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Abstract

This study tested whether a 5-HT receptor antagonist could reverse the signs of precipitated opioid withdrawal. Rats were treated3

with either saline or morphine for 4 days. After the four days, half of the rats in each group received naloxone and half received saline.
Ž .Each animal also received one of four doses of ondansetron 0, 1, 2 and 4 mgrkg i.p. . Administration of ondansetron to rats receiving

naloxone after chronic morphine decreased the intensity of withdrawal signs such as increased defecation, jumping and wet-dog shakes,
elevated the nociceptive threshold values which were decreased by precipitated withdrawal, but produced no change in urination, rectal
temperature or salivation. The effects exhibited by ondansetron administration may be explained through interference of its 5-HT3

receptor antagonist activity with serotoninergic mechanisms involved in the regulation of these withdrawal symptoms. The use of this
drug is thus suggested as a possible treatment of opioid withdrawal signs in heroin addicts. q 1997 Published by Elsevier Science B.V.
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1. Introduction

Acute and chronic morphine administration to rats mod-
ifies serotonin metabolism and 5-HT receptor expression
ŽMartin and Jasinski, 1977; Redmond and Krystal, 1984;

.Bhargava, 1994 . Furthermore, the neurotransmitter sero-
tonin has been demonstrated to be involved in the manifes-
tation of some morphine withdrawal signs. In rodents,
serotonin has been reported to affect wet-dog shake be-

Ž .haviour Kruszewska and Langwinski, 1983 and to be
Žassociated with abstinence jumping Samanin et al.,
.1980a,b; Van der Laan and Hillen, 1986 . Additionally a

role of serotonin has been evidenced in other withdrawal
Žsigns such as diarrhoea Samanin et al., 1980a; Beubler et

. Žal., 1984 or hypothermia Neal and Sparber, 1986b; Gulati
.and Bhargava, 1990 . A reduction in the number of 5-HT

receptors in the brain-stem of morphine-dependent rats has
Ž .been reported Samanin et al., 1980a . Furthermore during

opioid abstinence a modified 5-HT subtype receptor ex-
pression is described in rats: 5-HT receptors appear to be1

) Corresponding author. Tel.: q39-2-70146318; fax: q39-2-70146371.
1 Ž .Zofran is the trade name for ondansetron injectable solution manu-

factured by Glaxo SpA, Verona, Italy.

up-regulated in certain brain regions; 5-HT receptors are1A

down expressed in the hypothalamus but 5-HT receptors2
Ž .are not affected Gulati and Bhargava, 1988, 1989, 1990 .

Several authors have attempted to control the morphine
withdrawal syndrome by using drugs capable of recognis-

Ž .ing the 5-HT receptors Zifa and Fillon, 1992 . The admin-
istration of 5-HT receptor agonists or antagonists appears
to affect certain components of the opioid withdrawal
syndrome. The administration of buspirone, a 5-HT recep-1

tor agonist, has been reported to attenuate opiate absti-
Žnence behaviour symptoms in rhesus monkeys Aceto and

.Bowman, 1993 . In particular, agents reported to have
central serotoninergic agonist properties such as quipazine

Ž .and meta-chlorophenylpiperazine Samanin et al., 1980a ,
Žor a 5-HT receptor antagonist, mianserine Neal and2

.Sparber, 1986a , block the naloxone-induced jumping in
morphine-dependent rats. Furthermore, cyproheptadine, a
5-HT receptor antagonist, reduces jumping precipitated2

Ž .by naloxone in morphine-treated rats Cervo et al., 1981 .
Drugs exhibiting mixed 5-HT and 5-HT receptor antago-1 2

Žnist activity, like methergoline, decrease jumping Samanin
. Žet al., 1980b or wet-dog shakes Kruszewska and Lang-
.winski, 1983 in morphine-dependent rats treated with

naloxone or methisergide, and attenuate jumping and wet-
Ž .dog shakes El-Kadi and Sharif, 1995 in opioid-dependent
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mice injected with naloxone. The 5-HT receptor agonist,1
Ž .hydroxy-dipropyl-amino-tetraline DPAT , induces hy-

