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Pruritus often complicates the syndrome of cholestasis
and, less commonly, may complicate chronic hepato-

cellular diseases in which cholestasis is not a prominent fea-
ture, such as chronic hepatitis C (1) and alcoholic liver
disease (Jones EA, Bergasa NV, unpublished observations).
The pruritus may be localized to specific parts of the body
such as the palms of the hands or the soles of the feet, or it

may be generalized. It is not relieved by scratching and is not
associated with any specific skin lesion. Excoriations and
prurigo nodularis may occur as a consequence of scratching.
The pruritus of cholestasis may interfere with a patient’s nor-
mal activities and cause sleep deprivation. Although pruritus
associated with hepatobiliary disorders is predominantly a
complication of cholestasis, there appears to be a lack of cor-
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MINI-REVIEW

EA Jones, NV Bergasa. Evolving concepts of the pathogenesis
and treatment of the pruritus of cholestasis. Can J Gastro-
enterol 2000;14(1):33-40. The site of the pathogenic events re-
sponsible for initiating the pruritus of cholestasis has been as-
sumed to be the skin. This assumption cannot be excluded but is
not supported by convincing data. Empirical therapies such as
anion exchange resins and rifampicin often appear to be partially
efficacious. Recent evidence suggests that altered neurotrans-
mission in the brain may contribute to this form of pruritus. In par-
ticular, the hypothesis that increased central opioidergic tone is
involved is supported by three observations: opiate agonists in-
duce opioid receptor-mediated scratching activity of central ori-
gin, central opioidergic tone is increased in cholestasis and opiate
antagonists reduce scratching activity in cholestatic patients. Ap-
parent subjective ameliorations of pruritus following intravenous
administration of ondansetron to cholestatic patients suggest that
altered serotoninergic neurotransmission may also contribute to
this form of pruritus.

Key Words: Cholestasis; Endogenous opioids; Ondansetron; Opiate

antagonists; Pruritus

Évolution des concepts de pathogenèse et de
traitement du prurit d’origine cholostatique
RÉSUMÉ : On a supposé que le siège des phénomènes pathogéniques
responsables du prurit cholostatique était la peau. Cette hypothèse ne peut
être exclue, mais n’est pas appuyée par des données éloquentes. Les
traitements empiriques, comme les résines échangeuses d’ions et la
rifampine, paraissent souvent partiellement efficaces. Des preuves
récentes donnent à penser qu’une neurotransmission cérébrale anormale
pourrait contribuer à cette forme de prurit, en particulier l’hypothèse selon
laquelle une stimulation du tonus opioïdergique central serait en cause
s’appuie sur trois observations : les agonistes des opiacés provoquent une
activité de grattage d’origine centrale et modulée par les récepteurs des
opiacés, le tonus opioïdergique central est accru en présence de cholostase
et les antagonistes des opiacés réduisent l’activité de grattage chez les pa-
tients cholostatiques. Les améliorations subjectives du prurit observées
après l’administration intraveineuse d’ondansetron à des patients cholo-
statiques suggèrent l’existence d’une altération de la neurotransmission
sérotoninergique qui contribuerait également à cette forme de prurit.
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relation between the severity of cholestasis and the apparent
intensity with which pruritus is perceived; some cholestatic
patients appear to have no pruritus.

A spontaneous decrease in the intensity of pruritus may
not imply a decrease in the severity of cholestasis and/or im-
provement in hepatocellular function. In chronic chole-
static liver disease, itching may decrease as hepatocellular
failure develops, in the absence of any improvement in in-
dexes of cholestasis (2). This clinical observation suggests
that one or more substances that contribute directly or indi-
rectly to the pruritus may be synthesized in the liver.

The most logical way to reverse pruritus associated with
cholestasis is to treat the cause of the cholestasis effectively.
For example, pruritus subsides rapidly (usually within 24 h)
when cholestasis due to mechanical obstruction of a large
bile duct is relieved. Drugs that are claimed to reverse
cholestasis, such as S-adenosylmethionine and ursodeoxy-
cholic acid, have not been shown to ameliorate pruritus con-
sistently in cholestatic patients, but they have not been
assessed specifically as treatments for the pruritus of
cholestasis. In many cholestatic disorders, reversal of chole-
stasis may not be possible, eg, by administration of a treat-
ment that is efficacious in reversing the underlying liver
disease in patients with primary biliary cirrhosis (PBC).
Thus, it is often necessary to try to relieve a patient’s pruritus
by giving antipruritic therapies that have no effect on the
underlying disease process. Because the pathogenesis of this
form of pruritus is unknown, conventional therapies for its
treatment lack a sound scientific basis and, hence, usually
lack efficacy.

