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Editorial

Is Fatigue Associated With Cholestasis Mediated by Altered
Central Neurotransmission?

in applying a subsequent modification of this test,9 Swain
SEE ARTICLE ON PAGE 291 and Maric8 have postulated that an increase in floating times

of cholestatic rats during the test is an index of fatigue. In a
previous study by the same authors,12 decreased entry of in-It has been recognized for centuries that there is a relation-
ner squares of an open-field apparatus by cholestatic ratsship between the functional status of the liver and that of
was also regarded as an index of fatigue. Interpretation ofthe brain.1 The one component of this relationship that is
swim test data would be facilitated by a comprehensive un-well recognized is that hepatocellular failure may be compli-
derstanding of the interrelationships between stress (includ-cated by the behavioral syndrome of hepatic encephalopathy.
ing stress attributable to underlying disease), anxiety, de-Although the mechanisms that contribute to hepatic enceph-
pression, fatigue, and decreased motor activity in the test. Inalopathy are not completely understood, it is becoming in-
patients with primary biliary cirrhosis, a relationship be-creasingly apparent that altered neurotransmission in the
tween fatigue and depression has recently been reported.13

brain can account for at least some of the manifestations of
However, it has not been determined whether the adminis-this syndrome.2,3 Whether altered neurotransmission is also
tration of antidepressant drugs to patients with primary bili-a component of other behavioral complications of liver disease
ary cirrhosis and manifestations of depression would improveis less certain. This possibility, however, has recently been
associated fatigue.raised by evidence that suggests that scratching activity,

In this study,8 a manifestation of an abnormal behavioralcaused by pruritus complicating cholestasis, may be, at least
state, which was detected in cholestatic rats but not rats within part, the consequence of a central mechanism, specifically
acute hepatitis, was reversed by the administration of a 5-increased opioidergic neurotransmission.4,5 Fatigue, like he-
HT1A receptor agonist. This finding was interpreted as sug-patic encephalopathy and scratching, is another abnormal
gesting that the abnormal behavioral state was attributablebehavioral state6 that may complicate liver disease.7 Accord-
to altered transmission in neural pathways on which 5-HT1Aingly, it seems pertinent to ask whether fatigue in patients
receptors are located, and that it could be corrected by en-with liver diseases, such as primary biliary cirrhosis,7 is also
hancing neurotransmission in these pathways.8 However, itassociated with altered neurotransmission. This possibility
is necessary to be cautious in interpreting the results of ahas been tentatively suggested before,6 but it has not been
behavioral study of this type. 5-HT1A receptors are locatedrigorously tested in either animal models or patients.
presynaptically as well as postsynaptically.14 In different re-In this issue of HEPATOLOGY, Swain and Maric8 report a
gions of the brain, effects mediated by either presynaptic orhighly original study, which has potential relevance to the
postsynaptic receptors may dominate. Stimulation of presyn-issue of whether fatigue associated with cholestasis is attrib-
aptic 5-HT1A receptors may inhibit the release of serotoninutable to altered serotoninergic neurotransmission in the
into the synaptic cleft and may consequently decrease neuro-brain. The performance of four groups of rats fitted with a
transmission. Furthermore, stimulation of presynaptic 5-HT1Aflotation device was assessed in a defined forced swim test.9
receptors may also influence the release of other neurotrans-The four groups were rats with carbon tetrachloride–induced
mitters into the synaptic cleft, with the result that neuro-acute hepatocellular necrosis, vehicle-treated controls, rats
transmission in non-5-HT pathways may be affected. In thiswith acute cholestasis caused by bile duct resection, and
experimental paradigm,8 evaluation of the effects of selectivesham-resected controls. In this study, fatigue was defined as
5-HT1A receptor antagonists (e.g., WAY-100635)15 may clarify‘‘a complex interplay between motivation, endurance, de-
whether the abnormal behavioral state and/or the effects ofspair, and cognition as reflected by the time spent by rats
LY293284 in this study are indeed mediated by pathwaysstruggling, floating, and swimming’’ during the swim test.8
involving 5-HT1A receptors. Hence, in this study,8 it is notIn the swim test, the duration of struggling and floating
possible to infer with confidence the status of neurotransmis-among the rats with acute hepatitis and the duration of strug-
sion in the cholestatic rats before LY293284 was adminis-gling among cholestatic rats were not obviously abnormal.
tered. Another issue that may influence the interpretationThe mean time that cholestatic rats spent floating in the
of the results8 is the behavioral syndrome induced by theswim test, however, was significantly longer than the corre-
activation of central 5-HT1A receptors. The administration ofsponding mean for sham-resected controls. The administra-
a 5-HT1A receptor agonist to normal rats has been reportedtion of LY293284, a 5-hydroxytryptamine1A (5-HT1A) receptor
to induce ‘‘flat body posture, reciprocal forepaw treading andagonist,10 did not significantly affect floating times in sham-
head weaving.’’14 The existence of this behavioral syndromeresected controls, but corrected the prolonged floating times
raises the possibility that the increase in motor activity de-in cholestatic rats. The dose dependency of this phenomenon
tected in cholestatic rats after the administration ofwas not reported.
LY293284 might be attributable to an effect of the drug thatThe precise relevance to fatigue of prolonged floating times

and unchanged struggling times of cholestatic rats in the is independent of any action that would specifically reverse
swim test is uncertain. The swim test in rats, which clearly a behavioral complication of cholestasis. It seems likely that
involves monitoring responses to a stressful situation, was nonspecific motor hyperactivity related to the 5-HT1A behav-
originally devised to assess antidepressive treatments,11 and, ioral syndrome would be detected quantitatively more readily

in rats with a preexisting motor deficit than in control rats.16

In this context, it is noteworthy that the administration of
LY293284 was associated with decreased floating times andAbbreviation: 5-HT, 5-hydroxytryptamine (serotonin).