Ž .pothermia in abstinent rats Gulati and Bhargava, 1990 .
In addition the 5-HT receptor antagonists, ketanserin2

or pirenperone, have been reported to counteract the hy-
pothermia induced by naloxone in morphine-treated rats
Ž .Neal and Sparber, 1986b while the 5-HT and 5-HT1 2

receptor antagonist, cyproheptadine, aggravates hypother-
Žmia in dependent mice withdrawn from morphine El-Kadi

.and Sharif, 1995 . Additionally the 5-HT receptor agonist,1
Ž .meta-chlorophenylpiperazine Samanin et al., 1980a and

Žthe 5-HT receptor antagonist, ketanserin Beubler et al.,2
.1984 , have been reported to block withdrawal diarrhoea in

rats.
These findings suggest that serotonin is involved in the

production of some withdrawal symptoms and also that
several different 5-HT receptor agonists or antagonists
decrease naloxone-precipitated withdrawal signs. There is
thus a rational basis for seeking and using other 5-HT
receptor-affecting agents for the control of opioid absti-
nence symptomatology. Since the autonomic signs appear
to be a more sensitive index of the opioid withdrawal

Žsyndrome than are behavioural signs Buccafusco et al.,
.1984 , it is important to select an agent capable of interfer-

ing with behavioural, autonomic and somatosensitive signs.

In particular, 5-HT receptor antagonists have been re-3

ported to interact with 5-HT receptors abundantly located3
Žon central nervous system dopaminergic neurones Mont-

.gomery et al., 1993 . Dopamine release in the nucleus
accumbens stimulated by morphine is thus inhibited and

Žthe related behaviour is interfered with Costall et al.,
.1987; Pei et al., 1993 . Specifically the 5-HT receptor3

antagonist, ondansetron, reduces morphine self-administra-
Ž .tion in rats Borg and Taylor, 1994 and modifies the

Žmorphine place preference conditioning Acquas et al.,
.1988; Higgins et al., 1992 .

Furthermore in animals and human subjects, on-
dansetron has been reported to interfere with motility of

Žthe gastrointestinal tract Bradley et al., 1986; Talley et al.,
. Ž1990; Lamers, 1991 , and urinary bladder Corsi et al.,

. Ž1991 as well as the pain threshold levels Giordano and
.Dyche, 1989; Sufka et al., 1992 . Ondansetron was thus a

possible candidate for controlling several deprivation signs
and for the study of its effects on withdrawal symptoms
such as altered faeces and urine excretion values, tempera-
ture and pain threshold levels, salivary, jumping and wet-
dog shake behaviour.

We now report on the activities exerted by ondansetron
on naloxone-precipitated withdrawal in morphine-depen-
dent rats.

Fig. 1. Scheme illustrating the treatment with saline, morphine, naloxone, morphine plus naloxone and ondansetron: withdrawal signs observed 30 min
Ž . Žafter naloxone injection rectal temperature, latency times , or for 30 min after naloxone injection excretion of faeces, urine, saliva, jumping and wet-dog

Ž ..shakes w.d.s. .
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2. Materials and methods

2.1. General procedures

Ž .Male Sprague–Dawley rats Charles River, Calco
weighing 200"10 g were used in the experiments. The
scheme of treatments with saline, morphine, naloxone,
morphine plus naloxone and ondansetron is described in
Fig. 1. The experiments were performed with four groups
of 32 animals each: two groups received chronic saline and
the other two received chronic morphine. Precipitated
withdrawal was induced in one saline and one morphine
group by injection of naloxone. The other two groups,
which acted as controls, received a saline injection. Mor-

Žphine was administered intraperitoneally three injections
.each day at 150-min intervals for four days, in doses of 9,

Ž . Ž16 and 25 mgrkg 1st day ; 25, 25 and 50 mgrkg 2nd
. Ž .day , 50, 50 and 50 mgrkg 3rd day ; 50, 50 and 100

Ž .mgrkg 4th day . Naloxone was given in a dose of 30
mgrkg, i.p. 180 min after the last morphine injection only
on the last day. 2 h after the last morphine injection, 8
animals in each of the four groups received one of the four

Ž .doses of ondansetron 0, 1, 2 and 4 mgrkg . At the
beginning of the experiment the morphine group was
larger since previous experience had shown that morphine
treatment caused about 30% mortality. Animals were se-
lected at random for the treatment with ondansetron.