Because there is no animal model of the pruritus of chole-
stasis, it is particularly important that the design of a trial of a
new therapy includes an objective quantitative efficacy end
point. Pruritus, which is defined as the need to scratch, is an
intrinsically subjective perception that cannot be quantified
directly. Visual analogue scales of the perception of pruritus,
which are often applied as an efficacy end point in therapeu-
tic trials, are inherently subjective. They are an inadequate
and unreliable method of assessing this perception (3). In
this context, scratching activity can be defined as the behav-
ioural consequence of pruritus. In contrast to pruritus,
scratching activity can be reliably quantified, and measure-
ments of this activity seem to be appropriate as a primary effi-
cacy end point in clinical trials. For this purpose, scratching
activity should be continuously measured, independent of
limb movements, for long periods, eg, 24 h. Instruments for
doing this have been devised and validated. They involve
the application of piezo film technology to generate a scratch
transducer that is attached to a finger nail (4,5).

TRADITIONAL CONCEPTS OF PATHOGENESIS
Conventionally, pruritus associated with cholestasis has
been considered to be caused by interactions between nerve
endings in the skin and one or more substances that accumu-
late systemically as a consequence of impaired biliary secre-
tion. Correlations between subjective assessments of pruritus
and levels of specific substances in plasma or interstitial fluid

of the skin (6) have led to specific substances, eg, bile acids,
being implicated in pathogenesis, with no convincing dem-
onstration of their ability to induce neuropathophysiological
changes that mediate pruritus. It has been assumed that the
primary event in the initiation of the pruritus of cholestasis is
peripheral, within the skin. This assumption may be true but
is not supported by convincing data.

EMPIRICAL THERAPIES
One of the conventional approaches to therapy is to remove
putative pruritogenic substances from the body. Examples of
this approach include the administration of the anion ex-
change resins, cholestyramine and cholestipol, which may
bind pruritogens in the intestine, and administration of
hepatic enzyme-inducing drugs, such as rifampicin, pheno-
barbital and flumecinol, which may increase the metabolism
of pruritogens (7). However, the lack of consistent efficacy of
these treatments has led to inconclusive trials of more inva-
sive therapeutic approaches, such as plasmapheresis, char-
coal hemoperfusion and partial external diversion of bile (7).
Treatments that are thought to remove putative pruritogens
affect the metabolism of many compounds. Consequently,
the results of trials of these treatments do not permit any de-
finitive conclusion regarding the nature of any substances
implicated in pathogenesis. However, use of empirical thera-
pies, such as anion exchange resins and rifampicin, appears to
be associated with some amelioration of pruritus in an appre-
ciable proportion of patients with the pruritus of cholestasis,
and these empirical therapies are commonly prescribed in
practice. A rationale for the use of rifampicin is provided by
subjective efficacy data from a few controlled studies (8-10).

Another approach is to attempt to reverse the effects of
putative pruritogens. For example, antihistamines are often
administered to patients with the pruritus of cholestasis.
However, no skin changes consistent with histamine-medi-
ated effects are found in this disorder, and the efficacy of
antihistamines has not been confirmed (7).

Some sedative drugs, such as phenobarbital, benzo-
diazepines and antihistamines, may have a nonspecific bene-
ficial effect in patients with the pruritus of cholestasis.
Sedation may facilitate work during the day by improving
sleep at night, but sedation may impair activities that require
concentration, such as counting money, driving and operat-
ing machinery.

Some therapies that have been tried lack a clear ratio-
nale. These include phototherapy with ultraviolet light,
lignocaine, androgens and hydroxyethylrutosides (7). None
of this miscellaneous group of therapies has been shown con-
vincingly to be efficacious.

