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Lisuride and LSD: Dopaminergic and Serotonergic Interactions
in the "Serotonin Syndrome"
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Abstract. A characteristic behavioral syndrome has behavior is distinguishable from the stereotypy as-
_ been associated with stimulation of central serotonin sociated with apomorphine (and other drugs that

receptors in rats. This behavior can be produced by increase stimulation of dopamine receptors) by the
inhibition ofmonoamine oxidase and administration of appearance of the following signs: A rapid resting
5-hydroxytryptophan as well as by direct acting sero- tremor, particularly of the body; rigidity of the body
tonergic agonists. LSD and the novel ergot derivative musculature; raised or rigid tail; kneading of the
lisuride produced this syndrome in rats. These drugs forepaws; abducted position of the hindlimbs: and
possess both serotonergic and dopaminergic proper- head twitches. This behavior, referred to here as the
ties. Since changes in dopaminergic function have also serotonin syndrome, can be produced by inhibition of
been reported to affect the so-called serotonin syn- monoamine oxidase (MAO)and by the administration
drome, it was not clear how the two ergot drugs acted to of tryptophan or 5-hydroxytryptophan (5-HTP), the
produce this syndrome. The syndrome produced by metabolic precursors of serotonin (5-hydroxytrypt-
pargyline and 5-hydroxytryptophan methyl ester was amine) (5-HT). In addition, administration of tryp-
blocked by haioperidol, methysergide, para- tophan, 5-HTP, 5-HT, or 5-methoxy-N,N-dimethyl-
chiorophenylalanine, and alpha-methylparatyrosine; tryptamine, or d-lysergic acid diethylamidc (I_,SD) also
these treatments failed to block the effects of lisuride, produces signs of the serotonin syndrome (Jacobs,
Metoclopramide did not block the syndrome produced 1976). On this basis, Jacobs (1976) has suggested that
by either lisuride or pargyline plus 5-hydroxytryp- the syndrome can be used as a behavioral assay for
tophan methyl ester. Methysergide partially blocked compounds thought to possess central serotonergic

the behavioral effects of LSD; pretrealment with activity.
either haloperidol or metoclopramide potentiated and However, there are two problems associated with

_- prolonged the behavioral effects of LSD. The results the direct equation of these behavioral signs with
suggest that dopaminergic modulation of the serotonin central serotonergic stimulation. First, there is not a
syndrome occurs before the serotonin receptor in- good correlation .between motor responses and neu-
volved in this behavior. Also, the differences between rochemical measurements of increased serotonergic
LSD and lisuride may be relevant to their different ftmction, such as levels of 5-HT, its synthesis or
psychopharmacological properties, accumulation (Foldes and Costa, 1975). Second, the

serotonin syndrome is significantly influenced by drugs
Key words: Serotonin - Behavior- LSD - Lisuride that act primarily on dopaminergic neurotransmission.
- Dopamine - Ergots The syndrome as produced by MAO inhibition and 5-

HTP administration, can be blocked by pretreatment
with the dopamine (DA) antagonists spiroperidol,

Increased activation of central serotonergic neurons alpha-flupenthixol, or haloperidol (Jacobs et al., 1974;
has been associated witk the behavioral expression of Green and Grahame-Smith, 1976), as well as by the
hyperactivity and a distinct set of stereotyped activities serotonin receptor blockers methysergide or cinanserin
in the rat (Grahame-Smith, 1971 ; Green and Grahame- (.lacobs, 1974). It can also be blocked by inhibition of
Smith, 1976;-Jacobs, 1976; Sloviter et al., 1978). This DA synthesis by alpha-methylparatyrosine (Green and
........ Grahame-Smith,1974),aswellasbyinhibitionof5-HT

* To _hom offprint requests should he sent synthesis by para-chlorophenylalanine (PCPA) (Jacobs,
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1976). Thus, although production of the syndrome _z 5 r-

appears to require 5-HT receptor stimulation, ex- _ '| _c6_
pression of the syndrome can be significantly modu- _: 4

iated by manipulations of dopaminergic function. The

nature ofthis interaction between DA and 5-HT in _ :t _lZ_l

producing the syndrome is not well understood
(Jacobs, 1976; Green and Grahame-Smith, 1976).

Lisuride and LSD are ergot derivatives which, on
the basis of neurochemical and behavioral studies, are z_ I_ _B,

reported to act as potent agonists at both serotonergic ,,_ |
and dopaminergic receptors in the central nervous _ L_ _ .__.... _ ............... ,
system (CNS) (Horowski and Wachtel, 1976; Kehr, 2 5 10 25
1977; Siibergeld et al., 1979). However, unlike LSD, DOSEOF5-HTPMETHYLESTERImg/kg)
lisuride is reported to be nonhallucinogenic (Pieri et al., Fin. |. Dose-response curve of 5-HTP methyl esteradministeredto
1978). Because of their similar neurochemical proper- rats pretreated with pargyline (50 mg/kg). Number of signs prcsent

ties but dissimilar psychotropic nature, it was of interest was determined90min after the injection of 5-HTPmethyl ester:
each point is the mean +__SEM for the number of animals indicated

to investigate further their behavioral effects, paTti- in parentheses
cularly as these were related to 5-HT function. In

addition, experiments were performed with these two
ergots to investigate the nature of the dopaminergic

regulation of the serotonin syndrome, given doses of 25 mg/kg or less appeared behaviorally
normal within 4h after drug administration.