2.2. BehaÕioural testing

ŽThe animals were placed in plastic cylinders 50=18
.cm over previously weighed filter paper dishes. The fol-

lowing signs were observed: faeces and urine excretion,
rectal temperature and latency time values, salivation,
jumping and wet-dog shake behaviour.

The signs were evaluated in the following way:
– Faeces excretion by weighing the stools on the paper

dishes.
– Urine excretion by weighing the fluid content ab-

sorbed on the paper dishes after faeces removal.
– Rectal temperature with a thermal probe.

Ž– Latency times with the tail-flick technique Harris et
.al., 1969 , using equipment provided by Socrel, Milan

Ž .Italy . The technique is based on measurement of the time
Ž .s between exposure of the tail to thermal irradiation
Ž . Ž .1108C and flicking of the tail tail-flick latency . A 20-s
cut-off time was applied.

– Salivation.
– Jumping.
– Wet-dog shakes.
These three signs, hypersalivation, jumping and wet-dog

shakes appeared only in groups receiving morphine plus
Žnaloxone and four doses of ondansetron 0, 1, 2 and 4

.mgrkg and were evaluated by scoring the intensity of the
Ž .sign from 0 to 3 points hypersalivation , by counting the

Ž .number of events jumping and wet-dog shakes and by
counting the number of animals exhibiting modified be-
haviours.

Excretion of faeces and urine, salivation, jumping and
wet-dog shakes were observed for 30 min after naloxone
injection. Body temperature and pain threshold levels were
evaluated at the 30th min after naloxone injection.

Fig. 2. Faeces excretion observed for 30 min in rats receiving saline, morphine, naloxone, morphine and naloxone and four doses of ondansetron given i.p.
Each column represents the mean for 8 animalsqS.E.
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2.3. Statistical analysis

The values related to weights of faeces and urine or to
rectal temperature and latency were subjected to paramet-

Žric statistical analysis. Firstly, basal values ondansetron
.dose 0 were compared among groups, using the Tukey

Žtest to validate the experimental conditions Armitage,
.1991 . Secondly, a simple analysis was performed within

each group receiving saline, morphine, naloxone or mor-
phine plus naloxone by applying the Tukey test to the

Žresults with the four doses of ondansetron 0, 1, 2 and 4
.mgrkg .

The signs, hypersalivation, jumping and wet-dog shakes,
were evaluated only for groups receiving morphine plus

Žnaloxone and four doses of ondansetron 0, 1, 2 and 4
.mgrkg and were analysed with the Tukey test and the

Ž .Armitage test Armitage, 1991 . Data related to faeces and
urine excretion or to rectal temperature and latency times
were analysed by means of an analysis of variance
Ž .ANOVA according to the original 2=2=4 factorial

Ždesign morphine, naloxone and four doses 0, 1, 2 and 4
. Ž .mgrkg of ondansetron Armitage, 1991 .

Statistical analysis was performed by using SAS soft-
Žware, version 6.08 SAS Institute, SAS Campus Drive.

.Cary N.C. 27513 SAS Institute . The components were
considered to be statistically significant at the level of 5%.

2.4. Drugs

Morphine was obtained from S.A.L.A.R.S. S.p.A.
Ž . Ž .Como . Naloxone was purchased from Sigma Milan .

Ondansetron was obtained from a commercial source. The
drugs were dissolved in saline.

3. Results

3.1. Excretion of faeces

The changes in faeces excretion observed in all the
groups of rats receiving saline, morphine, naloxone or
morphine and naloxone are shown in Fig. 2. In the absence

Ž .of ondansetron dose 0 a marked increase of faeces
excretion was observed in animals treated with morphine

Žand naloxone when compared with all other groups P-
.0.05, Tukey test, Fig. 2 . Ondansetron administration to

animals receiving naloxone, or morphine combined with
Žnaloxone significantly decreased faeces excretion P-

.0.05, Tukey test .
Faeces excretion was altered highly significantly by the

presence versus the absence of the individual factors:
Ž . Ž .morphine PF0.0001 , naloxone PF0.0001 or on-
Ž .dansetron PF0.0001 .