Studies of empirical therapies for the pruritus of
cholestasis have lacked a sound scientific rationale, have de-
pended on subjective efficacy end points and have not pro-
vided insights into pathogenesis that would enable more
efficacious therapies to be designed. There is no generally ac-
cepted regimen for treating the pruritus of cholestasis with
conventional empirical therapies. Nevertheless, use of cer-
tain empirical therapies continues to be standard practice.
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THE CONCEPT OF ALTERED CENTRAL
NEUROTRANSMISSION

The opioid neurotransmitter system: The association of
pruritus with certain neurological and psychiatric conditions
in the absence of any skin lesion indicates that pruritus can
arise centrally in the brain. Pruritus of central origin may also
occur as a consequence of mechanisms that are independent
of specific neurological or psychiatric diseases. One such
mechanism appears to involve interactions between opioid
agonist ligands, such as morphine, and opioid receptors in the
brain (11,12). That opiate agonists induce pruritus has been
recognized at least since the first half of the 19th century.
Thomas de Quincy (13), when referring to his addiction to
opium, stated in 1821 that “upon any attempt obstinately to
renew the old doses, there arose a new symptom�viz., an irri-
tation on the surface of the skin�which soon became
unsupportable, and tended to distraction”, and there are
many anecdotal reports of opiate-induced pruritus in the an-
esthesiology and obstetric literature (14,15). More specifi-
cally, when morphine (0.2 to 0.5 mg/kg) was injected
intracisternally into cats, violent scratching activity oc-
curred and lasted for up to 1.5 h (11). In addition, when mor-
phine (1 to 10 µg) or the opioid agonist ligand (D-Ala2-
N-Me-Phe4,Gly5-ol)-enkephalin (but not saline) was micro-
injected into the medullary dorsal horn of monkeys (Macaca

fasicularis), dose-dependent facial scratching activity was in-
duced, and this activity was reversed by the opiate antagonist
naloxone (12). These findings confirm that opiate agonists
induce opioid receptor-mediated scratching activity of cen-
tral origin.

In considering the potential relevance of opiate-induced
pruritus to the pruritus of cholestasis, it is important to dis-
tinguish the systemic effects of opiates from their local ef-
fects near injection sites. The latter include histamine
release, urticaria and local pruritus that is not reversed by
naloxone and, hence, is not opioid receptor-mediated (14).

These local effects do not appear to have any relevance to
the pruritus of cholestasis. In contrast, systemic effects of
opiate agonists include both increased central opioidergic
neurotransmission (tone) and pruritus that may be general-
ized (16). The association of increased central opioidergic
tone with pruritus may be relevant to the pathogenesis of the
pruritus of cholestasis (15). If the hypothesis that there is a
causal relationship between increased opioidergic tone in
the central nervous system (CNS) and the pruritus of
cholestasis is correct, it would be necessary to demonstrate
that the pruritus of cholestasis is associated with increased
opioidergic tone in the CNS and that opiate antagonists can
ameliorate, at least partially, this form of pruritus. The first of
these requirements is discussed in the next paragraph and
the second in the section on treatment with neurotransmit-
ter receptor antagonists.

The results of two clinical studies in patients with PBC
(17,18) and three studies in rats with acute cholestasis due to
bile duct resection (19-21) appear to support the notion that
central opioidergic tone is increased in cholestatic disorders.
In the first clinical study, a small dose (5 mg) of the potent
opiate antagonist, nalmefene, when administered orally to
patients with PBC, was shown to induce a reaction consis-
tently and abruptly, which had many features in common
with the classical withdrawal reaction of opiate addiction
(Table 1). This reaction was transient; it usually subsided
spontaneously after two or three days, in spite of continued
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TABLE 1
Reaction precipitated in patients with primary biliary
cirrhosis by a potent opiate antagonist

Symptoms and signs

Anorexia

Colicky abdominal pain

Increase in systolic blood pressure

Increase in diastolic blood pressure

Cool skin

Nausea

Constipation

Slow pulse

Pallor

Unpleasant cerebral effects

Mood changes

Visual and auditory hallucinations

The reactions consistently occurred after 5 mg nalmefene was given orally.
The reactions usually subsided after two or three days despite continued
administration of the drug. Data from reference 17