Address reprint requests to: E. Anthony Jones, M.D., F.R.C.P., Department of Gastroin- increased motor activity in sham-resected rats, although
testinal and Liver Diseases, Academic Medical Center, Meibergdreef 9, 1105 AZ Amster- these changes did not reach statistical significance.
dam-ZO, the Netherlands.

Because agonists of the 5-HT1A receptor subtype have beenCopyright q 1997 by the American Association for the Study of Liver Diseases.
0270-9139/97/2502-0039$3.00/0 reported to ameliorate depression in rats, as assessed from
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a swim test,17,18 it also seems desirable to discuss the new Thus, there is now some evidence that suggests that the
functional status of the serotonin system is altered in chole-findings8 in relation to the concept of depression and its ame-

lioration in rats. Furthermore, it is necessary to reconcile a stasis and that altered transmission in neural pathways on
which 5HT receptors are located may contribute to behavioraldecrease in fecal boli production in rats, which was induced

by LY293284 in the new study,8 with the same phenomenon complications of cholestasis, such as scratching activity and
fatigue. It is uncertain whether a specific change in neuro-being regarded as a consequence of cholestasis in a previous

study.12 To infer that an abnormal behavioral state is attrib- transmission that may contribute to the pruritus of cholesta-
sis would also contribute to associated fatigue and vice versa.utable to altered transmission in neural pathways on which

a particular 5-HT receptor subtype is located, it is desirable Similarly, a serotonin receptor subtype ligand that is effica-
cious in reversing one of these complications of cholestasisto have not only data showing that the abnormal state can

be reversed by an appropriate selective serotonin receptor would not necessarily be efficacious in reversing the other.
To explore further the relationship of the serotonin systemsubtype ligand (e.g., an antagonist), but also corroborative

data, such as, perhaps, the results of applying microdialysis, to the pathophysiology of behavioral complications of liver
disease, it will be necessary for hepatologists to become famil-radioligand-receptor binding methodology, and/or biological

assays.19-21 iar with some of the complexities of the serotonin system. By
1994, at least 14 separate 5-HT receptors, divided into sevenThe importance of this new study8 is that it draws further

attention to the possibility that fatigue associated with chole- main classes (or groups), were recognized.14,30 Though each
5-HT receptor subtype can be potently activated by 5-HTstatic liver disease may be mediated, wholly or in part, by

altered neurotransmission.6 Two other lines of evidence ap- itself, the receptor subtypes differ in the effects they mediate.
Thus, phenomena induced by an agonist of one 5-HT receptorpear to lend some support to this possibility.

The first is the observation that, in a placebo-controlled subtype will not necessarily be induced by an agonist of an-
other 5-HT receptor subtype. The same point also appliestrial, intravenous bolus injections of ondansetron, an antago-

nist of the 5-HT3 serotonin receptor subtype, appeared to to the effects of antagonists of the different 5-HT receptor
subtypes. Factors that are important in determining effectsinduce transient ameliorations of pruritus in cholestatic pa-

tients.22 It should be noted that this trial did not have a mediated by activating or antagonizing specific 5-HT receptor
subtypes include the distribution of specific receptor subtypesdouble-blind design, which would appear to be particularly

important in trials of new treatments for the pruritus of cho- within the central nervous system and peripherally, whether
ligands are binding to presynaptic or postsynaptic recep-lestasis. Nevertheless, the results obtained seem to be consis-

tent with cholestasis being associated with altered transmis- tors,19 the neural pathways on which 5-HT receptor subtypes
are located, and the potency and selectivity of the 5-HT recep-sion in neural pathways on which 5-HT3 receptors are

located. Because 5-HT3 receptors are distributed both within tor subtype ligands used.
Swain and Maric have now generated two articles8,12 thatthe central nervous system and peripherally,14 it is necessary

to consider the sites at which an effect of ondansetron on the have broken the ice of research inactivity relating to the per-
plexing problem of fatigue associated with chronic liver dis-pruritus of cholestasis might be mediated.23

Fatigue and pruritus frequently coexist in cholestatic pa- ease.6 Their work has raised many interesting and relevant
issues, some of which are discussed above, concerning thetients.7 Several lines of evidence suggest that increased (cen-

tral) opioidergic tone contributes to the pathogenesis of the investigation of behavioral complications of chronic liver dis-
ease, notably fatigue. Resolution of these issues, by an appro-pruritus of cholestasis.4,5 Ondansetron, presumably by modu-

lating transmission in neural pathways on which 5-HT3 re- priately focused and intense research effort, may ultimately
pave the way toward identifying drugs that will be efficaciousceptors are located, has been reported to block opioid-induced

analgesia,24 which is a manifestation of increased opioidergic in ameliorating fatigue in patients with liver disease.
tone in cholestasis.25 Furthermore, a serotoninergic-enkepha-
linergic neural connection has been proposed in the hypothal- E. ANTHONY JONES, M.D., F.R.C.P.
amus. Increased serotonin release was reported to lead to Department of Gastrointestinal and Liver Diseases
elevated met-enkephalin levels in the hypothalamus, and Academic Medical Center
this phenomenon was reversed by serotonin antagonists.26

Amsterdam, The Netherlands
The interrelationships between the opioid and serotonin neu-
rotransmitter systems in cholestasis have not yet been fully CIHAN YURDAYDIN, M.D.
defined. Department of Gastroenterology

The second additional line of evidence consists of findings University of Ankara Medical School
that suggest that a decrease in exercise tolerance (i.e., an Ankara, Turkey
increase in fatigability) may be mediated by a modulation
of central transmission in neural pathways on which 5-HT REFERENCES
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