ŽThe significant interaction of morphine=naloxone P
.F0.0001 demonstrated that morphine affected differently

in the presence or absence of naloxone, the mean values of
faeces excretion obtained from pooling the results from all
ondansetron doses.

Furthermore, the presence or absence of morphine or
naloxone significantly affected the faeces excretion values

Žin the presence of different doses of ondansetron PF
.0.0003 for morphine=ondansetron interaction . Also the

Fig. 3. Urine excretion observed for 30 min in rats receiving saline, morphine, naloxone, morphine and naloxone and four doses of ondansetron given i.p.
Each column represents the mean for 8 animalsqS.E.
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effect of the presence or absence of naloxone on the
Ždose–response profile of ondansetron was significant PF

.0.0001 for the naloxone=ondansetron interaction. The
highly significant interaction of morphine=naloxone=

Ž .ondansetron PF0.0007 demonstrated that the presence
or absence of naloxone influenced the morphine effect on
the ondansetron dose–response trend.

3.2. Excretion of urine

Ž .In the absence of ondansetron dose 0 a marked in-
crease in urine excretion in comparison with all other
groups was observed in animals treated with morphine and

Ž . Ž .naloxone combined P-0.05, Tukey test Fig. 3 .
Ondansetron administration appeared to lower urine

Žexcretion only in the morphine group P-0.05, Tukey
.test .
The presence versus the absence of the individual fac-

Ž . Ž .tors, morphine PF0.0001 , naloxone PF0.0001 and
Ž .ondansetron PF0.0125 significantly affected the urine

excretion values.
The interaction of morphine=naloxone was highly sig-

Ž .nificant PF0.0001 and demonstrated that the modifica-
tion of urine excretion levels, averaged over all the on-

dansetron dose levels, from absent to present naloxone,
differed in a significant manner whether in the presence or
absence of morphine.

The combined interactions between the different groups,
with morphine=ondansetron, naloxone=ondansetron and
morphine=naloxone=ondansetron were not significant.

3.3. Rectal temperature

Ž .In the absence of ondansetron dose 0 , rats treated with
morphine exhibited increased rectal temperatures in com-

Ž .parison with other groups P-0.05, Tukey test . The
animals receiving naloxone showed temperatures lower

Ž . Ž .than other groups P-0.05, Tukey test Fig. 4 . Rats
receiving morphine and naloxone had rectal temperatures

Žbelow the values observed in all the other groups P-0.05,
. Ž .Tukey test Fig. 4 . Ondansetron administration to rats

treated with morphine or naloxone decreased rectal tem-
Ž .perature P-0.05, Tukey test .

The temperature levels were significantly affected by
Ž . Žthe various drugs: morphine PF0.0014 , naloxone PF

. Ž .0.0001 and ondansetron PF0.0019 . The interaction
Žmorphine = naloxone was highly significantly P F

.0.0001 related to rectal temperature and demonstrated that

Fig. 4. Rectal temperature observed at the 30th min in rats receiving saline, morphine, naloxone, morphine and naloxone and four doses of ondansetron
given i.p. Each column represents the mean for 8 animalsqS.E.
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morphine effects on temperature levels averaged over on-
dansetron doses differed in the presence and in the absence
of naloxone.

The interactions morphine=ondansetron, naloxone=

ondansetron, morphine=naloxone=ondansetron were not
significant.

3.4. Tail-flick latencies

When the results for groups of animals receiving dose 0
of ondansetron were analysed, rats repeatedly treated with
morphine exhibited latencies similar to those observed in

Ž .the controls Fig. 5 . The group of animals receiving
morphine and naloxone combined showed pain threshold

Žvalues lower than those in all the other groups P-0.05,
.Tukey test . Ondansetron administration to rats treated

with saline, morphine, naloxone, morphine and naloxone
Ž .increased the tail-flick latency P-0.05, Tukey test .

The latencies were also significantly increased by the
Ž . Žpresence of morphine PF0.0001 , or ondansetron PF

. Ž .0.0001 and decreased by naloxone PF0.0001 . The
presence or absence of morphine significantly affected the
latency time values in the presence of different doses of

Ž .ondansetron PF0.0042 for the morphine=ondansetron
interaction. The effect of the presence or absence of nalox-
one on the dose–response profile of ondansetron was also

Ž .significant PF0.0406 for the naloxone=ondansetron
interaction.