Figure 1) Facial scratching following microinjections (0.4 µL) into the
medullary dorsal horn of monkeys. A Effect of administration of
naloxone (1 mg/kg intramuscularly) at the time of central injections of a
plasma extract from a patient with primary biliary cirrhosis (PBC) and
pruritus. The scratching activity (mean ± SEM) was 4.0±1.0
scratches/10 mins after extract alone and 0.1±0.1 scratches/10 mins af-
ter extract and naloxone (P<0.05). B Comparison of plasma extract
from a patient with PBC and pruritus with a plasma extract from a pa-
tient with PBC without pruritus. Scratching activity (mean ± SEM) was
15.7±4.7 scratches/10 mins after extract from the pruritic patient and
1.5±0.7 scratches/10 mins after extract from the nonpruritic patient
(P<0.05). Adapted with permission from reference 18
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administration of the drug. No reaction occurred after ad-
ministration of high doses of nalmefene to normal individu-
als (17). In the second clinical study, plasma extracts from
patients with PBC and pruritus, but not extracts from
nonpruritic patients with PBC, were shown to induce
naloxone-reversible facial scratching when microinjected
into the medullary dorsal horn of monkeys (M fasicularis)
(18) (Figure 1). Thus, the plasma of patients with PBC and
pruritus contains one or more substances that can induce
central opioid receptor-mediated scratching activity. In the
first rat study, total opioid activity and the concentration of
Met-enkephalin were shown to be increased in cholestasis
(19). Concentrations of individual endogenous opioid
agonists were also found to be elevated in plasma of patients
with PBC (17). In the second rat study, mu opioid receptors
in the brain were shown to be downregulated in cholestasis
(21), possibly due to altered receptor dynamics in response to
increased availability of endogenous opioid agonists at
opioid receptors (22). In the third rat study, cholestasis was
associated with antinociception (analgesia) that was stereo-
selectively reversed by naloxone and, hence, was opioid re-
ceptor-mediated. Rats with thioacetamide-induced acute
hepatocellular necrosis did not exhibit naloxone-reversible
antinociception (21). When considered together, the results
of these five studies strongly suggest that central opioidergic
tone is increased in cholestasis.

The serotonin neurotransmitter system: It is possible that
cholestasis-related changes in the functional status of the
opioid neurotransmitter system induce changes in other neu-
rotransmitter systems, such as the serotonin system (23).
Such secondary changes in other neurotransmitter systems
may also contribute to the pruritus of cholestasis. Ondan-
setron, a 5-hydroxytryptamine type 3 serotonin receptor an-
tagonist, blocks opioid-induced analgesia (24), which is a
feature of increased opioidergic tone in cholestasis (21). Fur-
thermore, increased serotonin release has been reported to
induce elevated Met-enkephalin levels in the hypothalamus,
and this phenomenon was reversed by serotonin antagonists
(25). These observations suggest that there is a sero-
toninergic-enkephalinergic neural connection in the hypo-
thalamus. The serotonin system, in common with the opioid
system, modulates nociception (the perception of pain) (26).
Accordingly, if one can use the analogy of the opioid system
to extrapolate, the serotonin system may also modulate the
perception of pruritus, particularly if relevant connections
between these two systems exist in brain areas that mediate
nociception. This concept is supported by preliminary re-
ports of subjective data that suggest that ondansetron induces
ameliorations of opiate-mediated pruritus (27,28).

TREATMENT WITH NEUROTRANSMITTER
RECEPTOR ANTAGONISTS

The first suggestion that opiate antagonists may be effica-
cious in ameliorating the pruritus of cholestasis was a single
case study, published in 1979, that reported an apparently
dramatic transient amelioration of intractable pruritus in a
patient with PBC following a subcutaneous injection of
naloxone but not saline (29). Almost a decade later, the oral
administration of nalmefene to nine patients with PBC was
reported to be associated with substantial ameliorations of
pruritus, as assessed by visual analogue scores, and the
ameliorations appeared to be sustained over a six-month pe-
riod of drug administration (17). These subjective findings
suggested that opiate antagonists may ameliorate the pruritus
of cholestasis.

The efficacy of opiate antagonists in ameliorating the
pruritus of cholestasis was subsequently confirmed in clinical
trials that used an appropriate objective quantitative pri-
mary efficacy end point. In two randomized, controlled trials
that applied a monitoring system that objectively quantified
scratching activity independent of limb movements (4), pa-
tients with pruritus due to chronic cholestatic liver diseases
scratched significantly less during naloxone infusions than
during placebo infusions (30,31) (Figure 2). The design of
one of these trials was single-blind (30) and the other dou-
ble-blind (31). Thus, parenterally administered naloxone
may have a place in the emergency treatment of a severe ex-
acerbation of the pruritus of cholestasis.