LSD and iisuride both produced the serotonin
Materials and Methods syndrome when administered alone, without prior

MAO inhibition or 5-HTP administration. The syn-
All studies u_d male Sprague-Dawley rats (Taconic Farms_ (150- drome associated with these two drugs was indis-
300g). Each animal was used in only one drug trial. Drugs were tingttishable. For [isuride, the maximum mean scoredissolved in saline, and injected IP in a concentration such tha! the

volume administered was 0.1 or 0,2ml/100g body weight, When was related to dose; at 0.1 mg/kg the maximum mean

drugs were dissolvedin mediaother than saline,control rats were score was 2.75, at 0.25 mg/kg it was 3.75, at 1.0 mg/kg it
injected on a equivalent volume/body weight basiswith the media was 4, and at 1.5 mg/kg it was 5. However, the initial
used for solution. The following compounds rand suppliers) were score (10 rain after drug administration) or the duration
used: LSD bitartrate (Sandoz), haloperidol (injectable, McNeil),
apomorphine (Merck), para-chlorophenylalanine (PCPA; Sigma), of scores greater than 1.0 was not directly related to the
alpha-methylparatyrosine (AMI'T; SigmaJ,.mcthyscrgide (Sandoz), dose of lisuride. At doses greater titan 0.1 mg/kg, the
pimozidc (Janssen), metodopramide (Beccham), 5-1tTP methyl osier duration was at least 90 rain. The lack of a clear dose-

(Sigma), lisuride (Schering, A.G.), and pargyline (Sigma). Doses used response relationship for lisuride may result fi'om the
in these studies are based on the salts. All drug solutions were made induction of other behaviors at doses greater thanimmediately belbre use.

The serotonin syndrome was produced by IP administration of 0.25 mg/kg. These behaviors included male-to-male
either the MAO inhibitor pargyline, followed 25 rain later by the mounting behavior and stereotyped fighting. For LSD,

-- soluble salt of 5-HTP, 5-HTP methyl ester, or by the ergot drugs doses of l.0 mg/kg or less did not produce scores greater
lisuride or LSD. Rats were caged in groups of four and at 10- or 15- than 2, and in most cases the only sign present was body
rain intervals each animal was observed by at least two observers

(wbosescoreswereaveraged)forthepresenceofthefoltowingsigns: rigidity. At doses of 1.5 or 2.0mg/kg, signs of the
Tremor, body rigidity, forepaw kneading, abductedhindlimbs,raised serotonin syndrome (five of six) appeared within 2 min
or rigid tail, or head twitches. Behavioral scores were based only on after administration of LSD, and the number of signs
the number ofsigns present (0- 6); the scores do not reflect intensity was maximal at 10 min after administration. At 40 mill
of behavioral signs. Other behaviors were noted as these occurred.

a mean of only two signs or less was present at all
For all drugs, mean scores were determined for each dose and
treatment category and the groups compared by t-test of sample doses.
means. Theserotoninsyndromeproducedbypargylineand

5-ItTP methyl ester can be blocked by halopcridol,
AMPT, methysergide, or PCPA (Table I). However,

Results these treatments did not block the syndrome produced
The number of signs oI_the serotonin syndrome present by lisuride. Metoclopramide or apomorphine did not
was related to the dose of 5-HTP methyl ester (Fig. I). affect the syndrome produced by either iisuride or

• At doses of 50, 100, or 150 mg/kg, more than half of the pargyline and 5-HTP methyl ester (Table !). The inter-
rats died within 60 min after drug administration; thus actions of these drugs with LSD was more complex.
these high doses were not used in further studies. Rats Methysergide (1 mg/kg) given 15 min before LSD

/
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Table I. Effect of drugs on the serotonin syndrome produced by pargylinc and 5-1tTP methyl ester or by lisuride

Drug Dose Time before Treatment

(mg/kg) treatment (h) .........................
Pargyline (50 mg/kg) and Lisuridc

5-HTP methyl ester (5 mg/kg) ((I.5 mg/kg)

PCPA 3 x 100 49, 25, I Blocks No effect

Methysergide I 0.25 Blocks Noeffect
AMPT 100 I Blocks No cffcct

Flaloperidol 2 0.25 Blocks No effect
Metoclopramide 20 0.25 Noeffect Noeffect

Apomorphine 2 0.25 No effect No effect
...............................................

a (1 mg/kg) reduced the number of signs observed to 14 "j"/o

of control at 30min. However, the same dose of

z 5 methysergide had less effect on the higher dose of LSD
-- t/),, (2 mg/kg), reducing the number of signs observed to

co 4 _a',,, l isll _ 75 _ of control at 40 min. This may suggest a direct

z interaction between the two drugs. Pretreatment with
3 2o haloperidol or metoclopramide 15 min before LSD