3.5. SaliÕation

The animals repeatedly treated with morphine and sub-
Žsequently with naloxone exhibited hypersalivation 2.63"

. Ž .0.38 score Fig. 6 . Ondansetron treatment did not signifi-
cantly decrease the intensity of salivation.

3.6. Jumping

Jumping was observed in rats receiving morphine com-
Ž . Ž .bined with naloxone 18.75"5.91 jumps Fig. 6 . On-
Ž .dansetron significantly P-0.05, Tukey test reduced the

number of jumps in rats injected with morphine and
Ž .naloxone Fig. 6 .

3.7. Wet-dog shakes

Wet-dog shakes were observed in animals receiving
Ž . Ž .morphine and naloxone 5.5"1.63 shakes Fig. 6 . On-

Ždansetron administration significantly P-0.05, Tukey
.test affected the number of shakes in animals given

Ž .morphine and naloxone Fig. 6 .
In addition, high percentages of the animals exhibiting

Ž . Ž .hypersalivation 87.5% , jumping 100% and wet-dog
Ž .shakes 87.5% were in the group receiving morphine

combined with naloxone. The administration of on-
dansetron to rats receiving the morphine and naloxone

Fig. 5. Latency times observed at the 30th min in rats receiving saline, morphine, naloxone, morphine and naloxone and four doses of ondansetron given
i.p. Each column represents the mean for 8 animalsqS.E.
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Ž . ŽFig. 6. Salivary secretion score , jumping and wet-dog shakes number
.of events observed in animals receiving morphine and naloxoneq

ondansetron given i.p. at doses 0, 1, 2 and 4 mgrkg. Each column
represents the mean for 8 animalsqS.E.

combination significantly decreased the percentage of ani-
Ž .mals exhibiting jumping P-0.02 , as evaluated by the

Ž 2 .Armitage test x for slope .

4. Discussion

The combination of morphine and naloxone changed
the rate of defecation and urination, the rectal temperature,

latency times, salivation, jumping and wet-dog shakes as
Žreported in literature Martin and Jasinski, 1977; Redmond

.and Krystal, 1984; Bhargava, 1994 . The data reported
here not only confirm that naloxone precipitates physio-
logical changes in morphine-dependent animals, but pro-
vides evidence that ondansetron administration prevents
several of these withdrawal signs as discussed in detail
below.

Ondansetron decreased faeces excretion. The an-
tipropulsive effect exhibited by ondansetron in this experi-
ment was in agreement with previous reports that this drug
increases intestinal content transit time and lowers faeces

Ž .excretion values Talley et al., 1990; Lamers, 1991 .
Ondansetron exerted an inhibitory effect on micturition:

this activity was also attributable to a blockade of 5-HT3
Ž .receptor stimulation of urine excretion Corsi et al., 1991 .

Ondansetron administration decreased the temperature
in the morphine and in the naloxone groups. This effect
can be explained by the observation that serotonin in-

Ž .creases temperature in rodents Carruba et al., 1979
Žthrough 5-HT receptor activation Mazzola-Pomietto et3

.al., 1995 an effect which can be blocked by ondansetron
as we now showed.

Ondansetron increased tail-flick latencies in all groups
even though there was a slight effect of the presence or
absence of morphine or naloxone, as is shown by signifi-
cant morphine=ondansetron and naloxone=ondansetron
interactions. Ondansetron appears to act through a mecha-
nism which may involve 5-HT receptor antagonist activ-3

ity. This drug has been reported to exert analgesic activity
by counteracting the nociceptive stimulation due to chemi-

Ž .cal agents Giordano and Dyche, 1989 , in particular to
Ž .peripherally administered serotonin Sufka et al., 1992 ,

through 5-HT receptor blockade, which is associated with3

nociceptive transmission.
In rats exhibiting hypersalivation due to morphine and

Žnaloxone treatment Kromer, 1993; Redmond and Krystal,
.1984 , ondansetron administration did not affect the in-

crease, presumably because 5-HT receptors are not in-3

volved in salivation control.
Ondansetron administration significantly decreased the

number of jumps in rats given morphine and naloxone.
Since jumping activity is attributable to supersensitivity of