Because naloxone has a low bioavailability when admin-
istered orally (32), it is not suitable for the long term man-
agement of the pruritus of cholestasis. In contrast, nalmefene
may be suitable for long term therapy (16). Nalmefene is
substantially more orally bioavailable than naloxone (33),
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Figure 2) Mean hourly scratching activity during 24 h infusions of either
naloxone or placebo in eight patients with primary biliary cirrhosis. The
decrease in scratching activity associated with the administration of
naloxone ranges from 29% to 96% (mean 50%; P<0.001). Repro-
duced with permission from reference 30
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has a more potent antagonist action at opioid receptors than
naloxone (34) and is metabolized more slowly (longer
plasma half-life) than naloxone (35). In patients with
chronic cholestatic liver diseases and pruritus, open label
oral administration of nalmefene was associated with an ac-
ceptable safety profile and less scratching activity (36). The
results of this uncontrolled trial suggested that nalmefene
may indeed be useful for the long term control of the pruritus
of cholestasis, and this conclusion was subsequently con-
firmed by the results of a controlled study (37) (Figure
3A,B). Naltrexone, another opiate antagonist that is
bioavailable when administered orally, may be an efficacious
alternative to nalmefene in the long term management of
the pruritus of cholestasis (38). However, naltrexone has
been associated with hepatotoxicity (39) and is not well tol-
erated by some patients with chronic cholestatic liver dis-
eases (EA Jones, unpublished observations). The risk of
precipitating an opiate antagonist-induced opiate with-
drawal-like reaction (17) in patients with this form of pruri-
tus can probably be minimized by starting therapy with a
small dose and only gradually increasing the dose until a
therapeutic effect is achieved (36).

Anecdotal reports suggesting that ondansetron amelio-
rates the pruritus associated with liver disease (40-42) led to
a controlled trial in which administration of ondansetron,
but not a placebo, appeared to be followed by transient
ameliorations of pruritus in patients with cholestatic liver
disorders (43) (Figure 4). In interpreting the results of this
trial, the following points should be considered: it was not a
double-blind trial, a subjective rather than an objective pri-
mary efficacy end point was used and the drug was adminis-
tered as a single intravenous bolus injection, thereby
ensuring that any effect attributable to the drug would be
transient.

In a placebo controlled, double-blind, crossover trial,
ondansetron, administered orally for one week, was associ-
ated with a modest decrease in a visual analogue score of pru-
ritus that did not seem to be clinically significant (44).
However, scratching activity has been shown to be less in
some patients with well compensated PBC and mild pruritus
after oral treatment with ondansetron for four weeks (Jones
EA, unpublished observations). Ondansetron may amelio-
rate the pruritus of cholestasis by modulating central opioid-
ergic neurotransmission, or by decreasing serotoninergic
neurotransmission or both.

LIVER TRANSPLANTATION
Although new treatment options for the pruritus of chole-
stasis are emerging, available treatments do not provide ade-
quate relief of the symptom in all patients. Unrelieved pruri-
tus associated with liver diseases can lead to suicidal ideation.
Indeed, in some patients with the pruritus of cholestasis the
quality of life may be so poor that liver transplantation may
be considered irrespective of evidence of hepatic decompen-
sation or indexes of prognosis. The pruritus of cholestasis dis-
appears after successful liver transplantation, which reverses
cholestasis and normalizes hepatocellular function.

COMMENTS
A contribution of increased central opioidergic tone to the
pathogenesis of the pruritus of cholestasis suggests that the
pathogenic mechanisms involved in mediating the pruritus
include central neuronal events induced by opioid agonist
ligand/receptor interactions (eg, activation of neuronal G
proteins and ion channels) that lead to the perception of pru-
ritus and, consequently, stimulation of the motor pathways
that mediate the protective scratching reflex.

The available data do not indicate which endogenous
opioid receptor ligands may be responsible for contributing
to the pruritus of cholestasis or which opiate antagonists may
be optimal for use in its short term or long term treatment.
Furthermore, the available data do not indicate definitively
whether the factors responsible for increased opioidergic
tone in cholestatic liver disease originate peripherally or
centrally. Only interactions between certain opioid peptides
and certain opioid receptor subtypes may be relevant. The
sites of synthesis of the relevant endogenous opioids are un-
known, but one source may be the cholestatic liver itself
(45). There may be increased plasma-to-brain transfer of en-
dogenous opioids in patients with the pruritus of cholestasis
(46) as a consequence of their accumulation in plasma
(17,19), and this process would be facilitated by their
amphoteric properties. However, the potential relevance of
this phenomenon to the pathogenesis of this form of pruritus
remains to be determined.

