
Synthesis

The reductocondensation of naltrexone (I) with
N-methylbenzylamine (II) by means of sodium
cyanoborohydride in THF gives the N-benzyl-N-methyl-
aminomorphinan derivative (III), which is debenzylated by
hydrogenation with H2 over Pd/C in methanol to yield the
methylaminomorphinan (IV). Finally, this compound is
acylated with 3(E)-(3-furyl)acryloyl chloride and NaOH,
Na2CO3 or triethylamine in methanol, THF or chloroform.
Alternatively, methylaminomorphinan (IV) can be ob-
tained by direct reductocondensation of naltrexone (I)
with methylamine by means of H2 over PtO2 in methanol
(1-4). Scheme 1.

Introduction

Pruritus, a poorly localized sensation that elicits the
desire to scratch, is a common distressing symptom of
uremic patients that, although not life-threatening, can
severely affect the quality of life. Many metabolic disor-
ders are associated with uremia and are thought to be
involved in the pathogenesis of pruritus. Chronic renal
failure is among the systemic disorders which cause pru-
ritus and its incidence ranges from 25-90% in these ure-
mic patients; 37-90% of hemodialysis patients, 25-76% of
peritoneal dialysis patients and 25-60% of chronic renal
failure patients not on dialysis suffer from pruritus (5-7).

The mechanism and precise cause of pruritus are
unknown. Skin biopsies from pruritic patients were shown
to have high levels of calcium, magnesium and phospho-
rous so that phosphate binders and vitamin D supple-
mention, in addition to improved efficiency of dialysis
(e.g., increasing Kt/V), may improve but probably not
eliminate pruritus (8-13). Histamine and serotonin have
been implicated as possible mediators of uremic pruritus.
Plasma histamine levels of some pruritic patients have
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Abstract

Pruritus is a common symptom seen in 25-90% of
uremic patients, especially those with chronic renal fail-
ure requiring hemodialysis. The cause and mechanism
of induction of pruritus are not known. However, studies
comparing hemodialysis patients with healthy subjects
provided evidence that an imbalance in the endogenous
opioid system may be responsible for pruritus with par-
ticular involvement of the kappa opioid system. Although
existing kappa opioid receptor agonists lack morphine-
like adverse effects, they are associated with dysphoria
and psychotomimetic alterations. Thus, research efforts
continue to focus on new kappa opioid agonists with
novel structures to circumvent unwanted adverse
effects. Nalfurafine hydrochloride is a novel kappa opioid
receptor agonist that emerged using procedures incor-
porating a modification of the message-address con-
cept. Nalfurafine was shown to be highly selective for the
kappa opioid receptor in vitro and has displayed potent
antipruritic activity in vivo. Moreover, a single dose of an
oral formulation was shown to alleviate itch in hemodial-
ysis patients suffering from severe pruritus. Nalfurafine
has also shown potent antinociceptive activity both in
vitro and in vivo in various animal models of pain and
was also selected for further development as an anal-
gesic for moderate and severe pain.
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While clinically important mu opioid receptor agonists
(e.g., morphine and fentanyl) used in the treatment of
pain are associated with several adverse effects including
respiratory depression, constipation, dependence liability
and pruritus of the face, neck and thorax, kappa opioid
receptor agonists (e.g., U-50488H, U-69593, PD-117302,
CI-977) have potent antinociceptive effects without the
morphine-like adverse effects. Unfortunately, these
agents are also associated with the unwanted adverse
effects of dysphoria and psychotomimetic alterations
(29-35). In an attempt to discover effective agents for the
treatment of uremic pruritus, researchers have therefore
focused on the discovery of new kappa opioid agonists
with novel structures in order to circumvent the unwanted
adverse effects associated with these agents.

In an effort to design novel kappa opioid receptor
agonists, a modified message-address concept was
applied. The message-address concept was used to
design the kappa opioid receptor antagonists. This con-
cept is based on the idea that the 4,5-epoxymorphinan
skeleton with a tyrosine-glycine moiety is the message
subsite of the molecule required for opioid effects while
the address subsite is responsible for opioid receptor
selectively. When an agonist binds to a receptor, the
receptor changes its structure leading to transduction of
the agonist effect. In contrast, antagonists contain an
accessory site which interferes with ligand-induced struc-
ture changes thus blocking any signal transduction and
subsequent effects (36-38). Thus, using the message-
address concept together with the removal of the acces-
sory site of the molecule, novel kappa opioid receptor
agonists were synthesized.

been shown to be elevated although treatment with H1
antihistamines results in relief in only some patients.
Similarly, serotonin has also been suggested to play a
role in cholestatic and uremic pruritus. However, adminis-
tration of 5-HT3 receptor blockers to patients with uremic
pruritus was only effective in a few patients (6, 14-16).
Therefore, uremic pruritus continues to be an important
therapeutic challenge.