Ž .dopamine receptors caused by morphine Lal, 1975 , the
ondansetron effect was probably due to blockade of 5-HT3

receptors, affecting the activation of dopaminergic neu-
rones associated with locomotor and jumping behaviour
ŽAcquas et al., 1988; Higgins et al., 1992; Pei et al., 1993;

.Borg and Taylor, 1994 .
Ondansetron administration to animals receiving com-

bined morphine and naloxone lessened the shaking be-
haviour, presumably because 5-HT receptors were causally3

involved in wet-dog shakes, since this behaviour is at-
Žtributable either to serotoninergic mechanisms Gulati and

.Bhargava, 1989, 1990; Kruszewska and Langwinski, 1983
Ž .or to other transmitter involvement Cowan, 1993 .
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5. Conclusions

In the present study, ondansetron administration af-
fected several individually analysed morphine withdrawal
signs such as alteration of faeces excretion, pain threshold
levels and also behaviour such as jumping and wet-dog
shakes, although other authors have reported it to have no

Žinfluence on salivation and wet-dog shakes in rats Higgins
.et al., 1991 . The effective doses of ondansetron in the

present study were similar to those used in human therapy.
Other reports have shown that ondansetron decreases self-

Ž .administration of morphine in rats Hui et al., 1993 . A
report appeared on the suppressive activity exerted by
ondansetron on some abstinence behavioural symptoms
grouped together in rats, such as wet-dog shakes, diar-
rhoea, ptosis, chattering teeth, chewing, paw tremor and

Ž .irritability to touch Hui et al., 1996 . Furthermore, 5-HT3

receptor antagonists have been proposed for the control or
suppression of the behavioural symptoms associated with
withdrawal from drugs of abuse such as nicotine and

Ž .cocaine, Costall and Naylor, 1992 . Although ondansetron
has been administered to addicts in an attempt to reduce

Žopiate craving, this was unfortunately without success Sell
.et al., 1995 . Ondansetron has also been utilised with

guanfacine for the control of gastrointestinal hypermotility
observed in heroin addicts in the ultrarapid opioid detoxifi-

Ž . Ž .cation procedure UROD Legarda and Gossop, 1994 .
For all the above-mentioned reasons, ondansetron may

be a candidate for effective control of several acute with-
drawal symptoms in heroin addicts.

Acknowledgements

The authors are grateful to Dr. Riccardo Spezia for
statistical assistance. This research work was supported by:
Regione Lombardia-Assessorato al Coordinamento dei

Ž .Servizi Sociali-Milan Italy . The experimental protocol
and procedures have been performed according to the
regulations of Italian law: D.L. No. 116, 27r01r1992 and
with the approval of the local University Committee on
Laboratory animals.

References

Aceto, M.D., Bowman, E.R., 1993. Suppression of opiate withdrawal and
cocaine hyperarousal syndromes by buspirone. Possible pharma-
cotherapeutic applications. Arzneim. Forsch. 43, 942–945.

Acquas, E., Carboni, E., Leone, P., Di Chiara, G., 1988. 5HT3 receptor
antagonists block morphine- and nicotine- but not amphetamine-in-
duced place-preference conditioning. Pharmacol. Res. Commun. 20,
1113–1114.

Armitage, P., 1991. Statistica Medica, X ed. Feltrinelli, Milan.
Bhargava, H.N., 1994. Diversity of agents that modify opioid tolerance,

physical dependence, abstinence syndrome and self-administrative
behaviour. Pharmacol. Rev. 46, 293–324.

Beubler, E., Bukhave, K., Rask-Madsen, J., 1984. Colonic secretion
mediated by prostaglandin E2 and 5-hydroxytryptamine may con-

tribute to diarrhea due to morphine withdrawal in the rat. Gastroen-
terology 87, 1042–1048.

Borg, P.J., Taylor, D.A., 1994. Voluntary oral morphine self-administra-
tion in rats: Effect of haloperidol or ondansetron. Pharmacol. Biochem.
Behav. 47, 633–646.

Bradley, P.B., Engel, G., Feniuk, W., Fozard, J.R., Humphrey, P.P.,
Middlemiss, D.N., Mylecharane, E.J., Richardson, B.P., Saxena, P.R.,
1986. Proposals for the classification and nomenclature of functional
receptors for 5-hydroxytryptamine. Neuropharmacology 25, 563–576.

