa opioid receptors are involved in
mediating the antipruritic effects of nalfurafine. Such
laboratory findings led to the clinical testing of oral
nalfurafine in hemodialysis patients (Kumagai et al., 2004)
and its designation as an orphan drug for uremic pruritus by
the European Organization for Rare Diseases.

In view of these results, we decided to evaluate
nalfurafine against chloroquine-induced scratching in mice.
Our previous experience with another opioid, naloxone, in
this model had been disappointing. At 0.3, 1 and 3 mg/kg
s.c., naloxone only partially (and to the same extent)
antagonized the scratching associated with a submaximal
dose of chloroquine (10 mg/kg; unpublished data). With
nalfurafine, essentially complete antagonism of chloro-
quine-induced scratching was achieved. In the first instance,
a fixed s.c. dose of nalfurafine (0.02 mg/kg) almost flattened
the chloroquine dose-response curve. In the second case,
increasingly higher doses of nalfurafine (0.02-0.12 mg/kg)
were delivered by the oral route to mice, and, importantly,
from a possible human use perspective, they increasingly
antagonized the scratching provoked by a fixed dose of
chloroquine (10 mg/kg). In line with these findings,
Umeuchi et al. (2003) reported that nalfurafine (0.01 mg/
kg, s.c.) significantly inhibited scratching induced by
substance P in mice, while Togashi et al. (2002) found that
oral administration of nalfurafine (0.003-0.10 mg/kg)
increasingly antagonized scratching elicited by histamine
in this species.

Despite the evolution of chloroquine-resistant strains of
malarial parasites and the enduring political debate over
newer costly drugs that work vs. cheaper, older ones that
may not, this historically famous antimalarial agent con-
tinues to enjoy widespread use, particularly in Africa
(McNeil, 2003; Yamey, 2003). Drugs in combination have
long represented standard therapy against the parasitic
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disease. Such “drug cocktails” have included, for example,
chloroquine along with proguanil, a biguanide derivative.
Another example (currently undergoing Phase III clinical
trials) is chloroquine along with azithromycin, an antibiotic.
Additionally, artemisinin-based combination therapy (ACT)
is undergoing rigorous testing (Nosten and Brasseur, 2002;
Duffy and Mutabingwa, 2004). The point being made is that
a pharmaceutical product containing chloroquine in combi-
nation with another compound would not be unusual. We
propose that chloroquine, in combination with nalfurafine,
could lead to better treatment compliance because of a
reduced incidence of pruritus. Furthermore, in anticipation
of likely concern over possible kappa receptor-mediated
psychotoxicity in humans (Pfeiffer et al., 1986; Barber and
Gottschlich, 1997), our present promising antipruritic data
with the peripherally selective ICI 204,448 in mice
encourage the expanded clinical testing of peripherally
restricted kappa agonists, such as ADL 10-0116, an
arylacetamide (Kehner et al., 2000), against the phenom-
enon of chloroquine-induced itching.
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