Studies have suggested that endogenous opioids may
be involved in pruritus. Opioid receptors are classified into
3 types, mu, delta and kappa, according to their pharma-
cological profiles obtained in chronic spinal dogs, isolated
tissues and radioligand bindings in brain membrane
preparations. Following binding of endogenous ligands
(i.e., endorphins), opioid receptors regulate nociception,
mood and responses to stress (17-21). Evidence suggest-
ing that opioids may be involved in pruritus include the
observation that morphine, a mu opioid receptor agonist,
induces itching while naltrexone and naloxone, mu opioid
receptor antagonists, suppress itching (22-27). Moreover,
comparison of hemodialysis patients with uremic pruritus
with age-matched healthy volunteers with uremic pruritus
revealed that the serum ratio of β-endorphin (a mu opioid
receptor agonist) and dynorphin A (a kappa opioid recep-
tor agonist) increased proportionally with itch intensity in
patients. Moreover, expression of the kappa opioid recep-
tor was weaker than mu opioid receptor expression in
patients as compared to heathy subjects. These results
suggest that an imbalance in the endogenous opioid sys-
tem may be responsible for pruritus with particular involve-
ment of the kappa opioid system (28).
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cells expressing the nociceptin receptor. In addition, nal-
furafine (100 µM) significantly antagonized (88 ± 6%)
nociceptin-mediated inhibition of cAMP accumulation in
these cells. Together these results indicate that nalfu-
rafine acts as a full agonist for the kappa opioid receptor,
a partial agonist for the mu opioid receptor and a low-
affinity antagonist of the nociceptin receptor (39, 40).

Nalfurafine was shown to antagonize mu opioid
receptors in an in vitro study examining DAMGO (a selec-
tive mu opioid receptor agonist)-induced G-protein acti-
vation (i.e., [35S]-GTPγS binding in mouse pons/medulla
membrane preparations). Treatment with nalfurafine
alone resulted in small but significant increases (11.8 ±
3.2 vs. 97.7 ± 2.4% for DAMGO) in GTPγS binding; this
effect was completely blocked by norbinaltorphimine.
However, nalfurafine (0.1-10 µM) concentration-depen-
dently and significantly attenuated DAMGO (10 µM)-
induced increases in GTPγS binding indicating antago-
nism of the mu opioid receptor (41).

Nalfurafine demonstrated potent antipruritic activity
in vivo in a mouse pruritogen-induced scratching model.
Nalfurafine (p.o. 30 min before injection of the pruritogen)
dose-dependently inhibited scratching behavior induced by
substance P (ED50 = 19.6 µg/kg; significant effects obser-
ved with 100 µg/kg) or histamine (ED50 = 7.3 µg/kg signifi-
cant effects observed with 30 and 100 µg/kg). At the doses
tested, the agent had no suppressive effects on sponta-
neous locomotor activity indicating that inhibition of
scratching was not due to alterations of general behavior.
Norbinaltorphimine dose-dependently antagonized nalfu-
rafine-inhibited scratching suggesting that the antipruritic
activity of the agent was via the kappa opioid receptor (42).

Nalfurafine may be effective against severe, antihista-
mine-resistant pruritus. The agent effectively and dose-
dependently reduced morphine (0.3 nmol intracisternal)-
induced scratching behavior in mice with no obvious
alteration in behavior seen. Ketotifen had little effect in
this model (43).

The efficacy of nalfurafine (0.125, 0.25 and 0.5 µg/kg
i.v. or 1, 2 and 4 µg/kg i.g. ) in inhibiting morphine (1
mg/kg i.v. 15 or 30 min before i.v. and i.g. nalfurafine,
respectively)-induced scratching was demonstrated in
vivo in rhesus monkeys. While nalfurafine doses of 0.25
and 0.5 µg/kg i.v. reduced systemic skin scratching to
16.9-35.7% of the control levels, 0.125 µg/kg i.v.
decreased scratching by about 65%. Nalfurafine was also
effective when administered via the i.g. route. Nalfurafine
doses of 4 µg/kg i.g. reduced skin scratching to 23.4%
and doses of 1 and 2 µg/kg did so to 71.8-84.2% of the
control level, respectively. Nalfurafine did not induce
scratching activity when administered alone (44).

In addition, to potent antipruritic effects, nalfurafine
was also shown to have marked antinociceptive effects in
several in vivo animal models of pain (4, 46-52).

ED50 values for nalfurafine obtained in the acetic acid
writhing and tail flick tests in mice were 0.0033 and 0.62
mg/kg s.c., respectively. Nalfurafine was 85-140 times
more potent than morphine and its antinociceptive effects
were antagonized by norbinaltorphimine (4).

Nalfurafine hydrochloride (TRK-820) was synthesized
as a novel selective kappa opioid receptor agonist by
removing the accessory site of norbinaltorphimine and
maintaining the 4,5-epoxymorphinan structure. Nalfura-
fine was shown to be highly selective for the kappa opioid
receptor and has displayed potent kappa opioid receptor
agonist activity in vitro. Nalfurafine exhibited potent
antipruritic effects in animal models of pruritus and was
chosen for further development as a treatment for uremic
pruritus in patients receiving dialysis as a first indication.
Moreover, nalfurafine exerted potent antinociceptive
activity in animal models of pain in vivo, without inducing
psychotomimetic activity. As a consequence, nalfurafine
was also chosen for further development as an analgesic
for moderate and severe pain (4).