Buccafusco, J.J., Marshall, D.C., Turner, R.M., 1984. A comparison of
the inhibitory effects of clonidine and guanfacine on the behavioural
and autonomic components of morphine withdrawal in rats. Life Sci.
35, 1401–1408.

Carruba, M.O., Nistico, G., Mantegazza, P., 1979. Evidence for a recep-
tor supersensitivity following impairment of central serotoninergic
activity in the rabbit. N.S. Arch. Pharmacol. 309, 125–129.

Cervo, L., Rochat, C., Romandini, S., Samanin, R., 1981. Evidence of a
preferential role of brain serotonin in the mechanisms leading to
naloxone-precipitated compulsive jumping in morphine-dependent
rats. Psychopharmacology 74, 271–274.

Corsi, M., Pietra, C., Toson, G., Trist, D., Tuccitto, G., Artibani, W.,
1991. Pharmacological analysis of 5-hydroxytryptamine effects on
electrically stimulated human isolated urinary bladder. Br. J. Pharma-
col. 104, 719–725.

Costall, B., Domeney, A.M., Naylor, R.J., Tyers, M.B., 1987. Effects of
5HT3 receptor antagonist GR38032 F, on raised dopaminergic activ-
ity in the mesolimbic system of the rat and marmoset brain. Br. J.
Pharmacol. 92, 881–894.

Costall, B., Naylor, R.J., 1992. Astra award lecture. The psychopharma-
Ž .cology of 5HT3 receptors review . Pharmacol. Toxicol. 71, 401–415.

Cowan, A., 1993. Effects of opioids on the spontaneous behaviour of
Ž .animals. In: Herz, A., Akil, H., Simon, E.J. Eds. , Opioids II.

Springer-Verlag, Berlin, pp. 393–428.
El-Kadi, A.O., Sharif, S.I., 1995. The role of 5-HT in the expression of

morphine withdrawal in mice. Life Sci. 57, 511–516.
Giordano, J., Dyche, J., 1989. Differential analgesic actions of serotonin

5-HT receptor antagonists in the mouse. Neuropharmacology 28,3

423–427.
Gulati, A., Bhargava, H.N., 1988. Cerebral cortical 5-HT and 5-HT1 2

receptors of morphine tolerant-dependent rats. Neuropharmacology
27, 1231–1237.

Gulati, A., Bhargava, H.N., 1989. Brain and spinal cord 5-HT receptors2

of morphine-tolerant-dependent and abstinent rats. Eur. J. Pharmacol.
167, 185–192.

Gulati, A., Bhargava, H.N., 1990. Down regulation of hypothalamic
5-HT receptors in morphine abstinent rats. Eur. J. Pharmacol. 182,1A

253–259.
Harris, L.S., Dewey, W.L., Howes, J.F., Kennedy, J.S., Pars, H., 1969.

Narcotic-antagonist analgesics, interactions with cholinergic systems.
J. Pharmacol. Exp. Ther. 169, 17–22.

Higgins, G.A., Nguyen, P., Joharchi, N., Sellers, E.M., 1991. Effects of
5-HT receptor antagonists on behavioural measures of naloxone-pre-3

cipitated opioid withdrawal. Psychopharmacology 105, 322–328.
Higgins, G.A., Joharchi, N., Nguyen, P., Sellers, E.M., 1992. Effect of

5-HT receptor antagonists, MDL 72222 and ondansetron on mor-3

phine place conditioning. Psychopharmacology 106, 315–320.
Hui, S.C., Sevilla, E.L., Ogle, C.W., 1993. 5HT3 antagonists reduce

morphine self-administration in rats. Br. J. Pharmacol. 110, 1341–
1346.

Hui, S.C., Sevilla, E.L., Ogle, C.W., 1996. Prevention by 5HT3 receptor
antagonist, ondansetron, of morphine-dependence and tolerance in the
rat. Br. J. Pharmacol. 118, 1044–1050.

Kromer, W., 1993. Gastrointestinal effects of opioids, In: Herz, A., Akil,
Ž .H., Simon, E.J. Eds. , Opioids II. Springer-Verlag, Berlin, pp. 163–

190.
Kruszewska, A., Langwinski, R., 1983. The role of central serotoninergic

neurotransmission in the morphine abstinence syndrome in rats. Drug
Alcohol Depen. 12, 273–278.