Anecdotal reports of subjective observations in two pa-
tients suggest that administration of a potent opiate agonist
(eg, morphine) may ameliorate the pruritus of cholestasis
(47; Jones EA, Bergasa NV, unpublished observation). Sub-
sequent oral administration of the less addictive opiate ago-
nist, codeine, to one of these patients was associated with an
apparent amelioration of pruritus lasting for two months, af-
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Figure 3) Effect of blinded oral administration of nalmefene on the pru-
ritus of cholestasis. A Mean visual analogue scores of the perception of
pruritus during control periods (baseline and/or placebo) and during
nalmefene therapy in eight patients with chronic cholestatic liver disease.
B Geometric mean hourly scratching activity during control periods
(baseline and/or placebo) and during nalmefene therapy on eight patients
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ter which no efficacy of codeine in ameliorating a sustained
exacerbation of the pruritus was apparent (47). If these ob-
servations are confirmed, it would appear that modulations
of the functional status of the opioid system that either de-
crease or increase central opioidergic tone may ameliorate
the pruritus of cholestasis. A similar concept may apply to
serotoninergic neurotransmission. Administration of paro-
xetine, a serotonin reuptake inhibitor that effectively acts as
a serotonin agonist, has been reported to induce apparent
ameliorations of pruritus in patients with malignant disease.
In some of the patients the pruritus may have been been in-
duced by drugs, including morphine (48). Any potential rel-
evance of these observations to the pruritus of cholestasis is
uncertain, but it appears that pruritus, under certain circum-
stances, may be relieved by either an increase or a decrease in
serotoninergic neurotransmission.

The recent evidence that increased opioidergic tone con-
tributes to the pruritus of cholestasis provides potential ex-
planations for apparent ameliorations of this form of pruritus
associated with the administration of rifampicin (8-10) or
propofol (49,50). Rifampicin induces an opiate withdrawal
syndrome in patients on maintenance doses of methadone
(51). This observation raises the possibility that apparent
ameliorations of the pruritus of cholestasis associated with
rifampicin therapy (8-10) may be attributable to effects of
the drug on the opioid neurotransmitter system that lead to a
decrease in opioidergic tone. Because propofol appears to re-

verse opiate-induced pruritus (52), apparent ameliorations
of the pruritus of cholestasis associated with propofol therapy
(49,50) may also be attributable to the drug, inducing a de-
crease in opioidergic tone.

CONCLUSIONS
There is a paucity of data that indicate that peripheral events
in the skin initiate the neural events that mediate the pruri-
tus of cholestasis. Nevertheless, a contribution to patho-
genesis from neural events originating in peripheral cutane-
ous nerve fibres cannot be excluded. Conventional therapies
for the pruritus of cholestasis lack a sound scientific basis.

Both clinical and experimental findings provide strong
support for the hypothesis that increased opioidergic tone in
the CNS is a component of pathophysiology of cholestasis
and a factor in the pathogenesis of the pruritus of cholestasis
(16). Whether opioid receptors on peripheral neurons are
involved in the pathogenesis of this form of pruritus is un-
known.

Opiate antagonists are efficacious in ameliorating pruri-
tus complicating chronic cholestatic liver diseases (17,30,
31,36-38). Drugs of this class, which are bioavailable when
given orally, such as nalmefene and naltrexone, have the po-
tential for use in the long term management of this form of
pruritus (17,36-38). However, treatment of the pruritus of
cholestasis with opiate antagonists is still experimental, and
the availability of drugs of this class does not obviate the use
of conventional empirical therapies. Initiation of treatment
with an opiate antagonist in patients with chronic chole-
static liver disease by administering a therapeutic dose is
likely to precipitate a transient opiate withdrawal-like reac-
tion. Such reactions can probably be minimized by starting
therapy with a low dose and increasing the dose only gradu-
ally.

The contribution of altered neurotransmission in the
brain to the pruritus of cholestasis may involve not only the
opioid system, but also other neurotransmitter systems such
as the serotonin system (43). However, whether serotonin
receptor subtype antagonists, such as ondansetron, are effi-
cacious in the treatment of hepatogenous pruritus requires
further investigation. There is still a paucity of definitive
data on the mechanisms involved in the mediation of the
pruritus of cholestasis, and it is possible that systems other
than the opioid and serotoninergic systems may be impli-
cated.
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