Pharmacological Actions

The agonist activity and receptor selectivity of nalfu-
rafine were examined in vitro using electrically stimulated
guinea pig ileal longitudinal muscle and mouse vas
deferens and receptor-selective antagonists (naloxone
for the mu site, naltrindole for the delta site and norbinal-
torphimine for the kappa site). Nalfurafine was 4000-fold
more potent than morphine in both tissue preparations
(IC50 = 0.0048 nM in ileum and 0.036 nM in mouse vas
deferens) and was highly selective for the kappa site
(mu/kappa = 279 for ileum and 104 for vas deferens;
delta/kappa = 135 for mouse vas deferens) (4).

The agonist activity of nalfurafine was further exam-
ined in vitro using membrane preparations of CHO cells
stably expressing cloned rat wild-type mu, delta and
kappa opioid receptors and the nociceptin receptor. In
competition  (i.e., [3H]-bremazocine) binding assays, the
agent displayed high affinity for the kappa opioid receptor
(Ki = 3.5 ± 0.9 vs. 53 ± 12 nM and 1200 ± 300 for the mu
and delta opioid receptors, respectively). Nalfurafine also
had high affinity for the human kappa opioid receptor in
membrane preparations from CHO cells (Ki = 0.11 nM).
Experiments using CHO cells expressing cloned rat
mutant kappa opioid receptors (E297K, E297W, E297A)
showed that the high affinity of nalfurafine for the kappa
opioid receptor required Glu297. In saturation binding
assays using [3H]-nociceptin, nalfurafine bound with rela-
tively low affinity (Ki = 380 ± 50 nM) which was 100 times
lower than nociceptin. Further characterization of the
pharmacological activity of nalfurafine on various opioid
and nociceptin receptor types showed that nalfurafine
concentration-dependently inhibited forskolin-stimulated
cAMP accumulation in CHO cells expressing the rat
kappa opioid receptor (IC50 = 0.15 ± 0.08 nM; Imax = 81 ±
3%). The agent also inhibited forskolin-stimulated cAMP
accumulation in CHO cells expressing the mu opioid
receptor although effects were less marked (IC50 = 8.3 ±
1.4 nM ; Imax = 69 ± 3%). Nalfurafine displayed very weak
activity in inhibiting forskolin-stimulated cAMP accumula-
tion in CHO cells expressing the delta opioid receptor
(IC50 = > 1000 nM) and had no inhibitory activity in CHO
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Adverse events associated with treatment were mild
drowsiness and weakness. Larger clinical studies have
been initiated to further examine the efficacy and safety of
nalfurafine as a treatment for severe pruritus (53).

An injectable formulation of nalfurafine is currently
being developed for the treatment of uremic pruritus in
patients receiving dialysis as a first indication. A market-
ing application was filed at the end of 2002 in Sweden.
Nalfurafine is expected to be marketed in Europe in 2004
as a treatment for uremic pruritus. In addition, the com-
pound continues to undergo development as treatment
for moderate and severe pain (54).

Source

Toray Industries Inc. (JP); licensed to Daiichi
Pharmaceutical Co., Ltd. (JP) for codevelopment in
Japan and to Fujisawa Pharmaceutical Co., Ltd. (JP) for
Europe.
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(0.0025-0.02 mg/kg s.c. 15 min before formalin) and
markedly inhibited the second phase of the formalin noci-
ceptive response (ED50 = 0.0096 vs. 0.975 mg/kg s.c. for
morphine); the agent only slightly inhibited the first phase
of the formalin nociceptive response. Treatment of rats
subjected to thermal injury to the hind foot with nalfurafine
(0.1, 0.2 and 0.4 µg in 20 µl saline injected at the site of
injury) resulted in dose-dependent peripheral analgesic
activity (45, 46).

Nalfurafine (0.01 and 0.03 mg/kg i.m.) was also effec-
tive in inducing antinociceptive effects in the hot water tail
withdrawal test in cynomolgus monkeys. The agent was
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nia and hyperalgesia without affecting spontaneous
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Nalfurafine could be effective in reducing the unwant-
ed side effects associated with morphine and may be an
option for the treatment of cocaine addiction. Nalfurafine
(0.01 and 0.03 mg/kg mg/kg s.c.) significantly suppressed
the rewarding and locomotor-enhancing effects of mor-
phine and development of physical dependence in mice
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Clinical Studies

The antipruritic efficacy of single-dose nalfurafine (10
µg p.o. at 7:00 AM) was demonstrated in a trial involving
8 patients on maintenance hemodialysis suffering from
severe pruritus who did not respond to antihistamine
therapy. Mean 100 mm visual analogue scale (VAS)
scores were significantly reduced with nalfurafine treat-
ment (12.2 and 1.8 mm at 4 and 12 h postdosing vs. 54.2
mm at baseline). A significant improvement was also
noted in itch intensity according to a 5 grade categoriza-
tion. The antipruritic effects of the agent were found to be
almost proportional to plasma nalfurafine concentrations.
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