It

o administration, significantly potentiated and prolong-
tu" 2 ed the serotonin syndrome (Fig. 2).

z 1

Diseu_ion

1 2o 40 50 _ 70 A characteristic behavior can be produced by inhibition
TIME(Min) of MAO with pargyline and increasing the sttbstrate

Fig. 2L Effect, over time, of metoclopramide (METO) (20 mg/kg) available for 5-HT synthesis by administration of 5-
and haloperidol (HAL) (2mg/kg) on the number of signs of the HTP. The use of the soluble salt of 5-HTP (5-tITP
serotonin syndrome produced by LSD (! mg/kg). Each point is the methyl ester) permits considerably lower doses of 5-
mean _+ SEM of four rats; METO pretreatmcnt significantly in-
creased the number of signs present (except at 20min); IIAL signif- HTP than those reported in the literature (Green and
icantly increasedthe number of signs present (exceptat 30min) Grahame-Smith, 1974, 1976; Jacobs, 1976; Sloviter et

al., 1978) and, additionally, may avoid the lethality
observed after high doses of 5-HTP. The use of 5-HTP
methyl ester produces a dose-related response

- 6 (Fig. 1).

_.,, It has been reported that LSD can also produce_" -.. signs of the serotonin syndrome (Jacobs, 1976; Trulson

s ....._ .......] et al., 1976). Another ergot derivative, lisuride, which
_: 4 _,,,, has great structural similarity to LSD, also produced

the syndrome when administered to rats without prior
inhibition of MAO or 5-HT precursor administration.

2 +M_ro20 The serotonin syndrome was apparently identical when
produced by pargyline and 5-HTP methyl ester, lisuri-

1 de,or LSD.However,lisurideand LSDin thedoses
4 HAL 2

tso_ used also produced other behavioral signs (male-to-
................ typ fighti bility)10 20 30 40 5o 60 70 ao 90 male mounting, stereo ed ng, and excita ,

TIME_Vlin) which may have interfered with the observation of the
signs characteristic of the serotonin syndrome and thus

Fig. 2b. Effect, over time, of METO and ttAL (same doses as lowered the scores. The induction of male-to-male
Figl 2a) on the number of signs of the serotonin syndrome produced

by LSD (2 mg/kg): Each point is the mean :_:SEM of four rats: Both mounting by lisuride has been reported previously and

METO and HAL significantly increased the number of signs present is thought to relate to the 5-HT agonist properties of
30-80min after treatment with LSD lisuride (Da Prada et al., 1977).
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In agreement with other studies (Green and Gra- 1977; Pi.eri et al., 1978; Kehr and Speckenbach, 1978"
hame-Smith, 1976; Jacobs, 1976), we found that the Silbergeld et al., 19791. Behaviorally, these mixed
serotonin syndrome produced by pargyline and 5-HTP actions "may be correlated with stereotypy (dopamin-
methyl ester can be blocked completely by treatment ergic) and the serotonin syndrome (serotonergic). When
with antidopaminergic as well as by antiserotonergic dopaminergic actions are blocked, then serotonergical-
compounds. However, direct DA receptor stimulation ly related behaviors may be more clearly expressed.
with apomorphine does not potentiate or affect the This hypothesis is supported by the report that stereo-
syndrome. Thus the serotonin syndrome produced by typy produced by amphetamine is potentiated by
5-HT precursor administration appears to be regulated PCPA, presumably by suppression of amphetamine
only negatively by a dopaminergic receptor. The Ioca- effects on serotonergic systems (Hollister et al., 1976;

tion and nature of this regulatory receptor in the Simon et al., 19751. Therefore, blockade of the dopa-
neuronal circuits producing the serotonin syndrome is minergic properties of LSD by haloperidol or metoclo-
unclear. The DA receptor involved does not appear to pramide allows expression of more observable seroton-
recognize the new neuroleptic metoclopramide, since ergic properties. The failure to observe this interaction
this drug does not block the serotonin syndrome with lisuride may be related to the greater potency of
produced by either lisuride or pargyline and 5-HTP. lisuride for both DA and 5-H'F receptors (Pieri et al.,

Antagonism of DA function with AMPT does not 1978; Waiters et al., 19791. Finally, the implications of
_ block the serotonin syndrome produced by lisuride these different effects in the serotonin syndrome be-

(Table 1). This suggests that the DA synapse involved tween lisuride and LSD may have relevance to their
in the serotonin syndrome occurs before the 5-HT neuropharmacological and psychopharmacological
synapse, applications.The lack of halhtcinogenicpropertiesfor

The serotonin syndrome produced by lisuride or lisuride (Pieri et al., 1978) may be related to these
LSD is not blocked by inhibition of 5-HT synthesis by differences.
PCPA (Table 1). This has been previously reported for
LSD (Trulson et al., 1976). This would indicate that the
ergot drugs are acting directly on 5-HT receptors and, References
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