( )A. Pinelli et al.rEuropean Journal of Pharmacology 340 1997 111–119 119

Lal, H., 1975. Narcotic dependence, narcotic action and dopamine recep-
tors. Life Sci. 17, 483–495.

Lamers, C.B., 1991. Closing remarks: Ondansetron effects on gastrointes-
Ž .tinal motility. Scand. J. Gastroentero. 188 Suppl. , 124–126.

Legarda, J.J., Gossop, M., 1994. A 24-h inpatient detoxification treatment
for heroin addicts: A preliminary investigation. Drug Alcohol Depen.
35, 91–93.

Martin, W.R., Jasinski, D.R., 1977. Assessment of the abuse potential of
Ž .narcotic analgesics in animals. In: Martin, W.R. Ed. , Handbook of

Experimental Pharmacology, vol. 45r1. Springer-Verlag, Berlin, ch.
2, pp. 159–196.

Mazzola-Pomietto, P., Aulakh, C.S., Murphy, D.L., 1995. Temperature,
food intake and locomotor activity effects of 5-HT3 receptor agonist
and two 5-HT3 receptor antagonist in rats. Psycopharmacology 121,
488–493.

Montgomery, A.M., Rose, I.C., Herberg, L.J., 1993. The effect of 5HT3

receptor antagonist, ondansetron, on brain stimulation reward and its
interaction with direct and indirect stimulants of central dopaminergic
transmission. J. Neural. Transm.-Gen. 9, 1–11.

Neal, B.S., Sparber, S.B., 1986a. Mianserin attenuates naloxone-precipi-
tated withdrawal signs in rats acutely or chronically dependent upon
morphine. J. Pharmacol. Exp. Ther. 236, 157–165.

Neal, B.S., Sparber, S.B., 1986b. Ketanserin and pirenperone attenuate
acute morphine withdrawal in rats. Eur. J. Pharmacol. 132, 299–304.

Pei, Q., Zetterstrom, T., Leslie, R.A., Grahame-Smith, D.G., 1993. 5TH3
receptor antagonists inhibit morphine-induced stimulation of mesolim-
bic dopamine release and function in the rat. Eur. J. Pharmacol. 230,
63–68.

Redmond, D.E. Jr., Krystal, J.H., 1984. Multiple mechanisms of with-
drawal from opioid drugs. Annu. Rev. Neurosci. 7, 443–478.

Samanin, R., Cervo, L., Rochat, C., Poggesi, E., Mennini, T., 1980a.
Reduction in the number of serotonin receptors in the brainstem of
morphine dependent rats: relation to blockade of naloxone precipi-
tated jumping by serotonin agonists. Life Sci. 27, 1141–1146.

Samanin, R., Cervo, L., Rochat, C., 1980b. Changes of physical mor-
phine dependence in rats chronically treated with drugs acting on
brain 5-hydroxytryptamine. J. Pharm. Pharmacol. 32, 150.

Sell, L.A., Cowen, P.J., Robson, P.J., 1995. Ondansetron and opiate
craving. A novel pharmacological approach to addiction. Br. J. Psy-
chiatry 166, 511.

Sufka, K.J., Schomburg, F.M., Giordano, J., 1992. Receptor mediation of
5-HT induced inflammation and nociception in rats. Pharmacol.
Biochem. Behav. 41, 53–56.

Talley, N.J., Phillips, S.F., Haddad, A., Miller, L.J., Twomey, C., Zins-
meister, A.R., MacCarty, R.L., Ciociola, A., 1990. GR38032 F
Ž .Ondansetron a selective 5HT receptor antagonist slows colonic3

transit in healthy man. Digest. Dis. Sci. 35, 477–480.
Van der Laan, J.W., Hillen, F.C., 1986. The potentiation of morphine-

withdrawal jumping by clonidine is antagonized by m-chlorophenyl-
piperazine and not by haloperidol. Arch. Int. Pharmacod. T. 283,
45–55.

Zifa, E., Fillon, G., 1992. 5-Hydroxytryptamine receptors. Pharmacol.
Rev. 44, 401–458.


